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Abstract
Freeze-dried banana powder represents an ideal source of nutrients and has not yet been used for probiotic incorporation. In this
study, microencapsulation by freeze drying of probiotics Lactobacillus acidophilus and Lactobacillus casei was made using
whey protein isolate (WPI), fructooligosaccharides (FOS), and their combination (WPI + FOS) at ratio (1:1). Higher encapsu-
lation yield was found for (WPI + FOS) microspheres (98%). Further, microcapsules of (WPI + FOS) were used to produce a
freeze-dried banana powder which was analyzed for bacterial viability under simulated gastrointestinal fluid (SGIF), stability
during storage at 4 °C and 25 °C, and chemical and sensory properties. Results revealed that (WPI + FOS) microcapsules
significantly increased bacteria stability in the product over 30 days of storage at 4 °C averaging (≥ 8.57 log CFU/g) for
L. acidophilus and (≥ 7.61 log CFU/g) for L. Casei as compared to free cells. Bacteria encapsulated in microspheres (WPI +
FOS) were not significantly affected by the SGIF, remaining stable up to 7.05 ± 0.1 log CFU/g for L.acidophilus and 5.48 ± 0.1
log CFU/g for L.casei after 90 min of incubation at pH 2 compared to free cells which showed minimal survival. Overall,
encapsulated probiotics enriched freeze-dried banana powders received good sensory scores; they can therefore serve as safe
probiotics food carriers.
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Viability

Introduction

Probiotics are living microorganisms which when consumed
in adequate quantities confer beneficial effect on health [1].
More studies revealed that the number of probiotics inside the
colon can be improved by prebiotics, which are non-digestible
food ingredients found to promote the growth of helpful bac-
teria in the gut [2]. However, the use of probiotics in food
carrier is limited by their sensitivity to various factors such
as pH, production temperatures, post acidification, hydrogen

peroxide, and storage temperature, as reported by many stud-
ies [3, 4].

Microencapsulation is one of the latest technologies used to
preserve probiotic bacteria from detrimental environment,
allowing the release of a large amount of viable bacteria in
the gut [5]. Among the various encapsulating agents, whey
protein isolate (WPI) has been successfully used as wall ma-
terial for the microencapsulation of bacteria [6–8] and fructo-
oligosaccharides exerted efficient prebiotics properties when
used for the encapsulation of Lactobacillus plantarum and its
incorporation into noodles formulation [9].

Although spray drying is widely used due to its low-cost
production, freeze drying provides products of better quality
mainly because the temperature used stay low during the
whole process. At low temperature, the aroma, the majority
of the taste, the texture, and the nutrients could be kept intact.
The color does not change much in comparison to spray dry-
ing and can therefore get more consumer acceptance of the
product [10].

Commonly used probiotics products are dairy products, but
more attention is given to non-dairy products in response to
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the growing demand of vegetarian and lactose intolerant con-
sumers. Banana powder represents an excellent alternative
due to its nutritious properties, low cost of raw material, and
availability round the year.

More banana powder has been found to be useful as a
general treatment for dyspepsia [11]. However, the
development of such products requires to not only maintain
the probiotics viability to a minimum of 106 CFU/g for their
effective functionality, but also to meet consumers’ accept-
ability [1].

In this context, the present study addresses two major re-
search objectives. Firstly, to investigate the effects of micro-
encapsulation by freeze drying using a combination of whey
protein isolate and fructooligosaccharides on the survival of a
mixture of probiotic bacteria. Secondly, to develop a novel
functional food and to report the microcapsules effect on bac-
teria stability into the product, the chemical properties over
30 days of storage, the sensory qualities, and the in vitro
viability.

Materials and Methods

Cells and Reagents

Commercial probiotic strains of Lactobacillus acidophilus
and Lactobacillus casei were obtained from Jiangsu
Beneficial Bacteria and Biological Technology Co., Ltd.
(Jiangsu, China), whey protein isolate (92%) used in this study
was purchased from Beijing Milky Way Trade Corp., Ltd.
(Beijing, China), and fructooligosaccharides was provided
by Baolingbao Biology Co., Ltd. (Shandong, China).

Cells Preparation

After a detailed literature review on health benefits of
probiotics, two species widely used for their proven beneficial
healthy properties were chosen. Commercial freeze-dried cul-
tures of L.acidophilus and L.casei were stored at − 4 °C and
revived at room temperature prior to use. The strains were
reactivated for three times before use. The strains were inoc-
ulated into MRS broth (Huankai Microbial Sci & Tech Co.,
Ltd., Guangzhou, China) and incubated at 37 °C for 24 h. The
cells were harvested by centrifugation (Allegra™64R,
Beckman, Germany) at 3000 g, 4 °C for 10 min, and washed
twice with saline solution. Afterwards, cells were dispersed
into saline solution and used for encapsulation. Prior to encap-
sulation, the viable cell count was performed after tenfold
serial dilutions followed by pour plate on a modified Man–
Rogosa Sharpe mMRS–BPB medium (by adding 0.05% w/v
cysteine and 0.002%w/v bromophenol blue, pH 6.5). The use
of the medium mMRS–BPB enabled a differential enumera-
tion of both species L.acidophilus and L. casei following a

method described by Lee and Lee [12]. Cells were incubated
for 72 h at 37 °C. Final identification of each strain was done
using classic microbiology tests including Gram staining for
morphological detection, mobility, catalase and oxidase tests,
indole producing, and carbohydrates fermentation (arabinose,
fructose, galactose, lactose, mannitol, salicin, sucrose, and tre-
halose) tests. The viable cell counts of both strains before
encapsulation were 3 × 109 ± 0.1 CFU/g for L.acidophilus
and 2 × 109 ± 0.1 CFU/g for L.casei.

Microencapsulation

All glasswares used in this experiment were sterilized at
121 °C for 15 min. Probiotic bacteria L.acidophilus and
L.casei were encapsulated by three different wall material
preparations: whey protein isolate(WPI), fructooligosaccha-
rides (FOS), and their combination at 1:1 ratio (WPI +
FOS). Encapsulation was made according to the method de-
scribed by Rajam et al. [13] with some modifications. Briefly
25 g of FOS powder was dissolved in 200-mL sterile milli-Q
water using a magnetic stirrer. From samples of 10 mL of the
culture volume, freshly harvested cell concentrate of
L.acidophilus (15 g), and L.casei (15 g) were mixed thorough-
ly with FOS solution to obtain 1:1 core to wall ratio. WPI
powder (12.5 g) was mixed with sterile milli-Q water
(112.5 mL), and the solution (10% w/v) was stirred gently
using a magnetic stirrer to dissolve the WPI. To denature the
whey protein, the whey protein isolate solution (10%w/v) was
kept at 90 °C for 30 min in a water bath and then cooled to
room temperature [14]. FOS powder (12.5 g) dissolved in
87.5-mL sterile milli-Q water was blended with WPI solution
and homogenized at 100 rpm for 5 min. The freshly harvested
cell concentrate of L.acidophilus and L.casei (30 g) was mixed
together with WPI + FOS in order to obtain a desired core to
wall ratio of 1:1. All sample solutions were homogenized for
60 s at 7000 rpm and stored at − 4 °C for 48 h prior to freeze
drying. The samples were freeze dried in a pilot scale freeze
drier (− 40 °C) for 24 h. The freeze-dried microcapsules were
collected, packed in polythene bags, sealed in aluminum foil,
and stored at 4 °C until further characterization.

Encapsulation Yield

The encapsulation yield (EY) is a criterion to measure the
influence of the encapsulation procedure on the number of
living cells. The EY was calculated according to the method
described by Heidebach et al. [15] as follows:

EY %ð Þ ¼ Ccpm
Cslurry

� cfu g−1capsule slurry

cfu g−1protein−cell mixture

Probiotics & Antimicro. Prot. (2019) 11:1330–1339 1331

https://en.wikipedia.org/wiki/Dyspepsia


Where (Cpcm) represents the ratio between the protein
concentration of the protein–cell mixture and Cslurry the
resulting capsule–slurry.

Morphological Characterization of the Microcapsules

The morphology of freeze-dried microcapsules was examined
prior to storage using a Hitachi S4300/N field emission, var-
iable pressure, and scanning electron microscope (SEM). The
working distance was 11.3 mm and beam energy was 1.2 kV.
Prior to SEM examination, the microcapsule powders were
mounted on a double sided carbon tape on a stud and coated
with gold.

Manufacture of Probiotics Enriched Banana Powder

Raw Material

The rawmaterials used in this workwere ripened banana fruits
variety Cavendish purchased from a local market, showing
75% of ripening (yellow color with green tips). Banana
showed an average moisture content of 77.5% (w/v), which
is suitable for obtaining banana flour [16]. This stage corre-
sponds to stage 5 of the banana ripening color index [17].

Preparation of Free and Encapsulated Probiotics Enriched
Banana Powder

We used 500 g of bananas to obtain one batch of paste. The
paste was prepared as follows: bananas were washed in chlo-
rinated water (4 ppm); then blanched for 30 min in boiling
water to reduce the number of microorganisms, inactivate the
enzymes, and prevent the discoloration [16]. Fruits were then
peeled, cut into 0.5-cm thick slices, drained the juices for
5 min, and grinded in a laboratory mixer.

Free or encapsulated cells (1 g corresponding to 3 × 109 ±
0.1 CFU/g for L.acidophilus and 2 × 109 ± 0.1 CFU/g for
L.casei.) were incorporated into 30 g of banana paste and
refrigerated at − 32 °C for 72 h prior to freeze drying. The
frozen free and encapsulated probiotics banana pastes were
then transferred to a freeze dryer and let to operate for 24 h
at − 40 °C (100 kPa). The freeze-dried inoculum was grinded
using an electric grinder and filtered to obtain a powder with-
out lumps. Probiotic organisms were enumerated manually by
pour plates counting after incubation on a modified MRS agar
at 42 °C for 48 h under aerobic conditions. Strains were fur-
ther identified by the microbiology tests as mentioned earlier.

Cells Survival During Storage at 4 °C and 25 °C

After freeze drying, cell stability in powders was evaluated
during 30 days of storage at 4 °C and 25 °C. Powders were
rehydrated by adding 2 mL of peptone water and enumerated

after incubation on MRS agar at 42 °C for 48 h under aerobic
conditions.

Chemical Properties of the Product During Storage

Following the freeze-drying process, the samples were stored
at 4 °C and 25 °C and were characterized for their pH, mois-
ture content, total soluble sugars, reducing sugars, and buffer-
ing capacity on day 0, 7, 15, 20, and 30. Free and encapsulated
probiotic banana powders were extracted by shaking with
water (1:4; w/v) for 40 min at 100 rpm and centrifuged at
6000 × g for 30 min at room temperature. The supernatants
(extracts) were used for chemical analysis.

Total soluble sugars and reducing sugars were determined
by the phenol-sulfuric acid method [18] and dinitrosalicylic
method [19] respectively. A set of glucose solutions was used
to determine a standard curve.

The moisture content of freeze-dried free and encapsulated
banana powders were determined in triplicate by oven, drying
the powders at 102 °C, determining the difference in weight,
and expressing the weight loss as a percentage of the powder
weight according to the powder moisture routine method [20].

pH was measured by an electronic pH meter (PHS-3C,
Shanghai Precision & Scientific Instrument Co., Ltd), and
buffering capacity was determined by titrating 100 mL of
the extract with 1 N HCl. The values were expressed as mmol
of HCl required to lower 1 pH of 1 L extract [21].

Sensory Evaluation of the Banana Powder

A series of acceptability trials were carried out using simple
triangle test at the laboratory scale and a selection of a panel of
ten judges between the age group of 18 to 35 years as sug-
gested by Jellinek et al. [22]. Sensory evaluation of the devel-
oped banana preparations were carried out using score cards
based on a ten points hedonic scale by the panelists. The
quality attributes namely appearance, color, flavor, texture,
and taste and overall acceptability were evaluated.

Survival of Bacteria in Simulated Gastrointestinal
Fluids

Simulated gastric fluid (SGF) was prepared according to Lian
et al. [23] with slight modifications. Briefly, pepsin (3 g/L)
was suspended in sterile NaCl solution (0.5% w/v). The pH of
the solution was adjusted to pH 2.0 with 12 M HCl, and
filtered through a 0.22-μm filter membrane (Pall
Corporation, USA). SIF was prepared according to US
Pharmacopeia [24]. Briefly, 6.8 g of monobasic potassium
phosphate (Sigma, St. Louis, MO, USA) was dissolved in
250 mL of distilled water, followed by addition of 77 mL of
0.2 M NaOH, and 500 mL of distilled water. The solution was
vortexed for 30 min and 10 g of pancreatin was added and
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mixed. pH of the solution was adjusted to 6.8 with 0.2 M
NaOH or 0.2 M HCl. The total volume of the solution was
made up to 1000mL, followed by filtration through a 0.45μm
filter membrane to remove particulate material, and then filter
sterilized through a 0.22-μm filter membrane.

One gram of non-encapsulated and encapsulated samples
was then dispersed into separate test tubes containing 9 mL of
SGF (pH 2.0). The tubes were vortexed for 30s and incubated
at 37 °C in a shaker incubator (Lasec, LM-575R) at 50 rpm for
2 h. One milligram sub-samples were withdrawn from each
tube at 30 min intervals and the cell density was enumerated
using plate count assay followed by strain identification.
Remaining culture was pelleted by centrifugation using a
LabnetPrism™ microcentrifuge at 7267 × g for 5 min. The
pellets were re-suspended in 9 mL of SIF (pH 6.8) and incu-
bated as before. One milligram sub-samples were taken at 2 h
intervals until 6 h for bacterial enumeration. After removal of
each sub-sample, equal volume of sterile SGF or SIF was
replaced to maintain the concentration of the sample.

Statistical Analysis

The experiment data for banana powder pH, moisture content,
and other chemical analyses were expressed as mean ± stan-
dard deviation of three replicates in a completely randomized
design. The data were subjected to a one-way ANOVA and a
comparison of differences between means was carried out
with a least significant difference test (p ≤ 0.05) using SPSS
22 Advanced Statistics (IBM; Armonk, NY, USA).

Results and Discussion

Encapsulation Yield

The encapsulation yield is a key factor to determine the success
of theencapsulationmethodand toevaluate theefficiencyof the
selectedencapsulatingagents.Selecting theappropriatecoating
materialswilldecide thephysicalandchemicalpropertiesof the
resultantmicrocapsules [25]. For bothprobioticsL.acidophilus
and L.casei, the EY was calculated for different formulations
such as when encapsulated with only (WPI), or (FOS), and
combination of (WPI + FOS). For each formulation, the EY
was calculated according to Eq. (1) and expressed in Fig. 1.
For the three formulations WPI, FOS, and WPI + FOS, the
EYvalueswere86%,90%,and98%respectively. It can be seen
that for all three types ofmicrospheres, therewas no significant
reduction in cell viability (p < 0.05) which can be attributed to
the low temperature application of the freeze-dryingprocess (−
40 to 30 °C) preserving the cell surface. Similar results were
previously reported by Patricia Bolla et al. [26] where the
application of freeze drying for the microencapsulation of a
microbial mixture of selected probiotics resulted in higher

encapsulation yields. Hence, the microspheres (WPI + FOS)
showed the highest encapsulation yield (98%) compared to
the formulations containing a single encapsulating agent WPI
and FOS, (80, 90% respectively). These findings indicate the
efficiency in associating WPI and FOS for probiotics
encapsulation. It is in conformity with previous study which
reported higher survival rates for the encapsulation of L.
plantarum when using WPI coupled with FOS as coating
material [9]. WPI, on its account, has been proved to exert
excellent protective capacity. Indeed, just like the gelatin,WPI
is able to formgels in the favorable conditionswhich is suitable
for the formationand solidificationof thewallmaterial.Ainsley
Reidet al. [8] reported that theprocess ofmicroencapsulation in
WPI microspheres can help in protecting the freeze-dried cells
against subsequent conditions such as freezing of food prod-
ucts. Hence,WPI used alonewere not as efficient aswhen used
combinedwith FOS, therefore, our results suggest that the pro-
tective effect provided bymicrospheres (WPI + FOS) is aswell
due to the adjunction of FOS. Fructooligosaccharides are hy-
drocolloids and they thereby play a protective role towards pro-
biotic microorganisms. Kaplan et al. [27] also reported this
complimentary role of FOS revealing that among many prebi-
otics tested (inulin, hi-maize, FOS, etc.), FOS was found to be
the most effective in retaining the viability of probiotics organ-
isms.MoreFOSwassuccessfullyusedtoenhanceprobioticcell
viability in yogurt during freeze-drying process [28].

Morphological Characterization by Scanning Electron
Microscopy

The morphological characteristics of the freeze-dried micro-
capsules (WPI + FOS) were determined by scanning electron
microscopy as shown in Fig. 2. The SEM photograph of (WPI
+ FOS) microcapsules (Fig. 2a) showed generally spherical
shapes with wrinkled and rough surfaces. Similar morphol-
ogies for freeze-dried microcapsules were reported by previ-
ous studies [9, 28]. The variations in microstructures observed
in cells encapsulatedwith (WPI + FOS) (Fig. 2a) are due to the
differences in viscoelastic and film forming properties of each
wall material [9]. In addition, it was observed that the bacteria
were randomly distributed in the wall materials (Fig. 2b)
which proved a total embedding of the bacteria in the matrix.

Survival of Bacteria During Storage at 4 °C and 25 °C

To benefit consumers, probiotics incorporated functional food
should be able to maintain probiotics recommended amount
during their storage period (≥ 106 CFU). The survival of free
and encapsulated cells during the storage period is shown in
Figs. 4 and 5. The survival rates of freeze-dried cells for both
bacteria L.acidophilus and L.casei in banana powder at 4 °C
was greater than that at 25 °C (Figs. 4 and 5). At 25 °C, the
number of free and encapsulated bacteria reduces in time
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while these numbers slightly change at 4 °C. The reduction
rate of the initial population of probiotics was significant in all
media when stored at 25 °C (p < 0.05). Results showed that
the combination of coating material (WPI–FOS) enabled the
bacteria to survive maintaining the recommended bacterial
amount during the storage period of 30 days. Results obtained
(Figs. 4 and 5) strongly suggest that microspheres (WPI–FOS)

played an efficient protective action on the bacteria during the
storage period in plastic containers. The better survival rate
observed when stored at 4 °C can be explained by the fact that
low temperatures affect growth kinetics and preserve cells
[29]. Many studies reported a better stability at lower temper-
atures [30]. The lower stability at room temperature could
induce higher moisture and relative humidity which are favor-
able factors for bacterial growth [19]. L.casei exerted a better
survival behavior at 25 °C compared to L.acidophilus which
can be linked to its ability to tolerate higher temperatures than
L.acidophilus.

Chemical Properties of the Product During Storage

The chemical properties of the samples were studied over
30 days of storage (Table 1). For each sample, it can be ob-
served that the addition of probiotic bacteria lower the pH
value of the banana preparation. The lowering of the pH
values caused by the addition of probiotic bacteria is a typical
observation with lactic acid bacteria due to their properties to
acidify the medium in which they are used. The pH values
recorded during the storage period (5.11–5.28) were within
the optimal pH range of the selected bacteria L.acidophilus
and L.casei which indicates the suitability of banana powder
as the food carrier. These pH values observed for medium
containing microspheres of WPI + FOS could be considered
as a positive indication. Such medium can safely protect the
bacteria in the low pH of the acidic environment of the human
stomach. In Table 1, it can be seen that the inoculum system
containing (WPI + FOS) encapsulated bacteria had the highest
buffering capacity, thus it potentially protects the bacteria
from undesirable acidic conditions. Moisture content of the
various bacterial preparations (Table 1) shows that micro-
sphere containing (WPI + FOS) encapsulated bacteria had
lower moisture contents compared to free cells. This lower
moisture content is a good indicator for the storage of the

Fig. 1 Encapsulation yield of
three different microspheres
containing probiotic
L.acidophilus and L.casei. WPI
whey protein isolate, FOS
fructooligosaccharides, WPI +
FOS whey protein isolate and
fructooligosaccharides

Fig. 2 SEM images of WPI + FOS microcapsule: a micrograph of
microcapsules shapes at 1000 ×, b micrograph of shattered
microcapsules with microbial cells inside at 5000 × (cells are shown in
the circle)
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product, as lower moisture rate could extend the shelf life by
reducing the chance of proliferation by spoilage-inducing
microorganisms.

Sensory Evaluation of the Banana Powder

The results of the sensory evaluation graphically represented
in Fig. 3 revealed that the freeze-drying process maintained
the product’s sensory qualities. Indeed, during the freeze-
drying process, small amounts of the product are frozen in;
and due to the vacuum, the ice will evaporate immediately
without turning into water again. Consequently, the majority
of the taste, the texture, and the nutrients will stay intact. As
revealed in Fig. 3, the mean score for appearance, color, and
taste, and overall acceptability of the encapsulated powder
samples were liked very much (between 8 and 9 in hedonic
scale) while texture and flavor were moderately liked (be-
tween 7 and 8 in hedonic scale). The slightly low acceptance
with regard to texture and flavor could be attributed to the
encapsulated form of bacteria with WPI and FOS which also
affect the flavor.

Viability Under Simulated Gastric Fluid (Low pH)

According to the results of the studies of bacterial preparations
in SGF (Fig. 6), it can be seen that although both free and
(WPI + FOS) encapsulated bacterial numbers decreased dur-
ing the exposure period, at the end of the 90-min exposure,
only encapsulated bacteria were in sufficient amount to be
beneficial to human consumption (> 106 CFU) [1]. Hence,
the microspheres (WPI + FOS) were able to procure an effi-
cient protective effect to the bacteria when exposed to SGF.
The survival was maintained throughout the 90 min of expo-
sure averaging 7.85 log CFU/g and 7.52 log CFU/g for
L.acidophilus and L.casei respectively. Free cells of
L.acidophilus decreased by about 4.69 log CFU/g, and free
cells of L.casei decreased by about 5.64 log CFU/g.
Encapsulated cells of L.acidophilus were 2.8 log CFU/g
higher than those of L.casei after 90 min under same condi-
tions with a significant difference between free and encapsu-
lated bacteria (p < 0.05). These positive results suggest that
microspheres (WPI + FOS) were effective at protecting pro-
biotic bacteria while undergoing the detrimental conditions
created in the SGF. These findings are in accordance with
those previously reported by Zou Qiang et al. [31] who
assessed the efficiency of WPI microspheres to protect strains
of Bifidobacterium bifidum under simulated gastric
conditions. Studies reported the ability of WPI to create a
buffered microenvironment within the hydrated colloid
particle surrounding the embedded bacteria, thus isolating
the bacteria from the stresses of the low pH external
environment [32]. This improved survival could also be
linked to the synergic action of FOS acting as nutrientTa
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supporting bacterial resistance [33]. More, the high buffering
capacity exhibited by encapsulated probiotics in microspheres
(WPI–FOS) might have played an important role in resisting
acidity. Strain of bacteria may also have a role in this buffering
effect. Indeed, Rius et al. [34] have reported that L.
acidophilus have high cytoplasmic buffering capacity (pH 3.
72–7.74), which may allow them to resist changes in
cytoplasmic pH and gain stability under acidic conditions.
Free cells considerably decreased between the 10 and
30 min of incubation. Many studies reported a loss of lactic
acid bacteria during the first 30 min of exposure to SGF
[35–37]. Therefore, as the recommended amount of
probiotics about 106 CFU live microorganisms per gram, it
can be stated that the microcapsules (WPI + FOS) can be used

to enhance viability of probiotics bacteria at low pH
conditions.

Survival of Bacteria in Simulated Intestinal Fluid

The overall bacteria revival (Fig. 7) can be linked to the re-
covery of some cells sub-lethally injured during the incubation
in SGF by phenomena of resuscitation. Similar results have
been reported by Chaikham et al. [38] where strains of encap-
sulated L.acidophilus and L.casei in processed Logan juices
were able to exert antibacterial activity after undergoing SIF.
Moreover, Charteris et al. [39] reported that whey protein
isolate is able to protect lactic acid bacteria from gastrointes-
tinal stress by acting as a buffering agent and inhibiting activ-
ity of digestive enzyme. High survival of WPI–FOS encapsu-
lated bacteria can also be attributed to the property of FOS.
Indeed, Corcoran et al. [40] assessed that sugar provides ATP
to F0F1-ATPase via glycolysis, enabling proton exclusion and
thereby enhancing bacteria survival during gastrointestinal
transit. On contrary to free cells, encapsulated bacteria were
not dramatically affected by the SGIF indicating the efficiency
of microspheres (WPI–FOS) for the safe delivery of viable
probiotics to the human gastrointestinal tract.

Conclusion

In this study, the potential of microencapsulation by freeze
drying using whey protein isolate and fructooligosaccharides
as wall material to maintain the viability of two probiotics
incorporated in a freeze-dried banana powder was evaluated.
Among three formulations tested including WPI, FOS, and
WPI + FOS, microspheres (WPI + FOS) exerted the highest
encapsulation yield. More, encapsulation by freeze drying in
WPI coupled with FOS was effective in protecting the viabil-
ity of probiotics bacteria L.acidophilus and L.casei during

Fig. 3 Sensory profile of free and encapsulated bacteria enriched banana
powder. Free bacteria banana powder (Free.bac), encapsulated bacteria
banana powder (Enc.bac).

Fig. 4 Cells survival during
storage at 4 °C; the data represent
the means of four experiments.
Error bars represent standard
deviation. All mean survival rates
were significantly different (p <
0.01). Free Lactobacillus casei
(Free.Lc), free Lactobacillus
acidophilus (Free.L.a),
encapsulated Lactobacillus casei
(Enc.L.c), and encapsulated
Lactobacillus acidophilus
(Enc.L.a)
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storage at a preferable temperature of 4 °C. The total count of
(WPI + FOS) encapsulated bacteria was significantly higher
than free cells under simulated gastrointestinal conditions.
From the results, it can be concluded that microcapsules

(WPI + FOS) represent an effective and promising method
to maintain the survival of viable probiotics bacteria and their
safe delivery into the gut. The supplementation of the banana
powder with (WPI–FOS) microcapsules did not alter its

Fig. 5 Cells survival during
storage at 25 °C; the data
represent the means of four
experiments. Error bars represent
standard deviation. All mean
survival rates were significantly
different (p < 0.01). Free
Lactobacillus casei (Free.Lc),
free Lactobacillus acidophilus
(Free.L.a), encapsulated
Lactobacillus casei (Enc.L.c),
and encapsulated Lactobacillus
acidophilus (Enc.L.a)

Fig. 6 Survival of free and
encapsulated Lactobacillus
acidophilus and Lactobacillus
casei. Under simulated gastric
fluid (SGF) pH 2. Data are
expressed as the mean ± SD of
three experiments. Free
Lactobacillus casei (Free.Lc),
free Lactobacillus acidophilus
(Free.L.a), encapsulated
Lactobacillus casei (Enc.L.c),
and encapsulated Lactobacillus
acidophilus (Enc.L.a)

Fig. 7 Survival of free and
encapsulated Lactobacillus
acidophilus and Lactobacillus
casei under simulated intestinal
fluid (SIF) pH 7.4. Data are
expressed as the mean ± SD of
three experiments. Free
Lactobacillus casei (Free.Lc),
free Lactobacillus acidophilus
(Free.L.a), encapsulated
Lactobacillus casei (Enc.L.c),
and encapsulated Lactobacillus
acidophilus (Enc.L.a)
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sensory qualities, suggesting its use as a potential probiotic
food carrier. In vivo, clinical studies are required to further
investigate the potential health attributes of (WPI–FOS) mi-
crocapsules to consumers.
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