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The addition of cricket flour into foods has been extensively examined giving its great economic, nutritional, and
environmental advantages. Even though entomophagy presents great economic, nutritional, and environmental
benefits, there is yet a notable reluctance to insects as foods. Consequently, the use of edible-cricket flour (ECF)
in foods is quite challenging. For this reason, the aim of this study was to evaluate the physicochemical and
sensory properties of barbecue sauce (BS) as affected by cricket flour. Barbecue sauce formulations without
(Control) and with 5% (T1), 10% (T2) & 15% (T3) w/w were evaluated by 100 panelists (color, aroma, texture,
flavor, overall liking, and purchase intent) under the following informed condition: without ECF (ECF-) and with
ECF + benefits (ECF+). In addition, the pH, brix, viscosity, color (L*, a*, b*, browning index), and texture
(firmness & adhesiveness) were analyzed. The crickets were farmed and the ECF was made by, baking,
grounding, and drying processes. The addition of ECF into BS did not drive to a significant (P < 0.05) difference
in the pH while ECF affected color, brix, texture, and viscosity. When compared to control, the color, aroma,
texture, flavor, and overall liking did not differ significantly (P < 0.05) only among samples containing 5% of ECF
(T1). Furthermore, purchase intent and overall liking were significantly (P < 0.05) increased with the beneficiary
statement only among T1 samples. To sum up, 5% of ECF can be added when improving the nutritional profile
of barbecue sauce.
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1. Introduction

In developing countries, food insecurity is a matter of great concern given the predicted rise in the global
population. To overcome food insecurity worldwide, it's crucial to develop sustainable and nutrient-dense foods
from alternative economic sources. The inclusion of insect diets or ingredients has been extensively examined
giving its great economic, nutritional, and environmental advantages. The insect-based food production systems
are more eco-friendlier and economically viable than the animal-based food production systems (Glover &
Sexton, 2015; Alfaro et al., 2019). Furthermore, edible insects are rich in nutrients such as protein, minerals,
essential amino acids, and B-complex vitamins to name a few (de Castro et al., 2018). ECF in foods has become
a trend in recent years since it has been recommended to be utilized in food products such as snacks, cereal
bars, protein shakes, bread, and tortillas (Ardoin & Prinyawiwatkul, 2020). Even though entomophagy presents
great economic, nutritional, and environmental benefits, there is yet a notable reluctance to insects as foods.
Largely in the Western world, food neophobia could cause badly perceived sensory quality and negative
emotions (Huis, Dicke, & Loon, 2015). Therefore, it's noteworthy to examine the influence of CS on BS regarding
physicochemical and sensory characteristics. Furthermore, this study is the first to analyze these effects.
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2. Materials and method
2.1 Cricket farming and cricket flour preparation

Cricket farming took place in the National University of Agriculture (UNAG) cricket farm, Olancho, Honduras.
Crickets (Gryllus assimilis) were obtained from the entomology laboratory at UNAG. In three months, crickets
were fed with grounded corn, palm kernel, wheat flour, and fresh cabbage and there were held in a fragill cricket
cage bucket 1280 (Fragill, WI, USA) at 35 °C. To obtain ECF, crickets (after three months) were dehydrated in
a convection oven (Digitronic TFT- Selecta, J.P. SELECTA, Barcelona, Spain) at 50 °C/48 h and were grounded
in a knife mill Retsch SM 100 (Retsch GmbH, Germany) (501-700 mm).

2.2. Barbecue formulation & preparation

The BS was made with margarine (12.2%) (Mazola, San Pedro, Honduras), mustard (12.2%) (Heinz, PA, USA),
brown sugar (21.3%) (Dofia Matilde, San Pedro, Honduras), tomato paste (15.2%) (Naturas, San Pedro,
Honduras), soy sauce (3.8%) (Don Julio, San Pedro, Honduras), liquid smoke Colgin (0.5%) (Colgin, TX, USA),
ketchup (4.6%) (Heinz, PA, USA), and water (30.4%) (Agua Azul, San Pedro, Honduras). The ingredients were
purchased in Walmart (Catacamas, Olancho, Honduras). Cricket flour was incorporated with the ingredients at
0%, 5%, 10%, and 15%. BS was produced in UNAG dining hall. The ingredients were added to the water and
the mix was stirred vigorously and 10 L of BS were baked in Cleveland KET-3-T 3 Gallon Tilting 2/3 Steam
Jacketed Electric Tabletop Kettle (Katom restaurant supply, TN, USA) at 85°C for 30 min.

2.3. Physicochemical analysis

The proximal analysis of CF and BS was performed by standard methods of AOAC (2000) to analyze proteins
(920.152), fat (963.15), ash (940.26), and moisture (925.09) content. In addition, total carbohydrates
(21CFR101.92) and calories (21CFR101.92) were estimated. For BS, the pH, brix, viscosity, color (L*, a*, b*, &
browning index), and texture (firmness & adhesiveness) were analyzed. The pH analyses were carried out by
using a Thermo Orion 3 Star pH Benchtop Meter (Fisher Scientific, Instruments, Pittsburgh, PA). The apparent
viscosity was determined by using a PCE-RVI-1 rotational viscometer (PCE Instruments, Southampton, UK).
Samples were measured with an L4 spindle at 30 rpm. The soluble solids of the sauces were analyzed using a
BOECO hand refractometer (BOECO, Hamburg, Germany). The L* (lightness-darkness), a* (red-green axis) b*
(yellow- blue axis) values were analyzed by using a Colorflex HunterLab® colorimeter (Hunter Lab, VA, USA)
and browning index (Bl) values were estimated as Palou et al., (1999). Measurements were determined with D
65 illumination and a 10° observer angle. The texture parameters firmness and adhesiveness were analyzed in
BS in a Brookfield CT3 texture meter (Brookfield Engineering Lab Inc., Stoughton, MA) by using the Hai-Yan
Yu (2016) method.

2.4 Sensory study

The sensory evaluation was carried out at UNAG Sensory Analysis Laboratory. BS was evaluated the same
day it was made. One hundred untrained panelists were recruited among professors, staff, and students from
UNAG, and all four treatments were given to each customer. About 1 tablespoon of BS with oven-baked chicken
thigh (about half a pound) was served and, for palate cleanse, a cup of water (Agua Azul, San Pedro, Honduras)
and unsalted crackers (Nabisco, Northfield, IL) were given. The panelists analyzed color, aroma, flavor, texture,
and overall linking (OL) on a 9-point hedonic scale, and purchase intent (Pl) was evaluated on a “yes/no” scale
with tasting. After tasting, panelists were illustrated with the following ingredient benefit claims (IBC): “As cricket,
cricket flour is a great source of protein, vitamins, minerals, fiber, and fatty acids.” After receiving IBC, consumers
rated OL, and Pl once more. The sensory analysis was carried out according to the guidelines of the Declaration
of Helsinki and approved by the Ethics Committee in Biomedical Research at Universidad Autbnoma de
Honduras (UNAH).

2.5. Statistical analysis

All statistical analyses were performed using SPSS 16 software (SPSS Inc., Chicago, IL USA). A one-way
analysis of variance (ANOVA) and Post-Hoc Tukey's test (0=0.5) was used to analyze hedonic responses and
physicochemical measurements. The 2-related sample-dependent t-test was used to compare differences in
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OL before and after consumers received IBC. McNemar’s test was used to identify significant increases in Pl
after IBC. An independent t-test was used for proximal analysis of barbecue sauce.

3. Results and discussion
3.1 Proximate analysis of cricket flour and ECF-enriched barbecue sauces

The chemical composition of ECF and BS is shown in Table 1. For ECF, a high protein (48.72 g/100 g) and fat
(33.04 g/100 g) content were found, and low carbohydrate content (7.24 g/100 g) and a considerable amount of
minerals (3.90 g/100 g) were observed. Gonzalez et al., (2019) & Khatun Gonzalez et al., (2021) have reported
a similar trend regarding Acheta demesticus and Gryllus assimilis species. Depending on the insect species,
protein content can range between 7-91% (Huis, Dicke, & Loon, 2015). In addition, the type of diet can have a
critical role on growth performance leading to influencing the nutrient profile of cricket powder (Bawa et al.,
2020). For BS, T2 (BS-CF 5%) had a significantly (P < 0.05) higher protein, fat, and mineral content than control
samples. Not surprisingly, the fortification of cricket powder (5%) can increase the protein and mineral content
of BS improving the nutritional profile. The addition of edible insects into food systems could provide desired
nutrients such as protein, minerals, essential amino acids, chitin, and B-complex vitamins (de Castro et al.,
2018). Even though cricket flour fortification can increase the fat content, edible insects have a low omega 6:
omega 3 ratio (Sosa et al., 2014; Marcia-Fuentes et al., 2021).

Table 1. Chemical composition of CF and BS

Sample Moisture Ash Protein Fat Carbohydrates Total energy
P (9/100 g) (9/100 g) (9/100 g) (g/100 g) (g/100 g) (kcal/kg)
CFNA 7.1£1.26 3.90+0.05 48.7243.28  33.04+3.83 7.24+0.67 4922+48.78

BS-CF 0% 57.9+3.93a 2.39#0.11b  1.69+0.32b  15.88+1.34b 22.13+1.33a 2382+27.05b
BS-CF 5% 53.5+2.05b 2.63+0.08a 4.23+0.46a 19.15+1.05a 20.48+1.89a 2711+20.45a
Means followed by different letters in the column differ by the t-test (p < 0.05). * The 0 and 5% BS-CF treatments correspond
to the CF addition of 0% and 5% respectively. **CF=cricket flour, BS= barbecue sauce
N/A= Means comparison does not apply.

3.2 Physico-chemical properties of ECF-enriched barbecue sauces

In Table 2, the soluble solids, pH, viscosity, firmness, and adhesiveness are shown. The addition of ECF in BS
modified the soluble solids content, texture, and viscosity while ECF did not significantly (P < 0.05) affected the
pH. The pH values were within the recommended levels (<4.6) (Codex Alimentarius, 2013). For viscosity, it
increased (from 12,246 to 19,104 cP) with the addition of ECS into BS among sauces. As ECF increases the
protein content in BS (Table 1), Gelation of proteins could occur when BS was thermally treated and the gel
matrix captured water leading to a viscosity increment (Thakur, Singh & Handa, 1996). On the other hand, a
significant (P < 0.05) decrease was observed for the soluble solids content (from 42.2 to 38.1 °Brix) with the
incorporation of ECF. Firstly, this reduction could occur because the ECF decreases the carbohydrate content
in BS (Table 1). Secondly, a higher moisture content (Table 1) from the ECF-enriched barbecue sauce was
reported when compared to the control sample. The evaporation rate of the BS could be less with the addition
of ECF as it had high lipid content, which could decrease the water diffusion. Similarly, water diffusion could
also decrease due to the formation of gel matrixes caused by the protein content in ECF. For texture, the
increase in the ECF concentration led to a higher firmness and adhesiveness. The BS formulation containing
15% ECF was firmer, more adhesive when compared with the other treatments. As anticipated, viscosity tends
to be directly related to firmness and adhesiveness (Ahouagi et al., 2020) in this type of food system.

Table 2. Soluble solids, pH, viscosity, firmness and adhesiveness of the CF-enriched barbecue sauces

Soluble solids

Formulation pH (°Brix) Viscosity (cP) Firmness (N) Adhesiveness (mJ)
BS-CF 0% 4.21 +0.05a 42.2 +0.84a 12,246+417d 0.89 +0.17d 8.90 +£1.24d
BS-CF 5% 4.20 +0.08a 40.7 £0.73b 13,360+572¢c 1.65 +£0.47¢c 20.67 +2.57¢
BS-CF 10%  4.22 +0.08a 39.5 +0.94c 15,953+462b 4.87 £0.78b 54.80 £7.79d
BS-CF 15%  4.18 +0.06a 38.2 +0.87d 19,104+1365a 7.21 +1.23a 105.30 +18.97a

Means followed by different letters in the column differ by the Tukey test (p < 0.05). ** The 0, 5, 10 and 15% BS-CF treatments
correspond to the CF inclusion of 0%, 5%, 10% and 15%, respectively.
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3.3 Color characteristics of ECF-enriched barbecue sauces

The impact of the addition of ECF in BS was notable (Table 3 & Figure 1). The addition of ECF in BS decreased
significantly (P < 0.05) the L*, a*, b*, C*, and Bl while the H* values increased. These results are because of
the presence of protein in the cricket flour that coincidentally with the carbohydrates present in the BS
formulation during the heat treatment could cause the Maillard reaction to happen, responsible for the darker
colors. Lertsir et al., (2001) and Chao, Hsu & Yin, 2009 also supported that sauces' dark browning could be
affected by the protein and carbohydrate content present in sauce formulation. In addition, Bl is strongly related
to a* values (Zambrano-Zaragoza et al., 2014). Similarly, control samples had higher H* values than the other
treatments indicating a less reddish color (Ahouagi et al., 2021). Chromaticity is described as saturation and
shows the color intensity. The addition in the ECF pointed to a more intense color when compared with control
samples (Table 3). Generally, the perception of intense red colors in barbecue sauce could appeal to consumers
liking.

Table 3. Color of the CF-enriched barbecue sauces

Hue Browning
Index (BI)
BS-CF 0%  35.79+0.38a 23.8410.65a 45.84+0.72a 51.66+0.54a 62.52+0.53b 396.95+7.67a
BS-CF 5%  32.78+0.42b 19.41+0.51b 38.68+0.39b 43.27+0.36b 63.35+.0.41b  331.14£9.84b
BS-CF 10% 31.21+0.46c 17.30+0.43c 35.70+0.27c 39.67+0.47c 64.14+0.47a  309.8315.72c
BS-CF 15% 30.75x0.31c  14.42+0.36d 31.42+0.47d 34.57+0.38d 65.34+0.42a 247.53+6.55d

Means followed by different letters in the column differ by the Tukey test (p < 0.05). ** The 0, 5, 10 and 15% BS-CF treatments
correspond to the CF inclusion of 0%, 5%, 10% and 15%, respectively.

Formulation L* a* b* Chroma

3.4. Sensory properties of ECF-enriched barbecue sauces

The mean scores of liking (before & after), flavor, aroma, color, consistency, and purchase intent (before & after)
are shown in Table 4. Before the IBC, control samples and T1 (BS-CF 5%) presented the highest mean values
towards color (mean value=7.17 & 6.75 respectively), flavor (mean value= 7.54 & 7.32 respectively), aroma
(mean value= 6.90 & 6.83 respectively), consistency (mean value= 7.35 & 6.94 respectively) and overall liking
(mean value=7.63 & 7.31 respectively). Commonly, the perception of brown-red colors, desired mouthfeel, and
acidity flavor could affect consumers' acceptability (Alonso, 2019). Claybon & Barringer (2002) reported that BS
acceptability lowers down when the product is too red or too brown. Not surprisingly, BS-CF 5% did not distantly
modify physicochemical properties (Table 2) when compared with the other treatments. It is also likely that the
panelists' familiarity with BS influenced their perception. The other studies suggested that a sense of familiarity
with a given product could impact the appeal of customers (Choi et al., 2015). After IBC, BS-CF 5% reported a
significant (P < 0.05) increase in OL and Pl mean values. A positive impact could be produced in the OL and PI
scores when a proper IBC is given (Padhi et al., 2015). When using edible insect ingredients, other studies have
reported good acceptability in snacks, meat, bakery, pasta, and protein bars (Hirunyophat et al., 2018; Megido
et al., 2016; Osimani et al., 2018; Duda et al., 2019; Adamek et al., 2018).

Table 4. Mean consumer color, aroma, flavor, consistency, liking and purchase intent of CF-enriched
barbecue sauces

Formulation Color Aroma Consistency Flavor
BS-CF 0% 7.17+1.36a 6.90+1.42a 7.35+1.32a 7.54+1.38a
BS-CF 5% 6.75+1.62b 6.83+1.55a 6.94+1.40a 7.32+1.42a
BS-CF 10% 5.63+1.68c 5.88+1.86b 5.78+1.75b 6.67+1.75b
BS-CF 15% 5.25+1.88c 5.76+1.73b 5.51+1.70b 6.49+1.78b

. Overall liking Overall liking Purchase intent (%) Purchase intent (%)

Formulation (Before) (After) (Before) (After)
BS-CF 0% 7.63+1.35a 7.47+1.36a 80.00 78.50
BS-CF 5% 7.31x1.41a* 7.69+1.11a* 68.50* 75.75%

BS-CF 10% 6.47+1.72b 6.23+1.34b 52.50 54.25

BS-CF 15% 6.28+1.71b 6.10+1.94b 41.25 40.25

Means followed by different letters in the column differ by the Tukey test (p < 0.05). ** The 0, 5, 10 and 15% BS-CF treatments
correspond to the CF inclusion of 0%, 5%, 10% and 15%, respectively. *Indicates significant differences of overall liking based
on the dependent sample t-test, and of purchase intent based on the McNemar’s test (P<0.05), comparing before and after
consumers had been given information about free and low sodium health benefits.
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Figure 1. Color of the BS-CF 0% (A), BS-CF 5% (B), BS-CF 10% (C), an BS-CF 15% (D).

4. Conclusions

The impact of adding ECF that is rich in essential nutrients such as protein, minerals, and fatty acids on the
physicochemical and sensory characteristics of BS was studied. The incorporation of CF into BS did not lead to
a significant (P < 0.05) difference in the pH, but it affected color, brix, texture, and viscosity. For sensory
properties, only BS-CF 5% samples did not differ from control sauces, and the OL and Pl scores were increased
when IBC was received by the consumers. Overall, 5% of ECF can be used in BS when consumers are looking
for improving nutritional profile of barbecue sauce and food insecurity.
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