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Buttermilk is a suitable substrate for fermentation with proteolytic strains of Lactobacillus in order
to release peptide fractions able to enhance the gut mucosal immune system. We aimed to deter-
mine the influence of the degree of proteolysis of buttermilk proteins on their functionality. Animals
received for seven consecutive days the cell-free fraction of 10 or 20% (w/v) buttermilk fermented
with Lactobacillus delbrueckii subsp. lactis 210 at pH 6. The pH was controlled either with NaOH
or Ca(OH)2. No significant differences in the number of IgA-producing cells in the small intestine
of mice were found. The functional capacity of the product under study was not affected by the
technological variables considered.
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INTRODUCTION

Among functional foods, fermented milks con-
taining probiotic bacteria dominate the global
market (Saxelin 2008; Figueroa-Gonz�alez et al.
2011). In these products, functionality is given by
a combination of their bioactive components such
as viable probiotic bacteria and lactic acid start-
ers, peptides derived from milk fermentation and
other components such as exopolysaccharides or
products derived from lactic acid bacteria metabo-
lism in milk (bacteriocins and organic acids, for
example) (Vinderola 2008). Cell viability of
probiotic bacteria during production and storage
of probiotic foods is a prerequisite in order to
achieve their claimed health benefits (Ouwehand
and Salminen 1998; Galdeano and Perdig�on
2004). Many other foods other than fermented
milks or fresh cheeses are not, up to now, suitable
vehicles for incorporating probiotic bacteria, as
their process of manufacture (high temperature)
or storage (room temperature) or their physico-
chemical characteristics (acidity, water activity,
high osmotic pressure) renders them inadequate

to carry viable micro-organisms. During milk fer-
mentation, a range of secondary metabolites (bac-
teriocins, exopolysaccharides) are produced by
lactic acid bacteria or released by them from milk
proteins, such as bioactive peptides (Vinderola
2008). Many of these components have been
associated with health-promoting properties such
as mucosal immunomodulation, antihypertensive,
antithrombotic, opioid and antimicrobial activities
and participation in many nutritional pathways
(Silva and Malcata 2005). Buttermilk is a rela-
tively low-cost by-product of the dairy industry
obtained during butter manufacturing. In a previ-
ous study (Burns et al. 2008), we reported the
capacity of buttermilk to support the growth of
lactobacilli. Although the nutritional and func-
tional value of skim milk components is well
understood, buttermilk has only recently gained
attention as a potential source of functional
ingredients, and the production of buttermilk frac-
tions as value added ingredients would have a
great economic impact (Corredig et al. 2004). In
a previous work (Burns et al. 2010), we showed
that buttermilk was a suitable substrate for
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fermentation with a proteolytic strain of Lactobacillus helveti-
cus and the release of peptide fractions able to be spray-dried
and to modulate the gut mucosa in vivo. The final goal of
these series of works is to obtain, by spray-drying, the
bioactive compounds released by an autochthonous strain of
Lactobacillus in buttermilk, to confer functionality to foods
not always able to carry viable probiotic bacteria, such as cer-
eal bars, cookies or too-acidic drinks. Taking into account that
many technological variables might influence the functional-
ity of food (Vinderola et al. 2011), the aim of this work was
to determine the influence of the degree of proteolysis of but-
termilk proteins on the functionality of the cell-free fraction
of fermented buttermilk.

MATERIALS AND METHODS

Strain, culture media and culture conditions
A strain used in a previous work (Burns et al. 2010) was
employed in this study. The strain was formerly identified,
using sugar fermentation tests, as Lactobacillus helveticus
209. For this study, the strain was re-identified using molec-
ular tools (see below). The strain belongs to the culture col-
lection of the INLAIN (Instituto de Lactología Industrial,
UNL-CONICET, Santa Fe, Argentina) and had been iso-
lated from natural whey starters (Reinheimer et al. 1996).
Overnight cultures were obtained in MRS broth (Biokar,
Beauvais, France) or in 10% (w/v) reconstituted buttermilk
at 43 °C. Buttermilk powder (from fresh neutral buttermilk)
was obtained from a local dairy plant. The physicochemical
composition of buttermilk (powder) was as follows: lactose:
47 � 1.3% (w/w), protein: 29 � 0.8% (w/w), moisture:
3.1 � 1.1% (w/w), fat: 12 � 0.4% (w/w), ash: 7.4 � 0.3%
(w/w). When required, cell counts were performed on MRS
agar (Biokar) after 48-h incubation at 43 °C in plastic jars
under anaerobiosis (GENbox anaer sachets; Biom�erieux,
Marcy l’Etoile, France).

Identification of the strain
Total DNA of the strain was obtained using the GenElute
Bacterial Genomic DNA kit (Sigma, St Louis, MO, USA)
according to the manufacturer’s instructions. The identity
was analysed by amplifying, sequencing and comparing
1500 bp within its 16S rRNA gene (Edwards et al. 1989).
PCRs were performed using 1 lL of diluted (1:50) DNA as
template, 2.5 U Taq DNA polymerase (GE Healthcare,
Little Chalfont, UK), 200 nMdNTPs (GE Healthcare) and
400 nM each primer (Sigma-Genosys, The Woodlands, TX,
USA) in a final volume of 50 lL, including a negative con-
trol (without template). Amplifications were performed in a
GeneAmp PCR System (Applied Biosystems, Foster City,
CA, USA) under the following conditions: 3 min at 94 °C,
35 cycles of 1 min at 94 °C, 2 min at 51 °C and 2 min at
72 °C and a final step of 7 min at 72 °C. The PCR products
were separated on 0.8% (w/v) agarose gels in TBE buffer,

stained with GelRed (Biotium, Hayward, CA, USA) and vis-
ualised under UV light (Sambrook and Russell 2001). The
amplicon was purified with MicroSpin Columns (GE
Healthcare), and its nucleotide sequence was determined by
primer extension at the DNA Sequencing Service of
Macrogen (Seoul, Korea). The identity was checked by
nucleotide–nucleotide BLAST of the NCBI database (www.
ncbi.nlm.nhi.gov/blast).

Preparation of fermented buttermilk and its cell-free
fraction
Buttermilk was fermented with the strain under study with
and without pH control. Reconstituted buttermilk (10 or
20%, w/v) was inoculated (2%, v/v) with an overnight cul-
ture of the strain (in 10%, w/v buttermilk) and incubated
without pH control at 43 °C for 22 h (no stirring either).
For buttermilk fermented with pH control, a 1.5 L stirred
tank bioreactor (LH Fermentation Ltd., Stoke Poges, Bucks,
UK) was used. Reconstituted (10% or 20%, w/v) and auto-
claved (115 °C, 30 min) buttermilk was inoculated as previ-
ously described, the tank being maintained at 43 °C with an
agitation rate of 200 rpm and sparging with CO2 at 0.2 L/min.
pH was maintained at 6 throughout the fermentation period
(22 h) by automatic addition (peristaltic pump) of 8 M
NaOH solution or 8 M Ca(OH)2 suspension (held under
constant stirring). Cell counts were performed at time 0, 12,
14, 16, 18, 20 and 22 h of culture on MRS agar plates
(43 °C, 48 h, anaerobiosis).
Fermented buttermilk obtained without pH control was

centrifuged (4000 9 g, 4 °C, 15 min). The supernatant
(cell-free fraction) was recovered, and a fraction was filtered
through a 0.22 lm filter (Millipore, Etobicoke, ON, Canada)
and stored at �80 °C. Buttermilk fermented with pH control
was acidified to pH 4.60 with 85% DL-lactic acid syrup
(Sigma-Aldrich). The acidified buttermilk was centrifuged
(4000 9 g, 4 °C, 15 min), the supernatant was recovered
and stored as described above. Buttermilk fermentation, for
each different condition, was replicated at least twice.

Proteolytic activity and analysis of fermented
buttermilk by reverse-phase high performance liquid
chromatography
Proteolytic activity of fermented buttermilk was determined
by the o-phthaldialdehyde spectrophotometric assay (OPA
Test) (Church et al. 1983), and values were expressed as the
difference in absorbance at 340 nm between fermented sam-
ples and a control of noninoculated buttermilk. Results are the
mean of three independent assays. Filter-sterilised samples
(0.22-lm filter) of cell-free supernatants obtained as described
in the item above were analysed by reverse-phase high perfor-
mance liquid chromatography (RP-HPLC). A Waters chroma-
tography system (Waters Corporation, Mildford, MA, USA)
was used, which was consisted of Waters 1500 Series HPLC
pump, Waters 717 plus autosampler, Waters 2487 dual k
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absorbance detector and Waters Breeze System software
(Waters Corporation, Mildford, MA, USA). A 100 lL por-
tion of each sample (diluted 1:10 in distilled water) was
injected on a Microsorb-MV (250 9 4.6 mm) C18, 300 �A
column (Varian Inc., Palo Alto, CA, USA). Two solvents
were used for the separation: solvent A, 0.1% (v/v) trifluoro-
acetic acid (TFA) in water and solvent B, 0.1% (v/v) TFA in
acetonitrile. Separations were carried out at 30 °C and a flow
rate of 0.9 mL/min under the following conditions: 100% sol-
vent A for 5 min, linear gradient from 0 to 60% of solvent B
over 25 min, isocratic step at 60% B for 5 min and finally, a
linear gradient from 60 to 0% of solvent B (100% of solvent
A) over 10 min. Detection was performed at 214 nm.

In vivo trial

Animals and feeding procedures
Thirty-five 6-week-old female BALB/c mice weighing
19–21 g were obtained from the random bred colony of the
Centro de Experimentaciones Biol�ogicas y Bioterio, Facultad
de Ciencias Veterinarias, Universidad Nacional del Litoral
(Esperanza, Santa Fe). Animals were kept in the INLAIN
animal facility for a week before starting the feeding proce-
dures. Each experimental group consisted of five mice housed
together in plastic cages and kept in a controlled environment
(21 � 2 °C and 55 � 2% humidity), with a 12-h light/dark
cycle. Mice were maintained and treated according to the
guidelines of the Guide for the Care and Use of Laboratory
Animals, Institute of Laboratory Animal Resources, National
Research Council (http://grants.nih.gov/grants/olaw/Guide--
for-the-care-and-use-of-laboratory-animals.pdf). The animal
assay was approved by the Ethical Committee for Animal
Experimentation of the Facultad de Ciencias Veterinarias,
Universidad Nacional del Litoral (Esperanza, Santa Fe,
Argentina). The 3 R’s principle was taken into account when
using animals.
All mice (grouped into five) received, during seven consec-

utive days and by gavage, 200 lL/day/mouse of any of the
following samples: (i) tap water, (ii) nonfermented buttermilk,
(iii) the supernatant of buttermilk fermented without pH con-
trol or (iv) the supernatant of pH 6 controlled 10% (w/v) or
20% (w/v) fermented buttermilk, where pH was controlled
either with NaOH or with Ca(OH)2. All animals received,
simultaneously and ad libitum, tap water and a sterile conven-
tional balanced diet containing carbohydrates (460 g/kg)
proteins (230 g/kg), raw fibre (60 g/kg), total minerals
(100 g/kg), Ca (13 g/kg), P (8 g/kg), water (120 g/kg) and
vitamins.

Assessment of IgA in the small intestine
After the 7-day feeding period, animals were injected intra-
peritoneally with an anaesthetic mixture containing nine
parts of ketamine (100 mg/mL), nine parts of xylazine
(20 mg/mL), three parts of acepromazine (10 mg/mL) and

79 parts of sterile saline solution. Animals were sacrificed
by cervical dislocation. Liver was removed and homogen-
ised in 5 mL of sterile PBS. One millilitre of liver homoge-
nate was pour plated onto MacConkey agar (safety assay:
translocation of enterobacteria to liver). Plates were incu-
bated at 37 °C for 24 h in aerobiosis. The small intestine
was recovered for intestinal fluid obtention. Small intestine
was flushed with 2 mL of cold PBS buffer containing a
cocktail of protease inhibitors. Small intestinal fluid was
recovered, centrifuged (10 000 9 g, 15 min, 4 °C) and
stored at �70 °C for secretory IgA quantification by ELISA
(Vinderola et al. 2007). Flushed intestines were prepared for
fixation, histological preparation and paraffin inclusion,
according to Vinderola et al. (2005). Paraffin sections
(4 mm) were stained with haematoxylin–eosin and then
examined by light microscopy (double blind observations).
The number of IgA-producing (IgA+) cells was determined
on histological slices of samples from the ileum near
Peyer’s patches. The immunofluorescence test was per-
formed using alpha-chain-specific anti-mouse IgA fluores-
cein isothiocyanate (FITC) conjugate (Sigma). Histological
slices were deparaffinised and rehydrated in a series of
decreasing ethanol concentrations (from absolute alcohol to
70% (v/v) alcohol). Deparaffinised histological samples
were treated with a dilution (1/100) of the antibody in PBS
and incubated in the dark for 30 min at 37 °C. Then, sam-
ples were washed two times with PBS and examined using
a fluorescent light (Hg lamp) microscope (Nikon Eclipse
E200, Nikon Instruments Inc., Melville, NY, USA). The
results were expressed as the number of positive cells (fluo-
rescent cells)/10 fields. Positive (fluorescent) cells were
counted with a magnification of 4009 (double blind
counts). Data were reported as the mean of three counts
(each one in a different histological slice) for each animal.

Statistical analysis
The data were analysed by one-way ANOVA using the SPSS
software (SPSS Inc., Chicago, IL, USA). The differences
between means were detected by the Tukey’s multiple range
test (version 15.0; SPSS Inc., Chicago, IL, USA). Data were
considered significantly different when P is <0.05.

RESULTS AND DISCUSSION

The functional foods industry is experiencing a constant
expansion due to the growing demand for new foods and
supplements with a proven scientific basis of efficacy on
health and consumer interest in functional foods remains
strong (Katan and De Roos 2004; Kapsak et al. 2011).
Attention concerning this category of foods has grown, and
new products have appeared in the European market, and
interest has turned to define the standards and guidelines for
the development and promotion of this kind of foods
(Serafini et al. 2012). In this context, the production of
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novel functional additives for the expansion of the func-
tional food market beyond existing probiotics, prebiotics
and other functional ingredients is expected to be welcomed
by the food industry. Even though fermented dairy products
carrying probiotic bacteria are functional food market lead-
ers (Figueroa-Gonz�alez et al. 2011), certain characteristics
of specific probiotic strains (high sensitivity to acids or
osmotic pressure, need of low storage temperature) have
confined them mainly to dairy products (yoghurt, cheese,
frozen desserts), limiting the development of other kinds of
food products. The health benefits of fermented dairy prod-
ucts containing probiotic bacteria are exerted by a combina-
tion of the effects of live micro-organisms (probiotic and
lactic acid starter bacteria) and substances produced in milk
or derived from milk fermentation, such as bioactive pep-
tides, exopolysaccharides, bacteriocins and organic acids
(Clare and Swaigood 2000; Cobb and Kasper 2005; Stanton
et al. 2005; Beermann and Hartung 2013). In previous
works (Burns et al. 2008, 2010), it was demonstrated that
buttermilk is an adequate substrate for the production of
biomass of probiotic lactobacilli and for its fermentation
with proteolytic strains of lactic acid starter lactobacilli in
order to release bioactive components able to enhance the
gut mucosal barrier mediated by IgA. These activities are
part of a major project aiming at developing a low-cost tech-
nologically simple functional powder carrying the beneficial
metabolites left in fermented milk by the proteolytic action
of specific strains of lactobacilli and at the same time able to
be added to those foods where probiotic bacteria cannot be
incorporated for reasons of poor viability. In this work, we
aimed at determining the influence of the degree of proteoly-
sis on the functional capacity of the cell-free fraction of pH
controlled fermented milk. Lactobacillus delbrueckii subsp.
lactis 210 was grown in buttermilk at different substrate con-
centrations (10 and 20%, w/v) and at pH 6 constant, con-
trolled by the addition of NaOH or Ca(OH)2. Figure 1
shows the cell counts of this strain grown under the condi-
tions described. The maximum cell concentration was
achieved by hour 12 or 14 when pH was controlled with Ca
(OH)2 or NaOH, respectively. Maximum biomass concentra-
tion was significantly higher (P < 0.05) when the pH was
controlled with NaOH during fermentation and compared
with Ca(OH)2 the difference was approximately 1 log order
and 1.3 log orders at the 10 and 20% (v/v) buttermilk con-
centrations, respectively.
By the end of the fermentation (22 h), cell counts

decreased by approximately 1 log order for NaOH con-
trolled fermentation and by approximately 1.8–2.4 log
orders when the pH was maintained at 6 with Ca(OH)2. In
a previous work, it was observed that pH controlled butter-
milk fermentation led to an increase in the salt content (as
Na and Ca lactate) of the fermentation medium (Burns et al.
2010), which led to an increase of the osmotic pressure.
Lactic acid bacteria display acid resistance mechanisms to

survive the by-products of their own metabolism (i.e. lactic
acid). For example, in L. delbrueckii subsp. bulgaricus, dur-
ing the acid adaptation present in the fermentation of milk
to obtain yoghurt, the expression of chaperon proteins
GroES, GroEL, HrcA, GrpE, DnaK, DnaJ, ClpE, ClpP and
ClpL was induced (Serrazanetti et al. 2009). These proteins
are known to confer enhance protection against adverse con-
ditions (Derzelle et al. 2003). It is a commonly observed
fact that pre-exposure to one stress may also confer protec-
tion against other stresses, a phenomenon termed ‘cross-
adaptation’ (Lou and Yousef 1996; O’Driscoll et al. 1996).
For example, bifidobacteria grown at pH 5 (lactic acid
stress) were more resistant to simulated gastric digestion
than cultures grown at pH 6 (Vinderola et al. 2012). In this
context, we might hypothesise that the lack of exposure of
cells to lactic acid stress due to the maintenance of pH at a
constant value of 6 failed to induce cross-protection to the
osmotic stress exerted by the increasing salt content (Na or
Ca lactate) of the medium along fermentation, which led to
cell death as observed in Figure 1. Consistent with previous
findings (Shelef and Potluri 1995; Aran 2001), calcium lac-
tate was more inhibitory towards cells compared to sodium
lactate, both derived from Ca(OH)2 or NaOH addition to the
fermentation medium for pH control. Cell inhibition is
induced by a combination of mechanisms not all completely
understood (Shelef 1994).
The proteolytic activity increased during fermentation

(data not shown) to reach final values of 0.830 � 0.024 [10%
(w/v) buttermilk, Ca(OH)2], 1.418 � 0.018 [20% (w/v)
buttermilk, Ca(OH)2], 3.516 � 0.122 [10% (w/v) buttermilk,
NaOH] and 3.215 � 0.048 [20% (w/v) buttermilk, NaOH].
Proteolytic activity in the Ca(OH)2 controlled fermentation
was significantly lower than its counterpart in NaOH
controlled fermentation. The higher inhibitory capacity of
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Figure 1 Cell counts of L. delbrueckii subsp. lactis 210 during the
fermentation of 10% (w/v) (▲) or 20% (w/v) (●) buttermilk at pH 6
controlled with NaOH (straight line) or Ca(OH)2 (dashed line).
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calcium salts compared to sodium salts on protease activity
had been reported (Armenteros et al. 2009). Proteolytic activ-
ity in the Ca(OH)2 controlled fermentation was significantly
higher (P < 0.05) when 20% (w/v) buttermilk was used, com-
pared to 10% (w/v). However, no significant differences were
observed in proteolytic activity values when NaOH was used
as pH control agent, suggesting that the maximal proteolytic
capacity of the strain has been achieved in NaOH controlled
fermentation independently of the substrate concentration or
that an artifact (saturation) of the technique employed to mea-
sure proteolytic activity might have occurred.
Cell-free supernatants derived from buttermilk fermentation

with and without pH control were analysed by RP-HPLC to
study the degree of proteolysis of buttermilk proteins and the
peptide fractions released to the culture medium (Figure 2).
Fermentation of buttermilk carried out without pH control
(Figure 2b) scarcely modified the RP-HPLC profile of unfer-
mented buttermilk (Figure 2a), increasing slightly the peptide
fractions that appeared from minute 16 onwards. When fer-
mentation of 20% (w/v) buttermilk was carried out at pH 6
for 22 h using Ca(OH)2 (Figure 2c) or NaOH (Figure 2d) as
pH control agents, there was an evident increase in the pep-
tide fractions, which appeared as 5–6 main peaks detected
from minutes 16 onwards and in the peaks that appeared at
minute 5. The increased peptide content of pH 6 controlled
fermentation compared to unbuffered culture is due to an
enhanced proteolytic activity of Lactobacillus proteases
which have an optimum pH of activity between 5.5 and 7.5
(Sadat-Mekmene et al. 2011). The peaks were higher in
NaOH controlled fermentation compared to Ca(OH)2 con-
trolled fermentation, correlating with the enhanced proteolytic
activity when NaOH was used. The fact that doubling sub-
strate concentration did not double proteolytic activity can
also be noticed by integrating the area under the profiles,
which gives an indirect measure of total peptide concentra-
tion. If we assume that the unbuffered fermentation area has

an arbitrary value of one, then Ca(OH)2-controlled 10% (w/v)
buttermilk fermentation increased the peptide content in 3.16-
fold, whereas its counterpart, Ca(OH)2-controlled 20% (w/v)
buttermilk fermentation, increased the peptide content in
4.41-fold. Finally, 20% (w/v) buttermilk fermentation con-
trolled with NaOH increased the peptide content in 6.31-fold,
compared to unbuffered fermentation of 20% (w/v)
buttermilk.
We aimed then to determine whether these different

degrees of proteolysis of buttermilk proteins, achieved by
different substrate concentration or pH control agents, might
influence the capacity of the fermented buttermilk superna-
tant to enhance the gut mucosal immunity mediated by IgA
previously reported (Burns et al. 2010). Immunoglobulin A
(IgA) is the main immunoglobulin in the gut surfaces where
its main function is to exert the immune exclusion of patho-
genic bacteria or viruses by intimate cooperation with the
innate nonspecific defence mechanisms (Brandtzaeg et al.
1987). As a functional trait, the induction of the prolifera-
tion of intestinal IgA-producing cells is a desired attribute
for functional foods containing probiotic bacteria or bioac-
tive peptides (Vinderola 2008; Galdeano et al. 2009). Mice
received orally the supernatant of fermented buttermilk for
seven consecutive days, and IgA was assessed by two dif-
ferent methodologies in the small intestine: enumeration of
the number of IgA-producing cells on histological slices
(immunohistochemistry) and quantification of secretory IgA
in the small intestine fluid (ELISA test). The administration
of nonfermented buttermilk or unbuffered fermented butter-
milk induced no changes in the number of IgA-producing
cells compared to control mice (Figure 3). The administra-
tion of the cell-free supernatant of 10 or 20% (w/v) butter-
milk, fermented under the pH control of NaOH or Ca(OH)2,
significantly enhanced (P < 0.05) the number of IgA-
producing cells, compared to control mice. However, no sig-
nificant differences (P > 0.05) were observed among these
groups. Taking into account the dose response general con-
cept, one might assume that the higher the proteolytic activ-
ity, the higher the immunostimulation achieved. However,
the gut mucosal immune system does not always respond in
a linear way to challenge with functional foods. For exam-
ple, in a previous work, we showed that challenging small
intestine epithelial cells with 107 or 108 cfu of Lactobacillus
casei CRL431 induced the same amount of IL-6 on the
eukaryotic cell culture (Vinderola et al. 2005). In another
study, no difference in production of IL-8 was observed in
Caco-2 cells challenged with 107 or 108 cfu/mL of Helycob-
acter pylori (Myllyluoma et al. 2008). Comparing the
RP-HPLC profiles of unbuffered fermented 20% (w/v) but-
termilk to pH 6 controlled fermentations, it seems that there
is a threshold amount of released peptides necessary to
enhance the number of IgA-producing cells. At the same
time, it seems there is also a limited capacity in the prolifer-
ation capacity of IgA-producing cells in the small intestine.
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Figure 2 RP-HPLC profile of unfermented buttermilk supernatant (a),
cell free fraction of buttermilk fermented without pH control (unbuffered)
(b) or buttermilk fermented at pH 6 using Ca(OH)2 (c) or NaOH (d). In
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for 22 h.
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However, other immune parameters not measured in this
study (cytokines, other immune cells) might have been trig-
gered in a more dose dependant way by the degree of pro-
teolysis. The immunoenhancing capacity of the cell-free
fraction of fermented buttermilk on IgA was also assessed
by quantifying secretory IgA in the small intestine fluid of
mice. The administration of nonfermented buttermilk or
unbuffered fermented buttermilk supernatant induced no
changes in small intestine content of secretory IgA
(Figure 4), compared to control mice. The administration of
the cell-free supernatant of 10 or 20% (w/v) fermented but-
termilk under the pH control of NaOH or 10% (w/v) butter-
milk controlled with Ca(OH)2 significantly enhanced
(P < 0.05) the concentration of secretory IgA in the small
intestine. Again, no significant differences (P > 0.05) were
observed among these groups. It is worth mentioning that
the different groups of animals were sacrificed in the same
order that they appear in Figures 3 and 4 (from the left to
the right), within a time period of ca. 5 h starting at 9 a.m.
on the day of sacrifice. Chronobiology is a field of biology
that examines periodic (cyclic) phenomena in living organ-
isms and their adaptation to solar- and lunar-related
rhythms. Motor and secretory activities, as well as the
rhythm of cell proliferation in the gastrointestinal tract, are
subject to many circadian rhythms (Konturek et al. 2011).
Comparing results in Figures 3 and 4 (no differences on the
number of IgA-producing cells among groups that received
the cell-free fraction of pH controlled fermented buttermilk
in Figure 3) and the fact that many immune parameters

change during the day (Guan et al. 2005; Dimitrov et al.
2007), we wondered whether the lack of enhanced content
of secretory IgA in the group 20% (w/v) buttermilk Ca
(OH)2 might have been related to possible interference of
circadian cycles in mice. To study this possibility, another
animal trial was conducted. Three groups of five control
mice (not treated) were sacrificed in the same day at three
different times: 09:00, 13:00 and 16:00 h. Small intestine
was recovered, and secretory IgA was quantified in the
small intestine fluid as described in materials and methods.
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Figure 5 shows that the secretory IgA content in the intesti-
nal fluid changes during the day from 09:00 to 16:00 h,
which might have negatively influenced the results of the
last experimental group [20% (w/v) buttermilk Ca(OH)2] in
Figure 4. For future animal trials in our laboratory, we
decided to program (shift) feeding periods in order to sacri-
fice few experimental groups on the same day, within a time
period of not more than 1–2 h (shifted feeding periods).
The influence of circadian cycles on IgA in the gut must be
further studied to determine whether the effects of func-
tional foods might be affected by this phenomenon.
In previous work (Burns et al. 2010), it was observed that

pH control of the fermentation using NaOH dramatically
increased the content of sodium in the final product. The
product under study will be used, once optimised, for the
development of new functional foods. The increased sodium
content when NaOH is used might be regarded as a negative
issue taking into account the health problems caused by
hypertension related to a high sodium chloride intake
(Mitsnefes et al. 2006). In this study, replacement of NaOH
by Ca(OH)2 for pH control did not negatively impact on the
functional capacity of fermented buttermilk cell-free superna-
tant, at least from the point of view of IgA production in the
small intestine. Additionally, the increased content of total
solids, from 10% (w/v) to 20% (w/v), did not adversely affect
strain growth capacity (due to possible osmotic pressure prob-
lems). Functional capacity was not affected. The possibility
of conducting fermentation in the presence of a higher content
of total solids might be considered as a positive fact since dur-
ing spray-drying (the technological process adopted for dehy-
drating the cell-free supernatant), higher amounts of total
solids are needed to operate the spray dryer equipment (Burns
et al. 2010).

CONCLUSIONS

In order to obtain a cell-free fraction of fermented buttermilk
with the functional capacity of enhancing mucosal IgA in the
small intestine, fermentation with L. delbrueckii subsp. lactis
210 could be performed using either 10 or 20% (w/v) butter-
milk with NaOH or Ca(OH)2 as pH-controlling agents.

ACKNOWLEDGEMENTS

This work was supported by the following projects: ‘Desarrollo
de un aditivo alimentario funcional a partir de suero de Manteca
fermentado’, CAID+D 2009 Tipo I (J�ovenes) PJ 57-276, UNL
2009-2012; ‘Nuevas estrategias para aumentar la funcionalidad
de alimentos y cepas probi�oticas’, PICT Bicentenario 2010 Nº
0161, ANPCyT, 2011-2013; and ‘Salud CV/I’, Proyecto
FONARSEC Convocatoria FITS Agroindustria 2010-Alimentos
Funcionales, 2011-2015. Patricia Burns and Maria Florencia
Zacarías are postdoctoral and doctoral fellows, respectively, of
CONICET (Argentina).

REFERENCES

Aran N (2001) The effect of calcium and sodium lactates on growth
from spores of Bacillus cereus and Clostridium perfringens in a
‘sous-vide’ beef goulash under temperature abuse. International Jour-
nal of Food Microbiology 63 117–123.

Armenteros M, Aristoy M C and Toldr�a F (2009) Effect of sodium,
potassium, calcium and magnesium chloride salts on porcine muscle
proteases. European Food Research and Technology 229 93–98.

Beermann C and Hartung J (2013) Physiological properties of milk
ingredients released by fermentation. Food and Function 4 185–199.

Brandtzaeg P, Bjerke K, Kett K, Kvale D, Rognum T O, Scott H, Sollid
L M and Valnes K (1987) Production and secretion of immunoglobu-
lins in the gastrointestinal tract. Annals of Allergy 59 21–39.

Burns P, Molinari F, Vinderola G and Reinheimer J (2008) Suitability of
whey and buttermilk for the production and frozen storage of cultures
of probiotic lactobacilli. International Journal of Dairy Technology
61 156–164.

Burns P, Molinari F, Beccaria F, P�aez R, Meinardi C, Reinheimer J and
Vinderola G (2010) Suitability of buttermilk for fermentation with
Lactobacillus helveticus and production of a functional peptide-
enriched powder by spray-drying. Journal of Applied Microbiology
109 1370–1378.

Church F C, Swaisgood H E, Porter D H and Catignain G L (1983)
Spectrophotometric assay using o-phthaldialdehyde for determination
of proteolysis in milk and isolated milk proteins. Journal of Dairy
Science 66 1219–1227.

Clare D A and Swaigood H E (2000) Bioactive milk peptides: a prospec-
tus. Journal of Dairy Science 83 1187–1195.

Cobb B A and Kasper D L (2005) Coming age: carbohydrates and
immunity. European Journal of Immunology 35 352–356.

Corredig M, Roesch R R and Dalgleish D G (2004) Production of a
novel ingredient from buttermilk. Journal of Dairy Science 86
2744–2750.

Derzelle S, Hallet B, Ferain T, Delcour J and Hols P (2003) Improved
adaptation to cold-shock, stationary-phase, and freezing stresses in
Lactobacillus plantarum overproducing cold-shock proteins. Applied
and Environmental Microbiology 69 4285–4290.

Dimitrov S, Lange T, Nohroudi K and Born J (2007) Number and func-
tion of circulating human antigen presenting cells regulated by sleep.
Sleep 30 401–411.

Edwards U, Rogall T, Blockerl H, Emde M and Bottger E (1989) Isola-
tion and direct complete nucleotide determination of entire genes.
Characterization of a gene coding for 16S ribosomal RNA. Nucleic
Acids Research 17 7843–7853.

Figueroa-Gonz�alez I, Quijano G, Ramírez G and Cruz-Guerrero A
(2011) Probiotics and prebiotics-perspectives and challenges. Journal
of the Science of Food and Agriculture 91 1341–1348.

Galdeano C M and Perdig�on G (2004) Role of viability of probiotic
strains in their persistence in the gut and in mucosal immune stimula-
tion. Journal of Applied Microbiology 97 673–681.

Galdeano C M, de Leblanc Ade M, Carmuega E, Weill R and Perdig�on
G (2009) Mechanisms involved in the immunostimulation by probiotic
fermented milk. Journal of Dairy Research 76 446–454.

Guan Z, Vgontzas A N, Omori T, Peng X, Bixler E O and Fang J (2005)
Interleukin-6 levels fluctuate with the light-dark cycle in the brain and
peripheral tissues in rats. Brain Behavior and Immunity 19 526–529.

© 2013 Society of Dairy Technology 45

Vol 67, No 1 February 2014



Kapsak W R, Rahavi E B, Childs N M and White C (2011) Functional
foods: consumer attitudes, perceptions, and behaviors in a growing
market. Journal of the American Dietetic Association 111 804–810.

Katan M B and De Roos N M (2004) Promises and problems of functional
foods. Critical Reviews in Food Science and Nutrition 44 369–377.

Konturek P C, Brzozowski T and Konturek S J (2011) Gut clock: impli-
cation of circadian rhythms in the gastrointestinal tract. Journal of
Physiology and Pharmacology 62 139–150.

Lou Y and Yousef A E (1996) Resistance of Listeria monocytogenes to
heat after adaptation to environmental stress. Journal of Food Protec-
tion 59 465–471.

Mitsnefes M M, Barletta G M, Dresner I G, Chand D H, Geary D,
Lin J J and Patel H (2006) Severe cardiac hypertrophy and long-
term dialysis: the Midwest Pediatric Nephrology Consortium study.
Pediatric Nephrology 21 1167–1170.

Myllyluoma E, Ahonen A M, Korpela R, Vapaatalo H and Kankuri E
(2008) Effects of multispecies probiotic combination on Helicobacter
pylori infection in vitro. Clinical and Vaccine Immunology 15
1472–1482.

O’Driscoll B, Gahan C G M and Hill C (1996) Adaptive acid tolerance
response in Listeria monocytogenes: isolation of an acid tolerant
mutant which demonstrates increased virulence. Applied and Environ-
mental Microbiology 62 1693–1698.

Ouwehand A C and Salminen S J (1998) The health effects of cultured
milk products with viable and non-viable bacteria. International
Dairy Journal 8 749–758.

Reinheimer J A, Quiberoni A, Tailliez P, Binetti A G and Su�arez V B
(1996) The lactic acid microflora of natural whey starters used in
Argentina for hard cheese production. International Dairy Journal 6
869–879.

Sadat-Mekmene L, Genay M, Atlan D, Lortal S and Gagnaire V (2011)
Original features of cell-envelope proteinases of Lactobacillus helveti-
cus. A review. International Journal of Food Microbiology 146 1–13.

Sambrook J and Russell D W (2001) Molecular Cloning: A Laboratory
Manual, 3rd edn. Cold Spring Harbor, NY: Cold Spring Harbor
Laboratory Press.

Saxelin M (2008) Probiotic formulations and applications, the current
probiotics market, and changes in the marketplace: a European per-
spective. Clinical Infectious Diseases 46 S76–S79.

Serafini M, Stanzione A and Foddai S (2012) Functional foods: tradi-
tional use and European legislation. International Journal of Food
Sciences and Nutrition 63 7–9.

Serrazanetti D I, Guerzoni M E, Corsetti A and Vogel R (2009) Meta-
bolic impact and potential exploitation of the stress reactions in lacto-
bacilli. Food Microbiology 26 700–711.

Shelef L A (1994) Antimicrobial effects of lactates: a review. Journal of
Food Protection 57 445–450.

Shelef L A and Potluri V (1995) Behaviour of foodborne pathogensin
cooked liver sausage containing lactates. Food Microbiology 12
221–227.

Silva S V and Malcata F X (2005) Caseins as source of bioactive pep-
tides. International Dairy Journal 15 1–15.

Stanton C, Ross R P, Fitzgerald G F and Van Sinderen D (2005) Fer-
mented functional foods based on probiotics and their biogenic
metabolites. Current Opinion in Biotechnology 16 198–203.

Vinderola G (2008) Dried cell-free fraction of fermented milks: new
functional additives for the food industry. Trends in Food Science
and Technology 19 40–46.

Vinderola C G, Duarte J, Thangavel D, Perdig�on G, Farnworth E and
Matar C (2005) Immunomodulating capacity of kefir. Journal of
Dairy Research 72 195–202.

Vinderola G, Matar C, Palacios J and Perdig�on G (2007) Mucosal immu-
nomodulation by the non-bacterial fraction of milk fermented by Lac-
tobacillus helveticus R389. International Journal of Food
Microbiology 115 180–186.

Vinderola G, Binetti A, Burns P and Reinheimer J (2011) Cell viability
and functionality of probiotic bacteria in dairy products. Frontiers in
Microbiology 2 1–6.

Vinderola G, Zacarías M F, Bockelmann W, Neve H, Reinheimer J and
Heller K J (2012) Preservation of functionality of Bifidobacterium
animalis subsp. lactis INL1 after incorporation of freeze-dried cells
into different food matrices. Food Microbiology 30 274–280.

46 © 2013 Society of Dairy Technology

Vol 67, No 1 February 2014


