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Colombia, 2Engineering School, National Open and Distance University, Popayán, Colombia

The consumption of probiotic foods has grown rapidly, and these are generally

found in dairy matrices where their growth is favored. Therefore, this study

aimed to develop a new probiotic snack made from quinoa and added with

spore-forming probiotic bacteria in two concentrations of 0.3 and 0.35%. The

probiotic was added by spraying, after the extrusion process, together with salt

and oil, at 70◦C under dry conditions. Bacterial viability, resistance to simulated

gastric juice, physical, chemical, and sensory tests were then evaluated during

120 days of storage at room temperature (20◦C) and compared to a controlled

snack without probiotic. The probiotic Bacillus coagulans was tested for

the molecular identification and inhibition of pathogenic bacteria. Viability

assessment was remained above 107 CFU/g of snacks. The intestinal tract

simulation resistance test showed a viability of 70%. The physicochemical and

sensory properties evaluated had no significant changes during storage time

compared to control snack. The results of the taxonomic analysis indicate

that the analyzed strain has, on average, 98% identity in 98% of its length

belonging to Bacillus coagulans and Bacillus badius species. The probiotic

showed inhibition against pathogenic bacteria. The new snack with probiotic

is stable during storage.

KEYWORDS

spore-forming bacteria, gastrointestinal tract, stability, Bacillus coagulans, non-dairy
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Introduction

Quinoa is considered a pseudograin rich in protein (13.8–16.5%), carbohydrates (52–

69%), lipids (2–9.5%), fiber (7–9.7%), vitamins and minerals (3.4%), and has a good

balance of essential amino acids (Abugoch, 2009). In addition to the macronutrient

content, according to a study realized by Pereira et al. (2019), three varieties of quinoa

(red, black, and white color), high contents of proteins, carbohydrates, fat-soluble

compounds, the presence of tocopherols, and fatty acids were evidenced, being γ-

tocopherol the main isoform and linoleic acid the one found in higher concentrations.

These are bioactive compounds that can generate benefits to human health, especially

preventing cancer, reducing the risk of cardiovascular, inflammatory, gastrointestinal

diseases, and improving metabolic health (Navruz-Varli and Sanlier, 2016). Therefore,

quinoa-based foods are of great interest to the food industry.
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This grain can be used to produce an innovative probiotic

food, as there is a growing interest in the consumption of non-

dairy probiotic foods, due to milk shortages in some countries,

vegetarian and vegan trends, problems with cholesterol, allergen

content, and lactose intolerances (Konuray and Erginkaya,

2020). The snacks that exist in the market are mainly made from

corn or rice starch, and these present low nutritional quality due

to their high-calorie content and scarcity of nutrients (Saldanha

do Carmo et al., 2019). Therefore, a new quinoa probiotic food

can be a healthier snack option. In the category of functional

foods, those containing probiotic microorganisms represent the

largest segment in the market (de Almada et al., 2016). This is

because several health benefits have been demonstrated such as:

facilitating lactose digestion, protecting against gastrointestinal

diseases, balancing the immune system, preventing and treating

dermatological diseases, and protecting against colon cancer

(Sucupira and Souza, 2019).

Probiotic microorganism strains must present and maintain

characteristics that guarantee their growth and survival in the

food that contains them or to which they are added, as well as

during their transit through the stomach and small intestine, and

their ability to adhere to themucosa of the large intestine; among

the main characteristics are: viability during food processing and

storage, stability against gastric acids and bile, adherence to the

intestinal mucosa, and production of antimicrobial substances

(Cao et al., 2020).

This type of lactic acid bacteria is generally present in dairy

foods, which presumes a challenge for their incorporation

in dry matrices such as cookies, snacks, and pasta among

others, because most probiotic microorganisms cannot

survive after heat treatment such as Lactobacillus and

Bifidobacterium and some Saccharomyces species (Tripathi

and Giri, 2014), for this reason, spore-forming probiotics are a

viable alternative.

Bacillus coagulans is a Gram-positive, facultative, anaerobic,

non-pathogenic, spore-forming, and lactic acid-producing

bacterium (Lee et al., 2019). It is heat resistant; the optimal

growth temperature for B. coagulans is 35 to 57◦C and the

optimal growth pH is 4 to 7 (Šipailiene and Petraityte, 2018).

Furthermore, Soares et al. (2019) compared the resistance to

gastrointestinal fluids of three probiotic strains Lactobacillus,

Bifidobacterium, and Bacillus that were included in solid and

liquid foods, and found that the latter had survivals of over 80%.

The probiotic strain Bacillus coagulans has a good antibacterial

activity due to the production of bacteriocins; in this respect, Gu

et al. (2015) found that Bacillus coagulans CGMCC 9951 showed

good antibacterial activity against several indicator bacteria,

namely, Escherichia coli, Pasteurella multocida, Staphylococcus

aureus, Streptococcus suis, and Listeria monocytogenes. Although

B. coagulans produces acid, it does not produce gas from

maltose, raffinose, mannitol, and sucrose fermentation; in

addition to lactic acid production, some strains also produce

thermostable α-amylase. For this reason, B. coagulans is

important from an industrial point of view (Konuray and

Erginkaya, 2018).

Several studies report Bacillus coagulans counts in food

between 106 and 109 CFU in food. Bacillus coagulans GBI-

30, 6086 incorporated into a wheat flour-based functional pasta

remained viable during the pasta making and cooking processes

(∼109 CFU/100 g) (Marcial-Coba et al., 2019). Majeed et al.

(2016a) in their study prepared a series of foods incorporated

with Bacillus coagulans, obtaining counts above 107 CFU/g.

In their research, Almada-Érix et al. (2022) proved that the

probiotic Bacillus coagulans added to bread showed high

resistance to the baking process and was above 107 CFU/g.

Majzoobi et al. (2019) in the results of their study showed that

in the production of symbiotic bread an acceptable number of

GanedenBC30 (more than 106 CFU/g) was obtained even after

storage for 3 days at room temperature.

Bacillus coagulans BC30 strain is commercial and

proprietary, and it is recommended to investigate molecular

identification because the commercial probiotic strain may

undergo several changes during the continuous and multiple

years of commercial production (Sanders et al., 2014), which

may alter physiological characteristics due to the living nature

of probiotics. For this reason, genetic and phenotypic changes,

by accident or design, can affect the efficacy and/or safety of

commercial probiotics.

This work seeks to determine the stability and quality of

Bacillus coagulans reference BC30 incorporated in an expanded

snack made from quinoa during processing and storage at

room temperature in a modified atmosphere for 120 days.

In addition, this research sought to evaluate the resistance

of the snack with probiotics to simulated intestinal transit

conditions. To validate the commercial strain of Bacillus

coagulans, molecular identification and inhibition of pathogenic

bacteria was performed.

Materials and methods

Materials

Bacterial cultures. The lyophilized strain of Bacillus

coagulans GBI-30, 6086 was acquired through a commercial

supplier (Ganeden BC30, Kerry USA). The quinoa was provided

by Segalco S.A.S. (Popayán, Colombia). The microorganisms

used—Listeria monocytogenes ATCC 49594, Bacillus cereus

ATCC 14579, Bacillus subtilis ATCC 6633, Escherichia coli

ATCC 25922, and Staphylococcus aureus ATCC 6538—were

obtained from the vonHumboldt gene bank of theMicrobiology

and Applied Biotechnology Research Group (MIBIA) of the

Universidad del Valle (Cali, Colombia).
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Development of a snack with probiotic
addition from quinoa in the SEGALCO
company

The snacks were provided by Seguridad Alimentaria de

Occidente SEGALCO S.A.S., a company located in the city of

Popayán, Colombia. All snacks were prepared following the

company’s methodology (probiotic concentration was selected

by the company based on sensory analysis and production

cost studies). The probiotic snacks were added by spray with

two concentrations of B. coagulans spores at 0.3% (w/w) snack

with probiotic 1 (SP1) and 0.35% snack with probiotic 2

(SP2), together with salt and oil, after the extrusion process.

A control snack (SC) was used without the addition of

probiotics. This concentration was based on the manufacturer’s

recommendations, preliminary studies, and other research

(Adibpour et al., 2019). The samples were packed in a modified

atmosphere packaging containing nitrogen, and the packaging

was multilayer laminated, and water vapor permeability WVTR

and oxygen transmission rate OTR of the packaging were 0.7

g/m2.day and 1.0 cc/m2.day, respectively, and stored at room

temperature (20◦C) for 120 days. A snack without SC probiotic

was used as a control, during which time physical and chemical

tests were measured. Furthermore, the viability of the probiotic

was verified.

Molecular identification of Bacillus
coagulans strain and antimicrobial
activity

Molecular identification was performed to corroborate the

strain as a probiotic belonging to the Bacillus species and

its antimicrobial activity against Gram-positive and Gram-

negative bacteria.

Molecular identification of the probiotic
B. coagulans

Total DNA was extracted using lysozyme (10mg mL−1)

followed by the addition of the DNAzol reagent (Thermo

Fisher Scientific). PCR was performed using a Gene Cycler

(Bio-Rad). Purification of PCR fragments and sequencing

by Sanger method, using primers 337F, 518F, 800R, and

1100R of the 16S ribosomal gene. Taxonomic analysis of the

problem sequence used the BLAST tool (Basic Local Alignment

Search Tool), from NCBI (National Center for Biotechnology

Information), compared against the reference RNA database

“refseq_rna.” Taxonomic analysis of the problem sequence

using the “Classifier” and “SeqMatch” tools hosted on the

RDP (Ribosomal Data Project) website. The first tool is used

to determine the taxonomy of the problem sequence; the

second tool is used to identify the most similar sequences,

in the RDP database, to the problem sequence. Both perform

the comparison using RDP’s own “16S rRNA training set

18” database.

Multiple alignments, using the multiple sequence

comparison by log-expectation (MUSCLE) algorithm, of

the problem sequence with the 30 most similar sequences

were reported by BLAST. Generation of a phylogenetic

tree was performed using the Tamura-Nei genetic distance

model (TN93), with the “Neighbor-Joining” method and the

“Bootstrap” method with 1000 replicates. The taxonomic

analysis and classification of the sequence was based on that

presented by Majeed et al., 2016b with some modifications.

Antimicrobial activity of the probiotic
B. coagulans against pathogen bacteria

Antimicrobial activity was performed according to the

methodology by Sen et al. (2010) with slight modifications.

Bacillus coagulans commercial strain was seeded inMan, Rogosa

and Sharpe (MRS) broth (Scharlau, Spain) for 12 hours, cells

were obtained by centrifugation of the culture broth at 3.800

rpm for 15 min and seeded by depth on glucose yeast extract

(GYE) agar then the agar was allowed to dry for 15 min, then

discs of approximately 0.6mm in diameter were obtained and

placed in a 15 mL layer of Mueller Hinton (Merck, Germany),

containing approximately 106 CFU/mL of the indicator strains

previously grown in Tryptone Soy broth (TSA) (Scharlau,

Spain) either Salmonella typhimurium ATCC 14028 or Listeria

monocytogenes ATCC 49594 or Bacillus cereus ATCC 14579 or

Bacillus subtilis ATCC 6633 or Escherichia coli ATCC 25922 or

Staphylococcus aureus ATCC 6538. The plates were allowed to

stand for 30min to allow the sample to diffuse into the agar and

were subsequently taken to incubation at 37◦C for 24 h. After

incubation, the zone of inhibition was measured and recorded

in mm.

Characterization of physicochemical
properties as a function of time

Water activity

Water activity was determined in triplicate at 20◦C, using a

dew point water activity meter (AquaLab Series 3TE, Decagon

Devices, Inc. USA).

pH variation

pH values of SP1, SP2, and SC were determined in triplicate,

each replicate in quintuplicate according to the AOAC Method

No. 943.02, using an Orion pH meter, model Three Stars

(Thermo Fisher Scientific, Waltham, MA, USA), equipped
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with a model 2A04 penetration electrode (Analizador, São

Paulo, Brazil).

Moisture

Moisture analysis of the snacks was performed by loss on

drying (130◦C/3 h), based on (AOAC Official Method, 930.15,

2005).

Colorimetric properties

The color of the extrudate was determined using Konica

Minolta Spectrophotometer CM-5, controlled by SpectraMagic

NX software, with D65 illuminant and 10◦ observer angle. The

samples were conditioned with a food processor. Samples were

analyzed in triplicate, taking∼5 g of sample. Luminosity (L) and

chromaticity parameters a∗ (−a ∗ = green and+ a ∗ = redness)

and b ∗ (−b ∗ = blue and + b ∗ = yellow) and color variation

(1E) were measured according to the Equation (1).

1E = [(L estandar − L muestra)2 + (a estandar − a muestra)2

+(b estandar − b muestra)2]1/2 (1)

Texture

Texture properties were measured as described by Li

et al. (2019) with some modifications using a texture analyzer

(Shimadzu EZ-L, USA) with a 5 kN load cell and a 5mm flat-

head cylindrical probe. The SP1, SP2, and SC extrudates were

randomly divided into three groups. Five measurements were

performed for each group and the results were reported as the

average of these three groups for each extrusion series. Three

texture quality parameters, hardness, crispness, and crunchiness,

were obtained from the texture analysis test curve with time

(s) on the x-axis and force (N) on the y-axis. Hardness (N) is

defined as the maximum force, crispness is the total number of

positive peaks, and crunchiness (N s) is the linear distance from

the test curve.

Viability of the probiotic Bacillus

coagulans during storage

Viable count of B. coagulans was performed according to the

methodology of the probiotic supplier and Majeed et al. (2016a),

with some modifications. About 1 g of SP1 or SP2 was dissolved

in 199ml of sterile saline (0.9%NaCl, w/v). Then 30ml was taken

in a sterile tube and brought for 30min at 70◦C in a water bath,

then, cooled to approximately 45◦C before pipetting, cultured

on GYE agar at 37◦C for 48 h, under aerobic conditions. Survival

was determined in duplicate under two concentrations 0.3 and

0.35: w/w, at days 0, 10, 20, 40, 60, and 120.

Gastric and pancreatic juices

The evaluation of the survival of the probiotic Bacillus

coagulans included in snack SP1 subjected to simulated gastric

and enteric conditions was performed according to Bedani et al.

(2013) with some modifications.

One gram of SP1 was dissolved in 199 mL of sterile

phosphate buffered saline (PBS) pH 7.4, 10 mL of this solution

was taken in triplicate into flasks, then adjusted to pH 2 with

1 N HCl, and pepsin (from porcine stomach mucosa, Sigma-

Aldrich) was added to the samples to a concentration of 3 g/L.

The flasks were incubated at 37◦C, with shaking at 150 rpm

(Thermo Scientific MAxQ-4450 Shaker, USA) for 3 h, giving rise

to the simulated gastric phase. In this phase, 1mL was taken

and seeding was performed on GYE agar at 37◦C for 48 h under

aerobic conditions. Subsequently, the pH of the samples was

increased to 6.8 using an alkaline 1N NaOH solution and 30 mL

of sterile phosphate buffer solution (150 ml of 1 N NaOH 14 g of

PO4H2Na.2H2O and distilled water up to 1 L), then Bile (bovine

bile, Sigma-Aldrich) and pancreatin (porcine pancreas, Sigma-

Aldrich) were added until reaching a concentration of 0.6 g/L

and 1 g/L, respectively, in this phase, the three samples were left

for 3 hours. About 1ml of sample was taken for seeding, similar

to the previous phase. Counts are expressed in log CFU/g of SP1.

Survival rate at t0 and tf is expressed according to Equation (2)

(Guo et al., 2009).

% survivability
Nlog final (tiempo 6h)

N log log final (tiempo 0h)
∗ (2)

Where, N is the number of CFU (colony forming units).

Sensory

The sensory evaluation was carried out using the hedonic

test methodology with 14 panelists from the SEGALCO S.A.S.

factory, composed of five women and nine men between 25

and 35 years of age. The panelists evaluated the perception

parameters of general appearance, color, texture, aroma, flavor,

chewiness, and acidity of the samples, giving scores from 5 to

1 (5 points, extremely good and 1 point, extremely low). For

the acidity parameter, 1 is not perceived and 5 is perceived as

high acidity. The study was reviewed and approved by the ethics

committee of the University of Cauca and informed consent

was obtained from each subject before they participated in

the study.

Statistical analyses

Statistical analyses were performed using Minitab V

18 statistical software. Viability assessment during storage
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was performed in duplicate and in vitro gastric simulation

experiments were performed in triplicate. Results were

expressed as means ± standard deviation. One-way ANOVA

was used to compare the viability of B. coagulans, after 0,

10, 20, 40, 40, 60, and 120 days of storage at 20◦C. For

sensory analysis, a Kruskal–Wallis non-parametric test

was performed. Significance was set at p < 0.05. Tukey

was used to compare the concentrations with a snack

control without probiotics. The graphs were made in the

Oring program.

Results and discussion

Molecular identification and
antimicrobial activity

Molecular identification

Multifocus sequence typing was performed on the B.

coagulans BC30 samples. The RDP classifier determined that

this is a sequence of a microorganism belonging to the genus

Bacillus.

FIGURE 1

Phylogenetic tree by distances constructed from the thirty closest available sequences of culturable microorganisms according to the NCBI

RefSeq_RNA database.
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However, the resolving power of this classifier does not

allow assigning a genus or species (S1-A). Comparison with

the RDP 16S sequence database using the SeqMatch tool

(S1-B) against the cultured isolate indicates that the assembled

problem sequence (Scheme 1-S1-C) shows higher homology

with sequences of Bacillus coagulans species. The results of the

taxonomic analysis of the assembled 1525 bp problem sequence

against the NCBI ref_seq database (S1-D) indicate that it has, on

average, 98% identity over 98% of its length with 16S ribosomal

gene sequences belonging to Bacillus coagulans and Bacillus

badi species. The distance tree (Figure 1) constructed from the

30 closest available sequences of culturable microorganisms in

the NCBI RefSeq_RNA database shows the analyzed sequence

TABLE 1 Antimicrobial activity of Bacillus coagulans against test

organisms.

Pathogen R (mm)

Listeria monocytogenes 4.35± 0.13 +++

Salmonella typhimurium 5.55± 0.27 +++

Bacillus cereus 4.1± 0.15 +++

Bacillus subtilis 3.9± 0.07 ++

Escherichia coli 4.2± 0.05 +++

Staphylococcus aureus 3.8± 0.09 ++

+, 1.0–2.0 mm;++, 2.1–4.0 mm;+++, más de 4mm (Sen et al., 2010).

clusters with sequences of the species Bacillus coagulans (S1-E).

In the case of this isolate, according to the results of searches

in the different databases and the origin of the sample, it

is concluded that it belongs to the species Bacillus coagulans

(S1-E).

Pathogen growth inhibition

Probiotics of the genus Bacillus produce bioactive microbial

secondary metabolites (bacteriocins), which regulate growth

processes, applications, and/or exhibit response (regulation,

inhibition, stimulation), in addition to bacteriocins, B. coagulans

can also secrete other antimicrobial substances such as lactic acid

(an important substance in the human intestine) and acetic acid

(Cao et al., 2020).

As shown in Table 1, Bacillus coagulans generates an

inhibitory halo against the growth of the pathogens under study.

According to Bernardeau et al. (2017), the metabolites produced

by the Bacillus genus are bacteriocins and inhibitory substances

(e.g., subtilin and coagulin), an anionic antibacterial substance

produced by B. coagulans that is a broad-spectrum agent against

Gram-positive bacteria, which are involved in the transmission

of foodborne diseases.

Furthermore, Bacillus can generate metabolites as antibiotics

(e.g., surfactin, iturin, and fengycin) which may have an

antibacterial or antifungal effect (Mondol et al., 2013). In their

study, Abdhul et al. (2015) found that Bacillus coagulans strain

TABLE 2 Evaluation of the physicochemical characteristics of snacks with and without probiotic addition.

Sample AT pH aw Moisture (%) L a* b* 1E

SP1 0 6.01a ± 0.03 0.20b ± 0.00 4.76c ± 0.01 61.95de ± 0.51 10.33bcde± 0.02 37.37fg ± 0.28 1.52

10 6.02a ± 0.03 0.19b ± 0.00 4.82c ± 0.01 62.71a ± 0.37 8.22g ± 0.11 39.00bc ±0.61 2.44

20 6.06a ± 0.07 0.21b ± 0.01 4.83bc ± 0.01 62.12bcde ± 0.03 9.17f± 0.04 37.68ef ±0.13 1.86

40 6.01a ± 0.10 0.19b ± 0.01 4.86ab ± 0.01 62.63a ± 0.02 9.30f ± 0.02 37.54f ± 0.10 1.73

60 6.01a± 0.11 0.21ab ± 0.01 4.88bc ± 0.01 62.74a ± 0.05 10.24cde± 0.01 35.72i ±0.06 2.96

120 5.52b ± 0.08 0.22a ± 0.02 4.90a ± 0.01 62.06cde ± 0.03 10.16de ± 0.04 35.14hi ± 0.04 2.64

SP2 0 5.99a ± 0.24 0.21b ± 0.00 4.82c ± 0.01 62.72a ± 0.05 10.57abcd±0.16 38.65cd ± 0.10 0.06

10 6.02a ± 0.23 0.21b ± 0.01 4.81c ± 0.01 62.61a ± 0.03 10.86a ± 0.03 39.84a ± 0.05 1.21

20 6.04a ± 0.23 0.19b ± 0.01 4.81bc ± 0.01 61.92e ± 0.01 10.28cde± 0.06 37.60f ± 0.20 1.37

40 6.04a ± 0.06 0.20b ± 0.02 4.89ab ± 0.01 62.44abc± 0.02 9.05f ± 0.03 35.58gh ± 0.10 2.63

60 6.02a ± 0.03 0.21ab ± 0.01 4.85bc ± 0.01 62.35abcde±0.01 10.02e ± 0.01 38.47cde± 0.08 0.74

120 5.55b ± 0.03 0.22a ± 0.00 4.92a ± 0.02 62.62a ± 0.08 10.54abcd± 0.03 37.85def ± 0.03 0.81

SC 0 6.02a ± 0.09 0.19b ± 0.00 4.83c ± 0.02 62.72a ± 0.01 10.63abc± 0.12 38.65cd ± 0.10 -

10 5.99a ± 0.11 0.19b ± 0.00 4.82c ± 0.00 62.68a ± 0.13 10.83ab ± 0.08 39.74ab ± 0.14 1.10

20 6.00a ± 0.07 0.19b ± 0.00 4.81bc ± 0.03 61.89e ± 0.07 10.32bcde±0.10 37.60f ± 0.20 1.38

40 6.03a ± 0.21 0.19b ± 0.00 4.84ab ± 0.01 62.41abcd±0.01 10.07e ± 0.01 37.36fg ± 0.03 1.44

60 6.02a ± 0.23 0.20ab ± 0.00 4.83bc ± 0.01 62.57ab ± 0.01 10.78ab ± 0.02 37.68ef ± 0.03 0.99

120 5.52b ± 0.12 0.21a ± 0.00 4.89a ± 0.02 62.47abc± 0.05 10.55abc ±0.02 37.49f ± 0.03 1.19

AT, analysis time (days); SP1, Snack probiotic concentration one; SP2, Snack probiotic concentration two; SC, Snack control. For each parameter, different letters indicate significant

differences at p < 0.05.
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FIGURE 2

Image of the snacks (SC, snack control; SP1, snack probiotic 1; SP2, snack probiotic 2).

[BDU3] generates antimicrobial inhibition on bacteria such as

Bacillus cereus MTCC 430, Staphylococcus aureus MTCC 3160,

and Enterococcus sp. MTCC 9728.

Moreover, as mentioned by Majeed et al. (2016b),

commercial probiotic strains may have phenotypic changes

during the continuous and multiple years of commercial

production affecting their efficacy or safety; therefore, they

evaluated the probiotic potential in vitro, finding that the

Bacillus coagulans strain studied produces antimicrobial agents

that inhibit the growth of pathogenic Gram-positive and

Gram-negative bacteria.

pH variation of snacks with respect to
storage time

As shown in Table 2, according to the analysis of variance,

the two concentrations and storage time have no significant

influence on the pH of snack samples. B. coagulans is a lactic

acid-producing probiotic; however, during stress conditions

such as low humidity, it is in the spore state, i.e., during the

120 days of storage, it has not initiated metabolic activity.

According to Šipailiene and Petraityte (2018) the pH required

by Bacillus coagulans strain is between 4 and 7, in snack

samples SP1 and SP2 it was maintained between 6.01 and

5.52 during days 0 and 120, respectively. In order to survive

and multiply, microorganisms have to maintain a stable pH

in the cytoplasm, which ensures optimal functionality and

integrity of the cytoplasm structure. In our study, the modified

atmosphere packaging maintains the stable characteristics of

the facultative anaerobic probiotic, since for this type of

bacteria oxygen is a toxic element (Šipailiene and Petraityte,

2018).

Color

Color is one of the important characteristics of the

acceptability of a food product. Table 2 shows the parameters

of L∗ (Brightness), a∗ (Red/Green), and b∗ (blue/yellow).

According to the analysis of variance, the color parameter L∗

is only affected by time and the parameters of a∗ and b∗ are

influenced by concentration and by time (p < 0.05). The total

color change (1E), which shows the color variation compared to

the snack without probiotic addition and at day 0, was between

0.06 and 2.96, these values indicate no apparently perceptible

changes during the storage time and the concentration of

probiotic added. According to studies by Muñoz et al. (2022), in

cereal mixtures extruded from quinoa, most of the population

perceives a total color difference >3. Therefore, as shown in

Figure 2, the addition of probiotics to the snack does not result in

a significant color change. According to the results of Konuray

and Erginkaya (2020), they had no change in color parameters

over time in pasta added with probiotic lactic acid bacteria.

Likewise, Akman et al. (2019) reported in their study that the

enrichment of apple slices with Lacticaseibacillus paracasei had

no significant effect on color changes in all dried apple samples.

Texture

Figure 3 shows the effect of the two concentrations and

days of storage with respect to the control. According to the

analysis of variance, the factors of concentration and time have

no significant effect p > 0.05 on the strength (N), crunchiness,

and crispness (NS) during the 120 days of storage, that is to

say, that the SP1, SP2, and SC matrices do not have significant

changes over time, due to the fact that the packaging maintains
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FIGURE 3

Textural properties (hardness, crunchiness, and crispiness) of quinoa flour extrudates obtained at di�erent amounts of probiotics. (n = 3 for

extrusion runs, n = 3 for texture measurements). (A) SP1; (B) SP2; (C) SC. Within hardness, crunchiness, and crispiness, values followed by

di�erent letters are significantly di�erent (p < 0.05).
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the humidity and water activity. According to Ananta et al.

(2005), to maintain stability, water activity should not exceed

0.25 and moisture content should be 4–7%. In our study, aw

and moisture contents were maintained between 0.19–0.22 and

4.76–4.92, respectively, during the 120 days of storage.

The extrusion process is a versatile and low-cost technology

used for the production of cereal-based snacks, which

transforms starch and protein-based solid materials into

a viscoelastic fluid under high pressure and temperature

conditions (Li et al., 2019). The addition of the probiotic

does not significantly alter the texture parameters, which is

corroborated in the sensory analysis, where no significant

changes are perceived.

Viability of the Bacillus coagulans

probiotic under storage conditions

The analysis is performed at room temperature, to prove that

the probiotics incorporated in snacks made from quinoa remain

under shelf-life conditions.

According to the analysis of variance, the two concentrations

analyzed, do not present effect on the counts (p > 0.05),

however, the different days analyzed do present effect on the

count (p < 0.05). As shown in Table 3, the counts from 0 to

120 days are between 7.39 log CFU/g and 7.95 log CFU/g,

respectively. During the period studied, the viability of the

probiotic increased by 7.57% with respect to day 0, due to

the fact that during the probiotic inclusion process no extreme

drying or pressure processes are performed. It is possible that

the sporulated probiotic strain does not affect its viability

and remains during the period of analysis, without changing

the organoleptic properties of the snack as corroborated in

the sensory analysis, because the packaging maintains a water

activity lower than 0.25, where the molecular mobility of the

matrix is limited, an aspect that discourages metabolism; in

this sense, according to studies by Ananta et al. (2005) in

encapsulated bacteria, where the water activity was 0.2, bacterial

viability after 45 days was higher than 105 CFU/g. During the

120 days, the probiotic remained stable, i.e., it did not grow

exponentially, an aspect that allows preserving the physico-

chemical characteristics in the snack, and similar results were

obtained by Almada-Érix et al. (2022) in samples of bread added

with Bacillus coagulans GBI-30 6086.

Furthermore, an increase in the count on days 60 and 120 is

possibly due to some of the latent probiotics becoming viable

and active. According to Zendeboodi et al. (2020), probiotics

such as Bacillus coagulans are inactive probiotics. Although

they are viable, they are not active and the rate of growth

and/or generation of metabolites are almost stopped, they are

called “pseudoprobiotics.”

The Bacillus coagulans strain retained its viability during the

120 days of storage above 6 log CFU/g, which is the permitted

limit for probiotic foods (Konuray and Erginkaya, 2020).

Bacillus coagulans is a strain labeled as a GRAS food ingredient

by the US FDA, it is a Gram-positive, microaerophilic, spore-

producing Bacillus coagulans, which makes it heat resistant,

and therefore a good choice for products with low humidity.

According to studies conducted by Majeed et al. (2016a), the

stability of Bacillus coagulans MTCC 5856 was analyzed in

different food matrices after 12 months they obtained viability

above 80%. Likewise, Majzoobi et al. (2019) obtained baked and

then frozen food, added with Ganeden BC30 that retained a

viability of 7.35 log CFU/g after 56 days of storage.

Gastric and pancreatic juices

Viability is the ability of these microorganisms to remain

alive, both in the organism and in the consumer’s intestine

for a given time, in order to achieve the benefits of

such foods.

The survival of freeze-dried B. coagulans in spore present

in the SP1 subjected to simulated gastrointestinal conditions in

vitro is shown in Table 4. Based on the results, the probiotic

included in the snack resists the passage through the simulation.

According to Casula and Cutting (2002), spores of the genus

TABLE 4 Tolerance of Bacillus coagulans to simulated gastric juice.

Hours

0 3 6 Survivability (%)

SP1 6.74± 0.09 4.98± 0.09 4.72± 0.11 70.12± 1.08

Viable counts (log CFU/g) of SP1 at zero (0), three (3), and six (6) h.

TABLE 3 Evaluation of the viability of spore-forming bacteria in a quinoa snack during storage time at room temperature (20◦C) and dry place.

Sample Storage time days

0 10 20 40 60 120

SP1 7.39d± 0.04 7.43d± 0.08 7.56bc± 0.08 7.56cd± 0.1 7.64b±0.05 7.95a± 0.04

SP2 7.47d± 0.01 7.41d± 0.06 7.51bc± 0.14 7.51cd± 0.13 7.68b± 0.09 7.93a± 0.17

Values are presented as mean± SD (n= 3). For each parameter, different letters indicate significant differences at p < 0.05.
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FIGURE 4

Sensory evaluation of samples (A, day 0; B, day 10; C, day 20; D, day 40; E, day 60; F, day 120; SP1, snack probiotic concentration one; SP2,

probiotic concentration two, SC, control).

Bacillus can germinate and proliferate in the gut of mice,

indicating that spores can germinate, grow and then sporulate in

the gut. According to Cao et al. (2020), the life cycle of Bacillus

coagulans in the intestinal tract is described as follows: initially,

it enters as a spore and continues as such during the time it

remains in the stomach for almost 3 h, later the spores germinate

in the small intestine, and then the live bacteria will travel down

to the large intestine and sporulate in the lower part.

In future studies, it is valuable to perform in vivo tests to

demonstrate the resistance of snacks with probiotic addition.

According to the above, the population of the spore-forming

probiotic showed a reduction from 0 to 3 h test of 1.76 and

between the 3 to 6 h period the reduction was 0.26 log CFU/g.

The greatest decrease in viability of this strain was observed

in the gastric phase, suggesting its high sensitivity to simulated

gastric juice containing HCl and pepsin. In studies performed
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with a similar strain, Sui et al. (2020) found higher survival

values of the sporulated probiotic above 80%, and in our assay,

the percentage is almost 70%, i.e., more than half passed the

gastric phase. According to Marcial-Coba et al. (2019) in order

for probiotics to provide a benefit, they must pass through the

acidic conditions of the stomach, and the spores of B. coagulans

and other Bacillus species remain in their spore form during

passage through the stomach and duodenum then germinate in

the jejunum and ileum, with subsequent transient colonization

of the small intestine, where vegetative cells can produce active

metabolites such as L (+) lactic acid and interact with the host

and intestinal microbiota. Maathuis et al. (2010) investigated the

survival of the GanedenBC30 spore during its passage through

the upper gastrointestinal tract in a dynamic, validated, in vitro

model of the stomach and small intestine. In their study, they

also found that the survival of GanedenBC30 was 70%.

Sensory

A 5-point scale, 1 lowest and 5 highest, was used in this

study. As shown in Figure 4, the panelists rated the SC, SP1, and

SP2 between 4 and 5 for the quality parameters analyzed, with

the exception of acidity, which for the three samples is 1, i.e.,

it is not perceived. There are no significant differences between

the storage time and the control snack without probiotics. Our

results corroborate that the physicochemical properties remain

stable during the 120 days of analysis in metalized packaging in a

modified atmosphere, so the panelists rated the snacks with high

quality, both the control and those added with probiotics.

In studies conducted by Adibpour et al. (2019), they found

no differences between the control and a product made with

caramel and sporulated probiotic. Konuray and Erginkaya

(2020) in their study with Bacillus coagulans-incorporated pasta

found that sensory attributes were not affected during 6 months

of storage.

Conclusion

The results of the study showed that the SP1 and SP2 quinoa

probiotic snacks made with the addition of B. coagulans GBI-

30 have a final concentration of approximately 107 UFC/g,

and can be stored for 120 days at room temperature, low

humidity, and aw: 0.2 ± 0.2 without affecting their quality.

Sporulated B. coagulans bacteria showed inhibition against the

pathogenic bacteria tested. Survival during simulated intestinal

tract conditions in the food matrix SP1 showed 70%. The

addition of the probiotic GBI-30 showed no statistically

significant effect on the sensory characteristics, texture, color,

acidity, and overall appearance of the samples during storage

compared to the control snack. The probiotic snacks produced

in our study can be considered an acceptable probiotic food after

120 days of storage, which can be realized at the industrial level.

Due to the growing consumer interest in non-dairy probiotic

food alternatives, the quinoa-based snack produced in this study

is a viable alternative to a vegan probiotic food.
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