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Abstract

Insects are the most common animal group in the world and they constitute about 80% of the animal kingdom. Today, around
1600 insect species have been consumed by humans. The aim of this study was to explore the potential use of edible insect
flours for the production of protein rich muffins. Proximate composition and sensory quality of muffins were also explored.
The protein and fat content of resulting muffins were effectively improved. While grasshopper powder provided 12.91+0.40%
protein content, mealworm powder enhancement obtained 36.56 + 1.26% fat content compared with control (p <0.05). Physi-
cal properties of resulting muffins were also investigated. GR-M sample presented the highest baking yield of 88.66 +0.58%.
On the other hand, fortification with edible insect powders led to have denser structures with the lower specific volume than
the control; incorporation of 15% with mealworm powder obtained the lowest specific volume (1.14+0.02 cm?/g). As regard
to textural parameters, inclusion of edible insect flours also affected the textural properties; muffins fortified with grasshop-
per powder showed a significantly (p <0.05) softer crumb with lower springiness, cohesiveness and chewiness while no
significant differences (p> 0.05) in all textural properties except cohesiveness and adhesiveness between used insect types
were observed. Sensory characteristics revealed that fortification of wheat flour by mealworm powder provided a muffin
with liking score ranged from 6.70 to 8.70 for all attributes tested, therefore, indicating that mealworm powder could be an
effective ingredient in increasing nutritional value of bakery products.
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Introduction emerging in an increasing number of studies, and such stud-

ies have contributed significantly to the increased interest

The rise in the rates of obesity and other diseases has
increased the awareness about healthy and balanced nutri-
tion, also caused people to expect various benefits in addi-
tion to their nutrients from the food products they consume.
However, the problem of lack of adequate nutrient sources,
especially lack of protein sources, has arisen with the popu-
lation increase. In many countries, protein of animal origin is
more expensive than other sources and therefore difficult to
access for most of the population. At the same time, the risk
of high cholesterol levels, cardiovascular disease, and can-
cer associated with consumption of animal protein is widely
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in consuming protein-rich but non-meat-based foods. As a
result, in many underdeveloped and developing countries
where animal protein consumption is low and expensive,
other protein sources have been used as the main protein
source. Studies on the use of different products as alterna-
tive protein sources to increase the quality of the products by
adding more nutrients and to prevent malnutrition problems
gained significant importance [1].

The enhancement of food items has been a significant
device to prevent nutritional deficiencies. Muffins are very
popular over the world especially by children due to their
sweet taste and smooth texture. They can also be a good
vehicle for nutrient supplementation to improve the intake of
nutrients because they are highly consumed at breakfast or
as a snack [2, 3]. Several studies have incorporated different
proteins, protein-rich powders, and flours and researched
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the quality of the resulting products. Some recent examples
include legume flours [4, 5] and protein isolates [6, 7].

Edible insects with high nutritional value have emerged
as an alternative protein source in recent years, and studies
are increasing. Insects have been used for a very long time
in different areas including animal feed, pharmaceutical,
and textile industry. Edible insects have recently attracted
great attention from Western societies due to their low cost
with high protein content [8]. While insects constitute 2%
of human food in European countries, this rate reaches
approximately 30% of total food consumption in America
and Africa [9]. Beetles, mealworms, wasps, and grasshop-
pers along with crickets and termites are some examples
of eaten edible insects [10]. Among these species, indus-
trial production of mealworm and grasshopper is very high
especially for the use of animal feed formulations [11-13].
The absorption of insect proteins in the human body can
range between 76 and 96%. This value is close to egg and
beef which have the highest protein absorption value, but it
is much higher than the plant-derived proteins. Therefore,
edible insects have attracted great interest in the production
of novel food products with high protein content recently
due to their low cost with high protein content [14, 15].
Edible insects could represent an opportunity to manufacture
healthier baked foods such as muffins, cakes, and biscuits
since they are versatile and popular. Grasshopper (Locusta
Migratoria) and mealworm (Tenebrio Molitor) are one of
the most widely consumed insect species in the world. Both
insect species provide a valuable source of proteins contain-
ing satisfactory ratios of essential amino acids and lipids
with essential fatty acid content [16, 17]. These species have
also been extensively used as a high protein supplement in
human nutrition [18-22].

However, to our knowledge, there has been very limited
information about the effect of the use of different edible
insect powders on the quality characteristics of muffins. The
present study, therefore, aimed to muffin to prepare muffins
using different flour blends with the same levels of edible
insect powder fortification and their subsequent effects on
the nutritional, microstructural, textural, and sensorial prop-
erties of muffins.

Materials and methods
Raw materials

Mealworm (7. Molitor) and grasshopper (L. Migratoria)
were provided as a gift by Mira Canli Hayvan Bocek Turizm
Ingaat Tarim Sanayi Co. (Antalya, Turkey). Before use, dry
edible insects were ground (Custom Grind, model 80365;
Hamilton Beach, Glen Allen, VA, USA) and stored in an air-
tight plastic container for further applications. Wheat flour,

salt, sugar, sunflower oil, baking powder, whole milk, and
eggs were purchased from the local grocery market (Alanya/
Turkey).

Muffin preparation

Muffins were prepared according to Shevkani et al. [7] with
slight modifications. Wheat flour was replaced with edible
insect powders (grasshopper or mealworm) at level of 15%
(w/w) and following formula was used to produce muffin
samples: 130 g granulated sugar, 14 g baking powder, 1 g
salt, 70 g whole egg, 160 ml whole milk, 120 ml sunflower
oil and 1 g vanilla powder. Dry ingredients (wheat flour,
sugar, baking powder, vanilla powder and salt) were firstly
mixed and placed in the bowl of a mixer (KitchenAid Model
Artisan KSM 1520, St. Joseph, MI, USA). The wet ingre-
dients (whole milk, egg and sunflower oil) are also mixed
in a separate bowl and combined with dry ingredients and
all ingredients were mixed for 3 min at medium speed
with a mixer (KitchenAid Model Artisan KSM 1520, St.
Joseph, MI, USA). About 50 g of muffin batter was poured
in silicone muffin cups and then placed into metallic muffin
trays and baked at 180 °C for 25 min in a preheated bak-
ing oven (Memmert, Model ULM 400, Memmert GmbH,
Germany).

Sample with 100% wheat flour was coded as control
(C-M). Two samples where 15% of wheat flour was replaced
with grasshopper and mealworm powders were called GR-M
and MW-M, respectively. After removal from oven, cooked
muffins were cooled to room temperature and used for fur-
ther analysis.

Analysis of nutritional value

The samples were measured for their ash, moisture, fat, and
protein content according to AACC methods [23]. The total
content of carbohydrates was calculated by the difference
method. The metabolizable energy of the muffin samples
was calculated based on specific calorific values of each
nutritional component [24].

Physical properties

To determine the height of muffins, the highest point of the
muffin to the bottom part was measured using a ruler and
recorded in centimeter (cm) [25].

Specific volumes were calculated as the ratio of volumes
to the weights and expressing the results as cm*/g. The vol-
ume of muffins was determined using seed rapeseed replace-
ment method [23]. Firstly, glass container of known volume
was filled uniformly with rapeseeds and bulk density of the
seeds was calculated from the measured weight of the seeds
and volume of the container. To determination of volume of
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sample, a whole muffin was placed inside a plastic 100 ml
container full of seeds. The weight (g) of the seeds displaced
from the container was weighed (g) and the volume (cm?)
of the muffin was assessed using the calculated density of
seeds. Specific volume of the samples (cm®/g) was calcu-
lated by dividing the volume by weight.

Baking loss (%) values were calculated as the percentage
difference between batter weight and muffin weight accord-
ing to equation (Eq. 1) by Heo et al. [26];

(batter weight — muffin weight)g

Baking loss (%) = x 100

e))
Baking yield (%) values were calculated using the equa-
tion (Eq. 2);

batter weight (g)

muffin weight (g)

Baking yield (%) = 2)

batter weight (g)

Image analysis of muffin cellular structure

Image analysis of cellular structures was performed on scans
of muffin slices obtained using a flatbed scanner (HP Scan-
jet 3800, Hewlett-Packard Company, California, US). Muf-
fin slices that were cut from the center of the muffin were
scanned on one side and saved in tiff format. The digital
images were investigated by ImageJ software (National Insti-
tutes of Health, imagej.nih.gov/ij/). Images were converted
into 8-bit grayscale and binarized after applying a thresh-
old. An ImagelJ plugin (ImagelJ/Fiji plugin) was also used to
apply watershed segmentation to separate the cells for count-
ing. A 3.8x3.2 cm? field of view of the slice center was
intercepted by ImageJ software to evaluate the features as
follows: total cell count, porosity (%), mean cell area (mm?),
and cell density (cells/mm?) [27].

Texture profile

The texture analysis of muffins was performed out using
a TA XTplus Texture Analyzer (Stable Microsystems,
Godalming) equipped with a 5-kg load cell and a cylindrical
probe of a 75 mm diameter [28]. The crosshead speed was
10 mm/s and the samples were compressed to 50% of the
initial height. During the test hardness, adhesiveness, gum-
miness, springiness, chewiness, cohesiveness, factorability,
and resilience of the muffins were calculated by using the
texture analyzer software.

Color evaluation

Color readings (L*, a*, b*) of the muffin crust and
crumb were taken using Minolta CR-400 Colorimeter
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(Minolta Camera Co., Osaka, Japan,). The instrument was
calibrated with a white standard plate six times. Results
as the average of measurement taken from six different
points were expressed in L*a*b* scale (lightness (L*) and
color (a*-redness; b*-yellowness). The averages were used
to calculate the total color difference (AE*) between the
control and samples as described by Goswami et al. [29].
Browning index (BI) were also calculated according to the
following equation (Eq. 3):

(x—=0.31)
0.17

BI =100 — (3)

where x was calculated according to the following equation
(Eq. 4);

(a % +1.75L #)
X = )
(5.645L * + a + —3.01b %)

Sensory evaluation

Sensory profiles were evaluated based on a 9-point
hedonic rating scale to denote a degree of liking, where
1 =dislike extremely, 2 =dislike very much, 3 =dislike
moderately, 4 = dislike slightly, 5 =neither like nor dislike,
6 =like slightly, 7 =1ike moderately, 8 =like very much,
and 9 =like extremely by semi-trained 20 panelists (10
female- 10 male) aged between 18 and 40 years among stu-
dents of the Department of Gastronomy and Culinary Arts
(AHEP University, Antalya, Turkey). Consumers were
selected based on their willingness and instructed prior to
the evaluation that samples contain different edible insect
flours. Each muffin was first cooled to room temperature
(24 °C) for 1 h after removing from the oven, placed in a
plastic cup with a random three-digit code. Panelists were
asked to evaluate color, appearance, texture, sweetness,
mouthfeel, flavor, odor, and overall liking of samples.

Statistical analysis

The baking experiments were repeated twice, analyses
were done in triplicate and measurements were expressed
as media + standard deviation. Statistical analyses were
carried out using analysis of variance (ANOVA) followed
by Tukey’s HSD for multiple pairwise comparisons at a
significance level of p <0.05 and correlations between
variables (p <£0.05) by correlation analyses using the
Pearson’s linear correlation coefficient were performed
by using software Minitab Statistical Software (Minitab
17.0 for Windows, Minitab, USA).



Influence of grasshopper (Locusta Migratoria) and mealworm (Tenebrio Molitor) powders. .. 3865

Results and discussion
Nutritional value

Enhanced nutritional values were observed when muf-
fins were enriched with edible insect powders (Table 1).
Results suggested that muffins containing edible insect
powders retained more moisture as compared to control
muffins. This could be due to the higher crude fiber content
and protein content of edible insect powders, which were
shown in our previous study [30], leading to higher water
absorption capacity compared to that of wheat flour [31,
32]. A similar trend was observed in a study completed
by Pauter et al. [33] in which the increase in the level
of cricket powder enhanced the moisture content of the
produced muffin samples. As expected, MW-M presented
a higher quantity of protein, ash, fat and lower carbo-
hydrates, with no significant difference (p > 0.05) with
GR-M. The results of our research are in accordance with
previous studies obtained by Cabuk, Yilmaz [30] in pasta,

by Severini et al. [8] in snacks and by da Rosa Machado,
Thys [34] in bread. Regarding fat content, results agree
with a previous study where wood grasshopper flour was
used in baby biscuits [35]. The richness in protein and fat
content could be attributed to the higher fat and protein
content of edible insect powders than wheat flour [30].
These results are consistent with those reported by Ron-
colini et al. [19]. The energy content of muffin samples
varied between 442.54 kcal/100 g to 467.37 kcal/100 g.
However, among baked muffins with insect powders, there
were no significant differences (p > 0.05) in energy value.
The values found suggest that both mealworm and grass-
hopper powder could be added to different foods such as
soups and baked products helping them to significantly
increase their energy value.

Physical properties and cell structure
Significant variations in the muffin physical quality were

observed with the fortification of wheat flour with edible
insect powders (Table 1). The results showed that edible

Table 1 Nutritional and

. X Parameters C-M MW-M GR-M
energetic value, physical
properties, cell characteristics Dry ash (%) 1.71+0.02° 1.74+0.17° 1.72+0.04
fr?ffg;";‘;rrigszzg“v’fg gffferem Protein (%) 5.85+0.82° 11.70+0.81° 12,91 £0.40°
flour blends Fat (%) 31.21+1.66° 36.56+1.26* 36.47+0.75%
Carbohydrate (%) 34.56+4.02% 22.07+1.63° 21.87+0.58°
Metabolizable energy (kcal/100 g) 44254 +2.62° 464.09+11.28* 467.37+6.52*
Physical properties
Height (cm) 4.83+0.12 4.57+0.15% 4.40+0.2°
Weight (g) 57.77+0.88° 61.76 +0.63° 65.82+0.58°
Specific volume (cm’/g) 1.69+0.03 1.14+0.02° 1.43+0.08°
Baking loss (%) 15.25+0,38° 13.98+0,34° 11.34+0,59¢
Baking yield (%) 84.75+0.38° 86.02+0.34° 88.66+0.58"
Cell characteristics
Total cell count 523.33+41.74* 607.66+57.14* 617+16.09*
Average cell size (mm?) 0.43+0.06% 0.400.00° 0.53+0.06*
Porosity (%, cell area/total area) 25.66+2.55" 28.05+2.20° 37.26 +1.06
Mean cell area ( mm?) 0.45+0.08% 0.42+0.01° 0.54+0.03?
Cell density (cells/ mm?) 1209.89 +289.73% 1464.05 +172.46° 1137.47 +90.14%
Texture parameters
Hardness (g) 2638.11 +195.57* 1742.90 + 170.66° 1657.74 +79.02°
Adhesiveness (g/s) 317279 -8.55+2.89* -28.57+6.35"
Springiness 0.84 +0.00* 0.77+0.02° 0.78+0.01°
Cohesiveness 0.44+0.02* 0.33+0.01°¢ 0.37+0.01°
Gumminess 1158.54 +44.34 569.09 +63.55° 613.88+26.57°
Chewiness 977.63 +38.18* 43576 +58.19° 477.78 +28.28°
Resilience 0.18+0.01° 0.13+0.01° 0.14+0.00°

abDifferent superscripts in the same row indicate significant differences (p<0.05). Data are expressed as
means + SD. Control muffin (C-M):100% wheat flour; mealworm muffin (MW-M): 75% wheat flour + 15%
mealworm powder; Grasshopper muffin (GR-M):75% wheat flour + 15% grasshopper powder
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insect powder incorporation to formulation had a significant
(p<0.05) influence on muffins: the weight of C-M (57.77 g)
was significantly lower than insect treatments. The samples’
weight was positively correlated with protein and fat con-
tent (r=0.92 and 0.76, p <0.05, respectively) while nega-
tively correlated with total carbohydrate content (r=—0.81,
p<0.05). Insects are a great protein and fiber source which
is observed to have pronounced influences on dough proper-
ties resulting in higher water absorption [36, 37]. The water
absorption capacity of flours was calculated as 0.78 g/g,
1.07 g/g and 1.50 g/g for wheat flour, grasshopper and meal-
worm blended ones, respectively. Therefore, this result was
probably due to having greater water absorption capacity of
flour blends than wheat flour.

The height and the volume of muffins are among the most
studied physical properties influencing both the acceptabil-
ity and quality. Results revealed that fortification of wheat
flour had a negative influence on muffin height: the height of
MW-M and GR-M was measured as 4.57 cm and 4.40 cm,
respectively. This shows that C-M sample had better bak-
ing expansion and gas retention compared to edible insect
incorporated ones. Partial fortification of wheat flour with
edible insect powders affected the specific volume of muffins
as well. The specific volume of baked muffins ranged from
1.14 to 1.48 cm?/g. Fortification with mealworm powder
resulted in highest (0.55 cm®/g) decrease in specific volume
values. Also, specific volume of samples was negatively
correlated with the cell count (r=—0.723, p <0.05). There-
fore, the addition of gluten-free insect powders might have
interrupted the formation of SS bonds between gluten mol-
ecules. This could cause formation of a weaker and thinner
gluten network compared to control which lowers trapped air
amount between three-dimensional network and as a result,
lowers the specific volume [38, 39]. The height and volume
loss of baked products by fortification with gluten-free flours
has been commonly observed in various studies [40, 41].
Our results in the present study also agree with those previ-
ously reported by Osimani et al. [42] and Garcia-Segovia
et al. [43] suggesting that fortification with insect flours sig-
nificantly lowered specific volume of baked products.

Generally, fortification with gluten-free flours create
higher moisture loss during baking [29]. However, our find-
ings showed that fortification with mealworm powder and
grasshopper powder provided significantly lower baking loss
and increasing the baking yield of muffins. Generally, lower
specific volume led to evaporation of less water during bak-
ing which consequently decreased baking loss. However,
in this study, no significant correlation (p > 0.05) was cal-
culated between baking loss rate and specific volume. On
the other hand, baking loss was negatively correlated with
protein content (r=—0.82, p <0.05); the higher the protein
content, the lower the loss rate of baking. This is in-line with
the finding by Indriani et al. [44] who reported a reduction
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in baking loss of cakes with increasing high protein content
Bombay locust powder.

The top and side-view photographs of baked muffins
and images of the crumb cellular structure characteristics
measured using image analysis are shown in Figs. 1 and 2,
respectively. In our study, muffins exhibited significant vari-
ance in the cell structure. The disruption of crumb structure,
especially formation of crack was clearly observed in the
images (Fig. 2). Formation of cracks may be associated with
the compositional differences of insect powders compared to
wheat flour which consequently altered gluten matrix which
led to a change in the viscoelastic behavior of the batter for-
mulations further causing formation of cracks during baking
[45]. Therefore, more compact but crumbly texture when
both mealworm and grasshopper powders were obtained in
muffin formulations.

Table 1 also shows the cell characteristics of muffins pro-
duced with different flour blends. Incorporation of meal-
worm and grasshopper powder slightly increased the total
number of air cells, however this increase was statistically
insignificant (p>0.05). The porosity of the muffins ranged
from 25.66 to 37.26%. The wheat flour fortification meal-
worm powder produced muffins with similar porosity to the
grasshopper fortified one, while the highest porosity was
detected at the GR-M. Edible insects are rich sources of
chitosan [46] and similar structural alterations were also
observed by Kerch et al. [47] in the presence of chitosan
forming a more porous structure in bread. Regarding cell
density calculated by dividing the number of cells by the
mean cell area, MW-M had the highest density (1464.05
cells/mm?) among all samples with insignificant differences
(p>0.05).

Color evaluation

The crumb and crust color values of muffins as affected by
flour fortification are presented in Fig. 3a and b. As flour was
replaced with edible insect powders, the crumb color became
darker. Muffin crust color is mainly developed during baking
due to Maillard reaction taking place by the exposure of sur-
face to high temperatures. In this study, L* value of the crust
exhibited a high negative correlation with protein content
(r=-0.90, p<0.05) and a strong positive correlation total
carbohydrate content (r=0.90, p <0.05). The lightness (L*)
values of the crumb ranged between 68.02 and 50.32 with
significant differences (p <0.05) observed between muffins.
The crust of both GR muffin and MW-M had around 11%
lower luminosity than C-M. Darker crust color formation
in both GR-M and MW-M might be attributed to the higher
protein content compared to control muffin. These find-
ings agree with those recently collected by Khuenpet et al.
[48] and Indriani et al. [44] on crumb of breads and cakes
produced with various species of edible insects, including
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Fig. 1 Top and side view of
muffin samples: a control
muffin, b muffin with 15%
mealworm powder, ¢ muffin
with 15% grasshopper powder
(left line: top view images of
muffins, right line: side view
images of muffins)

mealworm (7. molitor) and Bombay locust (Patanga suc-
cincta L.), respectively. Red color indicated by the positive
a" value was significantly (p <0.05) higher for the MW-M
and GR-M compared to C-M, although, a very little indica-
tion of redness was evident in MW-M given the low a* value
(1.08 +0.26 for crumb and 1.46 +0.22 for crust). Muffins
made with grasshopper powder exhibited highest redness
for both crust (3.09+0.31) and crumb (4.9 +0.58) color. A
similar study has previously shown increased the value of
a* by mealworm (7. molitor L.) and buffalo worm (Alphito-
bius diaperinus) powders in bread [43]. Regarding b* val-
ues, differences were measured between crust and crumb
of muffins. Muffin C obtained the highest crumb yellow-
ness with the b* value of 19.44 +0.60 and differences in
insect powders appeared to have little impact on yellowness
with no significant difference (p > 0.05). On the other hand,

there was a significant difference among crust b* of muf-
fin samples with edible insect powders and the intensity of
yellowness was the highest in GR-M. This trend for change
might be attributed to the original color of insect powders.
Total color differences (AE), representing the magnitude
of the color difference between the samples and control
were found to be 13.70 for MW-M and 18.80 for GR-M.
This result proves that changes in muffin color were strong
enough to be clearly visible by consumers. Previous studies
pointed out that color difference is visually noticeable when
AE>3.0[49, 50]. This indicates that the alteration of color
that results from the use of the additive is. Such a significant
difference in color can result in a reduction of the attractive-
ness to consumers.

The browning index (BI) values of both crust and crumb
of different muffin samples are presented in Fig. 3c. C-M
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Fig. 2 Muffins profiles and their
corresponding thresholding
images of cell structure: a con-
trol muffin, b muffin with 15%
mealworm powder, ¢ muffin
with 15% grasshopper powder

sample showed the lowest values of BI (29.23 for crust and
327.71 for crumb) while for grasshopper muffins the values
were the highest (54.34 for crust and 511.35 for crumb). In
general, the edible insect powders were darker compared to
wheat flour which is also confirmed by the higher browning
index values.

Sensory evaluation

Sensory properties of edible powder fortified muffins were
evaluated and presented as likeness score, in comparison
with the C-M (Fig. 4). The C-M obtained the highest like-
ness score (p <0.05) for all sensory attributes tested. G-M
sample scored significantly lower (p <0.05) than C-M and
MW-M samples for all tested sensory attributes. How-
ever, the acceptability for all attributes except odor was
above 5. Pearson’s correlation analysis between sensory
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characteristics and color values of samples revealed that
porous muffins obtained lower scores of texture attribute
with a negative correlation between porosity and texture
(r=-0.83, p<0.05). Interestingly, color and appearance
attributes were not significantly correlated with L* values
of both crumb and crust (p <0.05). In terms of nutritional
composition, protein content was observed to significantly
negatively correlate with texture, appearance, flavor and
overall liking (p <0.05), whereas fat content displayed no
significant correlations with all sensory attributes (p > 0.05).

All panelists stated that muffins with mealworm powder
had a very rich nutty smell and therefore average score of
the odor was slightly higher than C-M. Similarly, ground
mealworms contributed to nutty flavor development in a
model system studied by Wendin et al. [20]. Meanwhile,
the grasshopper powder resulted in a very strong unpleasant
smell in baked muffins which negatively impacted the score
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Fig.3 Color properties of con-
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of odor attribute. This was also confirmed with the positive
correlation between odor and overall liking scores (r=0.76,
p<0.059). A similar impact of grasshopper on odor attribute
was also observed by Haber et al. [38] where a decreasing
trend in overall preference was observed with increasing
grasshopper powder in bread samples. MW-M had simi-
lar likeness score on odor, color, texture, and sweetness to
the C-M (p > 0.05). Moreover, there was a negative trend
towards GR-M showing the lowest acceptability score of

5.6. In terms of overall acceptability, both L* and a* values
of crust and crumb showed positive (r=0.67 and r=0.83,
p <0.05, respectively) and strong negative (r=—0.86 and
r=-0.84, p<0.05, respectively) correlation with overall
liking.

Overall, the results indicated the fortification of edible
insect powders, especially grasshopper powder had adverse
effects on sensory attributes. Lower acceptability scores
might be related to the darker color, distinct smell, denser
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Fig.4 Spider web chart of the sensory properties of fortified and
unfortified bread

structure and lower specific volume of edible insect forti-
fied muffins. But, in our study, mealworm powder fortified
muffin obtained an average score above 7, indicating that it
was liked moderately.

Texture analysis

Significant differences were observed among the hardness
values of muffins (Table 1). Hardness for the C-M was
2638.11 g and with the incorporation of mealworm powder,
hardness value decreased down to 1742.90 g and further to
1657.74 g when grasshopper powder was used. Pearson’s
test demonstrated that the hardness of muffin samples was
negatively correlated with fat (r=-0.92, p<0.05) and
moisture (r=—0.68, p<0.05) content. Similar observa-
tions were also reported by both Mohamad et al. [51] and
Abera et al. [52] where decreased firmness of baked products
were calculated with increased moisture content. Moreover,
cell characteristics were observed to affect the firmness of
bakery products [53, 54]. In this study, results show that
the total cell count affected muffin hardness in negative
correlations (r=—0.76, p<0.05). These associations may
have been a result of increased fat content and increased
gas retention of muffins [43, 44]. This trend is similar to
that reported by Kowalczewski et al. [55] in which gluten-
free bread with cricket powder showed decreasing hardness
with increasing cricket powder. The springiness value is the
ability of the samples to return to its undeformed original
condition after the deformation is removed [56]. While both
edible insect powders added muffins were significantly less
springy than C-M which can be related to the non-uniformity
with a crumby matrix of muffins and there were no signifi-
cant differences (p>0.05) were observed between GR-M
and MW-M. Additionally, statistical analysis revealed a
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significant negative correlation (r=—0.77, p<0.05) between
springiness and moisture content of samples.

The gumminess values of muffins were in the range of
1158.54-569.09 g and C-M showed the highest gumminess
value. Like hardness, springiness and gumminess, muffins
with edible insect powders had significantly lower cohe-
siveness values than C-M. The lower cohesiveness agrees
with the low springiness that also reflects the low internal
cohesion within the crumb. MW-M samples obtained signif-
icantly lower (p <0.05) cohesiveness (0.33) than GR-M ones
(0.37) and cohesiveness were positively correlated with spe-
cific volume (r=0.94, p <0.05) indicating that interactions
among gluten and non-gluten ingredients in MW-M were
weaker resulting in less gas retain and the lower volume
[45]. Similar observations were also reported by Gonzélez
et al. [18] in a similar research that studied the use of A.
domestica and T. molitor flours in bread making. There were
also highly significant positive correlations between the spe-
cific volume, springiness (r=0.87, p<0.05) and gumminess
(r=0.86, p<0.05). As a result of the decreased gumminess
and springiness, muffins with edible insect powders were
found to be significantly lower in chewiness from those
of the C-M sample indicating that lower energy is needed
to disintegrate muffins. MW-M samples showed similar
adhesiveness values with the C-M. On the other hand, both
GR-M and MW-M obtained lower resilience values (0.13
and 0.14 for MW-M and GR-M, respectively). Moreover,
resilience of samples showed positive correlations with muf-
fin specific volume (r=0.90, p <0.05). Both of these results
imply that when edible insect flours were blended, the crumb
matrix becomes denser the samples lose the ability to spring
back, returning to their original shape when subjected to a
compressing force. Similar observations were also noted by
other authors when wheat flour was replaced with gluten-
free flours [57-60].

Conclusions

In this study, the effect of fortification of wheat flour with
mealworm and grasshopper powder on nutritional values,
textural properties, and structural changes was investigated.
Results collected in this study confirmed that wheat flour
fortification (15%, w/w) by edible insect powders resulted
in significant nutritional changes, such as increased protein
and fat content and decreased carbohydrate content. When
edible insect powders were added to the formulations, result-
ing muffins exhibited decreased specific volume with softer
texture than the C-M. Moreover, addition of grasshopper
powder significantly lowered the sensory ratings of muffin
sample for all sensory attributes due to its unpleasant smell
and dark color, while mealworm muffins received good
acceptability scores in sensory tests. However, this research
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also showed that mealworm powder could be used success-
fully with small modifications to replace wheat flour and
produce high protein muffins with acceptable quality and
sensory attributes.

In summary, this paper is significant as it provides basic
data that can be used as a reference in the development of
new bakery products with alternative protein sources.
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