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Abstract
In the interest of getting a functional and non-dairy food product which improves human health, this research was conducted
to obtain an edible gel containing probiotic Lactobacillus fermentum A15, and bioactive compounds from an autochthonous
Mexican fruit known as chicozapote (Manilkara zapota). Probiotic and fruit pulp were encapsulated separately by means of
the spray-drying process and later incorporated into the food matrix. Water activity, hygroscopicity, total phenolic compounds,
total flavonoids and antioxidant capacity were determined on the pulp fruit microcapsules. Meanwhile viability was measured
on the microencapsulated probiotic. Both microparticles were incorporated in a food gel and its shelf-life stability was evaluated
by measuring the evolution of the afore-mentioned parameters with time. The viability of probiotics (1 × 107 CFU/mL) was
highlighted. The results suggest that this new non-dairy product could be of particular interest for lactose-intolerant consumers
and attractive to the new food market demands.
Keywords: Functional food, microencapsulation, chicozapote, probiotics survival, protective agent, non-dairy food.

Resumen
Con el fin de obtener un producto alimenticio funcional y no lácteo que beneficie la salud humana, se realizó esta investigación
para obtener un gel comestible que contenga el probiótico Lactobacillus fermentum A15 y compuestos bioactivos de una fruta
autóctona mexicana conocida como chicozapote (Manilkara zapota). Los probióticos y la pulpa de fruta se encapsularon de
forma separada mediante la técnica de secado por aspersión y se incorporaron a la matriz alimentaria. En las microcápsulas de
pulpa de fruta se determinó la actividad de agua, higroscopicidad, compuestos fenólicos totales, compuestos flavonoides totales
y capacidad antioxidante. Por otra parte, en los probióticos microencapsulados se evaluó la viabilidad. Ambas micropartículas
se incorporaron en un gel comestible, al cual se le determinó su estabilidad durante el almacenamiento, midiendo los parámetros
antes mencionados. En estas medidas se dio un énfasis particular a la viabilidad de los probióticos (1 × 107 UFC/mL). Los
resultados obtenidos sugieren que este nuevo producto podría ser un buen sustituto de los productos lácteos para las personas
intolerantes a la lactosa vinculadas y puede ser atractivo a las nuevas demandas del mercado.
Palabras clave: Alimentos funcionales, microencapsulación, chicozapote, supervivencia de probióticos, agentes protectores,
alimentos no-lácteos.

1 Introduction

Within the group of fruits, those belonging to the
Sapotaceae family are of great interest due to
the nutritional properties and their high antioxidant

capacity. Manilkara zapota, traditionally known as
chicozapote, is an autochthonous fruit from Mexico
that has not been studied extensively. It is consumed
fresh or processed, and its availability is restricted
by season, which limits its consumption (Shui et al.,
2004).
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In the other hand, bacteria from Lactobacillus
genus play an important role in the native microbiota
of humans. These probiotics can resist gastric acid,
bile salts and pancreatic enzymes. Additionally, they
exhibit pathogen inhibition due to their mucosa
adhesion in the colon, colonizing the gastrointestinal
tract. Regular consumption of Lactobacillus promotes
a positive balance in gut microbiota (Jayashree et
al., 2018). Is a fundamental challenge to assure
the viability of probiotics like Lactobacillus and
Bifidobacterium specially in non-diary food matrices.
The latter are formed by probiotics and prebiotics
which can be obtained from fruits pulps, producing
in a synergistic effect (Min et al., 2018. Non-
dairy products are gaining popularity because of
their healthy ingredients like living microorganisms
(probiotics) and antioxidants (phenolic compounds
and flavonoids), which are produced during
secondary metabolism of plants, fruits and non-
digestible carbohydrates (prebiotics and dietary fiber)
(Guimarães et al., 2019; Min et al., 2018; Nagpal et
al., 2012; Do Espírito-Santo et al., 2011).

Microencapsulation is a technology that has
been used to maintain the viability of probiotics
and release antimicrobial metabolites, as well as to
provide protection to phenolic compounds during food
processing and storage (Li et al., 2018; Miller et al.,
2018; Akbas et al., 2017; Pérez-Chabela et al., 2013).
Spray-drying has been used in formulations with
fruit pulps because of its simplicity and scalability
(Macías-Cortés et al., 2020; Robert and Fredes, 2015;
Heidebach et al., 2012). The latter are consequence of
the short exposure time to heat and fast particle drying
during the process, which makes it an attractive and
well-established unit operation for many applications
that can be taken to industrial level. Spray-drying fits
well the drying of a variety of compounds including
heat-sensitive products. Also, in terms of cost, spray-
drying allows a continuous bulk production of dried
foods (Villegas-Santiago et al., 2020).

The aim of this work was to produce
separately microcapsules of M. zapota pulp and
Lactobacillus fermentum A15, by means of spray-
drying process. Further characterization of a gel-
like food prepared with both microcapsules, included
the physicochemical stability, viability of bioactive
compounds and probiotics during storage.

2 Materials and methods

2.1 Raw material and chemicals

Fresh M. zapota fruit in consumption ripeness degree
was purchased from the local market (Guadalajara,
Mexico), washed and disinfected with a NaClO
solution (2 mg/L) for 5 minutes; then, excess water
was drained. Moisture percentage, pH, soluble solids
(°Brix), and acidity of the obtained fresh pulp were
measured. Later, the pulp was blanched for 3 minutes
with distilled water at 95 ºC and cooled into an ice-
water bath at 4 ºC for one minute. The pulp was
extracted and moisture percentage, pH, soluble solids
(°Brix) and acidity were again measured. Phenolic
compounds and antioxidant activity were determined
in fresh and treated samples; the description of
these procedures is presented in following sections.
Finally, the pulp was weighed and packed in plastic
bags, hermetically sealed, and stored at -20 ºC until
use. Maltodextrin (MD) Inamalt 110 (10 DE) was
purchased from Compañía Indrustrializadora de Maíz
(Guadalajara, Mexico).
Lactobacillus fermentum A15 was provided by
Universidad Autónoma de Baja California Sur
(Laboratorio de Ciencia y Tecnología de Alimentos).
From the stored strain, volumes of 3 to 5 mL of MRS
broth at 1% (v/v) were inoculated and incubated for
24 to 48 h at 36 ºC ± 1 ºC. An aliquot was stored with
40% (v/v) glycerol at -80 ºC until use, being a common
routine for sample conservation.

All the chemical reagents were analytical grade
purchased from Sigma-Aldrich (St. Louis, Mo. USA).

2.2 Microencapsulation of Manilkara
zapota fruit pulp by spray-drying

Briefly, fruit pulp was diluted in distilled water
(1:2 w/v) and filtrated thrice using a muslin cloth.
Experimental conditions were set in a spray dryer
(LabPlant, SD-BASIC, UK) with a 0.55 L/h of
drying air flow rate. Optimized conditions to obtain
microcapsules were applied in study, which are: 21%
MD and 130 ºC of inlet temperature and 60 ºC of outlet
temperature.

2.2.1.1 Physicochemical properties

Yield percentage was calculated by weighing the total
mass of powder obtained per unit of liquid solution fed
to the spray dryer.
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The dissolution time (DT) of microencapsulates
was determined by mixing 5 g of the powder in 25
mL of distilled water at 25 ºC, under strong stirring.
DT corresponds to the time needed to observe a full
transparent solution. This sample was used for pH
(Sper Scientific 850051, China) and °Brix evaluation
(Abbe Refractometer DR-A1, Japan). Acidity was
expressed in g of citric acid per 100 g of pulp wet basis
(g CA/100 g w.b.) (AOAC, 2000).

The moisture determination was calculated
according to Tonon et al. (2010). Water activity
value (aw) was determined using an Aqualab Pawkit
(Decagon Devices, USA) using two grams of sample
and placed in a chamber by the dew point principle.
Bulk density (g/cm3) was assessed according to Tonon
et al. (2010). Water Solubility Index (WSI) was
evaluated using the methodology described by Kha
et al. (2010) with some modifications. Briefly, 1 g
of microcapsules and 10 mL of distilled water were
mixed for 5 min in a 15 mL centrifuge tube. Then,
the tube was centrifuged for 25 min at 2,500 rpm
in a Hermle, Labor technik centrifuge Z326. The
supernatant was carefully collected in a pre-weighed
porcelain capsule and oven dried at a temperature of
95 ºC for 24 h. The WSI was calculed as is described:

WS I =
Oven dried sample (g)

Initial weight of microcapsules (g)
]100 (1)

The Water Absorption Index (WAI) was calculated
following the procedure established by Ahmed et al.
(2010); briefly, the pellet obtained from the WSI
determination, was weighted and the determination
was performed as follow:

WAI =
Pellet weight (g)

Initial weight of microcapsules (g)
∗ 100 (2)

Finally, hygroscopicity was determined following
the methodology proposed by Arrazola et al. (2014).
Briefly, several Petri dishes containing 1 g of
microcapsules were stored at 25 ºC, inside a desiccator
having a relative humidity of 75.4%. A saturated NaCl
solution was placed into the desiccator to keep the
humidity constant. Samples were weighed every week
until constant weight was observed. The results are
expressed as g of water per g of dried basis (g/g).

Color variation of samples was evaluated using a
colorimeter CIELAB scale (ColorFlex, USA), using
total color differences (∆E∗ab), calculated from:

∆E∗ab = [(∆L∗)2 + (∆a∗)2 + (∆b∗)2]1/2 (3)

where ∆L∗, ∆a∗ and ∆b∗ is the difference in
color between each standard (maltodextrin) and that
measured on powder samples.

2.2.1.2 Quantification of bioactive compounds

The extraction of bioactive compounds was carried out
using 2 g of microcapsules of M. zapota pulp with 20
mL of a methanolic solution at 60% (v/v), at constant
stirring (120 rpm) for a period of 24 h. Subsequently,
the solution was centrifuged at 3000 rpm for 10 min.
The supernatant was recovered and the pellet was
washed twice with 10 mL of a methanolic solution at
60% (v/v). The supernatants were pooled and filled up
to 50 mL with distilled water, covered with aluminum
foil and stored in darkness. This extract was used to
calculate total phenolic content (TPC), total flavonoid
content (TFC) and antioxidant activity (AA).

A modified Folin-Ciocalteau method was used
to calculate the total phenolic compounds (TPC)
(Singleton et al., 1999). Aliquots of 200 µL from
the above extract were mixed with 1.5 mL of Folin-
Ciocalteau reagent diluted in distilled water (1:10), the
reaction was stopped after 5 minutes and immediately
neutralized with 1.5 mL of NaHCO3 6% (w/v).
Samples were protected against light for 60 min.
Absorbance was recorded at 725 nm by using an UV-
VIS spectrophotometer (UNICO, USA). The standard
curve was obtained using a gallic acid solution with
concentration in the range of 0-250 µg/mL. The results
are expressed as mg of gallic acid equivalent per 100
g of sample on dried basis (mg GAE/100 g d.b.).

Total flavonoid content (TFC) was determined
according to Dewanto et al., (2002). Aliquots of
0.25 mL from the extract were mixed with 1.25 mL
of distilled water, followed by the addition of 75 µL
of NaNO2 5% (w/v). The resulting mixture reacts
during 6 min, and 150 µL of 10% AlCl3 10% (w/v)
were added and further incubation for 5 min takes
place. After incubation, 0.5 mL of 1M NaOH solution
were added. The mixture was filled up to 2.5 mL
with distilled water. The absorbance was measured at
510 nm and calibration curve was determined using
catechin with concentration 0-1000 µg/mL. Data were
expressed as mg of catechin equivalent per 100 g of
sample on dried basis (mg CAE/100 g d.b.).

Antioxidant activity (AA) was assessed using
the free radical DPPH method (Rajauria et al.,
2010; Jimenez-Escrig et al., 2001). The results were
evaluated in terms of efficient concentration (EC50),
which is the concentration of the extract until 50%
of the DPPH radical reduction is achieved. Data were
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expressed as µg of Trolox per 100 g of dried basis (µg
of Trolox /100 g d.b.).

2.2.2 Microencapsulation of probiotic strain

Lactobacillus fermentum A15 was incubated
overnight at 1% (v/v) in 100 mL of MRS broth
at 37 ºC. Cell concentration was adjusted to
108 − 109 CFU/mL by means of the optical density,
measured at 600 nm using a spectrophotometer
(Unico, USA). Cells were retrieved by centrifugation
at 3000 rpm for 10 min at 25 ºC. The supernatant
was discarded and the pellet was washed twice with
PBS. Cell pellet was re-suspended in whey protein
according to the quantity reported in Table 1a.

To obtain the suspension, all the components
reported in Table 1a were mixed. Then, sterile distilled
water was added until viscosity reached 100 cP
(centipoise). The viscosity was measured using a
viscometer (Brookfield, USA) with a needle number 6
at 25 ºC. Immediately, samples were spray-dried using
an inlet temperature of 130 ºC, whereas the outlet

temperature was 60 ºC. The powder was collected,
packed in sealed plastic bags and refrigerated at 4 ºC
until use.

2.2.3 Microencapsulated probiotics incorporation into
food matrix

Table 1b shows gel composition; all the compounds
were added in a beaker with continuous stirring at
50 ºC. The obtained gels were stored in refrigeration
at 4 ºC for a period of 6 weeks. This period of time is
associated with the viability of the microorganisms in
the sample as will be described in the results section.
Moisture, water activity (aw), pH, soluble solids
(°Brix), acidity, viscosity, TPC, TFC, and viability of
probiotics were determined in these samples.

2.2.3.1 Viscosity

Viscosity was measured according to Artiga-Artigas
et al., (2017); 250 g of gel were placed in a beaker
and viscosity was determined in cP using a viscometer
(Brookfield, USA) with a needle number 6, at 25 ºC.

Table 1. Formulations of: a) Suspension of Lactobacillus fermentum A15 before spray-drying and, b) Edible gel of
Manilkara zapota with Lactobacillus fermentum A15.
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2.3 Shelf-life study

2.3.1 Microencapsulated Manilkara zapota pulp

Samples stored at 25 ºC were evaluated for 6 weeks.
At each sampling point, the hygroscopicity, TPC, TFC
and AA, were evaluated according to Flores et al.,
(2014).

2.3.2 Microbial viability

The powder was reconstituted with PBS (1:10 w/v)
and the suspension was maintained at 25 ºC for 12
min in a vortex mixer to disintegrate capsules and
release the cells. Probiotics viability (Lactobacillus
fermentum A15) was counted at 0, 15, 30 and 45 days
of storage at 4 ºC, using 3MTM PetrifilmTM plates
for BAL counting. Colony counts were expressed as
CFU/g.

2.4 Scanning electron microscopy (SEM) and
differential scanning calorimetry (DSC)

The morphology of microcapsules was observed
by field-emission scanning electron microscopy
(FESEM), using a MIRA 3 microscope (Tescan
Instruments, Czech Republic). The glass transition
temperature (Tg) was determined by differential
scanning calorimetry (DSC), using a Discovery
calorimeter (TA Instruments, USA). The DSC
results were analyzed with the TRIOS® software
v4.40. Thermograms were registered from 10 to
100 ºC, with a heating ramp of 10 ºC/min under
nitrogen atmosphere. The first inflection point of the
glass transition was considered as the characteristic
transition temperature.

The glass transition temperature and water
activity were determined to assure processing
and manufacturing conditions. Moreover, these
parameters are related to the product quality, as
well as the stability and safety of any dehydrated
food. Specifically, glass transition temperature was
determined because a change from the glassy to
the rubbery state promotes significant variations on
the mechanical properties of powdered foods. In
this case, caking, stickiness, structural collapse and
crystallization of sugars can occurred. Furthermore,
transition to the rubbery state, decreases the storage
time in weeks, days or even hours (Carter and Smith,
2012).

2.5 Data analysis

All the experiments were conducted in duplicate and
standard deviation (SD) was calculated. Error bars in
the graphs denote ± SD and were drawn with Origin
Pro 8.0 software.

3 Results and discussion

3.1 Physicochemical and antioxidant
properties of fresh, blanched and
microencapsulated M. zapota pulp

Table 2 shows the physicochemical properties
for M. zapota pulp (fresh and blanched) and
microencapsulated M. zapota fruit pulp. It can be
observed that the blanching process does not affect
the properties of fruit pulp regarding moisture content,
pH and acidity levels. Thermal blanching improves
the extraction of bioactive compounds because the
structural changes are promoted by cell membrane
disruption and contribute to the inactivation of
polyphenol oxidase (PPO). However, a reduction in
the values of TPC, TFC and AA is observed, due to
the degradation produced by using a high blanching
temperature. However, in order to decrease the loss
of bioactive molecules, a less harmful process than
blanching can be used, for instance scalding in hot
water for removing the waxy layer.

In this sense, it is worth to mention that blanching
was effective in removing the waxy layer or latex sap
present in the fruit surface, which interferes in the
moisture transfer phenomena occurring during drying
process (Reyes-Gómez et al., 2018; Xiao et al., 2017).

Moreover, from Table 2, a yield of 57.77%
obtained by using the spray-drying conditions of this
study, is one of the highest values achieved for plant
and fruits extractions (da Silva et al., 2019; Looi et al.,
2019). About a moisture content of 6.65%, measured
on microencapsulated M. zapota pulp, is attributable
to hydrophilic groups from MD (Niamnuy et al.,
2019). Moreover, high percentages of MD determine
the powder moisture content, because water molecules
cannot completely diffuse through MD molecules,
which is a non-hygroscopic compound. Consequently,
the addition of MD provides low hygroscopicity to the
desired final product (Goula and Adamopoulos, 2010;
Fontes et al., 2014).
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Table 2. Physicochemical properties of fresh or blanched Manilkara zapota (above) and, microencapsulated M.
zapota pulp and the probiotic L. fermentum A15 (below).

(1) w.b.: wet basis; (2) GAE: Gallic Acid Equivalent; (3) d.b.: dried basis; (4) CAE: Catechin Equivalent.

The water activity value (aw) of microcapsules
measured in this work was 0.31. This value is
commonly obtained when an inlet air temperature of
around 130 ºC and MD as carrier agent are used
in spray-drying process. aw values lower than 0.6
mitigates the deterioration of microcapsules produced
by microorganisms and biochemical reactions (Mishra
et al., 2017; Kha et al., 2010). Regarding bulk density,
an average value of 0.67 g/cm3 measured in this

work can be attributed to the increase on the total
solids feed, leading to a higher sample viscosity.
Furthermore, higher concentrations of MD produce
spherical particles of thicker walls or solid spheres,
which have higher bulk densities (Jumah et al., 2000).

The ability of the powder to be dissolved in water
is represented as WSI, which in our samples was
90.71%. Meanwhile, the ability of a sample to re-
associate with water under limited water conditions
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is represented as WAI (Water Absorption Index)
(66.03% in this work). The high value of WSI is
related to its low protein content, which is attributed to
the low protein content of fruit (Nishad et al., 2017).

The WAI of M. zapota microcapsules was 66%,
similar to that reported by Ahmed et al. (2010). This
parameter is associated to the ability of MD to form
external layers over the surface of droplets, promoting
their stickiness by the transition to the glassy state. On
the other hand, the dissolution time recorded in this
work (138 s) is inversely related to WSI, which means
that high WSI values resulted in shorter dissolution
times. About the color evaluation of samples, MD was
used as a blank, which serve to determine differences
in color. ∆E value calculated in this study was at
approximately 3.03, which is within the threshold
value of ∆E (>3) from which a consumer identifies
a change in color. It is worth to mention that smaller
changes in color cannot be noticed by a human eye
(Fontes et al., 2014).

3.2 Shelf-life of Manilkara zapota
microcapsules obtained by spray-
drying

The stability of powders was evaluated in terms of
hygroscopicity, on samples preserved at 25 ºC for 60
days, at a relative humidity of 75.4%; Fig. 1a shows
the corresponding graph. It can be observed that the
maximum value was reached during the first week,
and further stabilization is related to the protective
role of MD. Hygroscopicity can be explained in
terms of glass transition temperature (Tg), because an
inverse relationship between Tg and hygroscopicity
has been reported in the literature. Then, high Tg
is associated to powders of low hygroscopicity; in
particular, several studies have demonstrated that MD
displays this behavior (Ramakrishnan et al., 2018).
The Tg curve obtained in this work can be observed
in Fig. 3.

Regarding the results obtained from bioactive
compounds, they correspond to powders preserved
at 25 ºC for 35 days. The TPC values were in the
ranged of 325.97 to 377.30 mg GAE/100 g of dry
basis, whereas the loss percentage of polyphenols
was 13.6%, which can be observed in Fig. 1b, left
y-axis. The range of flavonoid content was from
175.06 to 184.72 mg CAE/100 g of dry basis, with
a loss of 5.23%, as shown in Fig. 1b, right y-
axis. Besides, the change on AA was from 8.84 to
7.82 µg Trolox/100 g of dry basis, reaching 50% of

inhibition; a loss percentage of 11.53 can be seen in
Fig. 1c. In this regard, the results obtained in this
work display a similar trend when MD is employed as
wall material. In this sense, MD has a great capacity
to stabilize bioactive compounds (Bakowska-Barczak
and Kolodziejczyk, 2011).

Fig. 1. Shelf-life of microencapsulated M. zapota
pulp (a) higroscopicity, (b) Total Polyphenolic Content
(TPC) and Total Flavoinod Content (TFC) and, (c)
Antioxidant Activity (AA). Samples were stored at
25 ºC. Each point represents a mean value of 2
measurements. Errors bars denote standard deviation.
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Fig. 2. SEM micrographs of: a) Microencapsulated M. zapota and, b) Microencapsulated Lactobacillus fermentum
A15.

3.3 Morphology and glass transition
temperature

Fig. 2a shows the morphology of M. zapota
microcapsules, which corresponds to microspheres
without roughness and absence of collapsed particles.
The size distribution ranged from 2 to 5 µm. In
general, the morphology observed in Fig. 2a is typical
of powders of fruit pulps obtained by the spray-
drying process (Begum and Deka, 2016). Fig. 2b
shows the morphology of probiotic microcapsules,
which present swollen and shrunken particles, but
not cracked. This microstructure is consequence of
using a low and medium inlet air temperatures
in the range of 74-150 ºC. However, when higher
inlet air temperatures are used (153-200 ºC), the
capsules display porosity and stiffness, which means
that capsule rupture can be involved (Pérez-Alonso
et al., 2015). In both samples, encapsulated fruit
pulp and probiotic microspheres, the absence of
fractures is remarkable, revealing the formation of a
strong physical barrier of low gas permeability, which
delays unwanted oxidation or release of probiotics
or bioactive compounds. These results indicate that
microencapsulation was an effective process to keep
the integrity of the target compounds (Corrêa-Filho et
al., 2019; Fazilah et al., 2019).

As it was mentioned before, sticky materials are
the result of a change to the amorphous state, from

glassy to rubberlike liquid form. In this sense, the
glass transition temperature (Tg) is a second-order
transition which represents a variation of the specific
heat capacity (∆Cp), and for practical purposes, it is a
good parameter to determine the quality and stability
of the final microencapsulated product (Huang et al.,
2014).

Fig. 3 shows typical heat flow vs. temperature
graphs obtained from our samples, where the curve
a) corresponds to microencapsulated M. zapota and
b) was recorded from microencapsulated probiotic.
Both curves display an inflection (Tg, midpoint) which
represents the glass transition temperature.

The onset point for curve a) was 48.59 ºC, with
a midpoint at 49.06 ºC and endpoint at 49.23 ºC.
For curve b) these values were: 48.51 ºC, 48.86 ºC
and 49.11 ºC, respectively. The onset Tg of glass
transition plays a key role in food processing since
above this temperature, products are subjected to
adverse changes in their properties (Zaitoon et al.,
2016). Moreover, for fruit juices which have a low
molecular weight, the influence of sugars in pulps
promotes a sticky behavior, associated with their
glass transition temperature (Hashib et al., 2015). On
the other hand, bacterial protection by dehydration
phenomena is explained by the water replacement
theory, the hypothesis of hydration forces or the
vitrification theory (Menzink et al., 2017; Dianawati
et al., 2013; Sakurai et al., 2008).
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Fig. 3. DSC thermograms of: a) Microencapsulated M. zapota and, b) Microencapsulated Lactobacillus fermentum
A15.

Table 3. Physicochemical and antioxidant properties of edible gels: i) Manilkara zapota without encapsulation
(Blank), ii) microencapsulated M. zapota (MCG) and, iii) microencapsulated M. zapota and probiotic (MCG + P)

at 0 and 42 days of storage time (average values, n=2).

(1) CA: Citric Acid; (2) GAE: Gallic Acid Equivalent; (3) CAE: Catechin Equivalent; (4) w.b.: wet basis.

Therefore, the vitreous state (amorphous) of food
ingredients and probiotics will become sticker after
decrease on their moisture content. In this work, the
glass transition temperature of microencapsulates was
above room temperature, which is associated to the
protective role of maltodextrin. On the other hand, for
inulin, sodium alginate and whey protein a Tg onset
of around 48.5 ºC has been measured, which indicates
that bioactive compounds and probiotic cells are
shielded by a glassy matrix, with improved stability
of their physicochemical properties.

3.4 Antioxidant and physicochemical
properties of edible gels

Table 3 shows the physicochemical and antioxidant
properties of: 1) gel made with M. zapota without
encapsulation (Blank), 2) microencapsulated M.
zapota gel (MCG) and 3) microencapsulated M.
zapota and probiotic gel (MCG + P) at the end of
storage time (42 days).

Regarding the aw parameter, which is related to
shelf-life, the values followed the next order: (Blank >
MCG > MCG + P), due to the structure of core-wall
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materials. It is noticeable that the three edible gels
have range values between 0.97 and 0.99, which are
commonly measured on fresh M. zapota pulp (Salleh
et al., 2017).

The final acidity of MCG + P gel (3.95) was
higher than that measured on the blank sample (2.90),
probably due to probiotic fermentation. However, no
significant change of pH was noticed on these samples
(2.90 and 3.05, for MCG + P and blank samples,
respectively). According to the literature, the growth
and viability of probiotic bacteria in fruits beverages
and food matrixes depend on the bacterial strain. This
means that if pH decreases, a negative impact on
probiotic viability can be observed (Shori, 2016). In
relation to soluble solids, a significant increase in
the order MCG + P > MCG > Blank was detected,
possibly due to the amount of sugars contained in these
samples. In addition to that, an increase on viscosity
was observed by decreasing the moisture content.

It can also be mentioned that TPC and TFC were
not detected on Blank gel; however, they were found
in MCG, thus it is possible to conclude that the
microencapsulation of M. zapota pulp was favorable
for the protection of the bioactive compounds. On the
other hand, MCG+P showed a decrease on the amount
of TPC and TFC, probably due that they served as a
substrate for probiotics (Reddy et al., 2018).

3.5 Survival of probiotic bacteria

Cell survival of encapsulated probiotics and edible gel
with microencapsulated M. zapota and Lactobacillus
fermentum A15 (MCG + P) were > 1.0 × 107 CFU/g
(Table 4), at the end of 45 days of storage. Hence,
it is highly probable that their consumption as
functional probiotic food remained viable in the gut
(1.0× 106 CFU/g) and display their beneficial effects.

Table 4. Average of probiotic Log CFU counts (n=3)
at 4°C.

It is well known that the growth of specific
colonic bacteria, such as Lactobacillus spp., has
healthy results in humans, i.e. producing a decrease
on blood glucose, regulation of lipid homeostasis and
immunomodulation (García-Gamboa et al., 2020).

Conclusions

Our results indicate that fruit pulp from M.
zapota is rich in bioactive compounds, and their
microencapsulation by spray-drying process using
MD allowed their preservation during storage
conditions. Furthermore, the survival of Lactobacillus
fermentum A15 microcapsules during its shelf-life
shows acceptable physicochemical parameters that
assure product applicability. Thus, the combination
of these microcapsules in an edible gel resulted in
an interesting and healthy proposal of a non-dairy
and functional food, which may be of particular
importance to people with lactose intolerance, dairy
allergies or gut microbiota disorders, but for all
consumers as well.

Acknowledgements

This research was supported by the Mexican Council
of Science and Technology. Flores-Nuño thanks to
CONACyT for her M.Sc. scholarship # 606452.

References

Ahmed, M., Akter, M.S., Lee, J.C., Eun, J.B.
(2010). Encapsulation by spray drying of
bioactive components, physicochemical and
morphological properties from purple sweet
potato. LWT - Food Science and Technology
43, 1307-1312. https://doi.org/10.1016/
j.lwt.2010.05.014

Akbas, E., Kilercioglu, M., Onder, O.N., Koker, A.,
Soyler, B., Oztop, M.H. (2017). Wheatgrass
juice to wheat grass powder: Encapsulation,
physical and chemical characterization. Journal
of Functional. Foods 28, 19-27. https://doi.
org/10.1016/j.jff.2016.11.010

AOAC (2000). Official methods of Analysis of
A.O.A.C. international; agricultural, chemicals,

644 www.rmiq.org

https://doi.org/10.1016/j.lwt.2010.05.014 
https://doi.org/10.1016/j.lwt.2010.05.014 
https://doi.org/10.1016/j.jff.2016.11.010 
https://doi.org/10.1016/j.jff.2016.11.010 


Martínez-Preciado et al./ Revista Mexicana de Ingeniería Química Vol. 20, No. 2 (2021) 635-648

contaminants, drugs, 17a Edición, Maryland,
E.E.U.U.

Arrazola, G., Herazo, I., Alvis, A. (2014).
Microencapsulación de antocianinas de
berenjena (Solanum melongena L.) mediante
secado por aspersión y evaluación de
la estabilidad de su color y capacidad
antioxidante. Revista Información Tecnológica
25, 31-42. https://doi.org/10.4067/
S0718-07642014000300006

Artiga-Artigas, M., Acevedo-Fani, A., Martín-
Belloso, O. (2017). Effect of sodium
alginate incorporation procedure on the
physicochemical properties of nanoemulsions.
Food Hydrocolloids 70, 191-200. https:
//doi.org/10.1016/j.foodhyd.2017.04.
006

Bakowska-Barczak, A.M., Kolodziejczyk, P.P.
(2011). Black currant polyphenols: Their
storage stability and microencapsulation.
Industrial Crops and Products 34, 1301-1309.
https://doi.org/10.1016/j.indcrop.
2010.10.002

Begum, Y.A., Deka, S.C. (2016). Stability of spray-
dried microencapsulated anthocyanins extracted
from culinary banana bract. International
Journal of Food Properties 20, 3135-3148.
https://doi.org/10.1080/10942912.
2016.1277739

Carter, B. P., & Schmidt, S. J. (2012). Developments
in glass transition determination in foods using
moisture sorption isotherms. Food Chemistry
132, 1693-1698. https://doi.org/10.
1016/j.foodchem.2011.06.022

Corrêa-Filho, L.C., Lourenço, M.M., Moldão-
Martins, M., Alves, V.D. (2019).
Microencapsulation of β-carotene by spray
drying: Effect of wall material concentration and
drying inlet temperature. International Journal
of Food Science Article ID 8914852, 1-13.
https:/doi.org/10.1155/2019/8914852

da Silva S. C., Fernandes, I.P., Barros, L.,
Fernandes, Â., Alves, M.J., Calhelha, R.C.,
Pereira C., Barreira, J.C.M., Manrique, Y.,
Colla, E., Ferreira, I.C.F.R., Barreiro, M.F.
(2019). Spray-dried Spirulina platensis as
an effective ingredient to improve yogurt

formulations: Testing different encapsulating
solutions. Journal of Functional Foods 60,
1756-4646. https://doi.org/10.1016/j.
jff.2019.103427

Dewanto, V., Wu, X., Adom, K.K., Liu, R.H. (2002).
Thermal processing enhances the nutritional
value of tomatoes by increasing total antioxidant
activity. Journal of Agricultural and Food
Chemistry 50, 3010-3014. https://doi.org/
10.1021/jf0115589

Dianawati, D., Mishra, V., Shah, N.P. (2013).
Effect of drying methods of microencapsulated
Lactobacillus acidophilus and Lactococcus
lactis ssp. cremoris on secondary protein
structure and glass transition temperature as
studied by Fourier transform infrared and
differential scanning calorimetry. Journal of
Dairy Science 96, 1419-1430. https://doi.
org/10.3168/jds.2012-6058

do Espírito-Santo, A.P., Perego, P., Converti, A.,
Oliveira, M.N. (2011). Influence of food
matrices on probiotic viability - A review
focusing on the fruity bases. Trends in Food
Science and Technology 22, 377-385. https:
//doi.org/10.1016/j.tifs.2011.04.008

Fazilah, N.F., Hamidon, N.H., Ariff, A.B.,
Khayat, M.E., Wasoh, H., Halim, M. (2019).
Microencapsulation of Lactococcus lactis Gh1
with gum arabic and Synsepalum dulcificum
via spray drying for potential inclusion in
functional yogurt. Molecules 24, 1422. https:
//doi.org/10.3390/molecules24071422

Flores, F.P., Singh, R.K., Kong, F. (2014). Physical
and storage properties of spray-dried blueberry
pomace extract with whey protein isolate as wall
material. Journal of Food Engineering 137, 1-6.
https://doi.org/10.1016/j.jfoodeng.
2014.03.034

Fontes, C.P.M.L., Silva, J.L.A., Sampaio-Neta,
N.A., da Costa, J.M.C., Rodrigues, S.
(2014). Dehydration of prebiotic fruit drinks
by spray drying: operating conditions and
powder characterization. Food and Bioprocess
Technology 7, 2942-2950. https://doi.org/
10.1007/s11947-014-1343-5

Goula, A.M., Adamopoulos, K.G. (2010). A
new technique for spray drying orange juice

www.rmiq.org 645

https://doi.org/10.4067/S0718-07642014000300006 
https://doi.org/10.4067/S0718-07642014000300006 
https://doi.org/10.1016/j.foodhyd.2017.04.006 
https://doi.org/10.1016/j.foodhyd.2017.04.006 
https://doi.org/10.1016/j.foodhyd.2017.04.006 
https://doi.org/10.1016/j.indcrop.2010.10.002 
https://doi.org/10.1016/j.indcrop.2010.10.002 
https://doi.org/10.1080/10942912.2016.1277739 
https://doi.org/10.1080/10942912.2016.1277739 
https://doi.org/10.1016/j.foodchem.2011.06.022 
https://doi.org/10.1016/j.foodchem.2011.06.022 
https:/doi.org/10.1155/2019/8914852 
https://doi.org/10.1016/j.jff.2019.103427 
https://doi.org/10.1016/j.jff.2019.103427 
https://doi.org/10.1021/jf0115589 
https://doi.org/10.1021/jf0115589 
https://doi.org/10.3168/jds.2012-6058 
https://doi.org/10.3168/jds.2012-6058 
https://doi.org/10.1016/j.tifs.2011.04.008 
https://doi.org/10.1016/j.tifs.2011.04.008 
https://doi.org/10.3390/molecules24071422 
https://doi.org/10.3390/molecules24071422 
https://doi.org/10.1016/j.jfoodeng.2014.03.034 
https://doi.org/10.1016/j.jfoodeng.2014.03.034 
https://doi.org/10.1007/s11947-014-1343-5 
https://doi.org/10.1007/s11947-014-1343-5 


Martínez-Preciado et al./ Revista Mexicana de Ingeniería Química Vol. 20, No. 2 (2021) 635-648

concentrate. Innovative Food Science and
Emerging Technologies 11, 342-351. https://
doi.org/10.1016/j.ifset.2009.12.001

Guimarães, G.M., Soares, L.A., Silva, T.N.L.,
De Carvalho, I.L.Q., Valadares, H.M.S.,
Sodré, C.A., Gonçalves, D.B., Neumann, E.,
Da Fonseca, F.G., Vinderola, G., Granjeiro,
P.A., De Magalhães, J.T. (2019). Cocoa
pulp as alternative food matrix for probiotic
delivery. Recent Patents on Food, Nutrition
and Agriculture 9, 1-9. https://doi.org/
10.2174/2212798410666190408151826

Hashib, S.A., Rahman, N.A., Suzihaque, M.U.H.,
Ibrahim, U.K., Hanif, N.E. (2015). Effect of
slurry concentration and inlet temperature
towards glass temperature of spray dried
pineapple powder. Procedia Social and
Behavioral Sciences 195, 2660-2667. https:
//doi.org/10.1016/j.sbspro.2015.06.
472

Heidebach, T., Först, P., Kulozik, U. (2012).
Microencapsulation of probiotic cells for food
applications. Critical Reviews in Food Science
and Nutrition 52, 291-311. https://doi.
org/10.1080/10408398.2010.499801

Huang, H., Hao, S., Li, L., Yang, X., Cen,
J., Lin W., Wei, Y. (2014). Influence of
emulsion composition and spray-drying
conditions on microencapsulation of tilapia
oil. Journal of Food Science and Technology
51, 2148-2154. https://doi.org/10.1007/
s13197-012-0711-2

Jayashree, S., Karthikeyan, R., Nithyalakshmi, R.,
Ranjani, J., Gunasekaran, P., Rajendhran, J.
(2018). Anti-adhesion property of the potential
probiotic strain Lactobacillus fermentum 8711
against methicillin-resistant Staphylococcus
aureus (MRSA). Frontiers in Microbiology
9, 1-9. https://doi.org/10.3389/fmicb.
2018.00411

Jimenez-Escrig, A., Jimenez-Jimenez, I., Pulido, R.,
Saura-Calixo, F. (2001). Antioxidant activity of
fresh and processed edible seaweeds. Journal of
Science of Food and Agriculture 81, 530-534.
https://doi.org/10.1002/jsfa.842

Jumah, R.Y., Tashtoush B., Shaker R.R., Zraiy A.F.
(2000). Manufacturing parameters and quality

characteristics of spray dried jameed. Drying
Technology 18, 967-984. https://doi.org/
10.1080/07373930008917747

Kha, T., Nguyen, M., Roach, P. (2010). Effects of
spray drying conditions on the physicochemical
and antioxidant properties of the Gac
(Momordica cochinchinensis) fruit aril powder.
Journal of Food Engineering, 385-392. https:
//doi.org/10.1016/j.jfoodeng.2010.
01.016

Li, Y., Tang, B., Chen, J., Lai, P. (2018).
Microencapsulation of plum (Prunus salicina
Lindl.) phenolics by spray drying technology
and storage stability. Journal of Food Science
and Technology 38, 530-536. https://doi.
org/10.1590/1678-457x.09817

Looi, Y.F., Ong, S.P., Julkifle, A., Alias, M.S. (2019).
Effects of pretreatment and spray drying on
the physicochemical properties and probiotics
viability of Moringa (Moringa oleifera Lam)
leaf juice powder. Journal of Food Processing
and Preservation 43, e13915. https://doi.
org/10.1111/jfpp.13915

Macías-Cortés, E., Gallegos-Infante, J. A., Rocha-
Guzmán, N. E., Moreno-Jiménez, M. R.,
Medina-Torres, L., & González-Laredo, R.
F. (2020). Microencapsulation of phenolic
compounds: technologies and novel polymers.
Revista Mexicana De Ingeniería Química
19, 491-521. https://doi.org/10.24275/
rmiq/Alim642

Menzink, M.A., Frijlink, H.W., Maarschalk, K.V.,
Hinrichs, W.L.J. (2017). How sugars protect
proteins in the solid state and during drying
(review): Mechanisms of stabilization in
relation to stress conditions. European Journal
of Pharmaceutics and Biopharmaceutics 114,
288-295. https://doi.org/10.1016/j.
ejpb.2017.01.024

Miller, N., De Beer, D., Aucamp, M., Malherbe, C.J.,
Joubert, E. (2018). Inulin as microencapsulating
agent improves physicochemical properties
of spray-dried aspalathin-rich green rooibos
(Aspalathus linearis) extract with α-glucosidase
inhibitory activity. Journal of Functional Foods
48, 400-409. https://doi.org/10.1016/j.
jff.2018.07.028

646 www.rmiq.org

https://doi.org/10.1016/j.ifset.2009.12.001 
https://doi.org/10.1016/j.ifset.2009.12.001 
https://doi.org/10.2174/2212798410666190408151826 
https://doi.org/10.2174/2212798410666190408151826 
https://doi.org/10.1016/j.sbspro.2015.06.472 
https://doi.org/10.1016/j.sbspro.2015.06.472 
https://doi.org/10.1016/j.sbspro.2015.06.472 
https://doi.org/10.1080/10408398.2010.499801 
https://doi.org/10.1080/10408398.2010.499801 
https://doi.org/10.1007/s13197-012-0711-2 
https://doi.org/10.1007/s13197-012-0711-2 
https://doi.org/10.3389/fmicb.2018.00411 
https://doi.org/10.3389/fmicb.2018.00411 
https://doi.org/10.1002/jsfa.842 
https://doi.org/10.1080/07373930008917747 
https://doi.org/10.1080/07373930008917747 
https://doi.org/10.1016/j.jfoodeng.2010.01.016 
https://doi.org/10.1016/j.jfoodeng.2010.01.016 
https://doi.org/10.1016/j.jfoodeng.2010.01.016 
https://doi.org/10.1590/1678-457x.09817 
https://doi.org/10.1590/1678-457x.09817 
https://doi.org/10.1111/jfpp.13915 
https://doi.org/10.1111/jfpp.13915 
https://doi.org/10.24275/rmiq/Alim642 
https://doi.org/10.24275/rmiq/Alim642 
https://doi.org/10.1016/j.ejpb.2017.01.024 
https://doi.org/10.1016/j.ejpb.2017.01.024 
https://doi.org/10.1016/j.jff.2018.07.028 
https://doi.org/10.1016/j.jff.2018.07.028 


Martínez-Preciado et al./ Revista Mexicana de Ingeniería Química Vol. 20, No. 2 (2021) 635-648

Min, M., Bunt, C.R., Mason, S.L., Hussain, M.A.
(2018). Non-dairy probiotic food products:
An emerging group of functional foods.
Critical Reviews in Food Science and Nutrition
59, 2626-2641. https://doi.org/10.1080/
10408398.2018.1462760

Mishra, P., Brahma, A., Seth, D. (2017).
Physicochemical, functionality and storage
stability of hog plum (Spondia pinnata)
juice powder produced by spray drying.
Journal of Food Science and Technology 54,
1052-1061. https://doi.org/10.1007/
s13197-017-2531-x

Nagpal, R., Kumar, A., Kumar, M., Behare, P.V.,
Jain, S., Yadav, H. (2012). Probiotics, their
health benefits and applications for developing
healthier foods: a review. FEMS Microbiology
Letters 334, 1-15. https://doi.org/10.
1111/j.1574-6968.2012.02593.x

Niamnuy, C., Poomkokrak J., Dittanet, P.,
Devahastin, S. (2019). Impacts of spray
drying conditions on stability of isoflavones
in microencapsulated soybean extract. Drying
Technology 37, 1844-1862. https://doi.
org/10.1080/07373937.2019.1596120

Nishad, J., Selvan, C.J., Mir, S.A., Bosco,
S.J.D. (2017). Effect of spray drying on
physical properties of sugarcane juice powder
(Saccharum officinarum L.). Journal of Food
Science and Technology 54, 687-697. https:
//doi.org/10.1007/s13197-017-2507-x

Pérez-Alonso, C., Campos-Montiel, R.G.,
Morales-Luna, E., Reyes-Munguía, A.,
Aguirre-Álvarez, G., Pimentel-González,
D.J. (2015). Stabilization of phenolic
compounds from Opuntia oligacantha Först by
microencapsulation with agave SAP (aguamiel).
Revista Mexicana de Ingeniería Química
14, 578-588. https://www.redalyc.org/
articulo.oa?id=62043088002 Accessed 5
September 2019

Pérez-Chabela, M.L., Lara-Labastida, R., Rodriguez-
Huezo, E., Totosaus, A. (2013). Effect of
spray drying encapsulation of thermotolerant
lactic acid bacteria on meat batters
properties. Food and Bioprocess Technology
6, 1505-1515. https://doi.org/10.1007/
s11947-012-0865-y

Rajauria, G., Jaisawal, A., Abu-Ghannam, N., Gupta,
S. (2010). Effect of hydrothermal processing on
colour, antioxidant and free radical scavenging
capacities of edible Irish brown seaweeds.
International Journal of Food Science and
Technology 45, 2485-2493. https://doi.
org/10.1111/j.1365-2621.2010.02449.x

Ramakrishnan, Y., Adzahan, N.M., Yusof, Y.A.,
Muhammad, K. (2018). Effect of wall materials
on the spray drying efficiency, powder
properties and stability of bioactive compounds
in tamarillo juice microencapsulation. Powder
Technology 328, 406-414. https://doi.org/
10.1016/j.powtec.2017.12.018

Reddy, L.V., Wee, Y.J., Narala, V.R., Joshi,
V. (2018). Development of new probiotic
foods-A case study on probiotic juices.
Therapeutic, Probiotic, and Unconventional
Foods, 55-78. https://doi.org/10.1016/
B978-0-12-814625-5.00004-2

Reyes-Gómez, S., Montiel, R., Tlenkopatchev,
M.A. (2018). Chicle Gum from sapodilla
(Manilkara zapota) as a renewable resource
for metathesis transformations. Journal of the
Mexican Chemical Society 62, 00007. https:
//doi.org/10.29356/jmcs.v62i1.581

Robert, P., Fredes, C. (2015). The encapsulation
of anthocyanins from berry-type fruits. Trends
in foods. Molecules 20, 5875-5888. https://
doi.org/10.3390/molecules20045875

Sakurai, M., Furuki, T., Akao, K.I., Tanaka, D.,
Nakahara, Y., Kikawada, T., Watanabe, M.,
Okuda, T. (2008). Vitrification is essential
for anhydrobiosis in an African chironomid,
Polypedilum vanderplanki. Proceedings of the
National Academy of Sciences of the United
States of America 105, 5093-5098. https://
doi.org/10.1073/pnas.0706197105

Salleh, R.M., Ying, T.L., Mousavi, L. (2017).
Development of fruit bar using sapodilla
(Manilkara zapota L.). Journal of Food
Processing and Preservation 41, e12806.
https://doi.org/10.1111/jfpp.12806

Shori, A.B. (2016). Influence of food matrix on
the viability of probiotic bacteria: A review
based on dairy and non-dairy beverages. Food
Bioscience 13, 1-8. https://doi.org/10.
1016/j.fbio.2015.11.001

www.rmiq.org 647

https://doi.org/10.1080/10408398.2018.1462760 
https://doi.org/10.1080/10408398.2018.1462760 
https://doi.org/10.1007/s13197-017-2531-x 
https://doi.org/10.1007/s13197-017-2531-x 
https://doi.org/10.1111/j.1574-6968.2012.02593.x 
https://doi.org/10.1111/j.1574-6968.2012.02593.x 
https://doi.org/10.1080/07373937.2019.1596120 
https://doi.org/10.1080/07373937.2019.1596120 
https://doi.org/10.1007/s13197-017-2507-x 
https://doi.org/10.1007/s13197-017-2507-x 
https://www.redalyc.org/articulo.oa?id=62043088002
https://www.redalyc.org/articulo.oa?id=62043088002
https://doi.org/10.1007/s11947-012-0865-y 
https://doi.org/10.1007/s11947-012-0865-y 
https://doi.org/10.1111/j.1365-2621.2010.02449.x 
https://doi.org/10.1111/j.1365-2621.2010.02449.x 
https://doi.org/10.1016/j.powtec.2017.12.018 
https://doi.org/10.1016/j.powtec.2017.12.018 
https://doi.org/10.1016/B978-0-12-814625-5.00004-2 
https://doi.org/10.1016/B978-0-12-814625-5.00004-2 
https://doi.org/10.29356/jmcs.v62i1.581 
https://doi.org/10.29356/jmcs.v62i1.581 
https://doi.org/10.3390/molecules20045875 
https://doi.org/10.3390/molecules20045875 
https://doi.org/10.1073/pnas.0706197105 
https://doi.org/10.1073/pnas.0706197105 
https://doi.org/10.1111/jfpp.12806 
https://doi.org/10.1016/j.fbio.2015.11.001 
https://doi.org/10.1016/j.fbio.2015.11.001 


Martínez-Preciado et al./ Revista Mexicana de Ingeniería Química Vol. 20, No. 2 (2021) 635-648

Shui, G., Peng-Wong, S., Peng-Leong, L. (2004).
Characterization of Antioxidants and Change of
Antioxidant Levels during Storage of Manilkara
zapota L. Journal of Agricultural and Food
Chemistry 52, 7834-7841. https://doi.org/
10.1021/jf0488357

Singleton, V.L., Orthofer, R., Lamuela-Raventós,
R.M. (1999). Analysis of total phenols and
other oxidation substrates and antioxidants
by means of folin-ciocalteu reagent. Methods
in Enzymology 299, 152-178. https://doi.
org/10.1016/S0076-6879(99)99017-1

Tonon, R., Brabet, C., Hubinger, M. (2010).
Anthocyanin stability and antioxidant activity of
spray-dried açai (Euterpe oleracea Mart.) juice
produced with different carrier agents. Food
Research International 43, 907-914. https:
//doi.org/10.1016/j.foodres.2009.12.
013

Villegas-Santiago, J., Gómez-Navarro, F.,
Dominguez-Niño, A., García-Alvarado, M. A.,

Salgado-Cervantes, M. A., & Luna-Solano, G.
(2020). Effect of spray-drying conditions on
moisture content and particle size of coffee
extract in a prototype dryer. Revista Mexicana
de Ingeniería Química 19, 767-781. https:
//doi.org/10.24275/rmiq/Proc767

Xiao, H.W., Pan Z., Deng L.Z., El-Mashad, H.M.,
Yang, X.H., Mujumdar, A.S., Zhen-Jiang, G.,
Qian, Z. (2017). Recent developments and
trends in thermal blanching - A comprehensive
review. Information Processing in Agriculture
4, 101-127. https://doi.org/10.1016/j.
inpa.2017.02.001

Zaitoon, A.M., Elansari, A.M., Ahmed, Y.S., Taha,
N.A. (2016). Phase transitions of samani
date palm (Phoenix dactylifera L.) fruit
using differential scanning calorimeter (DSC).
Emirates Journal of Food and Agriculture 28,
625-632. https://doi.org/10.9755/ejfa.
2015-10-806

648 www.rmiq.org

https://doi.org/10.1021/jf0488357 
https://doi.org/10.1021/jf0488357 
https://doi.org/10.1016/S0076-6879(99)99017-1 
https://doi.org/10.1016/S0076-6879(99)99017-1 
https://doi.org/10.1016/j.foodres.2009.12.013 
https://doi.org/10.1016/j.foodres.2009.12.013 
https://doi.org/10.1016/j.foodres.2009.12.013 
https://doi.org/10.24275/rmiq/Proc767 
https://doi.org/10.24275/rmiq/Proc767 
https://doi.org/10.1016/j.inpa.2017.02.001 
https://doi.org/10.1016/j.inpa.2017.02.001 
https://doi.org/10.9755/ejfa.2015-10-806
https://doi.org/10.9755/ejfa.2015-10-806

	 Introduction
	Materials and methods
	Raw material and chemicals
	Microencapsulation of Manilkara zapota fruit pulp by spray-drying

	Results and discussion
	Physicochemical and antioxidant properties of fresh, blanched and microencapsulated M. zapota pulp
	Shelf-life of Manilkara zapota microcapsules obtained by spray-drying
	Morphology and glass transition temperature
	Antioxidant and physicochemical properties of edible gels
	Survival of probiotic bacteria


