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Abstract 

Edible insects are increasingly recognized as a sustainable protein source, yet systematic evidence on 
the safety and efficiency of indigenous processing practices remains limited. This study combines 
ethnographic surveys with microbiological analysis to document traditional harvesting, processing, 
and preservation methods for edible insects across nine ecological zones in Tanzania. Findings reveal 
edible insect harvesting practices through wild harvesting and varied by insect type, habitat, and 
seasonal availability. Unexpectedly, 30.9% of respondents reported raw consumption of edible 
insects. A wide diversity of insect specific processing methods was observed, including dry toasting, 
frying, boiling, sun drying, and smoke drying, reflecting adaptations to insect morphology, 
perishability, and intended use. While thermal processing practices were generally effective in 
elimination of major pathogens (Salmonella spp., Escherichia coli and Listeria monocytogenes), 
preservation challenges related to drying efficiency, post-processing handling, and storage were 
evident. Although most samples complied with East African Standards (EAS 1186:2023), sun-dried 
and toasted products exhibited high total viable counts and yeast & mold levels. No formal training 
to handlers was recorded, and processing practices were primarily transmitted orally and 
experientially through storytelling and observation. These findings demonstrate the potential of 
indigenous knowledge as a foundation for safe insect food systems, while identifying priority 
interventions such as improved drying infrastructure, hygienic handling, and Hazard Analysis 
Critical Control Point (HACCP) aligned protocols to support commercialization and regional trade 
without eroding cultural integrity. 

Keywords: edible insects; indigenous knowledge; traditional food processing; microbial safety; 
Tanzania; food standards; sustainable protein 
 

1. Introduction 

Global food systems face increasing pressure from population growth, environmental 
degradation, and rising demand for animal-source protein [1, 2]. Innovative, sustainable protein 
sources are therefore sought to meet market demand [3, 4].  In eastern and southern Africa, edible 
insects such as longhorn grasshoppers (Ruspolia differens), winged termites (Macrotermes spp.) and a 
variety of caterpillars remain an integral part of traditional food systems, local economies and 
cultural heritage especially in regions facing high poverty and malnutrition rates [5–7]. Tanzania 
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supports rich entomophagy traditions across multiple ecological zones, yet rigorous, countrywide 
documentation of indigenous harvesting, processing and preservation practices is missing.  To the 
best of our knowledge, there has been no evidence-based georeferenced ethnographic study 
documented on edible insects, indigenous practices, processing and safety in Tanzania.  

Processing and preservation are central for both food safety and marketability. Most edible 
insects consumed in Africa are still wild harvested, exposing them to seasonal limitations as well as 
microbial and environmental contaminants [8, 9]. Gender role division within edible insect value 
chain exists across many Africa contexts where men dominate commercial harvesting and whole 
selling activities while women and children traditionally participate in collection, processing and 
preservation [7, 10, 11]. Indigenous methods such as boiling, toasting, smoking, sun drying and frying 
are used across Tanzania, but their effectiveness in extending shelf life, preserving sensory aĴributes, 
and preventing microbial hazards has not been compared or documented. Similarly, technology 
adoption (e.g., solar drying, controlled smoking, HACCP based hygiene protocols, or value from 
adding into flours and pastes) is poorly characterized. Likewise, constraints faced by harvesters, 
gendered roles, suboptimal processing, knowledge transmission paths and local indicators of 
spoilage remain under-documented, limiting interventions that respect cultural values while meeting 
food-safety standards [12]. As edible insects gain traction as a sustainable protein source worldwide, 
leveraging traditional practices alongside HACCP-aligned protocols offers a unique pathway to 
ensure microbial safety, enhance shelf life, and support commercialization in emerging markets.  

Integrating indigenous knowledge systems with internationally recognized food safety 
standards is not only critical for local food security but also for shaping resilient, culturally inclusive 
global food systems. As edible insects gain traction as a sustainable protein source worldwide, 
leveraging traditional practices alongside HACCP-aligned protocols offers a unique pathway to 
ensure microbial safety, enhance shelf-life, and support commercialization in emerging markets [13, 
14]. This approach bridges cultural heritage with modern science, enabling scalable insect value 
chains that meet international trade requirements while preserving socio-cultural integrity (FAO, 
2021).   

This study addresses these gaps through a geo-referenced, evidence-based ethnography that 
integrates experimental microbial safety assessment with semi-structured interviews, participant 
observation, and enterprise surveys across nine regions of Tanzania. Using a mixed methods 
approach, the study aims to understand how edible insects are processed, preserved, and stored in 
Tanzania, what risks and benefits people associate with these practices, and whether these practices 
are microbiologically safe. By linking spatial, occurrence data with socio-cultural practices, post-
harvest handling, and microbial safety outcomes, the study provides a critical evidence base for 
integrating traditional knowledge with food science innovations in emerging edible insect value 
chains.   

2. Materials and Methods 

2.1. Study Design and Sites   

A mixed-methods, ethnographic study was conducted between July 2023 and March 2025 across 
nine regions representing seven major ecological and cultural zones namely, Coastal Zone, Arid, 
Semi-arid, Plateau, Northern Highlands Zone, Southern and Western Highlands Zone, Alluvial Zone 
in Tanzania. Sites selection was based on pre-surveyed insect consumption information and active 
harvesting traditions.   

2.2. Sampling and Participants    

A total of 149 participants were recruited using initial random community entry followed by 
purposive snowball sampling to identify individuals with experiential knowledge of edible insects. 
Initial participants were identified through local government leaders, village chairpersons, and 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 2 March 2026 doi:10.20944/preprints202603.0135.v1

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202603.0135.v1
http://creativecommons.org/licenses/by/4.0/


 3 of 21 

 

market authorities in regions known for edible insect consumption. These facilitated introductions to 
knowledgeable individuals (e.g., elders, harvesters, traders, and processors). 

Subsequently, participants referred the research team to other individuals recognized within the 
community for their expertise in harvesting, processing, or traditional knowledge of edible insects. 
This referral process was particularly appropriate because indigenous knowledge holders are not 
uniformly distributed within communities. Sampling continued until thematic saturation was 
reached; the point at which no substantially new information emerged during interviews and 
observations. The final sample comprised 131 adult consumers and 18 elders, harvesters, processors 
and traders across nine regions. 

2.3. Data Collection    

Data were collected through semi-structured interviews, key informant discussions, and direct 
formal and informal observations at harvesting, processing, and market sites in accordance with 
established study guidelines for ethnographic research [16, 17].    

2.3.1. Interviews and Key Informant Discussions    

Interviews captured information on harvesting practices, processing and preservation methods, 
storage materials, raw consumption habits, spoilage experiences, sensory aĴributes, and knowledge 
transmission. Interviews were conducted in Swahili with translation support where other indigenous 
languages were used. Key informant discussions with seven (7) elders and eleven (11) experienced 
practitioners in each community provided historical and cultural context.   

2.3.2. Observations    

Formal and informal observations documented tools, workflows, hygiene practices, and 
environmental conditions surrounding processing and trade. Photographs, brief video clips, and 
detailed field notes were used to support triangulation across methods.   

2.3.3. Geospatial Mapping and Sample Collection  

Geospatial coordinates of harvesting, occurrence, and commercialization points were recorded 
using KOBO Collect software installed in handheld field tablets. ArcGIS® (version10.7) was used for 
mapping visualization, while QGIS was used to produce final distribution maps of edible insects’ 
species across regions. 

A total of 18 edible insects samples representing 6 major taxonomic orders (Orthoptera, 
Lepidoptera, Hymenoptera, Coleoptera, Isoptera and Diptera) and five processing states – raw 
(freshly harvested), sun-dried, fried, deep-fried, and smoked products – were randomly collected 
from local markets during ethnographic fieldwork, coinciding with peak seasonal availability of the 
respective species. Samples were collected in triplicate for each insect type and processing form. 
Samples were aseptically obtained from markets within the study regions where edible insects were 
traded at the time of data collection, packed in sterile bags, transported on dry ice and stored at −80 
°C prior to analysis. The researchers conducted no additional processing prior to the microbial 
analysis, which was carried out at the Natural Resources Institute Food microbiology laboratory, 
University of Greenwich, United Kingdom.   

2.3.5. Microbial Safety Assessment of Selected Traditionally Processed Insects   

Microbial safety of selected traditionally processed edible insects was evaluated using standard 
culture based methods in accordance with East African Standards for edible insects (EAS 1186:2023) 
and corresponding ISO microbiological procedures ISO 6887-1. Total viable counts (TVC), of 
Coagulase-Positive Staphylococci, and yeasts and molds, were enumerated to assess overall hygienic 
quality and potential safety risks. Samples (25g) were aseptically homogenized in Maximum 
Recovery Diluent (MRD; 1:5, w/v), serially diluted, and plated in triplicate. Total viable counts were 
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determined using nutrient agar supplemented with cycloheximide to suppress fungal growth, while 
Staphylococcus spp. were enumerated on Baird Parker Agar supplemented with Egg Yolk Tellurite. 
Yeasts and molds were enumerated on Dichloran Rose Bengal Chloramphenicol (DRBC) Agar 
(Oxoid, UK). Plates were incubated under ISO recommended conditions, and microbial counts were 
expressed as log₁₀ colony forming units per gram (log₁₀ CFU/g).  

Presumptive pathogenic isolates were subjected to biochemical confirmation tests for presence 
or absence of Escherichia coli, Salmonella spp., and Listeria monocytogenes using API™ 20E and API™ 
Listeria identification systems (BioMérieux, Marcy-l’Étoile, France).   

2.4. Data Analysis    

Survey data were analysed using R Version 4.5.1 and MS Excel. Descriptive statistics 
summarized processing frequencies, storage tools, spoilage indicators, and sensory perceptions. 
Cross-tabulations compared insect species with preferred processing or storage methods. Geospatial 
data were visualized in ArcGIS® (version10.7).    

3. Results and Discussion  

3.1. Demographic Characteristics of Respondents   

We interviewed 149 respondents including 18 harvesters, processors traders across nine regions. 
Respondents were predominantly rural, with a median age of above 45 years, and relatively low 
education levels (>50% had above primary level formal schooling). Similar demographic profiles have 
been documented in South Africa and Kenya, where indigenous knowledge systems face erosion due 
to modernization and youth disengagement [17, 18]. 

Gendered roles were evident from harvesting to processing activities as women and children 
were more frequently involved in handpicking insects from farms, trees, and household adjacent 
environments, particularly caterpillars, grasshoppers, and termites, often for household 
consumption. In contrast, men were commonly engaged in labor intensive or equipment dependent 
harvesting methods, including digging anthills, climbing tall trees, nocturnal trapping, and large-
scale collection intended for sale. Such gendered specialization is not only culturally embedded but 
also influences knowledge transmission and economic participation, necessitating the need for 
gender-sensitive interventions in emerging insect-based food systems [10].  

3.2. Edible Insects Harvesting Methods Diversity   

Edible insect harvesting practices were primarily through wild harvesting and varied by insect 
type, habitat, and seasonal availability. Harvesting methods were insect and habitat specific ranging 
from handpicking locally made traps for bulk harvesting (Table 1). 

3.2.1. Direct Hand Picking and Indigenous Trapping Techniques 

Table 1 presents edible insects harvesting methods from different habitats and the respective 
equipment used. Direct picking or hand collection from natural habitats was the most frequently 
reported method, particularly for grasshoppers (12.89%), caterpillars (9.52%), crickets (7.84%), and 
lake flies (5.04%). Trapping techniques were most prominent for swarm-forming and nocturnal 
species, notably winged termites (26.05%) and longhorn grasshoppers (10.64%). The reliance on wild 
harvesting observed strongly reflects the prevailing practice across Africa, although the specific 
methods used vary widely depending on the insect species, the local culture, and the particular 
country [15, 19–21]. 

Table 1. Habitat preferred, harvesting techniques of edible insects documented in Tanzania. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 2 March 2026 doi:10.20944/preprints202603.0135.v1

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202603.0135.v1
http://creativecommons.org/licenses/by/4.0/


 5 of 21 

 

Taxonomic 

Order 

Insect Type 

(Frequency %) 
Typical Habitat 

Harvesting methods, equipment, and 

techniques 

Coleoptera Beetles (3.08) 
Tree foliage, young 

crops, grasses 

Manual collection and trapping from dry or 

rotten acacia logs using hand axes; sticky tree 

resin (ulimbo) applied to long sticks to capture 

insects 

 Small beetles (1.12) 
Soil and ground 

burrows 

Hand trapping and manual extraction from 

soil holes 

Hymenoptera Black ants (3.68) Soil and anthills 
Hand collection from ground holes using 

buckets, bottles, or nets 

 Honeycomb (bees) 

(9.52) 

Beehives in trees and 

caves 

Manual harvesting of honeycombs from 

natural or managed hives using knives 

Lepidoptera Caterpillars (9.52) 
Tree leaves, young 

crops, grasses 

Handpicking from branches; shaking 

branches; use of long sticks for access to tall 

trees (e.g., mango, cashew) 

Orthoptera Crickets (7.84) 
Soil, harvested maize 

fields, dry grasses 

Digging or probing soil with sticks followed 

by hand collection 

 Grasshoppers (12.89) 
Croplands, grasses, 

tree foliage 

Handpicking from maize and sorghum fields; 

use of light traps 

 
Longhorn 

grasshoppers (Ruspolia 

differens) (10.64) 

Tree foliage, grasses, 

croplands 

Trapping using iron sheets, smoke, nets, large 

buckets, and high-voltage light bulbs 

 Locusts (0.84) 

Harvested maize 

fields, dry-season 

grasslands 

Manual hand collection from grasslands 

Diptera Lake flies (5.04) 
Lakeshores and 

vegetation near water 

Collection using water-dampened sieves 

attached to bamboo sticks, swirled through 

flying swarms 

Isoptera Termites (9.80) 
Anthills and 

underground nests 

Digging using hand hoes or pickaxes; trapping 

with bamboo sticks fitted with thorns; smoke 

generated from green vegetation 

 Winged termites 

(26.05) 

Anthills during 

seasonal emergence 

Trapping using washbasins or pans with water 

and light sources; pit traps combined with 

burning vegetation 

Anthill-dwelling insects, including termites and black ants, were collected using digging tools, 
bamboo/thorned sticks (Fig1A), smoke from burning green plants, and water light traps during 
swarming events. For insects such as termites, the observed practices included digging underground 
with tools, using smoke near anthills, and covering trenches with leaves and old clothes (Fig 1C). 
Beating the ground and singing to simulate rainfall to provoke termite emergence was also common 
and aligns with indigenous methods reported elsewhere in East Africa [22–24].  

Tree and crop associated insects, such as caterpillars, beetles, and grasshoppers, were 
predominantly harvested through handpicking, branch shaking, or trapping. Trapping particularly 
on tall host trees such as mango or cashew was done using a long stick with sticky tree paste (Fig2B) 
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from Ficus sansibarica applied on its tip to hold the insect from flying out; the complete trap is locally 
known as “ulimbo” in swahili.  

 

Figure 1. Traditional Harvesting techniques, A) A thorned stick for termite harvesting; B) Sticky paste used in making 
trap; C) Trap for winged termites set on a mound. 

3.2.2. Bulk Trapping with Improved Techniques 

At the lake zone, trapping Longhorn Grasshoppers and Winged Termites involved artificial light 
sources including high-voltage light bulbs placed along iron sheeting for a brighter spectrum 
(knowing the insects' aĴraction to light during mating flights or swarms) (Table 1). The setup of this 
trap followed the description given by Mmari et al., (2017). This practice exemplifies the merging of 
indigenous techniques with modern tools to enable mass collection, often driven by the growing 
commercialization of edible insects. Lake flies, associated with aquatic environments, were harvested 
using water dampened sieves aĴached to bamboo sticks that were swirled around the lake flies 
‘cloud’ or tree leaves, while others used mosquito nets. It was observed that lake flies that landed on 
the biĴer leaf tree (Vernonia amygdalina) locally known as Nduluva tree leaves, were considered unfit 
for consumption. Other groups such as soil dwelling insects, including crickets and small beetles, 
were picked from the ground following probing burrows while longhorn beetles, called “madimu” 
locally, were harvested from dry, roĴen logs of acacia trees using a hand axe. From a food safety 
perspective, harvesting methods involving soil disturbance, water contact, and smoke exposure, all 
of which present potential risks for microbial and physical contamination compared with controlled 
handpicking from vegetation [25, 26].   

While collection from the wild is the primary mode of acquisition, this approach presents 
sustainability concerns [11].  In the Katavi region, the observed harvesting practice involved 
manually making specific incisions on acacia tree trunks to attract longhorn beetles to lay eggs. Under 
efforts to rescue the village forest, authorities had completely banned villagers’ entry to the forest, 
the violation of which could lead to 30 years' imprisonment. Although this practice has not stopped 
the villagers from sneaking into the forest search of their delicacy, it was reported to visibly slow 
down deforestation. This practice is also reported on palm weevils harvesting [27, 28]. From a food 
safety perspective, harvesting methods involving soil disturbance, water contact, and smoke 
exposure present higher potential risks for microbial and physical contamination compared with 
controlled handpicking from vegetation [25, 26].   
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3.3. Pre-Processing Storage 

Prior to initial processing steps such as washing or thermal treatment, insects were held in 
storage containers, with the specific method reflecting the type of insect being held and the intended 
duration of storage (Table 2). Plastic buckets were the most commonly used containers (63.1%) 
followed by breathable containers (28.9%) and traditional containers (18.1%). Plastic buckets were 
particularly used for termites, allowing an average freshness duration of 24–48 hours as reported by 
the harvesters. Buckets were often perforated or loosely covered to reduce heat accumulation, 
indicating indigenous knowledge of respiration and moisture control. The use of plastic reflects 
modernization and availability of plastic goods. While convenient, this may create anaerobic 
conditions promoting bacterial growth and contribute to plastic pollution, unlike traditional guards, 
clay pots and nests such as the amaseme of Ukerewe villages, made of grasses and coconut leaves. 

Sacks (28.9%), mesh cloth and containers with ventilation holes (25%) were commonly used for 
grasshoppers, especially the commercially harvested longhorn grasshoppers and were associated 
with shorter freshness windows (12–24 hours) during warmer seasons. We observed freshly 
harvested grasshopper sacks being transported via public transit to distant urban markets, including 
locations as far as Dar Es Salaam (1380 km away). This commercial demand highlights the critical 
link between temporary storage solutions and the safe marketability of these seasonal delicacies. The 
use of unhygienic woven sacks (recycled grain containers), has been directly linked to contamination 
by toxigenic molds (e.g., Aspergillus and Penicillium strains) and the subsequent detection of aflatoxins 
in edible insects such as stink bugs [29].  

Table 2. Insect-specific indigenous storage practices prior to processing. 

Insect type (scientific name) Primary/Main storage (% usage) 
Secondary storage 

(% usage) 

Storage 

duration (h) 

Termites (Macrotermes spp.) Plastic buckets (63.1) 
Ventilated 

containers (28.9) 
24–48 

Grasshoppers / Crickets (Ruspolia 

differens, Acheta spp.) 
Mesh containers (52.3) Sacks (28.1) 12–24 

Lake flies (Chaoborus spp.) Traditional pots (Amaseme) (46.7) 
Woven baskets 

(33.3) 
<12 

Bee broods (Apis mellifera) Plastic safety bags (54.5) 
Plastic buckets 

(27.3) 
24–48 

Caterpillars (Lepidoptera larvae) Plastic buckets (60.0) Sacks (20.0) 12–24 

Beetle larvae (Rhynchophorus spp.) Plastic buckets (75.0) 
Traditional nests 

(25.0) 
24–60 

The survey results indicated that insects stored in plastic or safety bags exhibited the shortest 
freshness duration (<12 hours), aĴributed by respondents to rapid heating, moisture condensation, 
and odour development. In some tribes such as the Makonde, dead insects were considered unfit for 
consumption, "If one insect dies remove [it] immediately," reflecting understanding of cross-
contamination. Traditional containers such as clay pots and nests, though infrequently used, were 
consistently associated with longer freshness retention (24-48 hours) by distant hunters, suggesting 
promising avenue for integrating and optimization of low-cost, breathable, biodegradable storage 
technologies to ensure quality and safety before the insects undergo processes such as drying or 
frying.  
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3.4. Processing and Preservation Practices   

3.4.1. Sorting and Washing   

Following harvesting, preliminary handling involved sorting to remove foreign materials and 
undesirable anatomical structures and washing by potable or salted water. This post-harvest sorting 
involved removal of soil, grasses, pieces of woods, wings, antennae, legs, and non-target insects. 
Species such as termites and grasshoppers required extensive sorting due to fragile appendages and 
high contamination risk from soil and debris.    

Removal of anatomical appendages such as wings and legs observed in Orthopterae such as 
locusts and grasshoppers is crucial for elimination of their rigid chitinous exoskeletons [30]. 
Respondents explained that improper removal could result in stomach problems in the consumer, a 
perception that aligns with earlier reports linking chitinous appendages to gastrointestinal 
obstruction, in some cases leading to surgery [31]. Sorting of longhorn grasshoppers commonly 
involved the use of wood ash, which was explained as increasing friction and facilitating removal of 
appendages from the faĴy body surface.  

Certain caterpillar species, including makarata and maswethi, were traditionally deguĴed prior to 
washing to expel intestinal contents and undigested plant material. Similar practices have been 
reported for mopane worms (Gonimbrasia belina) Mutungi et al., (2019) and palm weevils [30]. Overall, 
these sorting and washing practices represent an important indigenous risk mitigation step that 
aligns closely with modern food hygiene principles by reducing physical contaminants and initial 
microbial load. Consistently, the Tanzania Bureau of Standards requires removal of materials unfit 
for human consumption during insect processing [32].   

3.4.2. Thermal Processing 

Traditional processing techniques were employed to enhance palatability, increase shelf life, and 
address food safety concerns associated with edible insects. Across the study sites, these practices 
demonstrated strong species-specific variation, shaped by insect morphology, perishability, cultural 
preferences, and intended use as shown in figure 2.   

 

Figure 2. A heat map showing different preparation methods for various edible insects. 
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Heat-based processing formed the core of edible insect preparation. Across all respondents (n = 
149), pan frying or dry toasting was the most frequently reported processing method (59.7%), 
predominantly applied to winged termites (n = 77).  These were commonly fried in their own fat 
without added oil using rapid, low-moisture heating (5–15 min), a method perceived to enhance 
flavour while minimizing spoilage during peak emergence periods when harvest volumes are high 
but storage capacity is limited. Grasshoppers showed greater processing diversity, reflecting their 
larger body size and higher lipid content. Boiling with salt was a dominant first step especially for 
longhorn grasshoppers that were commonly boiled prior to frying in oil, toasting or smoke dried.  

Reuse of frying oil was observed among 22.1% respondents, mainly for economical reasons. 
Sunflower oil was the most commonly used (14.4%), reflecting availability and affordability. Of those 
who re-used oil, 78.3% employed multiple re-uses "until finished" and (39.1%) stored the re-used oil 
in plastic boĴles. This practice could potentially pose food safety risks from high peroxide values 
(oxidation), free faĴy acids (hydrolysis), acrylamide formation and microbial contamination from 
improper storage [33, 34].  

Figure 3 presents traditional processing and preservation pathways of individual edible insects, 
indicating potential entry points for microbial hazard and elimination. Smoking was a common 
preservation method that extended processing time to 2-5 days. It was typically conducted on 
traditional drying structures under the firewood kitchen roof. Fuel sources included dry grasses and 
wood from eucalyptus, coffee, and cassava trees, with respondents associating smoke exposure with 
improved flavour and enhanced preservation, particularly for insects intended for storage or 
transport. Respondents displayed deep ethnobotanical knowledge, avoiding trees such as Muhumula, 
Mujumba, and Mgenga because "they are biĴer/ sour thus affecting the taste”. 

 

 
Figure 3. Traditional processing and preservation pathways of various edible insects. Notes: ✔ indicates 

practices associated with reduced microbial risk, while ▲ highlights stages prone to post-
processing contamination or microbial re-growth if hygiene and moisture control are 
inadequate 

OR 
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Figure 3. Traditional processing and preservation pathways of various edible insects. 

Similar preservative and sensory roles of smoking have been reported in other studies 
[25].  The polycyclic aromatic hydrocarbons (PAHs) accumulation risks associated with 
smoke produced by the pyrolysis of wood have been reported in some studies, though specific 
precise dangerous concentration are not clear.  [29, 35, 36]. After maceration (figure 3), lake 
flies were commonly wrapped in banana leaves and briefly burned on an open fire before 
smoking, while caterpillars were boiled with magadi prior to toasting, indicating species-
specific adaptations to texture and perceived safety.  This traditional hurdle-like food safety 
approach suggests an implied understanding of shelf-life extension beyond immediate 
consumption as agreed in other studies [37].  

 Sun drying emerged as the dominant preservation strategy for soil-dwelling termites 
reflecting both ecological accessibility and cultural norms (figure 3). Drying lasted from one 
day to one week. Insects were spread on mats, trays, tents, cow skins, or ‘clean’ rocks raising 
concerns about contamination from dust, insects, and domestic animals. While respondents 
perceived sun drying as effective for extending usability, emphasis on hygiene was noted 
from phrases like: "By keeping to the safe place," "You clean the tray every time," and "We clean the 
place first."  

We observed minimal processing for crickets and locusts, likely reflecting their limited 
seasonal availability and lower cultural prominence in the surveyed regions. These were 
grilled on open fire after removal of appendages then consumed on spot (figure 3).  

3.4.5. Perceived Preservation Trade-Offs: Sensory Quality Versus Shelf Life 

Across insect species, respondents clearly distinguished methods based on goals and 
consistently balanced sensory quality against shelflife extension when selecting preservation 
methods. Figure 3 shows a clear inverse relationship demonstrating that smoking and re-frying 
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maximize storage duration but compromise sensory quality, while sun-drying and oil-frying 
preserve taste at the expense of shelf-life. 

 

Figure 4. Diverging bar chart showing indigenous knowledge of preservation trade-offs. 

Rapid frying and toasting were preferred for immediate consumption due to superior taste and 
aroma, whereas boiling, smoking, and sun drying were favoured for products intended for storage. 
For longer preservation, frying in oil was often criticized for making insects "sore on the throat", 
"biĴer," or "sour." Sun-drying was also noted by some to cause "off flavour and aftertaste" if not done 
properly. 

These trade-offs highlight the practical decision making embedded within indigenous 
processing systems and identify clear entry points for HACCP-aligned optimization, including 
improved drying infrastructure, standardized boiling times, and hygienic storage containers, while 
preserving culturally embedded knowledge [38]. 

3.5. Raw Consumption PaĴerns and Safety Perceptions   

Raw consumption of edible insects was reported by 30.9% of respondents (figure 4), indicating 
that while traditionally discouraged and not dominant in many tribes, the practice remains culturally 
relevant. Raw consumption was strongly insect specific, with termites accounting for 70.5% followed 
by honeycombs/bee broods (25%) and lake flies (11.4%) reflecting perceptions of softness, sweetness, 
and cleanliness. Chi-square analysis confirmed a significant association between insect type and raw 
consumption (χ² = 35.42, p = 0.008; Cramer's V = 0.32), indicating that to some extent species choice 
dictates whether an insect is eaten raw (figure 4). The traditional practice of consuming insects 
uncooked aligns with historical paĴerns seen across Africa, Asia, and Latin America [39]. 
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Figure 5. Edible insects’ raw consumption paĴerns and safety concerns. 

Motivations for consuming insects raw were primarily sensory (69.6%); "They are delicious," 
perceived nutrition (29.5%); "They have more nutrients," and habitual (15.9%); "Just grew up consuming 
them raw" (figure 5C). These perceptions can be justifiable given that thermal processing, such as 
boiling or blanching, is known to result in the leaching and loss of water soluble nutrients [40–42].  
Despite these motivations, the majority of respondents expressed safety concerns, most notably fear 
of illness (71.1%), unpleasant taste (58.4%), bacterial contamination (28.9%) and “yucky factor” 
(figure 5D). The acknowledged safety concerns are scientifically sound as raw insects inherently 
harbor a high microbial load, including pathogenic bacteria, yeasts, molds, and spore-forming 
bacteria [10, 43].   

3.6. Perceived Spoilage Indicators, Causes, and Management of Processed Insects   

Spoilage management of processed edible insects relies on multi-sensory assessment, leveraging 
traditional knowledge systems. Smell was the most frequently used spoilage indicator (92.6%); 
"Producing offensive/roĴen smell," followed by changes in colour (34.2%), texture change (32.9%), and 
appearance (30.2%) (Figure 5). Although this sensory based monitoring is often triggered when 
spoilage is well advanced, these indicators were coherent across insect types and processing methods, 
underlining the role of experiential knowledge in food safety assessment [10, 29].  
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Figure 6. Radar map on perceived causes of spoilage and indicators used to detect spoilage of edible insects in Tanzania. 

When asked to identify the primary causes of spoilage, respondents frequently cited high 
moisture content (68.5%) and high fat content (61.1%) followed by delay in processing and improper 
storage causing insect death; "When one dies [it] spoils others." (Figure 6). These perceived causes align 
with known food science principles, particularly in sun-dried and fried insects where residual 
moisture and lipid oxidation accelerate deterioration [33, 40]. Despite recognizing improper storage 
as a factor, statistical analysis indicated no significant association between the specific storage method 
used and the reported spoilage time (χ2=15.47, p=0.051). This suggests that environmental conditions 
and handling practices drove variation rather than the container type alone. This observation 
emphasizes that training in basic hygiene practices and sanitation is more immediately impactful 
than changing storage containers.   

Once spoilage was detected, discarding insects was the most common response (55.0%), 
followed by repurposing to animal feed (40.3%).  While a few concerning practices were noted: 
"Mixed with fresh and sell" and "Recook and eat," mixing spoiled insects with fresh ones was 
infrequently reported (8.1%), indicating strong cultural norms against consuming visibly 
deteriorated products. Though minimizing economic loss, repurposing spoiled insects as animal feed 
(depending on the quality of the spoiled material) can transfer toxigenic molds such as aflatoxins 
from insects stored in unhygienic containers, which poses a serious threat if transferred to livestock 
[44].   

Overall, these findings demonstrate that while traditional processing and storage practices 
support widespread edible insect consumption, moisture control, fat stabilization, and hygienic 
handling remain critical vulnerability points. The results provide empirical justification for 
introducing context-appropriate improvements, such as controlled drying, improved ventilation 
during storage, and basic hygiene training, without undermining established indigenous practices.    

3.7. Microbial Safety of Indigenous Processing and Preservation Methods   

Microbial analysis of market-ready indigenously processed edible insects revealed considerable 
variation in microbial loads across insect species and processing methods. These differences reflect 
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variations in moisture content, thermal intensity, and post-processing handling practices. Table 3 

shows the microbial safety results of the selected edible insects interpreted against national and 
regional food safety benchmarks, including EAS 1186:2023 and relevant European Union guidance 
(EU 2017/625). Samples exceeding 5.0 log₁₀ CFU/g for total plate count or 3.0 log₁₀ CFU/g for yeasts 
and molds were classified as non-compliant, indicating inadequate post-processing hygiene, 
incomplete moisture reduction, or suboptimal storage conditions [45, 46].  

3.7.1. Total Viable Counts (TVC)  

Total viable counts ranged from 1.56 to 6.89 log₁₀ CFU/g across all samples. The lowest counts 
were consistently observed in deep-fried and smoked insect products, including deep-fried Ruspolia 
differens (1.56 log₁₀ CFU/g) and smoked lake flies (1.91 log₁₀ CFU/g). These processing methods 
combine high thermal input with effective moisture reduction, limiting microbial survival and re-
growth. 

In contrast, toasted winged termites (Macrotermes spp.) and boiled/pan-cooked beetle larvae 
(Thithoes confinis) recorded higher TVC values exceeding the EAS 1186:2023 maximum limit of 1 × 10⁵ 
CFU/g (5.0 log₁₀ CFU/g). These higher counts are likely aĴributable to post-processing contamination, 
prolonged cooling at ambient temperatures, and residual moisture retained during cooking and 
storage in non-airtight containers. Observations from the processing flow diagrams (Figure 3) 
indicate multiple open-handling steps that may facilitate recontamination. Similar paĴerns have been 
reported for traditionally processed insect products sold in informal markets, where open-air 
handling and storage promote microbial proliferation [25, 27, 33].  

Table 3. Microbial safety of the selected indigenously processed edible insects. 

Insect sample 
Processing 

method 

Coagulase-

Positive 

Staphylococci 

(log₁₀ CFU/g) 

Total 

plate 

count 

(log₁₀ 

CFU/g) 

Yeasts & 

moulds 

(log₁₀ 

CFU/g) 

E. coli 
Salmonella 

spp. 

Listeria 

monocytogenes 

Longhorn 

grasshopper 

(Ruspolia 

differens) 

Deep 

frying 
Nd 1.56 – nd nd nd 

 Smoking 1.59+ 2.00 – nd nd nd 

 Sun drying 4.26+ 4.25 – nd nd nd 

Lake flies 

(Chaoborus spp.) 
Smoking 1.62+ 1.91 – nd nd nd 

Winged termites 

(Macrotermes 

spp.) 

Toasting 5.16+ 6.10+ 2.99 nd nd nd 

Beetle larvae 

(Thithoes 

confinis) 

Boiling / 

pan 

cooking 

6.28+ 6.89+ 2.61 nd nd nd 

EAS 1186:2023 

limits 
 Absent ≤ 5.00 ≤ 3.00 Absent Absent Absent 
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Notes: nd = not detected. + = non-compliant with EAS 1186:2023 limits. Analyses were conducted 
using standard culture-based methods in accordance with EAS 1186:2023 and corresponding ISO 
procedures. Counts are expressed as log₁₀ CFU/g. 

3.7.2. Coagulase-Positive Staphylococci (Presumptive) Count 

Presumptive coagulase-positive staphylococci enumerated using Baird–Parker agar 
supplemented with egg yolk tellurite revealed that, with the exception of deep-fried R. differens, all 
samples had detectable levels of coagulase-positive staphylococci, with counts ranging from 1.59 to 
6.28 log₁₀ CFU/g. Sun-dried grasshoppers, toasted termites, and cooked beetle larvae exceeded the 
EAS 1186:2023 requirement for absence of coagulase-positive staphylococci. 

Smoked products consistently recorded lower counts (<2 log₁₀ CFU/g), highlighting the 
effectiveness of combined heat treatment and moisture reduction in controlling staphylococcal 
contamination. The presence of coagulase-positive staphylococci in minimally dried and manually 
handled products suggests post-processing contamination from handlers, utensils, or environmental 
surfaces, rather than survival through cooking. This observation is consistent with previous studies 
identifying handling hygiene as a critical control point in traditional insect value chains [40, 42, 45]. 

3.7.3. Yeast and Mold   

Yeasts and molds were detected only in toasted winged termites (2.99 log₁₀ CFU/g) and cooked 
beetle larvae (2.61 log₁₀ CFU/g), with all values remaining within the EAS limit of ≤3.0 log₁₀ CFU/g. 
Although fungal counts were generally low, their presence indicates potential risks associated with 
incomplete drying, high residual moisture, and prolonged exposure during traditional processing, 
particularly under humid environmental conditions. These findings align with ethnographic 
observations of sun drying and toasting conducted on open mats or ground surfaces, often without 
protective covers, which may facilitate fungal contamination [29]. For example, study on the mopane 
caterpillar (Imbrasia belina) showed that sun-drying after boiling risks mold growth and aflatoxin 
contamination, leading to quality deterioration [47].   

3.7.4. Escherichia coli, Salmonella spp. and Listeria Spp 

All insect samples tested negative for Escherichia coli, Salmonella spp., and Listeria monocytogenes, 
fully complying with [32] pathogen requirements. Biochemical confirmation using API™ 20E verified 
that all suspect isolates were non-pathogenic background flora. API™ Listeria testing identified 
Listeria welshimeri, Listeria grayi, and Listeria ivanovii. The detection of these non-monocytogenes 
Listeria species suggests environmental contamination during post-processing handling, consistent 
with the post-processing exposure stages identified in Figure 3, particularly ambient cooling and 
open-container storage,  The absence of these key foodborne pathogens indicates that indigenous 
processing practices, particularly thermal treatments such as frying, smoking, boiling, and toasting 
are effective at eliminating major microbial hazards, even in informal market seĴings with limited 
formal hygiene controls. These findings align with previous studies demonstrating the strength of 
traditional insect processing methods in microbial elimination when adequate heat treatment is 
applied [10, 29, 33]..   

4. Food Safety taboos and Indigenous Knowledge Transmission 

Processing practices were primarily transmiĴed orally and experientially through storytelling, 
observation, and informal evening “fire chats,” locally referred to as kikoomi among the Wakerewe 
tribe. No wriĴen records of these practices were identified during fieldwork, and younger 
generations were observed to have limited awareness of these traditions, reflecting a broader trend 
of erosion of indigenous knowledge systems [48]. Survey data further indicated that very few (n=5) 
respondents involved in harvesting and processing had received formal training in food hygiene 
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from a local institute, emphasizing the central role of inherited knowledge in shaping food safety and 
preservation behaviors [27]. 

Table 4. Processing practices and their related taboos, beliefs and indigenous rationale. 

Taboo Category Specific Practice or Belief 
Indigenous Rationale 

(Emic Explanation) 

Awareness 

(%) 

Processing 
Avoid use of bitter tree species for 

smoking 

Bitter or sour smoke negatively affects 

taste and aroma 
23.8 

 Do not mix fresh insects with spoiled 

ones 

“One spoiled insect contaminates the 

rest” 
18.8 

 Limit repeated reuse of cooking oil  
Reused oil develops bitterness and off-

flavours 
22.1 

 
Use of magadi (alkaline salts) during 

cooking 

Prevent stomach discomfort and 

insects becoming alive in the stomach 
48.7 

Consumption Avoid consumption of raw insects Causes stomach pain or diarrhoea 71.1 

 Limit quantity consumed at one time Excess intake causes nausea 15.4 

 Reject discoloured insects 
Darkening or black colour indicates 

spoilage 
34.2 

Storage 
Ensure adequate ventilation during 

storage 

Insects “need to breathe” to prevent 

spoilage 
28.9 

 Remove dead insects from stored 

batches 
Prevents spread of spoilage to others 23.0 

 Limit storage duration Spoilage occurs within 12-24 hours 48.3 

Knowledge 

Transmission 
Intergenerational teaching Knowledge inherited from elders 92.1 

 Experiential learning 
Skills acquired through repeated 

practice 
78.5 

 Observation of others 
Learning by watching experienced 

processors 
65.8 

 Formal training School or structured programs 6.7 

The survey reveals specific science-informed taboos and practices regarding food safety 
and risk mitigation strategies (Table 4). The use of magadi (alkaline salts) during insect 
cooking was widely reported and culturally justified to prevent abdominal discomfort or 
insects “becoming alive” in the stomach. While framed symbolically, this practice aligns with 
functional food safety outcomes, as alkaline treatment and boiling can reduce microbial loads 
and undesirable compounds [10]. Similarly, the consumption of raw insects was broadly 
prohibited due to beliefs that it could cause intestinal damage, stomach pain, or speech 
impairment as insects bite the tongue. The strong association of raw consumption with 
stomach pain and diarrhea and the attribution of spoilage to bacteria demonstrate a realistic 
understanding of microbial food safety risks, even without formal training. These taboos 
reinforce the importance of thermal processing and combined methods (e.g., boiling + 
smoking + sun-drying) as a form of inherent “hurdle technology” reducing water activity 
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and adding antimicrobial compounds from smoke, creating multiple barriers to microbial 
growth.  This is consistent with empirical evidence that combined methods reduces 
microbial risks and gastrointestinal illness [17]. 

Cultural protocols also governed waste handling and preservation practices. Among 
senene (Ruspolia differens) harvesters, wings and appendages were discarded at least 10 feet 
from households to avoid ghost attraction, contributing to household hygiene. In Katavi, 
hunters were prohibited from carrying salt into forests, a violation believed to chase away 
the ghost responsible for hunting fortune. This restriction promoted smoking as a 
preservation strategy, allowing insects to be stored safely for several days during extended 
hunting periods [27]. 

Overall, indigenous taboos and knowledge transmission systems function as adaptive 
food safety mechanisms embedded within cultural practice [18, 49]. Although often 
explained through symbolic narratives, many of these practices align closely with established 
food science principles related to microbial control, spoilage reduction, and hygiene [18, 49, 
50]. Recognizing and integrating such indigenous knowledge into formal food safety 
frameworks presents an opportunity to strengthen culturally appropriate and scalable insect 
value chains without eroding traditional practices [48]. 

4. Conclusions   

This study provides an integrated ethnographic and microbiological assessment of indigenous 
edible insect processing and preservation practices in Tanzania. The findings demonstrate strong 
method insect specificity in traditional processing, reflecting relationship to insect morphology, 
perishability and intended use. Combination of treatments such as frying, boiling, smoking, and sun 
drying were widely applied and generally effective in ensuring pathogen safety, as evidenced by the 
absence of Salmonella spp., Escherichia coli, Staphylococcus aureus, and Listeria monocytogenes in analysed 
samples. However, variability in total viable counts and yeast and mold levels highlights persistent 
challenges in microbial load control and spoilage prevention, particularly for sun dried and stored 
products. These challenges are closely linked to drying efficiency, post-processing handling, and 
storage conditions, reinforcing the relevance of critical control points emphasized in the IPIFF, 
Tanzania Bureau of Standards (TBS) and East African edible insect standards. Overall, the results 
confirm that indigenous processing systems offer foundation for safe insect food production, while 
also revealing key areas requiring technical refinement to support storage stability and 
commercialization.  

5. Recommendations   

The method of insect specificity embedded within indigenous processing practices provides a 
valuable entry point for HACCP aligned optimization without undermining cultural integrity. 
Priority interventions should focus on documentation, improving drying infrastructure, promoting 
hygienic cooling and handling, and encouraging the use of food grade storage and packaging 
materials suited to local contexts. Low cost innovations such as raised drying platforms, protective 
covers, improved smoking structures, and standardized thermal processing times could substantially 
reduce microbial and spoilage risks. Traditional additives such as alkaline agents (e.g., magadi and 
ash), widely used to enhance palatability and perceived safety are worth investigating as potential 
functional additives in scaling insect processing.   

6. Limitations and Future Research   

6.1. Study Limitations    

Key limitations include reliance on self-reported practices that may introduce recall or reporting 
bias for seasonal availability. Microbial analyses were culture-based, conducted on insect species 
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found on the market during the sampling period, which may not capture the full diversity of practices 
and extended storage across all ecological zones and seasons. Molecular detection methods were 
beyond the scope of this work and may be explored in future studies to complement food safety 
assessment. 

6.2. Future Research   

Future research should integrate microbiological outcomes with physicochemical parameters, 
including moisture content, water activity, and pH, to generate predictive shelf-life models for 
traditionally processed insects. The findings will be essential for supporting commercialization and 
regional trade under harmonized standards. 
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