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Abstract: Different carbon sources, such as prebiotics, have promoted probiotics” survival during
refrigerated fermented milk storage. These compounds stimulate both the metabolic response and the
resistance of probiotics to adverse conditions, such as low temperatures. That is why the objective of
this study was to evaluate the kinetic parameters of growth, the proteolytic profile, and the survival
of Lactiplantibacillus pentosus ABHEAU-05 in fermented milk added with aguamiel as a prebiotic
source during refrigerated storage. Inulin was used for control experiments. A 12% w/v powdered
skimmed milk solution was inoculated with L. pentosus ABHEAU-05 (10® CFU/mL). It was fermented
at 37 °C until a pH of 4.5, and the kinetic parameters were calculated. Analysis of survival and
proteolytic profile during refrigeration storage (4 °C for 21 days) was carried out. The survival of the
microorganism was determined by viable count on MRS agar, the production of free amino groups
by the TNBS method, and the accumulation of low molecular weight peptides by polyacrylamide
gel electrophoresis (SDS-PAGE). The pH of 4.5 was reached 26 h before the control. The maximum
concentration of viable cells was 108 CFU/rmL at the fermentation’s end and maintained throughout
the refrigerated storage. With the analysis of the proteolytic profile, high metabolic activity was
demonstrated during fermentation and refrigerated storage in milk with aguamiel. The accumulation
of low molecular weight peptides and the generation of free amino groups were higher than the
control results. It was verified that aguamiel is a carbon source with the potential for developing and
maintaining the probiotic L. pentosus ABHEAU-05 in fermented milk.

Keywords: aguamiel; probiotic; prebiotic; fermented milk; peptides

1. Introduction

Currently, it is sought that foods satisfy consumers’ needs while offering health bene-
fits. For this reason, the so-called functional foods have had a significant impact in recent
years since, in addition to providing nutrients, they beneficially affect one or more human
functions [1]. The nutraceutical effect has been demonstrated through different studies on
the modulation of the physiological, endocrine, circulatory, and digestive systems [2,3].

One of the main functional foods that have had relevance due to its high acceptability
by the consumer and a wide range of products that vary according to the region is milk
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fermented with specific probiotic bacteria [4]. The concept of probiotic refers to microorgan-
isms that, ingested in the right amount, can offer benefits to the health of their host, among
which are protection against intestinal infections, stimulation of the immune system, and
increase of milk digestibility, in addition to competing against pathogenic bacteria, allowing
the proliferation of the normal intestinal microbiota [5]. Of the different species of probiotic
microorganisms that are currently known, the most used in the food industry as part of
the starter cultures belong to the group of lactic acid bacteria (LAB), more specifically,
the genera Lactobacillus, Lactococcus, and Bifidobacterium [6]. However, for the culture to
thrive as a probiotic, it must survive, develop, and remain viable in the medium during
fermentation and storage time in concentrations close to 10° to 10'2 CFU/mL [7].

The metabolic activity and the growth of certain strains of bacteria in the intestine are
known to be stimulated by specific indigestible diet components [8,9]. These substances,
called prebiotics, are available in nature as carbohydrates: fructooligosaccharides (FOS),
galactooligosaccharides, lactulose, and fiber, among others. These compounds act as the
primary energy source for the intestinal microbiota. In this way, the addition of prebiotics
helps to improve the survival of beneficial microorganisms due to the symbiotic effect
between them [10,11]. However, other ingredients, such as arabinoxylans and glucans,
have prebiotic activity and have been studied more recently or are candidates and are in
the process of demonstrating their effect in humans [12,13].

In this case is aguamiel, a liquid extracted from different magueys containing other
carbohydrates such as fructose, glucose, sucrose, proteins, and minerals [14]. It is a source
of prebiotics due to its fructan content and has the potential to be used in different branches
of the food industry as a functional drink [15-17]. It is because of its composition that it is
an excellent raw material to carry out fermentation [18,19], and being an aqueous medium
with a large number of carbohydrates as substrates, it represents a favorable substrate
for the growth of microorganisms and for the biotechnological production of high purity
FOS [20-22]. This product has been used successfully to manufacture symbiotic foods such
as fermented milk and cheese [18,19]. In addition, it has been associated with beneficial
effects on human health in patients with irritable bowel syndrome [23,24].

Therefore, the objective of this research was to study the effect of aguamiel on changes
in fermentation kinetics and the viability of Lactiplantibacillus pentosus ABHEAU-05 as a
probiotic microorganism in enriched fermented milk, determining its ability to keep the
probiotic viable in refrigerated storage as well as its proteolytic capacity.

2. Materials and Methods
2.1. Obtaining and Analysis of Aguamiel

Aguamiel was obtained from scraping maguey (Agave salmiana) in Zempoala, Hidalgo,
Mexico. It was filtered and collected in 250 mL sterilized glass bottles. Then, a heat
treatment was applied to the aguamiel at 90 °C for 15 min and stored at —20 °C before
use. The carbohydrate concentration was determined following Moreno-Vilet et al. [25]
methodology. An HPLC equipment (Agilent Technologies 1260 Ifinity) was occupied. A
size exclusion column with a column guard (Ultrahydrogel DP, 7.8 x 300 mm, Waters,
MA, USA) was used. At the same time, the mobile phase was water HPLC grade at a flow
rate of 0.36 mL/min and a Light Scattering detector (Polymer Laboratories, Amherst, MA,
USA). The elution medium was pre-degassed water HPLC grade (61.7 °C) at a flow rate of
0.36 mL/min. The run was carried out at a constant temperature of 75 °C, and the detector
was maintained at a fogging temperature of 110 °C.

2.2. Adaptation of Lactiplantibacillus pentosus ABHEAU-05

This study used only L. pentosus ABHEAU-05 as a starter microorganism. The mi-
croorganism was isolated from a traditional Mexican drink (tepache), previously tested for
its probiotic capacity, and phylogenetically identified with GeneBank accession number
MK587617 [26]. It was stored frozen in 50% glycerol containment solution before use.
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The microorganism was activated in the fermentation medium by inoculating 500 pL of
the containment medium in a tube with Man Rogosa and Sharp (MRS) broth (propagation
culture) and incubated at 37 °C for 24 h. A 12% w/v skimmed milk solution (Svelty Nestlé®,
Nestlé, Vevey, Switzerland) was prepared, and 100 mL were placed in a previously sterilized
Erlenmeyer flask, pasteurizing at 90 °C for 10 min. The milk solution was inoculated with
1 mL of the propagation culture and incubated at 37 °C for 24 h. The viable microorganisms
(CFU/mL) were measured using plate count with an Agar-MRS medium. This was the
starter culture.

2.3. Fermentation Kinetics

Fermentation was carried out in previously sterilized 250 mL Erlenmeyer flasks with
screw caps. A 12% (w/v) solution of skimmed milk (Svelty Nestlé®) was prepared with ster-
ilized water and with 2% of carbon source calculated from aguamiel analysis completing
100 mL. The solution was pasteurized at 90 °C for 15 min. Inulin was used as a control
carbon source due to its wide use and recognition as a prebiotic used in different stud-
ies [18,19]. It was added to the control solution 2% agave inulin E-nature (Olifructine®,
Innovation Naturals SAS, Roissy-en-France, France) with the following composition:
polisaccharides > 10 units, 69.94%; polisaccharides from 2 to 10 units, 26.36%; and monosac-
charides, 8.71% [25]. The systems were inoculated approximately with 10° CFU/mL of
the previously adapted strain and incubated at 37 °C. Each fermentation system (control
and understudy) was prepared in duplicate. Fermentations were stopped when a pH of
4.5 was reached, sampling every 2 h. The growth curve was performed by plate counting
of the samples using Agar-MRS. The pH was determined, and the speed and generation
time were calculated to establish the differences in the metabolism of microorganisms. The
specific growth rate constant (1) was calculated according to Equations (1) and (2) was used
to determine the generation time (g). The initial concentration (Ny) was that corresponding
to the beginning of the exponential phase (tp), and the final (Ny) was that corresponding to
the end of the exponential phase (t).

Ln (Nx) — Ln (No) = 1 (tx — to) @

g=Ln(2)/u )

2.4. Proteolysis by Tri-Nitro Benzyl Sulfonic (TNBS)

The concentration of free amino groups was analyzed using the trinitrobenzylsulfonic
acid (TNBS) method [27]. An aliquot of 5 mL of each fermentation system was taken every
2 h. After measuring the pH of each sample, they were centrifuged at 7800x g at 4 °C for
10 min in a centrifuge (Solbat for Eppendorf tubes). The supernatant was kept frozen at
—14 °C for subsequent analysis. The concentration of free amino groups was determined
according to a glycine standard curve from 0.05 mg/mL to 0.25 mg/mL. It was read at
340 nm in a spectrophotometer (GENESYS 10-VIS, Thermo Fisher Scientific Inc., Waltham,
MA, USA).

2.5. Evaluation of Refrigerated Fermented Milk

After fermentation (reaching a pH close to 4.5), the systems were stored at 4 °C
for 21 days. Samples of 5 mL were taken at 7, 14, and 21 days. The samples were cen-
trifuged in an Eppendorf centrifuge at 7800x g at 4 °C for 10 min. The following anal-
yses were carried out: survival of L. pentosus ABHEAU-05, determination of free amino
groups, and separation of peptides by polyacrylamide gel electrophoresis (SDS-PAGE).
The analyses of free amino groups were carried out using the same technique used for the
fermentation samples.



Fermentation 2023, 9, 841

40f12

2.6. Separation of Hydrolyzed Milk Proteins by Polyacrylamide Gel Electrophoresis (SDS-PAGE)

The separation of the hydrolyzed proteins after fermentation was carried out using the
method proposed by Laemmli [28] with the modifications of Gonzalez-Olivares et al. [27].
A Tris-Glycine gel was used with a T = 15%. A wide-range molecular weight standard (Bio-
Rad, Berkeley, CA, USA) was used to determine molecular weights. The protein content of
the samples was standardized to 150 ppm by analyzing with the Bradford method. Gels
were stained with Comassie blue G-250 (Bio-Rad, Hercules, CA, USA) and analyzed with
Gel-Doc software (Ez Imager #1708270, BioRad, Hercules, CA, USA).

2.7. Statistical Analysis

In all the experiments, triplicates were carried out, and the experimental data were
submitted to an analysis of variance (ANOVA); the Tuckey method compared means with
a significance level of 0.05. The program used for the analysis was NCSS-2007 (version:
07-1-15).

3. Results and Discussion
3.1. Aguamiel Analysis

The carbohydrates of the aguamiel were determined, and the compounds were identi-
fied according to the retention times of a standard curve of carbohydrate standards. The
peaks corresponding to the polysaccharides of more than two units were observed between
13 and 14 min of retention. The retention time between 17 and 18 min reflected the presence
of sucrose. This peak was the one that represented the highest concentration of all the
separated carbohydrates. The final concentration of carbohydrates in aguamiel was 9.8%
(w/v). Fructose and glucose reached 12.19% and 7.06%, respectively, while the sucrose
concentration was 60%. In the end, the concentration of polysaccharides of more than
two carbons was 20.75% (Table S1).

Moreno-Vilet et al. [25] mention that sucrose is the most abundant carbohydrate in
aguamiel, used as raw material to produce tequila and pulque. However, the presence of
monosaccharides is an essential factor in fermentation processes. Furthermore, aguamiel is
rich in carbohydrates such as agavin or inulin. These carbohydrates have been considered
prebiotic compounds [29].

3.2. Fermentation Kinetics

Figure 1 shows the graphs of the fermentation kinetics. No significant difference was
established in the maximum concentration of microorganisms in both fermentations, even
though the concentration was consistently higher for the system with aguamiel for up
to 24 h. From that time, the concentrations were matched, and at 28 h, the system with
inulin reached a concentration of 8.88 log CFU/mL, similar to that achieved in the system
with aguamiel. Furthermore, this maximum increase was reached faster in the presence
of aguamiel than in the control system. The highest value was approximated at 16 h
of fermentation.

In contrast, in the system with inulin, it was a logarithmic cycle from the start of
fermentation until hour 8, and from then until hour 28, the maximum cell concentration was
found (8.66 log CFU/mL), which corresponded to the start of the stationary phase. Despite
not presenting a significant difference between the maximum concentration obtained
between the two systems, the speed to reach the stationary phase was faster in the system
with aguamiel. The pH of 4.5 reached 18 h for the aguamiel fermentation and 36 h for the
control fermentation. Despite the time difference, the growth was followed for 36 h, but the
fermented milk was stored refrigerated once the pH of 4.5 was reached (Figure S1).

Aguamiel had already been used as an ingredient added to milk for fermentation.
Jaimez-Ordaz et al. [18] demonstrated that using aguamiel causes a faster drop in pH than
milk fermentations added with inulin. This could be due to the composition of the aguamiel
used, which had a higher amount of FOS. In addition, it is known that the decrease in pH
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in fermentation systems such as the one in this study is also related to the production of
short-chain organic acids [30].
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Figure 1. Growth curves of Lactiplantibacillus pentosus ABHEAU-05 in fermented milk enriched with
® aguamiel and ® inulin.

These data reveal the influence that aguamiel has on the fermentation rate. Despite the
changes in the growth of the microorganism, it was possible to differentiate the adaptation
phase in neither of the two systems. This may be because the composition of the medium
provided adequate substrates to be consumed immediately by L. pentosus ABHEAU-05.
With these data, the kinetic calculations of the fermentation were made. The specific growth
rate () for the exponential phase and the doubling time (g) were determined (Table 1).

Table 1. Kinetic parameters of L. pentosus ABHEAU-05 growth during milk fermentation with
aguamiel and inulin.

Carbon Source pu(h-1) g (h)
Aguamiel .98 +004 a0.71 +00
Inulin b (.43 £0.03 b 161 £0.01

All results are expressed as the mean =+ standard deviation (n = three replicates). Different letters denote significant
differences within the columns (p < 0.05).

The ability to adapt is easy to distinguish with these data. In the medium with
aguamiel, better kinetic parameters were obtained compared to that of agave inulin since,
during the fermentation process, the strain of L. pentosus ABHEAU-05 reached a higher
speed (h~!) and, therefore, a minor doubling time (g). This reflected a higher cell concen-
tration during the exponential phase.

In two different studies carried out by Gamez et al. [31] and Concha et al. [32] on
the kinetic behavior of Lactobacillus species with and without a prebiotic source, the re-
sults obtained in the kinetic parameters (1 = 0.975 h-1, g =070 h and p = 0.53 h-1,
g = 1.28 h; respectively) showed a contrast between the metabolic capacity of the bacteria.
This capacity is favored using prebiotic substances because these substrates tend to the
growth of microorganisms in a different way.

The most determining factors in the development of probiotic LAB in prebiotics are the
degree of polymerization, the number of repeating units in carbohydrates, and the chemical
structure [33]. Microorganisms’ development and use of the substrate also depend on the
availability of fermentable sugars in the medium [34]. Thus, a combination of carbohydrates
in the culture improves the growth of bacteria [35-37].
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Aguamiel used in this study showed a remarkable ability to promote LAB growth
than inulin due to its composition in monosaccharides, disaccharides, and oligosaccharides.
LAB will begin to consume the polysaccharides in a medium-low in simple carbohydrates,
such as inulin [38]. This action leads to higher energy expenditure and a slowdown in
the fermentation process because the degree of polymerization and the branching of the
molecule will affect the degradation of the oligo and polysaccharides. Previous studies
using aguamiel as a carbon source for developing LAB in different dairy products have
shown its ability to maintain viability despite such a high concentration of sucrose [18,19].

3.3. Determination of Free Amino Groups during Fermentation

The concentration of free amino groups was determined during the fermentation time
for each system and each carbon source (Table 2). To analyze the proteolytic capacity of
each fermentation, samples were taken from the middle start and end of each fermentation
within its logarithmic phase. That is why the fermentation with aguamiel samples was
carried out at 0, 8, and 18 h. In the case of fermentation with inulin, samples were taken at 0,
18, and 36 h. The initial concentration of free amino groups in the fermentation carried out
with inulin was 182.33 mg/L, reaching a final value of 113.72 mg/L at 36 h of fermentation.
However, the highest value was reached at 18 h (263.44 mg/L). After this time, the decrease
in concentration began. In the case of the system with aguamiel, the concentration of
free amino groups increased only during the first eight hours of fermentation, reaching
a maximum value of 255.56 mg/L. The final concentration was 162.05 mg/L at 18 h.
When comparing the results obtained, it was observed that the concentration of free
amino groups was higher in the system with inulin at the beginning and after 18 h of the
fermentation process.

Table 2. Concentration of free amino groups during fermentation with L. pentosus ABHEAU-05 of
milk enriched with aguamiel and inulin.

Amino Group Amino Group

Stage of Stage of

Fermentation Concentration Fermentation Concentration
Aguamiel (mg/L) Inulin (mg/L)
Beginning (0 h) a156.78 +3.14 Beginning (0 h) a182.33 +6.66
Middle (8 h) b 255,56 =423 Middle (18 h) b 63.44 098
End (18 h) a 162,05 +7-01 End (36 h) €113.72 *53

All results are expressed as the mean =+ standard deviation (n = three replicates). Different letters denote significant
differences within the columns (p < 0.05).

LABs require amino acids to grow, so protein hydrolysis during fermentation is
significant since it will directly affect metabolism. However, the proteolytic system of
each strain is different from others according to the peptidases that each microorganism
possesses [39]. In the specific case of L. pentosus ssp, the activity of dipeptidases and
aminopeptidases has been reported, which act as releasers of amino acids with terminal
carbons in the protein sequence [40].

3.4. Metabolism during Refrigeration
3.4.1. Viability

At the end of fermentation, the viable count was similar in both systems
(8.68 log CFU/mL in aguamiel and 8.65 log CFU/mL with inulin). Thus, the initial concen-
tration was comparable at the beginning of refrigerated storage. The counts obtained at
the end of storage were 8.47 log CFU/mL with aguamiel and 8.30 CFU/mL with inulin.
No statistically significant differences were found between the two fermentations. The
evolution in the survival of L. pentosus ABHEAU-05 during the three weeks of storage can
be seen in Table 3.
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Table 3. Survival of L. pentosus ABHEAU-05 at the end of fermentation and refrigerated storage at
4 °C in fermented milk enriched with aguamiel and inulin.

Refrigeration Time Aguamiel Inulin
(Week) (log CFU/mL) (log CFU/mL)
End of fermentation a g 6g +0.04 a g g5 +0.01
1 ageh +0.04 ageEo +0.02
2 b 8.58 +0.02 b 8.46 +0.02
3 b 8.47 +0.05 €830 +0.07

All results are expressed as the mean =+ standard deviation (n = three replicates). Different letters denote significant
differences within the columns (p < 0.05).

Similar concentrations of viable cells were observed in studies carried out in fermented
milk without prebiotics by Nighswonger et al. [41] and Znamirowska et al. [42] during
15 and 21 days of refrigerated storage, respectively. However, a two-log cycle decrease was
observed in these studies, which is attributed to the lack of a prebiotic in the medium.

The decrease in bacterial concentration during refrigerated storage after fermentation
is mainly related to two factors. First, LAB is exposed to a temperature below their growth
optimum, which affects the stability of their membrane, leading to alterations in cellular
processes such as cell division, metabolism, and transport. On the other hand, the acidity
in the medium is the second responsible factor since when the acids that pass through the
membrane dissociate, the intracellular pH decreases, which reduces enzymatic activity, and
proteins and DNA are damaged, affecting duplication [43]. In this sense, LAB can quickly
adapt to temperature changes. Van de Guchte et al. [43] demonstrated that Lactococcus lactis
sp., Streptococcus thermophilus, Lactobacillus acidophilus, and Lactobacillus plantarum continue
to grow at a reduced rate after a 20 °C change below the optimum growth temperature.

In addition, the presence of a prebiotic in fermented milk favors the growth and
maintenance of the viability of probiotics during refrigerated storage [18,44]. These studies
aim to keep probiotics at recommended consumption levels. The concentrations obtained
in this research are among the necessary values that foods must contain to be considered
probiotics and were maintained throughout the refrigerated storage time (>10% CFU/mL).
According to Olvera-Rosales et al. [9], the microorganisms must be viable in the food in
concentrations of 10°~10'! CFU/mL during the shelf life.

3.4.2. Production of Free Amino Groups

The initial concentration of free amino groups is considered the concentration at the
end of fermentation (FF); for this reason, both systems started with different concentrations
(Table 4).

Table 4. Concentration of free amino groups during refrigerated storage at 4 °C in fermented milk
enriched with aguamiel and inulin.

Refrigeration Time Aguamiel Inulin
(Week) (mg/L) (mg/L)
End of fermentation a 162.05 +0.01 a113.72 574
1 b 203.890 +0.01 b 206.81 £9-20
2 b 212,97 £0.01 b 208.58 + 060
3 b »15.87 +0-008 b 209.97 £145

All results are expressed as the mean =+ standard deviation (n = three replicates). Different letters denote significant
differences within the columns (p < 0.05).

In the first week, the initial concentration in the fermented milk with inulin was
206.81 mg/L. The data obtained show a gradual increase throughout the storage time until
reaching 209.7 mg/L in the last week. On the other hand, in the system with aguamiel,
the concentration in the first week was 203.76 mg/L, a lower value than that obtained
with inulin at the same time. Between the first and second week, there was a more notice-
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200 -

200

able increase in concentration (212.84 mg/L), and at the end of the study, the maximum
concentration was 215.87 mg/L. However, no significant difference was found between
both systems.

Even though proteolysis is necessary for the survival of microorganisms, in refrigera-
tion, this activity decreases but remains active [45], preserving only the production of free
amino groups to maintain their dormancy within the food [46,47]. Liu et al. [48] describe
one of the mechanisms some probiotic bacteria have adapted when exposed to a downward
change in temperature called the cold shock response. In this mechanism, various pro-
teins are synthesized to maintain the membrane’s fluidity by increasing the proportion of
shorter proteins, including low molecular weight proteins, thereby improving the process of
cell reproduction.

3.4.3. Identification of Protein Hydrolysis by SDS-PAGE

Figure 2 shows the electrophoresis gels of the fermented milk stored under refrigera-
tion for each carbon source. Bands with molecular weights lower than 14.4 kDa were found
in all the lanes corresponding to each of the weeks of the analysis. As observed, there is
an accumulation of peptides with a molecular weight of less than 6.5 kDa. In addition, a
decrease in the concentration of milk proteins is observed, including those of caseins and
the main whey proteins (21.5 and 14.4 kDa). This accumulation of peptides is important
because some bioactive peptides can be found among them [40].

(a) Aguamiel (b) Inulin
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Figure 2. Peptide separation by SDS-PAGE of fermented milk enriched with (a) aguamiel and
(b) inulin, refrigerated at 4 °C for 21 days.

As in the analysis of free amino groups, the production of low molecular weight
peptides is a marker of the metabolic activity of viable cells in the medium.
Gonzélez-Olivares et al. [27,49] reported low molecular weight peptides produced during
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the refrigeration of commercial fermented milk. In addition, it has been determined that
these peptides produced during fermentation could have bioactive potential [50]. Addi-
tionally, it has been found that the biological activity of peptides is also increased during
refrigerated storage of fermented milk [51,52]. This must be related to the proteolytic
activity and the enzymes released from the cells lysed in the medium [41].

Although peptides smaller than 6.5 kDa are observed in both experiments, the concen-
tration is higher in those separated in milk enriched with inulin. However, as can be seen,
the concentration of high molecular weight milk proteins such as caseins decreased more in
milk enriched with aguamiel. In the case of milk with inulin, the apparent concentrations of
both caseins and whey proteins appear to be with minimal changes. This means that, since
the proteolytic system is a cascade system [39], the production of low molecular weight
peptides comes from peptides of intermediate weight in the case of milk with inulin. In
contrast, in the case of milk with aguamiel, the peptides could go directly from caseins
since the concentration of whey proteins seems to maintain their concentration. It is known
that bioactive peptides, especially with antihypertensive capacity, come from sequences
released from caseins, mainly 5-casein [50].

L. pentosus has dipeptidase activity that can hydrolyze proteins to obtain Leu-Leu, Phe-
Ala, Tyr-Leu Lys-Leu, Ala-Ala, and Leu-Gly bonds, among other dipeptides. Aminopepti-
dase activity has also been reported for Ala, Lys, Pro, and Leu, which act on the ends of the
chains, releasing the terminal amino acid [40].

It has been reported that probiotic bacteria generally show a population decline due
to low storage temperatures. This is caused by transport changes in the cell membrane
that can sometimes suffer irreversible damage, changing the entire nutrient transport
scheme [53,54]. However, the presence of prebiotics accounts for their importance in the
containment of viable cells in dairy products [55]. On the other hand, the acidification of
the medium is a determining factor in the decrease of viable cells due to the modifications
in the expression of proteins necessary for the transport of nutrients. Studies have revealed
the importance of these structural modifications of probiotic cells for their ability to survive
both cold stress and pH changes [56]. In our study, microorganisms were contained by not
observing a significant difference in concentration during storage. According to the results
and bibliographic reports [55], this effect is attributable to aguamiel [18,19].

Despite the use of aguamiel in fermented milk and fermented cheeses, this study
represents the first in the application of L. pentosus ABHEAU-05 determining its ability
to relate symbiotically with a product such as aguamiel as a prebiotic for the design of
a symbiotic food. In addition, aguamiel could be a potential prebiotic, and its derived
products, such as aguamiel syrup, have shown sufficient scientific evidence as a beneficial
material for human health [57].

4. Conclusions

Aguamiel synergizes with L. pentosus ABHEAU-05, promoting its growth and lower-
ing the pH during fermentation, like inulin. In addition, the survival of the microorganism
during refrigerated storage was favored even without having ruled out the effect of lactose
or the monosaccharides present in aguamiel. Further studies on the effect of monosaccha-
rides and disaccharides in aguamiel on the survival of probiotics are needed. However,
this results in a direct relationship between the presence of aguamiel and the activation
of the proteolytic system during the fermentation process. Because the experiments were
compared with a control with a prebiotic known as inulin and they were carried out under
equal conditions, the viability of L. pentosus ABHEAU-05 is an effect of the presence of
aguamiel, which promotes the production of low molecular weight peptides even under
refrigeration. That is why using aguamiel with L. pentosus ABHEAU-05 could be an al-
ternative to producing symbiotic foods, mainly due to the prebiotic potential of a natural
product such as agave pulquero aguamiel.
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