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A B S T R A C T

Including insect ingredients into familiar food products could be a step in enabling a higher acceptance of insects
in Western countries. This study investigates the potential of bakery products containing black soldier fly larvae
fat (BSF LF) as an ingredient. Sensory and emotional profiling, WTP, liking and product preference were ex-
amined for cakes, cookies, and waffles by a total of 344 respondents. Each bakery product was formulated with
0%, 25% and 50% BSF LF as butter substitute. Results showed that BSF LF can replace 25% of butter in these
bakery products without changing the overall food experience and liking. In waffles, the substitution might even
be up to 50% without influencing consumer’s acceptance. The attributes related to texture and color were hardly
affected indicating that this insect fat provides a similar structure and functionality to bakery products as
compared with butter. Future research should explore the use of refined BSF LF to reduce off-flavors perceived in
formulations containing a higher percentage of insect fat.

1. Introduction

Growing worldwide population demands more animal-based pro-
ducts. This rise in demand will also increase the environmental impact
caused by livestock production. Thus, it is of foremost priority to look
for alternatives to animal products that are economically and en-
vironmentally more sustainable. On this aspect, insects and insect
products are a sustainable alternative to traditional animal-based food
sources (Oonincx, van Broekhoven, van Huis, & van Loon, 2015).
Current insect production of protein, and lipids as human food is more
environmentally favorable as compared to many animal-based food
sources and to some extent (water and land usage) also to plant sources
(Smetana, Schmitt, & Mathys, 2019). Improvements in the insect in-
dustry can further reduce the environmental impact of insect produc-
tion and the ingredients isolated from them (Smetana et al., 2019).
Besides, insects play a major contribution in closing the cycles of
agriculture as they can grow in various side streams (Oonincx et al.,
2015; Rehman et al., 2017). Thus, the stimulation of the production,
and consumption of insects and insects-based products could generate
interesting environmental and economic benefits.

Acceptance of insects as food is low in the West due to sensory
appeal, unfamiliarity, low availability, high price and poor image (Tan,

van den Berg, & Stieger, 2016). However, it could increase if consumers
are more exposed to these products (Lensvelt & Steenbekkers, 2014). In
western countries taste, price, food quality, trustworthy information
and convenience are important factors playing a role in positively
influencing the acceptance towards entomophagy (Lensvelt &
Steenbekkers, 2014). Studies have shown that acceptance towards food
containing insects increases when the visibility of insects decreases and
when the products are appealing to the consumers (Gmuer, Nuessli
Guth, Hartmann, & Siegrist, 2016; Tan et al., 2015, 2016). This con-
clusion has been supported by studies conducted on chili paste based on
water bugs and butter cookies based on ground beetles (Tan et al.,
2015); tortilla made with crickets’ flour (Gmuer et al., 2016); beef stew
and brownies with not visible mealworms added (Tan et al., 2016) and
biscuits containing 10% crickets (Homann, Ayieko, Konyole, & Roos,
2017). However, long-term acceptance is harder to achieve as socio-
cultural aspects play a role (Tan et al., 2016). In this regard, food
products with insect ingredients with similar sensory perception to the
traditional ones could help to increase long-term acceptance.

Black soldier fly (BSF) larvae and its fat has been used mostly in
animal feed because of its economic viability and capital investment
(Gold, Tomberlin, Diener, Zurbrügg, & Mathys, 2018), yet the chemical
and physical characteristics of black soldier fly larvae fat (BSF LF) make
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it a useful asset for the baking industry. First of all, BSF LF contains
about 70% of saturated FA, being lauric acid the most abundant one
(> 40%) (Oonincx et al., 2015) which makes it solid at room tem-
perature (20 °C). Moreover, lauric acid provides positive nutritional
attributes to this insect fat since it is more digestible than long chain FA,
it prevents the growth of several gram-positive bacteria, fungi and
viruses (Dayrit, 2015). Fats are used in bakery because they provide
tenderness, flavor compounds emanation, mouthfeel provision, and
gluten structure reduction (Marangoni, Goldstein, & Seetharaman,
2014). BSF LF can work on these aspects of baking production for a
feasible application in bakery products. Nonetheless, the functionality,
sensory perception and acceptance of insect fat as partial butter re-
placer in bakery products has not yet been explored.

Due the challenges for insect product acceptance and the techno-
logical characteristics of BSF LF, the research presented here focuses on
BSF LF as ingredient in three different types of bakery products, namely
waffles, cookies and cakes. The choice has fallen on bakery products
since it has been suggested that developing products close to Western
dietary patterns could lift one of the barriers preventing the intention to
eating food products containing insects (Menozzi, Sogari, Veneziani,
Simoni, & Mora, 2017). Next to the acceptance, we examine to which
extent replacing regular bakery fat by insect fat could influence the
emotional associations and sensory properties of food products. Pre-
vious research indicated that some consumers tend to have negative
emotional associations with food products containing insect in-
gredients, warranting the inclusion of emotions in food product de-
velopment research (Gmuer et al., 2016; Schouteten et al., 2016). Be-
sides, such emotional measurements could provide additional
information between similar liked food products (Lagast, Gellynck,
Schouteten, De Herdt, & De Steur, 2017) and improve food choice
prediction (Dalenberg et al., 2014). Given that it is key in Western
countries to let people try insect food products, it is also important that
the sensory properties of products containing insect ingredients are si-
milar to those of regular products so that the samples meet the ex-
pectations of the Western consumers (Tan et al., 2015).

2. Materials and methods

2.1. Experimental design

Consumer tests for bakery products were conducted for cakes,
waffles, and cookies using different products blends containing BSF LF.
Pretests performed by the researchers indicated that substitution over
50% noticeably influenced the sensory properties of the samples, which
led to the decision to let consumers evaluate samples containing 0%,
25% and 50% butter substitution given the aim of the research. Each
participant evaluated blindly the three formulations of one bakery
product but was informed that these products might have contained an
insect ingredient. This study was approved by the ethical committee of
Ghent University Hospital.

2.2. Bakery products and presentation mode

The three bakery products with partial substitution of butter by BSF
LF were formulated as indicated in Table 1. The following recipes
correspond to cakes (C0, C25, C50), cookies (Co0, Co25, Co50), and
waffles (W0, W25, W50) of which the number in the abbreviation re-
sembles the percentage of BSF LF. Water was added on all the products
when butter was substituted with BSF LF during batter preparation.
Addition of water was necessary to adjust the humidity in the products
since butter is made of ~82% of fat, ~15% of moisture and ~2% of
solids-non-fat (Evers, Crawford, & Kissling, 2003; Walstra, Geurts, &
Noomen, 1999), whereas BSF LF is anhydrous. As this difference might
affect the products (Wassell, 2014), the addition of water guaranteed
the obtainment of the same moisture content.

Cakes were baked in aluminum containers of the size of

18 * 13 * 4 cm. The cookies were baked in an oven tray on baking paper,
each cookie weighted 20 g approximately. These products were baked
in a convection oven (SMEG SFP140, Italy) with air circulation at
180 °C. Cakes were cooked for one hour whereas cookies for 10min.
Waffles were baked in a waffle maker (Tefal Snack collection SW02-M,
France). They were baked in the machine until the dough was baked
and crust was brown (about 5min). All the ingredients for the three
products were purchased in local supermarkets. BSF LF, commercially
available as LipidX™, was kindly provided by Protix B.V. (Dongen, the
Netherlands).

All bakery products were prepared the day before the consumers’
tests took place. Respondents were served only samples of the same
bakery product but prepared with the different fat blends, thus a par-
ticipant evaluated three samples in total. Each sample was given a
three-digit code and presented in a transparent odorless cup. Samples
were presented according to an experimental design that was balanced
for order and carry-over effects (Williams’ Latin Square design).
Furthermore, participants also received a cup of water at room tem-
perature to rinse their mouth. Samples for each product were given in
equal size, having the following measures: cakes, 3 cm width * 6 cm
length * 4 cm height, the crust on the shorter sides removed. The
cookies sample were squared pieces measuring approximately 5 cm.
Lastly, each waffle sample was a square measuring 4 * 4cm.

2.3. Participants

The 344 participants were young adults and university staff vo-
lunteers recruited at an university campus in Ghent (Belgium) through
flyers during November 2017. They evaluated the three formulations of
the same product category, leading to the evaluation of cakes by 102
participants (mean age 27 years, 61% female), cookies by 110 partici-
pants (mean age 24 years, 56% female) and waffles by 132 participants
(mean age 24 years, 55% female). Participants were free to choose
which product category they wanted to evaluate. This study focused on
young adults, as these are the readiest to adopt insects as food products
(Verbeke, 2015). Prior to their participation, each participant signed an
informed consent where they were noticed about the use of insect in-
gredients in some products. Only persons who regularly consume ba-
kery products (yes/no question ‘do you regularly consume bakery
products) were allowed to participate in this study. Persons with gluten,
egg, milk or house mite allergies were not allowed to participate in this
trial.

2.4. Experimental procedure

A similar questionnaire was used for all product categories (waffles,
cake and cookies). The first part of the tasting enquired the assessment
of the overall liking score on a 9-point hedonic scale from 1 – “Dislike
extremely” to 9 – “Like extremely”.

Next, participants were asked to perform the sensory and emotional

Table 1
Formulation of three bakery products with different fat sources.

Ingredient Cake Cookie Waffle

C0 C25 C50 Co0 Co25 Co50 W0 W25 W50

Wheat flour (g) 125 125 125 93 93 93 100 100 100
Butter (g) 125 93.5 62.5 83 62.25 41.5 75 56.3 37.5
BSF fat (g) – 31.5 62.5 – 20.75 41.5 – 15.4 30.8
White sugar (g) 125 125 125 – – – 75 75 75
Brown sugar (g) – – – 87 87 87 – – –
Eggs (units) 2 2 2 2 2 2 1 ½ 1 ½ 1 ½
Baking powder (g) 5 5 5 5 5 5 3.2 3.2 3.2
Salt (g) – – – 1.2 1.2 1.2 – – –
Vanilla extract (g) – – – 6 6 6 1.6 1.6 1.6
Water (g) – 3 5 – 2.5 5 – 3.4 6.7
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profiling task of the sample using the rate-all-that-apply (RATA) ap-
proach with a 5-point scale (1= slightly – 5= very) (Ares et al., 2014).
Participants first needed to check the applicable attributes/emotional
terms after which the 5-point scale appeared to rate the intensity of the
applicable term. Sensory and emotional terms were generated for the
bakery products during one afternoon using a focus group, category,
following largely the procedure described in Schouteten et al. (2015).
In short, a group of 15 non-trained consumers evaluated a list of po-
tential sensory/emotional terms (based upon pilot work and prior re-
search) for a product category using the check-all-that-apply (CATA)
method. After the initial selection, the participants discussed the terms
and were free to include other terms for a specific product category.
Researchers generated then a list with sensory and emotional terms
based upon the input of the focus group for that specific product ca-
tegory. Selection of the terms was based on term usage frequencies,
discriminatory ability and sensory modalities (sensory terms)/valence
(emotional terms). The list, generated by the researchers, for the sen-
sory and emotional terms of that specific product category was then
discussed by the focus group. This led to a final list containing sensory
and emotional terms for a specific product category. After the first final
list was established, a small break (15min) was held, before the whole
procedure started again for the second product category. Followed by
another break (15min) before the participants started the generation of
the list with sensory and emotional terms for the last product category.
When all lists were made, it was clear that the lists containing emo-
tional terms were highly similar. Hence, the researchers decided, in
consultation with the focus group, to generate one list which could be
used for all three product categories. The sensory terms covered dif-
ferent sensory modalities such as appearance, aroma, flavor, texture
and aftertaste. For cake, the terms were bad aftertaste, beige dough,
bright crust, brown crust, buttery aroma, buttery flavor, crumbly, dry,
good aftertaste, long aftertaste, off-flavor, rancid aroma, rancid flavor,
salty, spongy, sticky, sweet and thick. For cookies, the following terms
were used: bad aftertaste, baked aroma, baked flavor, buttery flavor,
crumbly, crunchy, dark color, dry, good aftertaste, flatness, hard, long
aftertaste, off-flavor, rancid aroma, rough surface, salty, sweet, uniform
color, vanilla aroma, and vanilla flavor. Lastly, the sensory terms for the
waffles were airiness, bad aftertaste, bright crust, brown color, buttery
flavor, crumbly, elasticity, dry, good aftertaste, granular, long after-
taste, off-flavor, rancid aroma, rancid flavor, salty, shiny surface, sweet,
vanilla aroma. For the emotional terms, a total of 19 emotional terms
were included: calm, contented, desire, disappointed, discontented,
disgusted, dissatisfied, distrustful, energetic, enthusiastic, fearful, glad,
good, guilty, happy, pleasant, pleasantly surprised, satisfied, worried.

Next, willingness to pay (WTP) for the blend was asked as an open-
ended question (no reference price was included). This question re-
ferred to the status in which such products could be found in stores: for
cakes, a package of 400 gr of product was proposed; for cookies, a
package of 8 units; for waffles, a package of 6 units. After the evaluation
of all three blends, respondents were asked to indicate their preferred
blend. Further, participants were asked 4 yes/no questions regarding
their consumption pattern namely ‘do you regularly consume insects’,
‘have you consumed insects in the past’, ‘do you regularly consume
products containing insect ingredients’ and ‘have you consumed pro-
ducts containing insect ingredients in the past’.

Testing took place in a sensory laboratory under artificial daylight

and temperature control (21 °C). Data was collected using EyeQuestion
v4.9.4 (Logic8 B.V., The Netherlands).

2.5. Data analysis

All data analyses were performed on the three blends of the same
bakery product. The same analysis was performed for each bakery pro-
duct. Analysis of variance (ANOVA) was carried out on overall liking and
WTP data, considering sample as a fixed source of variation and con-
sumers as a random source of variation. When differences among sam-
ples were found, Tukey’s test was used for post-hoc comparison of means.
Chi square test was performed to examine if there were significant dif-
ferences regarding consumers’ preferences of the blends.

The emotional associations and sensory attributes were measured
using RATA scales. Research of Meyners, Jaeger, and Ares (2016)
showed that the missing check can be considered as a 0, so the data can
be seen as measured on a 6-point scale (0–5). The RATA data was
analyzed using ANOVA considering sample as a fixed source and con-
sumer as a random effect. Tukey’s test was performed for post-hoc
comparison of means. Paired t-tests were carried out to examine if the
intensities of the bad aftertaste differed significantly with the good
aftertaste for the same product. Furthermore, Principal Component
Analysis (PCA) was performed using Dravniek’s scores (Dravnieks,
1982) for the emotional/sensory attributes separately to graphical vi-
sualize the emotional/sensory space of each bakery product (Meyners
et al., 2016). It was opted to work with Dravniek’s scores in order to
balance the elicitation rate and average rating scores of the emotions/
attributes.

A significance level of 5% was considered for all statistical tests. All
analyses were performed using SPSS 25 (IBMCorp, 2017), except for the
PCA which was carried out using XLSTAT version 2018.4 ((Addinsoft,
2019)).

3. Results

3.1. Liking, preference and WTP

In general, around half of the participants of the three studies have
tried eating insects while less participants have tried food products
prepared with insects before. An overview of the characteristics of the
participants for the three types of bakery products is listed in Table 2.

Mean liking scores, preference and WTP for the bakery products are
summarized in Table 3. No significant differences regarding the pre-
ference between the cake (χ2(2, n=102)=2.294, p= 0.318) and
cookie blends (χ2(2, n=110)= 5.473, p= 0.065) were found. In
cakes and cookies, a 25% of butter substitution by BSF LF did not
change liking and WTP. However, a 50% of substitution significantly
reduced the liking and WTP. The preference for the product with 50%
of butter substitution by BSF LF was 26.5% for cake and 24.5% for
cookies. Lastly, in waffle formulations, butter substitution by BSF LF did
not change liking even at a substitution level of 50%. But it should be
noted that the preference for the different waffles blends differed sig-
nificantly (χ2(2, n= 132)=9.591, p= 0.008). Preference was the
highest for W0 (43.9%) followed by W25 (34.1%) and W50 (22.0%).
WTP was similar for W0 and W25, which was significantly higher than
W50.

Table 2
Characteristics of the participants for the sample testing.

Cake (n= 102) Cookie (n= 110) Waffle (n= 132)

Consume insects regularly (%) 4.9 0.9 0.8
Have tried insects (%) 60.8 42.7 52.3
Consume products made with insects regularly (%) 4.9 1.8 1.5
Have tried products made with insects (%) 48.0 36.4 48.5
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3.2. Sensory profiling

Overall, participants found that 21.7% of the sensory terms for the
cookies were applicable. For the cake, 30.4% of the terms were checked
and for the waffle samples 24.2% of the terms.

Significant differences were found for the sensory attributes related
to appearance for the cakes (Table 4). The beigeness of the dough was
perceived as less intense for C50 compared to C0. Further, the bright-
ness of the crust was rated as more intense for the C25 than C0 and C50.
Also, the brownness of the crust of C25 was lower than C0 and C50.
Regarding flavor and aroma, as the percentage of BSF LF increased in
the cake formulation to 50%, sweet perception was reduced, and dry-
ness sensation significantly increased. The intensity of buttery flavor
was significantly reduced in C50 compared to C25 albeit that no sig-
nificant differences were found for the buttery flavor between samples
C0 and C50. Further, the intensity of a bad aftertaste was significantly
higher for 50% BSF LF compared to 25% BSF LF and 0% BSF LF.

Substitution of butter by 50% BSF LF significantly reduced the sticki-
ness and thickness perception in cakes. However, the sponginess and
crumbliness were not affected.

The blend Co50 showed a significantly higher score for bad after-
taste (1.04), long aftertaste (1.2), off-flavor (0.74) and rancid aroma
(0.25). Moreover, good aftertaste (0.94) was significantly lower for
Co50. When comparing the good and bad aftertaste of each sample, it
was found that the perceived intensity of the good aftertaste was for all
cookie samples stronger than the bad aftertaste (Co0: p=0.013 – Co25
: p= 0.020 – Cp50: p < 0.001). Addition of BSF LF significantly re-
duced the vanilla flavor perception, both for Co25 and Co50 compared
to Co0. Addition of BSF LF did not influence the perception of baked
aroma and flavor, buttery flavor, dry, salty, sweet, vanilla aroma. It
neither influenced consumer’s perception of appearance nor texture
attributes.

Consumer’s perception of waffles was hardly affected by substitu-
tion of butter by BSF LF. A lower intensity of the brown color was

Table 3
Mean (S.D.) liking scores ,mean (S.D.) WTP and preference for the bakery products.

Cake (n= 102) Cookie (n= 110) Waffle (n= 132)

C0 C25 C50 Co0 Co25 Co50 W0 W25 W50

Liking score1,2 6.6a (1.3) 6.7a (1.4) 6.1b (1.6) 6.3a (1.4) 6.3a (1.5) 5.5b (1.9) 6.1 (1.5) 6.2 (1.6) 6.1 (1.4)
WTP1,3 2.5a (1.8) 2.4ab (1.9) 2.1b (1.6) 1.8a (1.3) 1.9a (1.4) 1.5b (1.3) 2.3a (1.5) 2.1a (1.6) 1.9b (1.4)
Preference4 38.2 35.3 26.5 42.7 32.7 24.5 43.9 34.1 22.0

1 In each row and for each product, values with different superscript letters are significantly different (p < 0.05).
2 Data is expressed as average score on Likert scale 1–9.
3 Data is expressed as average WTP in €.
4 Data is expressed as percentage of participants preferring that blend.

Table 4
RATA for the intensity of sensory attributes related to the bakery products formulations, from 0 – attribute not applicable at all to 5 – attribute very applicable.

Sensory attributes Cake (n= 102) Cookie (n= 110) Waffle (n= 132)

C0 C25 C50 Co0 Co25 Co50 W0 W25 W50

Texture Airiness 0.65 0.73 0.78
Crumbly 1.02 1.48 1.29 1.02 1.06 0.96 0.97 0.90 1.08
Crunchy 0.10 0.15 0.15
Elasticity 0.38 0.38 0.25
Granular 0.51 0.68 0.79
Hard 0.09 0.09 0.02
Rough surface 0.37 0.28 0.25
Spongy 1.56 1.82 1.52
Sticky 1.33a 0.75b 0.39b
Thick 1.06a 0.88ab 0.58b

Flavor and aroma Bad aftertaste 0.27b 0.23b 0.69a 0.26b 0.28b 1.04a 0.48 0.39 0.41
Baked aroma 0.89 0.99 0.91
Baked flavor 0.89 0.89 0.81
Buttery aroma 1.71 2.03 1.58
Buttery flavor 2.31ab 2.41a 1.76b 1.92 2.16 2.18 1.73 2.00 1.69
Dry 0.51a 0.72a 1.41b 0.75 0.82 0.62 1.94 1.81 2.02
Good aftertaste 1.91 1.85 1.47 1.53a 1.47a 0.94b 1.35 1.54 1.29
Long aftertaste 0.75 0.95 1.18 0.64b 0.65b 1.20a 0.66 0.56 0.67
Off-flavor 0.18 0.27 0.45 0.14b 0.22b 0.74a 0.27 0.18 0.33
Rancid Aroma 0.09 0.15 0.27 0.08b 0.05b 0.25a 0.06 0.09 0.14
Rancid flavor 0.15 0.15 0.37 0.05 0.14 0.20
Salty 0.35 0.38 0.30 0.21 0.42 0.36 0.10 0.08 0.11
Sweet 2.60a 2.51ab 2.02b 1.82 2.10 1.94 1.79ab 2.17a 1.70b
Vanilla aroma 0.65 0.57 0.65 0.87 1.06 1.02
Vanilla flavor 1.06a 0.60b 0.54b

Appearance Beige dough 0.89a 0.77ab 0.55b
Bright crust 0.48b 0.79a 0.29b 1.37ab 1.55a 1.23b
Brown color 0.42a 0.35ab 0.18b
Brown crust 1.33ab 1.05a 1.52b
Dark color 0.19 0.15 0.26
Flatness 0.39 0.18 0.34
Shiny surface 0.20 0.23 0.21
Uniform color 1.47 1.17 1.48
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perceived when butter was replaced by 50% BSF LF. The brightness of
the crust was perceived different between the formulations, with a more
bright crust for W25 than W50. The only flavor attribute showing a
significant difference was sweetness, with W25 perceived as sweeter
compared to W50.

The Dravniek’s PCA’s (Fig. 1) show the consumers’ sensorial un-
derstandings of the different products. In cakes and cookie formula-
tions, the first dimension of the PCA explained > 80% of variability,
whereas in waffles about 63.9% of the variability was explained. In the
PCA plots, it is shown than the bakery products with 25% of butter
substitution with BSF LF is similar to the products formulated with
100% butter since they are close together in the first dimension. The
bakery products with 25% butter substitution by BSF LF were more
discriminating with the regular bakery products in the second dimen-
sion, albeit that this second dimension is of less importance for the cake
and cookies samples. For all products, it is seen that off-flavor, rancid
aroma, rancid taste and bad aftertaste were more closely related to the
formulation with 50% BSF LF.

3.3. Emotional profiling

Consumers checked 14.5% of the emotional terms for the cookie
samples while 18.0% and 15.2% of the terms were found applicable for
respectively the cake and waffle samples.

The cake prepared with butter and the cake with 25% BSF LF
evoked a higher intensity of pleasantness compared to the cake made
with 50% BSF LF (Table 5). A higher intensity of happiness and sa-
tisfaction was mentioned for C0 compared to C50 while participants
were to a higher extent enthusiastic for C25 compared to C50. Re-
garding the negative emotional associations, the intensity of dis-
appointment was higher for C25 and C50 compared to C0. Further, the
intensity of the emotional associations disgust and distrust was sig-
nificantly higher for C50 than C0 while the intensity for dissatisfied was
higher for C50 than C25.

Regarding cookies, feelings of content, goodness, pleasantness, sa-
tisfaction were significantly higher in Co0 and Co25 than Co50. Also
Co0 and Co25 scored significantly lower than Co50 in the negative
emotions disgust, discontent, and disappointment. Further, the in-
tensity of dissatisfaction was significantly lower in Co25 than Co50, but
neither of those two blends scored significantly different from Co0.

Only one emotional association was significantly different for the
waffles namely enthusiasm. W0 scored significantly higher than W25
on enthusiasm while W50 was not significantly different from either.

Dravniek’s PCA’s indicated that the emotions across all the blends
were less clustered than the sensory attributes. Similar to the PCA of the
sensory attributes, the PCA for cakes and cookies was predominantly
determined by the first dimension, which explained over 80% of the
total variance. In contrast, the first dimension of the PCA for the
emotional associations of the waffles explained only over 64% of the
total variance. The first axis for the cake and cookie samples was as-
sociated with the valence of the emotions, with positive emotions si-
tuated on the left side and negative emotions on the right side. The
samples prepared with only butter (C0/Co0) and 25% substitution of
the butter by BSF LF (C25/C025) were located on the left side with
positive emotions while the samples with 50% substitution (C50/
Co50), linked to the negative emotions, were situated on the right for
the cake and cookie products. The PCA of the waffles, were the three
products had a similar overall liking score, showed a more diffuse
image which makes it hard to label the axis. W0 was closely linked to
the emotion glad and energetic. W25 and W50 were close to each other
in the first dimension but clearly distinguished by the second dimension
which accounted for over 35% of the variance. W25 was associated
with pleasantness and content while W50 was related with dis-
contented, good and calm (see Fig. 2).
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Fig. 1. PCA scores and loading plots for sensorial attributes perceived by con-
sumers after eating cakes (C), Cookies (Co) and waffles (W) with 100% butter
(0) or with a 25% (25) or 50% (50) substitution of butter by black soldier fly
larvae fat.
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4. Discussion

For the cakes and cookies, liking was higher for bakery products
with 100% butter and 25% butter substitution by BSF LF than the 50%
substitution. Although significantly lower, the liking score for the cakes
and cookies with 50% BSF LF did only decrease with 0.5–0.8. Regarding
the sensory and emotional profiling, similar profiles were also observed
for the cakes and cookies with 100% butter and 25% substitution. The
substitution of butter by up to 50% BSF LF had a rather limited impact
on consumer’s perception regarding the sensory attributes and emo-
tional associations of the waffles. The butter replacement did not affect
the overall liking scores of waffles but led to a lower WTP.

The main sensory difference between the cake samples was the
perception of the brown color. So it could be that although this color
perception does not impact the overall liking, people are less willing to
pay for cakes which are more brown. Lombardi, Vecchio, Borrello,
Caracciolo, and Cembalo (2019) found that consumers are WTP equally
or slightly less for insect-based products compared to conventional
products depending on the type of product. Our results support this
finding, with an equal WTP for the cookies and waffles. For the cake
samples, the WTP of the blend with 50% insect fat was slightly less.
However, Lombardi et al. (2019) also indicated that providing in-
formation about the benefits of insect-based products could increase the
WTP. Therefore, including such information might lead to a similar
WTP for the insect-based cakes.

Differences in the sensory profiling was found for all three products,
albeit that the differences for the waffle samples were rather limited.
This illustrates that the RATA-method can be used with consumers,
even in the context with food products which are not available on the
market (Ares et al., 2014). It is interesting to mention that the butter
sensorial attributes were in fact higher, and sometimes also sig-
nificantly different, from 0% BSF LF. This suggests that BSF LF could
change towards a better flavor perception of the bakery products when
used at concentrations of about 25%. Further, the significant differ-
ences for cookies were mainly related to the aftertaste and off-flavor.
Such off-flavors are closely associated with a priori conceptualization of
insect foods (Verneau et al., 2016). Some consumers perceived the
aftertaste as bad while others classified it as good. Overall, good
aftertaste was scored higher than bad aftertaste suggesting that even
though an aftertaste was present, most people perceived it as a positive
attribute rather than as negative. It is true nonetheless, that substitution
of butter by BSF LF in cookies significantly affected the flavor and

aroma perception at 50% BSF LF substitution. Moreover, the texture of
the products was not changed even at 50% of BSF LF content for the
cookies and waffles, meaning that this fat conveys functionality to ba-
kery products. Our study showed that substitution of BSF LF change the
perception of bakery products in several attributes. This is the first time
that this change is shown using an insect fat, and it is an interesting
feature, as such. More research is necessary to understand how BSF LF
changes the organoleptic properties of the products, as well as the po-
tential interactions between flavor compounds and food microstructure
in these bakery products. This problem can be approached by com-
bining instrumental techniques (e.g. volatile analysis) and sensory
testing.

The emotional profiles of the cakes and cookies substituted with
25% BSF LF were rather similar to those of the blends without BSF LF.
For waffles, there was even only one emotional association (en-
thusiastic) significant between the different blends. These results are of
interest in the light of previous research which mentioned that negative
emotions, such as disgust, are major obstacles for the consumption of
food products containing insect ingredients in western countries (La
Barbera, Verneau, Amato, & Grunert, 2018). It is likely that the emo-
tions were unchanged because the consumers were unable to detect the
product with insect ingredients since the appearance of the products
was similar among them. In addition, the resemblance between the
emotional associations of the samples prepared with butter and those
with 25% BSF LF for all samples is in line with the results of the sensory
profiles showing rather limited significant differences. This supports
earlier literature stating that the emotional associations are mainly
sensory-driven (Ng, Chaya, & Hort, 2013; Schouteten et al., 2016;
Spinelli, Masi, Zoboli, Prescott, & Monteleone, 2015).

The results indicate that the butter substitutions by cakes and
cookies were perceived different from waffles. This might indicate ei-
ther that the flavor release in this product differs from cakes and
cookies or that the baking process influences the flavor of the waffles. It
has been shown that the mode of heat transfer affects the flavor of
bakery products (Venkateshmurthy & Raghavarao, 2015). Cakes and
cookies were prepared in a convection oven whereas the waffles were
prepared in a waffle maker. The way in which the batter is exposed to
the heat differs in both equipments. In convection ovens, hot air
(180 °C) transfers heat to the batter. Whereas in waffle makers, the heat
plates (200–240 °C) come in contact with the batter cooking it directly.
The heat transfer is different in both systems being more efficient in the
heat plates. Thermal conductivity is dependent on each product, but it

Table 5
RATA for the intensity of emotional terms related to the bakery products formulations, from 0 – attribute not applicable at all to 5 – emotion very applicable.

Emotion Cake (n= 102) Cookie (n= 110) Waffle (n= 132)

C0 C25 C50 Co0 Co25 Co50 W0 W25 W50

Positive Calm 1.06 1.43 1.28 1.26 1.23 0.95 1.26 1.27 1.45
Contented 0.66 0.80 0.53 1.05a 0.76a 0.41b 0.77 0.84 0.79
Desire 0.55 0.46 0.37 0.24 0.28 0.18 0.14 0.23 0.12
Energetic 0.46 0.39 0.43 0.08 0.17 0.05 0.18 0.11 0.15
Enthusiastic 0.51ab 0.68a 0.23b 0.45 0.21 0.32 0.52a 0.24b 0.40ab
Glad 0.81 0.94 0.72 0.59 0.45 0.34 0.63 0.57 0.51
Good 2.14 2.20 1.89 1.90a 1.91a 1.25b 1.69 1.60 1.77
Happy 1.54a 1.35ab 0.92b 0.74 1.10 0.81 1.20 1.20 1.05
Pleasant 1.51a 1.52a 1.05b 1.05a 1.14a 0.68b 0.95 1.08 0.95
Pleasantly surprised 0.88 0.85 0.59 0.89 0.77 0.72 0.60 0.63 0.62
Satisfied 1.87a 1.50ab 1.14b 1.31a 1.28a 0.87b 0.96 1.27 1.19

Negative Disappointed 0.04b 0.27a 0.58a 0.32b 0.19b 0.75a 0.38 0.48 0.47
Discontented 0.21 0.22 0.28 0.08b 0.13b 0.62a 0.14 0.14 0.18
Disgusted 0.01b 0.05ab 0.22a 0.10b 0.08b 0.59a 0.14 0.15 0.11
Dissatisfied 0.21ab 0.17b 0.49a 0.19ab 0.15b 0.42a 0.39 0.36 0.27
Distrustful 0.04b 0.17ab 0.23a 0.04 0.09 0.25 0.08 0.06 0.02
Fearful 0.01 0.05 0.14 0.02 0.00 0.00 0.05 0.02 0.04
Guilty 0.14 0.10 0.19 0.04 0.08 0.07 0.00 0.05 0.02
Worried 0.12 0.06 0.22 0.07 0.3 0.05 0.08 0.03 0.01
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is usually higher in heat plates than in convection ovens (Cevoli, Fabbri,
Marai, Ferrari, & Guarnieri, 2014; Venkateshmurthy & Raghavarao,
2015). We suggest that a higher baking temperature and a higher heat
transfer rate to the batter might have affected the flavor of the waffles

either by producing more Maillard reaction products or by releasing
more volatile compounds from the batter.

In the present study crude insect fat was used. This fat had a strong
and characteristic aroma. Crude edible oils and fats contain all the ar-
omas and flavors proper to the source where it is extracted. Since most
of these flavors are too strong or not pleasant for human consumption,
most oils and fats are deodorized prior to human consumption. We
suggest that deodorization of BSF LF can help to reduce the off-flavors
in the fat allowing a higher substitution in these bakery products.
Moreover, deodorization can help to reduce the rancid flavors and ar-
omas revealed in this study. The compounds relating to rancidity de-
scribed in this study are not likely to be related to oxidation compounds
since the fat used in this study was not oxidized (PV=0.99mEq O2/kg
fat, p-anisidine=0.1). Oil refining is an energy-intense process that can
reduce the sustainability of insect oils. We suggest that future life-cycle-
assessments studies of insect production should include oil refining as
last processing step.

In future studies butter oil should be used instead of butter to
eliminate any possible difference related to the fat itself. Butter is an oil
in water emulsion with milk fat proteins and whey proteins in the water
phase (Walstra et al., 1999), whereas BSF LF was in the anhydrous
state. In this research we assume that the fat did not cause any of the
differences found in the perception of the bakery products since egg
was an ingredient. Egg protein could also provide the emulsification
functionality in the batters.

Strength of this research lies in the application of an insect fat
without being bound to the physical characteristics of those, which
would have been more complex, or even unattainable. As Shelomi
(2015) observed, food technology has not allowed us yet to create a
“cricket brisket”. We showed that integration of insect ingredients into
more traditional and widely consumed bakery products do not change
the liking or preference of the consumers as long as the taste is not
affected. As previously suggested by Menozzi et al. (2017), integration
of insect ingredients into common food might be a more successful
approach than exposing consumers to completely new food product
since it helps to lower the barriers for consumers to consume an insect-
based food.

Working nonetheless on the organoleptic characteristics of such
products is extremely important for their success. It is in fact unlikely
that most consumers will opt for entomophagy for environmental or
ethical reasons only (Verbeke, 2015). Hence, research of techniques to
deodorize BSF fat stock or dissimulate off - and long flavors should be
looked at closely. Deodorization is a well-developed technology in the
oil industry with competitive costs in an industrial scale. Application of
this technology to this insect fat should not be an issue. Furthermore, it
is important to work on the price to keep it competitive to other similar
products though food manufacturers need to reassure consumers that
food products containing insects are of a similar quality as conventional
products.

Lastly, some limitations and directions for further research deserve
attention. The majority of participants of this research were young
adults, given that previous research in Belgium showed that this group
has the highest potential for adopting insects (Verbeke, 2015). Further
research is recommended to examine if similar results would be ob-
tained with a broader consumer sample. Participants were informed a
priori that products might contain insect ingredients, in line with the
requirements of the ethical committee, which might have resulted in
participants who are more open and readier to consume such products.
This is reflected in the fact that about half of the sample has tasted
insect products before which is more compared to numbers reported in
previous research in Belgium (Thielen, Vermuyten, Storms, Rumpold, &
Campenhout, 2019). One should note that in Belgium, the federal
agency for safety of the food chain (FAVV) approved 10 types of insects
for human consumption in 2014 of which 3 remained approved since
new European legislation is in force (Federaal Agentschap voor de
Veiligheid van de Voedselketen, 2019). In addition, the samples were
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Fig. 2. PCA scores and loading plots for emotional attributes perceived by
consumers after eating cakes (C), Cookies (Co) and waffles (W) with 100%
butter (0) or with a 25% (25) or 50% (50) substitution of butter by black soldier
fly larvae fat.
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evaluated in a blind condition, as the purpose was to have the focus on
the sensory attributes. Further research could examine to which extent
content information might influence the expected and informed eva-
luation of bakery products prepared with insect ingredients. One also
need to consider that the usage frequencies of the sensory and emo-
tional terms were not high. Previous research using RATA questions in
the same country found mainly higher usage frequencies when con-
ducting sensory profiling, with numbers varying between 21% and 42%
rated attributes (Schouteten, De Steur, Sas, De Bourdeaudhuij, &
Gellynck, 2017; Schouteten et al., 2017). For emotional attributes,
which task is sometimes deemed as less easy to perform by consumers
(Jaeger, Cardello, & Schutz, 2013), usage frequencies varied between
11% and 19% in previous Belgian research using the RATA scale
(Schouteten et al., 2017; Schouteten et al., 2017). Given that non-
checked terms resulted in a 0 value for the data analysis, as suggested
by the research of Meyners et al. (2016), low usage frequencies auto-
matically leads to low RATA intensities. However, it should be noted
that such lower RATA intensities are not uncommon for sensory attri-
butes (Ares et al., 2018; Schouteten et al., 2017; Tan, Tibboel, & Stieger,
2017) and emotional terms (Jaeger et al., 2018; Schouteten et al.,
2017). In the present study, participants first needed to check the ap-
plicable terms before a scale appeared and the rating of the applicable
term needed to be carried out. It could be that this method of RATA
encourages satisficing answering response strategies (Sudman &
Bradburn, 1983). But also other factors could have played a role, such
as the number of terms, the length of the scale (5-point scale), the fact
that novel food ingredients were used and the selected product cate-
gories. Further, the terms were generated based upon a procedure ap-
plied in previous research (Schouteten et al., 2015), which involves the
use of consumers for generating the terms which should have led to the
inclusion of relevant terms. Therefore, future research might examine if
similar results are obtained with other methodological implementations
by for instance comparing the CATA and RATA results for sensory and
emotion profiling.

5. Conclusion

In conclusion, this series of experiments with bakery products in-
dicate that crude BSF LF can replace 25% of butter in these bakery
products without changing liking and preference. In bakery products
with direct heat contact, such as waffles, the substitution might even be
up to 50% without influencing consumer’s acceptance. However, a 50%
substitution led to a lower preference and associations to sensory at-
tributes such as rancid aroma and off-flavor. Differences occurred for
some sensory attributes and emotional associations among bakery
products. Especially for countries in which bakery products are an
important component of the eating culture, like Belgium, the possibi-
lities and the relevance for integrating them with innovative insect-
based ingredients is high. A higher substitution of BSF LF into food
could be achieved using refined BSF LF. Including insect fats in bakery
products could lower the barriers for consumers to include insect-based
foods in their diet. Future research should explore the changes in sen-
sory perception of these products using analytical tools and sensory
tests to understand the differences in perception at low BSF LF sub-
stitution levels.
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