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Propositions

1. High nutritional content of edible insects is no guarantee for nutrition security.
(this thesis)

2. Processing is a tool to modulate edible insects’ nutritional quality.
(this thesis)

3. Household power dynamics can be the cause of malnutrition.

4. Climate coping strategies by communities can improve household dietary diversity.

5. Publishing in a high impact journal is meaningless if the research outcomes are not
accessible to the public.

6. Post-harvest management is key to biofortified crops in mitigating micronutrient
deficiencies.

7. Starting a PhD is like embarking on a long international flight.
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CHAPTER1

General Introduction



1.1 Food and nutrition security and potential underutilised natural resources

The world's growing population necessitates the need for alternative food sources that are sustainable
and able to meet the world’s demands for food and nutrition security. In 2017, the United Nations
expected the current world population of 7.6 billion to reach 8.6 billion in 2030 and 9.8 billion in
2050. In addition, food and nutrition insecurity problems remain a challenge especially in developing
countries, despite these countries have vast of underutilised resources that can be used to alleviate the
problem. An estimate of 821 million people are malnourished worldwide, with the majority in Africa,
according to (FAO et al., 2018), with iron, zinc, and vitamin A deficiencies among the most common

form of undernutrition. Food and nutrition security will thus be a great challenge.

FAO (2009) defined food security as ‘when all people, at all times, have physical, social, and
economic access to sufficient, safe and nutritious food that meets their dietary needs and food
preferences for an active and healthy life’. They defined nutrition security as the need to secure access
to an appropriately nutritious diet, comprising all essential nutrients and water, coupled with a sanitary
environment and adequate health services and care to ensure a healthy and active life for all household
members (FAO 2012). Since food security cannot be achieved without nutrition security (Hwalla et
al., 2016), it is of paramount importance to find solutions for both food and nutrition security.

Many proposed interventions towards improving food and nutrition security are mainly based on
increased crop production and reduction of postharvest losses (Chegere, 2018; Kumar & Kalita, 2017;
McNamara & Tata, 2015), whereas promoting use of edible non-wood forest products is also an
option (Vinceti et al., 2013). FAO defined non-wood forest products (NWFPs) as "all goods of
biological origin other than wood in all its forms, as well as services derived from forest or any land
under similar use (FAO, 1995). Several studies have reported on NWFPs’ direct and indirect
contribution in improving food and nutrition security. For example, NWFPs can provide ready
accessible, affordable, and, high nutritious foods (Vinceti et al., 2013), especially in lean seasons or
times of low agricultural production. In addition, NWFPs can generate income to purchase other food
items. Forest foods (NWFPs used as food) are of plant origin (e.g. fruits, seeds, nectars, tubers, and

mushroom) or animal origin (e.g. bush meat, insects, and fish).

Edible insects are amongst the underutilised natural resources that can help in reducing problems of
food security and malnutrition. Studies have reported that insects can contribute significantly to food
security and livelihood in several transition countries, where they are consumed (Dube et al., 2013;
Vantomme et al., 2012). FAO also reported that nutrients found in insects have a potential to reduce
nutrient deficiencies in the population consuming them. In developing countries with food insecurity
problems, edible insects can contribute to malnutrition reduction because of the high protein and

micronutrient content, minimal ecological impact, availability, and above all the cultural
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appropriateness for a large majority of the population (FAO 2012). As such, Kelemu et al. (2015)
proposed a model (Figure 1.1) on the pathways to using edible insects to improve food security in
Africa. The model emphasises on the multi-stakeholders (e.g. research institutions, private sector
policy makers, etc.) approach to achieve the goal of attaining food security. They highlighted the
importance of bottom up approach to improve food security in terms of quality and quantity of edible

insects, through building up on existing knowledge to upscale mass rearing and processing of insects.

g ’_[ Low carbon emission h A
fé "[Biodiversity oonservationh Food security
= (quality & quantity)
= F[ Improved livelihoods h
S The community
E (consumers, traders, restaurants,
g pharmaceuticals, dieticians)
15 .
— Technology up scaling
(mass-rearing, preservation)
[ Marketing and packaging J
F(FOOCI (human) [ Waste conservallon J
- Z (biogas, blofuel
§ F{Feed (livestock, aquacult:re, pets) ] Nutritional value analysis
= — - micronutrients
Health (vitamins, drugs, suppllments)] Food safety ( dlsease risks) Research,
capacity building
Inventory
(catalogue, taxonomy, network

Figure 1.1: Pathways to using insects for food and feed to improve food security in Africa (Kelemu
etal., 2015)

1.2 Promoting consumption of edible insects

There are limited studies on the current consumption practices of edible insects in relation to food and
nutrition security. Some studies indicated a decline of the entomophagy in countries where eating
insect is a traditional practice. The consumption of insects is ancient in human history and takes place
mainly in Africa, Asia, and Latin America (van Huis, 2013), where inclusion of insects in human diets
is common (Yen, 2009). Over 2000 species of insects have been documented as being consumed
worldwide (Jongema, 2017) and in Africa alone, 470 species of edible insects are documented
(Kelemu et al., 2015). Most of the insects consumed are seasonal and collected from the natural
environments, also called wild harvested (Klunder et al., 2012; Mutungi et al., 2017). People can eat
insects in different stages of development such as eggs, larvae, pupae, and adults (Chen et al., 2009;
Mutungi et al., 2017; Julieta Ramos-Elorduy, 2002; Verkerk et al., 2007). The type of insect consumed



is dependent on the species and ethnic groups. Beetles, caterpillars, and ants are amongst the world’s
most frequently consumed species, followed by grasshoppers and locusts (Koutfimska & Adamkova,
2016). Taste, nutritional value, and ethnic customs affect consumers’ preferences for a certain insect
species (Yen, 2009).

There are three reasons to promote entomophagy, i.e. health, environmental benefits, and livelihood
improvement (social and economic factors) (van Huis et al., 2013a). Rearing insects is more
environmentally friendly as it produces less greenhouse gases and requires less land as compared to
livestock rearing (Oonincx et al., 2010). The growing population and need for alternative sustainable
protein sources, is one of the major reasons for consumption of insects. As such, there has been an
increase worldwide in the captive rearing of insects to meet the demand of emerging protein source.
However, interventions to promote more or new consumption require an understanding of

consumptions patterns of different communities and data on the nutritional composition of the insects.

1.3 Nutritional quality of edible insects

Understanding of the nutritional value of different edible insects is important for promoting
consumption of insects as a nutrient source. Studies done across the world have proved that many
edible insects are good sources of protein, fat, and micronutrients (Chen et al., 2009; DeFoliart, 1992;
Obopile & Seeletso, 2013; Srivastava et al., 2009). However, there is high variability in the nutritional
composition of insects. The nutritional value of insects depends on species, insect life stage, habitat,
type of feed for the insects (van Huis et al., 2013a; Verkerk et al., 2007), origin (Rumpold & Schluter,
2013), and methods of preparation (Yhoung- Aree et al., 1997). Differences in nutritional composition
exist among species (Bukkens, 1997; Kinyuru et al., 2013) and among species within same order
(Bukkens, 1997; Rumpold & Schluter, 2013).

Proteins are the most important nutritional component of edible insects. The protein content of edible
insects varies from species to species and can be up to 77% based on dry weight (Rumpold &
Schluter, 2013). Insect protein contents are comparable to conventional protein sources such as beef
and fish (Bukkens, 1997). Amino acid composition and protein digestibility determine protein quality
of edible insects (Belluco et al., 2013; Boye et al., 2012; Sarwar Gilani et al., 2012). In general, edible
insects are good sources of all essential amino acids, although different amino acid profiles exist for
different species (Blasquez et al., 2012; Bukkens, 1997; Finke, 2007; Yi et al., 2013).

Lipids present the second largest nutritional component of insects. As such, edible insects can
substantially contribute to the caloric value of meals. The crude fat content of edible insects varies
between 10 and 70% (Finke and Oonincx, 2017). Moreover, fat content and fatty acid composition

vary with species and are highly dependent on the diet and metamorphic stage of insects (Belluco et
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al., 2013; Fontaneto et al., 2011; Komprda et al., 2013; St-Hilaire & Cranfill, 2007). Studies have
reported that fatty acid profiles of edible insects are comparable to those of poultry, because of their
unsaturated fatty acids. Additionally, differences exist in fat content and fatty acid composition
between wild harvested insects and reared insects. Reared insects species have higher fat content and
wild harvested insects have relatively higher amounts of linoleic acid and linoleic acid (Finke &
Oonincx, 2017).

Further, edible insects are a good source of vitamins and minerals and their levels vary between
species as well. The ash content of edible insects, which is an indication of the mineral content, varies
between 1% and 25% (Rumpold & Schliiter, 2013). Several studies have shown edible insects as good
sources of iron and zinc, though variation between species exists like for the macronutrients. Factors
contributing to this variation between species are geographical place of harvest, seasonal and
environmental factors, type of processing (Zhou & Han, 2006), and feed (Rumpold & Schliter, 2013).
There is limited data on the vitamin content of edible insects, though insects are generally low in
retinol, but rich in riboflavin and pantothenic acid (van Huis, 2016). Variation also exists for chitin,
which contributes significantly to the fibre content of insects. Finally, some bioactive components e.g.
tannins and phenolic acids, are shown to be present in edible insects and can act as anti-nutritional
factors. Despite several studies on nutritional value, the nutritional composition of many edible insect
species consumed in the world is yet unknown (Nowak et al., 2016) as well as variation in
composition of insects harvested from different regions. Furthermore, the nutritional quality of edible
insects is beyond the nutrient content, as nutrient availability is also important, which can be

influenced by processing.

1.4 Processing of edible insects and nutrient availability

Processing can influence the nutritional quality of insects and most edible insects require proper
processing before their use or consumption. Edible insects, like any other foods are susceptible to
microbial contamination (Klunder et al., 2012; Stoops et al., 2016). Therefore, processing is necessary
to prevent spoilage and to ensure food safety (Rumpold & Schliiter, 2013). Moreover, processing
improves the eating qualities of edible insects. Different processing pathways i.e. traditional and
industrial processing both exist for edible insects (Figure 1.2). The elemental operations of traditional
processing of insects involve cleaning followed by wet or dry heat treatments (Mutungi et al., 2017).
The cleaning involves removing of extraneous matter, removing guts, wings, legs, and head depending
on the species and washing with water. Boiling, steaming, frying, roasting, and drying (Kinyuru et al.,
2010; Kinyuru et al., 2009; Obopile & Seeletso, 2013; Ramos- Elorduy, 1997) are amongst the
commonly used traditional heating methods for processing insects. The techniques used vary
depending on the insect species and geographical region.



Traditional processing Industrial processing*

Insects Insects

| |

Cleaning (degutting, wing and leg removal, Unit operations (Decontamination, Drying, Comminution)

washing)
} | } I |
We_t heat treatment Dry hgat treatment Other insect- Insect Extraction technologies
(boiling, steaming) (roasting, toasting, based meal (Protein, fat and chitin
frying, drying) products extraction)

!
' ' '

Insect protein Insect oil Chitin, other
insect

fractions,

residues

Figure 1.2: Traditional and industrial processing pathways for edible insects (*adapted from,
Rumpold et al., 2017)

Over the years, there has been much interest in the captive rearing of insects and as a result insect
processing industry advanced especially in the developed world (van Huis, 2016). Similar to
traditional processes, industrial processes use wet and heat treatments to decontaminate insects.
However, unlike in the traditional processing, where the processes are characterised by uncontrolled
conditions, industrial processes are controlled, e.g. blanching, pasteurisation, sterilisation, and drying
(Rumpold et al., 2017). In addition, decontaminated insects can undergo drying and grinding/milling
to produce insect meal or insect-based products. Furthermore, some processors extract the major

components of insects (protein, fat, and chitin) for use as ingredients in some food products.

Processing can also effect some changes to the properties of edible insects. For example, heat
treatment can enhance or reduce protein digestibility and/or bioaccessibility, depending on the time-
temperature combinations. Protein denaturation and reduction in the anti-nutritional factors enhance
protein digestibility (Boye et al., 2012), as well as nutrient bioaccessibility although this is not well
studied for insects so far. Furthermore, protein denaturation in general alters protein functionality with
regard to solubility, gelling, emulsifying and foaming properties (Tiencheu et al., 2013). Traditional
processing methods of insects are usually characterised by uncontrolled conditions. This may have
detrimental effects on the nutritional quality of insects. For example, Kinyuru et al., (2009) reported a
significant reduction in protein digestibility and decrease in vitamin for toasted and dried grasshoppers

compared to fresh ones




Chapter 1

According to Friedman (1996), a better understanding of the molecular changes that occur during
processing is necessary to optimise the beneficial effects and minimise the formation of deleterious
components. Different heat treatment techniques and processing parameters can have an effect on the
final nutritional property of a product and/or bioaccessibility of nutrients. Several studies investigated
the influence of traditional processing on bioaccessibility on other food products. However, there is
limited information about the effects of traditional processing on insects’ nutrients content and

bioaccessibility.

Bioaccessibility of a particular nutrient gives a clear picture of nutritional quality (Fernandez-Garcia et
al., 2009). Cardoso et al. (2015) defined bio-accessibility of a nutrient as the fraction that is soluble in
the gastrointestinal environment and available for absorption. In addition to processing,
bioaccessibility is influenced by the composition of the food matrix and interaction with other
components (Fernandez-Garcia et al., 2009). For example, levels and/or type of fat and carbohydrates
in a food can affect protein digestibility. Additionally, some anti-nutritional components either
naturally present in food or formed during processing reduce protein digestibility (Boye et al., 2012)
and mineral bioaccessibility. The presence of anti-nutritional components such as tannins and phenolic
acids in some edible insects (Musundire et al., 2016) support the need for bioaccessibility studies.

1.5 Relevance of shelf life of edible insects to food and nutrition security

Harvested edible insects have a limited shelf life due to their biological nature. Since fresh wild
harvested insects are seasonally available, deterioration in quality of harvested, processed and stored
edible insects can limit their contribution to food and nutrition security. Thus, prolonging the shelf life
of edible insects is an important aspect for improving their availability off-season and increasing
nutrition security. Shelf life of food is the period of time where the product is safe to eat and has a
quality that is acceptable to consumers (Fu & Labuza, 1997). Multiple chemical, physical, and
biological processes can limit shelf life. Biological processes affect mainly food spoilage but the heat
treatments applied to insects reduce the risk of biological spoilage. Drying is the traditional approach
to extend shelf life of insects (Mutungi et al., 2017). Due to their low moisture content, dried insects
can be susceptible to fat oxidation because of the high concentration of unsaturated fatty acids, thereby
limiting the shelf life of stored dried insects. In addition, the presence of chitin can prevent fast
evaporation of moisture from the insects (Chavunduka, 1975), thereby hampering the drying process.
Limited information exists on shelf life of dried insects with few studies reporting on the stability of
extracted insect oils. To extend the consumption of insects as a natural source for nutrition security all

year round, there is a need to improve availability by extending the shelf life.



1.6 Problem statement

Zimbabwe, just like any other Sub Saharan country, is still facing food and nutrition insecurity.
According to the World Food Program, more than 2.4 million people in Zimbabwe face food
insecurity at the peak of the lean season of 2019. Micronutrient deficiencies, particular iron and zinc
deficiency remain a public health concern amongst Zimbabweans (ZIMVAC, 2018). According to the
ZIMVAC report 2018, meat and legumes, which are important protein sources, are the least consumed
food groups by the rural and poor urban population. A major reason is that prices of these food items
are too high for many people.

To improve nutrition security, edible insects could be used in fortified blended foods (FBFs), mainly
because of the protein and mineral content. Van Huis et al. (2013) reported that in order to make
recommendations regarding food enrichment, there is a need to explore traditional diets in their
entirety and compare the diets’ nutritional quality with that of local available insects. In Zimbabwe,
there is high consumption of maize meal and green leafy vegetables and low rates of consumption of
meat, milk, and eggs, especially in the rural areas. Maize meal is limiting in lysine and tryptophan
(Friedman, 1996) and one needs to obtain these amino acids from other food sources. As such, wild
harvested edible insects have the potential to alleviate malnutrition problem due to their high protein
contents, which are comparable to that of other protein sources.

Edible insects are rich sources of iron and their inclusion in diets can improve iron status and prevent
anaemia (van Huis, 2013). Consumption of edible insects could potentially reduce iron and zinc
deficiency in developing countries (Mwangi et al., 2018; Rumpold & Schliter, 2013b). However, not
all insect species are able to meet all nutrient requirements. Furthermore, to reduce micronutrient
deficiencies, the minerals in food should also be bioaccessible. Hence, there is a need to evaluate the

nutritional quality and bioaccessibility of local available insect species.

Furthermore, the current traditional cooking methods of edible insects may result in the loss of
nutritional quality. It is therefore important to apply optimal processes conditions (time, temperature,
choice of processing method, and operations) to obtain high nutritional and sensorial quality, and safe
insect food products. Wild harvested edible insects are seasonal, but for off-season consumption
proper preservation and storage conditions need to be developed. Value addition to insects can create
new marketing avenues in the cities and towns (Gahukar, 2011). Traditional knowledge of products
and processing methods of insects can be used as a baseline for developing suitable and innovative

processing technologies for improved nutritional value, acceptance, and enhanced economic value.
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1.7 Case study species: Eulepida mashona and Henicus whellani

In Zimbabwe, more than 45 species of edible insects are consumed (DeFoliart, 1997; Kelemu et al.,
2015), with Mopane worms and termites being the most common (Dube et al., 2013; Onigbinde &
Adamolekun, 1998). To ascertain the suitability of wild harvested edible insects in alleviating
malnutrition or complementing other foods in local diets, investigation of other less commonly
consumed insects is also required. It is against this background that two different wild harvested
species, Eulepida mashona and Henicus whellani were selected as case study in this thesis. Both insect
species are consumed at adult stage (Figure 1.3 and 1.4) and belong to different orders. Eulepida
mashona, also known as chaffer beetles (Chavunduka, 1975), belongs to the Coleoptera order of
insects and is amongst the consumed edible insects in Zimbabwe (Chavunduka, 1975; DeFoliart,
2002; DeFoliart, 1997; Dube et al., 2013). The insects are prevalent in different agro-ecological
regions of the country and are mainly associated with the Brachytegia speciformis L. and Julbernadia
globiflora L. type of vegetation (Chavunduka, 1975). Henicus whellani is a ground edible cricket
belonging to the Orthoptera order of insects, while chafer beetles are harvested from trees and bushes.
Henicus whellani is harvested by digging them from the soil or picking from the ground when they
emerge from their burrow soon after rains. Preparation steps of the insects include dewinging
(Eulepida mashona), degutting (Henicus whellani), washing, boiling, followed by roasting.

Figure 1.4: Henicus whellani a) freshly harvested b) degutted and c) prepared ready to eat



1.8 Thesis objectives and outline

Considering their diversity, wild harvested edible insects have a potential to contribute to food and
nutrition security in developing countries. However, for most of these edible insects, the information
on insects’ suitability for use in improving nutrition of people who consume edible insects and
consumption patterns is still lacking. The main objective of this thesis was therefore to investigate how
wild harvested edible insects can contribute to nutrition security in developing countries, with

Zimbabwe as a case study. The specific objectives were to:

a) Determine insect consumption patterns among rural and urban populations and identify factors
that influence these patterns.

b) Investigate the variability in nutritional composition of Eulepida mashona and Henicus
whellani amongst different districts of harvest.

c) Study the influence of domestic processing methods on protein and mineral retention, protein
digestibility and mineral bioaccessibility of Eulepida mashona and Henicus whellani.

d) Examine effects of processing conditions (grinding, drying and storage temperature) on shelf

stability of edible insects in terms of lipid oxidation.

This thesis consists of six chapters, four of which address the abovementioned specific objectives.
Chapter 1, the general introduction, gives the background of the study, the need for research and
outlines the objectives of this thesis. Most research on wild harvested edible insects focused on their
nutritional value, ignoring the status quo consumption of edible insects. Thus, Chapter 2 brings
forward this evidence about current consumption patterns of edible insects in urban and rural areas of
Zimbabwe and identified factors that influence the consumption of edible insects. However, promoting
consumption of edible insects should be based on sound scientific knowledge on their nutritional
value. Therefore, Chapter 3 explores the nutritional potential of wild harvested Eulepida mashona
and Henicus whellani and how their nutritional composition varies among different district of
occurrence. To have a complete overview on the nutritional quality, not only the composition but also
the bioaccessibility is an important parameter. Thus, Chapter 4 explores how the common methods of
processing insects (boiling and roasting) influence the nutrient content and bioaccessibility of the
insects. In addition, seasonality of wild harvested insects can possibly limit potential contribution to
food and nutrition security. This necessitates drying insects for longer storage. As such, Chapter 5
investigated shelf stability of dried Eulepida mashona and Henicus whellani with respect to lipid
oxidation. Finally, Chapter 6 discussed the major findings and gives recommendation for further

research. Figure 1.5 shows the overview of the four studies and how they connect to each other.
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CHAPTER 2

Consumption Patterns of Edible Insects in Rural and Urban Areas of Zimbabwe:

Taste, Nutritional Value, and Availability Are Key Elements For Keeping The
Insect Eating Habit

This chapter has been published as: Manditsera, F. A., Lakemond, C. M. M., Fogliano, V., Zvidzai,
C. J., & Luning, P. A. (2018). Consumption patterns of edible insects in rural and urban areas of
Zimbabwe: taste, nutritional value and availability are key elements for keeping the insect eating habit.
Food Security, 10(3), 561-570. doi: 10.1007/s12571-018-0801-8
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Abstract

Edible insect consumption is a traditional practice in many countries and has the potential to
contribute to food security. The aim of this study is to obtain insight into insect consumption patterns
amongst rural and urban populations, and into factors that may influence these patterns. For this
purpose, a case study was made in Zimbabwe. A literature-based conceptual model indicated that
motives for consumption, individual characteristics, consumer environment, availability, food
characteristics, and indigenous knowledge could affect edible insect consumption. A survey amongst
200 urban and 175 rural respondents showed that insect consumption was significantly higher in rural
(89.7%) than in urban (80.0%) areas. Rural respondents (63.9%) consumed insects more than three
times a week on average as compared to urban (14.5%) respondents. Quantities consumed as snhacks
are significantly different between urban and rural respondents. Taste was the main motive of
respondents in both the rural (89.2%) and urban areas (74.4%). Respondents in urban areas more often
reported nutritional value (74.4%) and medicinal properties (28.1%) as important motives for
consumption compared to rural respondents (51.0% and 15.3%, respectively). For rural areas, socio-
demographics did not relate to consumption of edible insects whereas in urban areas, insect
consumption was negatively related to education, main livelihood source and monthly income.
Availability of edible insects influences both urban (64.0%) and rural (83.0%) respondents’
consumption of insects. The lower consumption of specific insect species in urban areas could hamper
the potential contribution of insects to food security in these areas. Therefore, promotion of
entomophagy by marketing and maintaining traditional knowledge on insect processing should target

urban people through provision of tasty products, communicating nutritional value.
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2.1. Introduction

Consumption of edible insects is a traditional practice in many African (van Huis, 2003), Asian (Yen,
2015) and Latin American (Costa-Neto, 2016) communities. More than 2000 species of insects are
suitable for human consumption worldwide (Jongema, 2017). Edible insects have the potential to
contribute to food security (Belluco et al., 2013; Ghaly, 2009). FAO is therefore promoting the
consumption of insects from wild harvest or insect farming (Gahukar, 2011; Hanboonsong et al.,
2013; van Huis et al., 2013b). The proportional contribution of edible insects to the diets of insect-
eating populations ranges from minor to substantial and there can be variation in the contribution to
different groups within communities (Raubenheimer & Rothman, 2013; van Huis et al., 2013b).

However, the potential contribution of edible insects to food security in continents such as Africa and
Asia is under threat. A decrease in prevalence of traditional practices of entomophagy has been
reported in communities in developing countries where insect consumption used to be common (Dube
et al., 2013; Meyer-Rochow & Chakravorty, 2013; Obopile & Seeletso, 2013; Riggi et al., 2016; Yen,
2009). Reasons for this decrease include adoption of Western foods (Dube et al., 2013; Looy et al.,
2013; Milcek et al., 2014; Obopile & Seeletso, 2013; Yen, 2009) and decreased knowledge of
preparation practices (Riggi et al., 2016). Other reported reasons include unavailability of the edible
insects (Looy et al., 2013), uncontrolled harvesting (J. Ramos-Elorduy, 2006), and loss of habitats
leading to extinction of some species (Dube et al., 2013; Meyer-Rochow & Chakravorty, 2013).

In developing countries, especially in urban areas and younger populations, there is a tendency to
abandon the practice of entomophagy due to westernisation of traditional diets (Huis & Vantomme,
2014; Vantomme, 2015). In addition, a common belief is that traditional foods, like edible insects, are
considered primitive and are not accepted by Western communities. This thinking leads to
unwillingness of people to share experiences of these foods (Looy et al., 2013).

Multiple studies stress the importance of documenting traditional knowledge of edible insects to
restore and promote entomophagy (Riggi et al., 2016; van Huis, 2015; Yen, 2009) and to disseminate
information to new consumers, especially in urban areas (Gahukar, 2011). Traditional communities
are well-enriched with local knowledge of the occurrence, methods of collection, processing and

consumption (Riggi et al., 2016).

Many developing countries are still facing food insecurity despite an abundance of natural resources
that can help to alleviate the problem. An estimated prevalence of 11.0% of the global population is
undernourished and a higher 12.9 % is observed in developing countries (FAO, 2015). Food insecurity
is not only limited to rural areas but also observed in urban areas (Frimpong, 2013; Tawodzera, 2011).
Rural to urban migration is usually associated with changed consumptions habits (Frimpong, 2013;

Puoane et al., 2006). The consumption of edible insects in many developing countries is documented
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for specific insect species. However, to the best of our knowledge, it is not yet known how edible

insect consumption differs between urban and rural areas.

The aim of the study was to obtain insight into the insect consumption patterns among rural and urban
populations and to study the factors that influence these patterns. For this purpose, a case study was
made in Zimbabwe. Although mopane worms and termites are the most popularly consumed edible
insects in Zimbabwe (Gardiner & Gardiner, 2003; Onigbinde & Adamolekun, 1998), Eulepida species
(Dube et al., 2013; Musundire et al., 2016; Onigbinde & Adamolekun, 1998) and Henicus whellani
(Musundire et al., 2014a) are also commonly consumed in some regions of the country. The current
study, next to overall insect consumption, focused on Eulepida spp. and Henicus whellani, because of
their specific cultural value to local consumers and potential to contribute substantially to human
nutrition.

2.2 Methodology

2.2.1 Study design

Data on consumption patterns and traditional processing of edible insects was collected through a
survey. A questionnaire was administered in three urban towns and five rural districts of Zimbabwe
through face-to-face interviews between July and October 2015. The questionnaire was based on a
conceptual model that presents factors influencing consumption patterns of edible insects as described

in the literature.

2.2.2 Questionnaire design

2.2.2.1 Conceptual model used to design the questionnaire

Figure 2.1 shows a conceptual model presenting possible factors influencing the consumption patterns
of edible insects. The model is based on common food preference studies and literature on insect
consumption. Food preferences play an important role in food consumption (Sijtsema et al., 2002) and
can affect consumption patterns (Becker et al., 2000; Gerbens-Leenes & Nonhebel, 2005), which are
defined as repeated arrangements in the food consumption of a population group (Gerbens-Leenes &
Nonhebel, 2005). In the current study, consumption patterns refer to which insects are consumed, how
much and when. Food preference can be affected by characteristics of the food itself (such as taste,
flavour, appearance), consumer characteristics, such as gender, age and education (Han & Powell,
2013), and characteristics of the consumer’s social environment such as individual upbringing and
religion (Sijtsema et al., 2002). Particularly, religion can play an important role in the consumption of
insects, and in some religious practices, entomophagy is strictly forbidden (Dube et al., 2013).

Important reasons for consuming insects are sensory/pleasure considerations and health (van Huis,
2013), nutritional value (Kinyuru et al., 2010a; Obopile & Seeletso, 2013) and medicinal properties
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(Ayieko & Oriaro, 2008; Musundire et al., 2014b). Other studies indicate that insect availability
influences preferences and consumption of edible insects (Chakravorty et al., 2013; Meyer-Rochow &
Chakravorty, 2013; Obopile & Seeletso, 2013; Raubenheimer & Rothman, 2013). Also, indigenous
knowledge on harvesting and processing have been mentioned as factors influencing the adoption and
consumption of insect-based food (Gahukar, 2011; Kinyuru et al., 2010a; Obopile & Seeletso, 2013),

and this factor is included in the model as well.

Individual characteristics

Age, gender, education, job
Household size, ethnicity

Food characteristics

Appearance, taste, texture,
smell, safety, nutritional

value
A\ 4 \ 4
Motive
Taste, Insect consumption
nutrition, patterns
medicinal > Preference (frequency, quantity, < Availability
properties, and meal type)
only food
option

Social environment of
consumer

Indigenous knowledge

Harvesting preparation
Religion, upbringing, family, techniques, storage

tradition, household size

Fig 2.1 Framework for the design of the questionnaire on possible factors that can influence insect

consumption patterns

2.2.2.2 Questionnaire

The questionnaire was divided into seven sections. In the first section socio-demographic information
was collected. The second section contained close-ended questions related to consumption patterns
(frequency of consumption, quantity, and form of consumption) and possible motives (reasons) for
consuming insects. The third section contained questions about how characteristics of the consumer’s
social environment, including religion, individual upbringing, family habits, and edible insects’
availability influenced respondents’ behaviour towards entomophagy. Section 4 includes questions
related to the insects’ characteristics. Respondents rated the importance they assigned to the various
characteristics affecting their decision to eat insects on a five point hedonic scale. Moreover,
consumers had to rate appreciation of different sensory attributes (taste, texture, smell and
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appearance). In the fifth section, questions on consumptions patterns were asked particularly for
Eulepida spp. and Henicus whellani. Only those who actually consumed the two species completed
these questions. The last two sections solicited indigenous knowledge on harvesting and traditional

processing techniques of these two insect species.

2.2.3 Study area and respondents

Questionnaires were administered to 200 individuals who were randomly selected and had agreed to
be interviewed at several market places and shopping centres in three urban areas: Harare (n=80),
Masvingo (n=60) and Marondera (n=60). Masvingo and Marondera were purposively selected because
these towns are close to rural areas where Henicus whellani and Eulepida species are commonly
found. The assumption is that people living in these cities are embedded in a culture where these

insects are considered a local speciality.

Questionnaires were also administered in five rural areas in the Zaka, Bikita, Mhondoro, Seke and
Zvimba districts, to a total of 175 respondents. One adult per randomly selected household from a list
of households provided by traditional leaders was interviewed. The rural areas were purposively
selected based on where either Henicus whellani or Eulepida species were commonly found and
consumed. Zaka and Bikita districts were considered to be areas in the Southern Eastern region of
Zimbabwe where Henicus whellani is found and consumed. Mhondoro, Seke and Zvimba were

selected where Eulepida spp. are found and consumed.

2.2.4 Data analysis

Data from the questionnaire were coded and entered into IBM SPSS Statistics (Version 22, 2013). The
data of the respondents who actually consume edible insects was used for calculating the (relative)
frequencies of consumption and to discover consumption patterns. A Chi-square test of independence
was performed to determine if there was any significant difference between consumption patterns of
rural versus urban respondents and any relationship between consumption and demographic

characteristics.

2.3 Results and Discussion

2.3.1 Insect consumption patterns

A greater percentage of the rural respondents (89.7%) compared to urban respondents consumed at
least one type of edible insect. However, the consumption habit was also high among urban
respondents (80.0%) (x? =6.736, df=1, p=0.009) (Table 2.1). This suggests that most respondents
consumed at least one edible insect species, but not necessarily different types of insects. The results

are in line with previous research, which observed that entomophagy is a common practice in
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Zimbabwe (DeFoliart, 1997; Dube et al., 2013; Musundire et al., 2016). The data on consumption
frequencies shows that a significantly higher percentage (63.9%) of the rural respondents consumed
edible insects more than three times a week on average when it is insect harvest season compared with
urban respondents (14.5%) (y?=101.766, df=3, p<0.001).

The difference in frequency of consumption and quantities consumed between urban and rural
respondents was expected since most of the edible insects are harvested in the wild and availability is
an important factor in their consumption (Meyer-Rochow & Chakravorty, 2013). Rural communities
have greater access to insects, especially to species harvested exclusively from the forests. On the
other hand, urban people obtain most of their edible insects from markets. Harvesting and marketing
edible insects are contributing to the improvement of livelihoods for some rural communities. van
Huis (2013) highlighted that collection of insects from the wild will not sustain entomophagy and

suggested a need for considering rearing of targeted species.

Table 2.1 also shows how insects are consumed (meal type) and quantities consumed. The most
common way of consuming edible insects in both rural and urban areas is as a relish and/or as a snack.
Relish refers to a side dish taken together with the staple food (such as thick maize porridge called
sadza). In this study, a snack refers to consumption of insects as a leisure activity rather than as a meal.
More rural (77.1%) than urban (61.9%) respondents consumed insects only as a relish (x> =8.616,
df=1, p=0.003). Most of the insect consuming respondents in the urban (70 %) and rural (79%) areas
eat edible insects as snacks. Although there was no significant difference in consuming edible insects
as snacks (y? =3.360, df=1, p=0.067), the consumed quantities as snacks differed significantly between
the rural and urban respondents (y? =20.552, df=2, p<0.001). Amongst the urban and rural respondents
who eat insects as a relish, 55.6% and 46.3%, respectively, eat one cup. The quantities were lower
when respondents consumed insects in combination with other relishes for both urban (63.3%) and
rural (72.4%) respondents. However, there was no significance difference between urban and rural for
quantities consumed as a relish (x> =4.325, df=2, p=0.115) and also when consumed in combination
with other relishes (x> =1.250, df=2, p=0.535). A cup contains between 50 and 75 g approximately of
dried insects, depending on the type of insect.
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Table 2.1 Frequencies (as percentage) of the edible insect consumption patterns of urban and rural
during insect harvest season?

Urban Rural
Overall consumption patterns” n=200 n=175
Consumers 80.0 89.7
Non-consumers 20.0 10.3
Frequency of consumption™ n=159 n= 155
Greater than 3 times/week 14.5 63.9
1-2 times/ week 37.1 29.7
1-4 times a month 245 5.2
Less than once a month 23.9 1.3
Meal type® n=160 n=157
As relish” 61.9 77.1
In combination with other relish” 31.6 484
Snack 70.0 79.0
Quantities consumed
As relish n=99 n=121
Less than 1 cup 21.2 339
Equivalent to 1 cup 55.6 46.3
More than one cup 23.2 19.8
As combination with other relish n=49 n=76
Less than 1 cup 63.3 724
Equivalent to 1 cup 245 17.1
More than one cup 12.2 10.5
As snack” n=112 n=124
Less than 1 cup 52.7 55.6
Equivalent to 1 cup 375 16.1
More than one cup 9.8 28.2

a All values represents %,  more than one answer possible, * significantly different between urban and rural

Tables 2.2 and 2.3 show that in both the urban and rural areas, fewer than 50% of the respondents
consumed Eulepida spp. and Henicus whellani. Eulepida spp. are consumed to a greater extent in both
the urban (35.5%) and rural (48%) areas than Henicus whellani in urban (8.5%) and rural areas
(41.1%). The frequency of consumption of Eulepida species is 1-2 times a week for the urban (45.7%)
and rural (42.0%) respondents. In the rural areas, 67.6% of the respondents eat Henicus whellani more
than three times a week, whereas, 46.7% of the urban consumer respondents consume this insect 1-2
times a week. Eulepida species are mostly consumed as snacks in both urban (80.0%) and rural
(83.8%) areas. A different pattern exists for Henicus whellani, which are mainly consumed as a relish
and snack in both urban (53.3%: 53.3%) and rural (83.1%; 88.7%, respectively) areas. Consumers of

Eulepida species mostly take quantities of less than one cup for all meal types.

Differences in the consumption of Eulepida species and Henicus whellani, as compared to general
consumption, could be attributed to people preferring different insect species and ease of access.
Differences in preferences and prevalence of consumption of specific species have also been attributed
to availability (Niaba et al., 2012; Obopile & Seeletso, 2013; van Huis, 2013), ethnicity (Chakravorty
et al., 2011; Obopile & Seeletso, 2013; Riggi et al., 2016), palatability (Chakravorty et al., 2013) and
seasonality (Kinyuru et al., 2010a; Kinyuru et al., 2013). Hanboonsong et al. (2013) reported different
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insect eating habits due to availability of different species in different regions. Likewise, in the current
study, the higher prevalence of consumption of Eulepida species is probably because this species is
prevalent in many regions of Zimbabwe. Henicus whellani is commonly present only in the South
Eastern region of Zimbabwe. Eulepida species is therefore consumed more than Henicus whellani in
the urban areas. Urban consumers usually obtain these insects from informal markets and as gifts from

rural folk, who harvest and prepare the insects and market them dried or ready to eat.

Table 2.2 Frequencies (as percentages) of consumption patterns for Eulepida species of urban and
rural during insect harvest season

Urban Rural

Overqll consumption  patterns for n=200 n=175

Eulepida species*

Consumers 35.5 48.0
Non-consumers 64.5 52.0

Frequency of consumption® n=70 n=81
Greater than 3 times 229 42.0
1-2 times a week 45.7 420
1-4 times a month 20.0 6.1
Less than once a month 114 9.9

Meal type® n=70 n=81
As relish 15.7 15.0
In combination with other relish 329 33.8
Snack 80.0 83.8

Quantities consumed:

As relish n=11 n=12
Less than 1 cup 63.6 75.0
Equivalent to 1 cup 27.3 25.0
More than one cup 9.1 0

As combination with other relish n=23 n=27
Less than 1 cup 69.6 85.2
Equivalent to 1 cup 13.0 111
More than one cup 17.4 3.7

As snack* n=56 n=67
Less than 1 cup 58.9 58.2
Equivalent to 1 cup 33.9 14.9
More than one cup 17.2 26.9

* significant difference between urban and rural, ® more than one answer possible

N.B Except in overall consumptions, n represents the number of consumer respondents in each category given
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Table 2.3 Frequencies (as percentage) of consumption patterns for Henicus whellaniof urban and rural
during insect harvest season

Urban Rural
Overall_ consumption patterns for Henicus n=200 n=175
whellani*
Consumers 8.5 41.1
Non-consumers 91.5 58.9
Frequency of consumption* n=15 n=71
Greater than 3 times 26.7 67.6
1-2 times a week 46.7 254
1-4 times a month 13.1 4.2
Less than once a month 13.1 2.8
Meal type® n=15 n=71
As relish* 53.3 83.1
In combination with other relish* 20.0 29.6
Snack* 53.3 88.7
Quantities consumed
As relish n=8 n=59
Less than 1 cup 25.0 39.0
Equivalent to 1 cup 375 40.7
More than one cup 375 20.3
As combination with other relish n=3 n=21
Less than 1 cup 63.3 714
Equivalent to 1 cup 24.5 23.8
More than one cup 12.2 4.8
As snack* n=8 n=63
Less than 1 cup 52.7 63.5
Equivalent to 1 cup 375 15.9
More than one cup 9.8 20.6

* significant difference between urban and rural, ® more than one answer possible
N.B Except in overall consumptions, n represents the number of consumer respondents in each category
given

This study revealed that overall the consumption of insects in urban and rural areas is relatively high
(>80%) although consumption patterns vary with species. The significant (but small) differences in
percentage of respondents consuming insects in urban and rural areas can be an indication that
entomophagy is not declining in either urban or rural areas in Zimbabwe, as suggested by other
authors for other countries (Obopile & Seeletso, 2013; Riggi et al., 2016). Likewise, the expectation
that due to increased migration from rural to urban areas the consumption of traditional foods (under
which edible insects are classified) would be abandoned, was not confirmed. Puoane et al (2006)
argued that people do not completely lose their culture but adhere to old traits, despite adoption of
Western diets. However, a lower frequency of consumption in urban areas could be pointing to a

decline of entomophagy, a trend that may continue if not addressed.
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2.3.2 Motives for consuming edible insects

Table 2.4 shows that the major motives for consuming edible insect for both urban and rural
respondents are taste (74.4% and 89.2%, respectively) and nutrition (74.4% and 51.0% respectively).
Various studies in other developing countries report that taste is as a major motive for insect
consumption (Ayieko & Oriaro, 2008; Obopile & Seeletso, 2013). However, Obopile and Seeletso
(2013) found, in their study in Botswana, that nutritional value was not the major reason for
consuming insects since only 5% of their respondents indicated this motive. It is relevant to note that
whilst respondents consume insects for their nutritional value, they do so because they perceive insects
as high value nutritional food. They do not know exact nutritional values, rather they generalise that
insects are rich in protein and health promoting components. Respondents in urban areas more often
(74.4%) reported nutritional value (32 =18.600, df=1, p<0.001) and medicinal properties (28.1%) as
important motives compared to respondents from the rural areas (51% and 15.3%, respectively). In the
rural areas, 14.0% of the respondents consume insects because they are the only food option. This
percentage is relatively low and confirms that respondents did not perceive entomophagy as necessary
because of lack of food but rather as a tradition. Furthermore, in rural areas, consumption of insects is
an opportunity to break the monotony of available relishes. Some respondents considered certain types

of insects, such as mopane worms and termites as delicacies.

Table 2.4 Frequencies (%) of different motives for edible insect consumption in urban and rural areas
of Zimbabwe (more than one answer category was possible)

Motive Urban (n=160) Rural (n=157)
Taste* 74.4 89.2
Nutrition* 74.4 51.0
Medicinal properties* 28.1 15.3
Only food option* 3.1 14.0
Other reasons* 6.9 14.6

*Significance difference between urban and rural

3.3 Influence of characteristics of the consumers on consumption patterns

All socio-demographic characteristics, except gender, differed significantly between the urban and
rural respondents (Table 2.5). Most of the respondents in urban (54.5%) and rural (62.3%) areas were
female. In Zimbabwe, the male to female ratio is 48.1 to 51.9 both in rural and urban areas
(ZIMSTAT). The respondents that consumed insects most were older than 50 years in rural areas and
they were between 40 and 49 years in urban areas. The majority of the respondents in rural areas
depend on subsistence farming (69.7%) with a monthly income of less than US$100 (64.0%).

For the respondents in the rural areas, no significant associations between consumption of edible
insects and socio-demographic variables were found. For urban areas, there was a significant negative

association between consumption and education (x®> =14.724, df=4, p=0.005), main source of

23



livelihood (¥* =30.966, df=7, p<0.001), and monthly income (y?> =24.449, df=7, p=0.001). The three
characteristics were closely related. In urban areas there was a tendency for higher consumption of

meat as a source of protein-rich foods with higher income (Puoane et al., 2006).

Table 2.5: Characteristics of the urban and rural respondents

Urban : n=200 (n=160)2 Rural : n= 175 (n=157)2
Age group”
>18 0 (0) 0.6 (0.6)
19-29 21.5(20) 12 (11.5)
30-39 30.5(28.1) 21.7 (21.0)
40-49 32.0 (35.6) 13.1(12.7)
>50 16 .0(16.3) 52.6 (54.1)
Gender
Males 455 (46.3) 37.7 (40.1)
Females 54.5 (53.8) 62.3 (59.9)
Level of education”
No education 1.0(1.3) 8.6 (8.9)
Primary level 9.0 (7.5) 40.6 (41.4)
Secondary level 44.5 (40.0) 45.1 (44.6)
Vocational training 8.0 (7.5) 0.6 (0.6)
Tertiary 37.5 (43.8) 5.1(4.5)
Main source of livelihood”
Formal employment 43.5 (46.3) 7.4 (7.0)
Informal 34.0 (35.0) 12.0 (11.5)
Subsistence farming 3.5(3.8) 69.7 (70.1)
Commercial farming 4.5 (5.6) 1.1(1.3)
Casual labour 2.5 (2.5) 2.3(1.9)
Remittances 1.5(0.6) 0(0)
Petty trade 5.0 (1.3) 1.1(1.3)
Pension 0 (0) 1.7 (1.9
Other 55(5) 46(5.1)
Monthly income (US$)"
<100 9.5(9.4) 64.0 (65.0)
100-199 19.5 (14.4) 20.0 (19.0)
200-350 22.5(23.1) 9.1(8.9)
351-450 13.5 (15) 4.0(3.2)
451-600 13.5(16.9) 1.7 (1.9)
601-800 9.0 (7.5) 0.6 (0.6)
801-1000 6.5(8.1) 0.6 (0.6)
>1000 6.0 (5.6) 0(0)
aThe values between brackets represents characteristics of the respondents who actually consume edible
insects

*Significance difference between urban and rural
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2.3.4 Characteristics of the social enviroment of consumers

Religion can play an important role in preference and consumption of insects (Chakravorty et al.,
2013; van Huis et al., 2013b). About 21.7% of urban and 8.7% of rural respondents are strictly
forbidden from eating edible insects by their religion. On the other hand, 6.1% of the urban and 22.1%
of the rural respondents’ religion make them selective of the edible insects they eat. In Zimbabwe,
84% of the population are Christian (ZIMSTAT) and in this study 91.9% and 94.2% of urban and rural
respondents, respectively, were Christian, although they belonged to different churches. The churches
have different doctrines and differ in their views on the consumption of insects. While most traditional
and pentecoastal churches are not prohibitive of insect consumption, the Apostolic churches strictly or
selectively forbid consumption of insects. These sects believe that some insects are ‘unclean’, hence
shouldn’t be consumed. However, some respondents do not strictly adhere to their church’s doctrines
and do consume some edible insects. About 64% of the urban and 83% of the rural respondents
reported that availability of edible insects influenced consumption, but most of the urban (>80%) and
rural (>80%) respondents believed that their upbringing was the major influence and that eating

insects was a family habit.

2.3.5 Rated importance of food characteristics of edible insects

Taste was the most important attribute of edible insects that the urban (95.6%) and rural (92.3%)
respondents considered in deciding to consume them (Table 2.6) and this was true for consumers of
Eulepida spp. and Henicus whellani as well, who particularly appreciated taste and texture (Table 2.7).
For both insect species, salty taste and dry and crunchy texture were preferred. Moreover, urban
respondents rated nutritional value (88.5%) as an important attribute. The results complement those on
motives for consumption, which showed taste and nutritional value being major motives for

consuming edible insects in urban areas.

Table 2.6 Frequencies (%) of respondents rating the importance of food characteristics in deciding to
eat edible insects

Food characteristic Urban Rural
Taste 95.6 92.3
Texture 76.8 79.8
Apperance 54.9 76.8
Smell 56.6 71.8
Safety 61.5 61.3
Nutritional value 88.5 60.7
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Table 2.7 Frequencies % of consumers appreciating the food characteristics of edible insects,
Eulepida species and Henicus whellani when eating

Food Edible insects Eulepida species Henicus whellani
Characteristic Urban Rural Urban Rural Urban Rural
Taste 98.8 98.7 97.1 93.1 93.8 97.1
Texture 75.6 78.7 81.4 82.7 87.5 74.3
Smell 62.0 82.6 52.9 75.0 75.0 70.0
Apperance 61.9 78.7 67.1 725 81.3 68.6

2.3.6 Traditional knowledge of harvesting and processing techniques for Eulepida species and
Henicus whellani

About 35% of the urban and 39% of the rural respondents indicated that they had knowledge of
harvesting and processing techniques for Eulepida spp. and 42% of rural but only 3% of urban
respondents knew how to harvest and process Henicus whellani for consumption. The number of
respondents with knowledge of insect processing was comparable with the number of consumers of
the specific species. The similarity in percentage of the knowledgeable urban compared with rural
respondents can be attributed to the former having a rural background and family habits of consuming
such insect species. The lower percentage of respondents with knowledge of processing might be
because of lack of traditional knowledge or because they were not used to consuming insects at all.
Yen (2009) proposed that obtaining knowledge and support from traditional societies is important to
advancing entomophagy. Knowledge of traditional systems can contribute to improvement of food and
nutrition security (Alonso, 2015).

The preferred method of harvesting Eulepida spp. is by shaking host trees on which they are found and
picking them from the ground by hand into harvesting containers. The common methods for
harvesting Henicus whellani are collecting the insects after rains or by digging them from their
burrows. In general, there is considerable variation in the processing of species before consumption.
Boiling and roasting are common but there is variation in the time of boiling and amount of water

used. For long storage, such as required for marketing, sun drying is the common method.

2.3.7 Conclusions and recommendations

Consumption of edible insects is still prevalent in both urban and rural areas of Zimbabwe, although
consumption of particular species such as Eulepida spp and Henicus whellani is low compared to
other more popular insect species such as mopane worms and termites. The most common way of
eating insects is as a relish or snack. Frequency of consumption is higher in the rural than urban areas.
Edible insects are not “just eaten” when it is the only food option. Taste and nutritional value are the
major motives for consuming edible insects in both urban and rural areas. For respondents in urban

areas, there is a significant negative association between consumption of edible insects and the socio-
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demographic variables education, main source of livelihood, and monthly income. For respondents
from rural areas, no significant associations were found. Differences in consumption patterns for
specific insect species are likely due to individual preferences, specific availability in different
geographic locations, and religious beliefs. Individual characteristics, availability, and the greater
importance of nutritional value for urban consumers might explain the observed differences in the
insect consumptions patterns between respondents from urban and rural areas. The environment of the
consumer and indigenous knowledge of insect preparation do not seem to play important roles in the
different consumption patterns.

In general, the observed high consumption of insects in rural as well as urban areas indicates that
entomophagy is still dominant in Zimbabwe. To promote consumption of certain insect species with
high nutritional potential, particularly in urban areas, lessons can be learnt from the mopane worm
value chain. Mopane worms are now widely eaten across Southern Africa and have become a trading
commodity (Stack et al., 2003). Likewise, in Thailand, insect consumption is no longer considered as
food for rural or poor people, but has become common for urbanites (Hanboonsong et al., 2013).
There, they commonly market both wild-harvested and farmed insects. Rearing insects is a strategy
that can be used to improve availability of seasonal insects and can contribute to the development of
insect value chains (Hanboonsong et al., 2013; Raubenheimer & Rothman, 2013). Such strategies
could be useful in Zimbabwe because entomophagy is already common. Development of insect
rearing farms and insect value chains, combined with development of attractive tasty products and
communication of the nutritional value of Eulepida spp. and Henicus whellani could support the

promotion of their consumption.
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CHAPTER 3

Contribution of Wild Harvested Edible Insects (Eulepida mashona and Henicus

whellani) to Nutrition Security in Zimbabwe.

This chapter has been published as: Manditsera, F. A., Luning, P. A., Fogliano, V., & Lakemond, C.
M. M. (2019). The contribution of wild harvested edible insects (Eulepida mashona and Henicus
whellani) to nutrition security in Zimbabwe. Journal of Food Composition and Analysis, 75, 17-25.
doi: 10.1016/j.jfca.2018.09.013
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Abstract

Wild harvested edible insects have potential to contribute to nutrition security, yet their nutritional
composition is often unknown. This study investigated the nutritional composition of wild harvested
Eulepida mashona (EM) and Henicus whellani (HW) and variation in nutritional composition with
respect to geographical place of harvest in Zimbabwe. Proximate and mineral composition, fatty acid,
and amino acid profiles were analysed on samples of EM and HW collected at multiple locations from
three and two districts in Zimbabwe, respectively. The protein content ranged between 52-56% (EM)
and 59-70% (HW). High tryptophan concentration (8.68mg/g protein) in EM offers possibilities of
using these insects in complementing this limiting amino acid in maize, which is the staple food in
Zimbabwe. The fat content of both species was low (<10%), but differed significantly between
sampling districts. The PUFA/SFA and omega 6/3 ratios of both species are recommendable for a
healthy diet. The iron (24.2- 52.9mg/100g) and zinc content (10.0-20.9mg/100g) are high for both
species, making them a useful mineral-containing ingredient for food enrichment. Consumption of 50g
of both insect species will contribute on average to 30%, 50%, and 30% of the recommended daily

protein, iron, and zinc respectively.
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3.1 Introduction

Food and nutrition insecurities in the world call for the identification of sustainable sources of food.
Edible insects have been identified as a potential new source for the Western world and are already a
traditional one for many tropical countries (van Huis et al., 2013b). The nutritional composition of
various edible insects has been studied and it is concluded that edible insects are valuable source of
nutrients. Insects are usually characterized by high protein content. Some of them even meet the
essential amino acids requirements (Rumpold & Schluter, 2013). They have the potential to
complement limiting amino acids in other foods (van Huis et al., 2013b). Edible insects are also rich in
minerals (Ajai et al., 2013; Christensen et al., 2006a), and vitamins (Alamu et al., 2013) and often
contain high amounts of essential fatty acids. Sub Saharan countries experience seasonal and chronic
food shortages, thus a broader utilisation of insects as alternative source of food on a wide scale could
alleviate nutrition insecurity (Kinyuru et al., 2010a). The nutritional composition of many indigenous
edible insects consumed in developing countries is yet unknown (Nowak et al., 2016) and the
documentation of their nutritional importance to human diet is yet sparse (Jacob et al., 2013).
Knowledge on these aspects could promote a broader utilisation of insects in Sub Saharan countries.
The nutritional composition of edible insects can be highly variable depending on the species, insect
life stage, habitat, type of feed of the insects (van Huis, 2013; Verkerk et al., 2007), origin (Rumpold
& Schluter, 2013), geographical place of harvest, seasonal and environmental factors (Zhou & Han,
2006) and the method of cooking (Yhoung- Aree et al., 1997; Zhou & Han, 2006). Also, differences
in nutritional composition exist among orders (Bukkens, 1997; Kinyuru et al., 2013) and among
species within the same orders (Bukkens, 1997; Rumpold & Schluter, 2013). To determine the
potential of wild harvested edible insects for alleviating (local) nutritional problems, it is necessary to
assess the variation in nutritional composition, particularly regarding protein and minerals, which are

often the most critical in terms of nutrition deficiencies.

In Zimbabwe, just like any other Sub Saharan country, nutrition security is still a challenge. About
25% of the rural households were at risk of food insecurity in the period of 2013-2014 (ZIMVAC,
2014). According to the ZIMVAC report, meat and legumes, important protein sources, were the least
consumed food groups by the rural population. Micronutrient deficiencies, particularly iron and zinc
are a world-wide problem, especially in developing countries, and still remain a public health concern
amongst Zimbabweans. One way of combating the deficiencies is by improving the amount of
minerals absorbed from the diet and their inclusion in diets can improve iron status and prevent
anaemia. According to Rumpold & Schluter (2013), consumption of edible insects could potentially

reduce iron and zinc deficiency in developing countries.

A previous study on the consumption patterns of edible insects in Zimbabwe (Manditsera et al, 2018),

reported that 80% of the urban and 89.7% of the rural respondents consume insects. The consumption
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of Eulepida mashona (35.5%; 48%) and Henicus whellani (8.5%; 42%) significantly contributes to
this figure. The major motives for insect consumption in both rural and urban areas were found to be
tasty and nutritional. However, extensive knowledge on the nutritional value of these insect species is
still lacking. Their proximate composition has been reported (Musundire et al, 2016), but an in-depth
compositional analysis, in particular with regard to amino acid, mineral and fatty acid composition to
evaluate the potential of these two insects species to human nutrition has not been performed yet. In
addition, variation in nutritional composition with respect to geographical place of harvest has not
been studied before. The aim of the current study is to fill this gap by investigating the nutritional
composition of Eulepida mashona and Henicus whellani and how nutritional composition varies
amongst different districts of harvest. Nutritional composition and potential to fulfil daily
requirements are essential parameters to be considered before processing ingredients into products or
dietary supplements (Ayessou et al., 2014).

3.2. Methodology

3.2.1 Sampling design and sample collection

Sampling for both insect species was done in the rainy season between November 2015 and January
2016. Sampling areas were considered based on information gathered during survey of the
consumption patterns (Manditsera et al, 2018), selecting locations with prevalence of consumption for
both insect species. Eulepida mashona was sampled from three districts and Henicus whellani from
two districts. From each district, samples were collected from three sampling locations and each
location was at least 10km away from the next. The sampling districts and locations are presented in
Figure 3.1. In addition, for Eulepida mashona, the host trees from which the samples were harvested
were noted. ZV1 and ZV2 samples were gathered from Brachystegia spiciformis (musasa) trees, ZV3
samples from Piliostigma thonningii (musekesa) trees. All samples from the district Mhondoro were
collected from the trees of Julbernadia globiflora, (munhondo) and samples from the Seke district
from Brachystegia spiciformis. The edible insects were collected according to local harvesting
practices and transported to the laboratory within 12 hours. Eulepida mashona was harvested by a
combination of handpicking from the host trees or shaking the host trees. For Henicus whellani, they

were dug out from their burrows using a hoe.
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Sampling district 1
Zvimba (ZV)

Eulepida
mashona

Sampling district 2
Seke (S)

Sampling district 3
Mhondoro (M)

3 samples were obtained from
each sampling district

Madzima (ZV1) g
Chirau (ZV2) <E

Uzande (ZV3) <E

Muda (S1) <E
Chirenje (S2) <
Mudzimurema(S3) <

Rwizi (M1) <E
Chiketa (M2) <E
Rukuma (M3) <E

3 replicates were
tested from each
sample

Sampling District 1
Bikita (BK)

Henicus
whellani

Sampling district 2
Zaka (ZK)

Nerumedzo (BK1)<E
Pamushana (BK2)<
Bikita-Ziso
(BK3)

Bvukururu (ZK1)<

Dembedza (ZK2) <E
Chipinda (ZK3) <E

3 replicates were
tested from each
sample

Figure 3.1: Sampling districts and locations for Eulepida mashona and Henicus whellani
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3.2.2 Sample preparation and analysis

Upon arrival at the laboratory, the samples of live Eulepida mashona were put in sealable freezer bags
and immediately frozen and kept at -21°C a process, which also killed them. Directly after harvesting,
the samples of Henicus whellani, were degutted by pulling the back of the insects and washed with
clean potable water. Excess water from washing was drained. Then the insects were packed in sealable
freezer bags and put in cooler boxes filled with ice for transport to the laboratory. The insects were

then kept at -21°C until analysis.

Frozen Eulepida mashona were manually de-winged following the customary local preparation
procedure. Both species (100g for each replicate) were freeze-dried until they reached a constant
weight. The freeze-dried samples were then ground to a homogenous sample using Pulverissete 14
rotor mill (Fritsch, ldar-Oberstein, Germany), at a speed of 6000 rpm. Further milling to a fine powder
was done using a MM400 Milling machine (Retsch, Haan, Germany). Ground samples were then kept
in tightly closed containers at -21°C until they were used for subsequent analysis. Each sample was

analysed in triplicate unless mentioned otherwise.

3.2.2.1 Proximate analysis

Nitrogen content was determined according to the Dumas method using Flash EA 1112 N analyser
(Thermo Fisher Scientific Inc., Waltham, MA, USA) with a D-methionine standard (>98%, Sigma
Aldrich). A factor of 4.76, according to Janssen et al, (2017) was used to convert the obtained nitrogen
content to protein content. Fat content was determined using Soxhlet extraction method using
petroleum ether for six hours. The solvent was then evaporated with rotor evaporator (R420, Buchi,
Flawil, Switzerland) at 350mbars at 40°C water bath. Lipid extracts were stored under nitrogen at -
21°C for fatty acid composition analysis. Ash content was determined by treating samples at 525°C in
a muffle furnace (Gallenkamp Hotspot Furnace, Gemini BV, Apeldoorn, Netherlands) for 18 hours.
The remaining weight was considered as ash.

For crude chitin determination, a suspension of defatted insect powder and NaOH (11%), (1:10w/v)
was incubated in a water bath at 95°C for 6 hours for deproteinisation. The suspension was centrifuged
afterwards for 15 minutes at 35009 to remove the upper layer. The remaining solid was washed
several times with demineralised water and was incubated overnight at 70°C. Then 10 mL
hydrochloric acid (5%) was added to the de-proteinised sample for demineralisation and incubated in a
water bath at 50°C for 7 hours. Afterwards, the suspension was centrifuged at 4500g for 20 minutes,
followed by washing of the residue with demineralised water and then the sample was incubated
overnight at 70°C. The residue was weighed and designated to be crude chitin.
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3.2.2.2 Amino acid content analysis

Amino acid composition of the two insect species was determined in duplicate using ion-exchange
chromatography. Samples to determine cysteine and methionine content were prepared by oxidation
with performic acid, (16 hours, 0-5°C), followed by acid hydrolysis with 6M HCI (22 hours, 105-
110°C). For tryptophan, alkaline hydrolysis with 4.2M NaOH (22 hours, 105-110°C) was performed.
Samples to determine the other amino acids were prepared by acid hydrolysis with 6M HCI (22 hours,
105-110°C).

The hydrolysates were mixed with an internal standard solution and the mixture was injected into the
analyser. Samples were then analysed by ion-exchange chromatography (30 amino acid analyser,
Biochrom, Cambridge, United Kingdom), using a weak acidic cation exchange resin as stationary
phase and weak acidic Li-citrate buffers as mobile phase. Detection was after post column
derivatisation with ninhydrin at 570 or 440 nm. Tryptophan was analysed using a Dionex Ultimate
3000 HPLC (Thermo Fisher Scientific Inc, Waltham, MA, USA) with Phenomenex Synergy Hydro
C18, 150 x 4.6 mm as stationary phase and phosphate buffer/methanol gradient mobile phase with

fluorimetric detection. The mixtures were analysed versus a standard-internal standard mixture.

3.2.2.3 Mineral content analysis

Ground samples (300mg) were hydrolysed with concentrated nitric acid (65%) and hydrochloric acid
(37%) by microwave digestion (MARS-X, CEM, USA). The nitrous vapours were then removed by
addition of hydrogen peroxide. The selected elements were then measured with the aid of ICP-AES
(iCAP 6000 series, Thermo Fisher Scientific Inc., Waltham, MA, USA). ICP-AES conformed to the
guidelines of NPR-6425 and NEN 6966. The mineral analysis was performed in duplicate.

3.2.2.4 Fatty acid composition

Fatty acids were analysed as fatty acids methyl esterase (FAMES) prepared according to the method of
Metcalfe et al. (1966). Prepared samples (0.5 uL) were then analysed by a gas chromatograph (Agilent
6890N, Agilent Technologies, Inc., Washington, USA) with CP-Wax 58 (FFAP) column (length 25m;
0.25mm ID, film thickness=0.2um) and Flame lonisation Detector. Quantification was done using the
Agilent OpenLAB software.

3.2.2.5 Statistical analysis

The data on macronutrient composition was subjected to one way ANOVA using SPSS (IBM SPSS
Statistics Version 23) and significant differences were reported at 5% level of significance. Post hoc
analysis to determine which samples were significantly different was done using either Tukey or

Games Howell (in case of unequal variances).
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3.3. Results and Discussion

3.3.1 Macronutrient composition of Eulepida mashona and Henicus whellani

Table 3.1 shows the proximate composition of Eulepida mashona and Henicus whellani sampled from
different districts and locations. The protein content of Eulepida mashona and Henicus whellani
ranged respectively between 52-56% and 59-70%. The difference in the protein content of Eulepida
mashona and Henicus whellani amongst the sampling locations from the same district was less than
4% and between 3-10% respectively. Significant differences were found between some sampling
locations in Zvimba and Mhondoro districts for Eulepida mashona. When assessing the differences at
district level, only for Eulepida mashona, harvested in the Seke and Mhondoro districts, the average
protein content differed significantly. For Henicus whellani the average content between the Bikita
and the Zaka district did not differ significantly, although significant differences were found between

sampling locations within both districts (Table 3.1).

The protein contents of both Eulepida mashona and Henicus whellani found in the current study were
above the average concentrations as observed in another study on species of the same insect order,
which were Coleoptera (40.7%) and Orthoptera (61.3%) respectively (Rumpold & Schluter, 2013).
However, in their paper, Musundire and co-workers (2016) found an average protein content of 62.4%
for Eulepida mashona and 64.3% for Henicus whellani which is higher than those reported here. This
difference can be explained by the use of a different nitrogen to protein conversion factor used for
calculating the protein content. Janssen et al. (2017) discussed that the factor 6.25 used for converting
the measured nitrogen into protein content of insects can lead to an overestimation of more than 20%
in insects, because of the presence of non-protein nitrogen. Therefore, in our study, we decided to
calculate the protein content using 4.76 as conversion factor. On the other hand, the study from
Janssen and co-authors (2017) was performed on larvae and the current work is about adult insects. It
is possible that adult insects have a different specific nitrogen conversion factor due to the variable
chitin content of insect species (Jonas-Levi & Martinez, 2017).
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Table 3.1: The macronutrient content based on dry matter content (mean £S.D) of Eulepida mashona
and Henicus whellani sampled from different sampling locations and districts.

Sampling  Sampling o i % Fat % Ash
district location
zZv1 56.1+0.91° 7.21+0.86%° 4.61+0.05°
: zZv2 54.9+0.76° 7.45+0.33° 4.70+0.08°
Zvimba ZVv3 52.4+0.60° 6.4620.34° 5.11+0.15
54.5+1.74AB 7.04+0.68~ 4.80+0.24A
S1 53.9+0.99° 8.60+0.44° 4.64+0.12°
Eulepida Seke S2 53.4+0.56 6.98+0.43" 4.67+0.06°
mashona S3 54.2+0.222 7.94+0.492 4.82+0.112
53.83+0.734 7.84+0.818 4.71+0.12A
M1 56.9+0.802 8.02+0.46% 4.64+0.062
Mhondoro M2 54.6+0.57° 9.13+0.56° 4.51+0.05°
M3 53.9+0.44P 10.04+0.42" 4.52+0.372
55.1+1.128 9.06+0.96C 4,56+0.22°
- BK1 69.3£0.41° 5.89+0.57° 4.9740.05*
Bikita BK2 65.4+0.63" 6.27+0.49° 4.86+0.14°
BK3 59.9+1.57° 11.2+¢1.22° 5.13+0.247
Henicus 64.8+4.052 7.77+2.59A 4.98+0.19A
whellani ZK1 70.7+1.122 5.04£0.71° 5.330.25"
Zaka ZK2 62.91.12° 10.35£1.60 5.14+0.52*"
ZK3 66.5+0.91° 7.34+1.33° 4.51+0.23"
66.7+3.404 7.58+2.54A 4.99+0.49A

Values with same superscript in the same column for the same district are not significantly different from each
other at 5% level of significance; Values in bold are the mean +S.D (n=3) proximate contents of district samples;
Values with the same superscript for bold values in the same column are not significantly different

The fat content of Eulepida mashona and Henicus whellani ranged respectively between 6.5-10.0%
and 5.0-11.2% (Table 3.1). The difference in the fat content between the sampling locations in the
same district was less than 2% for Eulepida mashona and was maximally 5% for Henicus whellani.
The mean fat content of Eulepida mashona and Henicus whellani significantly differed between all the
three and two districts, respectively. Furthermore, the fat content of Henicus whellani from all the
sampling locations in ZK significantly differed. Insects collected in BK3 had the highest fat content
(11.6%), which significantly differed from BK1 and BK2. In both BK and ZK, the highest fat content
observed was double the lowest content. In general, adult insect species have low fat content as
compared to larvae. Both insect species studied are consumed in the adult stage. The low fat content of
some insects has been recommended as a benefit in replacing or supplementing food or ingredients
from vertebrates (Gjerris et al., 2015). Belluco et al. (2013) reported that fat content of edible insect
species ranged from 7 to 779/100g dry matter, although contents less than 5g/100g were reported for
some other species (Omotoso, 2006; Yang et al., 2006). Moreover, crude fat within species could vary

because of differences in the reproductive states, season, age/life and sex (Barker et al., 1998), and diet
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(Oonincx & van der Poel, 2011). Oonincx and van der Poel (2011) also found that insects with higher
fat contents had lower nitrogen (protein) contents, which is a trend that is also observed for Henicus
whellani (Table 3.1). The fat content of the species is lower than reported for Gonimbrasia belina
(16.4%) and Macrotermes natalensis (41.6%), the latter are also commonly consumed edible insects in
Zimbabwe (Musundire et al., 2016).

The ash content provides an indication of the mineral content of food. The mean ash content of
Eulepida mashona (4.50-5.11%) is comparable to that of Henicus whellani (4.51-5.33%) as shown in
Table 3.1. The mean ash content of Eulepida mashona was higher than the 3% reported by Musundire
et al (2016) but comparable to species in the Coleoptera order (Rumpold & Schluter, 2013). The ash
content of Henicus whellani was lower than the 16.1% reported for Henicus whellani before
(Musundire et al., 2014a), but higher than observed in species in the Orthoptera order (Rumpold &
Schluter, 2013). The ash content did not differ significantly amongst districts for both Eulepida
mashona and Henicus whellani, except for two sampling locations (ZV1 and ZV3; ZK1 and ZK3). For
Eulepida mashona harvested in Zvimba 3, the ash content differed significantly with the other two
locations. Likewise, a significant difference in ash content was found for Henicus whellani harvested
from Zaka location 1 and 3.

For chitin, our results show that the average content for Eulepida mashona did not differ significantly
between the three districts: Zvimba (9.75£1.00); Seke (8.91+1.20) and Mhondoro (10.2+0.97).
Similarly, the average chitin content of Henicus whellani did not differ significantly for Bikita
(11.0+0.54) and Zaka (11.8+0.70). In our study, the chitin content of both species is higher than
reported for field crickets (8.7%) (Wang et al., 2004), but lower than reported for L. decemlineata
(20%) (Kaya et al., 2014). Chitin content is variable in insects because it depends on the
developmental stage of the insects (Jonas-Levi & Martinez, 2017) and the type of insect. Chitin, being
a component of the fibre fraction, contributes to the fibre content of insects, and it can negatively
influence absorption of other nutrients such as proteins (Dossey et al., 2016; Marono et al., 2015).

However, chitin has also some health benefits, such as reducing serum cholesterol (Omotoso, 2006).

3.3.2 Amino acid profiling of Eulepida mashona and Henicus whellani

The nutritional quality of a protein is determined by the amino acid composition, particularly by the
concentration of the essential amino acids (Smith, 2010). Table 3.2 shows that the total amino acid
content of Eulepida mashona and Henicus whellani is 629 and 636 mg/g respectively. The total
essential amino acid (EAA) content in Eulepida mashona (288mg/g protein) meets the requirements of
WHO/FAO (277 mg/g protein) for adult humans. However, leucine, lysine, methionine, and valine
content do not meet the specific EAA requirements. For Henicus whellani, the total EAA content
(274mg/g protein) was similar, but just below the WHO/FAO requirement. Both species contained
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lower amounts of essential amino acids than the average of species of Coleoptera and Orthoptera
orders (Rumpold & Schluter, 2013). The percentage of EAA in total amino acid and the ratio of EAA
to non-EAA are used as parameters for assessing the protein quality. According to the WHO these
ratios should be at least 40% and greater than 0.6 respectively (Belluco et al., 2013). Both Eulepida
mashona (42.2% and 0.8) and Henicus whellani (43.4% and 0.76) met these requirements. Eulepida

mashona and Henicus whellani can thus provide satisfactory amounts of the essential amino acids.

It is worth to note that not all insect species can meet the daily WHO/FAO essential amino acid
requirements (Rumpold & Schluter, 2013; Zielinska et al., 2015) and often the concentration of some
essential amino acids is below the recommendations. Both species studied in this paper are limited in
some essential amino acids, which implies that other protein sources should complement the diet.
Interestingly, the tryptophan (8.68mg/g protein) content in Eulepida mashona is above the WHO/FAO
(6mg/g protein) requirement. Since maize, which is the staple food for Zimbabwe, has a very low
tryptophan content, its combination with consumption of Eulepida mashona could complement the
required daily intake of essential amino acids. However, the amino acid profile alone does not give a
complete reflection of the protein quality. The protein digestibility is also a measure of protein
quality. Musundire et al (2016) reported the presence of anti-nutrient components in both species,
which may reduce the protein digestibility. Heat treatment, however, can enhance the digestibility by
denaturation of proteins and reduction of anti-nutritional factors (Boye et al., 2012), but also reduction
of digestibility has been found upon heat treatment (Poelaert et al., 2016). The protein digestibility is
quite variable for different species (Finke & Oonincx, 2017).
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3.3.3 Mineral content of Eulepida mashona and Henicus whellani

The dietary intake of minerals plays an important role in human biological systems. The presence of
iron and zinc have been emphasised as a potential nutrition plus of insects over other protein sources
(van Huis, 2017). Figure 3.2 shows the contents of iron and zinc found in the Eulepida mashona and
Henicus whellani samples. The iron content of Eulepida mashona (25 to 54mg/100g) was comparable
to Henicus whellani (30 to 55mg/100g). The zinc content in both insect species ranged from 16 to
21mg/100g and differences between samples from the same districts were less than 5mg/100g.
However, the iron content of both species differed significantly between sampling locations and
districts. Large variation in iron content exists for samples harvested from different sampling locations
in the same district. For example, the iron content of Eulepida mashona samples from ZVI1 and ZV2
was roughly twice as high as in samples from ZV3. For Henicus whellani, iron content of samples
from ZK3 varied from ZK2 by more than two thirds. The variation in zinc content was lower than
observed for iron. The largest variation between sampling locations was 33% for Eulepida mashona
(2Vv1 and ZV3) and 16% for Henicus whellani (ZK1 and ZK2).

Not all minerals show the same type of variation as iron and zinc and the results are presented in Table
A.1. The calcium content varied substantially. In Henicus whellani the calcium content varied with
more than 100% between some sampling locations, whereas for Eulepida mashona the largest
variation was just below 50%. According to various researchers, the content of some minerals,
particularly Ca, K, Na and Mg could be significantly influenced by the feed of insects (Oonincx & van
der Poel, 2011; Rumpold & Schliter, 2013). This could explain differences particularly for Eulepida
mashona from Zvimba districts, which were sampled from two different host tree species.

Potassium is the most abundant mineral in both Eulepida mashona (1439-1615mg/100g dry matter)
and Henicus whellani (1110-1475mg/100g dry matter). The Eulepida mashona samples contained
higher concentrations of phosphorous, magnesium and sulphur compared to Henicus whellani,
whereas the latter contained higher concentrations of aluminium, sodium and calcium. The differences
in mineral content composition are expected as content varies between species (Rumpold & Schluter,
2013). Apart from iron and zinc, both species can significantly contribute to required amounts of other
minerals such as copper. The copper content of Eulepida mashona (2.33-4.7) and Henicus whellani

was higher than the recommended 0.9mg/day.
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Figure 3.2: Iron and zinc contents of Eulepida mashona and Henicus whellani from

different sampling locations

3.3.4 Fatty acid profiling of Eulepida mashona and Henicus whellani

The consumption of edible insects is being promoted for their richness in essential fatty acids
especially the poly unsaturated fatty acids (van Huis et al., 2013b). The most abundant fatty acid in
Eulepida mashona was palmitic acid (C16:0), which ranged from 30-35g/100g fat. For Henicus
whellani oleic acid, (C18:1n-9) was most abundant and ranged from 38-43g/100g fat. Overall, Henicus
whellani contained more mono-unsaturated fatty acids (42-47g/100g fat) than Eulepida mashona (24-
35¢/100g fat) (Fig. 3.3A and 3.3B). The level of polyunsaturated fatty acids in Eulepida mashona was
comparable (20.4-34.2mg/fat) to Henicus whellani (20.9-27.5mg/100g fat). Eulepida mashona
contained the highest concentration of saturated fatty acids, which ranged between 36-41mg/100g fat.
As a result, the unsaturated to saturated fatty acids ratio of Henicus whellani (ranging 2.17-2.52) was
higher than that of Eulepida mashona (ranging 1.33-1.65). The PUFA/SFA ratio of both Eulepida
mashona (0.51-0.89) and Henicus whellani (0.67-0.95) were comparable and ratio lies within the
recommended values between 0.4 and 1, for a healthy diet (Jiménez-Colmenero, 2007; Paul et al.,
2017).

The omega 6 fatty acids content in Henicus whellani was higher (18-25¢g/100gfat) than that of
Eulepida mashona (12-17g/100g fat), whereas the latter contained higher concentrations of omega 3
fatty acids (5-21mg/ 100mg fat). Due to the variation in the fat fractions, the omega 6 to 3 ratios of
Eulepida mashona (which ranged between 0.6-2.7) was low as compared to Henicus whellani (ranging
between 6.2-10.1). Eulepida mashona could meet the recommended ratio 3:1 of omega 6 to 3 fatty

acids (Belluco et al., 2013). The lower ratio is desirable in reducing risk of chronic diseases, such as
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cardiovascular diseases (Simopoulos, 2002). The omega 6 to 3 ratio of both species are lower as
compared to reared Tenebrio molitor larvae (27.1) and Acheta domesticus (13.26) (Tzompa-Sosa et
al., 2014). Paul et al. (2017) reported an even higher ratio of the omega 6/3 for Tenebrio molitor
larvae (204.15) and Acheta domesticus (37.04). A high ratio is usually associated with a high
concentration of omega 6 fatty acids in the diet (Paul et al., 2017). The lower omega 6/3 in the studied

species could be an indication that wild harvested insects could contribute to healthier diets.

The fatty acids profiles of both insects are similar to previously reported profiles of other insects
(Tabassum et al., 2016; Zielinska et al., 2015), and are comparable to those of chicken and fish
(Zielinska et al., 2015). The fatty acid profiles of both species make them good sources of essential
fatty acids, specifically because of the polyunsaturated fatty acids (PUFA). Variation in the fatty acid
profiles were observed for both species, with the greatest variation in PUFA fractions between
sampling locations for Eulepida mashona. Fatty acid composition is affected by the plants insects feed
on (Bukkens, 1997). For example, Eulepida mashona gathered from Piliostigma thonningii (ZV3) had
a fatty acid profile different from samples gathered from Brachystegia spiciformis (ZV1 and ZV2).
The effect of the host tree on the fatty acid profile cannot be conclusive as samples of Eulepida
mashona from the same host tree, Brachystegia spiciformis, showed large differences in the PUFA and
omega 3 fatty acids for Zvimba and Seke districts. The insects supposedly feed from the host trees but
might use other feed sources as well, which could explain the differences in fatty acid composition.
Namely, the fatty acids composition of edible insects can be manipulated by the feed the insects are
consuming (Finke & Oonincx, 2017). Apart from the insects’ diet, fatty acid profiles can also be
influenced by environmental conditions and stage of life (Paul et al., 2017). During harvesting of
Eulepida mashona and Henicus whellani for consumption, there is no selection based on size or sex,

hence a mixture of different stages and sexes is present, which can be a source of variation.

43



60

50 |

40

30

20

Fatty acid content (g/100g fat)

10

OSFA B MUFA EPUFA Momega 3 EHomega 6

50

40

30 |

20

10 |

Fatty acids content (g/100g fat)

AR

[
-
o
.
o
-
-
-
-
.
-

OSFA B MUFA B PUFA Momega 3 Clomega 6

Figure 3.3: Fatty acid content of Eulepida mashona (A) and Henicus whellani
(B) from different sampling locations

3.3.5 Potential contribution of the Eulepida mashona and Henicus whellani to human nutrition

The nutritional content on a fresh weight basis was considered to discuss the potential contribution of
the two studied insect species to the human diet. A comparison with other common protein sources
(beef, beans, eggs, wheat flour and whole milk) consumed in Zimbabwe was done. Interestingly, the
protein content of both Eulepida mashona (16.9£0.45) and Henicus whellani (17.2+0.99) was lower
but comparable to that of beef (23.2%) (P. G. Williams, 2007) and beans (23.4%) (USDA, 2017) and
higher than that of wheat flour, milk and eggs. The iron contents found in the Eulepida mashona
(10.94£3.04 mg/100g) and Henicus whellani (11.5+3.359/100g) samples were higher than the amounts
commonly found in other protein sources. However, the iron content is comparable to 10.44mg/100g
of beans. The zinc contents found in both species based on fresh weight is circa 5mg/100 fresh insects,
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content higher than in other protein sources. The fat contents in both species are lower than found in

eggs, beef, and whole milk.

According to a previous study, the majority of consumers of the Eulepida mashona and Henicus
whellani eat quantities equivalent to 50g (Manditsera et al., 2018). The protein and mineral content of
Eulepida mashona and Henicus whellani on fresh weight basis, combined with the actual consumption
data (average of 50g) and recommended daily intakes demonstrates that these wild harvested insects
could potentially contribute to the Zimbabwean diet. Namely, consuming 50g of insects, when they
are in season, provides 15% of the daily protein requirement of 50-63g per day. Whilst the edible
insects are mainly consumed for their protein content, they will also contribute significantly to the
recommended daily requirements of iron and zinc. Consuming 50g of the insects per day could fulfil
more than half the daily recommended iron intake of 8mg/day and 3mg of the recommended

11mg/day for zinc.

3.4. Conclusion

Overall, the investigated insect species have potential to be used as directly in the diet or as an
ingredient in food products based on their protein content, amino acid composition, fat composition,
and Zn and Fe levels. The high protein content of Eulepida mashona (52-56%) and Henicus whellani
(59-70%) makes the insects a good protein source. However, the natural variation in protein, fat, and
mineral composition of wildly harvested insect species should be taken into account in the
recommendations for using these insect species in the diet. Variation in protein content with
geographical place of harvest is species dependent with variation of up to 10% observed in Henicus
whellani and less than 4% for Eulepida mashona. The protein quality, based on the percentage of EAA
in total amino acid and ratio of EAA to non-EAA, was good as both insects met the WHO
requirements. Both insect species have a low fat content (<10%) and comply with the recommended
PUFA/SFA ratio for healthier diets. The iron and zinc content of both species could substantially
contribute to the recommended daily intake (50% and 30% respectively).To extend the nutritional
benefits to communities and population at large, there is a need to explore the opportunities of
commercial insect rearing, storage practices, and shelf life extensions studies as wildly harvested

insects are only seasonally available.
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CHAPTER 4

Effect of Domestic Cooking Methods on Protein Digestibility and Mineral
Bioaccessibility of Wild Harvested Adult Edible Insects

This chapter has been published as: Manditsera, F. A., Luning, P. A., Fogliano, V., & Lakemond, C.
M. M. (2019). Effect of domestic cooking methods on protein digestibility and mineral
bioaccessibility of wild harvested adult edible insects. Food Research International, 121, 404-411. doi:
https://doi.org/10.1016/j.foodres.2019.03.052
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Abstract

Wild harvested edible insects are characterised by high protein and mineral contents with potential to
contribute substantially to nutrition security. However, nutritional content is only beneficial when
proteins are digestible and minerals bioaccessible. This study determined the effects of domestic
processing on protein digestibility and mineral bioaccessibility of two wild harvested insect species:
Eulepida mashona (beetle) and Henicus whellani (cricket). Samples of both insects were subjected to
boiling, roasting, or combined boiling and roasting, imitating the way insects are traditionally prepared
in Zimbabwe. Moreover, they were in vitro digested according to INFOGEST protocol. Boiling of
both insects resulted in loss of protein as it leached into the boiling water. The raw insects had a higher
protein in vitro digestibility than the boiled and roasted insects, and the maximal decrease in protein
digestibility was around 25% for twice boiling of the beetles and for boiled and roasted crickets. For
both insect species, boiling resulted in non-significant loss of iron and zinc. Iron was the least
bioaccessible mineral in both insects, based on the concentrations of soluble mineral measured by
ICP-AES. However, beetles had a much higher iron bioaccessibility (30.7%) as compared to crickets
(8.11%). Interestingly, boiling resulted in about 50% decrease in iron and zinc bioaccessibility in both
species while roasting did not. The reduced protein digestibility and mineral accessibility with
processing can be explained by protein modification and interactions of minerals with other food
components, such as chitin and phytochemicals. Because of the reduction in protein digestibility and
mineral accessibility during boiling, roasting should be favoured over boiling and in any case short

boiling time is recommended.
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4.1 Introduction

Protein energy malnutrition and micronutrient deficiencies, particularly iron and zinc are still a
persistent problem especially, in developing countries. One way of mitigating the problem is to
improve the amount of nutrients absorbed from local diets. Over the past years, edible insects have
gained recognition for their potential as an alternative protein source (van Huis, 2016). In general,
edible insects are good sources of protein and micronutrients despite the variation that exists within
different species (Manditsera et al., 2018; Rumpold & Schluter, 2013). In many tropical countries,
consumption of insects is part of tradition (Chakravorty et al., 2013). The insects are consumed for
their taste and nutritional value (Chakravorty et al., 2013; Dube et al., 2013; Manditsera et al., 2018).
Due to their recognition as food and contribution to nutrition security, a substantial number of studies
published on the nutritional composition of both wild harvested (Christensen et al., 2006;
Lautenschldger et al., 2017; Manditsera et al., 2018) and reared insects (Janssen et al., 2017; Oonincx
& Dierenfeld, 2012; Yi et al., 2013). The reported nutritional compositions are usually based on
analysis of raw insects. However, the overall content of nutrients in a food does not provide a full
picture about their nutritional quality: the bioaccessibility of the particular nutrient is a key parameter

to consider (Fernandez-Garcia et al., 2009).

The bioaccessibility of nutritional compounds is directly influenced by the composition of the food
matrix and the interaction with other components permitting the digested material to be available to
the body (Fernandez-Garcia et al., 2009). Bioaccessibility of a nutrient is defined as the fraction that is
soluble in the gastrointestinal environment and available for absorption (Cardoso et al., 2015) It is
expected that bioaccessibility will vary between insect species (Latunde-Dada et al., 2016). The
presence of anti-nutritional components, such as tannins and phenolic acids in some edible insects
(Musundire et al., 2014a) could hinder bioaccessibility. Anti-nutritional components can bind to iron
and zinc making them unavailable for absorption and use by the human body. Furthermore, chitin,
which is commonly presents in insects, could negatively influence absorption of nutrients (Marono et
al., 2015). On the other hand, processing of food usually leads to modifications in the food matrix,
which can enhance or decrease the nutrient bio-accessibility (Fernandez-Garcia et al., 2009).

Most of the edible insects are subjected to some kind of processing before consumption (Mutungi et
al., 2017). Processing of insects can improve quality, safety, taste, and shelf life (Williams et al.,
2016), but can also occasionally lead to formation of anti-nutritional and or toxic components
(Friedman, 1996). Boiling, steaming, frying, roasting, and drying are amongst the commonly used
traditional methods for processing insects (Alamu et al., 2013; Feng et al., 2018; Kinyuru et al., 2010b;
Obopile & Seeletso, 2013; Ramos- Elorduy, 1997). The processing method used varies depending on
the insect species and geographical region (Mutungi et al., 2017). These traditional processing
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practices are usually uncontrolled and may have detrimental effects on the nutritional content and
quality of insects (Kinyuru et al., 2010b).

Several studies investigated the influence of processing on nutrient composition and bioavailability of
nutrients in edible insects and reported contradictory effects depending on the insect species. Kinyuru
et al. (2010b) reported a significant reduction in protein digestibility for toasted and dried
grasshoppers, but there was no significant change in protein digestibility in toasted and dried termites.
In contrast, Caparros Megido and co-workers (2018) reported a significant increase in protein
digestibility for boiled and oven cooked mealworms. Traditional cooking and toasting methods
resulted in decreased crude protein, ash, zinc content, and true dry matter digestibility for Mopane
worms (Madibela et al., 2007). Lautenschldger and co-workers (2017) reported no significant

influence of thermal processing on nutritional value of edible caterpillars.

Previous research demonstrated the high nutritional potential of wild harvested insects in Zimbabwe
(Manditsera et al., 2019). As traditional processing differs from one household to another and little is
known about the impact on actual bioaccessibility, this study aims at determining the influence of
domestic processing methods on protein and minerals retention, and protein digestibility and mineral

bioaccessibility of Eulepida mashona (a beetle) and Henicus whellani (a cricket).

4.2 Material and methods

4.2.1 Samples and processing treatments

Samples of both Eulepida mashona (hereinafter indicated as beetle) and Henicus whellani (hereinafter
indicated as cricket) were collected between December 2016 and January 2017. The method of
collection was as described by Manditsera et al. (2019). Defrosted and washed samples were subjected
to treatments according to the following: a) raw, b) boiling 30 mins, c) boiling 60 mins, d) pan
roasting, e) boiling 30 mins followed by pan roasting for both insect species. Additional treatment for
the beetles was twice boiling for 30 mins. Each treatment was performed in triplicate. The treatments
represent and imitate the common domestic cooking practices. Approximately, 100g insects were
processed by boiling in water or dry roasting in a stainless pot. The boiling time refers to the total
cooking time. After boiling, excess boiling water was drained off and was kept for protein and mineral
analysis. Processed samples were cooled in an ice bath followed by freeze-drying until a constant
weight was reached. Freeze dried samples were coarsely grinded in a Waring commercial blender
(Warring Commercial, Torrington Connecticut, USA) at high speed for 30 secs. Next, the insect meal
was milled to a fine powder using Retsch MM400 (Retsch, Haan, Germany) milling machine at
frequency 30 for 1 min (beetle) and 30 secs (cricket). The samples were then kept at -21°C until

further analysis. Figure 4.1 shows the processing steps and the analyses performed for each insect.
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Figure 4.1: The process flow steps of the preparation and analysis of Eulepida mashona
(beetle) and Henicus whellani (cricket)

4.2.2 In vitro digestion

In vitro digestion of the freeze-dried raw and processed samples was performed in triplicate according
to the INFOGEST protocol described by Minekus et al. (2014) with some modifications. Enzyme
salivary amylase was excluded in the simulated oral phase. Briefly, 2.5 g of sample was mixed with
2.5 ml of Milli Q water to make a paste like consistency followed by adding 4 ml simulated salivary
fluid (SSF), 25 pl CaCl; and 975 pl water. The mixture was incubated for 2 mins at 37°C. The gastric
and intestinal phase were performed as described in the protocol. Porcine pepsin, pancreatin and bile
extract were purchased from Sigma Aldrich (St Louis, MO, USA). Blank sample was prepared with
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2.5 ml of MilliQ water. At the end of the simulated intestinal phase, the mixture was cooled in an ice
bath for 15 mins, followed by centrifugation at 4500 rpm for 15 mins. The sample pellet and
supernatant were snap frozen with liquid nitrogen. The frozen supernatant and pellet were then stored

at -21°C until further analysis for soluble mineral and protein.

4.2.3 Protein content determination

Samples of freeze-dried raw and processed insects were analysed in duplicate for nitrogen content by
Dumas method using Flash EA 1112 N analyser (Thermo Fisher Scientific Inc., Waltham, MA, USA).
D-methionine (ACROS Organics, 99% purity) was used as a standard and cellulose (Aldrich,
microcrystalline powder, 20 um) as a blank. A factor of 4.76 according to Janssen et al. (2017a) was
used to convert the obtained nitrogen content to protein content. The boiling water was freeze dried

first in order to determine the protein content loss during boiling.

4.2. 4 In-vitro protein digestibility

Protein digestibility was determined based on measuring the amount of free a-amino groups quantified
by o-phthalaldehyde (OPA) method based on Schasteen et al. (2007). The free a- amino groups in the
in vitro digested and total acid hydrolysed samples were determined by the o-phthalaldehyde (OPA)
analysis following the method of Nielsen et al. (2001). Necessary dilutions were made before analysis.
A calibration curve was made from L-leucine (Reagent Plus, >99%), Sigma Aldrich) in concentrations
ranging from 0.078mM to 10mM. O- phthaladehyde and sodium tertraborate were purchased from
Merck. Sodium dodecyl sulphate and dithiothreithol used in OPA analysis were purchased from Sigma
Aldrich. Absorbance was measured at 340nm with Cary 50 Bio UV-visible spectrophotometer (Varian
Agielent Technologies, Amstelveen, Netherlands) producer, city country). Total hydrolysis was
performed by adding 5 ml of 6N HCI to approximately 200mg of undigested sample and heating at
110°C for 24 hours. The hydrolysate was filtered, followed by measuring the total free a-amino groups
by OPA analysis. Whey protein isolate, a well-known, highly digestible protein source was also
invitro digested to compare the protein digestibility of the two insects using the same method. The
protein digestibility was determined according to Equation 4.1.

conec. of freg a—amine groups in digested samples

% protein digestibilty = *100

cone. ef free ;—amine groups in total acid hydrelysed sample

(Equation 4.1)

As no peptidase was added in this protocol, dipeptide is the minimum size of the product formed. This

implies that the maximum theoretical digestibility is 50%.
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4.2.5 Mineral analysis and in vitro mineral bio-accessibility
The mineral content of freeze-dried undigested samples, supernatant and boiling water was analysed
by ICP-AES using method described by Manditsera et al. (2019). Mineral bioaccessibility, regarded as

the soluble mineral fraction in the supernatant was calculated using Equation 4.2.

The amount of mineral in the digested sample

% mineral bioaccessibility = *100

Total mineral content in undigested sample

(Equation 4.2)

4.2.6 Statistical analysis

Results were analysed and expressed as means * standard deviation of the replicates. Analysis of
variance (ANOVA) was performed to determine significance differences between treatments. Post hoc
analysis (Tukey and Games Howell) were performed to determine significantly different treatments at
5% level of significance (p<0.05). Analysis was done using IBM SPSS Statistics 23 software (SPSS
Inc, Chicago, IL, USA)

4.3. Results and Discussion

4.3.1. Effect of processing on the protein content

Table 4.1 shows the protein content of the beetle and cricket and the protein measured in the boiling
water after processing. Protein content of the insects decreased with boiling time, while it increased in
the boiling water, indicating a protein leach into water. Twice boiling of beetles for 30 mins resulted in
a significant decrease in protein content compared to all other treatments. Twice boiling of beetles and
boiling for 60 mins for crickets resulted in maximal loss of protein. The absolute protein loss in the
crickets (2.25-2.68 g) was higher as compared to beetles (0.98-1.81 g). The higher loss of protein in
crickets could be due to the pre-treatment before cooking. Degutting the crickets could have increased
the migration of proteins into water as the inner part of the insects’ body expose to water. As expected,

the roasting process did not affect the protein content.

The observed protein decrease with boiling is in line with previous findings in edible insects and other
food products. A decrease in protein content was also reported in studies with Mopane caterpillar
(Madibela et al., 2007), mealworms (Caparros Megido et al., 2018), and rabbit meat (Zhang et al.,
2014). According to Zhang et al. (2014), the loss in protein content after boiling is likely due to the
hydrolysis of parts of connective tissue and other proteins, whereas Caparros Megido et al. (2018)
suggested that soluble proteins migrate into the insect exudate. Lautenschlager et al. (2017), however,

reported no significant change in nutrient composition of cooked caterpillars.
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Table 4.1: The protein content (g/100g) on fresh weight basis of Eulepida mashona (beetle) and
Henicus whellani (cricket) and protein (g) lost into boiling water after processing

Eulepida mashona (beetle) Henicus whellani (cricket)
Protein in the insect % loss Protein in the insect% loss
(9/1009) (9/1009)
Raw 16.232+0.21 (NA) NA 20.90°+0.35 (NA)  NA
Boiled 30 mins 16.04 +0.23 (0.98) 1.17 18.92°+0.23 (2.25) 9.47
Boiled 60 mins 14.76°+0.42 (1.76) 9.06 18.79°+0.48 (2.68) 10.09
Boiled 30 mins 13.85°+0.28 (1.81) 14.66 NA NA
twice
Boiled roasted 15.42% +0.36 (1.02) 0.81 19.30°+0.22 (2.37)
Roasted 16.542+0.26 (NA) NA 20.96°+0.45 (NA) NA

The data represents mean + standard deviation (n=3). The values in brackets represent the amount of protein
(9/100g of fresh sample) leached into boiling water. Same letter in a column for the same insect species represent
no significance difference at 5% significance level.

4.3.2 Effects of processing on in vitro protein digestibility

Figure 4.2 shows the total protein digestibility of the various insect samples. Overall, the digestibility
of raw beetles (30.6%) is comparable to that of crickets (29.7%). Boiling twice for 30 mins reduced
significantly the protein digestibility for beetles (raw, 30.6% and boiled twice, 23%). Interestingly,
roasting did not have any significant effect on protein digestibility of beetles, while for crickets, both
boiling and roasting reduced significantly the protein digestibility (24.2 and 24.7% respectively).
However, there was no significant difference in digestibility between boiled and roasted crickets.
Based on the method used, which only measures the free amino groups, the maximum expected
theoretical digestibility is 50%. No peptidase was added to the supernatant to further break down any

dipeptides or oligopeptides that could have been formed.

Other studies have also reported a decrease in protein digestibility after processing edible insects. For
example, a decrease in protein digestibility was reported for boiled and fried Sudanese tree locusts (El
Hassan et al., 2008), for fried and roasted grasshoppers and termites (Kinyuru et al., 2010b), and for
oven cooked mealworms and house crickets (Poelaert et al., 2016). Interestingly, (Caparros Megido et
al., 2018) reported an increase in protein digestibility with boiling and oven cooking of mealworms.
The variable findings on effects of processing on protein digestibility could be due to multiple
differences related to species variability. For instance, the presence of anti-nutrients, which can bind to

proteins, has been reported to affect protein digestion (Caparros Megido et al., 2018).
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Figure 4.2: Percentage protein digestibility of Eulepida mashona (beetle) (A) and Henicus whellani
(cricket) (B) processed differently. Note: the maximum possible theoretical protein
digestibility is 50% (see methods section 4.2.4).

In our study, the absolute values of protein digestibility were lower than for other reported raw insect

species. In the review of Mutungi et al., (2017), they indicated that, edible insects in general have a

high protein digestibility that can exceed 90%. However, Akullo et al. (2018) observed lower protein

digestibility values (less than 50%) for three raw insect species compared to other species. Marono et

al. (2015) reported a crude protein digestibility of 65-69% for Tenebrio molitor and Hermetia illucens.

Moreover, several studies have reported varying values for protein digestibility of mealworms
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(Caparros Megido et al., 2018; Marono et al., 2015; Yi et al 2016). These differences are likely due to
the methodologies used in determining the in vitro protein digestibility. The experimental protocols of
digestion differ in terms of enzymes used, duration of digestion, and method used to calculate the
digestibility. In our study, we did not add peptidase therefore the minimum size of the product formed
was dipeptide. For this reason, the maximum theoretical digestibility in our experiments is 50%.
Although, the different values of digestibility may complicate appropriate comparison between
studies, the focus in our study was on the differences among the various treatments. The digestion of

whey protein was taken as control to provide an indication of the absolute digestion efficacy.

Another reason for differences in protein digestibility observed among insect species, could be
differences in types of proteins (Bosch et al., 2014). Jonas-Levi and Martinez (2017) reported that
some insect proteins are not digestible for humans. Moreover, chitin could interfere with the
digestibility of proteins. In their study on mealworms, Marono et al. (2015) reported that protein
digestibility is negatively correlated with chitin content. The insect species in our study are consumed
at adult stage and contain a considerable amount of chitin (Manditsera et al. 2019), which could
explain the relatively low absolute digestibility as compared to that of whey proteins (35%). However,
a maximal difference of 5% between protein digestibility of raw insects and whey proteins suggests

that insects’ proteins are highly digestible.

Studies in food products other than insects showed that heat treatment can be associated with either a
decrease or an increase in protein digestibility (Boye et al., 2012). Protein digestibility after heat
treatment depends on how proteins transform during the process. For example, the formation of
disulphide links in the protein matrix reduces protein digestibility (Mutungi et al., 2017). A previous
study showed that the beetles and the crickets contain sulphur containing amino acids (Manditsera et
al., 2019), which could have resulted in formation of disulphide bonds. Reduced protein digestibility is
also associated with interaction of proteins and phytochemicals, which form stable complexes that
make proteins unavailable for enzymes (Boye et al., 2012). Formation of such complexes reduces
accessibility of proteins for proteolytic enzymes, which can be also the case for protein aggregation
induced by heating (Kaur et al., 2014).

4.3.3 Protein profiles of digested, non-digested and supernatants

SDS-PAGE was done to check how processing and in vitro digestion influenced protein profiles.
Figure 4.3 shows the protein profiles of the undigested samples, pellet and supernatant from digestion
of raw, boiled and roasted insects. Pellet refers to the insoluble material remaining after in vitro
digestion. For both insect species, the protein profiles of raw and boiled samples are clearly different.
For boiled samples, there was disappearance of some high molecular weight proteins. However, the
protein profile of raw was more or less similar to that of roasted insects. There was a decrease in the
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number and intensity of the bands in pellets. Less protein profiles in pellets is an indication that insect
protein was digestible. Supernatant of all samples for both insect species had only one visible protein
band of less than 53kDa. The band could be undigested soluble protein. Protein bands in the range of
46-65kDa have been previously identified in Tenebrio molitor (Bubler et al., 2016).

Raw Boiled Roasted Raw EM Boiled Roasted

M 1 2 3 45 6 7 kDa M 1 23 4 5 6 7

Figure 4.3: SDS PAGE protein profiles of raw, boiled and roasted Eulepida mashona (beetles) and
Henicus whellani (crickets) before and after protein digestion (on two separate fractions).

EM- Eulepida mashona; HW- Henicus whellani

M-marker; 1-non-digested; 2- pellet; 3- supernatant; 4-non-digested; 5- pellet; 6- supernatant; 7-non-

digested; 8-pellet; 9- supernatant

4.3.4 Effect of processing on mineral content

Table 4.2 and Table 4A1 respectively show the iron and zinc content and other minerals (Ca, Cu, K,
Mg, Mn, Na, P and S) content of raw and processed samples of the beetles and crickets. The loss of
mineral into boiling water during boiling is reported in the tables. Table 4.2 shows that the change in
the iron and zinc content for both beetles and crickets between the different treatments was not
significantly different. The amount of iron and zinc lost into water was higher for beetles (maximal
0.31mg; 0.21mg) than for crickets (maximal 0.10mg; 0.06mg. Boiling had no significant effect on the
copper and manganese content of beetles and Ca, Cu and Mn content of crickets. For all the other
minerals, boiling significantly decreased the mineral content while roasting as expected did not (Table
4A1).
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Table 4.2: The iron and zinc content (mg/100g) on fresh weight basis of Eulepida mashona
and Henicus whellani after processing and amount (mg) measured in remaining

boiling water.
Eulepida mashona
Iron (mg/100g) % loss Zinc (mg/ 100g) % loss
Raw 6.40°+0.41 (NA) NA 4.30°+0.57 (NA) NA
Boiled 30 mins 6.592+0.38 (0.17) 0.03 4.24*+0.24 (0.13) 1.40
Boiled 60 mins 5.65%+0.33 (0.25) 11.7 3.87°£0.28 (0.19) 10.0
Boiled 30mins twice 5.992+0.63 (0.31) 6.41 3.78%+0.13 (0.21) 121
Boiled roasted 6.042+0.63 (0.29) 5.63 3.86%+0.23 (0.10) 10.2
Roasted 6.49°+0.40 (NA) NA 419240.25 (NA) NA
Henicus whellani
Iron (mg/100g) % loss Zinc (mg/ 100g) % loss
Raw 15.252+0.86 (NA) NA 5.07%+0.22 (NA) NA
Boiled 30 mins 16.19°+2.26 (0.06) 6.16 4.61°+0.66 (0.04) 9.07
Boiled 60 mins 16.442+0.20 (0.10) 7.80 4.58%+0.35 (0.05) 9.66
Boiled roasted 15.582+1.68 (0.07) 2.23 4.85%+0.23 (0.06) 4.34
Roasted 16.91 2+5.83 (NA) NA 4.89°+0.01 (NA) NA

The values in brackets represent the amount of mineral (mg/100g of fresh sample) measured in
remaining water after boiling. Same letter in a column for the same species represent treatments not
significantly different

In general, during boiling of foods, minerals are lost into the boiling water (da Silva et al., 2017),
which results in a certain decrease in the mineral content. The extent of loss is dependent on the
mineral, the boiling duration, the food matrix, and the chemical form of mineral in food. Moreover,
the differences in mineral loss with boiling between the two species and between minerals could be
explained by the type of interactions the minerals have with the food matrix. In line with our results,
El Hassan et al. (2008), found that iron and zinc content remained stable after boiling tree locusts. The

differences could be due to how the mineral exist in the food matrix.

4.3.5 Effects of processing on bioaccessible mineral content and in vitro mineral bioaccessibility
The mineral solubility (bioaccessible mineral content) gives an indication of the amount of the mineral

that can be bioavailable to the human body (Wienk et al., 1999). Table 4.3 shows the bioaccessible
iron and zinc content after in vitro digestion of the beetles and crickets. Additionally, Table 4A2

shows the results of other minerals measured. Bioaccessible iron content was higher in raw beetles
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(7.41mg/100g dry matter) than in crickets (4.21mg/100mg dry matter). Boiling significantly reduces
the bioaccessible Fe, Mg, P, S and Zn content of beetles, but not of Ca, Cu, Mn, and Na. Roasting had
no significant effect on the bioaccessible content for all the minerals except for sulphur in beetles.

Boiling and roasting had no significant effect on bioaccessible iron content of crickets.

Table 4.3: Bioaccessible iron and zinc content (mg/100g dry matter) of Eulepida mashona (beetles)
and Henicus whellani (crickets)

Eulepida mashona (beetles) Henicus whellani (crickets)

Bioaccessible Bioaccessible Bioaccessible Bioaccessible zinc
iron (mg/100g)  zinc (mg/100g)  iron (mg/100g)  (mg/100g)

Raw 7.41°+0.45 6.75°+0.17 4.21°+0.42 5.90°+0.68
Boiled 30 mins 4.41°+0.25 4.70°+0.11 2.95%+0.49 2.33+0.11
Boiled 60 mins 4.69°+0.36 3.75°+0.42 2.92%+0.29 2.49°+0.69
Boiled 30 mins twice 5.40%+0.61 3.66°+0.06 NA NA

Boiled and roasted 4.97°+0.67 4.21%°+0.52 2.30°+0.04 2.19°+0.26
Roasted 6.27%+0.88 5.55%+0.65 3.13%+0.32 3.73°+0.02

The data represents mean + standard deviation (n=2). Same letter in a column for the same insect
species represent no significance difference at 5% significance level.

There are limited studies on mineral bioaccessibility of edible insects. Soluble iron contents in raw
and processed beetles was higher than reported for raw grasshoppers, crickets, mealworms and sirloin
beef (Latunde-Dada et al., 2016). Furthermore, they reported a lower zinc solubility for their studied
insects than Eulepida mashona and Henicus whellani. However, in our study, the iron solubility of
cricket was lower than that reported for crickets by (Latunde-Dada et al., 2016). Our findings of
significant difference in the mineral solubility between the beetle and cricket are in line with Latunde-
Dada et al. (2016) who also reported a significant difference between crickets, grasshoppers, and
mealworms. They also reported the lowest bioavailability for crickets, which also had the highest iron
content. In the present study, the cricket had a higher iron content than the beetle before and after

processing.

Figure 4.4 shows the percentage of mineral bioaccessibility of the beetle and cricket before and after
processing. Phosphorous had the highest bioaccessibility for both raw beetles (88%) and crickets
(82%). Iron had the lowest bioaccessibility for both species. The iron bioaccessibility was higher for
raw beetles (30.7%) than for crickets (8.11%). Similarly, zinc bioaccessibility was higher for raw
beetles (41.5%) than for crickets (34.2%). In general, the absorption of heme iron ranges from 15-35%
whilst non-heme can range from 2-15% (Zielinska-Dawidziak, 2015). Insects store most of their iron
bound in ferritin (Nichol et al., 2002) and it has been stated that ferritin improves non-haem iron
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bioavailability (Mwangi et al., 2018; Zielifska-Dawidziak, 2015). The differences in mineral
bioaccessibility between insect species could be related to the insect matrix. Iron and zinc are
complexed with other food constituents and type of bonds associated could be different for iron and

zinc.

Boiling beetles significantly reduced the percentage mineral bioaccessibility of iron, sulphur and zinc.
Boiling and roasting had no significant effect on the percentage mineral bioaccessibility of K, Mg, Mn
and P of beetles. For both insect species, roasted samples had a lower significantly different zinc
bioaccessibility compared to raw samples. For all minerals, bioaccessibility of boiled crickets were

significantly lower than of raw samples.
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Figure 4.4: Percent mineral bioaccessibility of differently processed Eulepida mashona
(beetle) (A) and Henicus whellani (cricket) (B)
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Other studies have also reported a decrease in mineral bioaccessibility with heat treatment (de Oliveira
et al., 2018; Menezes et al., 2018). Iron bioaccessibility of beetles was higher than reported for
different processed beef, chicken and pork by (Menezes et al., 2018). In contrast to our findings, Singh

et al. (2016) reported higher bioavailability for iron as compared to zinc.

During processing, bivalent minerals form interactions with other food constituents such as protein
and carbohydrates during processing and thus decrease the bioaccessibility (Gharibzahedi and Jafari,
2017). Heat induced reactions form compounds that can bind mineral tightly and the formed products
are usually more resistant to digestion such that their mineral binding characteristics remain the same.
Both beetles and crickets have high protein content and this could explain the reduced bioaccessibility
that occurred during processing. Insoluble dietary fibre binds iron and zinc thereby reducing their
bioaccessibility. Previous studies showed that crickets had a higher chitin content than beetles
(Manditsera et al. 2019) and presence of phytochemicals (Musundire et al, 2016) for both insect

species, which are likely to influence mineral bioaccessibility.

4.4. Conclusion

In our study, the insect species are a good source of digestible protein as shown by the comparable
value of digestibility with that of whey. This study further demonstrated that traditional processing has
an influence on the protein content, protein digestibility and mineral bioaccessibility of edible insects.
Boiling resulted in protein loss for both insects while roasting did not. Boiling resulted in a reduced
protein digestibility in both insects, whilst roasting had no significant difference for beetles. However,
boiling duration had no significant influence on protein digestibility for both species. Boiling and
roasting did not have any significant influence on the iron and zinc content for both insects. The high
iron and zinc content could contribute significantly to the daily requirements. Beetles are a better
source for bioaccessible iron than crickets, an indication that mineral bioaccessibility is insect species
dependent. Therefore, concerning promoting edible insects for nutritional security because of their
high mineral content, each species needs individual evaluation for bioaccessibility. Overall, protein,
iron, and zinc in the wild harvested insects in this study can substantially contribute to human
nutrition. How specific factors of an insect matrix can influence digestibility and mineral

bioaccessibility requires further investigation.
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Supplimentary

Table 4A1: Mineral content (mg/100g) on fresh weight basis of Eulepida mashona and Henicus whellani after
processing and amount (mg) measured in remaining boiling water

Ca Cu K Mg Mn Na P S
Eulepida mashona (beetles)
Raw 17.7%+0.22  1.05%0.52 388%+1.5  64.6%2.06 1.55%4+0.1  24.0%+0.11 221°+2.31  149%+4.12
(N.A) (N.A) 1 (N.A) 8 (N.A) (N.A) (N.A)
(N.A) (N.A)
Boiled  22.1%+0.1  0.722+0.05 204°+12.  57.7%°+3.95 1.13%0.0 18.4°+0.11 186°+8.78 144+3.6
30mins 0 (0.05) 4 (4.22) 8 (4.61) (24.8) 2
(3.19) (61.4) (0.01) (10.4)
Boiled  26.9°+0.1  0.64°+0.08 213°+11.  49.8°+2.35 147402  14.7%9+0.8  144%+8.6  124°+7.59
60mins 3 (0.09) 0 (6.92) 1 9 3 (15.44)
(7.07) (94.0) (0.01) (7.96) (38.6)
Boiled  29.2°41.47  0.68%+0.06 1915412,  48.4*+1.29 2.00°%+0.9  13.1940.54 1279+3.25 118°+0.64
30mins  (7.06) (0.11) 5 (6.99) 1 (8.37) (42.6) (17.1)
twice (101) (0.025)
Boiled 21.9%+26  0.612+0.01 265°+12.  56.2°+1.39 1.80%+0.8  15.6°+0.36  166%°+8.2  129"+2.7
and 7 (0.03) 5 (4.02) 6 (4.07) 2 2
roasted  (3.13) (54.9) (0.01) (22.6) (8.69)
Roaste  18.3+1.23  0.60%+0.02 389°+8.0  68.1%3.19 1.70%40.6  22.6%+0.05 222°+8.46  152%+4.45
d (N.A) (N.A) 6 (N.A) 7 (N.A) (N.A) (N.A)
(N.A) (N.A)
Henicus whellani (crickets)
Raw 13.62+2.06  0.80%+0.10 305%10. 21.3%+0.37  0.50%0.0  42.92+549 124°+331 126%+0.94
(N.A) (N.A) 2 (N.A) 3 (N.A) (N.A) (N.A)
(N.A) (N.A)
Boiled  13.1%t1.63  0.76°+0.05 185°+9.7  15.5°+0.52  0.45%40.0 21.9°+1.45 84.7°+3.9  111°+0.79
30mins  (1.56) (0.01) 4 (3.05) 3 (9.89) 2 (5.89)
(65.1) (0.02) (24.9)
Boiled  10.9%+0.54  0.75%+0.02 164°+12.  13.8°+0.65  0.44°%+0.0 17.6°+2.59 75.6°+4.1  108°+0.46
60mins  (2.10) (0.01) 7 (4.15) 5 (13.74) 4 (7.62)
(93.6) (0.02) (27.7)
Boiled  10.5%1.43  0.75%+0.02 174b+35  14.4°+0.33  0.41%+0.0 21.9°+2.28 77.7°+4.3  110°+1.43
and (2.48) (0.01) 5 (3.93) 4 (12.8) 5 (6.93)
roasted (75.7) (0.02) (25.7)
Roaste  13.9%+2.21  0.71°+0.04(N.A  318%+23. 21.6°+1.06  0.51%+0.0 45.4%+3.92 133%+8.17 125+3.27
d (N.A) ) 4 (N.A) 1 (N.A) (N.A) (N.A)
(N.A) (N.A)

The values in brackets represent the amount of mineral (mg) measured in remaining water after boiling. Same
letter in a column for the same species represent treatments not significantly different
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CHAPTER 5

Lipid Oxidation during Storage of Edible Insects as Affected By Grinding,

Drying, and Storage-Temperature

This chapter is to be submitted as: Faith A. Manditsera, Catriona M.M. Lakemond, Vincenzo
Fogliano and Pieternel, A. Luning. (2019). Lipid oxidation during storage of edible insects as affected
by grinding, drying-, and storage-temperature.
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Abstract

Seasonality and geographical availability can limit the potential contribution of wild harvested insects
to food and nutrition security. Therefore, it is useful to extend shelf life of harvested insects by drying
to improve availability and thereby valorisation of insects. Lipid oxidation is an important determinant
for shelf life of fat-rich dried products. This study investigated the influence of grinding, drying, and
storage conditions on lipid oxidation, particularly the formation of secondary lipid oxidations
compounds, in two wild harvested edible insects (Henicus whellani and Eulepida mashona). Boiled
samples were dried at 40°C and 100°C to imitate respectively sun drying and oven drying of insects.
Thereafter, half of the dried insects were treated as whole insects and other half as grinded insects. All
samples were packed into polyethylene re-sealable bags thereafter stored at 4°C and 50°C for 8 weeks.
Every second week, a sample was taken from the packages and analysed for water activity, moisture
content, malondialdehyde content (TBARS analysis), and volatile compounds (GC-MS by HS-
SPME). Drying of Henicus whellani and Eulepida mashona at 40°C resulted in water activity of
respectively 0.35 and 0.43; while drying at 100°C resulted in a water activity of respectively 0.14 and
0.16. The malondialdehyde concentration was higher for insects dried at 100°C compared to 40°C,
which indicated for both insect an increase in lipid oxidation. In total 62 volatile compounds were
identified in both insect species. Only 22 volatiles were present in raw insects, the other volatiles
developed during drying or storage. The concentration of volatile lipid oxidation products (VLOPS)
gradually increased during storage at 4°C and 50°C for both insect species. The concentration of
VLOPs peaked at 4 weeks storage for insects dried at 40°C, and at 2 weeks storage for insects dried at
100°C. Drying insects at moderate temperature (40°C) resulted in water activity levels that could
favour lipid oxidation during storage, which is less when dried at 100°C. VLOPs provide useful
information on the drying and storage conditions however, they are not clear indicator of the amount

of lipid oxidation.
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5.1. Introduction

Edible insects play an important role in the diets of the people who consume insects. Despite some
reported cases of decline in practice, entomophagy is still prevalent in developing countries especially
in rural areas (Ayieko et al., 2010; Chakravorty et al., 2011, 2013; Manditsera et al., 2018; Payne,
2015). Edible insects are mainly consumed for their taste, contrary to the belief that insects, are
consumed when no other food options are available (Manditsera et al., 2018). Moreover, they
contribute to dietary diversity of the rural households, where edible insects are abundant (Ayieko &
Oriaro, 2008). In Africa, most of the edible insects, at different morphological stage, are seasonally
harvested from the natural environment (Kinyuru et al., 2013; Murefu et al., 2019; Mutungi et al.,
2017). Therefore, the potential contribution of wild harvested insect species to food and nutrition
security can be limited by seasonality (Ayieko et al., 2010; van Huis, 2016) and geographical
availability (Raheem et al., 2018). Due to their biological nature, harvested insects are susceptible to
spoilage and deterioration in quality (Ayieko et al., 2010; Klunder et al., 2012; Stoops et al., 2016).
Therefore, shelf life extension of harvested insects is important for improving availability and

valorisation of insects for consumption.

Whilst boiling and roasting are short-term methods for preserving quality of harvested insects
(Manditsera et al., 2019), drying can be used to extend the shelf life of edible insects. Traditionally,
surplus insects are sun-dried before storage (Ayieko et al., 2010) for later consumption. Drying can be
followed by grinding insects into an insect meal/ powder before storage (Mutungi et al., 2017). Such
insect powders can be used as an ingredient in other food products to increase nutritional value or
functionality (Ayieko et al., 2010; Miinke-Svendsen et al., 2017; Williams et al., 2016). However, the
presence of unsaturated fatty acids in edible insects (Berezina, 2017; Manditsera et al., 2018) in
combination with low water activity of dried insects can increase their susceptibility to lipid

oxidation, which may limit shelf life.

Lipid oxidation is one of the major causes of product degradation in storage of dried products (Chudy
et al., 2015; Sun et al., 2002), which can lead to formation of off-flavours and or affect food safety
(Raitio et al., 2012). The volatile secondary products, such as aldehydes and ketones, can cause a
rancid smell (Hu, 2016). Oxidation rates are highest below aw 0.2 and above aw 0.3 in general (Hu,
2016), but actual rates are product specific (Raitio et al., 2012). Storage conditions and environmental
factors, such as unlimited oxygen supply, high temperatures, and daylight can also increase lipid
oxidation (Alamprese et al., 2017; Hu, 2016; Sun et al., 2002; Tazi et al., 2009). These are exactly the

external factors limiting the shelf life of dried edible insects in rural Africa.

To the best of our knowledge, there are only a few studies on lipid oxidation of insects and they are
focused on extracted insect oil (Jeon et al., 2016; Tiencheu et al., 2013). These studies showed that
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heat treatment before oil extraction influence oxidative stability of oils. The food matrix, however, can
also affect the lipid oxidation process (Hu, 2016). Therefore, the process may be different in insect oil
compared to dried insects as whole or powder. As there is a need to enlarge the availability of insect-
based foods in developing countries e.g. (Ayieko et al., 2016; Mutungi et al., 2017), a further
understanding of shelf stability of traditionally dried insects would be useful. The aim of this study is
to investigate the influence of drying and storage conditions on lipid oxidation, particularly on the
formation of secondary lipid oxidations compounds. Two wild harvested edible insects, a beetle
(Eulepida mashona) and a cricket (Henicus whellani), with high nutritional potential (Manditsera et
al., 2019) were used as case study. The two insect species are only available in the rainy season and
currently their consumption rarely goes beyond the seasons (Manditsera et al., 2019) as there is yet
restricted insight in shelf life limiting processes.

5.2 Materials and methods

5.2.1 Sampling, sample preparations and experimental design

Samples of Eulepida mashona and Henicus whellani were respectively sampled from Mhondoro and
Bikita districts during the November/December rainy season of 2017/18. Sampling was done
according to the methodology described by Manditsera et al. (2019). Samples were then kept at -21°C
until further treatment and analysis. Insect samples were washed and boiled for 15 minutes followed
by drying in an oven. Two temperatures were employed for drying. Moderate temperature of 40°C to
imitate the sun drying and 100°C as a high temperature that can be used for oven drying insects. For
both temperatures, the samples were dried until they reached the constant weight. Thereafter half of
the dried insects were ground at low speed into coarse grinded insect with a Waring laboratory blender
(Torrington, CT, USA). The other half of the dried insects was treated further as whole insects. All
samples were then packed into polyethylene re-sealable bags and kept in storage at 4°C and 50°C for 8
weeks. Every second week, samples were drawn from the packages and analysed for water activity,
moisture content, malondialdehyde content and volatile compounds. Figure 5.1 summarises the
experimental design. The experiments were performed in duplicate. The experimental results are

presented as mean values with standard deviations (mean + standard deviation).
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Figure 5.1: Schematic overview of the experimental design

5.2.2 Dry matter content and water activity determination

The dry matter content of the insects was measured by using oven drying at 105°C for at least 18
hours. The water activity (aw) was measured with a Novasina LabMaster-aw water activity meter
(Lachen, Switzerland) set at 25°C.

5.2.3 Thiobarbituric Acid Reactive Substances (TBARS) test

The TBARS test was performed to get an indication of the amount of the secondary non-volatile
oxidation product malondialdehyde. The method from de las Heras et al. (2003) was adapted and used
to determine the malondialdehyde concentration. Whole insects were first ground using a mortar and
pestle. A suspension was made using approximately 1 gram of ground insect sample and 20 mL of
MilliQ followed by mixing for 10 minutes with a Multi Reax shaker (Heidolph, Germany). Sample
suspensions were then centrifuged for 5 minutes at 2000g, followed by filtering on a 5951/2 Whatman
paper filter (Maidstone, UK). Equal volumes (5ml) of the filtrate and ice cold trichloroacetic (TCA,
15%), were mixed followed by filtering again on a 0.45 um 25mm CA filter (Phenomenx, Torrance,
US). Then equal volumes (2ml) of filtrate and thiobarbituric acid (TBA) solution were mixed and
further incubated for 35 minutes at 100°C. Afterwards the solution was cooled down to room
temperature (10 minutes on ice), followed by measuring absorbance at 532nm and 600 nm using a
Carry 50 UV-Visible spectrophotometer (Varian Agielent Technologies, Amstelveen, Netherlands).

The measured values obtained at 600nm were subtracted from those obtained at 532 nm to correct for
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sample turbidity. A calibration curve was made using dilutions of malondialdehyde in 15.0% TCA
solution and was used to calculate the malondialdehyde concentration in the samples.

5.2.4 Extraction and analysis of the volatiles by headspace SPME-GC/MS

The volatiles of the insect samples were measured using gas chromatography/ mass spectrometry
(GC/MS) (Thermo Fisher Scientific Inc., Waltham, MA, US) by headspace Solid Phase Micro
Extraction (HS-SPME). The method was based on a method of (Goodridge et al., 2003) with some
modifications. At least 0.5 gram of the ground insect sample withdrawn from the packages (whole
insects were first grinded) was put in a 20mm headspace vials. Vials were tightly closed followed by
placing the vials in the Triplus auto-sampler (Thermo Fisher Scientific, Waltham, MA, USA). The
sample was incubated for 15 minutes at 40°C before extraction of the volatiles. An SPME fibre
assembly coated with 50/30pum thickness DVB/CAR/PDMS (divinylbenzene/
carboxen/polydimethylsiloxane) stableflex 2cm (Supelco, Bellefonte, PA, USA) was inserted into a
fibre holder for auto sampling. Extraction of the headspace volatiles was performed at 40°C for 30
minutes. The extraction procedure was carried out by a programmed Tri-Plus Auto sampler controlled
by Xcalibur system. For volatile analysis, an aliquot of headspace gas was injected into the GC with a
stabilwax DA capillary column (30 m x 0.25 mm IDx 0.25 um, Restek Corporation, Benner Circle,
Bellefonte, USA). The desorption time in the splitless injection port of the GC was 10 minutes Oven
temperature was set at 40°C for 2 minutes and was then increased to 200 °C at a rate of 10 °C/min and
held for 5 minutes. Helium was used as carrier gas with a flow rate of 1 ml per minute. The volatiles
were identified with the Chromeleon 7 software (Thermo Fisher Scientific). The mass spectra from the

samples were compared to volatiles from the NIST database.

5.3 Results and Discussion

5.3.1 Changes in water activity during storage

Figure 5.2 shows the effect of the initial drying temperature (40° C and 100° C) and subsequent
storage at 4° C and 50°C on the water activity of Henicus whellani. Insects dried at 40°C showed a
sharp decrease in water activity in the first two weeks of storage at 50°C. On the contrary, insects
stored at 4°C showed a slight increase in water activity after 2 weeks. Drying at 100°C resulted in an
initial lower water activity, which gradually increased at both 4°C and 50°C storage. At both drying
temperatures, the water activities of insects stored at 4°C were higher than at 50°C. Whole insects had
similar water activities as grinded insects, when dried at both 40°C and 100°C and after 2 weeks of
storage, except for drying at 100°C dried and storage at 50°C. The data on effect of the initial drying
temperature (40° C and 100° C) and subsequent storage at 4° C and 50°C of Eulepida mashona are
reported in supplementary materials S1. The comparison of the data from both insects dried at 40°C
and 100°C, revealed that Eulepida mashona had a higher water activity (respectively 0.43 and 0.16)
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than Henicus whellani (respectively 0.35 and 0.14). For Eulepida mashona, similar trends as for
Henicus whellani were observed for water activities in subsequent storage after drying.

The observed differences in water activity during storage at 4°C and 50°C could be explained by the
fact that the resulting water activity is temperature dependent (Kamau et al., 2018; Lipasek et al.,
2013). The increase in water activity of dried insects stored at 4°C could be a result of rehydration. At
lower temperature, proteins have more water binding capacity (Kamau et al., 2018), which can result
in adsorbing moisture from the external environment. In addition, in this study polyethylene was used
to store insects. Polyethylene is moderately permeable to water (Kamau et al., 2018) and moisture
from the external environment could thus have permeated into the package. The difference in water
activity between the two insect species could be explained by the difference in the insect matrix.
Eulepida mashona is a beetle with a rubbery skin that could hinder migration of water, which may
explain the higher remaining water activity after drying while Henicus whellani is a cricket with a thin

exoskeleton.
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Figure 5.2: Water activity of whole and grinded Henicus whellani dried at 40°C (A) and 100°C (B)
during storage at 4°C (broken line) and 50°C (continuous line).
Key: B =whole insects; A = grinded insects

5.3.2 Changes in the secondary non-volatile lipid oxidation product during storage

To investigate the extent of lipid oxidation in dried insects during storage, the malondialdehyde
(secondary non-lipid oxidation product) was analysed using the TBARS method. Figure 5.3 shows the
changes in malondialdehyde concentration of Henicus whellani dried at 40°C and 100°C and
subsequently stored at 4°C and 50°C (data of Eulepida mashona shown in supplementary materials
S2). The concentration of malondialdehyde, at the start of storage, was higher for both insect species
dried at 100°C than those dried at 40°C. Higher TBARS values were indeed expected in samples dried
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at 100°C opposed to 40°C as the extend of lipid oxidation increases with temperature (Sun et al.,
2002). Subsequent storage at 4°C and 50°C resulted in variable concentrations of malondialdehyde,
which was less obvious in Henicus whellani compared to Eulepida mashona. The concentration of
malondialdehyde of Henicus whellani dried at 40°C decreased in the first 4 weeks both at 4°C and
50°C storage, and subsequently increased after 4weeks. For all Henicus whellani samples dried at
100°C, except for whole insects stored at 50°C, the concentration of malondialdehyde increased in the
first two weeks and thereafter decreased. Eulepida mashona samples dried at 40°C showed an increase
in the malondialdehyde concentration in respectively the first 2 and 4 of weeks for samples stored at
4°C and 50°C. In contrast, for Eulepida mashona dried at 100°C, the concentration decreased in the
first 4 weeks and thereafter increased. Several studies have shown either an increase e.g. (Bak et al.,
1999; Mielnik et al., 2006) or decrease (Munekata et al., 2017) in TBARS value over time for various
food products. TBARs can fluctuate with various stages of lipid oxidation and during storage (Lee et
al., 2014). Whilst an increase in malondialdehyde concentration indicates an increase in lipid
oxidation, decrease in TBARS values could be due to instability of malondialdehyde.
Malondialdehyde is susceptible to oxidation yielding organic alcohols and acids, which are not
measured by the TBARS assay (Fernandez et al., 1997).
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Figure 5.3: Malondialdehyde concentration of whole and grinded Henicus whellani dried at 40°C (A)
and 100°C (B) during storage at 4°C (broken line) and 50°C (continuous line).

Key: ® =whole insects; A = grinded insects

The TBARS assay could also measure irrelevant components not originating from lipid peroxidation
e.g. amino acids or carbohydrates, which can react with the TBA and cause colour formation (Moore
& Roberts, 1998). Despite Eulepida mashona has higher TBARS values, it cannot be concluded that
lipid oxidation was higher in the beetles than crickets, as the TBARS method lacks specificity.
Furthermore, it was expected that grinded insects would be more susceptible to lipid oxidation due to
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the large surface area and thus larger contact area with oxygen (Chudy et al. 2015). However, TBARS
values were not significantly different between grinded and whole insects dried at 40°C. Only, insects
dried at 100°C and stored at 50°C showed significant differences at two weeks storage, which levelled

after four weeks storage.

5.3.3 Identified volatile compounds in insects

Table 5.1 shows the volatiles components identified in both insect species and typical odour
characteristics of some volatiles based on information from the literature. In addition, the table shows
which volatiles are typical lipid oxidation products. In total, 62 volatile components, belonging to 11
functional groups, were identified. The main groups, based on the number of volatiles detected were
hydrocarbons, alcohols, carboxylic acids, aldehydes, and nitrogen containing groups. Many (22/62) of
the identified compounds belong to the hydrocarbons group. Raw insects contained the least number
(22) of volatile compared to the dried insects, which contained 35 volatiles. Acetoin, which has a
butter cream odour characteristic, was the major volatile component (based on peak area) in raw
insects for both Henicus whellani and Eulepida mashona. The concentration of acetoin decreased
during boiling, drying, and storage. Moreover, boiling decreased the total concentration of volatiles
belonging to multiple functional groups. However, some volatiles were only found in boiled insects
for example, 2- methyl phenol. Although, three typical lipid oxidation volatiles (heptanoic, hexanoic,
and heptanoic acids) were identified in raw insects, the largest number of such volatiles (like nonanoic
acid, hexanal, octanoic acid) was identified in the dried and subsequently stored insects. Typical
odour characteristics of these volatiles include fatty, rancid, cheese, which may contribute to an

unsatisfactory smell that can limit the shelf life of dried insects
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Chapter 5

Figure 5.4 shows the changes in total concentration of volatiles in Henicus whellani dried at 40°C and
100°C in storage at 4°C and 50°C (data of Eulepida mashona are shown in the supplementary material.
For both species, insects dried at 100°C had a lower total concentration of volatiles at the beginning of
storage. The lower concentration can be attributed to the loss of volatiles during drying at the high
temperatures. Acetoin, a typical component found in raw insects as a pheromone (Rochat et al., 2002),
is an example of volatile that decreased in concentration. The total volatiles concentration of dried
insects (40°C and 100°C) increased in first 2-4 weeks at both 4°C and 50°C storage for both insects.
Our observation of the decrease in volatiles with drying is similar to a decrease in volatiles as found in
herbs by (Chaliha et al., 2013). The decrease in concentration could be attributed to loss of volatiles
due to the high temperatures. Drying insects resulted in carboxylic acid group volatiles dominating the
present volatile groups and there was an increase in the concentration. In a study by (Yeo et al., 2013),
acids made the largest proportion of the volatiles in raw P. brevitarsis larvae. An increase in the
volatiles concentration during storage has also been reported by Chaliha et al. (2013) for the studied
herbs.
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Figure 5.4: Total concentrations of volatiles measured in whole and grinded Henicus whellani dried at
40°C (A) and 100°C (B) during storage at 4°C (broken line) and 50°C (continuous line)
Key: B =whole insects; A = grinded insects

5.3.5 Changes in total lipid oxidation volatiles products during drying and storage

Volatile lipid oxidation products (VLOPs) identified from the typical products of oxidising oleic,
linoleic, and linolenic acids according to Schaich (2005) were summed to indicate the extent of lipid
oxidation during storage. The components referred to as the VLOPs (in this study) are hexanal,
heptanal, nonanal, hexanoic acid, octatonic acid, and nonanoic acid. Figure 5.5 shows the
concentration of the VLOPs measured in the raw, boiled, and dried insects. The concentration of
VLOPs was higher in raw Eulepida mashona than in raw Henicus whellani. Boiling increased the total

concentration of the VLOPs for both insect species, with highest concentrations found for Henicus
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whellani. Similar concentration of VLOPs were observed for Eulepida mashona dried at 40°C and
100°C whilst Henicus whellani dried at 100°C showed a lower concentration than for 40°C. The results
show that beetles VLOPs are not influenced by processing while in cricket both boiling and drying at
low temperature generated high amount of VLOPs. It should be noted that other volatile lipid
oxidation components could have been have formed from degradation of intermediate components,
but these are not included in the VLOPs. Qiu et al. (2019) reported that higher temperature might
quickly remove moisture from the product surface and form an outer layer that can protect the inner

lipids from oxidation.
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Figure 5.5: Total concentration of VLOPs in raw, boiled, and dried Eulepida mashona (A) and
Henicus whellani (B). Components belonging to the VLOP’s are hexanal, heptanal,
nonanal, hexanoic acid, octatonic acid, and nonanoic acid.

Figure 5.6 shows the changes in the VLOPs of dried Henicus whellani during storage at 4°C and 50°C
(data of Eulepida mashona is shown in supplementary materials S4). There was no clear difference in
the initial concentration of VLOPs for both insect species dried at 40°C and 100°C. Overall, the
concentration of VLOPs gradually increased the first 2-4 weeks during storage at both storage
temperature for both insect species. The concentration of VLOPs was highest in insect samples dried
at 40°C and stored for 4 weeks at 4°C. For samples dried at 100°C the maximum amount of VLOPs
was present after 2 weeks storage. Overall, the concentration of VLOPS was higher in Henicus
whellani samples (dried at both temperatures) stored at 4°C compared to those stored at 50°C.
However, this trend was not observed for Eulepida mashona dried at 40°C, as the VLOPs
concentration of all samples except grinded insects stored at 4°C, gradual increased during the 8weeks
storage. No clear differences in the VLOPs concentration were observed for whole and grinded
Henicus whellani dried at 40°C but for samples dried at 100°C and stored at 50°C, which had higher

values for the whole insects.
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Figure 5.6: Total sum concentration VLOPs of whole and grinded Henicus whellani dried at 40°C (A)
and 100°C (B) during storage at 4°C (broken line) and 50°C (continuous line).
Key: ® =whole insects; A = grinded insects

Data showed lipid oxidation is favoured at high water activity. The higher concentration of VLOPs
observed in dried samples, which were stored at 4°C might be explained by their water activity. Insect
samples stored at 4°C showed higher water activities (0.40) than of samples stored at 50°C (a»=0.26).
According to Fu and Labuza (1997), the rate of lipid oxidation is highest below aw 0.2 and above aw
0.3. The decrease in the VLOPs after 2 and 4 weeks in storage could be attributed to the lipid co-
oxidation that occurs in dried foods. Due to the high protein content in both insect species, it could be
possible that lipid co-oxidation with proteins took place. The secondary oxidation products, such as
the aldehydes, ketones, and free radicals can react with proteins and amino acids resulting in a
decrease in the hydroperoxides and the volatile oxidation products. The aldehydes may also oxidise
further to their carboxylic acid form (Hu, 2016; Schaich, 2005). This could explain the presence of

butanoic acid and propanoic acid, which are oxidised aldehydes (butanal and propanal).

The initial concentration of the VLOPs in Henicus whellani was higher than in Eulepida mashona.
The difference in the concentration of VLOPSs between the two insect species is in line with their fatty
acid profiles. Data on monounsaturated (MUFA) and polyunsaturated fatty acids (PUFA) in Eulepida
mashona showed concentrations of 30.4 and 26.9 g/100g fat respectively whilst Henicus whellani
MUFA and PUFA content is 45.1 and 24.2 g/100g fat respectively (Manditsera et al., 2019).
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Conclusion and recommendation

This study demonstrated that lipid oxidation occurs in wild harvested edible insects during drying and
subsequent storage, which will limit the shelf life of insects. Measuring of the volatile compounds
provided more accurate insight in the pathways of lipid oxidation than the TBARS method (non-
volatile products). Drying and storage temperatures are important factors that influenced the
concentration of the selected volatile lipid oxidation products (VLOPS) of the studied insects. The
drying temperature is critical because drying at 100°C compared to 40°C promoted lipid oxidation,
which resulted in higher initial concentrations at the start of storage. However, the low drying
temperature (40°C) resulted in relatively higher water activities, which further increased during storage
at 4°C. At this storage temperature, the highest concentration of volatile lipid oxidation products was
observed after 4 weeks. It is therefore important to dry insects at higher temperature to attain very low
water activities, which will slow down further lipid oxidation during storage. Dried insects can be
stored as whole insects or grinded insects since no obvious differences were observed for both volatile
and non-volatile lipid oxidation products. Multiple factors can influence the dynamics of the lipid
oxidation process, such as formation and degradation of volatile and non-volatile products and
diffusion of volatile components through packaging. Further research is required to identify the
optimal packaging material to improve dried insect shelf life: however, moisture barrier is likely more
relevant than oxygen barrier property.
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Figure S1: Water activity of whole and grinded Eulepida mashona dried at 40°C (A) and 100°C (B)
during storage at 4°C (broken line) and 50°C (continuous line)

Key: B =whole insects; A = grinded insects
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Figure S2: Malondialdehyde concentration of whole and grinded Eulepida mashona dried at 40°C (A)
and 100°C (B) during storage at 4°C (broken line) and 50°C (continuous line)

Key: B =whole insects; A = grinded insects
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Figure S3: Sum of total concentration volatiles of whole and grinded Eulepida mashona dried at 40°C
(A) and 100°C (B) during storage at 4°C (broken line) and 50°C (continuous line)
Key: B =whole insects; A = grinded insects

3.5E+06 3.5E406
A B
3.0E+06 3.0E+06
z z
£ 256406 £ 25E406
2 =
£ =
S 2.0E+06 S 208406
S S 15106 ~ ~
< SE+
g 156406 E I Smoh>
= 10806 ¥ 10E+06 /y, s
] wi I,
[-%
& 50E+05 5.0E+05
0.0E+00 0.0E+00
0 2 4 [ 8 0 2 4 6 8
STORAGE WEEKS STORAGE WEEKS

Figure S4: Total sum concentration VLOPs of whole and grinded Eulepida mashona dried at 40°C
(A) and 100°C (B) during storage at 4°C (broken line) and 50°C (continuous line)
Key: ® =whole insects; A = grinded insects
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General Discussion
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6.1 Background of research

Since time immemorial, wild edible insects have played an important role in the diets of people of the
tropics (van Huis, 2003) where climatic conditions promote their abundance. Over 2000 edible insect
species are documented to be consumed worldwide (Jongema, 2017), with most being collected from
the natural environment. With the world facing food and nutrition insecurity, there has been a huge
advocacy for the consumption of edible insects for food and nutrition security (FAO, 2012). However,
for most developing countries the insect value chain is mainly traditional and limited to household
level. This is despite the potential of wild edible insects to contribute towards food and nutrition
security. The traditional insect value chain is characterised by dependence on wild harvested edible

insects.

Knowledge on consumer preferences, composition variability, processing conditions, nutrient
availability, and shelf stability could strengthen the scientific basis for expanding the use of wild
harvested edible insects and for reinforcing nutrition security. This knowledge could give insights that
can enable the development of a commercial chain and may ignite interest of various actors (e.g.
government and food industry) to support development of such an edible insects’ value chain. An
understanding of the current practices in the traditional value chain is essential in development of a
commercial insect value chain that could help in strengthening the sustainable contribution of edible
insects to nutrition security. The main objective of this thesis was therefore to investigate how wild
harvested edible insects can contribute to nutrition security in developing countries, with Zimbabwe as
a case study. This chapter summarises the major findings and discusses how the research findings

could contribute to the effective use of wild edible insects for nutrition security.

6.2 Main research findings

Understanding the current consumption patterns of edible insects, particularly the difference between
urban and rural consumers and identification of factors influencing the consumption of edible insects
is important for promoting consumption of insects. Insights into the consumer preferences are
important in developing targeted strategies to promote consumption of edible insects to certain groups.
In Chapter 2, a survey was carried out to determine insect consumption patterns among rural and
urban populations and identify factors that influence these patterns. The results indicated that
consumption of insects was prevalent in both urban (80%) and rural (89.7%) in Zimbabwe. As
expected, the rural people (63.9% of insect consumers) consumed edible insects more frequent and in
larger quantities than the urban people (14.5% of insect consumers), explained by the fact that rural
people have better access to wild harvested edible insects than urban people have. Importantly, the
study revealed that in both urban and rural areas, edible insects are not “just eaten” because it is the
only food option but are mainly consumed for their taste. In addition, urban people also appreciated

the nutritional value and medicinal properties of insects for consumption more than the rural people
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do. Insights from this study triggered the interest to gain more knowledge on the nutritional value of
wild harvested edible insects, as studied in Chapter 3.

Wild harvested edible insects naturally occur without control of environmental factors or their feed.
Thus, before proposing general recommendation to use wild harvested insects, the extent to which the
nutrient content is similar for the same insect species but harvested from different geographical
locations should be established. Therefore, in Chapter 3, we investigated the nutritional composition
and variability in nutritional composition of Eulepida mashona (beetle) and Henicus whellani (cricket)
harvested in different geographical locations (districts) in Zimbabwe. Overall, the results indicate that
both the beetle and cricket are high in protein (52-57%; 60-71% respectively), iron (24.2-
52.9mg/100g) and zinc (10.0-20.9mg/100g). However, some species dependent variations, in protein,
fat, and mineral content, exist with geographical place of harvest. The largest variation was found for
fat and mineral content. The results revealed that fat and mineral content could be double for insects
harvested from different geographical location. It is interesting to note that both insect species were
low in fat content (<10%) and comply with the recommended PUFA/SFA ratio for healthier diets,
which makes them suitable for low fat diets. Further, the amino acid profiles of both insect species
meet the WHO essential amino acid requirements guidelines. Overall, both the beetle and cricket have
potential to be used directly in the diet or as an ingredient in food products based on their protein and

mineral content levels.

Research on nutritional potential of edible insects is usually focused on the nutritional composition of
raw insects. Whilst some insects’ species such as termites can be consumed raw, crickets and beetles
require some form of heat treatment to improve palatability. However, studies on the effect of
processing on the nutritional composition of edible insects are limited. Therefore, in Chapter 4 we
studied the influence of domestic processing methods on protein and mineral retention, protein
digestibility, and mineral bioaccessibility of Eulepida mashona and Henicus whellani. The study
revealed that raw (16.23g/100g FW) and roasted (16.54g9/100FW) insects had high protein content as
compared to boiled (14.769/100FW) insects indicating that protein was partly lost into boiling water.
A maximal decrease in protein digestibility around 25% for boiled beetles and for boiled and roasted
crickets was found. The results showed that Eulepida mashona (beetles) are a better source for
bioaccessible iron than Henicus whellani (crickets), as raw beetles had a much higher iron
bioaccessibility (30.7%) as compared to raw crickets (8.11%), an indication that mineral
bioaccessibility is insect species dependent. Overall, the results on iron content and bioaccessible iron
content of the two insect species showed that high a nutrient content does not translate into high
bioaccessibility. This should be a matter of concern as many insect species have been reported to
potentially curb iron and zinc deficiency based on the mineral contents. Interestingly, boiling resulted

in about 50% decrease in iron and zinc bioaccessibility in both species, while roasting did not.
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However, despite the negative influence of processing on the nutritional composition and availability,
both insect species, based on the recommended daily allowances (RDAs) remain a valuable source of

protein and minerals, indicating their great potential to contribute towards nutrition security.

Seasonality of wild harvested edible insects limits their consumption throughout the year.
Traditionally, edible insects are sun dried to prolong shelf life, and lipid oxidation could limit the shelf
life of dried insects. Therefore, in Chapter 5, we examined the effects of processing conditions
(drying temperature, grinding, and storage temperature) on lipid oxidation of dried insects. The results
showed that drying insects at 40°C (same as in sun drying) resulted in relatively higher water activities
than for insects dried at 100°C. The water activities respectively increased or decreased in subsequent
storage at 4°C and 50°C. Insects dried at 100°C showed a higher concentration of non-volatile lipid
oxidation products than insects dried at 40°C, an indication that high drying temperature promoted
lipid oxidation. Volatile lipid oxidation products (VLOPS) increased the first 2-4 weeks during storage
at both storage temperature for both insect species. Lipid oxidation was highest in insects dried at 40°C
and stored at 4°C. Dried insects can be stored as either grinded or whole insects, as no clear
differences in the lipid oxidation volatiles components were observed. The key findings of the
research presented in this thesis are summarised in Table 6.1.
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Table 6.1: Summary of the research key findings

Chapter Objective Main findings
Determine insect . Edible insect consumption prevalent in both
consumption patterns rural (89.7%) and urban (80%) Zimbabwe
among rural and urban . Rural people consume insects more frequently

2 populations and identify and in quantity than urban population
factors that influence = Taste is the main motive for consumption
these patterns = Nutritional value and medicinal properties

important for urban population
= Protein content of Eulepida mashona and
Investigate the variability Henicus whellani is comparable to that of animal
in nutritional sources.. . .
composition of Eulepida = Both insects gre_good sources of iron angl zinc

3 mashona and Henicus - Variation epst in thg protein, fat and mineral
whellani amongst with geographlcgl Io_catlon .
different districts of = La_lrger varlatlon in fat and mineral content
harvest than in protein content

" Both insects meet WHO essential amino acid
requirement
= Eulepida mashona and Henicus whellani percent
protein loss was 15% and 10% respectively due
; to boiling
i(t)l:ggsi?s [;?glctéi:;:negc}f " Percer_lt loss of iron was 12_% and 8% f_or boiled
methods on protein and Eulep_lda masr}opg and Henicus v_vhella_ml .

4 mineral retention, protein ] Prote_ln digestibility was lower in boiled insects
digestibility and mineral than N raw and roast_ed Insects. .
bioaccessibility of = R_aw insects had a hlghgr bioaccessible iron and
Eulepida mashona and zinc content than boiled insects _ _
Henicus whellani. = Eulepida  mashona  had higher  iron

bioaccessibility than Henicus whellani
= Boiling resulted in about 50% decrease in iron
and zinc bioaccessibility in both species
= Drying at 40°C and 100°C, resulted in Eulepida
mashona having a higher water activity (0.43 and
0.16) than Henicus whellani (0.35 and 0.14).
» Drying at 100°C promotes more lipid oxidation
Examine effects of than drying at 40°C.
processing conditions = Insects dried at 100°C had a higher concentration
5 (grinding, drying and of malondialdehyde at the beginning of storage

storage temperature) on
shelf stability

than insects dried at 40°C

Concentration of VLOPs increased in the first 2-
4weeks at 4°C and 50°C storage

VLOPs concentration was higher for insects
stored at 4°C than at 50°C

No notable influence of grinding on the lipid
oxidation of dried insects
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6.3 Overall discussion

A food-based approach to nutrition security is considered as one of the best ways to tackle
malnutrition and micronutrient deficiencies (Allen, 2008), with dietary diversification as a preferred
strategy that works best in developing countries (Gibson, 2011). Edible insects or other wild harvested
products are nutritious foods that can contribute to dietary diversity and improved nutrition (Kennedy
etal., 2017). However, substantial and sustained consumption of nutrient rich foods is needed to attain
nutrition security (Maestre et al., 2017). The actual contribution of wild harvested products to nutrition
is dependent on the availability, the number of people using the products, the frequency of use, and the
quantities consumed relative to other foods (Powell et al., 2015). Therefore, this thesis considered the
insect value chain as a whole, which ranges from insects as a raw material, processing to consumption.
This research focused on the traditional insect value chain, which is functional at household level
(Figure 6.1), and identified the keys aspects that are necessary to promote increased consumption of
edible insects. Knowledge on the key aspects i.e. on composition variability, processing conditions,
nutrient availability, shelf stability, and consumer preferences of the traditional insect value chain,
could be used for transforming the traditional value chain into a commercial insect value chain (Figure
6.1). A justification of insect consumption based on the traditional chain is necessary before
recommending change into a commercial chain. Knowledge on these key aspects should result in
increased consumption of edible insects through both types of chains thus contributing indirectly to

improved nutrition security.

The shortfalls of the traditional insect value chain (discussed later in this section) necessitate
improving the functioning and sustainability of the traditional insect chain. In this section, we
therefore discuss the implications of the thesis findings for nutritional security and how the knowledge
on insect consumption patterns, natural variation in wild harvested insects, and domestic processing
conditions in traditional insect value chain can be used for improvement of the traditional chain and

development of commercial chains.
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Figure 6.1: The traditional and commercial insect value chains showing the keys aspects that
are essential for improving and transforming the traditional insect value chain to

commercial value chain
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6.3.1 Implications of findings for nutrition security in traditional insect value chain

Edible insects have been identified as one of the future foods, whose essential macro and micro
nutrients make them better alternatives for animal than plant based food sources (Parodi et al., 2018).
Knowledge on the nutritional content of foods is important for selection and promoting consumption
of nutrient dense food. In Chapter 2, the consumer survey demonstrated that nutritional value of the
edible insects was considered as one of the major motives for consumption of edible insects.
According to Powell et al. (2015), lack of data on nutrient composition of wild foods limits studies to
quantify the contribution of wild foods to nutrient intake. The current study added data to the body of
data on nutritional composition of wild foods and confirmed that edible insects can be potential
nutrient dense foods, although differences exist based on geographical locations (Manditsera et al.,
2019). Given the diversity of wild harvested edible insects and variability in nutritional composition,

this thesis pointed to the need of more nutritional data with respect to geographical location.

Consumption of wild harvested edible insects could contribute substantially to the recommended daily
allowances (RDA) of proteins. The research in Chapter 3 showed that the studied species had a high
protein content as compared with other wild harvested and reared insects species (Rumpold &
Schliter, 2013a), even though we used a lower nitrogen conversion factor (4.76 compared to the usual
6.25) for calculating protein content. Addressing malnutrition requires sufficient intake of relevant
nutrients from the diet. Knowledge on protein content and/or quality of wild harvested insects helps
consumers make informed decisions on what insect species they could consume, to acquire the
recommended amounts of nutrients. In Chapter 2, we showed that a person could consume at least
509 of insects on average per day. Table 6.2 shows that a portion of 50g of boiled and roasted insects
provided between 7.71g and 9.65g of protein that could contribute to 15 to 19 % of the RDA of
proteins. Boiled and roasted insects results were used as it is the form the insects are commonly
consumed. Table 6.2 further shows a comparison with other protein rich sources being beef, beans and

eggs. The observed values for protein are within the range of values for beef and beans.

The diets of many sub Saharan Africa countries are characterised by cereals e.g. maize as a staple.
Limiting amino acids in cereals requires that other proteins should be included in the diets. The current
thesis also demonstrated that Eulepida mashona could complement tryptophan, a limiting amino acid
in maize, whereas Henicus whellani could not (Chapter 3). This indicated that not all edible insects
are able to complement the limiting amino acids in staple cereals (Manditsera et al., 2019; van Huis et
al., 2013a). Therefore, consumers should be encouraged to consume a variety of insects to increase
overall dietary diversity. Parodi et al. (2018) emphasised that future foods should be consumed as part

of a diverse diet to ensure that specific nutrient requirements are fulfilled or not exceeded.
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Table 6.2: Protein, iron, and zinc content and percentage contribution to RDA of 50g boiled and
roasted Eulepida mashona and Henicus whellani and raw common protein sources

Protein Iron (mg) Zinc %RDA %RDA %RDA

(9) (mg) protein iron zinc
Eulepida mashona 7.71 3.02 1.43 15.4 37.8 13.0
Henicus whellani ~ 9.65 7.79 243 19.3 97.4 22.1
Beef 11.6 0.9 23 23.2 11.3 20.9
Beans 11.7 5.2 1.85 23.4 65.0 16.8
Eggs 3.0 0.9 0.65 6.0 11.3 591

Furthermore, developing countries are now challenged with a double burden of malnutrition i.e.,
undernutrition co-existing with increasing rates of non-communicable diseases. This problem calls for
consumption of healthy foods, which are rich in micronutrients and low in fat content. The study in
Chapter 3 showed that wild harvested insects could be a healthy choice, because of their richness in
minerals, polyunsaturated fatty acids, and they have a desirable SFA/PUFA ratio (Manditsera et al.,
2019). Communities consuming wild harvested edible insects can benefit from the high mineral
content of the wild harvested edible insects (Chapter 3). However, the high variability in the mineral
content of insects harvested from different geographical region can result in consumers not getting the
same intake of minerals, depending on from which district the insects are harvested. Table 6.2 shows
that a portion of 50g of boiled and roasted insects provided between 3.02mg and 7.79mg of iron and
between 1.43mg and 2.43mg zinc that could contribute to up to 97.4% and 22.1% of the RDA of iron
and zinc respectively. The observed % RDA values for insects are within or above the values for beef,
beans and eggs indicating that insects for iron and zinc are comparable to other protein sources. To
improve the mineral intake, consumption of a variety of insect species is encouraged. This message
could be communicated to people already consuming the insects through nutrition education.

The results of the high variability in mineral content (Chapter 3) and low iron and zinc
bioaccessibility (Chapter 4) in edible insects, especially for crickets in this study, necessitates the
need to rethink that all edible insects can alleviate micronutrient deficiency, particularly iron and zinc
deficiencies. Various researches have concluded that edible insects can possibly combat iron and zinc
deficiency (Christensen et al., 2006; Mwangi et al., 2018; van Huis et al., 2013a). Since nutrition
security is beyond nutrient content, results reported in Chapter 4 showed that iron bioaccessibility is
low especially in crickets. Therefore, we concluded that not all edible insects could contribute
substantially in alleviating micronutrient deficiencies. In Chapter 4, we reported that Henicus
whellani (crickets) have a lower iron bioaccessibility (8.11%) than (Eulepida mashona) beetles
(30.7%) despite the higher iron content in crickets (15.25mg/100g FW) than beetles (6.40mg/100g
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FW). A study by Latunde-Dada et al. (2016) also confirmed these findings. The available wild
harvested edible insects therefore need to be screened based on the bioavailability of the minerals
rather than the mineral content. Moreover, there is a need to look into the different possibilities to
improve on the bioaccessibility. Furthermore, lessons can be learnt from iron-rich cereals for which
micronutrient bioavailability has been improved by certain household food preparation and processing
practices. Germination, fermentation, dehulling, and soaking are examples of techniques used to
improve the mineral bioaccessibility of cereals. The strategy can either induce hydrolysis of anti-
nutrients or cause passive diffusion of anti-nutrients from the cereals. However, different strategies

might be required for edible insects since the matrix differs from that of cereals.

The common domestic boiling process has a negative influence on the contribution of wild harvested
edible insects to nutrition security. In Chapter 4, we showed that domestic boiling reduced the protein
digestibility and mineral bioaccessibility of both beetles and crickets. Longer boiling of the insects
resulted in an increased loss of proteins and mineral into the boiling water. In practice, the remaining
water is not used, which decreases the possible intake of the nutrients. Nutritional deficiencies occur
when physiological requirements cannot be met by the absorption from the diet (Zimmerman and
Hurrell, 2007). Even a gram of protein or mineral lost during cooking could make a difference to a
person who is malnourished and in need of proteins or a particular mineral. It is therefore necessary to
communicate the results to practising communities to adopt minimal boiling and roasting in order to
ensure minimal loss of nutrients. However, local people usually believe that longer boiling of insects
improves the safety and softens the insects. The safety risks of edible insects inherent to the shorter
boiling and roasting need to be confirmed before the advice can be widely communicated. In addition,
communities could be encouraged to explore other preparation technique that minimise loss of

nutrients.

6.3.2 Transformation from the traditional to the commercial insect value chain

The current traditional insect value chain, which solely depends on wild harvesting, is characterised by
variability in the nutritional composition, uncontrolled processing conditions, and limited insect
products. In general, wild harvesting will be unsustainable because of growing demand for insect
products and rapid population growth (Kelemu et al., 2015). To increase the potential of contributing
to nutrition security, a transformation from traditional to commercial insect value chain would be
necessary. Commercial value chain requires standardised raw materials in terms of nutritional
composition. The findings in Chapter 3, about the variability in protein, fat and mineral content of
wild harvested edible insects from different geographical place of harvest showed that the protein
content variation in the investigated insects was rather low, which makes them a good constant raw
material source. However, the seasonal availability of the insects may limit its possibilities for supply

into commercial chains. Rearing insects is an important prerequisite to avail insects in large quantities
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(Kelemu et al., 2015). However, commercialisation of wild harvested insects just like any other non-
wood forest products can result in ecological consequences including resource depletion, changes in
biodiversity, and resource quality (Baiyegunhi & Oppong, 2016). Therefore, mass rearing would be
necessary to realise a commercial insect value chain that can supply to a large population. Through
mass rearing, the variability in nutritional composition of insects could be controlled and adjusted.
Through selection of species, consumer preferences can be acknowledged. Over the past years, in the
western countries, there has been a rise on captive rearing of edible insects and efforts have also
started in Africa (Ayieko et al., 2016; Dobermann et al., 2017). Rearing of currently, consumed insects

should be encouraged as it increases the chance of acceptance.

The knowledge gained on the domestic processing method (Chapter 4) and shelf life stability
(Chapter 5) can be useful in designing processing conditions for insects in the commercial value
chain. We demonstrated that boiling insects for 30 minutes or longer resulted in 25% reduction in
protein digestibility and about 50% reduction in iron and zinc bioaccessibility. It is therefore necessary
to optimise conditions or explore other processing methods to minimise loss of nutrients. Sun drying
of edible insect (investigated by drying at 40°C in Chapter 5) limited the shelf life of dried insects due
to high remaining water activity and occurrence of lipid oxidation. Any processing technique applied
to food products should balance between palatability, nutritional quality, and safety. Safety is a key
aspect that needs to be further investigated to realise the full potential of nutritious foods (Maestre et
al., 2017). In a commercial insect value chain, maintaining eating and keeping qualities is essential.

Thus, a need to design processing techniques that limit lipid oxidation in stored dried insects.

The protein content of edible insects is comparable to that of animal based and other emerging new
protein sources such as algal proteins (Loveday, 2019) (Chapter 3), presenting a possibility to be used
as a raw material for protein-based products. In developing countries, the impact of edible insects to
nutrition security in urban areas can be limited by the lack of availability of insects (Ayieko et al.,
2010; Manditsera et al., 2018; Obopile & Seeletso, 2013). In the survey in Chapter 2, we found
differences in insect consumption patterns and preferences between rural and urban consumers. Urban
consumers appreciated the nutritional value and medicinal properties of insects more compared to
rural consumers. As emphasised by Kelemu et al., (2015), people expand their food choices to fit their
culture and change in lifestyles. The insect-based food products should fit with consumer lifestyles of
different populations. Moreover, the success of insect-based foods can be also affected by appropriate
communication of valuable quality attributes that fit consumer demands (Alemu et al. (2017). It is
imperative that insect products are designed to cater for the needs and preferences of different groups.
Thus, an opportunity exists for a commercial insect value chain to design and develop a wide range of
edible insect products. As shown in Fig 6.1, the commercial value chain could go beyond whole
insects as the sole final product but consider other products and extraction of major components for
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use into other foods. Through the development of a commercial insect value chain, a diversification of
insect products could increase the uptake of insects.

6.4 Methodological considerations

This thesis is based on a case study of Zimbabwe and generalisations are made on the use of edible
insects for nutrition security in developing countries. Each country has its own food consumptions
patterns and more so differences can exist for different regions in same country. Availability and
accessibility of edible insects are not the same for all countries. Edible insects are traditional food
whose consumption could be linked to tradition and beliefs of people in a country. Given that diverse
beliefs exist, their impact on the extent of prevalence of insect consumption could be different.

However, similarities in insect consumptions exist (van Huis, et al., 2013)

The use of 6.25 factor has been reported to overestimate the protein content of insects. For the purpose
of this thesis, 4.76 nitrogen to protein conversion factor was used to calculate the protein content
(Janssen et al., 2017). However, the protein content could still be lower than reported. We calculated
conversion factors based on the amino acid profiling and nitrogen content, and found 4.65 and 3.83 for
Eulepida mashona and Henicus whellani, respectively. However, because of the variation that exists in

protein content of wild harvested insects, we could not use these conversion factors.

For this thesis, we used the in-vitro method to estimate the nutrient availability of the insects. The
harmonised INFOGEST protocol used in this thesis is well recommended for in-vitro studies. Whilst
the protocol resembles what happens during human digestion, it lacks chitinase, an enzyme that exist
in the human system of insect eating consumers. Furthermore, the subsequent methods for measuring
nutrient availability after digestion have limitations in getting the true picture of nutrient
bioavailability. In this study, the in-vitro methods only determined the release of the component from
the matrix in which it is present because of gastrointestinal digestion but did not evaluate absorption of
the released nutrient. The true nutrient bioavailability is beyond the release of nutrients as it has a
physiological or metabolic endpoint (Etcheverry et al., 2012) and is further influenced by host factors
such as age, genotype, etc. (Etcheverry et al., 2012).

Iron bioaccessibility based on solubility is sometimes not a reliable indicator of bioavailability
(Etcheverry et al., 2012). The method served well the purpose of determining the relative differences
that could exist in the insect species and processing methods. In vitro mineral bioaccessibility
methods are simple, rapid and inexpensive used as an alternative to human and animal in-vivo studies
(Cilla et al., 2018) method of screening foods for bioaccessibility (Fernandez-Garcia et al., 2009) and

influence of processing on mineral bioaccessibility (Etcheverry et al., 2012). Validation of the in vitro
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results using in- vivo studies is required to get the true nutrient bioavailability. In vivo studies are

expensive and very time consuming and is out of the scope of this thesis work.

Furthermore, composition of meals is of importance in bioavailability studies. In this study, we did not
consider the influence of meal composition on nutrient availability. In Zimbabwe, the survey results
(Chapter 2) showed that 77% of the insect consumers eat insects in combination with the staple maize
meal (Manditsera et al., 2018). Presence of anti- nutrient factors such as phytic acid, tannins, and

phenolics in cereal-based products could negatively influence bioaccessibility.

In this thesis, the in-vitro protein digestibility was based the degree of hydrolysis using O-
phthaldialdehyde (OPA) method. The method is limited in that it only quantifies primary amino
groups and it is not possible to know the resulting essential amino acids in the supernatant. In
Chapter 3, we reported that both raw insects met the FAO essential amino acid requirements. The
amino acid profiling was not performed after processing and digestion in Chapter 4, and it is possible
that some essential amino acids are lost during processing and could affect negatively on nutrition

security.

For the purpose of this thesis, we considered lipid oxidation as the limiting factor of shelf life of edible
insects. In Chapter 5, we monitored lipid oxidation through measuring volatiles lipid oxidation
products. Quantification of the volatiles was based on peak areas thus could not necessarily link the
concentrations to the smell. We thus recommend quantification of the volatiles so that they can be
linked to the threshold values. Moreover, a sensorial study should follow to get insights into how

people perceive the changes in the aroma of insects during storage.

6.5 Recommendation for research

The following are recommendations for further research based on the outcomes of the PhD research:

a) In this study, we were able to show that boiling and roasting influence mineral bioaccessibility
negatively. This thesis did not investigate the mechanisms behind the reported mineral bioaccessibility
and protein digestibility. The following are still unknown: a) the state in which minerals exist in the
insects b) mineral interaction with other food components c¢) how insect matrix affect protein
digestibility. Therefore, we recommend the investigation of the mechanisms of mineral
bioaccessibility and protein digestibility to be undertaken. Moreover, insights into how different
processing techniques modify the insect matrix are required to understand mechanisms that affect

protein digestibility and mineral bioaccessibility.
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b) This study focused on lipid oxidation as one of the possible limiting factors of shelf life of edible
insects. However, other factors could have an influence on the physical, chemical, and biological shelf
stability of edible insects as well. Therefore, further investigations could elaborate in more detail the
main shelf life limiting factors and underlying mechanisms to optimise storage and packaging
conditions. More specifically, regarding the lipid oxidation study, we focussed on drying and storage
temperatures, whereas packaging could play a role in maintaining the quality properties of edible

insects, which needs further investigation.

c) This thesis explored consumptions patterns of insects (what, how, when and how much) but to
develop insect value chain for sustainable consumption, further research is needed to gain insight in
factors determining consumption dynamics of fresh and processed insects and insect-based products.

6.6 Conclusion

The studies in this thesis have shown that wild harvested insects have a potential to contribute to the
nutrition security of people who are currently consuming insects. First, it became clear that traditional
insect consumption is an existing practise for the majority of the population of rural and urban areas in
Zimbabwe, although the lack of availability in urban areas is a factor that limits the actual intake/
frequency of consumption. Data on the nutritional composition and nutritional quality of Eulepida
mashona and Henicus whellani as a case study justified the current traditional insect value chain, also
when the variability in composition with harvesting location is taken into account. However, to
increase benefits from the nutritional composition, the current traditional processing practices need
modifications to ensure optimal nutritional. In addition, there is a need to dry insects at high
temperatures and identify optimal packaging material to improve shelf life of dried insects.The thesis
also provides a scientific knowledge basis for expanding the understanding of mineral and protein
bioavailability in edible insects. Insights provided by this thesis, suggested that wild harvested edible
insects can be treated just like any other food material that can have a formal supply chain, whereby
quality of primary products, processing/ storage conditions, and compliance to consumer preferences
are of importance. As such, the traditional insect value chain can co-exist with and/or could develop
into a commercial insect value chain, whereby rearing will improve the availability of edible insects
especially for the urban population. The knowledge on the key aspects related to insect consumption
i.e. composition variability, processing conditions, nutrient availability, shelf stability, and consumer

preferences could be used to support transforming traditional value chains into a commercial ones.
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SUMMARY

Entomophagy (practise of eating insects) is a traditional practice in many countries and has the
potential to contribute to food and nutrition security. Edible insects are identified as a valuable source
of proteins and micronutrients with the potential to contribute in alleviating malnutrition especially in
developing countries where the practice is traditional. In these countries, the communities depend
mostly on collection of the insects from the natural environments and the edible insect value chain is
mainly traditional and limited to household level. However, knowledge on the actual contribution of
wild harvested insects to nutrition security is still limited as there are limited studies to this effect.
Thus, the aim of this study was to investigate how wild harvested edible insects can contribute to
nutrition security in developing countries. In this study, we used two wild harvested edible insects
(Eulepida mashona and Henicus whellani) consumed in Zimbabwe as case study.

Chapter 2, aimed to obtain insight into insect consumption patterns amongst rural and urban
populations in Zimbabwe and the factors that may influence these patterns. Survey data of 200 urban
and 175 rural respondents showed that insect consumption was significantly higher in rural (89.7%)
than in urban (80.0%) areas. Rural respondents (63.9%) consumed insects more than three times a
week on average as compared to urban (14.5%) respondents. Taste was the main motive of
consumption for respondents in both the rural (89.2%) and urban areas (74.4%). Respondents in urban
areas more often reported nutritional value (74.4%) and medicinal properties (28.1%) as important
motives for consumption compared to rural respondents (51.0% and 15.3%, respectively). Availability
of edible insects influences both urban (64.0%) and rural (83.0%) respondents’ consumption of

insects.

Despite the potential contribution of wild harvested edible insects to nutrition security, their nutritional
composition is often unknown. Therefore, in Chapter 3, we investigated the nutritional composition
and variation in the nutritional composition with respect to geographical place of harvest in Zimbabwe
of two commonly consumed wild harvested insects i.e., Eulepida mashona (beetle) and Henicus
whellani (cricket). The results showed that the protein content ranged between 52-56% (Eulepida
mashona) and 59-70% (Henicus whellani), which is comparable to that of animal-based protein
sources. Essential amino acids of both insect species did meet the WHO/FAQO (277 mg/g protein)
requirement for adult humans. In addition, the high tryptophan concentration (8.68mg/g protein) found
in Eulepida mashona offers possibilities for using this insect in complementing this limiting amino
acid in maize. The fat content of both species was low (<10%), but differed significantly between
sampling districts. In addition, the PUFA/SFA and omega 6/3 ratios of both species are
recommendable for a healthy diet. The iron (24.2- 52.9mg/100g) and zinc content (10.0-20.9mg/100g)

are high for both species, making them a useful mineral-containing ingredient for food enrichment.
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However, nutritional content is only beneficial when proteins are digestible and minerals
bioaccessible. More so, processing can affect the digestibility and bioaccessibility of these nutrients. In
Chapter 4, we therefore determined the effects of domestic processing on protein digestibility and
mineral bioaccessibility of the two insect species. Boiling of both insects resulted in loss of protein as
it leached into the boiling water. The raw insects had a higher protein in vitro digestibility than the
boiled and roasted insects, and the maximal decrease in protein digestibility was around 25% for twice
boiling of the beetles and for boiled and roasted crickets. For both insect species, boiling resulted in a
non-significant loss of iron and zinc. Iron was the least bioaccessible mineral in both insects. Beetles
had a much higher iron bioaccessibility (30.7%) as compared to crickets (8.11%). Boiling resulted in
about 50% decrease in iron and zinc bioaccessibility in both species while roasting did not. Despite the
decrease in protein digestibility and mineral bioaccessibility of the two species, consumers can still

benefit from the high protein and mineral content.

Seasonality and geographical availability can limit the potential contribution of wild harvested insects
to food and nutrition security. Traditionally, insects are sun dried. Therefore, it is necessary to extend
shelf life of harvested insects by drying to improve availability. However, lipid oxidation can affect
shelf life of dried insects. As such, in Chapter 5 we investigated the influence of grinding, drying, and
storage conditions on lipid oxidation, particularly the formation of secondary lipid oxidations
compounds, in Henicus whellani and Eulepida mashona. Insects were dried at 40°C (mimicking sun
drying) and 100°C (possible high temperatures that could be used to dry insects), and subsequently
stored at 4°C and 50°C. Drying of Henicus whellani and Eulepida mashona at 40°C resulted in a water
activity of 0.35 and 0.43 respectively, while drying at 100°C resulted in a water activity of 0.14 and
0.16, respectively.

Results showed a higher concentration of malondialdehyde for insects dried at 100 °C compared to
those dried at 40 °C, indicating an increase in lipid oxidation for both insect. Monitoring the
concentration of the volatile lipid oxidation products (VLOPS) revealed that lipid oxidation occurred
during storage at 4°C and 50°C for both insect species. However, the peak concentration of VLOPs
was at 4weeks of storage for insects dried at 40 °C, and at 2 weeks of storage for insects dried at 100
°C. The concentrations of VLOPs (hexanal, heptanal, nonanal, hexanoic acid, octatonic acid, and
nonanoic acid) provided accurate information on the influence of drying and storage conditions.

However, further sensory analysis is required to link the volatiles to perceived smell.

Chapter 6 discusses the integrated findings of the present study and presents a broader outlook on
how wild harvested edible insects can contribute to the nutrition security of people who are currently
consuming insects. The high protein and mineral content of wild harvested insects justifies the current
traditional insect value chain. Suggestions on how consumers can get best of the nutritional value of
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Summary

wild harvested insects are given. In addition, due to the shortfalls of the traditional insect value chain,
possible pathways to transform the traditional insect value chain to a commercial insect chain are

discussed.
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