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Abstract The main objective of this research effort was to
study whether microencapsulation could be a viable
alternative to obtain probiotic orange or peach juices. In
order to be considered probiotic food, probiotic bacteria
must be present in sufficient viable numbers to promote a
benefit to the host. The survival and viability of Lactoba-
cillus paracasei L26 in juices over 50 days of storage at 5°C
was assessed, evaluating the potential use of encapsulated
cells in alginate microcapsules. L. paracasei L26 demon-
strated good viability in both orange and peach juices
despite the low pH values of both juices. Microencapsula-
tion in alginate, with or without double coating, revealed to
be suitable to protect L. paracasei L26 since viable cells
were approximately 9 log cfu/g after 50 days of storage at
5°C. In general, the probiotic fruit juices showed a
decrease in pH during storage. Glucose and fructose

contents as well as citric acid contents decreased during
storage, whereas an increase in formic acid was observed.
The outcome of this study points to L. paracasei L26 as
having promising potential, especially in an encapsulated
form, as functional supplements in fruit juices without dairy
ingredients due to their tolerance in an acidic environment
over 50 days of storage at 5°C. Further studies are
warranted to prove the functionality of juices with
encapsulated probiotic strains.
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Introduction

Alternative functional foods containing probiotics, dairy
products aside, are seen with potential interest, especially
juices. According to several authors, fruit drinks can serve as
good probiotic carriers if precautions are taken with regards to
sensory characteristics and pH (Champagne and Gardner
2008; Luckow and Delahunty 2004; Tuorila and Cardello
2002). It is known that probiotics lose viability during
storage in many fermented milks with pH values between
4.0 and 5.0 (Champagne et al. 2005). Studies performed by
Champagne and Gardner (2008) in a commercial fruit drink
(pH=4.2) stored at 4°C up to 80 days demonstrated that
viability was strain dependent, and strains of Lactobacillus
acidophilus were less resistant to the juice matrix. Therefore,
the intensive acid environment of some fruit juices is a
technological challenge to overcome (Sheehan et al. 2007).
Unless probiotics are delivered to the human host in
adequate viable numbers, they will not confer a potential
health benefit (Araya et al. 2002).

A possible way to raise pH in a fruit juice is blending it
with milk ingredients which alter the sensory characteristics
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of the juice (Suomalainen et al. 2006). Consumer lactose
intolerance and cholesterol content are also two major
drawbacks related to dairy ingredients (Heenan et al. 2004;
Yoon et al. 2006).

Some data on stability of probiotics in fruit juices have
been obtained (Saarela et al. 2006; Sheehan et al. 2007),
including attempts to improve storage stability of Bifido-
bacterium strains in low pH fruit juice by UV mutagenesis
combined with a selection step in low pH to generate acid-
resistant strains (Saarela et al. 2010; Saarela et al. 2011).
Such endeavors demonstrate that other approaches could be
of interest to try to improve the viability and stability of
probiotics in low pH juice matrices. According to a review
by Prado et al. (2008), there are only a few fruit juices with
probiotics in the market, most from Northern European
countries, with an increased demand from consumers for
non-dairy probiotic products (Granato et al. 2010).

Microencapsulation of microorganisms has frequently been
used for protection against stressing environmental factors
(Sabikhi et al. 2010), and the delivery of active probiotic cells
in microencapsulated form has recently received growing
attention. Microencapsulation provides a particularly suitable
micro-environment for the bacteria to survive processing and
storage until their release at the appropriate location(s) in the
gastrointestinal tract (Weinbreck et al. 2010). Experimental
evidence has demonstrated that microencapsulation can
protect probiotic strains against low pH values (Kailasapathy
2006; Anal and Singh 2007). According to Ding and Shah
(2008) and Saarela et al. (2006), knowledge is limited as to
the potential of encapsulation for protecting probiotic bacteria
such as bifidobacteria against organic acids and low pH in
fruit juices.

The main objective of this research effort was to study
whether microencapsulation is a viable alternative for
obtaining stable probiotic juices. Double coating of encap-
sulated cells was hypothesized as a protection from low pH
or antimicrobial compounds, such as colorings and flavor-
ings present in the juices. To the best of our knowledge,
studies on juices with the addition of microencapsulated
probiotics have not yet been fully attempted. As such, this
study may provide added value to a possible technological
alternative to produce non-dairy probiotic foods. In this
study, we reported on the stability of Lactobacillus para-
casei L26 in juices subject to storage at 5°C for 50 days, as
fresh or encapsulated cells in alginate-based microcapsules.

Materials and Methods

Probiotic Strain and Culture Preparation

L. paracasei LAFTI® L26 was obtained from freeze-dried
concentrated starter cultures (DELVO-PRO®, DSM, Sydney,

Australia). This strain was selected for this study not only
because of its viability but also for its probiotic features, e.g.,
high rate of survival in the human gastrointestinal tract (Welin
and Henriksson 2005) and its antimicrobial effect against
Escherichia coli (Pidcock et al. 2002).

L. paracasei LAFTI® L26 was reactivated using pre-
culture in the Man-Rogosa-Sharpe (MRS) broth (from
Biokar Diagnostics, Beauvais, France), incubated overnight
at 37°C. The culture was propagated by inoculating fresh
media at 10% (v/v) and incubated at 37°C. The resulting
culture was centrifuged at 4,000 rpm for 20 min, at 4°C.
The supernatant was then discarded, and the pellet was
resuspended in one tenth of its original volume of aqueous
0.85% (w/v) NaCl (Panreac, Barcelona, Spain).

Microencapsulation Procedure

The probiotic suspension was added at 10% (v/v) to a 2%
(w/v) sodium alginate solution (Fluka, Oslo, Norway). The
alginate-culture mixtures (50 mL) were then extruded
using a Nisco Var J30 (Nisco Engineering AG, Zurich,
Switzerland) microencapsulation unit with a 0.5-mm
orifice and a nitrogen pressure of 0.4 bar. The extrusion
rate was 4.0 mL/min. The flow rate was controlled using a
syringe pump (Genie Plus). The mixtures were extruded
into 200 mL of CaCl2 solution 4% (w/v), stirred at
200 rpm.

The resulting microcapsules were left in contact with
the CaCl2 solution for 30 min at room temperature to
ensure complete solidification. Afterwards, the CaCl2
solution was removed through decantation, and the micro-
capsules were suspended in Ringer (Oxoid, Cambridge,
UK) solution. The microcapsules were then recovered by
gravity filtration, using a glass filter funnel, and divided
into three groups. One group of alginate microcapsules
was coated with 0.5% (w/v) low molecular weight
(107 kDa) chitosan (Sigma-Aldrich, St. Louis, USA),
with a degree of deacetylation (DD) of 75–85%. A second
group was coated with 0.75% (w/v) of dextran sulphate
(Sigma-Aldrich) and the third group of microcapsules,
which was not coated, maintained their structure of
alginate microcapsules.

The double coating with chitosan and dextran sulphate
was achieved by leaving the microcapsules in contact with
those solutions, stirred at 100 rpm for 30 min at room
temperature. Subsequently, chitosan microcapsules were
recovered by gravity filtration, using a glass filter funnel,
after which they were suspended in Ringer solution until
effective incorporation into the juices. The dextran
sulphate microcapsules were recovered by centrifugation
at 5,000 rpm for 15 min at 4°C and were then submitted
to the same treatment as the chitosan double-coated
microcapsules.
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Incorporation in Juices and Storage at 5°C

Commercially available peach and orange juices were
obtained from the Portuguese market (Companhia de
Conservas Alimentares, SA, Portugal) and were evaluated
as potential vectors for delivery of probiotic microcapsules.
Peptone water (0.1%, w/v) with NaCl (0.85%, w/v) was also
included in this study. For each liquid vector (juice or
peptone water), 10 mL was transferred into 30 mL sterile
capped tubes and 1 g of probiotic microcapsules (MC) was
added followed by storage at 5°C; control samples
composed only of 10 mL of liquid as well as samples with
free cells were also a target of study. In Table 1, all studied
combinations are displayed. For each combination (control,
free cells or with MC), sampling was taken in duplicate at
0, 6, 13, 20, 30, and 50 days of storage.

Stability Studies and Parameters Evaluated
Throughout Storage

Microbiological counts were performed for each sample
(peptone, orange and peach juice). For the enumeration of
free cells, in colony forming units (cfu) per milliliter,
decimal dilutions—using peptone water 0.1% (w/v) (Sigma-
Aldrich) and 0.85% (w/v) NaCl—were plated on MRS agar
(Biokar Diagnostics) in duplicate, and the viable cells were
enumerated according to Miles and Misra (1938), following
incubation at 37°C over 48 h, under regular aerobic
conditions. For the enumeration of the encapsulated
bacteria, in colony forming units per gram of micro-
capsules, microcapsules were harvested by filtration with
filter no. 1 (Whatman, Columbus, USA) and then
suspended in a sodium citrate (Sigma-Aldrich) solution at
2% (w/v) in a 1:9 (g/mL) ratio and subjected to a stomacher
at 260 rpm for 10 min, in order to rupture the micro-
capsules. The resulting solution was then treated similarly
to free cells, according to the aforementioned protocol. In
order to assess whether free viable cells were present in the
filtered peptone or juices containing the different alginate
capsules, the liquid medium was also evaluated and

therefore the number of viable cells per milliliter was
determined according to the same protocol.

Plate count agar (Biokar Diagnostics), incubated aerobi-
cally at 37°C for 48 h, was used in parallel to monitor
putative cross-contamination arising from laboratory
manipulation in all samples, but the viable counts found
were always negligible (data not shown).

In order to monitor the morphological changes in
microcapsules incorporated in peptone or juices throughout
storage time, samples of MC were taken at various storage
times and observed by optic microscope (Motic®, B1
Series, Hong Kong, China). Samples of filtered micro-
capsules were placed on glass microscope slides and then
observed through ×40 objective lenses. Images were
photographed using a digital camera.

The variation of pH was evaluated throughout storage
time in all samples; the same is true for the variation of
sugars and organic acids, which were evaluated by high
performance liquid chromatography (HPLC) analysis in all
samples after 0, 13, 30, and 50 days of storage.

Duplicate samples of each liquid vector were assessed
for organic acids and sugars by HPLC in a single run, based
on calibration curves previously prepared with appropriate
chromatographic standards, using an apparatus from Merck
(Whitehouse Station, USA). HPLC analysis was performed
according to Zeppa et al. (2001), with some modifications.
Two grams of each sample were diluted in 10 mL of
sulphuric acid 13 mM (95–97% (p.a.), from Merck),
homogenized with an Ultra-Turrax (T18 Basic, IKA Works
Inc, USA) at 18,000 rpm for 3 min and centrifuged at
4,000 rpm for 10 min at 4°C (Universal 32R, Hettich,
Germany). The resulting supernatant was then filtered with
no. 1 filter (V. Reis, Portugal) and, immediately prior to
injection, filtered with 0.22 μm filter (Orange Scientific,
Braine-l’Alleud, Belgium).

The HPLC system consisted of a LaChrom L-7100
pump (Merck-Hitachi, Germany); an ion exchange Aminex
HPX-87H Column (300×7.8 mm) (Bio-Rad, Philadelphia,
USA), which was maintained at 65°C (L-7350 Column
Oven; LaChrom, Merck-Hitachi); and two detectors in

Table 1 Schematic description of studied samples for each liquid vector; for each combination, 12 capped tubes were prepared and stored at 5°C
until sampling (two replicas) upon 0, 6, 13, 20, 30, and 50 days

Samples Peptone water (10 mL) Orange juice (10 mL) Peach juice (10 mL)

Control (C) 12 – – – – 12 – – – – 12 – – – –

Free cells of L. paracasei L26 (1 g) – 12 – – – – 12 – – – – 12 – – –

L. paracasei L26 in alginate MC (1 g) – – 12 – – – – 12 – – – – 12 – –

L. paracasei L26 in alginate MC coated with chitosan
(1 g)

– – – 12 – – – – 12 – – – – 12 –

L. paracasei L26 in alginate MC coated with dextran
sulphate (1 g)

– – – – 12 – – – – 12 – – – – 12
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series, refractive index (L-7490 RI Detector; LaChrom,
Merck-Hitachi) to determine sugars and spectrophotometry
to analyze organic acids (220 nm) (L-7400 UV Detector;
LaChrom, Merck-Hitachi). The mobile phase used was
13 mM sulphuric acid at a flow rate of 0.8 mL/min. The
running time was 30 min, and the injection volume was
50 μL. Data was collected and analyzed by a D-7000
Interface (LaChrom, Merck-Hitachi) and HPLC System
Manager 3.1.1 software (Merck-Hitachi).

Statistical Analysis

To evaluate whether each liquid vector (peptone water,
orange or peach juices) and storage time were a significant
source of variation for L. paracasei L26 viability (as free
cells), a two-way analysis of variance (ANOVA) was
performed. In turn, a three-way ANOVA was performed
to evaluate if the liquid vector (peptone water, orange or
peach juices), encapsulation type (MC composition: algi-
nate with or without coating with chitosan or dextran
sulphate), and storage time were a significant source of
variation for L. paracasei L26 viability. For pH, sugars, and
organic acids, a two-way ANOVA analysis was performed
to evaluate, in each liquid vector, whether the L. paracasei
L26 form (free or encapsulated) and storage time were
significant sources of variation. All ANOVAs were per-
formed with SigmaStat™ (Systat Software, Chicago, USA)
at a significance level of 0.05.

Results and Discussion

Viability and Stability of L. paracasei L26 Over Storage
Time

In order to observe if free cells of L. paracasei L26 were
able to survive in pure juices as well as in peptone water
throughout storage at 5°C, viable cells were determined and
are displayed in Fig. 1. L. paracasei L26 demonstrated
good viability in both orange and peach juices despite the
low pH values registered in both juices (3.7–2.9, respec-
tively). This fact contrasts with the recognized trend for
probiotics to lose viability during storage in harsh acid
environments (Dave and Shah 1997; Sheehan et al. 2007).
According to Ding and Shah (2008), several lactobacilli
strains including L. paracasei decreased two or more
logarithmic cycles (from 8 to 6 log cfu/mL) after 3 weeks
storage in orange or in apple juices. In peptone water, a
minimum medium with a pH value of 7.0–7.2, an
accentuated decrease in viable cells of L. paracasei L26
was observed, reaching values of 7 log cfu/mL after 30 days
of storage. Statistically significant variations were obtained
between both juices and peptone water (p<0.05) but not

between orange or peach juices (p=0.05) throughout
storage time.

Viable cell numbers above 7 log cfu/mL (around 9 log
cfu/mL in the juices) are promising since two probiotic-
carrying fruit juice blends currently on the Canadian market
contain 1–3 billion probiotic cells per 250 ml portion
(Champagne and Gardner 2008), and therefore levels of
7 log cfu/mL are of interest for juice supplementation. It
should be emphasized that most of the juice blends in the
market contain dairy ingredients (ex. whey butter cheese
with acerola juice Cruz et al. (2009)) which naturally confer
a more suitable matrix for lactic bacteria survival. Food
formulation strongly affects the viability of probiotics
during storage (Mattila-Sandholm et al. 2002; Saarela et
al. 2006), and juices may contain natural microbial growth
additives or inhibitors (Vinderola et al. 2002). According to
Champagne and Gardner (2008), strains of Lactobacillus
such as Lactobacillus rhamnosus, Lactobacillus fermentum,
Lactobacillus reuteri, and Lactobacillus plantarum were
able to survive in a commercial fruit drink (with dairy
ingredients) with pH of 4.2 at 4°C for up to 80 days.
However, according to findings reported by Shah et al.
(2010), strains of L. rhamnosus, Bifidobacterium lactis, and
L. paracasei L26 did not survive well in the harsh
environment of model fruit juices.

Peptone water as well as both juices were supplemented
with 10% (w/v) alginate capsules and alginate capsules
coated with chitosan or dextran sulphate containing L.
paracasei L26. The average size of these capsules varied
between 20 and 120 μm, which is in accordance with
results published by Sousa et al. (unpublished data); such
small dimensions were responsible for not being detectable
in the mouth (data not shown), especially in both juices
under assessment. In fact, the extrusion technique developed

Fig. 1 Variation of viable cell numbers of L. paracasei L26
incorporated as free cells in peptone water (empty circle), orange
juice (empty triangle) and peach juice (empty square) over 50 days of
storage at 5°C
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(Sousa et al. unpublished data) has the advantage of producing
very small size microcapsules. Information on capsule sizes is
not readily available in published studies—Krasaekoopt and
Kitsawad 2010; Ding and Shah 2008—yet it is of major
importance for sensorial acceptance. In Fig. 2, the variation
of viable cell numbers in the capsules throughout storage is
displayed, whereas in Table 2, the number of cells (as free
cells) present in the filtered liquids after removal of the
capsules is displayed. The viability of encapsulated L.
paracasei L26 in both juices was very good since no
decrease was observed over the 50 days of storage in any
type of capsule except in alginate capsules coated with
dextran sulphate at 50 days of storage. An increase in the
viable cells of L. paracasei L26 in the first 20 days of
storage was observed in orange juices, especially in those
encapsulated in alginate. These results contrast with the
tendency reported by (Ding and Shah 2008) on survival of
encapsulates (alginate microcapsules) of several lactobacilli
strains including L. paracasei in orange or apple juices at
4°C over 6 weeks; reductions around three logarithmic
cycles (from 8 to 5 log cfu/mL) were observed in both juices.

The composition of the microcapsule as well as the
liquid vector and time were statistically significant factors
for L. paracasei L26 viability (p<0.001). According to our
results, both orange and peach juices used in this study
were revealed as suitable for carrying L. paracasei L26.
Despite the significant differences observed as a function of
composition of MC which are naturally responsible for the
variation that occurred in peptone water and in orange
juice, it is not clear whether coating is in fact beneficial for
the alginate microcapsule. While the double coating could
be more protective for the encapsulated strain, it could also
act as a barrier to nutrients.

As mentioned, in peptone water, some variability was
observed and the numbers of viable cells of L. paracasei
L26 encapsulated in alginate coated with chitosan dimin-
ished over time, decreasing approximately 3 log cycles after
50 days of storage. However, for plain alginate capsules

and capsules coated with dextran sulphate, the number of
viable cells of L. paracasei L26 contained in those capsules
were of 9 log cfu/g after 50 days of storage at 5°C. Lower
values were registered by Sousa et al. (unpublished data) in
storage at 4°C of alginate capsules with L. paracasei L26 in
Ringer solution.

Values between 3 and 6 log cfu/mL in the filtered
peptone water and juices were registered throughout the
storage period (Table 2). The presence of free cells
observed even at 0 days suggests two possible origins: (1)
free cells mixed with capsules or (2) cells which were at the
surface of the capsules and somewhat decoupled from the
capsules. Since some disintegration of the capsules could
occur throughout storage, visualization of the capsules was
performed at each sampling point. No evidence of rupture
was ever observed. In Fig. 3, microphotographs from
optical microscopy showing perfect alginate capsules with
our without coating are depicted. The variability of viable
cells of L. paracasei L26 in the various sampling points
could be related to the replicas per se.

Chemical Stability of Liquid Delivery Systems
During Storage

The variation of pH, displayed in Table 3, demonstrates that
L. paracasei L26 (as free or encapsulated cells) was not
metabolically inactive throughout the storage period. As
expected, only slight variations were observed in control
samples, especially between 0 and 6 days of storage, which
could probably be related to some degree of oxidation due
to manipulation since no contamination was found over
50 days of storage; the juices were packed in an airtight and
light proof package.

The variation of pH in peptone water and in the two
juices was different. In peptone water, no statistical
significant variation of pH (p>0.05) was observed over
the 50 days of storage, which is naturally related to the
absence of sugars, since peptone is the only organic source

Fig. 2 Variation of viable cells of L. paracasei L26 incorporated in
MC of alginate (empty triangle), MC of alginate coated with chitosan
(empty square) and in MC of alginate coated with dextran sulphate

(empty circle) in peptone water (i), orange juice (ii), and peach juice
(iii) over 50 days of storage at 5°C
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for L. paracasei L26 in free or encapsulated form. No
significant variation in organic acids, namely citric, lactic,
formic, or acetic acids, was observed in peptone water
except for peptone water with free cells of L. paracasei L26
where lactic acid was produced attaining values 5.34±
0.07 g/L after 50 days of storage. L. paracasei is well
known for its capacity to produce lactic acid and, besides
being a carbon source, there is a very specific need for
nitrogenous compounds such as peptone; Vodnar et al.
(2010) observed that peptone was essential to achieve good
productivity levels of lactic acid from L. paracasei 168 in
discontinuous fermentation using lucerne green juice.

In both juices, pH variation was found to be statistically
significant (p<0.05) over storage time naturally due to the
presence of sugars in both juices which could be fermented
by L. paracasei L26 as both free or encapsulated cells. The
total content in fructose and glucose was 145±9 and 97±
9 g/L in orange and peach juice, respectively. The highest
pH decrease between 0 and 50 days was observed for free
cells of L. paracasei L26 and was higher in peach juice
(ΔpH=0.89) than in orange juice (ΔpH=0.73). A similar
tendency was observed in juices with encapsulated L.
paracasei L26; independent of the type of microcapsule, a
ΔpH change between 0.44 and 0.48 in peach juice vs. lower
variation of 0.29 and 0.39 in orange juice was observed.
The lower magnitude of pH variation in juices with
encapsulated cells was expected since the capsule mem-

brane probably limited the diffusion of sugars into the
capsule, especially in those with double coating, which is in
accordance to data reported by Ding and Shah (2008).

Although the pH values did not differ substantially
between both juices (3.8–4.0) and the higher sugar
content in orange juice, the average content in organic
acids was higher in orange juice (112±6 g/L) than in
peach juice (81±3 g/L). The variation of sugars (glucose
and fructose) and organic acids (citric and formic) over
storage time is displayed in Table 4; acetic acid was
never found in any of the analyzed samples, malic and
lactic acids eluted together, and no adequate separation
was possible so that the effect of the presence of
L. paracasei L26 in free or encapsulated form in the fruit
juices merits further discussion.

Organic acids give fruit products their characteristic
tartness and vary in combination and in concentrations
among different juices. On the other hand, intense
fermentation processes may lead to important product
losses (Loredana et al. 2006). The main acids of orange
juice identified by previous researchers are citric acid
followed by lactic acid, with trace amounts of tartaric,
benzoic, oxalic, and succinic acids (Cunha et al. 2002;
Nour et al. 2010); peach juice reveals a similar trend,
especially for citric and malic acids. Our study corroborates
orders of magnitude reported in the literature for citric acid
in both orange and peach juice as well as for free glucose

Table 2 Mean (plus standard deviation) of viable cells per milliliter of filtrate of peptone water, orange, or peach juice containing MC of alginate
or MC of alginate coated with chitosan or dextran sulphate, throughout storage time at 5°C

Samples Time (days) L. paracasei L26 (log cfu mL−1)

Alginate MC L. paracasei L26 Chitosan-coated alginate
MC L. paracasei L26

Dextran sulphate-coated alginate
MC L. paracasei L26

Peptone water 0 6.3±0.2 6.4±0.4 6.0±0.3

6 6.3±0.4 4.93±0.07 6.1±0.2

13 6.5±0.6 4.91±0.01 6.3±0.2

20 6.0±0.8 6.1±0.5 4.3±0.1

30 6.1±0.1 4.6±0.5 5.9±0.1

50 5.94±0.04 4.07±0.04 6.1±0.1

Orange Juice 0 6.2±0.5 6.38±0.02 5.87±0.04

6 6.0±0.3 4.19±0.04 5.25±0.05

13 6.4±0.1 4.35±0.04 6.06±0.02

20 6.7±0.3 5.7±0.7 5.21±0.07

30 6.29±0.02 3.1±0.6 5.4±0.2

50 6.3±0.5 4.6±0.8 5.14±0.05

Peach juice 0 4.84±0.02 5.27±0.08 5.4±0.2

6 5.68±0.08 3.8±0.5 5.58±0.06

13 5.9±0.1 3.1±0.2 5.32±0.04

20 3.3±0.2 5.6±0.9 5.8±0.4

30 5.92±0.07 3.2±0.4 4.8±0.5

50 5.82±0.08 3.3±0.1 5.96±0.05
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and fructose contents. These concentrations were generally
higher in orange juice than in peach juice, independent of
the sampling time.

In general, concentration of glucose decreased due to L.
paracasei L26 fermentation both in free or encapsulated
cells in comparison with control juices. It is well known

Table 3 Mean pH (plus standard deviation) values in peptone water, orange and peach juices controls and containing either free or encapsulated
cells of L. paracasei L26, throughout storage of 50 days at 5°C

Samples Time (days) Control Free cells Alginate MC Chitosan-coated alginate MC SD-coated alginate MC

Peptone water 0 7.22±0.04 4.74±0.01 6.95±0.04 4.39±0.04 6.94±0.08

6 6.91±0.06 4.56±0.01 6.99±0.02 4.46±0.01 7.07±0.01

13 7.0±0.1 4.62±0.01 6.89±0.06 4.38±0.01 6.85±0.09

20 7.1±0.2 4.66±0.01 6.88±0.06 4.45±0.02 7.00±0.02

30 7.1±0.1 4.70±0.02 7.08±0.01 4.41±0.04 7.09±0.01

50 7.1±0.2 4.64±0.01 7.01±0.04 4.38±0.08 7.01±0.01

Orange juice 0 3.76±0.01 3.64±0.07 3.56±0.01 3.62±0.01 3.64±0.01

6 3.66±0.01 3.30±0.01 3.57±0.01 3.57±0.01 3.63±0.03

13 3.65±0.01 3.14±0.01 3.39±0.04 3.48±0.01 3.55±0.01

20 3.66±0.01 3.08±0.01 3.42±0.01 3.47±0.01 3.52±0.01

30 3.71±0.01 3.08±0.01 3.40±0.03 3.40±0.01 3.45±0.01

50 3.58±0.01 2.91±0.01 3.27±0.01 3.23±0.01 3.35±0.01

Peach juice 0 4.04±0.01 3.73±0.01 3.82±0.01 3.83±0.01 3.87±0.01

6 3.95±0.02 3.36±0.01 3.76±0.01 3.79±0.01 3.81±0.01

13 3.86±0.03 3.15±0.01 3.72±0.01 3.77±0.01 3.76±0.01

20 3.90±0.01 3.12±0.01 3.62±0.01 3.66±0.04 3.72±0.04

30 3.93±0.01 3.07±0.01 3.51±0.01 3.60±0.01 3.58±0.01

50 3.81±0.04 2.89±0.01 3.34±0.03 3.39±0.01 3.41±0.03

Fig. 3 Microphotographs from
optical microscopy of micro-
capsules containing L. paracasei
L26; alginate microcapsules in
peptone at 0 days (i) and after
50 days (ii) of storage; alginate
microcapsules coated with chi-
tosan in orange juice at 0 days
(iii) and after 50 days (iv) of
storage at 5°C
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that L. paracasei L26 is a homofermentative strain that is
able to ferment glucose to lactic acid. Nevertheless, it has
been shown before that L. paracasei subsp. paracasei
8700:2 may shift between homolactic and heterolactic
fermentation as a function of monosaccharide availability
(Makras et al. 2005). Inspection of Table 4 also indicates a
possible citric acid metabolism since citric acid concen-
trations decrease over the 50 days of storage, although to
different extents in orange and peach juices and in free or
encapsulated form. On the other hand, formic acid steadily
increases over the 50-day storage period, an observation
that supports previously mentioned citric acid mobilization;

overall, microencapsulated L. paracasei L26 produced less
formic acid than free cells. Such metabolic activity, in the
case of encapsulated cells, may be explained either by the
free cells (Table 2) present in the liquid media or by
eventual exchange of nutrients between microcapsule and
environment.

Conclusions

Viable cell increments between 0 and 50 days of storage at
5°C were slightly negative for free cells in both juices

Table 4 Content of organic acids (mean plus standard deviation) and sugars in orange or peach juices controls and those containing either free or
encapsulated cells of L. paracasei L26, throughout storage of 50 days at 5°C

Samples Organic Acid
(g/L)

Control Time (days) Free cells Alginate MC Chitosan-coated
alginate MC

Dextran sulphate-coated
alginate MC

Orange juice Citric 51±3 0 47±1 46.0±0.4 47.9±0.6 49±2

13 41±4 36±1 37±2 33±4

30 37.4±0.9 36.3±0.1 36±3 34±3

50 40.2±.5 40±2 38.1±0.9 34.5±0.8

Formic <0.08 0 1.1±0.1 0.34±0.01 0.13±0.01 0.7±0.1

13 17.4±0.8 4.7±0.3 5.0±0.2 3.3±0.6

30 28.7±0.2 7.1±0.9 8.2±0.4 6.7±0.9

50 35.9±0.8 10.0±0.7 12.4±0.8 8.1±0.7

Glucose 97±9 0 74±1 56.0±0.2 66.4±0.7 77.9±0.6

13 64±1 64±3 62±4 56±6

30 63±3 73±6 66±4 57±3

50 67±3 78.8±0.2 74±4 66.4±0.8

Frutose 56±6 0 45±1 42.2±0.2 40.9±0.4 45.2±0.9

13 40.2±0.9 39±2 37±2 33±5

30 38±2 64±3 40±4 40±4

50 42.2±0.3 91±6 49±1 69.0±0.2

Peach Juice Citric 7.4±0.7 0 7.9±0.2 6.7±0.2 7.3±0.2 5.5±0.2

13 4.9±0.3 4.4±0.3 ND ND

30 4.6±0.1 4.85±0.04 4.4±0.3 3.97±0.07

50 4.6±0.2 4.8±0.1 4.7±0.3 4.6±0.2

Formic <0.08 0 2.66±0.06 0.22±0.01 0.27±0.01 0.22±0.01

13 13.3±0.8 2.83±0.04 ND ND

30 22.6±0.5 6.5±0.2 7.2±0.2 7.2±0.1

50 30±1 8.2±0.7 8.00±0.08 8.5±0.1

Glucose 86±9 0 76±2 67.5±0.9 61.5±0.5 68.7±0.8

13 63±6 66.3±0.6 ND ND

30 64±6 71±2 63±2 53±4

50 60±2 77±1 78±4 63±2

Frutose 17±4 0 15±2 10.9±0.2 13.6±0.1 9.6±0.2

13 13±2 11.3±0.1 ND ND

30 15.0±0.4 13.7±0.2 15.7±0.6 14.9±0.9

50 23±3 54±6 20±6 49±1

ND not determined
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(−0.1) and more detrimental in peptone water (−2.4). All
increments were positive for encapsulated cells in both
juices (0.1–0.3), especially for those encapsulated in
alginate in orange juice (0.9); an exception was accounted
for by cells encapsulated in alginate capsules with dextran
sulphate in orange juice. However, according to our results,
apparently no beneficial evidence resulted from the coating
of the capsules with chitosan or dextran sulphate. Never-
theless, this study demonstrated the potential use of juices,
without dairy ingredients, to deliver L. paracasei L26
alginate microcapsules. More research is warranted to
explore storage at room temperature, where the double
coating could play some protective role, as well as to
extend these studies to other probiotic strains; the strain
specific nature of these responses are very important.
Additionally, sensory evaluation including consumer ac-
ceptance should be performed together with gastrointestinal
resistance studies to truly evaluate the fruit juice as an
effective vehicle to deliver probiotics to consumers in
adequate amounts and hence be considered a functional
food.
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