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A B S T R A C T   

As the world’s population expands, edible insects have been proposed as a food source that might address issues related to nutrition, health, the 
environment, and the economy. This study aimed to create a novel biscuit by adding Macrotermes subhylanus (M. Subhylanus) flour to wheat flour in 
various concentrations (5,10, 15 and 20 %). The moisture content of the insect composite flours varied between 6.83 % and 7.76 %, whereas the 
moisture content of the biscuits ranged from 2.86 % to 7.90 %. A significant difference (p < 0.05) was noted in the protein content of both the 
composite flours and biscuits as the concentration of insect flour increased, with values ranging from 15.03 % to 21.52 % for the flours and 17.38 % 
to 20.63 % for the biscuits. The lightness (L*) of the composite flours significantly decreased (p < 0.05) with higher additions of edible insect flour, 
whereas the redness (a*) and yellowness (b*) attributes did not show any statistical differences (p > 0.05). The biscuits were generally darker than 
the composite flours, as indicated by substantially lower L* values. The water activity of the biscuits was between 0.44 and 0.67. Sensory evaluation 
revealed that the substitution level (up to 15 %) is ideal for preparing acceptable insect-based biscuits. The panellist perceived no significant 
differences (p > 0.05) in terms of the texture between the insect-enriched biscuits and the control, except for MZ-20. The absence of pathogenic 
microogranisms in all baked biscuits containing edible insect flour highlights the effectiveness of heat treatment, ensuring that the biscuits meet 
microbiological safety guidelines. Additionally, Macrotermes subhylanus flour shows promise as a novel functional ingredient for the food industry.   

1. Introduction 

The vital role of edible insects in enhancing food and nutrition security has received considerable attention in policy development, 
production, research and development and consumer studies. Edible insects have garnered a lot of attention lately because of their 
potential to address concerns with food safety brought on by the projection that the world’s population will increase to 9.5 billion 
people by 2030 [1,2]. Entomophagy, the practice of consuming insects, has long been established in regions such as Africa, South 
America, and Southeast Asia, yet it remains relatively unfamiliar to many Western societies [3–5]. According to Van-Huis [6], two 
Billion people consume insects as part of their diet, which is considered a solution to mitigate food security problems and the increase 
in food prices worldwide. The increase in food prices, poverty and malnutrition has prompted the search for affordable, alternative, 
sustainable protein sources. Insects are rich in protein [4,7,8], fat [9,10], vitamins and minerals [11,12], and are emerging as viable 
alternative sustainable food sources compared to traditional protein sources [7,13]. It was Meyer-Rochow [14] who suggested as early 
as 1975 that rearing edible insects for food is a viable strategy that may help ensure global food security. 

Termites (Macrotermes subhylanus, M. subhylanus), also called isusu in Nigeria and madzhulu in Venda, are gregarious insects that 
are traded in informal marketplaces in South Africa. They are consumed as whole insects and are most prevalent in KwaZulu Natal and 
Limpopo provinces [2]. However, in certain metropolitan regions in Western and African countries, insects are not considered as a 

* Corresponding author. 
E-mail address: mshayisav@cput.ac.za (V.V. Mshayisa).  

Contents lists available at ScienceDirect 

Heliyon 

journal homepage: www.cell.com/heliyon 

https://doi.org/10.1016/j.heliyon.2024.e32702 
Received 27 December 2023; Received in revised form 4 June 2024; Accepted 6 June 2024   

mailto:mshayisav@cput.ac.za
www.sciencedirect.com/science/journal/24058440
https://www.cell.com/heliyon
https://doi.org/10.1016/j.heliyon.2024.e32702
https://doi.org/10.1016/j.heliyon.2024.e32702
https://doi.org/10.1016/j.heliyon.2024.e32702
http://creativecommons.org/licenses/by-nc/4.0/


Heliyon 10 (2024) e32702

2

source of protein. In addition, insects as food are regarded as a cultural “taboo”, with the general attitude of disgust, high price, poor 
sensory appeal and unfamiliarity [1,15]. Therefore, lower consumer acceptance and attitudes towards edible insects are barriers that 
the food industry needs to overcome to successfully incorporate edible insects in food products. Research has shown that when edible 
insects are added to food items in invisible ways, people are ready to eat them [16–18]. This raises the possibility of developing novel 
foods utilizing insects, especially in areas where traditional methods are unlikely to be embraced due to a lack of sensory appeal. 
Therefore, incorporating processed insects into food products such as biscuits, sausages, bread, cookies, pasta, muffins, and dressings 
and researching ways to improve insect flours will ensure the availability of nutritious and healthful food items. 

Based on the nutritional value of edible insects, the scientific community has already begun to investigate how to utilise this new 
food source to create fortified foodstuffs. In a study by Zielińska and Pankiewicz [19], biscuits enriched with mealworm flour (Tenebrio 
molitor) showed increased protein and ash contents. The textural and sensorial properties of muffins were affected significantly by the 
incorporation of grasshopper (Locusta Migratoria) flour [20]. While in bread formulations containing cinereous cockroach (Nauphoeta 
cinerea), de Oliveira [21] reported that bread enriched with 10 % roasted insect flour had acceptable sensorial properties. Moreover, 
defatted Macrotermes subhylanus sorghum composite flour significantly improved the biscuits’ protein content, and sensory analysis 
showed that the biscuits were acceptable up to 25 % DMF incorporation [22]. To ascertain the impact of insect powders on the 
techno-functional, nutritional, microbiological safety, and organoleptic qualities of baked products prepared with these unique in
gredients, a great deal of research is necessary. To our knowledge, however, little is known about the impact of adding M. subhylanus 
(Madzhulu) flour to biscuits. Therefore, the aim of this study was to investigate the effect of edible insect flour incorporation in 
wheat-based composite flours and novel biscuits. The nutritional, physicochemical, microbiological and sensorial properties were 
established with the view to produce novel insect-based biscuits. 

2. Materials and methods 

2.1. Preparation of composite flour and biscuit 

Edible insect flour (M. subhylanus) was prepared following the protocol described by Vanqa et al. [2] with minor adjustments. Dried 
M. subhylanus edible insects were procured from local vendors (Limpopo province, South Africa). A laboratory blender (Bamix, Cape 
Town, South Africa) was used to grind and mill the edible insects. The proximate composition of this flour was (Protein = 52,74 %, Ash 
= 6.41 %, Moisture = 6.40 %, crude fat = 6.36 %). To prepare an insect-wheat composite flour, M. subhylanus flour with varying 
concentrations (0, 5, 10, 15 and 20 %) was mixed with wheat flour. Following the product formulation in Table 1, the novel edible 
insect-enriched biscuits were prepared. All ingredients were mixed and kneaded at high speed to prepare the insect biscuits in a 
laboratory mixer (Kenwood, model KM240 series, United Kingdom) for 10 min. After a 20-min resting period, the dough was rolled out 
to a thickness of 5 mm using a rolling pin with side rings and a diameter of 30 mm. The biscuits were subjected to an oven (Macadams, 
Johannesburg, South Africa) and baked at 180 ◦C for 20 min. After baking, the biscuits were cooled immediately for 10 min prior to 
being packaged in polyethene bags. The prepared samples were sealed and stored at ambient temperature until they underwent 
chemical analysis and sensory evaluation. Using the same methodology, biscuits prepared exclusively with 100 % wheat flour served 
as the control. 

2.2. Chemical composition analyses 

2.2.1. Proximate analysis 
The chemical composition of the freshly baked biscuits, including moisture (925.10), crude fat (932.06), and ash content (923.03), 

was determined using methods outlined by the Association of Official Analytical Chemists International (AOAC, 2006). The total 
protein content was assessed via the Kjeldahl method (920.87), with a nitrogen-to-protein conversion factor of 5.60, as recommended 
by Janssen et al. [23]. The moisture content was determined by drying the sample in a vacuum oven at 105 ◦C for 3 h. After drying, the 
sample was placed in a desiccator to cool and then weighed, repeating this process until a constant weight was achieved. Crude fat 
content was measured by extracting fats using a Soxhlet apparatus with petroleum ether, followed by drying. The ash content was 
quantified by combusting the samples in a silica crucible at 550 ◦C in a muffle furnace. Total carbohydrate content was determined by 
difference. The biscuits’ energy content was assessed using the calculation method from Farzana & Mahajan [24] using the formula: 

Energy (Kcal
100g

)

= 4 (% Carbohydrate + % Protein) + (9 × %fat) 

Table 1 
Product formulations for edible insect-enriched biscuits.  

Ingredients Control MZ-5 MZ-10 MZ-15 MZ-20 

Wheat-flour(g) 100 95 90 85 80 
M.subhylanus flour (g) 0 5 10 15 20 
Sugar (g) 130.0 130.0 130.0 130.0 130.0 
Butter (g) 240.0 240.0 240.0 240.0 240.0 
Egg (g) 94.0 94.0 94.0 94.0 94.0 
TOTAL 564 g 564 g 564 g 564 g 564 g 

a Control = 100% wheat flour, MZ-5 = 5%, MZ-10 = 10%, MZ-15 = 15%, MZ-20= 20%, M. subhylanus flour substitution. 
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2.2.2. Pasting properties of edible insect-enriched flours 
The pasting properties of insect-wheat flour blends were analysed using a Rapid Viscosity Analyzer (Perten Instruments, Tecmaster, 

Sweden). The study included control wheat flour and wheat flour mixed with M. subhylanus powder at concentrations of 5 %, 10 %, 15 
%, and 20 %. For each sample, 3 g of flour with a known moisture content were weighed into aluminum RVA canisters, and distilled 
water was added based on the moisture content of each sample as calculated by the program. The samples were initially heated to 50 ◦C 
and held at this temperature for 1 min[25]. Then, the sample was heated up to 95 ◦C and held at that temperature for 2.5 min and the 
sample was cooled down to 50 ◦C. The values obtained from the pasting profile included pasting temperature (the temperature at 
which starch granules begin to swell), peak viscosity (the maximum viscosity achieved by the paste), breakdown viscosity (the dif
ference between the maximum and minimum viscosities during heating), final viscosity (the viscosity measured at the end of the 
cooling period), and setback viscosity (the difference between the final viscosity and the minimum viscosity during cooling). 

2.3. Physicochemical analysis 

2.3.1. Colour analysis 
The colour of the composite flouts and biscuits was assessed according to the method described by Krystyjan et al. [26]. The upper 

surface colour was measured using a Konica MINOLTA CM-3500d spectrophotometer (Konica Minolta Inc., Tokyo, Japan) under 
illuminant D65 and a 10◦ viewing angle. The results were recorded in the CIELab colour space, determining the following parameters: 
L* (lightness, with L* = 0 indicating black and L* = 100 indicating white), a* (indicating the extent of green when a* < 0 or red when 
a* > 0), and b* (indicating the extent of blue when b* < 0 or yellow when b* > 0). The colour change (ΔE) was calculated, where 
indices 0 and s represent the measured values of wheat flour, wheat-insect flour composites, and biscuit samples. The measurements 
were carried out on the day of baking. 

ΔE=

̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅

(L0 − Ls)
2
+ (a0 − as)

2
+ (b0 − bs)

2
√

2.3.2. Determination of water activity 
The water activity (aw) of edible M. subhylanus composite flours and biscuits was analysed following the procedure outlined by 

Vanqa et al. [2] with minor adjustments. Three different salt humidity standards, set at 53 %, 75 %, and 90 % relative humidity, were 
employed to calibrate the measurement cell. A five gram sample of either insect flour or ground biscuit was placed into a sample dish 
and inserted into the instrument (Novasina, AW SPRINT 500, Zurich, Switzerland). The cell’s measuring protection filter was promptly 
sealed, and readings were taken after an interval of 60–80 s. Each sample was analysed in triplicate. 

2.3.3. Texture profile analysis of biscuits 
The textural properties of the insect-enriched biscuits were evaluated using the method reported by Suriya et al. [27]. The hardness 

of baked biscuits was examined in terms of breaking strength using a Texture analyser (Instron 3340, Grove City, United States of 
America). The Instron was configured to reset to its initial cycle at a velocity of 1.5 mm.s− 1 and a displacement of 15 mm. This setup 
simulates the consumer evaluation of biscuit hardness, where the biscuit is held and broken by bending. The maximum force recorded 
from the resulting curve represents the biscuit’s breaking strength. 

2.3.4. Determination of physical properties 
The method described by Suriya et al. [27] was employed to analyze the physical attributes of the control biscuits and those 

enhanced with edible insect. The mass (weight) of the biscuit was assessed utilizing the analytical balance (ELB3000, Shimadzu, 
Japan), while the dimensions of the biscuit, including thickness (the vertical distance between the upper and lower surfaces) and width 
(the horizontal span across the biscuit), were measured using a Vernier calliper. The spread ratio of the baked edible insect-enriched 
biscuits was calculated as the quotient of their width to thickness. 

2.3.5. Microbial safety assessment of biscuits 
The presence of aerobic mesophilic bacteria was determined using 10-fold serial dilution (Harrigan and McCance, 1990). To one 

gram of the sample, 10 mL of the saline water was added and thoroughly shaken to displace microorganisms. Successive dilutions were 
performed in a decadic manner by combining 1 mL of the preceding dilution with 9 mL of freshly prepared diluent solution. Lastly, 1 
mL of an appropriate dilution was placed in a Petri dish; the appropriate sterilised agar (Nutrient Agar) was poured into the Petri dish, 
allowed to cool, solidify and incubated at 37 ◦C for 48 h. After the incubation period, visible colonies were enumerated and recorded. 
The presence of total coliforms, Escherichia coli, Salmonella species, Staphylococcus aureus, Listeria monocytogenes, and Bacillus cereus 
was determined analogously to the enumeration of aerobic mesophilic bacteria, albeit utilizing specific culture media: MacConkey 
agar (MCA), Eosin methylene blue agar (EMB), Salmonella-Shigella agar (SSA), Mannitol salt agar (MSA), Palcam Agar, and Mannitol 
yolk polymyxin agar (MYP), respectively. These cultures were then incubated at 37 ◦C for 48 h. In parallel with the enumeration of 
aerobic mesophilic bacteria, counts of fungi (including yeast and mould) were conducted by employing Potato Dextrose Agar (PDA) 
and subjected to incubation at 25 ◦C for 72 h. 
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2.4. Sensory evaluation of biscuits 

The organoleptic acceptability analysis was conducted among 50 untrained panellists from a Univerisity of Technology (UoT) in the 
Western Cape South Africa. Sensory evaluation assessments were conducted within a sensory laboratory containing 14 demarcated 
booths, maintained at an ambient temperature ranging from 28 to 30 ◦C, and illuminated with white light. Samples, enclosed in 
polystyrene packaging and labelled with unique three-digit identifiers, were presented randomly to panellists at 30-min intervals. 
Panellists received instructions to cleanse their palates with water between each sample evaluation. The evaluation of the insect- 
enriched biscuits among the panellists was based on the following attributes: appearance, colour, aroma, taste, texture, and overall 
liking on a 5-point hedonic scale, with 1 representing the least score (dislike very much) and five the highest score (like very much). 
This study obtained approval from the Ethics Committee of the Faculty at the institution (Approval Number: 215062965/05/2021) 
and was conducted in compliance with applicable regulations and guidelines. Prior to participating in the sensory evaluation of the 
novel insect-enriched biscuits, participants provided voluntary consent by completing a consent form. 

2.4.1. Statistical analysis 
Statistical analyses were carried out using SPSS software version 29.0 (2005) (SPSS Inc., Chicago, IL, USA). All measurements were 

conducted in triplicate for each sample unless otherwise specified. The means and standard deviations of the results are displayed. The 
multivariate analysis of variance (MANOVA) was utilized to identify significant differences (p < 0.05) between treatments. Duncan’s 
multiple range test was then performed to separate means when differences were found. Principal component analysis (PCA) was 
applied to evaluate the proximate, physicochemical, and textural properties of the biscuits. Graphs and figures were produced using 
Origin software version 9.9 (Origin Labs, Northampton, MA, USA). 

3. Results and discussion 

3.1. Proximate composition of insect-enriched composite flours and biscuits 

The proximate composition of Macrotemes subhylanus-wheat (MZ) composite flours and biscuits is reported in Table 2. 
M. subhylanus is a valuable source of highly nutritious compounds, especially proteins. Edible insects are recognized for their high 
protein content, and M. subhylanus, in particular, has been found to contain 52.74 % protein [2]. The addition of 20 % (MZ-20) 
M. subhylanus flour significantly increased (p < 0.05) the protein content of the composite flour when compared to the control. The 
moisture content of the insect-wheat flour composite flours is shown in Table 2 and it can be seen that it ranged from 6.83 to 7.76 %. 
The control (wheat flour) and the composite flours containing M. subhylanus edible insects did not differ significantly (p > 0.05). In 
addition, the biscuits enriched with insect flour contained a significantly higher (p < 0.05) moisture content compared to the control 
(2.26 %). A product’s nutritional makeup is crucial, and moisture content has significant effects on packing, transportation conve
nience, and preservation [28]. Higher moisture content may lead to reduced shelf-life due to microbial growth and softer biscuits 
compared to the control. The crude protein content of M. subhylanus-wheat composite flours ranged from 15.03 to 21.52 %. This effect 
was expected since M. subhylanus flour contains the highest protein among all ingredients in the formulation; hence, its content causes 
a comparative increase in protein content in the end product. The highest protein content was observed in MZ-20, which is signifi
cantly higher than the control (p < 0.05). A similar trend was observed regarding the biscuits enriched with M. subhylanus flour, with 
MZ-20 exhibiting significantly (p > 0.05) higher protein content. The findings of this study align with those documented by Koffi et al. 
[22], who examined the effect of defatted M. subhylanus and sorghum-enriched biscuit, which contained 21.66 ± 0.40 protein for the 
highest concentration (25 %). No statistically significant (p < 0.05) differences were observed in the crude fat content of the biscuits 
enriched with M. subhylanus insect flour. The crude fat content of the composite flour was lower than that of the biscuits since the 
butter added as an ingredient in the formulation contributed to the high fat content in the final biscuit. In terms of the biscuits’ 
moisture content, there was not a significant difference (p > 0.05). The findings of this study align with previous research, 

Table 2 
Proximate composition of M. subhylanus composite flours and Biscuits.  

Sample Moisture (%) Ash (%) Crude Protein (%) Fat (%) Carbohydrates (%) Energy (KJ) 

M. subhylanus-wheat composite flours 
Control 7.71 ± 0.27a 1.72 ± 0.53a 16.64 ± 2.81ab 1.18 ± 0.21ab 72.75 ± 3.42b 368.19 ± 3.61a 

MZ-5 6.83 ± 0.35a 2.61 ± 0.30ab 15.03 ± 0.26a 0.94 ± 0.03a 74.59 ± 0.32b 366.91 ± 2.22a 

MZ-10 7.74 ± 0.41a 2.58 ± 0.30ab 16.94 ± 1.10ab 1.73 ± 0.62bc 71.01 ± 1.12b 367.37 ± 5.24ab 

MZ-15 7.29 ± 0.70a 5.59 ± 3.25b 18.84 ± 0.28b 2.21 ± 0.49c 66.07 ± 4.21a 359.53 ± 12.98a 

MZ-20 7.76 ± 1.07a 2.80 ± 1.31ab 21.52 ± 0.22c 1.83 ± 0.15bc 66.10 ± 1.56a 366.92 ± 4.41ab 

Biscuits enriched with M. subhylanus flour 
Control 2.66 ± 0.22a 7.21 ± 0.11b 11.75 ± 2.17a 12.86 ± 0.49a 65.52 ± 2.67b 425.00 ± 4.00a 

MZ-5 2.86 ± 0.25a 3.19 ± 0.17a 17.38 ± 0.99c 16.60 ± 7.87a 59.98 ± 8.95ab 458.67 ± 38.08c 

MZ-10 6.13 ± 0.17b 6.78 ± 0.23b 14.63 ± 0.52b 15.22 ± 0.49a 57.23 ± 0.54a 424.33 ± 4.16ab 

MZ-15 7.90 ± 0.21b 2.84 ± 1.01a 18.36 ± 1.52cd 15.90 ± 0.80a 54.99 ± 1.81a 436.67 ± 6.51abc 

MZ-20 6.13 ± 0.23b 3.25 ± 1.64a 20.63 ± 0.73d 15.04 ± 1.63a 54.95 ± 1.47a 437.33 ± 9.29abc 

Means in a column followed by different letters are significantly different (p < 0.05). Proximate values are expressed in g/100 g Control = 100% 
wheat flour, MZ-5 = 5%, MZ-10 = 10%, MZ-15 = 15%, MZ-20= 20%, M. subhylanus flour substitution. 
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demonstrating that incorporating insect flour as an ingredient enhances or alters the nutritional composition of food products like 
chocolate chip cookies [29], muffins [30], snack fillings [31], porridge [32], and bread [33]. Therefore, given its nutritional prop
erties, M. subhylanus insect flour shows promise to be utilized as an innovative/novel ingredient in various food applications. 

3.2. Pasting properties 

Pasting property evaluation is a fundamental aspect of assessing the structural and functional characteristics of flour ingredient 
samples, which is pivotal in determining their potential applications in industrial processing. By simulating real food production 
processes, the analysis of various pasting parameters becomes crucial for predicting both the sensory attributes and the potential 
industrial uses of the sample. The pasting properties of insect-enriched flours are shown in Table 3. Peak viscosity (PV) indicates the 
starch’s capacity to absorb water and is commonly used as a measure of its thickening ability [34]. The PV of the wheat flour enriched 
with M. subhylanus insect flour ranged from 1146 to 2678.67 cP. Among the flours containing edible insects, the highest PV was 
observed on the samples with 5 % edible insect flour. Significantly (p < 0.05) higher PV for the control could be attributed to its high 
starch content. The trough/holding viscosity values ranged from 542.67 to 1021 cP. Notably, the insect-containing flour at low 
concentration addition (MZ-5) exhibited the highest trough viscosity (p > 0.05). Conversely, the trough viscosity of MZ-20 was 
significantly lower (p > 0.05) compared to the control sample. The trough viscosity is influenced by variables such as the rate of 
amylose exudation, granule swelling, and amylose lipid-complex formation [35]. At low concentrations of insect flour addition (MZ-5), 
there might be a higher proportion of amylose present relative to the overall flour composition. Amylose molecules tend to leach out of 
starch granules and form a gel network during heating, contributing to increased viscosity. Thus, the increased trough viscosity noted 
in MZ-5 may result from the elevated amylose levels and the consequent formation of a gel. Moreover, MZ-15 displayed a significantly 
lower (p > 0.05) breakdown viscosity compared to MZ-5. This disparity could be attributed to the varying amylose content of the 
starch due to the increase in edible insect flour concentration. Furthermore, setback viscosity, a measure of the retrogradation ten
dency of flour gel during cooling, varied significantly (p > 0.05) from 781.67 to 1805 cP. Retrogradation occurs due to hydrogen 
bonding among starch molecules with hydroxyl and hydrogen acceptor sites. 

Another important parameter, the pasting temperature, which indicates the onset of viscosity rise, ranged from 83.47 to 89.87 ◦C. 
Notably, the addition of insect flour significantly (p > 0.05) increased the pasting temperature. MZ-15 exhibited the highest pasting 
temperature among the insect-enriched flours. This phenomenon could be due to the larger particle size and edible insect protein 
content (Table 2) compared to the control (wheat flour). These results are similar to those Aleman et al. [29] reported in wheat flour 
chocolate-chip cookies enriched with cricket flour (Acheta domesticus). The incorporation of M. subhylanus flour resulted in a decrease 
in peak, final and setback viscosity. Moreover, Khuenpet et al. [36] also reported a decrease in peak and breakdown viscosity of 

Table 3 
Pasting properties of wheat flour enriched with edible insect M. subhylanus.  

Sample Peak Viscosity 
(cP) 

Trough 
Viscosity (cP) 

Breakdown 
Viscosity (cP) 

Final viscosity 
(cP) 

Setback 
Viscosity (cP) 

Time to Peak 
Viscosity (min) 

Pasting 
Temperature (◦C) 

Control 
(wheat 
flour) 

2678.67 ±
8.08e 

1021.00 ±
3.46e 

1658.33 ± 5.77e 2821.00 ±
1.73a 

1805.00 ±
3.46e 

8.92 ± 0.01a 83.48 ± 0.04a 

MZ-5 1881.33 ±
0.58d 

944.33 ± 4.04d 941.00 ± 3.46d 2295.00 ±
3.46b 

1356.67 ±
9.81d 

9.14 ± 0.11a 88.29 ± 0.06b 

MZ-10 1652.33 ±
0.58c 

771.00 ± 3.46c 885.00 ± 3.46c 1914.33 ±
5.77c 

1143.67 ±
2.89c 

9.23 ± 6.35c 88.64 ± 0.01c 

MZ-15 1146.00 ±
3.46a 

542.67 ± 9.81a 608.00 ± 1.73a 1328.33 ±
5.77a 

781.67 ±
10.97a 

9.13 ± 0.01a 89.87 ± 0.06e 

MZ-20 1383.67 ±
2.31b 

693.67 ± 2.89b 695.00 ± 3.46b 1639.33 ±
5.77b 

939.67 ± 7.51b 9.12 ± 1.15b 89.52 ± 0.06d 

Values are mean ± standard deviation. Values with different superscript letters in the same column are significantly different (p < 0.05). Control =
100% wheat flour, MZ-5 = 5%, MZ-10 = 10%, MZ-15 = 15%, MZ-20= 20%, M. subhylanus flour substitution. 

Table 4 
Pasting properties of wheat flour enriched with edible insect M. subhylanus.  

Sample Composite flours Insect flour-enriched biscuits 

L* a* b* Δ E L* a* b* Δ E 

Control 93.03 ± 0.15e 1.15 ± 0.43a 9.58 ± 0.58a - 79.70 ± 0.22e 5.97 ± 0.55a 31.27 ± 1.09b – 
MZ-5 89.23 ± 0.08d 1.68 ± 0.08ab 8.71 ± 0.66ab 4.00 ± 0.10a 59.41 ± 0.25c 8.54 ± 0.72c 30.16 ± 0.54 20.49 ± 0.32b 

MZ-10 86.22 ± 0.10c 1.81 ± 0.30b 8.47 ± 0.45a 6.90 ± 0.20b 67.97 ± 0.17d 7.46 ± 0.38b 29.52 ± 1.51ab 12.01 ± 0.38a 

MZ-15 84.17 ± 0.08b 1.92 ± 0.33b 9.00 ± 0.47ab 8.90 ± 0.10c 54.14 ± 0.21b 9.17 ± 0.37c 27.68 ± 0.21b 37.94 ± 20.47c 

MZ-20 81.53 ± 0.17a 1.98 ± 0.42b 9.49 ± 0.41b 11.50 ± 0.20d 45.74 ± 0.23a 8.65 ± 0.54c 24.31 ± 1.50a 34.79 ± 0.10c 

Values are mean ± standard deviation. Means within a column followed by the same superscript are not significantly (p > 0.05) different. L* =
Lightness, a* = Redness, b* = Yellowness. Control = 100% wheat flour, MZ-5 = 5%, MZ-10 = 10%, MZ-15 = 15%, MZ-20= 20%, M. subhylanus flour 
substitution. 
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mealworm (Tenebrio molitor) enriched flours. To our knowledge, this study represents the pioneering exploration into the pasting 
characteristics of insect-enriched flours derived from M. subhyalinus sourced from South Africa and evaluates their viability for uti
lization in bakery settings. 

3.3. Physicochemical properties 

3.3.1. Colour 
The colour of food is a crucial attribute that greatly impacts how it is perceived and accepted by consumers. This physicochemical 

property of food products can be easily evaluated, and the results are presented in Table 4. The Lightness (L*) of the composite flours 
demonstrated a notable decrease (p < 0.05) with an increase in the inclusion of edible insect flour. Notably, MZ-20 exhibited a 
significantly reduced luminance compared to the control sample, indicative of darker composite flours consequent to insect flour 
addition. Furthermore, the redness (a*) attribute significantly escalated (p < 0.05), reaching a peak of 1.98 in the composite flours. 
Total colour difference (ΔE) signifies the magnitude of colour change between the test and control samples [37], which was more 
pronounced as the concentration of the insect flour increased. This result confirms that the colour changes in the biscuits were 
noticeable enough for customers to notice them. Previous investigations have shown that a colour difference is observable when ΔE is 
greater than 3.0 (Table 4). In general, biscuits had significantly lower L* values, signalling their colour was darker than that of the same 
composite flours or control samples (Fig. 1). The lower L* values indicate that Maillard browning stemming from reactions between the 
amino group of proteins and the carbonyl group of sugars within the biscuits due to the heat applied during baking. Statistically 
significant (p < 0.05) higher b* values were found in the control samples compared to the enriched biscuits, indicating the yellowness 
of the control biscuits. The red colour indicated by the positive a* value was statistically significant (p < 0.05) in all biscuits enriched 
with edible insects, respectively (Table 4). These findings were anticipated as edible insect flours inherently possess darker hues 
compared to the wheat flour utilized in the formulation of these biscuits. Consequently, the incorporation of edible insect flours is 

Fig. 1. Biscuits formulated with different amountsof M. subhylanus flours. S1 = 100% wheat flour, MZ 2 = 5%, MZ 3 = 10%, MZ 4 = 15%, MZ 5=
20%, M. subhylanus flour substitution. 

Fig. 2. Water activity of M. subhylanus composite flours and biscuits.  
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expected to impart a darker colour to the resulting products. Typically, the colour profile of a baked item is directly influenced by the 
pigmentation of its constituent raw materials. Analogous findings of colour intensification were noted by researchers in muffins 
fortified with T. molitor and A. domesticus powder [38], cookies enriched with T. molitor powder [39] and pasta enriched with cricket 
powder [40]. The highest colour difference in the biscuit samples was seen in sample MZ-20, which contained the most significant 
amount of edible insect flour. Comparable findings were reported by Zielińska & Pankiewicz [19] in their study on shortcake biscuits 
supplemented with T. molitor flour. The study by Pauter et al. [38] proposed that consumers associate darker bakery products with 
higher healthier benefits and greater fibre or whole grain content. Consequently, this colour shift could make consumers more 
interested in this particular variety of biscuits. 

3.3.2. Water activity 
One of the main elements that could influence microbial growth in food items is water activity. Water activity stands as a para

mount factor influencing microbial proliferation within food products. The water activity of composite flours and biscuits is depicted in 
Fig. 2, and it can be observed that the water activity of the composite flours ranged from 0.55 to 0.60, and they were statistically 
significant (p < 0.05) differences between the control and the flours enriched with edible insect flour. Moreover, the water activity of 
the biscuits ranged from 0.44 to 0.67. After a 10 % addition of M. subhylanus insect flour, the water activity significantly decreased (p 
< 0.05) from 0.613 to 0.44 in MZ-15 and MZ-20, respectively. As stated by Ying et al. [41], the critical water activity threshold for food 
safety is 0.60. Beyond this point, microorganisms and moulds may proliferate, leading to chemical alterations in the food product. 
Therefore, the water activity of MZ-5, 15 and 20 (aw < 0.60) is insufficient for the growth of food spoilage or pathogenic microbes like 
bacteria and fungi due to the inhibition of cell division activities at such low water activity range. 

3.3.3. Physical characteristics of biscuits enriched with insect flour 
The findings of the physical properties of the biscuits enriched with edible insect flour from M. subhylanus are shown in Table 5. 

Biscuit hardness is a crucial parameter for assessing its textural quality and it is the most vital aspect of biscuit texture. No significant 
differences (p > 0.05) were observed for the hardness and thickness of the biscuit. M. subhylanus flour, being rich in protein, can 
contribute to the formation of a strong protein network during dough formation and baking. This protein network provides structural 
support to the biscuits, influencing their hardness and thickness. Similarly, González et al. [42] observed that the textural hardness of 
bread products increased with the addition of insects such as H. illucens, A. domestica and T. molitor flours. MZ-15 had the lowest weight 
(11.59 ± 0.22), and it was significantly different (p < 0.05) compared to the control (14.26 ± 2.21). These findings indicate that 
biscuits enriched with M. subhylanus flour possess unique properties affecting the dough’s consistency and thus, the final weight of the 
biscuits. All insect biscuits had a significantly higher diameter than the control (100 % wheat flour). In addition, this study evaluated 
the spread ratio of the insect-based biscuits. The spread ratio is a key parameter for assessing the leavening capability of bakery 
products. It is influenced by protein and fat content and is closely associated with the texture, bite, and overall mouthfeel of the biscuit. 
The spread ratio ranged from 10.73 to 12.78, where the control sample had the lowest spread ratio compared to enriched biscuits. In 
the case of MZ-15, the lower weight may be linked to its spread ratio, suggesting differences in the dough’s ability to expand during 
baking. According to Obeta et al. [43], biscuits exhibiting a higher spread ratio are considered more preferable. A reduced spread ratio 
signifies heightened hydrophilicity of starch, resulting in increased thickness. The inclusion of insect flour in biscuit formulation has 
the potential to alter both the microstructure of the dough and the characteristics of the final baked product, warranting further 
investigation. These microstructural changes can influence the overall texture, hardness, and appearance of the biscuits. Therefore, 
insect composite flours can be used as novel functional ingredients in bakery applications. To the best of our knowledge, this is the first 
study to investigate the incorporation of M. subhylanus flour into wheat-based biscuits. Novel and innovative food options are preferred 
by consumers, and biscuits with distinctive physical qualities, such as those enhanced with insect flours from M. subhylanus, may meet 
their needs, making them more appealing to the market. 

3.4. Microbial safety assessment of biscuits 

A primary concern associated with the consumption of insects as food pertains to microbiological safety [44,45] According to 
reports, water and food-borne pathogens, chemical hazards and bacteria, including Salmonella spp, Staphylococcus aureus, and 
Campylobacter spp. are all carried by insects [6,46,47]. In this study, Bacillus cereus, total coliforms, E. coli and Salmonella spp were not 
detected (Table 6). The absence of Salmonella spp. in all batches of biscuits containing edible insect flour validates their susceptibility 
to heat treatment, resulting in biscuits that adhere to microbiological standards for food safety. The observed reduction in microbial 

Table 5 
Physical qualities of biscuits enriched with M. subhylanus composite flour.  

Sample Hardness (N) Thickness (mm) Weight (g) Diameter (mm) Spread ratio 

Control 38.48 ± 13.16a 3.58 ± 0.15a 14.26 ± 2.21b 38.37 ± 0.78a 10.73 ± 0.30a 

MZ-5 50.02 ± 10.82a 3.64 ± 0.23a 14.26 ± 2.21ab 46.40 ± 1.35c 12.78 ± 0.51b 

MZ-10 34.81 ± 6.49a 3.64 ± 0.41a 14.71 ± 0.90b 45.10 ± 2.23c 12.48 ± 1.21b 

MZ-15 45.21 ± 1.18a 3.61 ± 0.01a 11.59 ± 0.22a 42.74 ± 0.64b 11.85 ± 0.16ab 

MZ-20 43.40 ± 6.55a 4.35 ± 0.17b 12.20 ± 1.15ab 47.30 ± 0.44c 10.89 ± 0.51a 

Values are mean ± standard deviation. Means within a column followed by the same superscript are not significantly (p > 0.05) different. 
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counts could be attributed to the utilization of pre-treated insect-derived components, alongside meticulous adherence to stringent 
human and environmental hygiene protocols throughout the formulation of novel insect flour and production of the insect-enriched 
biscuits. The temperatures of 180 ◦C used during the 15-minute baking period were likely effective in suppressing most microor
ganisms. Simultaneously, rigorous compliance with post-baking hygiene guidelines combined with quick packaging into sterile 
polyethylene bags is expected to have successfully reduced the possibility of contamination from the surrounding air after baking. 
Furthermore, it has been shown that the biscuit matrix’s naturally low pH and water activity levels prevent bacterial development and 
colonisation. 

3.5. Sensory evaluation of biscuits enriched with M. subhylanus flour 

The effect of M. subhylanus flour incorporation on the organoleptic properties (appearance, colour, aroma, texture and overall 
liking) of biscuits is exhibited in Fig. 3. The panellist perceived no significant differences (p > 0.05) in terms of the texture between the 
insect-enriched biscuits and the control, except for MZ-20. Moreover, there were no significant differences (p > 0.05) in the perceived 
taste of the samples with the control except for MZ-20. Appearance is an essential parameter in judging sensory attributes of any food 
due to its influence on acceptability. In terms of appearance, MZ-5 and MZ-15 biscuits were significantly different (p < 0.05) from MZ- 
20, with the latter having lower ratings or liking. MZ-20 might exhibit unique interactions with other ingredients in the formulation, 
influencing the overall texture. Moreover, the colour of the MZ-20 was rated as the least liked or preferred. MZ-20 was darker in colour, 
and these observations align with the results reported in section 3.1.2.1 under the discussion of the colour of the composite flours and 
biscuits. Aleman et al. [29] reported that the overall liking of chocolate chip cookies enriched with cricket (A. domesticus) decreased 
with an increase in concentration to 10 %. While MZ-20 is the highest in terms of protein content, it is the least liked when it comes to 
overall liking by the panellist. The presence of M. subhylanus flour, especially at higher concentrations, could introduce flavours that 
are unfamiliar or unappealing to the panellists. Unpleasant flavours can significantly impact overall liking, overshadowing the positive 
attributes related to protein content. This implies that the enrichment of biscuits with M. subhylanus flour is only acceptable at levels 
not exceeding 15 %. There were no significant differences (p > 0.05) in the overall acceptability of the biscuits between MZ-15 >
MZ-10 and MZ-5, and they were similar to the other sensory attributes. 

Table 6 
Microbial properties of biscuits enriched with M. subhylanus composite flour.  

Media Microbes Control (cfu/g) MZ-5 (cfu/g) MZ-10 (cfu/g) MZ-15 (cfu/g) MZ-20 (cfu/g) 

NA Aerobic mesophilic bacteria 1.0 × 10− 2 1.0 × 10− 2 1.0 × 10− 2 1.0 × 10− 2 1.0 × 10− 2 

MCA Total coliforms n.d n.d n.d n.d n.d 
EMB Escherichia coli n.d n.d n.d n.d n.d 
SSA Salmonella spp n.d n.d n.d n.d n.d 
MSA Staphylococcus aureus 1.0 × 10− 2 1.0 × 10− 2 1.0 × 10− 2 1.0 × 10− 2 1.0 × 10− 2 

Palcam Agar Listeria monocytogenes Negative Negative Negative Negative Negative 
MYP Bacillus cereus n.d n.d n.d n.d n.d 
PDA Yeast and mould 4.0 × 10− 2 0.5 × 10− 2 0.5 × 10− 2 1.0 × 10− 2 1.0 × 10− 2 

NA = Nutrient agar, MCA = MacConkey agar, EMB = Eosin methylene blue, SSA = Salmonella-Shigella agar, MSA = Mannitol salt agar, PDA = Potato 
dextrose agar. 

Fig. 3. Sensory evaluation properties of M. subhylanus edible insect biscuits.  
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3.6. Principal component analysis explaining the variability in M. subhylanus proximate and textural properties 

In this study, Principal component analysis (PCA) was utilized to reduce the data variability among biscuits enriched with 
M. subhylanus flour. PCA transforms the original data matrix into vectors of loadings and scores (tested parameters), generating new 
variables known as principal components. This technique was applied to analyze the nutritional (proximate analysis), physico
chemical, and textural properties of the enriched biscuits. The results are presented through score and loading plots (Fig. 4). 

To determine the principal components’ contributions to overall variability, only eigenvalues greater than one were considered. 
This approach facilitates the interpretation of how M. subhylanus flour affects the physicochemical properties of the biscuits. Two main 
components were selected, explaining 79.48 % of the total variance across the 16 analysed variables. The first principal component 
(PC1) accounted for 58.62 % of the information about the tested products, while the second principal component (PC2) explained 
20.86 % of the variance. 

Each vector in the PCA represents a variable, with its size and direction indicating its impact on the principal components. The 
analysis revealed that MZ-10, MZ-15, and MZ-20 samples were located on opposite sides of PC1, with colour change, thickness, and 
moisture being the primary factors differentiating the enriched biscuits. A cluster of strongly positively correlated composition pa
rameters (lightness, greenness/redness, water activity, ash, carbohydrates, and weight) had negative loadings on PC1. Conversely, 
parameters such as spread ratio, total energy, hardness, crude fat, diameter, crude protein, thickness, and moisture exhibited high 
positive loadings. 

Thus, PCA provides valuable insights into the classification and discrimination of edible insect flours, as well as the relationships 
between the nutritional, colour, and textural properties of the biscuits. 

4. Conclusion 

This study was undertaken to establish the effect of incorporating edible insect flour from M. subhylanus on wheat-based composite 
flour and novel insect biscuits. The results of this study show that M. subhylanus insect flour is a good source of high nutritional value, 
particularly protein and carbohydrates. The addition of M. subhylanus insect flour to wheat flour results in a proportional increase in 
protein content in the end product, which can enhance the nutritional composition of food products such as biscuits. However, 
incorporating M. subhylanus insect flour may also cause a darker colouration in the composite flours and biscuits. This is attributed to 
Maillard browning, which occurs during baking due to reactions between protein amino groups and sugar carbonyl groups. The 
moisture content of the composite flours and biscuits enriched with insect flour can also significantly impact preservation, packaging, 
and transport convenience. In this study, the enrichment of biscuits with M. subhylanus flour is only acceptable at levels not exceeding 
15 %. Overall, the results of the study suggest that M. subhylanus insect flour can be used as a novel food ingredient for food appli
cations. Further research could investigate the shelf-life, sensory acceptability and structural properties of insect-enriched products 
and potential food allergenicity concerns associated with using insects as food ingredients. 
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