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1 Introduction
Fermented milks are an excellent vehicle for the inclusion 

of functional ingredients of dairy or non-dairy origin, such 
as probiotic bacteria, prebiotic carbohydrates, dietary fiber, 
and antioxidant compounds, among others. Lactic bacteria 
contribute to the bacteriological safety of the product and confer 
it a feature series from a sensorial, technological and nutritional 
point of view (Santillán-Urquiza et al., 2014; Holck et al., 2017). 
Beneficial properties of fermented milks can be attributed to the 
microorganisms and the different products released during the 
fermentation process (Leroy & De Vuyst, 2004; Marco et al., 2017).

The proteolytic capacity of lactic bacteria plays a very important 
role during milk fermentation, mainly in the fractionation of 
proteins for conversion of peptides to free amino acids. Peptides 
that are not converted to free amino acids may be bioactive. 
Some of them act by binding to certain receptors, others are 
enzymes inhibitors, others regulate intestinal absorption, etc. 
(Ramchandran & Shah, 2008).

Probiotics have been defined as living organisms, which, 
when ingested, beneficially affect the host by improving intestinal 
balance (Sánchez  et  al., 2017; Sebastián-Domingo, 2017). 
By modifying the intestinal microflora, probiotics directly and 
indirectly influence health status through the production of 

vitamins and short-chain fatty acids, degradation of undigested 
food substances, stimulation of immune response and protection 
against enteropathogenic microorganisms (Senok et al., 2005; 
Holck et al., 2017). A wide variety of species and genera can 
be considered as potential probiotics; however, commercially, 
lactic acid bacteria (LAB) are the most important (Vasiljevic & 
Shah, 2008). In accordance with the Scientific Association for 
Probiotics and Prebiotics the established probiotics amount to 
confer benefits is of 109 CFU/mL (Hill et al., 2014). However, 
the viability of probiotic bacteria must be guaranteed to the 
consumer. Viability of probiotic bacteria and their relationship 
to the addition of prebiotics as a source of carbon, including 
inulin and fructooligosaccharides from different sources, have 
been studied (Palaria  et  al., 2011). Then, prebiotics are food 
ingredients that selectively stimulate the growth and/or activity 
of a limited number of bacteria (Marteau & Boutron-Ruault, 
2002). Many food components, especially oligosaccharides 
and polysaccharides (including dietary fiber), have been used 
as prebiotics (Heydari et al., 2018).

Agave juice is extracted from various agave species used to 
prepare “pulque” (a traditional Mexican alcoholic beverage). 
In this plant inulin is one of reserve polysaccharide, so agave 
juice naturally presents derivatives of this, which are known as 
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fructooligosaccharides (FOS). These oligosaccharides are chains 
of 2-10 fructose units, with a terminal glucose unit. It has been 
found that these compounds have prebiotic potential, stimulating 
the selective growth of probiotic bacteria in the colon of the 
consumer (Jasso-Padilla et al., 2017). The aim of this work was 
to evaluate the effect of the agave juice addition as a prebiotic 
source in the probiotic viability and its proteolytic capacity during 
milk fermentation and refrigerated storage at 4 °C.

2 Materials and methods
2.1 Agave juice analysis

Agave juice was obtained from the scraping of three agaves 
(Agave salmiana var. “Ayoteco”) from Epazoyucan, Hidalgo 
(Mexico). It was pasteurized in autoclave at 90 °C for 15 minutes. 
The carbohydrate concentration was determined by HPLC 
(Lab Alliance, Tokyo, Japan). A 7.8 x 300 mm RNO‑oligosaccharide 
column (Phenomenex, Torrance CA) and a Light Scattering 
detector (Polymer Laboratories, Amherst, MA) were used. 
The elution medium was pre-degassed water (at 75 °C) at a 
flow rate of 0.3 mL/min. The run was carried out at a constant 
temperature of 75 °C and the detector was maintained at a 
misting temperature of 110 °C.

2.2 Starter cultures

Two strains of lactic acid bacteria were used: Lactobacillus casei 
Shirota and Lactobacillus rhamnosus GG obtained from the 
Laboratory of Food Biotechnology of the Universidad Autónoma 
Metropolitana campus Iztapalapa (Mexico). These were preserved 
on MRS agar in refrigeration. The inoculum was prepared by 
growing the strains in MRS broth at 37 °C for 36 hours. Plate 
count of colony forming units per milliliter (UFC/mL) on 
MRS‑agar was performed.

2.3 Fermentation

Fermentations were carried out in 10% (w/v) skim milk 
powder (Dairy Gold) added with 2% agave juice or inulin 
(E NATURE®, Mexico) and pasteurized at 90 °C for 15 minutes 
in autoclave. They   were inoculated in monoculture with 
106 CFU/mL and incubated at 37 °C for 24 h. Samples were 
taken during the fermentation and the pH was determined. 
To  separate the biomass and the high molecular weight proteins, 
the samples were centrifuged at 10 000 rpm at 4 °C for 10 min 
in an Eppendorf centrifuge. The supernatant was reserved and 
stored in freezing at -14 °C for further analysis. At the end of 
the fermentation plate count on MRS-agar was performed.

2.4 Storage in refrigeration

Fermented milks with each microorganism were stored at 
4 °C for 21 days and samples were taken at 7, 14 and 21 days 
which were analyzed later.

2.5 Free amino groups determination

The analysis of free amino groups was determined by the 
trinitrobenzylsulfonic acid method (TNBS) (González‑Olivares et al., 
2014) and the concentration was determined according to a 
glycine standard curve (0.05-0.25 mg/mL).

2.6 Peptide separation by electrophoresis on polyacrylamide 
gel (SDS-PAGE)

Denaturing electrophoresis was performed with an acrylamide 
concentration of 15% (w/v). The molecular weight standard 
was the broad range (Bio-Rad, USA). The gels were dyed with 
Comassie G-250 (Bio-Rad, USA). The electrophoretic profiles 
were analyzed by the Image J program. Molecular weights were 
estimated.

2.7 Statistical analysis of results

All experiments were performed by triplicate and the 
experimental data were subjected to an analysis of variance 
(ANOVA), the means comparison was done by the Tuckey’s 
method 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 Carbohydrates concentration in agave juice

In agave juice the total carbohydrate concentration was 
3.2% (w/v), with a higher concentration of fructose (33.88%) 
and glucose (27.94%) than of di- and poly- saccharides (sucrose 
20.59%; oligosaccharides 20%). Willems & Low (2012) after 
analyzing 19 samples, reported that fructose is the carbohydrate 
of higher concentration in agave juice from three regions of 
Mexico (Nayarit, Jalisco and Michoacán).

On the other hand, because of their complex structures with 
β-(1-2) and β-(2-6) bonds, it has been suggested that fructans 
present in the agave juice must be called agavins (Lopez et al., 
2003).

3.2 Fermentation

The pH was measured during the fermentation. It was 
observed that milks inoculated with Lactobacillus casei Shirota or 
Lactobacillus rhamnosus GG, decreased its pH faster to 4.5 with 
the addition of agave juice (18 and 24 hours, respectively) than 
with inulin (34 and 36 hours, respectively).

The decrease of pH during the fermentation is influenced 
by the production of short chain organic acids which depends in 
the amount of available sugars (Corsetti et al., 1998; Lopez et al., 
2003). It has been shown that the addition of inulin stimulates 
the metabolism of some LAB, probably due to the release of 
available sugars during its hydrolysis (Souza et al., 2012). A shorter 
time to reach a pH of 4.5 in the media added with agave juice, 
may mean that this has a greater amount of FOS which can be 
hydrolyzed into fermentable and available sugars, and simple 
sugars, that those present in inulin.

3.3 Probiotic survival during storage in refrigeration

No difference in L. casei Shirota growth was observed, in 
milk enriched with agave juice (Table  1). In fact, the viable 
count of L. casei Shirota in both milks (enriched with agave 
juice or inulin) was maintained at levels higher than those 
recommended (1x106 CFU/mL) during refrigerated storage. 
In fermented milks with L. rhamnosus GG (Table 2), both milks 
showed no significant difference in the viable count during the 
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first two weeks of storage. Nevertheless, in the system with agave 
juice a significant decrease (p ≤ 0.05) (1 logarithmic cycle) was 
presented at the end of the study.

In accordance with storage studies at low temperatures, the 
survival of microorganisms can be determined by the relationship 
between the culture medium and the microorganism, so that 
the decrease in viability can vary up to 3 log cycles in yogurts or 
fermented milks (Rybka & Kailasapathy, 1995; Sadaghdar et al., 
2012; Nematollahi et al., 2016). This means that the components 
of the medium can diffuse passively through the cells and 
interfere with the metabolic processes. That is why bacterial 
cellular wall plays an important role in cellular osmotic transport 
(Bozoglu et  al., 1987). Nielsen et  al. (2009) observed that in 
fermented milks stored in refrigeration (5 °C) for 6 days, the 
number of viable cells did not present significant difference 
even when the systems were not enriched with any prebiotic.

3.4 Free amino groups during fermentation

With the aim to monitor proteolysis during fermentation, 
samples were taken at 2, 4, 8, 12 and 24 hours. It was shown, 
that Lactobacillus casei Shirota has a greater proteolytic capacity, 
reaching a concentration of 0.64 ± 0.02 mg/L of free amino 
groups at the end of the fermentation, no difference between the 
additions of inulin or agave juice was shown (p ≤ 0.05). While 
the milks inoculated with Lactobacillus rhamnosus GG, reached 
a concentration of 0.56 mg/L with the addition of agave juice 
and 0.42 mg/L with inulin.

This difference could be due to the ability of LAB to increase 
cell density in milk, being dependent of its proteolytic system, 
which in turn involves the progressive hydrolysis of caseins 
to polypeptides, peptides and amino acids (Guo et al., 2009; 
Griffiths & Tellez, 2013). The differences in free amino groups 
concentration among the different species of lactobacilli are 

always dependent on their nutritional requirements and the 
proteolytic capacity of each species (Gasson & de Vos, 1994).

Peptides production during fermentation is favored by 
different factors (Gobbetti  et  al., 2004). Within these factors 
the carbon source plays a preponderant role in the proteolytic 
activity. Many carbon sources used in probiotic studies are 
non‑digestible fermentable carbohydrates with a variable number 
of monosaccharide residues. Some examples are lactulose, galacto 
and FOS and resistant starch. These prebiotics have been shown 
to influence the survival and metabolism of probiotic bacteria 
(Saarela et al., 2000; Adebola et al., 2014).

3.5 Free amino group determination during refrigerated 
storage

Fermented milks were sampled every 7 days during the 
refrigeration storage process at 4 °C, since it has been reported 
that this is the time required to observe possible differences, due 
to the metabolism is decelerated (Donkor et al., 2007). In  the 
analysis of free amino groups during refrigerated storage of milk 
inoculated with L. casei Shirota with agave juice addition, an 
increase in the second week of storage followed by a decrease in 
the final sampling was observed (p ≤ 0.05). While in the milk 
with inulin, the concentration remained constant until the end 
of the storage having the same behavior in milks inoculated 
with L. rhamnosus GG (Table 2).

It is known that the number of microorganisms generated 
during fermentation maintains a high activity of the proteases, 
however, during long periods of cooling these activity decreases 
but they are not entirely inactivated (Shi et al., 2014). As it can 
be observed, the increase in free amino groups concentration 
was slow compared to the fermentation process. This is because 
during cold storage, microorganisms use the amino acids released 
during proteolysis to survive and only perform cutting work 

Table 1. L. casei Shirota and L. rhamnosus GG survival during 4 °C storage of fermented milks with agave juice (a) and inulin (b) addition.

Week
Log CFU/mL

L. casei Shirota L. rhamnosus GG
a b a b

0 8.28 ± 0.07 7.58 ± 0.11 8.50 ± 0.06 7.58 ± 0.13
1 8.40 ± 0.06 7.59 ± 0.01 8.48 ± 0.01 7.65 ± 0.21
2 8.29 ± 0.03 7.36 ± 0.00 8.40 ± 0.05 7.73 ± 0.05
3 8.26 ± 0.14 7.60 ± 0.33 7.64 ± 0.14* 7.60 ± 0.14

*Statistical differences p ≤ 0.05.

Table 2. L. casei Shirota and L. rhamnosus GG free amino groups concentration during 4 °C storage of fermented milks with agave juice (a) and 
inulin (b) addition.

Week
mg/L

L. casei Shirota L. rhamnosus GG
a b a b

1 0.55 0 ± 0.01 0.42 ± 0.01 0.563 ± 0.004 0.424 ± 0.007
2 0.62 ± 0.01* 0.42 ± 0.01 0.577 ± 0.001 0.442 ± 0.001
3 0.55 ± 0.01 0.43 ± 0.01 0.586 ± 0.001 0.446 ± 0.007

*Statistical differences p ≤ 0.05.
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when these amino acids are insufficient for their growth (Bu et al., 
2010). Viability results confirmed the presence of microorganisms 
with the consequent metabolic activity. It was observed that even 
at low temperatures (in both inulin and agave juice fermented 
milks), and with any of the probiotic microorganisms tested, 
the minimum concentrations of microorganism recommended 
to provide health benefits were reached (Rybka & Kailasapathy, 
1995; Kechagia et al., 2013).

3.6 Peptides produced during storage

To separate the peptides produced during refrigerated storage, 
samples were taken at 0, 7, 14 and 21 days of storage at 4°C. 
In milk fermented by Lactobacillus casei Shirota and enriched 
with agave juice (Figure 1A), it was observed that the apparent 
concentration of low molecular weight peptides (below 6.5 kDa) 
during storage, increased significantly from week 1 to week 3. 
Small peptides with molecular weights lower than 6 kDa were 
observed. This range of molecular weights had previously 
been reported in the separation of peptides from commercial 
fermented milks (González-Olivares et al., 2011). On the other 
hand, in milk enriched with inulin (Figure 2B) no defined bands 
were observed in the range of 14.4 to 6.5 kDa during all weeks 
of storage. Some peptides with low molecular weight appeared 
in the first or second refrigeration week and were maintained 

until the end of the study. However, an accumulation of low 
molecular weight peptides (below 6.5 kDa) was found at the 
end of the refrigerated storage. This accumulation coincided 
with the lower concentration of a molecular weight band at 
12.3 kDa. Although peptides accumulated in the system with 
agave juice were of lower molecular weight than those of milk 
with inulin, showing a higher proteolytic capacity.

Analyzing Lactobacillus rhamnosus GG fermented milks, 
differences in the production of peptides were shown. In the 
fermented milk enriched with agave juice (Figure 2A), peptides 
of less than 6.5 kDa were observed. These were generated at 
week 1 and were maintained throughout the study, which could 
indicate no degradation and accumulation of low molecular 
weight peptides. On the other hand, fermented milk enriched 
with inulin (Figure 2B), bands in molecular weights close to 
6.5 kDa were observed and maintained during refrigerated 
storage. Peptides with molecular weights between 6.5 and 7.3 kDa 
showed accumulation during storage.

Results obtained in this investigation are relevant since it has 
been verified that in refrigerated storage, the accumulation of 
peptides of low molecular weight is related to biological activity, 
such as antimicrobial activity which are described with molecular 
weights less than 10 kDa (Moreno-Montoro et al., 2017).

Figure 1. SDS-PAGE peptides separation from milk with agave juice (A) and inulin (B) fermented with Lactobacillus casei Shirota (a) day 0 of 
storage; (b) day 7 of storage; (c) day 14 of storage; (d) day 21 of storage; (S) standard.

Figure 2. SDS-PAGE peptides separation from milk with agave juice (A) and inulin (B) fermented with Lactobacillus rhamnosus GG (a) day 0 
of storage; (b) day 7 of storage; (c) day 14 of storage; (d) day 21 of storage; (S) standard.
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Milk proteins are considered the most important sources 
of bioactive peptides (Korhonen, 2009). In fermented milks, 
the protein hydrolysis is about 1 to 2% and this degradation is 
performed in 80% on milk caseins (Meisel & Bockelmann, 1999). 
However, it has been observed that even when fermentation 
ends, the proteolytic activity continues in refrigerated storage 
(Nielsen et al., 2009). Vinderola et al. (2000) determined that, 
even when the optimum temperature of the enzymes of the LAB 
proteolytic system is between 32 and 37 °C, the system activity 
is not lost in refrigeration at 4 °C, this agrees with the observed 
results in this study.

In addition, it has been found that biological activity 
(especially antihypertensive activity) generally increase in 
fermented milks stored at 4 °C for 28 days (Donkor  et  al., 
2007; Moslehishad et al., 2013). Likewise, the ability to generate 
peptides during refrigerated storage has also been observed in 
commercial fermented milks, using different microorganisms 
(González-Olivares et al., 2011).

The release of peptides during the refrigerated storage process 
is associated with the proteolytic system of living bacteria and 
enzymes released after cell lysis (Nighswonger  et  al., 1996). 
The peptide release process follows a model proposed by Gasson 
& de Vos (1994), which includes a cascade release process that 
begins with the primary hydrolysis of milk proteins. In this 
process, high molecular weight peptides are hydrolyzed to 
give intermediate molecular weight peptides and from these 
the production of low molecular weight peptides is achieved. 
Results obtained for fermented milks in this investigation are 
in accordance with the model proposed by these authors, since 
during the refrigerated storage the appearance and disappearance 
of peptides of high molecular weight and intermediate molecular 
weight were observed. At the same time, the accumulation of 
peptides was higher when they were of low molecular weight.

The most recent study demonstrates (Martinez-Gutierrez et al., 
2017) that agave juice helps to increase probiotics concentration 
during fermentation process. However, any study is related with 
the refrigeration process and the changes in the proteolytic 
capacity of this kind of bacteria and it is not specified the relation 
with prebiotic effect over the proteolytic capacity of probiotics.

4 Conclusions
Agave juice promoted pH lowering in fermentation systems 

inoculated with probiotics promoting the survival of probiotic 
bacteria for at least during the first two weeks in refrigerated 
storage. Probiotic lactic acid bacteria produced a higher number 
of low molecular weight peptides in agave juice enriched milks, 
which are important because their probable bioactive action 
as result of the protein hydrolysis. This means that agave juice 
could influence the proteolytic activity of the lactic acid bacteria 
tested during fermentation and refrigerated storage, having a 
higher concentration of free amino groups. Finally, agave juice 
has high potential as a prebiotic agent for Lactobacillus casei 
Shirota and Lactobacillus rhamnosus GG in milk media. It allowed 
viable counts of probiotic bacteria, higher than the minimum 
recommended to provide beneficial effects to the consumer 
during refrigerated storage. A deeper study is necessary to 

identify peptides sequences and their possible bioactivity and 
it is also recommendable to make a comparison of agave juice 
with another carbon sources to amplify the discussion around 
of this probable functional ingredient.
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