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1 Introduction
Snacks are mainly defined as those foods occasionally 

eaten between meals. However, a generalized concept has 
not been accepted due to the different varieties existing the 
market (Johnson  &  Anderson, 2010; Hess  &  Slavin, 2018). 
Worldwide, the consumption of snacks has increased in recent 
years, which has led to studies that analyze their impact on the 
diet, improve their production, and evaluate the quality of the 
product (Ovaskainen et al., 2006; Paula & Conti-Silva, 2014; 
Kahlon et al., 2017). Ring-shaped baked snacks are a type of a 
snack traditionally made with cassava starch, cheese, yeast, and 
egg. At compositional level it is low fat, does not contain sugar, 
and it is gluten free, which makes it attractive to consumers in 
addition to its characteristic flavor and crispy texture. Properties 
such as color, shape, texture, and size in bakery products are 
greatly affected by the ingredients used and the processing 
method (Jiang et al., 2019).

In these baked snacks, the bases of the formulation are 
cassava starch and costeño cheese. Cassava starch is preferred 
in the food industry because, as ingredient, it provides a smooth 
taste and pure white color to products (Moorthy et al., 2018). 
In fact, its worldwide production reaches high levels with up to 
3 - 4 million tons per year (Tran et al., 2015; Díaz et al., 2019). 
On the other hand, the costeño cheese has a high fat content, dry 
consistency, salty flavor (characteristic), and a creamy or white 
color. In bakery products in which it is used as an ingredient, it 

contributes to the texture, taste, and mouthfeel. Costeño cheese 
in Colombia is made in industrial and craft way, the latter uses 
raw milk for production and has no control of the variables 
that can affect the process (Serpa et al., 2016). There is also a 
deficiency in good manufacturing practices (GMP), occasionally 
resulting in products containing total coliforms, fecal coliforms, 
Listeria spp., Salmonella spp., and some fungi (Mesa et al., 2019; 
Tadjine et al., 2020). In the industrial production of costeño 
cheese, pasteurized milk is used, conditions are improved, and the 
microbiological load is adjusted to the permitted levels; however, 
the sensory quality and physicochemical properties of the cheese 
are affected (Serpa et al., 2016). Regardless the way in which the 
cheese is produced, it is still a fresh product with high moisture 
content and a short shelf-life, which requires chilling to keep it 
in a good condition and increases its cost as raw material in the 
industrial process (Quisca et al., 2019). The industry demands 
between 25 and 35 tons of cheese per month. Furthermore, the 
texture and sensory properties between batches of costeño cheese 
from the same producer are not homogeneous, which not only 
affects the quality and standardization of the final product it is 
added to, but also causes differences in the product formulation 
for each batch.

One of the alternatives to overcome the challenges described 
is to develop imitation cheeses. Imitation or analogue cheeses 
are products obtained from the mixture of proteins, fats/oils, 
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and emulsifying salts, among others, in order to achieve a matrix 
similar to that of cheese, either for direct consumption or as an 
ingredient of a processed product. This type of cheese offers a great 
advantage by allowing the formulations to be modified in such 
a way as to achieve desired levels in parameters such as texture, 
flavor, flowability, stretchability, or expansion (Masotti et al., 2018). 
Arimi et al. (2008) studied different formulations to make an 
expanded imitation cheese heated in microwave, in which the fat 
percentage was reduced by making substitutions with resistant 
starch, and concluded that fat-free cheeses had a greater expansion 
and therefore result in a crispier product.

Despite the research presented above, there are still no 
reports on the application of a powdered mixture to prepare 
a baked snack where fresh cheese is replaced. The objective of 
this study was to evaluate mixtures of powders as substitutes 
for fresh cheese in the production of ring-shaped baked snacks, 
so that their quality properties were similar to a traditionally 
prepared baked snack. This aims to improve the production, 
standardization, and traceability of the process, in addition to 
reducing costs by replacing fresh cheese.

2 Materials and methods

2.1 Materials

For the preparation of ring-shaped baked snacks, the 
powder mixture contained: sodium caseinate (Foodchem 
International Corporation, Shanghai, China), whey protein 
(Bell Chem International SAS, Medellin, Colombia), guar 
gum (Bell Chem International SAS, Medellín, Colombia), 
microencapsulated vegetable fat (MVF) (Betacream, 
ALSEC SAS, la Estrella, Colombia), soy lecithin (ALSEC 
SAS, la Estrella, Colombia), potassium sorbate (Bell Chem 
Internacional SAS, Medellín, Colombia), lactic acid (Bell 
Chem Internacional SAS, Medellin, Colombia), salt (Brinsa 
SA, Medellin, Colombia), sodium citrate (Tecnas, Itagui, 
Colombia), egg powder (Compañía Avícola SA, Santa Fe, 
Argentina), double acting baking powder (Colorisa SAS, 
Sabaneta, Colombia), modified cassava starch (Gel®Baking 
XP, Poltec SAS, La Estrella, Colombia), and water.

2.2 Preliminary study

The traditional formulation for the preparation of ring-shaped 
baked snacks consists of cassava starch, costeño cheese, yeast, 
fresh egg, and water. Therefore, baking powder and egg powder 
were used as substitutes for yeast and fresh egg, respectively, in 
order to obtain a similar product. Subsequently, the formulations 
reported in the literature were followed to replace the cheese, 
using the ingredients available in the market and modifying the 
original formulations (Arimi et al., 2008; Kiziloz et al., 2009; 
Hosseini et al., 2014). Three types of fats or emulsifiers and three 
types of protein were tested in different percentages to establish 
a formulation able to provide the best properties. Margarine, 
lecithin, and microencapsulated vegetable fat (MVF) were the 
fat sources applied alone or in combination with each other. 
Similarly, sodium caseinate, calcium caseinate, and whey protein 
were added as protein components, either alone or in different 

combinations. The fat and protein percentage presenting the 
best results was determined from different trials. In addition, 
the most suitable combinations between fats and proteins that 
resulted in a better shape and expansion of the ring-shaped 
baked snacks were chosen.

2.3 Sample preparation

For preparing ring-shaped baked snacks from the powder 
mixture, the ingredients were the following: 100 g of modified 
cassava starch, 104 g of tap water, 2.6 g of egg powder, 2 g of 
guar gum, 8.2 g of additives and mineral salts, 24 g of protein 
and 28 g of fat. The amount of protein was varied in a sodium 
caseinate/whey protein ratio from 7.33/1 to 13.29/1, and the 
amount of fat in a lecithin/MVF ratio from 1.25/1 to 4/1. 
The  treatments were reported as C to identify the sodium 
caseinate/whey protein ratio, and L to name the lecithin/
MVF ratio, both letters followed by the percentage value of the 
numerator. For instance, C91L73 represents a sample containing 
91% caseinate-9% whey protein and 73% lecithin-27% MVF 
for protein and fat, respectively. All the ingredients were mixed 
to form a dough, then, samples of about 5 g were taken and 
molded in a characteristic ring-shape. For the baking process, 
a convection oven (GFO-4B, Guangzhou Youjia Machinery 
Co., China) was initially operated at 170 °C for 10 min and 
then at 150 °C for 28 min.

In order to compare to the control, ring-shaped baked 
snacks were prepared in a traditional way with the following 
formulation: 100 g of modified cassava starch, 100 g of costeño 
cheese (Quesitos Maya Ltda, Medellin, Colombia), 10  g of 
fresh egg, 2 g of instant yeast (Fermipan, Lesaffre Colombia 
Ltda, Cali, Colombia), and 63 g of water. All the ingredients, 
except water, were blended until a homogeneous mixture was 
obtained. Water was then added in small quantities (10 mL) 
until an adequate consistency was reached. The dough was 
introduced into a proofing cabinet (model KL 864-HT, EKA, 
Padova, Italy) at 40  °C for 20 min with a relative humidity 
above 80%. Then, the dough was divided into samples of about 
5 g and molded into a ring-shape, it was allowed to rest again 
in a proofing cabinet for 30  min with the same conditions 
described previously. During baking, an initial temperature 
of 215 °C in the upper part and 210 °C in the lower part was 
used for 6 min, and then, both temperatures were lowered to 
150 °C for 16 min.

2.4 Analytical methods

The moisture percentage was determined with a 2 g sample 
using the AOAC method 945.15 (Association of Official 
Analytical Chemists, 2005). The methodology developed by 
Arimi et al. (2008) was followed to determine weight loss and 
5 samples were analyzed for all treatments. The specific volume 
was evaluated (Mudgil et al., 2016). The porosity of the ring-
shaped baked snacks was calculated using the equation proposed 
by Őzer et al. (2004), five samples were measured to report 
the results. The texture of the ring-shaped baked snacks was 
analyzed by a texture analyzer (TA-XT2i, Stable Micro Systems, 
Godalming, U.K.) using a 50 kg load cell. A Warner–Bratzler 
shear blade with guillotine probe was used to determine the 
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product hardness making a cut perpendicular to the main 
axis of the sample until complete breaking. The needle probe 
was used to establish the hardness in the crust until half of 
the sample was perforated. For both tests, a speed of 1 mm/s 
was used for the test and 3 mm/s for the pre- and post-test 
speed (Paula & Conti-Silva, 2014); 10 samples were analyzed 
for each treatment.

2.5 Storage evaluation

For the assessment during storage two treatments were 
evaluated; a control sample produced in a traditional way and 
the best sample in quality characteristics corresponding to the 
statistical evaluation of the tests carried out previously with 
the powdered materials (optimal condition). Samples were 
stored in polyethylene bags at room temperature for 
30  days, texture was measured as previously described on 
storage days 1, 5, 10, 15, and 30. The microstructure and 
composition of these two treatments were analyzed before 
beginning the storage tests. For SEM tests, fat was extracted 
by the soxhlet method, freeze dried (Labconco Freezone 
12 Freeze Dryer, USA) with 2 heating increase steps from 
-40  °C to 0  °C at a rate of 0.03  °C/min, kept for 1  h, and 
then, they were brought to 30 °C at a speed of 0.03 °C/min. 
Subsequently, samples were coated with a 5 nm gold layer 
(Quorum, Q150R ES, U.K). The microstructure was examined 
in a scanning electron microscope (ZEISS EVO® MA 10, 
Jena, Germany) using an acceleration voltage of 15 kV 
(Oginni  et  al.,  2015). Additionally, the composition was 
performed by the Association of Official Analytical Chemists 
(2005) as follows: Protein content using method No. 992.23 
and fat using method No. 945.16.

Regarding the sensory evaluation, general acceptance, 
taste, and texture tests were performed on day 15 and 30 with 
a 10-point linear scale (Pimentel et al., 2016). The panel was 
made up of 100 randomly chosen people, 51 men and 49 women 
with an age range between 18 and 71 years old for day 15. 
For day 30, a sample of 100 people with equal numbers of men 
and women was also analyzed but with an age range from 17 
to 60 years old. The samples of each treatment were presented 
in random order to the panelists, and they were asked to rate 
their perception regarding taste, texture, and acceptability in 
general on a scale from 0 to 10, where 0 is “I dislike it a lot” 
and 10 “I like it much”. Moreover, a quantitative descriptive 
analysis (QDA) was carried out considering the following 
descriptors: Appearance (degree of surface uniformity, degree 
of irregularities and curving and perception of how cylindrical 
and straight the shape is) characteristic color (perception of 
an overall surface color), characteristic smell, characteristic 
flavor (perception of the flavor associated with ingredients 
flavor), crispiness (sudden, clean fracture/snap, louder and 
high-pitched noise, more brittle and easier to break down than 
crunchy foods. Sample breaks in a single stage), fracturability 
(ability to crumble when chewed), cohesiveness (degree of 
separation into crumbles), salty taste, and adhesiveness (degree 
to which the sample sticks to the mouth or teeth surface) 
(Instituto Colombiano de Normas Técnicas y Certificación, 
1996; Philipp et al., 2017). The QDA was carried out with 10 

semi-trained panelists (6 female, 4 male). Training sessions of 
30 min were conducted over a period of 1 month to develop 
the terminology and describe the key sensory attributes of 
snack samples (Otero-Guzmán et al., 2020).

2.6 Statistical analysis

In this study, the response surface methodology (RSM) 
was used with a central composite design to determine the 
optimal formulation in the preparation of snacks with cheese 
replacement. From preliminary trials, the sodium caseinate/
whey protein ratio (X1) and the lecithin/MVF ratio (X2) were 
chosen as variables, as well as, their maximum and minimum 
values. Each parameter was coded with values of -1.4, -1, 0, 
1, 1.4 to identify the levels from the lowest to the highest, 
simplify the recording of the experimental conditions and data 
processing; the variables, ranges, and levels are shown in Table 
1. The design resulted in 16 experiments with 8 central points. 
The production order and studies of the treatments was carried 
out randomly to minimize the effects of variability due to external 
factors. The experimental design was organized with the help 
of Minitab® 18 software (Minitab Inc. USA). The moisture 
content, the weight loss percentage, specific volume, porosity, 
and texture were evaluated as response variables. Furthermore, 
the traditionally prepared ring-shaped baked snacks and the 
resulting optimal condition were studied during storage by 
means of a one-way analysis of variance using the type of snack 
(control and optimum) as a factor. Results were analyzed in the R 
Studio software v1.2.1335 and the measurements were compared 
with the Tukey test with a significance level of 0.05. Data were 
expressed as the mean ± standard deviation.

3 Results and discussion

3.1 Moisture content and weight loss

The moisture content and its location within the food material 
are factors that significantly affect specific characteristics such 
as appearance, texture, and color, among others (Rodriguez-
Sandoval et al., 2015). The moisture content obtained from the 
treatments differs significantly with values from 4.58% to 8.27% 
(Table 2). The interactions between the protein and fat ratios 
did not significantly influence the values reported (data and 
contour plot not reported); however, a lower moisture content 
could be achieved at the intermediate points of the range, in 
which they were evaluated. Lower values of moisture content 
are desirable because this property is directly related to the 
product hardness (Mazumder et al., 2007; Oginni et al., 2015). 
Similarly, lower moisture content levels reduce the possibility 
of contamination by microorganisms since there is less water 
available (Fiorda et al., 2015). The weight loss is shown in Table 2 

Table 1. Coded and real values of the experimental design variables.

Variables Code
Ranges and levels

-1.4 -1 0 1 1.4
Sodium Caseinate/
Whey Protein X1 7.33 8.21 10.31 12.41 13.29

Lecithin/MVF* X2 1.5 1.87 2.75 3.63 4
*MVF: microencapsulated vegetable fat.
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and ranged from 38.73% to 42.35%. Weight loss focuses essentially 
on moisture content loss (Arimi et al., 2008) and it is evidenced 
by the values achieved in the treatment C91L80, where a higher 
percentage of weight loss (42.35%) and low moisture content 
(5.54%) were obtained.

3.2 Specific volume, porosity, and texture

The expansion of baked or fried foods is the result of 
the rapid increase in the molecular volume of water during 
evaporation, which leaves behind a porous internal structure 
(Saeleaw & Schleining, 2011). Therefore, the amount and/or size 
of the pores is closely related to the expansion, microstructure, 
and consequently, contributes to the crispiness. Both specific 
volume and porosity are extremely important physical properties 
and determinants for the quality of products, whether baked, 
fried, or extruded (Lucas et al., 2018). A snack with maximum 
expansion and porosity is considered to be a positive quality 
that influences consumer acceptability.

The results of both specific volume and porosity are presented 
in Figure 1. The highest values for both specific volume and 
porosity were found with a lecithin/MVF (fat) ratio greater 
than 3 and casein/whey protein ratio (protein) greater than 
12. This proportion of both fat and protein must be adjusted 
together and be inclusive in order to have the highest results. 
Arimi et al. (2008) found in their study on making a crispy 
imitation cheese that the reduction in the fat percentage induced 
further expansion. Numerous studies concluded that proteins 
affect the expansion and formation of pores because of their 
ability to influence the distribution of water within the product, 
since they tend to form denser structures and rigid networks 
that not only affect the increase in the product volume but 
also its hardness (Chaiyakul et al., 2009; Philipp et al., 2017). 
However, Arimi et al. (2012) reported that a snack with higher 

expansion was obtained by increasing the protein content, 
this was explained by stretching the hydrated protein matrix, 
which is swollen by the action of steam pressure while the 
product is in the oven or microwave. It should be noted that 
the results were far from the corresponding values, both for 
the commercial control (specific volume: 10.83 mL/g; porosity: 
0.71) and the one prepared in the laboratory (specific volume: 
6.19 mL/g, porosity: 0.56).

Texture and taste are the main factors that influence the 
palatability of food, especially in baked and extruded snacks 
(Chang & Chen, 2013). Hardness is related to the force applied 
by the molar teeth to compress the food. The values are reported 
in Table 2 and are in a range of 12.63 N to 25.84 N, similar to 
those found by Paula & Conti-Silva (2014) with ring-shaped 
baked snacks made from cornmeal. In Figure 1e and 1f, it can 
be seen how the samples with casein/whey protein ratios of 
10.5 to 13.29 and lecithin/MVF ratios lower than 2.4 have a 
lower hardness.

On the other hand, the crust hardness is related to breaking 
the food into pieces when biting using the incisors. The puncture 
test is widely used to characterize expanded products because 
the probe is expected to fracture the sample walls and, thus, 
give an indication of how hard the product is on the surface. 
The interactions between casein/whey protein ratios from 9 to 12 
and lecithin/MVF ratios higher than 2.5 resulted in more brittle 
ring-shaped baked snack crusts (Figure 1g and 1h). The protein 
amount influence on snack hardness was also reported by 
Philipp et al. (2017). Although 10 samples were analyzed for 
each formulation, a high level of variability was recorded in 
both properties evaluated within the replicates of the expanded 
products (Table 2). This could be attributed mainly to the lack 
of uniformity in expansion, which resulted in products with 
different structures (Arimi et al., 2008).

Table 2. Properties of the ring-shaped baked snacks for each formulation depending on the sodium caseinate/whey protein ratio (X1) and the 
lecithin/MVF ratio (X2).

Run 
order Sample X1 X2

Properties
Product 

Hardness (N)
Crust Hardness 

(N)
Specific Volume 

(mL/g) Porosity Moisture 
Content (%) Weight Loss (%)

1 C91L73 0 0 21.18 ± 3.18bc 7.69 ± 1.02e 4.67 ± 0.34a 0.54 ± 0.03a 6.98 ± 0.17bc 40.78 ± 1.19ab

2 C88L73 -1.4 0 17.14 ± 0.55def 11.42 ± 1.54bc 3.95 ± 0.16bcd 0.45 ± 0.03abc 6.75 ± 0.36cd 39.53 ± 1.28ab

3 C93L73 1.4 0 17.28 ± 2.06def 7.69 ± 1.02e 4.19 ± 0.44ab 0.50 ± 0.06ab 6.17 ± 0.14de 39.76 ± 0.86ab

4 C89L65 -1 -1 25.84 ± 1.57a 10.09 ± 0.72cd 4.02 ± 0.20bc 0.44 ± 0.03bc 7.54 ± 0.31ab 39.76 ± 0.86ab

5 C92L78 1 1 24.22 ± 1.68a 9.98 ± 0.73d 3.98 ± 0.13bc 0.48 ± 0.03abc 7.08 ± 0.26bc 39.44 ± 1.40ab

6 C91L73 0 0 19.64 ± 2.34bcd 11.63 ± 1.38b 3.95 ± 0.16bcd 0.42 ± 0.04bcd 6.75 ± 0.10cd 39.44 ± 0.88ab

7 C91L73 0 0 24.40 ± 1.96a 11.89 ± 0.74b 4.06 ± 0.31bc 0.43 ± 0.05bcd 4.59 ± 0.21f 41.25 ± 2.23ab

8 C92L65 1 -1 21.48 ± 1.41b 14.14 ± 1.46a 2.84 ± 0.22e 0.21 ± 0.08g 7.37 ± 0.14bc 38.73 ± 0.67b

9 C91L73 0 0 16.87 ± 1.94ef 11.57 ± 0.90b 3.65 ± 0.17cd 0.34 ± 0.02def 7.33 ± 0.07bc 41.25 ± 2.62ab

10 C91L80 0 1.4 18.69 ± 1.25cde 9.64 ± 0.79d 3.85 ± 0.20bcd 0.39 ± 0.04cdef 5.54 ± 1.16e 42.35 ± 1.07a

11 C91L60 0 -1.4 15.21 ± 1.51fg 7.29 ± 0.46ef 3.59 ± 0.26cd 0.33 ± 0.07ef 6.82 ± 0.10bcd 39.92 ± 1.63ab

12 C89L78 -1 1 17.47 ± 1.53def 9.56 ± 0.46d 3.58 ± 0.19cd 0.31 ± 0.05f 8.27 ± 0.10a 40.31 ± 1.39ab

13 C91L73 0 0 12.63 ± 1.59g 7.14 ± 0.84ef 3.66 ± 0.19cd 0.42 ± 0.03bcd 5.77 ± 0.12e 42.00 ± 0.00a

14 C91L73 0 0 16.94 ± 0.74def 6.07 ± 0.66f 3.46 ± 0.02d 0.41 ± 0.01cde 4.58 ± 0.10f 41.60 ± 0.89ab

15 C91L73 0 0 15.15 ± 1.67fg 7.60 ± 0.36e 3.63 ± 0.02cd 0.41 ± 0.02cdef 4.58 ± 0.17f 41.60 ± 0.89ab

16 C91L73 0 0 21.41 ± 1.18b 7.64 ± 0.61e 3.59 ± 0.09cd 0.40 ± 0.01cdef 5.92 ± 0.31e 40.40 ± 1.67ab

Values in the same column followed by a different letter differ significantly (P <0.05).
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3.3 Optimization

In order to determine the optimum, properties such 
as specific volume, porosity, and texture were initially 
considered since they are very relevant sensory characteristics 
in the quality of the final product. However, the desirability 
values were low, mainly because the interactions between 
the protein and fat ratios had a different behavior for each 
property and the desirable ranges, for example, the samples 
that had the highest specific volume and porosity did not 
present the lowest product hardness, as evidenced in Figure 1. 
The specific volume and porosity of the control product 
were 10.83 mL/g and 0.71, respectively. These results differ 

significantly (P <0.05) from the ring-shaped baked snacks 
made from powder mixtures, whereas the texture results 
were closer, therefore, it was the parameter used to perform 
the optimization analysis.

A commercial type ring-shaped baked snack was chosen 
to establish the objective values for both the product hardness 
(14.91 N) and the crust hardness (2.49 N), giving 70% 
importance to the force exerted by the guillotine probe and 
30% to the force exerted by the needle probe. According to the 
response surface method, the best ring-shaped baked snack 
was made with sodium caseinate/whey protein ratios of 7.84 
and lecithin/MVF of 4, resulting in a desirability of 0.8. The 

Figure 1. Porosity of the product contour (a) and response surface (b); and specific volume of the product contour (c) and response surface (d); 
hardness of the product contour (e) and response surface (f); and hardness of the crust contour (g) and response surface (h).
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program made a prediction of the values from this optimum 
that could result in: 14.91 N for product hardness and 8.56 
N for crust hardness.

The ring-shaped baked snacks with the optimal formulation 
were characterized in their textural properties, specific 
volume and porosity, and then, they were compared to a 
sample produced in a traditional way (control). All optimal 
properties differ significantly (P <0.05) from the control 
sample. In terms of texture, the product developed showed 
a crust hardness (6.23 N) higher than those of the control 
samples (4.97 N); however, the value obtained was lower 
than that reported in the optimization for this property 
(8.56 N). For product hardness, values of 15.06 N for the 
control sample and 17.11 N for the optimum are presented. 
The porosity and specific volume of the control sample show 
values of 0.56 and 6.19 mL/g, respectively, while the optimal 
formulation presented 0.41 and 4.01 mL/g. In this case, the 
relationship between properties can be appreciated, for 
instance, by having a high porosity - and therefore a greater 
specific volume - a lesser force is necessary to fracture the 
samples, that is, higher porosity results in a higher degree 
of expansion and a crispy product is achieved, these being 

desirable characteristics for greater consumer acceptance 
of the snack. The differences appreciated between the 
types of samples are mainly attributed to the nature of the 
ingredients used and the manufacturing process, for example, 
the expansion occurs differently if yeast (control) or baking 
powder (optimal) is used.

3.4 Scanning electron microscopy (SEM) and composition

High resolution optical microscopy has become a 
suitable technique to evaluate the microstructure of materials 
(Sharma & Bhardwaj, 2019). The control sample structure 
presents large pores, showing less thickness and small granules 
of starch on smooth surfaces (Figure 2a). These images differ 
structurally from those presented in the studies conducted 
by Saeleaw & Schleining (2011) and Oginni et al. (2015), 
because the process involved frying despite using cassava 
starch in their formulations; in those products, almost intact 
starch granules are easily and largely observed, while in 
this case (baked snacks), a few can be appreciated, perhaps 
because of the protein structure developed for both control 
and optimum conditions.

Figure 2. Micrographs of the control 50X (a) and 1000X (b) and optimum 50X (c) and 1000X (d).
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The structure of optimum sample was very different from the 
control as the pores observed are much smaller. The optimum 
samples present thick edges, and in general, a very rigid and 
compact structure can be seen (Figure 2a and 2b). This could 
explain the hardness of the product compared to the control. 
Such structure could be also attributed to the amount of protein 
used in the formulation (Chaiyakul et al., 2009; Philipp et al., 2017). 
The micrographs presented by Guinee  &  Kilcawley (2017) 
of a low-fat cheddar cheese are very similar to that seen in 
Figure  2d, which describe the entire smooth surface as a 
casein network. These results are consistent with those found 
for the optimal conditions because a high protein content 
was added and is found in a freer form when compared to 
the control sample. Lucas et al. (2018) noted how the addition 
of spirulina in a snack also modified its microstructure in 
addition to changing the nutritional content of the product. 
As for the composition, the amount of protein is higher than 
the optimum (15.1%) when compared to the control (13.4%) 
as it increases its nutritional value. With respect to fat content, 
the control presented 12.53%, whereas the optimum had 8.28%. 
Therefore, the product with the powder mixture formulation 
has desirable nutritional characteristics

3.5 Storage

The shelf-life and behavior or tendency of the product 
properties over time is of great interest to guarantee their 
quality. The change in the product and crust hardness is 
shown in Figure 3. The optimum sample had higher hardness 
values, and both samples increased their crust and product 

hardness as the days went by; however, it is noteworthy 
that for the optimum, the hardness in the crust remains 
constant from day 15. Also,  the product hardness of both 
samples (Figure 3) in the first days increased moderately, 
and from day 15 onwards the increase was considerable. 
Nhouchi et al. (2018) mentioned that fresher baked goods 
have lower hardness, as opposed to those that had been 
stored a certain number of days.

There are two approaches in sensory analysis, which 
consist of a hedonic evaluation based on a subjective panel 
and a descriptive approach based on a panel of experts 
(Nhouchi et al., 2018), both were performed in this study. 
In  the acceptance test performed on day 15 of storage 
(Figure 4a), the panelists preferred the control sample with 
scores close to 8 in general acceptance, taste and texture, 
whereas the optimal snack resulted in a score of around 4 
in those same characteristics. On day 30 (Figure 4b), the 
panelists preferred the optimum in terms of texture, this 
may be due to the hardness of this type of snacks tends to be 
stable over time. Whereas, the textural behavior presented 
by the control sample was increasing, resulting in a harder 
product compared to those produced in the first days, as 
evidenced in the texture results during storage time (Figure 3). 
After performing the QDA on the control sample on day 15 
(Figure 4c), it can be evidenced that the descriptors of overall 
score, characteristic smell, characteristic flavor, and salty 
taste were perceived in greater intensity than the optimum 
condition; while cohesiveness, crispiness, adhesiveness, and 
characteristic color were similar for both samples. In addition, 
the judges identified astringent and residual sensation (bitter 
and metallic) in the optimum condition. On day 30, similar 
behaviors were evidenced in terms of color and crispiness, in 
addition to differences in the rest of properties, which were 
more intense in the control sample (Figure 4d). Over time, 
the score of important properties such as smell, taste, and 
crispiness decreased in both samples and, therefore, the 
overall score.

4 Conclusions
The optimal ring-shaped baked snack obtained after 

the different evaluated formulations presented values of 
17.11 N, 6.23 N, 4.01 mL/g, and 0.41 for the properties of 
product hardness, hardness in the crust, specific volume, 
and porosity, respectively. These were different from the 
values presented by the traditionally prepared snack with 
fresh costeño cheese (control) with values of 15.06 N, 4.97 
N, 6.19 mL/g, and 0.56, respectively; this is mainly due to 
the substitution of cheese and the absence of the proofing 
process in its manufacturing. However, it should be noted 
that the optimum product had higher protein content 
compared to the control; it is low in fat, being nutritionally 
better and giving it an added value that could influence the 
preference of consumers looking for products with higher 
nutritional value. With regard to sensory attributes, such as 
characteristic flavor and smell, they should be improved to 
ensure consumer acceptance.

Figure 3. Product (a) and crust (b) hardness behavior in the control 
(empty circle) and the optimum (filled circle) samples over 30 days.
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