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ABSTRACT
Background and Aim: Probiotic cultures often lose viability during processing and

storage, which limits their use in functional dairy products. This study compared the
survival of free and alginate/pullulan-microencapsulated Lacticaseibacillus rhamnosus
GG ATCC 53103 (LGG) in soft goat cheese during refrigerated storage and simulated in
vitro digestion.

Methods: Goat milk was pasteurized at 85 °C for 10 s, inoculated with a commercial starter
culture and rennet and then held at 30 °C +1 for 15 h. The curd was salted with 1% (ww™)
NaCl and stored at 4 °C for 30 d. The LGG was added as free cells or in alginate/pullulan
microcapsules and three independently made batches were assessed. Free cells were mixed
with trehalose (20% of cell mass) as a cryoprotectant before freeze-drying. Microcapsules
were assessed using optical and scanning electron microscopy. A modified two-stage in
vitro digestion model was used to investigate bacterial survival during simulated
gastrointestinal digestion.

Results and Conclusion: Presumptive LGG counts on MRS agar decreased during storage
in the two cheeses, but the decrease was smaller in the cheese containing microcapsules.
On Day 30, counts were 8.01 +0.16 log CFU-g* for encapsulated cells and 6.22 +0.05 log
CFU-g for free cells, corresponding to losses of 0.61 and 2.39 log units, respectively. The
difference between treatments at this time point was significant (adjusted p < 0.05). After
the intestinal phase of simulated digestion, counts were 7.96 +0.06 log CFU-g* for
encapsulated cells and 6.12 +0.07 log CFU-g* for the free cells. Under the conditions
assessed, alginate/pullulan microencapsulation improved the retention of culturable LGG
in soft goat cheese during refrigerated storage and simulated gastrointestinal digestion.
Conflict of interest: The authors declare no conflict of interest.

What is “already known”:

e Probiotic viability can decrease during food processing and storage.
e Alginate-based encapsulation can improve probiotic survival.
e Dairy products can serve as carriers for probiotic cultures.
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e Alginate/pullulan microcapsules were assessed in acid-rennet goat cheese.

What this article adds: e Encapsulated preparations preserved higher presumptive LGG counts on Day 30.

e Encapsulated preparations showed smaller count losses in simulated digestion.

Within the past few decades, consumers have shown
increasing interests in functional foods, which may offer
health benefits in addition to basic nutrition [1,2]. Probiotic
foods are a major group within this category. They contain
live microorganisms that confer a health benefit on the host
when administered in adequate quantities [3]. Probiotic
bacteria have been shown to help maintain the balance of
the intestinal microbiota, support immune function and
prevent gastrointestinal disorders [3-5]. Dairy products are
widely used to deliver probiotic cultures to consumers
because they suit these organisms well and are
technologically convenient [6-8].

Industrial use of probiotics is limited by two
requirements. Enough viable cells must persist through
processing and storage and the cells must survive passage
through the gastrointestinal tract (GIT) [ ]. A probiotic
product must include enough viable cells until the end of
its shelf life. There is, however, no single minimum count
that holds for every strain and every health outcome. The
quantity the product delivers should match the dose that is
shown effective for that particular strain and the intended
benefit [9]. In the GIT, viability decreases by low gastric
pH, bile salts and digestive enzymes. During processing
and storage, it decreases by heating, oxygen exposure,
osmotic stress, dehydration and prolonged refrigeration
[10-12]. Goat milk is not an inherently poor matrix for
probiotic cultures: its nutrient composition may support
their survival. Its casein profile and physicochemical
characteristics, however, can affect fermentation, curd
formation, texture and the viability of individual strains
[13-15]. Thus, probiotic survival needs assessment for
each strain-matrix combination.

Freeze-drying, spray-drying and microencapsulation
have been developed to improve probiotic survival.
Microencapsulation is generally addressed as the most
promising technique. The capsule wall shields cells from
adverse conditions and may allow targeted delivery and
controlled release in the intestines [ ]. How well it acts
depends on the wall material, encapsulation method,

particle size and strain as well as processing and storage
conditions [17]. Most current studies use natural
biopolymers such as alginate, pectin, chitosan, starch, plant
gums and dairy and plant proteins. Prebiotic ingredients,
including inulin, fructooligosaccharides, galactooligo-
saccharides and resistant starch, can be added to the matrix.
Such a formulation should be called synbiotic only if the
host microorganisms or the coadministered strain select-
ively use the substrate and the combination has been shown
to confer a health benefit [ 1.

Goat cheese has been studied as a probiotic carrier
because of its nutritional value and its physicochemical
composition [ ]. Studies with free and microen-
capsulated strains of Lactobacillus, Lacticaseibacillus and
Bifidobacterium show that adding probiotics can change
the physicochemical, textural and sensory characteristics of
goat cheese. The direction and size of these changes
depend on the strain, encapsulation system, cheese
formulation and storage conditions [20-22]. In a previous
study on goat cheese, microencapsulated probiotics
survived refrigerated storage better than that free cells did
[ ]. Lopes et al. [21] detected that microencapsulated
L. acidophilus La-05 in spreadable goat Ricotta tolerated
simulated gastrointestinal digestion better. A few studies,
however, have directly compared free and microen-
capsulated L. rhamnosus GG (LGG) in soft goat cheeses.

Microencapsulation of probiotics has been studied
extensively [ ]; however, most of this studies were
carried out in model systems rather than in fermented
foods. For goat cheese, published data concern majorly
other strains or other wall materials [ ] and the current
study detected a few reports on L. rhamnosus GG (LGG)
in soft goat cheese [20—24]. The authors’ previous results
showed that an alginate/pullulan matrix protects LGG
when the capsules were assessed [23]. However, this effect
was preserved after the capsules were added to an acid-
rennet goat cheese. To the authors’ best knowledge, free
and encapsulated LGG have rarely been compared in
similar cheeses during cold storage and then simulated
digestion [20—24]. Such a comparison is needed, since cells
that survive storage may be lost in the gastric or intestinal
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phase and the cheese matrix may change viability and
release [ ]-

In this study, LGG was encapsulated in algin-
ate/pullulan (without a bacterial cellulose coating) and
added to soft goat cheese from acid-rennet coagulation.
Cheeses with free and encapsulated LGG were prepared
from a similar formulation in three independent batches.
Viable counts were assessed at 4 °C within 30 d and the
stored cheeses were then subjected to a modified two-stage
in vitro digestion (gastric phase followed by intestinal
phase). The authors asked if encapsulation gives LGG a
survival advantage in this cheese, first during storage and
then under simulated gastrointestinal conditions. This
study aimed to compare the viability of free and
alginate/pullulan-microencapsulated LGG in soft goat
cheese made by acid-rennet coagulation at 4 °C within 30
d of storage. The study also assessed cell survival in a
modified two-stage in vitro digestion model.

The L. rhamnosus GG ATCC 53103 (LGG) was pur-
chased from the American Type Culture Collection
(ATCC, USA). De Man-Rogosa-Sharpe (MRS) broth and
MRS agar were purchased from Titan Biotech, India. Goat
milk was purchased from a private farm in Talgar, Almaty
Region, Kazakhstan. The commercial starter culture
BIOCHEM MSY-910, Italy, was used for cheese manu-
facture. According to the manufacturer, the starter culture
contained Lactococcus lactis subsp. cremoris, L. lactis
subsp. lactis, L. lactis subsp. lactis biovar diacetylactis,
Leuconostoc mesenteroides subsp. cremoris and Strepto-
coccus thermophilus. Strain-level identification and culture
collection accession numbers for these starter micro-
organisms were not provided by the manufacturer. Sodium
alginate was purchased from Sigma-Aldrich, Germany,
and calcium chloride (CaCl, ) was purchased from Fisher
Scientific, Canada. Pullulan, trehalose, sodium chloride
(NaCl), sodium citrate, vancomycin, hydrochloric acid
(HCI), sodium hydroxide (NaOH), pepsin, pancreatin and
bile salts were purchased from AppliChem, Germany.
Sterile distilled water (DW) and sterile saline solution were
used through the experimental procedures where needed.
Liquid rennet (18,000 IMCU-ml~ 1) was purchased from
Poleznaya Partiya, Russia, and used for acid-rennet

coagulation during cheese manufacture. For molecular
analyses, PureLink genomic DNA mini kit was purchased
from Invitrogen, Thermo Fisher Scientific, USA. Poly-
merase chain reaction (PCR) amplification was carried out
using 2x Taq Mix (PCR Master Mix; Sisco Research Labo-
ratories, India). The LGG-F (5-CGCCC-TTAACAGC-
AGTCTTCAAAT-3') and LGG-R (5'-ACGCGCCCTCC-
GTATGCTTAAACC-3") primers were used for the detec-
tion of the LGG-associated markers. Nuclease-free water
was used for preparation of PCR mixtures. For electro-
phoretic analysis, agarose gels were prepared in TAE
buffer and 100-bp DNA ladder was used as the molecular
size marker. Ethidium bromide (EtBr) was purchased from
Thermo Scientific, USA, and used for the visualization of
PCR products.

The L. rhamnosus GG ATCC 53103 is one of the most
extensively studied probiotic strains. The authors chose it
because its survival under processing stresses and gastro-
intestinal conditions was well documented [ ]
The LGG was grown in MRS broth (Titan Biotech, India).
Viable counts were assessed by plating on MRS agar and
incubating at 37 °C for 48 h and expressed as colony-
forming units (CFU).

Goat milk was purchased from a local farm in Talgar,
Almaty Region, Kazakhstan, and analyzed raw and after
pasteurization at 75 °C for 15 s or 85 °C for 10 s. Fat,
protein, lactose, total solids and solids-not-fat (SNF)
contents (%, w/w) were assessed using Klever-2 compact
milk analyzer (ULIKOR; NPP BIOMER, Russia). Density
was assessed at 20 °C using Quevenne lactodensimeter
(Funke-Gerber, Germany). Moreover, pH was assessed
using calibrated digital pH meter 150MI (Izmeritelnaya
Tekhnika, Russia) and titratable acidity was expressed in
degrees Turner (°T).

Three soft goat cheese treatments were prepared by
acid-rennet coagulation; each in triplicate. The control
cheese (C1) was prepared with the commercial starter
culture BIOCHEM MSY-910, Italy, alone. This culture
contained L. lactis subsp. cremoris, L. lactis subsp. lactis,
L. lactis subsp. lactis biovar diacetylactis, Leuconostoc

This open-access article distributed under the terms of the Creative Commons Attribution Non Commercial 4.0 License (CC BY-NC 4.0).
AT To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.


http://creativecommons.org/licenses/by-nc/4.0/

Abdulzhanova, et.al

Appl Food Biotechnol, 2026; Vol. 13, No.1, e30(1-15)

mesenteroides subsp. cremoris and S. thermophilus.
Cheeses C2 and C3 received a similar starter and the
candidate probiotic strain LGG as microencapsulated cells
in C2 and free freeze-dried cells in C3. The LGG was
encapsulated by ionotropic gelation with sodium alginate
(Sigma-Aldrich, Germany) [23]. The current procedure
differed from the published protocol in needle diameter and
CaCl, concentration and the capsule wall did not contain
bacterial cellulose. A 2% (w/v) alginate stock solution was
prepared by dissolving 2 g of sodium alginate in 100 ml of
sterile DW with continuous stirring. Separately, a sus-
pension of LGG (nearly 10° CFU-ml) containing
pullulan was prepared. Ten milliliters of this suspension
were well mixed with 40 ml of the alginate stock solution.
The mixture was extruded dropwise into 100 ml of stirred
0.1 M CaCl, (Fisher Scientific, Canada). Extrusion used
sterile syringe with 0.60-mm needle held 25 cm above the
solution surface. The beads were set in the CaCl, solution
for another 30 min to complete gelation.

After each independently prepared batch, the capsules
were collected, washed with sterile saline and weighed.
Fifty milliliters of extrusion mixture yielded 27.65, 28.90
and 25.60 g of wet microcapsules (mean £SD (standard
deviation), 27.38 +1.67 g; n = 3). Encapsulation efficiency
was assessed on a 1 g portion from each batch.

The microcapsules were freeze-dried using LyoQuest-
80 freeze dryer (Telstar, Spain) for 24 h at a condenser
temperature of nearly -85 °C and a chamber pressure of
nearly 0.1 mbar. These were then transferred directly to
airtight containers and stored at 4 °C until use [ ]. Free
LGG cells were freeze-dried under similar conditions.
Trehalose was selected as a cryoprotectant based on its
reported protective effects during freezing and freeze-
drying of LGG [27]. In the present study, sterile trehalose
was added to the free cells immediately before freezing at
20% of the cell mass, followed by gentle mixing for 10
min. Inoculation doses were adjusted for encapsulation
efficiency to create an initial count of 8 log CFU-g* in the
finished cheese.

Goat milk was purchased from a private farm in Talgar,
Almaty Region, Kazakhstan, in three separate 60-I batches.
Each batch was pasteurized at 85 °C for 10 s, cooled to 30
°C and divided into three equal portions. The starter culture
was added to each portion at 1% (vw). Furthermore, C2
received freeze-dried microcapsules. The C3 received an

equivalent quantity of freeze-dried free cells resuspended
in sterile saline.

Liquid rennet (Poleznaya Partiya, Russia; 18,000
IMCU-ml) was added immediately after inoculation at 0.5
ml per 100 I of milk. The milk was incubated at 30 °C +1
for 15 h to set acid-rennet coagulation. The curd was then
cut into small cubes, transferred into sterile cotton bags and
drained at 15 °C for 10 h. The drained curd was salted with
1% (ww*) NaCl, packed into individual plastic containers
and stored at 4 °C.

Encapsulation efficiency was defined as the total
number of viable cells recovered from all the wet
microcapsules divided by the number of cells initially
added to the sodium alginate solution [23]. To release
entrapped cells, 1 g of wet microcapsules was suspended in
9 ml of 0.1 M sodium citrate. The suspension was stirred
continuously at room temperature (RT) for 20 min, until
the alginate matrix was fully dissolved. Serial tenfold
dilutions were then prepared and viable cells were counted
by spread plating on MRS agar as described in Section 2.6.
Encapsulation efficiency (EE) was calculated by Eq. 1:
EE (%) = % x 100 Eq. 1
where, Nuet Was the number of viable cells released from 1
g of wet microcapsules (CFU-g™); myet Was the total mass
of the wet microcapsules achieved (g); C, was the
concentration of viable cells in the initial bacterial
suspension (CFU-ml?); and V, was the volume of
bacterial suspension used for encapsulation (ml). All
calculations used absolute CFU values, not log-
transformed values. Viable counts were assessed for each
of the three independently prepared microcapsule batches
and reported as mean +SD. The EE was calculated from the
mean counts and the total wet microcapsule mass.

To assess presumptive LGG counts, 10 g of cheese
were mixed with 90 ml of 0.1 M sodium citrate,
homogenized and stirred at RT for 20 min until the
alginate/pullulan microcapsules were fully disintegrated.
Serial tenfold dilutions were prepared in sterile saline
(0.85% NaCl). Aliquots (0.1 ml) of appropriate dilutions
were spread using sterile spreader onto MRS agar (pH 6.2)
containing 10 mg:I* vancomycin. Plates were incubated
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anaerobically at 37 °C for 48 h. Vancomycin was added to
favor recovery of LGG and suppress vancomycin-sensitive
members of the background microbiota. The media were
not fully selective, because Leuconostoc spp., including the
starter component L. mesenteroides, were intrinsically
resistant to vancomycin [28]. Colonies growing on this
media were therefore counted as presumptive LGG. For C2
and C3, plates with 30-300 colonies were counted. Counts
were calculated as CFU-g* of cheese and then log-
transformed (log CFU.g). Representative colonies from
C2 and C3 were screened by PCR for an LGG-associated
marker, as described in Section 2.7. Plates from C1 served
as qualitative controls for background microbiota. Growth
on these plates was not quantified as CFU-g* within time
and no C1 colonies were selected for PCR.

Optical microscopy: The study assessed the
morphology and size distribution of wet alginate/pullulan
microcapsules using Olympus CX23 optical microscope
(Olympus, Japan) fitted with a digital camera. Freshly
prepared, washed microcapsules were transferred onto
glass slides under coverslips and viewed with 4 and 40x
objective lens. Capsule diameters were assessed using
ImageJ [National Institutes of Health (NIH), USA]. The 4x
micrograph was calibrated against a field-of-view diameter
of 5.0 mm (field no. of 20). Equivalent diameters were
assessed for 14 fully visible, non-overlapping wet
microcapsules. The surface morphology of freeze-dried
microcapsules was assessed using Quanta 3D 200i
scanning electron microscope (FEI, USA). Samples were
mounted on aluminum stubs with double-sided carbon
tape. Images were captured under high vacuum at 15 kV
and working distance of nearly 10-13 mm, at
magnifications from 150 to 30,000x. Images at 150x
showed the overall shape of individual microcapsules.
Images at 5,000 and 30,000x showed the surface
microstructure and putative rod-shaped structures
associated with the alginate/pullulan matrix.

To check the identity of presumptive LGG, 30 colonies
were selected from vancomycin-supplemented MRS plates
for C2 and 30 for C3. Sampling was stratified as two
colonies were selected random from each of the three
cheese batches at each of the five storage times. C1

colonies were not assessed. Each colony was grown in
MRS broth at 37 °C for 18-24 h under anaerobic
conditions. Genomic DNA was then extracted using
PureLink Genomic DNA mini kit (Invitrogen, Thermo
Fisher Scientific, USA) according to the manufacturer’s
instructions. Moreover, DNA concentration (A, ¢ o ) and
purity (Az 6 o0/Azgo and Ay e o/Az30) were
assessed using NanoDrop 2000 spectrophotometer
(Thermo Fisher Scientific, USA). The primers of LGG-F
(5'-CGCCC-TTAACAGCAGTCTTCAAAT-3") and
LGG-R (5-ACGCGCCCTCCGTATGCTTAAACC-3")
were desc-ribed by Ahlroos and Tynkkynen [29] and later
used in end-point PCR [30]. They targeted the region in
GenBank accession no. EU709012.1, which contained part
of the ISLrh1 transposase gene and an adjacent gene for a
putative membrane-associated protein. The expected
product was nearly 0.76 kb. Each 20 ul reaction contained
10 pl of 2x Tag mix (PCR master mix; Sisco Research
Laboratories, India), 0.5 uM of each primer, 1 pl of
template DNA and nuclease-free water. Amplification was
carried out using Bio-Rad S1000 thermal cycler (Bio-Rad,
USA): 95 °C for 2 min; 30 cycles of 95 °C for 30 s, 60 °C
for 30 s and 72 °C for 30 s; and finally, 72 °C for 5 min
[30]. Products were separated in 1.2% agarose gels in TAE
buffer with 100-bp ladder, stained with EtBr (Thermo
Scientific, USA) and imaged using ChemiDoc XRS system
(Bio-Rad, USA). Genomic DNA of L. rhamnosus GG
ATCC 53103 was the positive control. Negative controls
were a no-template reaction (water instead of DNA) and an
extraction blank carried through DNA extraction without
cells. Because this primer pair could amplify DNA from
non-GG L. rhamnosus strains [31], a positive result
supported but did not verify identification as LGG. Only
colonies from the storage experiment were assessed.

The tolerance of microencapsulated (C2) and free (C3)
LGG to simulated gastrointestinal conditions was assessed
in the finished cheeses. For each treatment, samples from
three independently manufactured cheese batches were
analyzed (n = 3). Digestion followed the static INFOGEST
2.0 protocol [32], modified by omitting the oral phase and
gastric lipase. The model therefore consisted of sequential
gastric and intestinal phases only. Gastric phase. Cheese (5
g) was mixed with simulated gastric fluid (SGF) at a final
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sample-to-fluid ratio of 1:1 (w:v). Each sample received 4
ml of 1.25x SGF electrolyte stock, 2.5 pl of 0.3 M CaCl,

and pepsin to a final activity of 2,000 U.ml%. The pH was
adjusted to 3.0 with HCI and the volume was made up to
10 ml with DW. Samples were incubated at 37 °C +1 for 2
h with agitation at 100 rpm. Intestinal phase. Gastric
chyme (10 ml) was mixed with 4 ml of 1.25x simulated
intestinal fluid (SIF) electrolyte stock, 20 ul of 0.3 M
CaCl, , pancreatin to a final trypsin activity of 100 U-ml
and bile salts to a final concentration of 10 mmol-I"* (1.25
ml of a 160 mmol:I* solution). The pH was adjusted to 7.0
with NaOH and the volume was made up to 20 ml with
DW. Samples were incubated at 37 °C +1 for 2 h with
agitation at 100 rpm. Pepsin and trypsin activities were
assessed before the experiment by the INFOGEST 2.0
assays [32]. Enzyme quantities were calculated from these
assessed activities to reach the target values. Viable counts
were assessed before digestion, after the gastric phase and
after the intestinal phase. A separate parallel sample was
prepared for each sampling point. Removing material for
counting after the gastric phase, therefore, did not change
the volume in the intestinal phase. To disintegrate the
microcapsules, 1 ml of digestion mixture was combined
with 9 ml of 0.1 M sodium citrate and stirred at RT for 20
min. Samples with free cells were treated in the same way
so that preparation was identical for the two groups. Serial
tenfold dilutions were made in sterile saline (0.85% NaCl)
and 0.1 ml of appropriate dilutions was spread on MRS
agar (pH 6.2) containing 10 mg-I* vancomycin, as
described in Section 2.5. Plates were incubated
anaerobically at 37 °C +1 for 48 h. Calculations accounted
for all dilution steps and the total volume of the digestion
mixture. Results were expressed as log,  CFU.g*! of the

original cheese sample, using the Eq. 2:
CXXmOXVdig

N (CFU-g") = Eq. 2

0.1xm

where, C was the mean number of colonies; d was the
reciprocal of the serial dilution plated; 10 was the dilution
factor introduced by the citrate treatment (1 ml of digesta
in 9 ml of sodium citrate); VVdig was the total volume of the
digestion mixture (10 ml for the gastric phase and 20 ml for
the intestinal phase); 0.1 was the plated volume (ml); and
m was the mass of cheese for digestion (5 g).

Data are expressed as mean +SD of three independent
production batches (n = 3), with technical replicates aver-

aged within each batch. Microbial counts were log; ¢ -
transformed (CFU-g') before analysis. Since every batch
contributed to all treatments, sampling times and digestion
stages, comparisons between cheese treatments, storage
times and digestion stages were carried out with two-sided
paired t-tests, pairing by production batch. Physico-
chemical characteristics of raw and heat-treated milk were
likewise compared with paired t-tests, matching obser-
vations by milk batch. The p-values were adjusted using
Holm’s method within each family of comparisons. For the
milk, each physicochemical parameter formed a family of
three pairwise comparisons between treatments. The
storage family included 13 comparisons of C2 against C3
at five sampling times and eight comparisons of later time
points with Day O within each treatment. The digestion
family included nine of C2 against C3 at three stages, and
the three pairwise comparisons between stages within each
treatment. An adjusted p-value less than 0.05 was recorded
as significant. With only three batches, the normality of
within-pair differences could not be checked reliably and
the authors did not treat non-significant results as evidence
of equivalence. The microcapsules were described without
statistical testing. The study assessed the diameters of 14
particles on a calibrated optical micrograph and report the
values as mean +SD and range; these particles were not
independent production replicates. All calculations were
carried out using Python 3.13 with SciPy 1.17 [33].

Table 1 summarizes the characteristics of the wet and
freeze-dried microcapsules. Counts in the initial bacterial
suspension were reported per milliliter and counts in the
microcapsules were reported per gram. Morphology is
described in Section 3.2. The bacterial suspension
contained 9.21 +0.08 log CFU-mlI! before encapsulation
and the wet microcapsules contained 8.76 +0.06 log
CFU-g%. From 50 ml of extrusion mixture, 27.38 g of wet
microcapsules were achieved. Encapsulation efficiency
estimated from the summary data and a wet microcapsule
mass of 27.38 g was 97.15%. This estimate did not describe
variability in encapsulation efficiency between the batches.

The lower mass of the recovered wet microcapsules
relative to the extrusion mixture might partly reflect
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contraction of the calcium-alginate network and water loss
through syneresis during external gelation [34]. Regarding
density of the extrusion mixture as roughly 1 g-ml, initial
viable-cell concentration was nearly 8.51 log CFU-g*,
against 8.76 log CFU-g* in the recovered wet micro-
capsules. Water loss concentrated the cells in this way;
however, increases in counts did not verify that all cells
were preserved; the authors did not assess how much water
or how many cells passed into the hardening solution and
wash water. The freeze-dried microcapsules contained 10.0
+0.1 log CFU-g*. The higher count per gram compared
with wet beads reflected water removal during freeze-
drying, not an increase in the total number of viable cells.
The cells were presumably held in place by the calcium-
alginate gel. As the gel network contracted and expelled
water, the beads lost mass, which possibly explained part
of the difference between the extrusion mixture and the wet
beads recovered [34]. The study did not assess how much
water or how many cells were into the hardening solution
and wash water; hence, the mass balance was incomplete.
Therefore, a higher CFU per gram after gelation or freeze-
drying reflected concentration not growth, and did not
mean that every cell was preserved.

Characteristics of the microencapsulated probiotic cells

Parameter Value
Initial probiotic count, log CFU-mL! 9.21 +0.08
Viable cells after encapsulation, log

8.76 + 0.06
CFU.g!
Total wet microcapsule mass used in

27.38

the calculation, g
Encapsulation efficiency, % 97.15
Viable-cell concentration in freeze-
. . 10.0+£0.1
dried microcapsules, log CFU-g*
850 + 170 (range

Wet microcapsule diameter, um
460-1143; n = 14)

Values are presented as mean + SD of three independent batches (n = 3),
except for wet microcapsule mass, encapsulation efficiency and particle
diameter. The wet microcapsule mass of 27.38 g was used to estimate
encapsulation efficiency from the reported mean log-transformed viable
counts after conversion to CFU. The resulting EE value is a summary-data
estimate and is reported without SD. Wet microcapsule diameter is
presented as mean + SD and range for 14 non-overlapping particles
assessed in a calibrated optical micrograph; these particles were not
independent production replicates.

Under the optical microscope, the wet microcapsules
were mostly spherical, although their shape varied

somewhat ( 1C). The SEM of freeze-dried samples
showed the overall shape of individual beads and the
surface structure of the alginate/pullulan matrix (

1D). At higher magnification, rod-shaped structures were
visible within the matrix ( 1E, F). These were likely
immobilized LGG cells.

Capsule size might be a problem for the product. The
14 wet microcapsules in one optical image averaged 850
pm =170 (460-1143 um). These large particles could be
felt in the mouth as grit; however, the study did not
investigate sensory or texture tests and one image revealed
nothing about variation between batches. Smaller further
uniform capsules are an obvious advancement; though, a
new size or production method means re-checking cell
recovery, storage stability and release. The study did not
investigate how the capsules were distributed in the cheese,
which might matter for differences between portions. The
micrographs showed what the beads looked like; they
could not explain why the cells survived.

Morphology of alginate/pullulan  microcapsules
containing LGG. (A) Freshly prepared alginate/pullulan
microcapsules in a Petri dish; (B) alginate/pullulan
microcapsules after collection and washing; (C) optical
micrograph of wet alginate/pullulan microcapsules, 4x
objective (total magnification approximately 40x); (D)
scanning electron microscopy image of a single
alginate/pullulan  microcapsule ~ showing  surface
morphology (150x; scale bar, 500 um); (E) high-
magnification scanning electron microscopy image of rod-
shaped structures, possibly Lacticaseibacillus rhamnosus
GG ATCC 53103 cells, associated with the
alginate/pullulan matrix (30,000x%; scale bar, 4 pum); (F)
scanning  electron  microscopy image of the
alginate/pullulan matrix surface with embedded rod-
shaped structures, possibly Lacticaseibacillus rhamnosus
GG ATCC 53103 cells (5,000x; scale bar, 20 um).

The wet microcapsules assessed in ImageJ on the
calibrated optical micrograph included a mean diameter of
850 um £170 (SD), with individual values from nearly 460
to 1143 um (n = 14). The coefficient of variation was nearly
20%, similar to the visible variation in particle shape and
size. The polymer matrix possibly protected the cells by
limiting their direct contact with adverse components of the
cheese, which improved probiotic stability during storage.
The microcapsules were then added to soft cheese to assess
if encapsulation improved LGG survival in the product.
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Figure 1. Morphology of alginate/pullulan microcapsules containing Lacticaseibacillus rhamnosus GG ATCC 53103.

3.3. Viability of Lacticaseibacillus rhamnosus GG
ATCC 53103 in Experimental Soft Goat Cheese

3.3.1. Physicochemical characteristics of raw and
pasteurized goat milk
The composition of goat milk largely assessed cheese

yield and curd structure. The study therefore assessed
density, fat, protein, lactose, total solids, titratable acidity
and pH in the cheese-making milks. These data described
the freshness and suitability of the raw milk and showed
how it responded to pasteurization. Protein and casein, in
particular, governed curd firmness and whey drainage. Fat
contributed to the soft texture and mouthfeel of the cheese
and initial acidity and pH affected the rate of acidification.
Table 2 which summarizes the major milk characteristics,
shows composition and physicochemical characteristics of
the raw and pasteurized goat milks. Fat content was 5.39%
+0.08 in raw milk and 5.43% +0.07 and 5.45% +0.06 after
heating at 75 and 85 °C. Protein content was 3.42% +0.05,
3.43% +0.04 and 3.45% £0.05 and lactose content was
4.47% +0.06, 4.45% +0.05 and 4.43% +0.06, in a similar
order. Total solids ranged from 13.91 to 13.98% and SNF
from 8.52 to 8.54%. No mean differed from another by

more than 0.12 percentage points and none of the
differences was significant (adjusted p > 0.05). Heat
treatment therefore included no detectable effect on the
milk composition. With three batches, however, this did
not show that the treatments were similar.

Density increased from 27.84 °A £0.15 in raw milk to
27.90 °A +0.14 at 75 °C and to 28.20 °A +0.16 at 85 °C.
The pH decreased from 6.65 +0.03 to 6.62 +0.03 and 6.60
+0.02 and titratable acidity increased from 17.2 °T +0.5 to
17.5°T £0.4 and 17.8 °T +0.5. These shifts were consistent
in direction but were not significant. Changes in mineral
balance or whey protein denaturation could explain them;
however, the study did not assess these processes.

Milk pasteurized at 85 °C for 10 s was used for all
cheeses. Because C1, C2 and C3 were prepared from milk
with similar heat treatments, differences between the
cheeses could not be attributed to milk preparation. The
present data described the milk used in this study. These
did not show that the 85 °C treatment was
microbiologically safer than 75 °C treatment for 15 s or that
it performed equally well in coagulation and fermentation.
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Physicochemical characteristics of raw and pasteurized
goat milks used for soft cheese production

Raw goat  Pasteurized Pasteurized
Parameter milk goat milk goat milk
(20°C) (75°C) (85°C)
Fat content, 5.39 %
% 008 5.43 £ 0.07 5.45 + 0.06
Protein 342+
content, % 005 3.43+0.04 3.45+0.05
Lactose 447
content, % 0.06 4.45 + 0.05 4.43+0.06
Total solids, 13.91
% 012 13.97 £ 0.10 13.98 +0.11
Solids-not- 8.52
fat (SNF), % 0.09 8.54 £ 0.08 8.53 £0.07
Density, °A 371?4 * 27.90+0.14 28.20+0.16
6.65 +
pH 0.03 6.62 £ 0.03 6.60 £ 0.02
Titratable 172+ 175404 178405

acidity, °T 0.5

Values are mean + SD of three independent milk batches (n = 3).
Comparisons were paired by milk batch and carried out using two-sided
paired t-tests with Holm’s correction applied separately to the three
pairwise comparisons for each parameter. No statistically significant
differences were detected between treatments (adjusted p > 0.05).

Cheeses C2 and C3 were inoculated with
microencapsulated and free LGG, respectively, at a target
level of 8 log CFU-g* (Section 2.3). The two forms were
added to the milk before coagulation but ended in the curd
differently. The authors expected the spherical
microcapsules ( 1) dispersed through the curd,
whereas the free cells were in direct contact with the cheese
matrix. The cheeses were stored at 4 °C for 30 d to simulate
cold-chain storage and retail. The study did not monitor
cheese pH or titratable acidity during storage; thus,
contribution of post-acidification to the loss of viability
could not be assessed. The difference between C2 and C3
therefore reflected an overall association with
microencapsulation under these storage conditions and
could not be linked to a specific physicochemical factor.

Immediately after manufacture, the two probiotic cheeses
included almost identical counts of 8.62 £0.12 log CFU-g
L with microcapsules (C2) and 8.61 +£0.06 log CFU-g* with
free cells (C3). Counts then decreased in the two cheeses
but at different rates. On Day 30, C2 decreased to 8.01 log
CFU.g%, decrease of 0.61 log and C3 to 6.22 log CFU-g™,
decrease of 2.39 log. The cheeses did not differ
significantly on Days 0, 7, 14 or 21 (adjusted p > 0.05). On
Day 30, the encapsulated cheese contained 1.79 log CFU-g

Y further culturable cells and the difference was significant
(adjusted p < 0.05). In the two treatments, counts on Days
21 and 30 were significantly lower than on Day 0 (adjusted
p < 0.05). After 30 d, presumptive LGG counts were still
greater than 6 log CFU-g* in the two cheeses. That level
alone did not prepare either cheese an effective probiotic
product. Efficacy needed evidence that the specific strain
at an appropriate dose delivered health benefits [9].

Similar results have been reported for goat cheese
previously. Lopes et al. [21] improved the survival of L.
acidophilus La-05 in spreadable goat Ricotta with alginate-
based capsules and Kavas et al. [22] observed better
retention of L. paracasei and B. longum in goat cheese,
some formulated with inulin or fructooligosaccharides.

Counts of presumptive LGG were lesser in C2 than in
C3; thus, the alginate/pullulan microcapsules included
further culturable cells during refrigerated storage. The
study compared the two preparations as a whole, though.
These also differed in formulation and how the cells were
protected during freeze-drying; hence, the effect could not
be attributed to encapsulation alone.

There was a difference between the treatments with no
relationship with entrapment. Free cells were mixed with
trehalose before freeze-drying (Section 2.3) but the
microcapsules were not. Trehalose affected how LGG
tolerated freezing, drying and storage [27]; thus, what the
study compared included two preparations as they were
made and benefits could partially be from cryoprotection
rather than encapsulation. Similar starting counts in the
cheese did not guarantee that the dried cells were in similar
physiological states. Nor can the authors say what pullulan
added, since no alginate-only treatment was set. The
authors have treated this simply as a part of the formulation
with no evidence of prebiotic or synbiotic effect [ ]

The LGG-specific PCR verified that most colonies
isolated from the probiotic cheeses belonged to the added
strain. Growth on C1 plates reflected the starter and
background microbiota, since C1 contained no LGG. These
plates were assessed only qualitatively as C1 colonies were
not counted over time and were not assessed using PCR.
Colonies included in the viable counts were identified
using LGG-specific PCR. The expected 762-bp amplicon
was achieved from 26 of 30 colonies of C2 (86.7%; 95%
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Cl, 70.3-94.7%) and 28 of 30 colonies of C3 (93.3%; 95%
Cl, 78.7-98.2%). No amplification occurred in the DNA
extraction control or the no-template control. The positive
control, genomic DNA from a pure LGG culture, resulted
in single product of the expected size.

If the assessed colonies were representative of all cheese
batches and storage times, non-LGG colonies inflated plate
counts by nearly 0.06 log CFU-g* in C2 and 0.03 log
CFU-.g? in C3. Only 30 colonies per treatment were
assessed and the confidence intervals were wide; hence,
these figures included rough estimates. The study did not
use these to correct individual counts. The plate counts
were with a caution. Vancomycin-MRS agar was not
specific for LGG and other vancomycin-resistant bacteria
from the starter or background flora, including
Leuconostoc, grew on the agar media [28]. The LGG-
associated PCR marker was present in 26 of 30 colonies
from C2 and 28 of 30 from C3; thus, marker-positive
isolates were recovered through storage. A similar marker,
however, selected L. rhamnosus strains other than GG [31];
thus, these ratios could not be reported as the LGG fraction
or use to correct the counts. The study assessed only two
colonies per batch and time point, none from C1 and none
recovered after digestion. This described why the authors
reported the counts presumptive LGG.

Survival of free and microencapsulated presumptive
LGG was assessed in a modified two-stage in vitro
digestion model with sequential gastric and intestinal
phases. provides the counts on vancomycin-
supplemented MRS agar after each stage. The storage and
digestion experiments used various portions of cheese and
were plated in separate series. Predigestion counts
therefore differed from Day O storage counts and survival
during digestion was assessed against the pre-digestion
level assessed in the digestion experiment.

Viable Lacticaseibacillus rhamnosus GG ATCC 53103
counts during simulated gastrointestinal digestion

Stage Microencapsulated Free cells
9 cells (C2) (C3)
Before digestion, -~ 8.40 +
log CFU-gt 8.58£0.061 1) 0.0501"
After gastric phase, - 6.71 +
log CFU-g* 8.21+0.0501 0.080
After intestinal . 6.12 +
phase, log CFU-g! 7.96:£0.06-70 0.070101
gg‘ﬁ'_;f’fs' log 0.62 2.28

Values are mean + SD of three independent cheese batches (n = 3). Different
uppercase letters within a row indicate significant differences between C2 and C3;
different lowercase letters within a column indicate significant differences between
digestion stages. Comparisons were paired by production batch and carried out using
two-sided paired t-tests with Holm’s correction within the digestion comparison
family defined in Section 2.9 (adjusted p < 0.05). Total loss was calculated from the
treatment means as the difference between the pre-digestion and post-intestinal
counts and is reported descriptively.

Before digestion, C2 contained slightly more
presumptive LGG than that C3 did (8.58 £0.06 against 8.40
+0.05 log CFU-g%; adjusted p < 0.05). Because the starting
levels differed, survival was compared majorly as the loss
of viability within each treatment. The gastric phase
decreased counts in the two cheeses with various extents
as 1.69 log CFU-g* in the free-cell cheese and 0.37 log
CFU-g? in the encapsulated cheese. After this phase, C2
contained significantly more culturable cells than that C3
did (8.21 +0.05 against 6.71 +0.08 log CFU-g*; adjusted p
<0.05).

The intestinal phase caused a further but smaller
decrease as 0.25 log CFU-g* in C2 and 0.59 log CFU-g* in
C3. At the end of digestion, counts were 7.96 +0.06 log
CFU-g?in C2 and 6.12 £0.07 log CFU-g* in C3 (adjusted
p < 0.05). In each treatment, counts after each stage were
significantly smaller than that at the previous stage. At the
end of digestion, C2 still contained greater than 7 log
CFU-g* (7.96 +0.06), whereas C3 decreased to 6.12 +0.07
log CFU-g* (adjusted p < 0.05).

Within the whole digestion, presumptive LGG counts
decreased by 0.62 log CFU-g! in C2 and 2.28 log CFU-g!
in C3. Based on the treatment means, the losses differed by
1.66 log units, whereas the two cheeses differed by only
0.18 log CFU-g* before digestion. Most of that gap opened
in the gastric phase as 1.32 of the 1.66 log units. The
microencapsulated preparation therefore included further
culturable presumptive LGG under these conditions,
although the present data did not show what caused the
difference.

Presumptive LGG survived better in cheese with
alginate/pullulan microcapsules than in cheese with free
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cells. After 30 d at 4 °C, counts (from treatment means)
decreased by 0.61 log CFU-g* in C2 and 2.39 log CFU-g!
in C3. Simulated digestion resulted in similar findings as
0.62 and 2.28 log CFU-g* smaller than the pre-digestion
counts. The study could not explain which component of
the formulation was responsible or how the protection
acted.

Haffner et al. [24] showed that alginate-based
microparticles protected LGG in simulated gastrointestinal
conditions. The experimental conditions, wall materials
and digestion models used in previous studies differed
from those used in the present study, which limited direct
comparison of effect sizes. What this study added included
assessment of an alginate/pullulan formulation inside an
acid-rennet goat cheese; in which, the authors observed the
two survivals during refrigerated storage and tolerance to
simulated digestion. In the two experiments, presumptive
LGG counts decreased less with the microencapsulated
preparation than free cells. This was the reason to study
further on this formulation as a way to deliver probiotics in
soft goat cheese. These results are used in the preparation
as a whole; though they did not show what pullulan
contributed or how the protection acted. In the cheese, the
hydrated polymer might slow exchange between cells and
their surroundings [ ]; however, no data were
available on permeability, local pH, swelling or release.

After the gastric and intestinal phases, the cells were still
culturable. The C2 and C3 entered digestion with various
counts; thus, the authors observed losses from each
treatment baseline as well as at final numbers. Most of the
gap between treatments opened during the gastric phase.
Rayment et al. [35] detected that alginate beads shrink in
simulated gastric fluid and swell under intestinal
conditions. These changes might affect how well the
capsules protected the cells and when they released them.
However, the study did not investigate how the present
capsules behaved during digestion. Whether this reflected
protection from acid or the effects of pepsin, cheese
buffering, capsule structure or cell release, the current
design could not explain. The model was a modified
INFOGEST 2.0 without the oral phase or gastric lipase
[32]. A static in vitro assay like this says nothing about
colonization, persistence in the gut or health effects and we
digested cheese at one point only; thus, later tolerance in
storage is unknown.

Three production batches was a small number. The C2
and C3 were prepared from the same milk; hence, these
must be compared batch by batch and extra plates, colonies
or sampling times did not add independent replicates. The
endpoint and loss comparisons in this section are
descriptive, not additional statistical tests. A non-
significant difference did not mean the treatments were
similar and the small sample alone did not explain why
significance occurred within the storage times. Further
batches are needed to explain why the difference occurred.

The study did not follow pH, titratable acidity, water
activity and salt distribution during storage; hence, the
authors could not separate the effects of acidification,
osmotic stress and the rest of the cheese matrix.
Composition, yield, texture and sensory quality were not
fully characterized as well. The results are encouraging
enough to continue study on this formulation for preserving
presumptive LGG culturable; however, these did not show
a longer shelf life or microbiological safety. Reaching a
common technological threshold for counts is not similar
to a probiotic effect, which requires a verified strain and an
evidence-based dose [9]. Further studies should include
matched formulation controls, further independent batches,
additional strain identification and assessments of cheese
characteristics and capsule integrity with the counts.

In soft goat cheese prepared by acid-rennet coagulation,
LGG encapsulated in alginate/pullulan included higher
presumptive counts than that free cells did in cold storage
and during simulated digestion. After 30 d at 4 °C, the
encapsulated and free-cell cheeses contained 8.01 +0.16
and 6.22 +0.05 log CFU-g™*, decreases of 0.61 and 2.39 log
units. At the end of intestinal phase of the modified two-
stage digestion model, counts were 7.96 +0.06 and 6.12
+0.07 log CFU-g* or 0.62 and 2.28 log units less than the
values assessed before digestion.

The results address alginate/pullulan microcapsules worth
further studies as a way to set probiotic cells culturable in
soft goat cheeses. What the authors compared, though,
were the two preparations. Because cryoprotection differed
between them and there was no alginate-only control, the
effects of encapsulation alone and the part played by
pullulan, are unresolved. The interpretation is further
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limited by the small number of independent batches and
imperfect specificity of plate counting and PCR
identification.

Further studies should include matched formulation
controls, further production batches and additional
methods of strain identification, with assessments of the
cheese physicochemical characteristics, texture and
sensory acceptance. The present data showed that
culturable presumptive LGG survived under the
conditions. These did not show health benefits or longer
shelf lives.
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