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ature and packaging materials on
the shelf-life stability and in vitro properties of
microencapsulated and spray-dried synbiotic
legume-based instant beverage powder

Smriti Chaturvedi and Snehasis Chakraborty *

The aim of the work was to investigate the effect of different packaging materials and storage temperatures

on the stability and in vitro properties of microencapsulated spray-dried synbiotic kidney-mung bean

beverage (KMB) powder. The formulation for the synbiotic KMB powder has been explored in our

previous work. The present study focuses on the evaluation of the shelf-life of the same synbiotic KMB

powder. The synbiotic powder was packed in polypropylene and aluminum laminates and stored at 25,

30, and 35 °C. The survivability of probiotic Lacticaseibacillus casei in encapsulated spray-dried powder

was studied under simulated gastric conditions for 70 days. At all three storage temperatures, the count

remained >108 CFU mL−1 for the first 21 days. Additionally, moisture content increased and color value

(L*) decreased with increasing storage time, irrespective of packaging material. The encapsulated

synbiotic powder in Al-laminate pouches also showed better prebiotic activity when compared to PP

laminates. An acceptable sensory score (6 out of 10) and low microbial load (<106 CFU mL−1) also

suggested that the shelf life of synbiotic KMB powder in polypropylene and aluminum laminates was 63,

35, and 35 days at 25, 30, and 35 °C, respectively.
Sustainability spotlight

Recently, consumers' awareness towards more sustainable and healthy food products has led to major advances in the food industry. Among these, the
incorporation of functional foods like synbiotic products into daily dietary patterns has received acceptance by most consumers. However, the market lacks
options concerning synbiotic food items owing to the limited prebiotic sources. Nonetheless, with the use of legumes as a rich source of prebiotic components,
a synbiotic ready-to-reconstitute beverage powder can be developed. The presented research work investigated the shelf life of developed synbiotic legume-based
instant beverage powder to come up with the best packaging materials and storage temperatures for maintaining the required stability and in vitro properties of
the microencapsulated spray-dried synbiotic beverage powder. Such a product not only serves as an instant food item but also provides dietary options to those
who have conditions like lactose intolerance and dairy allergy, or those who follow veganism in general. In addition, the health benets associated with probiotic
components also enhance the gut metabolism and help maintain overall health.
Introduction

Recently, the functional foods industry has gained a lot of
consumer attention with more focus on synbiotic foods. Such
foods are a combination of two components, namely, pro-
biotics and prebiotics, where the former is a viable benecial
microorganism that exhibits numerous health benets to
humans. At the same time, the latter provides a source of
nutrition to probiotics and a matrix for delivery. While both
components exhibit a synergistic mechanism, the product as
a whole can be utilized as a healthy, nutritious functional
food. Themost common foodmatrices used to carry probiotics
ology, Institute of Chemical Technology,
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4, 2, 162–174
include dairy products such as milk, yogurt, ice creams, and
fruit & vegetable juices.1,2 However, recent studies have also
explored the potential of non-dairy matrices belonging to the
food groups of cereals and legumes.3 This has also been dis-
cussed extensively in the review by Chaturvedi and Chakra-
borty (2021)4 and Rasika et al. (2021).5 Among these, legumes
are still considered a less examined food group, with most of
the work on selected legumes like soybean,6 chickpea,7 pea,8

etc. Interestingly, the latest studies have identied the ability
of certain legumes like mung beans and kidney beans as
a potential medium for the delivery of probiotics in food
products.9,10 The prebiotics in these legumes can also be
utilized to develop a synbiotic system. These legumes are
a rich source of protein and prebiotic components like raffi-
nose, stachyose, etc., enabling a synbiotic system.11 Moreover,
such products are vegan and can be used as a food option for
© 2024 The Author(s). Published by the Royal Society of Chemistry
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lactose-intolerant patients or those suffering from dairy and
cholesterol-related allergies.

A few studies have shown that the shelf life of synbiotic
beverages made using these legumes is good and higher than
that of their dairy counterparts.12,13 In a recent study by Mousavi
et al. (2023),14 the formulated non-dairy gluten-free beverage
made from buckwheat and lentil and fermented using Lacto-
bacillus plantarum and Bidobacterium bidum showed an
acceptable shelf life of 15 days with >7 log CFU mL−1 viable
probiotic cells. Nonetheless, incorporating drying technology
into such products also opens options for developing a non-
dairy instant ready-to-reconstitute powder. Apart from
enhanced shelf life, such instant powders can also be utilized as
a core ingredient for manufacturing other food products. Other
benets of such beverage powders include reduced storage and
transportation cost, improved convenience, enhanced shelf-life
with longer survivability of probiotics, and easy availability.
Among different drying techniques, spray drying is one of the
most widely used processes for liquid food products at
a commercial scale which also allows the scope for encapsu-
lating benecial microorganisms such as probiotics.15 None-
theless, the high drying temperatures in spray drying decreases
probiotic viability and also causes a glassy state in the devel-
oped powder. Spray drying is also limited to liquid food prod-
ucts, thereby restricting the use of this technique for a variety of
food products. Various studies have researched upon the opti-
mization of spray drying parameters to develop dairy and non-
dairy probiotic spray-dried powders with desirable properties
and viable probiotic count. Upadhyay & Dass16 evaluated the
survival of probiotic Lactobacillus plantarum in spray-dried
guava juice powder using inulin and maltodextrin as drying
agents. The study concluded that the developed synbiotic guava
juice powder at refrigeration temperature (4 °C) showed a high
probiotic survival rate and duration (45 days) with better
powder yield when made using 20% maltodextrin. Similarly,
Ahlawat et al. (2023)17 investigated the shelf life of spray-dried
probiotic buttermilk powder. The result showed that the use
of thermal protectants, i.e., whey protein concentrate (WPC),
trehalose, and maltodextrin, maintained the viability of pro-
biotic bacteria aer spray drying and during storage. Hence, the
use of spray drying for developing synbiotic legume-based
beverage powder can be employed in the functional food
industry at the commercial level.

Another important aspect associated with the improved shelf
life of powdered food products is their storage at appropriate
temperatures and packaging material. Several studies have re-
ported refrigerated temperature (4 ± 1 °C) as best for main-
taining better storage life. Nonetheless, a food-based powder
must also retain its properties at ambient room temperature.
Similarly, the type of packaging material used is also crucial in
determining the shelf life of a powder food product.18 While
glass bottles or jars can be expensive, the use of food grade
polypropylene (PP) and polyethylene terephthalate (PET)
pouches is more economical.19 Moreover, aluminum laminates
can also be used because of its suitable barrier properties.
Chauhan and Patil20 studied different packaging materials,
namely, metal can, metalized polyester, 4-ply laminates
© 2024 The Author(s). Published by the Royal Society of Chemistry
(polyethylene–aluminium foil–polyethylene–paper), and poly-
styrene packages for storing mango milk powder (MMP). The
authors concluded that storage in these packaging materials
can preserve the MMP for 2, 4, 6 and 8 months, respectively,
both at room (30 °C) and refrigerated (5 °C) temperature.
Keeping in mind the different components of the powder
product's composition, the types of packaging material, and
storage temperatures were selected.

Extensive literature is available on the shelf-life study of
various dairy-based probiotic food powders.21–23 Similarly,
information on spray drying of non-dairy fruits24 and vegetable
juices25 and cereal-based26 beverages is widely available. In our
previous work,27 a comparative evaluation of spray-drying
microencapsulation of Lacticaseibacillus casei in different syn-
biotic legume-based beverages was done. The results suggested
that synbiotic KMB beverage encapsulated using gum acacia
was the best formulated powder with desirable characteristics
such as higher bulk density, lower porosity, survivability of
probiotics under gastrointestinal conditions (>7 log CFUmL−1),
and good encapsulation efficiency (>80%). The formulation also
showed better encapsulation efficiency (>80%) and lower
moisture content values (<5%) in comparison to other encap-
sulating agents, i.e., maltodextrin and xanthan gum. However,
the work lacked data on the shelf-life study of legume-based
beverage powders at different storage temperatures and in
different packaging materials. Hence, the goal of this research
was to assess the storage stability of the developed synbiotic
kidney-mung bean beverage powder at varying storage
temperatures when packaged using two different packaging
materials to select the best storage parameters. The shelf life of
the powder was judged based on certain quality parameters like
total viable count of the probiotic, moisture content, color, and
the growth of microbes like aerobic mesophiles, and yeast and
mold. The sensory acceptability along with the prebiotic activity
score of the synbiotic powder at the end of shelf life was also
determined in different combinations of temperature and
packaging materials.
Materials and method
Materials

Red kidney beans (Phaseolus vulga L.) and green mung beans
(Vigna radiata L.) were supplied via local vendors near Matunga,
Mumbai, India (19 °N, 72 °E). The probiotic (food grade), Lac-
ticaseibacillus casei ATCC 335, was procured from NCL, Pune,
India.

The chemicals and reagents used in the study were analytical
grade and procured from Merck, India, or Sigma-Aldrich, Ger-
many. The media used for microbial enumeration were
purchased from HIMEDIA (Mumbai, Maharashtra, India).
Sample preparation and microencapsulation

The gum acacia (GA) coated kidney-mung bean (KMB) based
synbiotic beverage powder was selected for the storage study. As
per the results observed in the previous work,27 spray-dried
microencapsulated GA-coated KMB synbiotic powder showed
Sustainable Food Technol., 2024, 2, 162–174 | 163
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higher yield (7.3%) and better encapsulation efficiency
(89.37%), and the growth of probiotic Lacticaseibacillus casei
was >8 log CFU mL−1 when subjected to simulated gastroin-
testinal conditions as well as to intestinal bile juice and gastric
acid. The obtained synbiotic powder also had lower moisture
content (2.5%) and good powder characteristics (bulk density,
0.15 g cm−3; tapped density, 0.19 g cm−3; particle density,
1.13 g cm−3; porosity, 83.53%; and dissolution time, 34.50 s).

For its preparation, the synbiotic kidney-mung bean based
beverage28 fermented using 1% v/v probiotic Lacticaseibacillus
casei (>8 log CFU mL−1) was added with 2% GA and homoge-
nized at 1500 rpm for 5 min. The mixture was then dried in
a laboratory spray dryer (Spray Mate 2011CC, JISL, India) having
a counter-current ow system and an atomizer of 0.7 mm
internal diameter. The outlet and inlet temperatures of the
drying chamber were set at 70 °C and 130 °C, respectively. The
sample was fed with a ow rate of 25 mL min−1. The obtained
powder was then packed in different packaging materials in
a sterile environment and kept at different storage temperatures
for shelf-life study.
Storage material and conditions

The storage stability of the optimized synbiotic KMB beverage
powder was assessed at three temperatures, i.e., 25, 30, and 35 °C.
The temperature range for storage was selected, keeping in mind
the most suitable atmosphere (available at the commercial and
household level) where the powder maintains its desirable
properties along with the required probiotic count. We consider
25 °C as the ambient temperature in India. 35 °C is the most
suitable temperature for aerobic mesophile growth and ensures
the worst scenario. In this sense, these extreme limits were
considered. 30 °C was chosen to have a middle point in the
storage temperature axis to obtain the kinetic information. It is
recommended that for obtaining any kinetic information, we
must have at least three data points of the independent variables.
The range was also selected based on the results obtained from
preliminary trials. The selected packaging materials were
aluminum (Al) (dimensions: 8 × 15 cm; thickness: 40 mm) and
polypropylene (PP) (dimensions: 8 × 15 cm; thickness: 20 mm)
laminates. The packaging materials were preferred based on the
high barrier and mechanical properties.

The laminates were rst subjected to surface decontamina-
tion by exposing them to UV light for 24 h in a laminar airow
chamber. Then the sample was lled in several pouches for
both Al and PP laminates under sterile conditions. Thereaer,
the samples were kept in the corresponding incubators, which
were sanitized earlier using ethyl alcohol. The shelf-life analysis
was performed for the different samples till the product spoils,
with a key focus on the microbiological safety of the product.
The samples were considered spoiled when the AMC or YMC
surpassed 6 log CFU mL−1 (ref. 29) and the probiotic count
reduced below 6 log CFU g−1.30 The sampling interval was 7
days. On each sampling day, two sets of each Al and PP laminate
were taken out for analysis. The sample in the opened pouch
was not further considered for storage. The study focused on the
‘shelf-life until the bag is open’.
164 | Sustainable Food Technol., 2024, 2, 162–174
Determination of quality characteristics

Color analysis. The L*a*b* color prole of the synbiotic
powder was assessed using a Hunter-Lab colorimeter (LabScan-
XE LX17375, USA) where L* indicates lightness, a* the color
range from red to green, and b* the values ranging from color
yellow to blue.

Moisture content. The AOAC (2005) method was used to
estimate moisture content in the synbiotic powders.31 The Pet-
ridish with known sample weight (with lid open) was placed
inside the oven set at 105 °C for 4 hours. The sample was then
transferred to a desiccator for cooling and the weight of the
Petri dish with sample was noted. This process was repeated till
a constant weight was achieved. The difference in the weight
before and aer drying was used to determine the moisture
content in the sample.

Total viable count (TVC). The total viable count of probiotic
Lacticaseibacillus casei in the reconstituted synbiotic powder (1 g
in 100 mL) was determined by a serial dilution technique and
spread plate method using a selective medium, de Mann
Rogosa and Sharpe (MRS) agar. The prepared plates were kept at
37 °C for incubation for 24 h. The developed colonies were
counted and expressed as log CFUmL−1 (colony forming units).

Viability in simulated gastric acid (VHCl). The viable count of
L. casei in synbiotic KMB beverage powder under simulated
gastric acid (VHCl) was evaluated using the protocol by Rao et al.
(1989).32 In brief, 1 mL of the reconstituted sample was mixed
with 10 mL of gut acid (0.08 M HCl with 0.2% (v/v) NaCl without
pepsin; pH 1.55) and kept at 37 °C. The sample was taken for
spread plating at an interval of every 15 min for 2 hours. The
prepared plates were incubated for 24 h at 37 °C following
colony counting.

Viability in bile juice (VBile). The ability of probiotic L. casei in
synbiotic KMB beverage powder to tolerate and grow in
a medium with bile juice (VBile) was determined as per the
protocol by Halim et al. (2017).33 The KMB powder was rst
reconstituted by mixing 1 g in 100 mL distilled water. 1 mL of
this reconstituted beverage was then added to 10 mL of 0.6% (v/
v) bile salt solution (pH 8.25) in a tube and incubated at 37 °C.
The sample was then subjected to plating aer every 15 minute
gap for 2 hours. The prepared plates were kept at 37 °C for 24 h
for incubation. The obtained colonies were stated in terms of
log CFU mL−1.

Enumeration of microbial load. The microbial quality of the
synbiotic KMB beverage powder was assessed by determining
the growth of aerobic mesophiles (AM) and yeasts & molds (YM)
in the reconstituted sample. The growth was observed by using
specic media, i.e., nutrient agar and potato dextrose agar, for
AM and YM count, respectively. 1 mL of reconstituted synbiotic
beverage sample used for plating was added. The agar plates for
YM plates were incubated at 25 °C for 3–5 days, while AM were
incubated at 37 °C for 24 h. The developed colonies were
expressed in terms of log CFU mL−1.

Prebiotic activity score (PAS). The prebiotic activity score
(PAS) of L. casei in the synbiotic KMB powder to metabolize
different prebiotic components apart from the control sugar
(glucose) was estimated using the method of Huebner et al.
© 2024 The Author(s). Published by the Royal Society of Chemistry
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(2007).34 PAS of the reconstituted sample was calculated by
enumerating probiotic growth with and without prebiotic
components to the growth of enteric pathogens when subjected
to a medium with and without prebiotics. The plating for both
the microorganisms (pathogen and probiotic) was done via the
spread plate technique using MRS agar and selective agar,
respectively. The cell count was stated as log CFU mL−1.

Prebiotic activity score by probiotic L. casei was determined
against enteric pathogen E. coli using eqn (1).
PAS ¼
�
probiotic log CFU mL�1 on prebiotic at 24 h� probiotic log CFU mL�1 on prebiotic at 0 h

probiotic log CFU mL�1 on glucose at 24 h� probiotic log CFU mL�1on glucose at 0 h

�

�
�
enteric log CFU mL�1 on prebiotic at 24 h� enteric log CFU mL�1 on prebiotic at 0 h

enteric log CFU mL�1 on glucose at 24 h� enteric log CFU mL�1 on glucose at 0 h

�
(1)
Sensory analysis. The sensory analysis of reconstituted syn-
biotic KMB beverage was done at the Institute of Chemical
Technology, Mumbai, by 30 semi-trained students and staff
consisting of 15 female and 10 male participants with an age
group of 26–40 years. For sensory analysis, the samples were
made using food grade ingredients such as sodium bicarbonate
and gum acacia. The probiotic used was also isolated from
a food source. The selected panel members were non-smokers,
non-alcoholic, and non-allergic to any plant/legume derived
milk or similar beverage. Before the analysis, the members were
briefed about non-dairy plant-based beverages like almond
milk, soymilk, and pea milk, their processing and sensory
prole as well as different sensory parameters, score sheet, and
rating scale.35 The reconstituted sample at day zero and the nal
day of shelf life was served along with a control sample. The
samples were served in transparent glasses at room tempera-
ture with random alpha-numeric codes. The members were
instructed to clean their palate with lukewarm water aer
subsequent tasting to avoid any overpowering tastes. The
panelists were asked to score the sensory attribute of the sample
(Sk) on a 9-point hedonic scale (ranging from 1 being “dislike
extremely” to 9 being “like extremely”) and the relative impor-
tance (RIk) of each sensory attribute on a 5-point scale (ranging
from 1 being “not important” to 5 being “extremely important”).
Scores of RIk were used to nd the importance of individual
sensory attributes and identify the attribute which is considered
most important by the members. The overall acceptability (OA)
of individual samples was calculated using the obtained relative
importance (RIk) values and sensory scores (Sk) (eqn (2)).36

OA ¼
P5
k¼1

ðSk �RIk Þ
P5
k¼1

RIk

(2)

The OA value is used to identify the overall fondness among
the different samples based on the likeness of the specic
sensory attributes.
© 2024 The Author(s). Published by the Royal Society of Chemistry
Predicting shelf-life. The specic death rate (Kd; day
−1) of the

total viable count of L. casei in the synbiotic KMB beverage
stored in PET and Al-coated PP bottles at 5 °C, 15 °C and 25 °C
was obtained to t the kinetic model using eqn (3):37

ln

�
Nt

N0

�
¼ �Kdt (3)

where Nt and N0 are the number of viable cells (CFU mL−1) at
storage time t and storage day 0, respectively. The thermal death
activation energy (Ea; J mol−1) was calculated to determine the
minimum energy needed for killing probiotic bacteria, and
thus, the temperature sensitivity of the probiotic was expressed
as per eqn (4):

lnðKdÞ ¼ ln A�
�
Ea

RT

�
(4)

where A is the Arrhenius constant, T (K) is the absolute
temperature, and R is the molar gas constant (8.3144 J K−2

mol−1), respectively.
FTIR analysis of synbiotic KMB powder during storage.

Fourier transform infrared (FTIR) spectroscopy was performed
in attenuated total reection (ATR) mode using a Shimadzu
8400s spectrometer (Japan). The spectra were scanned from
4000 to 400 cm−1 and measured at a 4 cm−1 resolution.
Statistical analysis

The experiments for all the protocols were performed and
analyzed in triplicate. The statistical analysis was carried out by
one-way analysis of variance (ANOVA) using the SPSS v20-
Edition 20 (IBM SPSS Statistics Data Editor) to get the mean
values of the different variables.
Results and discussion
Changes in the total viable count of the probiotic

The change in the growth of total viable count of probiotic L.
casei in the synbiotic KMB powder during the storage period is
depicted in Fig. 1. The effect of two different packaging mate-
rials, viz., polypropylene (PP) and aluminium (Al) laminates, on
the synbiotic KMB powder when kept at three different storage
temperatures, i.e., 25, 30, and 35 °C, was also studied.38 It can be
observed from Fig. 1 that there was an overall decrease in the
probiotic's viability during the storage period. The count in the
reconstituted synbiotic powder (1 g in 100 mL water) at all three
storage temperatures remained >8 log CFU mL−1 till the 35th
and 21st days, when packaged in PP and Al laminates, respec-
tively. However, the count started to lower down below 7 log
Sustainable Food Technol., 2024, 2, 162–174 | 165
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Fig. 1 Effect of storage time, temperature, and packaging material on
the total viable count of probiotic L. casei in synbiotic KMB powder.

Fig. 2 Effect of storage time, temperature, and packaging material on
the viable count of probiotic L. casei under simulated gastric HCl in
synbiotic KMB powder.
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CFUmL−1 (minimum probiotic population limit recommended
by FAO39) aer the 63rd and 56th days at 25 °C. This trend was
also seen at higher storage temperatures, 30 and 35 °C, for both
the packaging materials. However, it was also noticed that
though the viable count remained more than 107 CFU mL−1 till
the 8th week of storage, the physical structure of the synbiotic
powder became coarse and difficult to reconstitute by the 35th
day of storage at 30 and 35 °C. The results were similar to those
of Dias et al. (2018)40 who observed that the viability of probiotic
Bidobacterium animalis ssp. Lactis BB-12 in spray-dried passion
fruit juice encapsulated with maltodextrin and inulin at 25 °C
was >7 log CFUmL−1 for 30 days. Massounga Bora et al. (2019)41

also observed that banana powder inoculated with probiotic L.
casei exerted survival for 30 days at 25 °C with a maintained
count of more than 106 CFU mL−1. This may be because of the
ability of probiotic L. casei to tolerate higher storage tempera-
tures. On the other hand, Singh et al. (2019)42 reported the
highest growth (6.83 log CFU mL−1) of probiotic Lactobacillus
gastricus BTM7 in alginate encapsulated-based skimmed milk
powder when stored at 4 °C for 21 days. In this sense, non-dairy
legume based instant powders retain better probiotic properties
for longer storage periods even at room temperature.
Changes in the viability of the probiotic under simulated
gastric juices

Changes under gastric acid. The viability of probiotic
microorganisms under gastrointestinal surroundings is a major
barrier in proving their effectiveness. The bacteria must tolerate
the harsh and vulnerable pH of the gastric juice and small
intestine's uids to exhibit their benecial functions. Fig. 2
illustrates the effect of different storage conditions on the
growth of probiotic bacteria in synbiotic KMB powder under
simulated gastric acid of the human gastrointestinal tract. The
viability of L. casei in synbiotic KMB powder remained up to the
166 | Sustainable Food Technol., 2024, 2, 162–174
desirable count of 7 log CFU mL−1 of reconstituted beverage (or
9 log CFU g−1 of powder) till the 42nd day at 25 °C, and the 28th
day at 30 and 35 °C. This trend was seen throughout the storage
period irrespective of any signicant difference in the type of
packaging material used. However, at 35 °C, a sudden decrease
in the viable count was seen from 8.01 ± 0.03 log CFU mL−1 on
day 21 to 7.08 ± 0.02 log CFU mL−1 on day 28, aer which the
viability went below 107 CFU mL−1. Similarly, a signicant drop
(from 8.98 to z7.90 log CFU mL−1) in the viable count of the
probiotic under gastric acid was observed at a storage temper-
ature of 30 °C in the rst week of storage for both the packaging
materials.

Dianawati et al. (2017)38 also observed that storage of
different protein-based microcapsules (soy protein isolate,
sodium caseinate, or pea protein) at 30 and 35 °C signicantly
affected (P < 0.05) the viability of probiotic Lactobacillus acid-
ophilus as compared to that at 25 °C when exposed for 2 h to
simulated gastric juice. Among the different proteins, only
sodium caseinate could sustain the required count of 107 CFU
mL−1 on the 8th week of storage at the different temperatures.
The reason could be extremely low pH in gastric uid together
with the higher storage temperatures (30 and 35 °C) that can
prove to be very distressful for probiotics when passing through
it. Bradford et al. (2019)43 reported that aer exposure of the
probiotic milk powders to simulated gastric uid for up to
120 min in SGF, they showed a survival count of more than 8 log
CFU g−1 on the 15th day of refrigerated storage. Considering
this, the survivability of our sample was also >8 log CFU mL−1

even aer 15 days of storage at all three temperatures indicating
the ability of the legume-based matrix as a potential probiotic
carrier.

Changes under gastric bile juice. The effect of growth of L.
casei under simulated gastric bile juice at different storage
conditions is shown in Fig. 3. The growth trend of the probiotic
© 2024 The Author(s). Published by the Royal Society of Chemistry
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Fig. 3 Effect of storage time, temperature, and packaging material on
the viable count of probiotic L. casei under simulated bile juice in
synbiotic KMB powder.
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under simulated bile juice was in similar lines to that observed
under gastric acid. Regardless of the packaging material type,
the viable count up to 7 log CFUmL−1 was observed till day 49 at
25 °C and the 28th day at higher storage temperatures of 30 and
35 °C. Moreover, an abrupt decrease in the viable count from
8.28 log CFU mL−1 on day 7 to 7.40 log CFU mL−1 on day 14 was
observed in case of both the packaging laminates. Similar
results were reported by Dianawati et al. (2017)38 where the three
studied protein-based microspheres were able to maintain
bacterial viability in simulated intestinal uids at 25 and 30 °C
for week 4. However, a signicant decrease in survival (P < 0.05)
was observed at 35 °C by the end of week 8. This could be
because of the effect exerted by the bile salts which emulsify the
Fig. 4 Effect of storage time, temperature, and packaging material on th
KMB powder.

© 2024 The Author(s). Published by the Royal Society of Chemistry
phospholipid bilayer of bacteria and cause leakage of cell
cytoplasm and dissociation of integral protein, thereby
decreasing the total cell count.44 Additionally, the unfavorable
higher storage temperatures also interrupt the growth of the
cells. Bradford et al. (2019)43 also showed that aer a storage
period of 15 days at 4 °C, the viable count of probiotic Lacto-
bacillus plantarum NCIMB decreased to <107 CFU mL−1 in milk
powders, when the reconstituted mixture was subjected to the
intestinal uid for 120 min. In comparison, our samples
showed better tolerance and survivability to simulated bile jui-
ces even at higher storage temperatures, owing to the potential
of legume-based matrices as novel synbiotic components.

Microbiological activity

The trend of aerobic mesophiles count (AMC) and yeast and
mold count (YMC) for the synbiotic powder during the storage
period at different temperatures (25, 30, and 35 °C) in different
packaging materials (Al and PP laminates) is depicted in Fig. 4.
At a storage temperature of 25 °C, the growth of aerobic mes-
ophiles (AM) remained less than 1 log CFU mL−1 till day 49
(Fig. 4(a)). Aer this, the viability reached 3 log CFUmL−1 on the
63rd day. However, the attained count was still less than 6 log
CFU mL−1, which is the limit set for AM. In contrast, at higher
storage temperatures (30 and 35 °C), the count was below 1 log
CFUmL−1 till day 21, aer which an increase in the count to 4.6
log CFU mL−1 was observed till the end of the storage period
(63rd day) though it remained <6 log CFU mL−1. A similar trend
for growth was observed in the case of yeast and mold (YM) for
all three storage temperatures when the synbiotic KMB powder
was packaged in two different packaging materials (Fig. 4(b)).
An insignicant difference among the growth values was
observed when different laminate pouches were used, indi-
cating the negligible effect of packaging material on the growth
of microorganisms. Thus, in this sense, the shelf life of the
synbiotic KMB powder, irrespective of packaging material, can
be considered to be above 70 days if considering only the growth
e growth of (a) aerobic mesophiles and (b) yeast and mold, in synbiotic
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Fig. 6 Effect of storage time, temperature, and packaging material on
the moisture content values of synbiotic KMB powder.
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of AM and YM. Similar ndings were reported by El-Sayed et al.
(2020)45 for probiotic yogurt powder wherein the product was
free of mold and yeast for three months, aer which the count
increased to 1.70 log CFU g−1.

Change in color prole

Fig. 5 depicts the effect of storage time and temperature on the
color prole in terms of the lightness value (L*) of the prepared
synbiotic KMB powder. The color of the powder has shown an
overall decrease in the lightness value from 70.44 to 37.76. This
indicates that as the storage time increases, the powder
becomes darker in color, irrespective of the type of packaging
material at all three storage temperatures. The dark or brownish
color of the powder might be attributed to the formation of
degradation products.46 Dias et al. (2018)40 reported similar
results for microencapsulated probiotic passion fruit juice. The
authors concluded that the color change could be because of
the oxidation of the pigments present in the product along with
the additive effect exerted by heat, humidity, and exposure to
oxygen. The lightness value (L*) increased from 90.85 on day 1
of storage to 92.54 on day 30 at 25 °C. Moreover, at the storage
temperature of 25 °C, the lightness values for PP and Al-
laminates were 43.58 ± 0.03 and 44.25 ± 0.05, respectively, by
the end of the shelf life (day 70), which was the highest among
all the storage temperatures indicating its desirability for the
product. The type of packaging material, at an individual
storage temperature, also has not shown any signicant impact
on changing the color of the synbiotic KMB powder.

Changes in moisture content

The effect of various storage conditions on themoisture content
of the developed synbiotic KMB powder is shown in Fig. 6. It can
be noticed that as the storage period increases, the moisture
Fig. 5 Effect of storage time, temperature, and packaging material on
the lightness of synbiotic KMB powder.

168 | Sustainable Food Technol., 2024, 2, 162–174
content of the powder also increases. Moreover, the type of
packaging material did not show any signicant effect on the
increase or decrease in the moisture content of the powder. The
values lie close to each other throughout the storage period
when considering a specic storage temperature. For example,
at 25 °C, the moisture content of the synbiotic powder remained
less than 3% (w.b., wet basis) till the 6th week of storage when
stored in PP and Al-laminates with values of 2.8% and 2.9% on
the 42nd day. Aer this, the product gained some more mois-
ture and reached a value of 4.4% and 4.5% for PP and Al-
pouches, respectively, by the end of 70 days of storage. None-
theless, the value remained at less than 5%, considered
acceptable for a powder food product as per the recommended
guidelines by CODEX standards.47 On the other hand, at storage
temperatures of 30 and 35 °C, the moisture content remained
less than 5% till days 63 and 56, respectively.

Moreover, lumpiness and coarseness in the powder particles
were also observed aer day 35 for both temperatures and the
packaging materials (Fig. 7). This may be due to the retention of
moisture by the powder at higher temperatures and interaction
with the encapsulating material, i.e., gum acacia, which caused
disintegration in the powder structure resulting in its poor
reconstitution properties. Algaithi et al.44 noticed similar results
for the infant formula of Lactobacillus reuteri fortied camel
milk. They observed an increase in lactose crystallinity and
surface fat content leading to a drastic increase in caking at
higher storage temperatures (30–45 °C) on the 30th day. In
contrast, storage at room temperature (25 °C) prevented lactose
crystallization and caking owing to smaller lump particle size
even on the 60th day of storage. The changes in moisture in the
powder inside the packaging material without being opened
varied maximum up to 1.5% (wet basis). This might be due to
the absorption of moisture by the hygroscopic sugars inside the
synbiotic KMB powder. The humidity of the air inside the
package was not measured in the study.
© 2024 The Author(s). Published by the Royal Society of Chemistry
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Fig. 7 Physical appearance of synbiotic KMB powder by the end of shelf-life at both the storage temperatures for both the packaging materials
(a) PP laminates and, (b) Al-laminates.

Paper Sustainable Food Technology

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 2

7 
O

ct
ob

er
 2

02
3.

 D
ow

nl
oa

de
d 

on
 6

/9
/2

02
6 

6:
11

:1
8 

A
M

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n 

3.
0 

U
np

or
te

d 
L

ic
en

ce
.

View Article Online
Change in prebiotic activity score (PAS)

The effect of different storage conditions on the prebiotic
activity score of the synbiotic KMB powder is shown in Table 1.
It can be observed that among the two-packagingmaterials used
for storage of synbiotic KMB powder, a better PAS was observed
by Al-laminate pouches at the three storage temperatures when
compared to PP laminates. Moreover, the synbiotic powder
showed the highest PAS at 30 °C on day 35. However, the PAS at
25 °C was 0.13 on day 63, which is comparatively better than the
values at higher storage temperatures (30 and 35 °C). This could
be because of the better barrier properties (low WVTR and OTR,
0.29 and 0.21 cm3 m−2/24 h/25 °C, respectively) exhibited by
aluminum in comparison to polypropylene laminates (WVTR
and OTR, 1.4 and 2701.73 cm3m−2/24 h/25 °C, respectively) that
Table 1 Effect of storage conditions on the prebiotic activity score of th

Prebiotic activity score (PAS) at different storage temperatures

RT 25

Packaging material Day 0 Da
PP laminate 0.18 � 0.12 0.1
Al laminate 0.19 � 0.04 0.1

a Values are presented as mean ± standard error at a 95% condence inter
terephthalate; Al-PP, aluminum-coated polypropylene.

© 2024 The Author(s). Published by the Royal Society of Chemistry
allowed the preservation of the synbiotic KMB powder's pro-
biotic and prebiotic properties. Similarly, Zhu et al. (2019)48

investigated the prebiotic activity of infant formula milk powder
samples with oligosaccharides during storage of 48 days. The
results concluded that with the increasing storage period, the
growth of the probiotic decreased owing to the uptake of
prebiotics by the probiotics.
Change in overall sensory acceptability

Table 2 describes the effect of different storage conditions,
packaging materials, and storage temperatures on the overall
sensory acceptability of the synbiotic KMB powder on reconsti-
tution on day 0 and at the end of shelf life. It can be observed that
synbiotic KMB powder showed slightly better OA values on
e synbiotic KMB powdera

°C 30 °C 35 °C

y 63 Day 35 Day 35
2 � 0.05 0.15 � 0.01 0.15 � 0.07
3 � 0.10 0.16 � 0.08 0.14 � 0.17

val. Abbreviations: RT, room temperature (25 ± 2 °C); PET, polyethylene
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Table 2 Effect of storage conditions on the overall acceptability (OA) sensory values of the synbiotic KMB powdera

Overall acceptability (OA) (out of 9) at different storage temperatures

RT 25 °C 30 °C 35 °C

Packaging material Day 0 Day 63 Day 35 Day 35
PP laminate 6.70 � 0.13 5.04 � 0.01 5.87 � 0.08 5.80 � 0.05
Al laminate 6.90 � 0.08 5.03 � 0.08 6.09 � 0.13 5.92 � 0.04

a Values are presented as mean ± standard error at a 95% condence interval. Abbreviations: RT, room temperature (25 ± 2 °C); PET, polyethylene
terephthalate; Al-PP, aluminum-coated polypropylene.
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reconstitution when stored in Al-laminates (5.03–6.09) in
comparison to that packed in PP laminates (5.04–5.87). The
highest OA value of 6.09 was shown by synbiotic KMB recon-
stituted powder drink packed in Al-laminate on day 35 and stored
at 30 °C. The reconstituted drink from synbiotic KMB powder
stored at 25 °C showed an OA of 5.03 on the last day of the shelf
life. Marcela de Souza Pereira et al. (2018)49 conducted a similar
study on sensory evaluation of dairy beverages made using
reconstituted goat whey powder and fermented using Strepto-
coccus thermophilus and Lactobacillus casei. The authors reported
that the sensory acceptability did not differ signicantly even
aer 7, 14, and 21 days of storage (P > 0.05). In contrast, Atwaa
et al. (2022)50 reported a decrease in the overall acceptance of
probiotic yogurt made from whole milk powder reconstituted in
aqueous fennel extract during storage at 5–7 °C for 21 days
because of an increased acidic avor. This may be due to the
probiotic bacteria producing high amounts of acetic acid.
Shelf-life prediction of synbiotic legume-based beverage
powder

The rate constant (kd) represents the rate at which probiotic
growth declined during storage at different temperatures and in
different packaging materials. The Arrhenius model (refer to
eqn (4)) (Table 3) for different packaging materials explained
the temperature dependence of probiotic survival rate. It can be
observed from Table 3 that as the storage temperature
increased, the value of kd also increased for synbiotic KMB
powder in Al-laminates, indicating faster probiotic sensitivity at
higher temperatures. A higher thermal diffusivity of Al-
laminates may positively inuence the probiotic sensitivity to
temperature. This could be correlated with the fact that higher
temperatures allow the disintegration of the probiotic's cell
Table 3 Shelf-life prediction model of the synbiotic KMB powdera

Storage temperature Packaging material

PP 25 °C
30 °C
35 °C

Al 25 °C
30 °C
35 °C

a Values are presented asmean± standard error at a 95% condence interv
polyethylene terephthalate; Al-PP, aluminum-coated polypropylene.

170 | Sustainable Food Technol., 2024, 2, 162–174
material leading to its inactivity and reduced count with
increasing number of storage days.51 On the other hand, kd
decreased with increasing storage temperature for synbiotic
KMB powder in PP-laminates indicating a limited probiotic
sensitivity at higher temperatures. The maximum rate constant
value for L. casei in synbiotic KMB powder (0.045 day−1) was
observed in Al-laminates stored at 30 and 35 °C. In all samples,
the curves were explained by the linear regression (Table 4) with
different slopes, and thus, diverse Ea (4.73–11.16 J mol−1) values
were obtained for both the packaging materials.
Shelf-life estimation

The estimated shelf-life of synbiotic KMB powder based on the
probiotic viability and microbial safety values when stored at
different temperatures and under different packaging condi-
tions is presented in Table 4. The shelf-life of synbiotic powder
in PP and Al-laminates was 63, 35, and 35 days at 25, 30, and 35 °
C, respectively, wherein both the packaging materials showed
similar storage time. The powder at these estimated shelf life
days showed the total probiotic count >7 log CFUmL−1 or >9 log
CFU g−1 of powder, as suggested by FAO/WHO (2001). Similarly,
the viability of the probiotic under simulated intestinal uids,
i.e., gastric acid and bile juice, should be >6 log CFU mL−1 of
reconstituted drink (or >8 log CFU g−1 of powder).52 In this
sense, the powder showed resistance and survivability of L. casei
with a count of more than 106 CFU mL−1 for 49, 28, and 28 days
at 25, 30, and 35 °C, respectively, aer which the count gradu-
ally decreased which may be due to the increased acidity of the
probiotic itself together with the gut's acidic uids.53

In the case of microbial contamination, the maximum toler-
able limit for yeast andmolds as well aerobicmesophiles is <6 log
CFUmL−1.52 The sample was safe from the microbiological point
kd (day−1) R2 Ea (J mol−1)

0.038 0.98 11.16
0.038 0.96
0.033 0.95
0.042 0.96 4.73
0.045 0.93
0.045 0.98

al. Abbreviations: kd, specic death rate value; Ea, activation energy; PET,

© 2024 The Author(s). Published by the Royal Society of Chemistry
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Table 4 Estimated shelf-life of the synbiotic KMB beverage based on the probiotic viability and microbial safety values when stored at different
temperatures and under different packaging conditionsa

Packaging material

Estimated shelf life (in days) based on different criteria and storage temperature

TVC ($7 log CFU mL−1 of
reconstituted drink)

VHCl & Vbile ($6 log CFU mL−1 of
reconstituted drink)

AMC & YMC (#6 log CFU g−1

powder)

Powder 25 °C 30 °C 35 °C 25 °C 30 °C 35 °C 25 °C 30 °C 35 °C
PP laminate 63 63* (35) 70* (35) 49 28 28 >63 >63 >70
Al laminate 63 49* (35) 70* (35) 49 28 28 >63 >63 >70

a * indicates the shelf life of the powder till viable count remained $7 log CFU mL−1 but with lumpy powder structure while the values in brackets
indicate the actual shelf life of the powder with viable count $7 log CFU mL−1 and desirable powder structure. Abbreviations: TVC, total viable
count; VHCl & Vbile, viability in gastric acid and bile; AMC, aerobic mesophilic count; YMC, yeast and mold count; PET, polyethylene
terephthalate; PP, polypropylene; Al, aluminium.
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of view with YMC and AMC less than 106 CFU mL−1 and the
count remained below this limit even beyond 70 days of storage
at all three temperatures (25, 30 and 35 °C). Moreover, the type of
packaging material did not show any signicant inuence on the
growth of microorganisms, indicating use of either PP or Al-
pouches for packaging of synbiotic powders.
FTIR spectra of synbiotic KMB powder during storage

The Fourier-transform infrared (FTIR) spectra of synbiotic KMB
powder at the different storage temperatures were studied at the
Fig. 8 FTIR spectra of synbiotic KMB powder at (a) room temperature (2

© 2024 The Author(s). Published by the Royal Society of Chemistry
wavenumber range of 400 to 4000 cm−1 to detect the main
components in the samples. The recorded spectra are shown in
Fig. 8. Attenuated total reection (ATR)-FTIR analysis showed
the presence of organic functional groups (hydrogen bonds and
O–H stretching (3000–3500 cm−1), C–H bonds (2850–
3000 cm−1), C–O stretching (1138 and 1056 cm−1), C–H bending
(927 cm−1), amide I & II (1539 and 1633 cm−1), COOH
(1449 cm−1)) and interactions between the beverage powder and
carrier in the synbiotic KMB powder on day 0 as well as the end
of storage period at room temperature (25 °C) (Fig. 8(a) and (b)).
Similar results were observed by Kouamé et al. (2023)54 for
5 °C), day 0; (b) 25 °C, day 63; (c) 30 °C, day 35; and (d) 35 °C, day 35.
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millet based yogurt powder wherein the band at 2860 cm−1

corresponds to the distinctive peak of the C–H stretching
vibration of millet starch polysaccharides (amylose,
amylopectin).

On the other hand, a new peak at the wavenumber range of
1600 to 1750 cm−1 was noticed at higher storage temperatures
of 30 and 35 °C by the end of the storage period (35 days)
(Fig. 8(c) and (d)). This was attributed to carbonyl group C]O
double bond stretching.55 Algaithi et al.44 also observed similar
peaks for probiotic camel milk infant formula and noticed the
development of new peaks by the end of storage as a result of
product crystallization. Hence, the bands at 1000 cm−1 in the
spectra are characteristic of carbohydrates owing to the pres-
ence of encapsulating material, namely, gum acacia. Thus, it
can be concluded that the presence of different compounds as
shown by the different bands allows the formulation of food
with added benets from legume-based food substrates to serve
as an ideal medium for allowing the desirable growth of pro-
biotics, thereby making a synbiotic food product.

Conclusion

The processing of liquid products to powder form has oen
been considered as one of the most commonmethods to extend
the shelf life of a product in the food industry. However, the
shelf life and the associated quality attributes of such powder
products also depend on the type of packaging material and
storage conditions. Hence, the prepared microencapsulated
and spray-dried synbiotic KMB powder was subjected to storage
at three temperatures (25 °C, 30 °C, and 35 °C) when packed in
PP and Al laminates. A gradual decrease in TVC of the probiotic
L. casei throughout the storage period was observed though the
product maintained the acceptable limit (107 CFU mL−1) till the
end. Similarly, VHCl and VBile also showed decreased count. AM
and YM counts were <3 log CFU mL−1 till day 70, which was
below the recommended guidelines. The change in color of the
powder showed that as the storage time increases, the powder
tends to become darker in color. The powder gained moisture
and became lumpy when kept at higher temperatures (30 °C
and 35 °C) for a longer duration, though it maintained its
structure at 25 °C. The PAS (0.19–0.13) and OA (6.90–5.03)
values of the product suggested that among the two packaging
materials, the Al-laminate pouch was better. The FTIR analysis
also showed the development of a new functional group
(carbonyl group C]O double bond stretching). Thus, based on
the calculated kinetic value of the chief parameters, and overall
quality attributes, the shelf life of the synbiotic KMB powder
was 63, 35, and 35 days at 25, 30, and 35 °C, respectively,
wherein both the packaging materials showed similar storage
time. Future studies can be carried out to understand the
morphological changes in the instant powder before, aer, and
during storage at different storage temperatures. Hence, it can
be concluded that the longer shelf-life of synbiotic KMB powder
at appropriate temperatures makes it a suitable matrix for
probiotic delivery with preserved probiotic and prebiotic prop-
erties to be used as an instant-function food powder which
holds the potential to exhibit several health benets to humans.
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13 C. González-Ferrero, J. Manuel Irache, B. Maŕın-Calvo,
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