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Abstract: Gluten-free foods are products that have become relevant today due to the prevalence of
diseases related to the consumption of gluten proteins. This study developed a gluten-free cookie based
on buckwheat flour and corn, reduced in fat with symbiotic properties. Several formulations were tested,
the best cookies were selected based on texture, color, and sensory. The five most significant samples
were evaluated using a hedonic test. Subsequently, the two samples that showed a higher score in the
hedonic scale on color and texture parameters were selected. The two formulations were covered with
a film-forming solution enriched with probiotics. No significant differences were shown for both
cookies related to preference or texture by the panelists. The caloric intake and fat content were lower
in formulation two. While formulation one has a greater contribution of fiber and protein. According to
the Oficial Mexican regulations, the formulations presented an adequate microbiological quality in the
period (4 weeks) and evaluated conditions (35 °C with 70% relative humidity). Despite this time, the
attributes of color and texture were affected after the storage period, finding significant differences
between the cookies and time.

Keywords: intestinal inflammation; irritable bowel; allergies; food intolerances.

© 2021 by the authors. This article is an open-access article distributed under the terms and conditions of the Creative
Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).

1. Introduction

Currently, there is a growing demand for gluten-free products, which is a consequence
of the incidence of diseases related to gluten proteins [1]. The most effective treatment is based
on a gluten-free diet, which translates into a great interest in developing these foods [2].
Developing new functional gluten-free bakery foods represents a challenge for the food
industry because of the technological limitations. In addition to the nutritional contribution and
the characteristic sensory attributes of these foods. It is also known that the market for gluten-
free products is one of the most favorable markets in the food industry, so the formulation of
these foods with functional ingredients such as fiber, antioxidants, and probiotics have recently
acquired a great interest in the population [3]. Gluten-related pathologies are classified as food
allergy; affecting 0.2 to 0.5% of the world population [4], celiac disease (CD), with a
prevalence of 0.1 to 1.6% worldwide [5], and gluten sensitivity, with an approximate incidence
of 6% for the US population [6].
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For this reason, researchers are looking for gluten-free sources to be used for the
development of new products. It is estimated that the market for gluten-free products will
increase from 4.18 billion dollars in 2017 to 6.47 billion dollars in 2023 [1]. Among the gluten-
free products with the highest consumption worldwide are bread and cookies [7]. Using as
sources of flour cereals that are considered gluten-free such as rice (Oryza sativa), corn (Zea
mays), sorghum (Sorghum), and a range of pseudo-cereals such as buckwheat (Fagopyrum
esculentum), amaranth (Amaranthus), and quinoa (Chenopodium quinoa) [8, 9].

Cookies represent a baked product composed mainly of three ingredients: flour, fat, and
sugar [10]. In the global market, cookies were valued at $ 30.6 billion in 2018, and growth of
5.3% is expected each year (Grand View Research, Cookie Market Size, Share and Trends
Analysis Report, 2019-2025). For the elaboration of these products, different combinations
between cereals and pseudo-cereals have been investigated. One of the pseudo-cereals studied
is buckwheat, which has gained popularity due to its beneficial potential for health, providing
a good amino acid profile, vitamins, minerals, and fiber [11, 12], and a high amount of
polyphenols and flavonoids such as rutin, catechin, myricetin, isoquercitrin, and anthocyanins
[13, 14].

On the other hand, one of the aspects that have become a trend in the food industries is
edible films, which refer to biopolymer structures in thin layers that can be consumed and
applied on the surface of food [15,16]. The use of this type of biofilm has prolonged the useful
life of food by showing a barrier effect that retards the mobility of water vapor and oxygen [17,
18]. In addition, it has also been reported that they can serve as vehicles for active compounds
such as probiotics in food systems and inhibit the growth of pathogens and improve microbiota
health [19-21]. Probiotics have been shown to improve health in the diseases mentioned above
[22]. In the present work, a gluten-free cookie with a coating enriched with probiotics was
developed. In addition, sensory attributes, nutritional contribution, and shelf life of the best
formulations were evaluated.

2. Materials and Methods

2.1. Raw materials.

The materials used to develop the gluten-free cookie were buckwheat flour from
Arrowhead mills (USA), cornflour from Maseca (Mexico), inulin from Enature (Mexico),
jocoque from La Vaquita (Mexico), blueberries, agave honey from Tia Ofilia (Mexico), LALA
butter (Mexico) and a coated one made up of whey protein, glycerin from Deiman (Mexico),
sodium alginate from Sigma Chemical Company (USA) and the probiotic strain L. brevis.

2.2. Cookie formulation.

Based on a completely randomized experimental design with a factorial arrangement,
the ratio between buckwheat flour and corn was determined, and inulin and jocoque were used
as a fat substitute. 60% of the total fat was replaced, reported in the literature as the most
conventional to maintain the organoleptic attributes. The mixtures are shown in Table 1. The
other ingredients were added in the same amounts for all groups.
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Table 1. Completely randomized experimental design with factorial arrangement, for the elaboration of a
gluten-free cookie with the fat substitute.
% Buckwheat and cornflour % Inulin and jocoque as a fat substitute

Treatment 1 A (60 IN +40J)

(60 HB + 40 HC)

B (50 IN +50J)

C (40 IN + 60J)

Treatment 2
(65 HB + 35 HC)

A (60 IN +40J)

B (50 IN + 50 J)

C (40 IN + 60 J)

Treatment 3
(70 HB + 30 HC)

A (60 IN +401J)

B (50 IN + 50 J)

C (40 IN + 60 J)

Treatment 4
(75 HB + 25 HC)

A (60 IN +40J)

B (50 IN +50J)

C (40 IN + 60 J)

Treatment 5
(80 HB+ 20 HC)

A (60 IN + 40 J)

B (50 IN +50J)

C (40 IN + 60 J)
Where HB: Buckwheat Flour, HC: Corn Flour, IN: Inulin and J: Jocoque.

Five groups of cookies were obtained with a total of three treatments per group. The
cookies were subjected to texture and color tests, obtaining the five most representative
samples to be subsequently subjected to a hedonic sensory test.

2.2.1. Colour.

The formulations were subjected to colorimetry analysis using a colorimeter. The CIE-
L *a™* b * system was used (luminosity = L *, a * = red / green, b * = yellow / blue). Three
measurements were made for each sample, and the results were averaged.

2.2.2. Texture.

The firmness parameter was determined using an XT Plus Texture Analyzer. Following
the AACC 74- Protocol 09 [23] standard. The adjustment procedure in the texture analyzer was
as follows: compression force measurement mode; test speed: 1.0 mm / s; pre-test speed: 1.0
mm /s; post-test speed: 10.0 mm /s; distance: 4.0 mm. The firmness was determined, expressed
as the maximum force (F) at the breaking point. Three measurements were made for each
sample, and the results were averaged.

2.2.3. Sensory analysis.

The sensory evaluation was carried out with 29 semi-trained judges from the Antonio
Narro Autonomous Agrarian University in the Sensory Evaluation laboratory of the Food
Science and Technology Department. The best five formulations coded with three random
numbers were evaluated based on the intensity of the attributes of global appearance, color,
odor, texture, taste, and global acceptance. The attributes were rated using a hedonic scale with
7 points (1 = very unpleasant while 7 = very pleasant) [24]. A completely randomized block
design was used for the experiment. The results were analyzed with the statistical package
Infostat version 2018 applying a Friedman test, and in the event of a significant difference, the
LSD test was performed for means comparison. Then, the best two formulations were selected.

2.3. Probiotic enriched coating formulation.

2.3.1. Preparation of the L. brevis strain.
https://nanobioletters.com/ 3461
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Ten pL of the L. brevis strain were inoculated in 10 mL of MRS broth for 16 hours at
37 ° C in anaerobiosis. The final broth was transferred under aseptic conditions to sterile 2 mL
Eppendorf tubes to be centrifuged at 5000 rpm for 5 minutes at 4 ° C. Subsequently, it was
standardized to a final concentration of 10 ~ 9 CFU / mL using the McFarland scale [19].

2.3.2. Cookie formulation with a probiotic enriched coating.

A film-forming solution was prepared with sodium alginate in 1% w / w, whey of milk
protein in 2% w / w, and glycerol in 5% w / w in distilled water, mixing at room temperature
and subjected to heating for 10 minutes at a temperature of 80 °C, constantly stirring, to allow
complete hydration and eliminate residual microflora. Afterward, the film-forming solution
was allowed to cool to a temperature of 25°C to be later inoculated with the L. brevis strain.
Three pellets corresponding to 6 mL of culture broth were inoculated into 20 mL of the film-
forming solution [25]. The film-forming solution and the probiotics were placed on the selected
formulations and allowed to dry at 25 ° C for one hour.

2.3.3. Color and texture.

Selected formulations were subjected to colorimetry analysis using a colorimeter. The
CIE-L * a * b * system was used (luminosity = L *, a * = red / green, b * = yellow / blue).
Measurements were made in triplicate. The firmness parameter was determined using an XT
Plus Texture Analyzer using the same parameters mentioned above.

2.3.4. Sensory analysis.

The two cookies with the probiotic-enriched coating were placed on a five-point
hedonic scale (1 = I didn't like it while 5 = | loved it) with a panel of 30 consumers. The
attributes evaluated were the global appearance, color, smell, texture, flavor, and global
acceptance [24]. The results obtained were analyzed with the Infostat version 2018 statistical
package applying a Kruskal-Wallis test.

2.4. Physicochemical properties and shelf life of the selected cookies.
2.4.1. Proximal analysis.

The proximal composition of the two selected cookies was determined by the methods
proposed by the Association of Official Analytical Chemists (AOAC) [26]. The moisture
content was determined by the difference between the weight of the dry sample and the grams
of the sample used (Method 925.09). The ashes were determined by placing 2 g of dry sample
in a crucible at constant weight in a muffle at 600°C for 3 hours. Determining the difference in
weight (Method 923.03). The lipid content was determined by the Soxhlet method. After the
extraction, it was placed in the oven at 100°C for 24 hours to calculate differences between the
weights (Method 935.38). Crude protein was determined by the Kjeldahl method. In which
nitrogen is converted to ammonium sulfate, using a conversion factor (5.70) (962.10). The
carbohydrate content was calculated by difference, using the formula recommended by
Camargo [27]. The determination of crude fiber under the AOAC methodology 962.09.

2.4.2. Shelf life of selected cookies.
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The shelf life of the cookies was estimated under controlled conditions of temperature
(35 °C) and humidity (70% relative humidity) for 30 days. The parameters evaluated were the
microbiological quality, texture, and color. The microbiological analysis was performed based
on the Official Mexican Regulations [28]. Making dilutions from the sample and placing 10 g
of the sample in 99 mL of phosphate buffer, mixing 1 mL of the primary dilution in 9 mL of
the diluent to make serial dilutions from -1 to -6. The aerobic mesophilic content [29], total
coliforms [30], and molds and yeasts [31] were determined, each one with the marked
specifications. A plate count was performed on the day of preparation (time 0) and at weeks 1,
2, 3,and 4 [32].

For the evaluation of firmness, it was determined using an XT Plus Texture Analyzer.
Using the same parameters mentioned above, taking data at time 0 and subsequent weeks 1, 2,
3, and 4. While the colorimetry analysis was performed using a colorimeter. The CIE-L *a *
b * system was used (luminosity = L *, a * = red / green, b * = yellow / blue), during the
mentioned times.

3. Results and Discussion

3.1. Preliminary color and texture analysis.

The elaboration of the gluten-free cookie was carried out based on a completely
randomized experimental design with the factorial arrangement, obtaining 5 groups of cookies
made up of three treatments each. Table 2 shows no significant difference (p> 0.05) between
the groups for the attribute of firmness. However, groups 2 and 3 were the ones that showed
higher firmness values. The texture is considered one of the most important attributes when
making cookies. According to Altindag [11], the firmness of cookies made with the mixture
between corn flour and buckwheat is lower than other combinations. Another determining
factor of the texture is sugar since it fulfills the function of giving structure and texture to the
cookie because of recrystallization after cooling. However, sugar is a highly caloric component,
so alternatives have been sought to replace it, as shown by Xu [1]. The replacement of
conventional fat with inulin affected cookies texture, which is a soluble fiber, which absorbs
water during the product elaboration; this explains the increased hardness and adhesiveness of
the cookies [33-35]. Combining the different types of flour and inulin produced a cookie with
less firmness than that reported in the literature and with greater grittiness. The colorimetry
parameters did not show a significant difference in the values of L and a *. At the b * value,
the cookies in group 4 had a shade close to the green-blue color, resulting in a not very pleasant
color for consumers. According to Evrim and Paciulli [36, 37], during the baking process, the
Maillard reaction occurs when reducing sugars react with amino acids, producing compounds
that influence the taste, smell, and color of food, which justifies the intensities of cookies
brightness in this study and the increase in brown color.

Table 3 shows the composition of the cookies selected from each group based on texture
and color parameters. The final dough had a distribution of 50% flour, 31% fat, and 18.5 sugar
of the total weight.

3.2. Sensory evaluation of the uncoated cookie.

The first cookies sensory analysis was carried out to determine which formulations with
the greatest acceptability for consumers, which would be subjected to application of the coating
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enriched with probiotics. Table 4 shows the results of the hedonic scale. Where cookie 2 is the
one that received the highest scores in color, smell, appearance, and global acceptance,
followed by cookie 3. However, statistical analyses indicated no significant difference in the
global appearance attribute, which indicates that the panelist did not appreciate differences
among the cookies at first glance. Giménez [38] reported that in several studies, the cookies
enriched with buckwheat flour had shown better scores for the acceptability attribute, which is
verified in the preference results of cookies 2, which within its composition has a higher
proportion of buckwheat flour. Regarding the texture attribute, the highest value was given for
cookies 5, in addition to showing a significant difference together with cookies 3. There are
reports that sensory acceptance can be affected by the addition of fiber in baked products. This
is mainly related to appearance, texture, flavor, and loss of crunchiness [33]. Results suggested
that the best cookies to place the coating were cookies 2 and 3 because of their high scores on
the hedonic scale and texture tests.

3.3. Color and texture of the coated cookies.

The two selected cookies were coated with a probiotic-forming film. Changes between
color and texture attributes were assessed. Table 5 shows that there is no significant difference
between both cookies. Cookie 2 has a higher value. Regarding the colorimetry results, the
values of L and a * do not show a significant difference. While the value of b * is higher in
cookie 2, which indicates green-blue tones. The b * value has a significant difference between
cookies. Transfer of water vapor between surface and environment is the factor that contributes
to the distribution of moisture from cookies outside to inside [19], which could have caused
changes in cookie texture when placing the coating. It can be seen that both cookies after
coating had lower values compared to the first ones, which is supported by the firmness
parameter since the coating confers moisture to the cookie structure, and this also affects color
because of lipids oxidation. Reports are mentioning that, when forming a biofilm, the addition
of bacteria increases the coating opacity. However, adding protein to the film-forming solution
increased L values [39], coupled with increased opacity.

3.4. Sensory evaluation of the coated cookie.

The second sensory analysis yielded that statistically, no difference is perceived
between both cookies for the tested attributes (global appearance, taste, smell, color, texture,
and acceptability). Figure 1 shows the Principal Component Analysis of the cookies,
highlighting that cookie 1 is characterized by greater flavor. On the other hand, cookie 2 has
higher values for appearance, smell, texture, and acceptability.

3.5. Proximal analysis of selected cookies.

The proximal analysis of the two samples is shown in Table 6. Cookie 2 shows a lower
caloric intake and lower fat and ash values. While cookie 1 stood out for providing a greater
amount of protein and crude fiber. In the statistical analysis, a significant difference for protein
between both cookies was showed. The cookie lcomposition has a greater amount of
buckwheat flour, which makes sense with the highest protein values. It is considered a pseudo-
cereal with a good amino acid profile, main lysine as an essential amino acid [40, 41].
Regarding fiber, buckwheat has been studied numerous times, resulting in a high starch content
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(73.5%). However, of that percentage, 33.5 corresponds to resistant starch, which confers it the
fiber properties [42].

3.6. Shelf life of selected cookies.

The microbiological quality of cookies yielded negative results for the presence of
aerobic mesophiles, total coliforms, fungus, and yeasts, following what is allowed by Official
Mexican Regulations [32]. Temperature is a determining factor for the growth and metabolism
of cells; as it increases, biochemical reactions accelerate. However, humidity is another
parameter to consider since there are different ranges for the optimum of the analyzed
microorganisms [43]. All values found at the storage end do not exceed the maximum permitted
limit value suggested by the Official Mexican Regulations. So the cookie is suitable for human
consumption. In Figure 2, the null growth was observed at week 4 of storage of aerobic
mesophiles, total coliforms, fungi, and yeasts (in a dilution of 10 ” -6).

On the other hand, cookie color and texture were modified throughout storage. The
statistical analysis shows a significant difference between the values of L, a *, and b * between
the two samples across time. On the other hand, for texture only a significant difference was
shown among times and no for the different samples. It can be seen that texture value decreased
as the storage time passed. The loss of hardness in this type of product is caused by moisture
absorption. Water affects texture by softening [43]. At the same time, colorimetry shows
changes from stored conditions. Showing higher L values, which indicates a higher degree of
luminosity than the other two parameters a * and b *. Demonstrating that the lighter colors are
preferred by consumers, as reported by Sakac [44]. As the days passed, the values of a and b
increased, resulting in a darker cookie linked to compounds oxidation within the food matrix.
Table 7 compares color and texture values between the cookie samples during 4 weeks.

Table 2. Attributes of firmness and color of the cookie groups.

Cookies Firmness L a* b*

Group 1 1.31+0.53¢ 45,69 £ 1.70¢ 6.08 + 0.45% 19.81 + 1.419b
Group 2 1.67 +0.80¢ 46.82 + 2.75% 5.71 £ 0.45% 18.81 +1.78P
Group 3 1.85 + 1.04¢ 48.35 + 0.48% 6.29 + 0.43¢ 20.96 + 0.16%P
Group 4 1.50+0.91¢ 48.34 £ 5.26% 6.55 + 0.60% 2251 +1.58%
Group 5 142 £0.48% 47.06 £ 0.34¢ 5.46 £ 0.24¢ 18.82 + 0.71P

Table 3. Composition of dough for the selected cookies.

% Ingredients Cookie1 | Cookie 2 Cookie 3 Cookie 4 Cookie 5

HC 21 19 24 24 14

HB 21 23 18 18 28

Jocoque 7 8 8 9 7

Inulin 9 8 8 7 9

Butter 11 11 11 11 11

Agave honey 15 15 15 15 15

Dehydrated cranberries | 15 15 15 15 15

Where HB: Buckwheat Flour and HC: Corn Flour
Table 4. Sensory analysis of the selected cookies using a hedonic scale.
Treatment Attribute
Global Colour Odor Texture Taste Acceptance
appearance global

Cookie 1 2.91+1.46a 2.67+1.19ab 2.71+1.18ab 2.83+1.55abc 2.31+1.35a 2.67+1.16ab
Cookie 2 3.38+1.27a 3.38+£1.03b 4.00+1.05e 2.69+1.46ab 3.47+1.04c 3.86+0.97e
Cookie 3 3.03+1.58a 2.66+£0.91a 3.05+0.80bc 2.28+1.61a 3.71+1.35¢c 3.00+1.08abcd
Cookie 4 2.72+1.53a 3.16+1.16ab 2.19+1.02a 3.19+1.61bcd 2.36+1.30ab 2.53+1.38a
Cookie 5 2.95+1.45a 3.14+0.95ab 3.05+1.27bcd 4.02+1.28e 3.16+1.21c 2.93+1.66abc
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Table 5. Firmness and color parameters of coated cookies.

Firmness L a* b*
Cookie 1 1.963 + 0.68% 36.83 +1.28% 6.23 + 0.39¢ 13.29 £ 0.41¢
Cookie 2 2.238+0.384 38.24 £0.97¢ 6.77 £ 0.65% 1521 *0.57°
5,00~ Acceptance
Q
2,50
g Cookie 2
= 0,00 | - , taster
o Appearance
55 - Cookie 1
Texture ©
o
-2,50+ Odor
-5'00 — r T T T 1
-5,00 -2,50 0,00 2,50 5,00
CP 1 (100,0%)
Figure 1. Principal components analysis of cookies 1 and 2.
Table 6. Proximal analysis of selected cookies.
Cookie 1 Cookie 2
Values (%) % Wet base | Kcal per 100g | Values (%) % Wet base Kcal per 100 g
Moisture 20.35 21.9
Protein by Kjeldahl 4.465 3.53 19.06 4.1 3.2 17.28
(NX5.70)
Soxhlet fat 13.11 10.38 96.53 11 8.59 79.8
Total ash 2.06 1.63 1.07 0.83
Carbs calculated by 59.54 47.1 193.11 61.3 47.8 195.98
difference
Crude fiber 242 2.28
Total kcal 308.7 293.06

Figure 2. Images of 10 ~ - 6 dilution plate plating week 4. (a) aerobic mesophyll growth, (b) total coliform
growth, (c) fungal and yeast growth

Table 7. Texture and colorimetry for 4 weeks of the cookies stored at 35 °C with 70% relative humidity.

Colour
Weeks L a* b* Texture
Cookie 1 1 33.65+0.25 4.26 +0.32 1259+ 0.36 2.1566+0.10
2 36.83 +1.57 6.23+0.47 13.29+0.51 1.9636 + 0. 84
3 38.11+0.80 8.22+0.46 17.88+0.07 15223 +0.24
4 39.19 £ 0.06 10.2+0.99 19.31+0.29 1.067 £0.05
Cookie 2 1 35.06 £0.33 5.07+0.16 14.05+ 0.54 2.5663 +0.30
2 38.24+1.19 6.7+0.80 15.21+0.70 2.2386+0.47
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Colour
Weeks L a* b* Texture
3 39.84 +£0.37 10.15+0.12 21.64+0.52 1.8996+0.13
4 42.3+0.30 11.45+£0.38 |24.28 +0.27 1.378+0.38

4. Conclusions

According to organoleptic attributes and coated with the film-forming solution enriched
with probiotics, the two most outstanding cookies obtained similar scores in the sensory tests
by panelists without having a significant difference in the sensory analysis, which indicates
that the consumer has no preference over one or the other. Cookie 1 stood out in the flavor
attribute, while cookie 1 obtained better values in the other attributes after being subjected to
principal component analysis. Cookies did not significantly differ for moisture, ash,
carbohydrates, and fat values in the proximal analysis. However, cookie 1 turned out to have a
higher caloric intake with 308 calories per 100 g and a higher value of fat, protein, ash, and
fiber. While cookie 2 has a lower caloric intake, providing 296 calories per 100 g. According
to the Official Mexican regulations, the different samples showed good microbiological
quality, free of pathogen growth in a storage period of one month. However, cookies' texture
and color were affected after the storage conditions (35 °© C and 70% relative humidity),
showing a progressive decrease from the first week of storage, with a more notable firmness in
cookie 1. The values of L, a *, and b * increased as the days passed, with the appearance of
darker colors in both cookies. No significant difference was observed between L and a * values.
Cookie 2 presented a greater intensity of the red hue with a significant difference in the value
of b *.
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