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1  | INTRODUC TION

A snack is a product which is easy to consume and needs no prepa-
ration before consumption. It can be used to satisfy the hunger 
between meal times (Herman, Polivy, Pliner, & Vartanian, 2019). 
People have been consuming fried snack products for years due 
to attractive aroma, flavor combinations, and texture. However, 
owing to their certain health hazards, there is an increasing inter-
est among people for consumption of safe, healthy, and nutritious 

food (Santeramo et al., 2018). This has led to an emphasis on the 
production of food free from extra calories, sugars, and fat. Only 
a small number of crunchy snacks that can be considered healthy 
are available in the market nowadays. An exciting alternative to cur-
rently popular snacks is dried apple snacks.

The use of vegetables and fruits in every day diet has led an in-
crease in health benefits such as fewer calories, more dietary fiber 
and fiber content, and numerous nutritive components that include 
minerals and vitamins (Higgs, Liu, Collins, & Thomas, 2019). In a 
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Abstract
The objective of the current study was to explore the probiotics carrier potential of 
apple dried snacks and improve the survival of probiotics under simulated gastroin-
testinal conditions. Purposely, the probiotics were encapsulated using two hydrogel 
materials (sodium alginate and carrageenan) by using encapsulator. Briefly, slices of 
apple were immersed in solution containing free and encapsulated probiotics and 
then dried by conventional drying method. The dried apple snack was analyzed for 
different characteristics (physiochemical and microbiological) during storage. The vi-
ability of the free and encapsulated probiotics was accessed in apple snack and under 
simulated gastrointestinal conditions. Apple snack rich with encapsulated probiotics 
showed a significant result (p < .05) regarding the survival and stability. The encapsu-
lated probiotics decreased from 9.5 log CFU/g to 8.83 log CFU/g as compared to free 
probiotics that decreased to 5.28 log CFU/g. Furthermore, encapsulated probiotics 
exhibited a better stability under simulated gastrointestinal conditions as compared 
to free. During storage, an increase in phenolic content and hardness was observed 
while decrease in pH was noted. Results of sensory parameters indicated apple snack 
as potential and acceptable probiotics carrier.
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report by WHO, it has been recommended that fruits and vegetables 
other than starchy tubers and potatoes help in retaining a healthy 
life style and prevent a number of diseases like diabetes, cancer, 
heart problems, and obesity. The consumption of fruits and vegeta-
bles also helps to meet certain deficiencies of nutrients in the body 
as well (WHO, 2004).

Along with the fresh fruits, they can be taken in frozen, juice, 
canned, or dried form as well (Keast & Jones, 2011). Among fruits, 
apples are considered as a healthy diet owing to good nutritional 
composition with high fiber and polyphenolic contents. The presence 
of high phenolic contents is helpful in prevention of different chronic 
diseases. These phenolic contents have potential anticarcinogenic 
and anti-inflammatory activities (Boyer & Liu, 2004; Gardner, White, 
McPhail, & Duthie, 2000; Lee, Kim, Kim, Lee, & Lee, 2003; Sun, 
Melton, O’Connor, Kilmartin, & Smith, 2008). Drying being the old-
est food preservation method has an extensive use over centuries. 
Drying not only prolongs the shelf life of fruits and vegetables, it 
also lowers the water activity and prevent microbial or enzymatic 
activity and also increases their nutritional properties, total energy, 
nutrient density, fiber content, and greater antioxidant activity due 
to removal of extra water (Doymaz, Karasu, & Baslar, 2016).

Dried food consumption has also been linked with better nu-
trient consumptions, higher overall diet quality scores, and lesser 
body weight/adiposity measures (Keast et al., 2011). An important 
way of consuming healthy foods is to include probiotics in the diet. 
Probiotics are defined as living microorganisms that are beneficial 
for human body when consumed at sufficient levels (FAO, 2006; Hill 
et al., 2014). Consistent intake of viable probiotics can confer count-
less health benefits such as a antidiabetic properties (Devalaraja, 
Jain, & Yadav, 2011), improvement of lactose tolerance (Shah, 2007), 
and reduction of cholesterol (Nguyen, Kang, & Lee, 2007). Numerous 
efforts have been made for manufacture of probiotic enriched dried 
fruits and fermented probiotic fruit juices (Rein et al., 2013).

To achieve the most beneficial effects at target sites, probiotics 
reflect resistance toward hostile conditions in gastrointestinal tract 
(Rokka & Rantama, 2010). Protection of probiotics by microencap-
sulation improves their viability under adverse conditions in gastric 
conditions. Microencapsulation improves the resistance and survival 
of probiotics under various food processing conditions and can raise 
the probiotics level in human digestive system. Among other poten-
tial ingredients, alginate biopolymer is the most studied and exam-
ined material for encapsulation of probiotics (Zanjani, Ehsani, Tarzi, 
& Sharifan, 2018). Sodium alginate as a natural biopolymer has ex-
tensive application in encapsulation purpose owing to different at-
tributes including economical, on-toxic, simplicity, biocompatibility, 
and biodegradability. Sodium alginate polymer has porous protective 
structure that help in diffusion (Chandy, Mooradian, & Rao, 1998; 
Devi & Kakati, 2013; Islan, De Verti, Marchetti, & Castro, 2012). 
Both sodium alginate and carrageen wall materials are economical, 
nontoxic, and easy to handle (Liu, Xie, & Nie, 2020).

The core objective of the present study was to prepare dried 
apple-based innovative probiotic enriched snack with the addition 
of Bifidobacterium bifidum. The prepared product was analyzed for 

microbiological, physicochemical, and sensorial attributes over a pe-
riod of 25 days of storage.

2  | MATERIAL S AND METHODS

Fresh apples (Malus domestica) of good quality (Kala kulu) were pur-
chased from Faisalabad Market. Apples were selected on the basis of 
their size, color, and absence of any physical harm. Probiotic Culture 
(Bifidobacterium bifidum) was obtained from NIFSAT, University of 
Agriculture Faisalabad. All general chemicals (Sigma-Aldrich GmbH, 
Sternheim, Germany) were purchased from scientific store. The re-
search was carried out at Food Safety and Biotechnology laboratory, 
Government College University, Faisalabad. Sodium alginate having 
ratio of mannuronic (M) to guluronic (G) units (M/G = 65/35) and 
molar weight (MW = 90–180 KDa) was used in this study.

2.1 | Culture activation

Pure freeze-dried cells were activated by inoculating it in MRS (Man 
Rogosa Sharpe) broth for 24 hr at 37°C. Afterward, the cells were 
centrifuged in a centrifuge machine (750073276 EA, Thermo Fisher 
Scientific Inc. USA). The obtained probiotic cells were encapsulated 
as described below.

2.2 | Encapsulation process

The probiotic bacteria B. bifidum was encapsulated with k-carra-
geenan and sodium alginate microgels by following the method as 
described by Afzaal et al. (2018) with little modifications. Shortly, 
100 ml of 3% (w/v) k-carrageenan (KC) and sodium alginate (SA) so-
lutions wase prepared. The prepared solutions were autoclaved at 
121oC [15psi] for 15 min. The aseptic solutions of sodium alginate 
and carrageenan were mixed with 2 ml of 1010 cfu/ml probiotics ob-
tained in activation process. The beads were prepared aseptically 
by using an encapsulator [B-390, Buchi-Switzerland] in standard 
operating conditions. Encapsulating materials liquors were injected 
into hardening solutions of calcium chloride (0.1 M) solution. Later 
on, the desired beads were acquired by filtration, washed by sterile 
deionized water. The acquired beads were stored in physiological sa-
line solution at 4°C.

2.3 | Encapsulation yield

The encapsulation yield was calculated by using the method of 
Iqbal, Zahoor, Huma, Jamil, and Ünlü (2019). For this purpose, 20 
microbeads were selected randomly from both type of encapsu-
lated formulations. The selected beads were disintegrated using a 
stomacher bag containing a phosphate buffer solution and a solu-
tion of sodium citrate having a molarity of 0.1 M at pH of 6.3 by 
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using a stomacher bag. The number of released cells from each 
type (-Sodium Alginate and kappa- carrageenan) was determined 
by using pour plate technique. The yield was calculated by using the 
following formula:

2.4 | Sample preparation

Apples were first washed with tap water, and all the dirt was re-
moved by scrubbing it gently. After washing, the peel was removed 
with the help of a peeler and apples were cut in to disk-shaped 
slices (having diameter 15 mm and thickness 6 mm). For prevent-
ing apple slices from enzymatic browning throughout storage and 
drying, the slices of apple were heated in water bath at 80°C for 
2–3 min.

2.5 | Probiotic Inoculation in apple slices

As B. bifidum was used as a probiotic which was inoculated in apple 
slices by following the method of Akman, Uysal, Ozkaya, Tornuk, and 
Durak (2019), with a slight modification. Inoculum in the range of 
9–10 log CFU/g was added in peptone water (∼1%), and slices of ap-
ples were dipped in a solution (1:3 apple/liquid ratio w/v) for 8 min 
at an ambient temperature with moderate stirring. Afterward, the 
apple samples were kept in controlled environment for 15–20 min at 
ambient temperature to enable the probiotics attachment on apple 
slices. Control treatment was dipped in disinfected peptone water to 
avoid it from adverse environment conditions, without adding bac-
terial culture. Treatment plan for this research work is shown below 
(Table 1).

2.6 | Drying of apple slices

Apple slices were dried using conventional method of drying. Drying 
was done by using an oven dryer at 40–50°C until the moisture con-
tent left less than ≤12%. Normally, the drying interval was about 6h, 
respectively. After this drying process, the apple slices were packed 
in a closed polyethylene cups that were stored at 4°C for 25 days. All 
prepared snacks were evaluated after an interval of 5 days.

2.7 | Enumeration of B. bifidum

For enumeration of B. bifidum, 10 g slices of apple were assimilated 
with 90 ml of sterilized peptone water and standardized with a 
help a stomacher at an average speed for 2 min. serial dilution of 
ten-fold were prepared from the normalized samples with peptone 
water. Dilutions were inoculated in suitable form onto MRS Agar 
(Merck, Germany), and petri dishes were incubated for 48 h at 37°C. 
Afterward, colonies of B. bifidum were enumerated (CFU/g).

2.8 | Determination of physicochemical properties

pH of the apple slices was determined by following AOAC (2006) 
method. pH was measured by a digital pH meter, and readings were 
noted as a mean of three replicates. The snack from each treatment 
was added in distilled water, and the pH was determined.

The value for dried apple slice hardness was determined as stress 
at the peak force. The stress at the peak force is associated with 
the hardness of the dried slices of apple. The experiments were per-
formed by a texture analyzer. Experiments were performed in three 
replications, and the mean value was noted in grams (Albertos et al., 
2016).

2.9 | Determination of phenolic components

The phenolic contents of all treatments were determined to in-
vestigate the impact of free and encapsulated probiotics enriched 
apple snacks. All samples were minced by using mixer to determine 
the total phenolic contents (TPC) in all dried apple snacks. Briefly, 
2 g apple slices were combined with 35 ml of 85% methanol (v/v) 
and stirred at a temperature 37°C with the help of a normal me-
chanic stirrer at 160 rpm per minute. The extracts of methanol com-
pounds were acquired by the filtration process. Now for extraction 
of phenolic content of dried apple snacks, the method of Akman 
et al. (2019) was followed with some modifications. Shortly, 1 ml 
of the prepared methanolic extract was homogenized with 3 ml of 
0.2 N Folin–Ciocalteu's phenol reagent, which was then incubated 
for 5 min, then 2 ml of 6% Na2CO3 was poured in it. The obtained so-
lution was kept at for 30 min in dim light at an ambient temperature. 
Afterward, the samples were measured for absorbance at 760 nm 
using a spectrophotometer (Shimadzu, U-1510, Japan) and numerical 

EY=
Number of cells released (sodium alginate bead and k−carrageen bead)

Number of cells added (sodium alginate and k−carrageenan solution)
×100.

Sr no. treatments Details

1 ASC Dried apple snack (control)

2 ASWFP Apple snack with free probiotics

3 ASWSA Apple snack with probiotics 
encapsulated in Sodium alginate

4 ASWKC Apple snack with probiotics 
encapsulated in K-carrageenan

TA B L E  1   Treatment plan for the 
development of apple snack
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data were recorded. The total phenolic was expressed as mg gallic 
acid equivalents per gram dry weight (mg GAE/g DW).

2.10 | In vitro gastrointestinal assay

In vitro studies were carried out to investigate the survival of free 
and encapsulated probiotic bacteria in simulated gastrointestinal 
conditions. Purposely, simulated solutions were prepared by using 
analytical grade chemicals and aseptic conditions.

2.11 | Survival of free and encapsulated probiotic 
bacteria [Lactobacillus acidophilus] in simulated gastric 
juice [SGJ]

Free and encapsulated beads of sodium alginate and carrageenan 
were subjected to simulated gastric fluid/juice. The tolerance of free 
and encapsulated probiotic bacteria was determined by following 
method of Ahmed, Mudgil, and Maqsood (2019) with some modifi-
cations. The simulated gastric fluid was prepared by adding pepsin 
(3 g/L) in sterile sodium chloride solution. The pH of the prepared 
gastric juice was adjusted by using 0.1 N HCl. The pH of the solution 
was adjusted to about 2. The prepared solution was stored for the 
experiment. One gram of microbeads was suspended in a prepared 
simulated gastric solution. Free/unencapsulated and encapsulated 
probiotic bacteria were mixed with the gastric solution and were in-
cubated in shaking incubator at 37°C at 110 rpm. MRS agar was used 
to determine the number of viable bacteria by counting the CFU. 
The survivability of probiotic in free and encapsulated was recorded 
with a time interval of 0, 30, 60, 90, and 120 min. The results were 
recorded in triplicate.

2.12 | Survival of free and encapsulated probiotic 
bacteria in simulated intestinal juice [SIJ]

The survival of probiotics is also important in the intestinal conditions 
after their passage through the stomach. The survivability of free and 
encapsulated probiotic bacteria was accessed by the method as de-
scribed by Nogueira and Grosso (2017) and Singh, Sharma, Chauhan, 
and Goel (2019). The tolerance of encapsulated bacteria [bead cells] 
to simulated intestinal transit conditions was determined by subject-
ing the free and encapsulated probiotic bacteria to the simulated 
intestinal solution. Briefly, bile salt (3 g/L) and pancreatic (10 g/L) 
were dissolved in phosphate buffer having pH (8.0). The pH (7.5) of 
the intestinal fluid was adjusted by using sterilized NaOH. One gram 

of microbeads was suspended in a prepared simulated gastric solu-
tion. MRS agar was used to determine the number of viable bacteria 
by counting the CFU. Both types of cells, that is, unencapsulated/
free and encapsulated, were separately added to prepared simulated 
solutions and stored in shaking incubator at 37°C and 110 rpm. The 
viability/survival of free/unencapsulated and encapsulated suspend-
ing cells was calculated on pleating MRS agar with encoded interval 
of time [0, 30, 60, 90, and 120 min].

2.13 | Sensory evaluation

Evaluation of sensory parameters was achieved using nine point-
hedonic scale with 15 inexpert panelists including 5 females and 10 
males between 20 and 30 years of age. The volunteers examined 
the appearance, texture, flavor, taste, and general perception of the 
treatments by scoring from 1 to 9 (9 points, extremely good and 1 
being extremely poor). All snacks samples (coded) were randomly 
presented to the panel for evaluation.

2.14 | Statistical analysis

Standard deviations and mean results of the values were obtained 
using SPSS software. Statistical examination was done by software 
Statix-8 with analysis of variance (ANOVA). Difference between the 
data was estimated by means of LSD and multiple comparison tests 
at a significance 95% level.

3  | RESULTS AND DISCUSSIONS

3.1 | Encapsulation yield

Constituents of wall medium have a direct effect on the yield of 
encapsulation. The encapsulation yields also affect the survival in 
simulated digestive conditions (Bora, Li, Zhu, & Du, 2018). Both en-
capsulating materials showed a difference in encapsulation yield. 
Alginate coating gave a higher yield as compared to carrageenan 
coating as shown in Table 2.

Microbeads with wall material sodium alginate showed effi-
ciency (98%) as compared to carrageen as encapsulating efficiency 
(94%). The type of hydrogel matrices and method of encapsulation 
directly affect the encapsulation yield (Kavitake, Kandasamy, Devi, 
& Shetty, 2018). In most of the studies carried out by different 
scientists proved that sodium alginate is more effective encapsu-
lating agents as compared to other polymer. The results showed 

Type of materials
Number before 
encapsulation

Number after 
encapsulation

Efficiency 
(%)

Sodium alginate (encapsulated) 8.96 ± 0.04 8.79 ± 0.05 98%

K-Carrageenan (encapsulated) 8.25 ± 0.02 7.77 ± 0.07 94%

TA B L E  2   Encapsulation efficiency
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that required cell number was entrapped by both type of materi-
als. However, a greater number of cells were entrapped in sodium 
alginate matrix as compared to carrageenan. An effective intake 
(108–109 CFU/g) of the product containing probiotics is required for 
colonizing of the probiotics in the colon. Encapsulation with alginate 
and whey protein enhanced the survival of probiotics (Chotiko & 
Sathivel, 2016; Xu, Gagné-Bourque, Dumont, & Jabaji, 2016).

3.2 | pH of dried apple snack

Figure 1 shows the results regarding pH of all dried apple snack. The 
study showed that pH was maximum in treatment ASWSA (dried 
apple snack encapsulated with sodium alginate); however, ASWFP 
(dried apple snacks with free probiotics) showed the lowest change 
in pH. This decrease in pH may due to the reason that probiotics may 
utilize the carbohydrates and produce acids (organic acids and lactic 
acid). Reduction in the pH due to the inoculation of B. animalis ssp. 
lactis in yogurt was suggested by Senadeera et al. in, 2018. Similarly, 
reduction in the pH of carrot juice was observed due to the addition 
of Lactobacillus acidophilus  by Shigematsu et al., 2018.

3.3 | Measurement of hardness of dried apple snack

Hardness and permeable configuration are frequently used for the 
degree of crispness. Among the quality features of snack food, tex-
ture is an important factor. For snack, crispness is a well-known im-
portant parameter. The hardness of the ASWSA (dried apple snack 
encapsulated with sodium alginate) was significantly higher (p < .05) 
as compared to all other samples which was shown in Figure 2, pos-
sibly because little damage was induced in apple, resulting in an 
integrated but very thin cell wall. This thin cell wall had a poor ca-
pability to repel external factors, leading to reduced hardness (Jiang 
et al., 2017).

3.4 | Phenolic components in dried apple snack

Figure 3 shows the phenolic content of dried apple snack treat-
ments augmented with B. bifidum. The initial phenolic content of 
all the treatments was approximately 3.40 mg GAE/g of the dray 
material. Results suggested that the phenolic content in the dried 
apple snack increases with the probiotic addition significantly 
(p < .05). Initial storage days showed no significant (p < .05) changes 
in the phenolic content. Joshi, Rupasinghe, and Khanizadeh (2011) 
suggested same results in their study. However, after 2 weeks a 
rapid increase was noted in the phenolic content of the dried apple 
snack treatments. The maximum value for phenolic components 
was observed in ASWSA (dried apple snack with sodium alginate 
coating), while the lowest phenolic content was observed in ASC 
(control treatment). Pereirain , Almeida, de Jesus, da Costa, & 
Rodrigues, (2013) proposed that the presence of free probiotics 
can degrade the phenolic contents, and this might be the reason 
that dried apple snack with encapsulated probiotics have maximum 
phenolic contents.

3.5 | Probiotic viability in dried apple snack

In the present study, dried apple slice snack was prepared by the 
addition B. bifidum dried by conventional drying method by using 
dying oven. As apples were kept in water bath with the intention of 
prevention of enzymatic browning, some microflora was deactivated 
due to heat. Figure 4 showed the initial microbial content of the pro-
biotics was approximately 9.5 log CFU/g. The survival of probiotics 
is very important when subjected to different processing conditions. 
The highest probiotic population was observed in ASWSA treatment 
with 8.83 log CFU/g probiotics after 25 days of storage. A log reduc-
tion of 0.59 CFU/g was observed in this treatment. However, the 
least probiotic stability of 5.28 log CFU/g was observed in ASWFP 
(apple with free probiotics) after storage for 25 days. A log reduction 

F I G U R E  1   Effect of free (unencapsulated) and encapsulated (with sodium alginate and carrageenan) Bifidobacterium bifidum on pH of 
dried apple snacks during storage intervals (0, 5, 10, 15, 20, and 25 days) compared with control. Each bar represents mean value for pH of 
treatments. ASC (Control without addition of probiotics), ASWFP (Free/unencapsulated cells), ASWSA (Probiotics encapsulated with sodium 
alginate), and ASWKC (Probiotics encapsulated with K-carrageenan)
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of 4.19 CFU/g was observed. These results indicated that probiotic 
bacteria B. bifidum showed a better attachment and viability in en-
capsulated form with alginate as a coating material. A study was con-
ducted by Romano et al. in, 2014 with methylcellulose edible coating 

was prepared and Lactobacillus delbrueckii subsp. Bulgaricus showed 
better survival.

Another study by Quiroz et al. was conducted in 2014 on green 
apple baked snack in which encapsulated Lactobacillus plantarum was 

F I G U R E  2   Effect of free 
(unencapsulated) and encapsulated 
(with sodium alginate and carrageenan) 
Bifidobacterium bifidum on hardness of 
dried apple snacks during storage intervals 
(0, 5, 10, 15, 20, and 25 days) compared 
with control. Each bar represents mean 
value for hardness of treatments. ASC 
(Control without addition of probiotics), 
ASWFP (Free/unencapsulated cells), 
ASWSA (Probiotics encapsulated with 
sodium alginate), and ASWKC (Probiotics 
encapsulated with K-carrageenan)

F I G U R E  3   Effect of free (unencapsulated) and encapsulated (with sodium alginate and carrageenan) Bifidobacterium bifidum on phenolic 
contents of dried apple snacks during storage intervals (0, 5, 10, 15, 20, and 25 days) compared with control. Each bar represents mean value 
for phenolic contents of treatments. ASC (Control without addition of probiotics), ASWFP (Free/unencapsulated cells), ASWSA (Probiotics 
encapsulated with sodium alginate), and ASWKC (Probiotics encapsulated with K-carrageenan)

F I G U R E  4   Survival of free and 
encapsulated (with sodium alginate 
and carrageenan) probiotics in dried 
apple snacks during storage intervals 
(0, 5, 10, 15, 20, and 25 days) compared 
with control. Each bar represents mean 
value for survival of treatments. ASC 
(Control without addition of probiotics), 
ASWFP (Free/unencapsulated cells), 
ASWSA (Probiotics encapsulated with 
sodium alginate), and ASWKC (Probiotics 
encapsulated with K-carrageenan)
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added as a probiotic microorganism which showed significant levels 
of probiotics after 90 days of storage study. Similarly, a research work 
was conducted by Li et al. (2018), in which probiotic enriched apple 
snacks were prepared by the addition of Lactobacillus plantarum and 
results confirmed the better viability of bacteria in the final product.

3.6 | In vitro gastrointestinal tolerance assay

3.6.1 | Survival of the encapsulated probiotic 
bacteria in simulated gastric fluid/Juice

The viability and stability of free and encapsulated probiotics were 
assessed in simulated conditions. The results showed an instant 
decrease in case of free cells in contrast to the cells encapsulated 
with sodium alginate and carrageenan (Figure 5). A rapid reduction 
was observed in nonencapsulated bacterial cells. A log reduction of 
3.37 CFU/g was observed in nonencapsulated or free probiotic cells. 
However, only 1.36 log reduction CFU/g was observed in encapsu-
lated cells having sodium alginate as a coating material while, and a 
log reduction of 2.19 CFU/g was observed in case of encapsulated 
cells with k-carrageenan as an encapsulation material. Cell viability 
in stomach and intestinal conditions is important in order to get the 
desired benefits of probiotics. The results of the present study are in 
accordance with several authors (Atia, Gomaa, Fernandez, Subirade, 
& Fliss, 2017; Shi et al., 2013) who demonstrated that use of polymer 
for encapsulation of probiotics protects and maintain the desired vi-
ability of probiotics under acidic environment. The encapsulation of 
the cells with hydrogel materials improves the viability and stabil-
ity in low pH medium. The survival rate of probiotics in case of so-
dium alginate was higher as compared to carrageenan. Poor survival 
in case of unencapsulated cells was recorded. The results demon-
strated that encapsulation provides protection to probiotics in simu-
lated gastric conditions. The results defined that encapsulation of 
cells showed a shielding result toward probiotics in simulated gastric 
conditions. Similar results were also obtained by Afzaal et al. (2019), 
who reported a poor survival of free probiotics.

3.6.2 | Survival of the encapsulated probiotic 
bacteria in simulated Intestinal Conditions

A rapid reduction in free cells was observed in as compared to the 
encapsulated probiotics at simulated intestinal fluid pH 7.5 (Figure 6). 
The encapsulation of the cells with either sodium alginate or carra-
geenan had statistically significant effect (p < .05) on cell survival.

The sodium alginate encapsulated beads showed a log reduction 
of 1.72 CFU/g while carrageenan coating showed 1.86 CFU/g log 
reduction. Cell viability in stomach and intestinal conditions is im-
portant in order to get the desired benefits of probiotics. The en-
capsulated probiotic with both sodium alginate and K-carrageenan 
showed a significant effect (p < .05) on the viability of the cells. The 
results of the present study are also in accordance with several au-
thors (Atia et al., 2017; Shi et al., 2013) who demonstrated that use 
of polymer for encapsulation of probiotics protects and maintain the 
desired viability of probiotics under acidic environment. The encap-
sulation of the cells with hydrogel materials improves the viability 
and stability in high pH medium. The survival rate of probiotics in 
case of sodium alginate was higher as compared to carrageenan. 
Poor survival in case of unencapsulated cells was recorded. The re-
sults demonstrated that encapsulation provides protection to probi-
otics in simulated gastric conditions. These results are according to 
the findings of Qi, Liang, Yun, and Guo, (2019), he suggested in his 
study that encapsulation increases the rate of probiotics viability to 
60% in comparison with free cells.

3.7 | Sensory parameters

Results from the sensory evaluation are shown in Figure 7. The re-
sults indicated the acceptance of dried apple snack by the evalu-
ation panel. The incorporation of encapsulated probiotic cells has 
significantly (p < .05) affected the sensory properties (appearance, 
texture, flavor, taste, and general perception) of the product as 
compared to the control. The sensory panelists did not reject any 
apple snack sample. The storage period did not affect the sensory 

F I G U R E  5   Viability of free and 
encapsulated (with sodium alginate and 
carrageenan) probiotics under simulated 
gastric conditions during storage intervals 
(0, 30, 60, 90, and 120 min) compared 
with control. Each bar represents mean 
value for viability of treatments. UEP 
(Unencapsulated cells), PEWSA (Probiotics 
encapsulated with sodium alginate), and 
PEWKCG (Probiotics encapsulated with 
K-carrageenan)
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attributes of the snacks negatively of the results of the sensory evo-
lution also indicated that the development of apple snack containing 
probiotic was liked by the sensory panelist and it should be consid-
ered as value addition for the food enterprise sector.

4  | CONCLUSIONS

The development and production of dried apple snacks containing 
the probiotic microorganism using convectional drying method were 
successful. Probiotics were added in encapsulated and free form. 
When stored for 25 days at 4°C, snack with encapsulated bacteria 
showed more viability than that of free form which indicates the use 
of dried apple snack as an effective probiotic carrier. The findings of 
the study indicate that microencapsulation has a key role in improv-
ing the viability and stability of probiotics in stressed processing as 
well as in vitro digestion conditions. Microencapsulation ensured the 
endorsed level of probiotics under detrimental conditions for health 
benefits. The results of the study also indicated that the develop-
ment of snack containing probiotic is an attractive approach to lift 
human health.

ACKNOWLEDG EMENTS
The authors extend their appreciation to the Deanship of Scientific 
Research at King Saud University for funding this work through re-
search group no. RG-1441-405.

CONFLIC T OF INTERE S T
The authors declare that they have no conflict of interest.

ORCID
Farhan Saeed  https://orcid.org/0000-0001-5340-4015 
Shahzad Hussain  https://orcid.org/0000-0001-8564-9113 
Tabussam Tufail  https://orcid.org/0000-0002-7632-5261 
Muzammil Hussain  https://orcid.org/0000-0002-8723-4736 

R E FE R E N C E S
Afzaal, M., Khan, A. U., Saeed, F., Ahmed, A., Ahmad, M. H., Maan, A. 

A., … Hussain, S. (2019). Functional exploration of free and encap-
sulated probiotic bacteria in yogurt and simulated gastrointestinal 
conditions. Food Science & Nutrition, 7(12), 3931–3940. https://doi.
org/10.1002/fsn3.1254

Afzaal, M., Saeed, F., Arshad, M. U., Nadeem, M. T., Saeed, M., & Tufail, 
T. (2018). The effect of encapsulation on the stability of probiotic 

F I G U R E  6   Viability of free and 
encapsulated (with sodium alginate 
and carrageenan) probiotics under 
simulated intestinal conditions during 
storage intervals (0, 30, 60, 90, and 
120 min) compared with control. 
Each bar represents mean value for 
viability of treatments. ASWFP (Free/
unencapsulated cells), ASWSA (Probiotics 
encapsulated with sodium alginate), and 
ASWKC (Probiotics encapsulated with 
K-carrageenan)

F I G U R E  7   Effect of free 
(unencapsulated) and encapsulated 
(with sodium alginate and carrageenan) 
Bifidobacterium bifidum on sensory 
parameters of dried apple snacks during 
storage intervals (0, 5, 10, 15, 20, and 
25 days) compared with control. Each bar 
represents mean value of sensory score 
of treatments. ASC (Control without 
addition of probiotics), ASWFP (Free/
unencapsulated cells), ASWSA (Probiotics 
encapsulated with sodium alginate), and 
ASWKC (Probiotics encapsulated with 
K-carrageenan)

https://orcid.org/0000-0001-5340-4015
https://orcid.org/0000-0001-5340-4015
https://orcid.org/0000-0001-8564-9113
https://orcid.org/0000-0001-8564-9113
https://orcid.org/0000-0002-7632-5261
https://orcid.org/0000-0002-7632-5261
https://orcid.org/0000-0002-8723-4736
https://orcid.org/0000-0002-8723-4736
https://doi.org/10.1002/fsn3.1254
https://doi.org/10.1002/fsn3.1254


5400  |     AFZAAL et AL.

bacteria in ice cream and simulated gastrointestinal conditions. 
Probiotics and Antimicrobial Proteins, 11, 1348–1354.

Ahmad, M., Mudgil, P., & Maqsood, S. (2019). Camel whey protein micro-
particles for safe and efficient delivery of novel camel milk derived pro-
biotics. LWT, 108, 81–88. https://doi.org/10.1016/j.lwt.2019.03.008

Akman, P. K., Uysal, E., Ozkaya, G. U., Tornuk, F., & Durak, M. Z. (2019). 
Development of probiotic carrier dried apples for consumption as 
snack food with the impregnation of Lactobacillus paracasei. LWT, 
103, 60–68. https://doi.org/10.1016/j.lwt.2018.12.070

Albertos, I., Martin-Diana, A. B., Sanz, M. A., Barat, J. M., Diez, A. M., 
Jaime, I., & Rico, D. (2016). Effect of high pressure processing or 
freezing technologies as pretreatment in vacuum fried carrot snacks. 
Innovative Food Science and Emerging Technologies, 33, 115–122. 
https://doi.org/10.1016/j.ifset.2015.11.004

AOAC International. (2006). AOAC International Guidelines for 
Laboratories Performing Microbiological and Chemical Analyses of Food 
and Pharmaceuticals: An Aid to Interpretation of ISO/IEC 17025: 2005. 
Arlington, VA: AOAC International.

Atia, A., Gomaa, A., Fernandez, B., Subirade, M., & Fliss, I. (2017). Study 
and understanding behavior of alginate-inulin synbiotics beads for 
protection and delivery of antimicrobial-producing probiotics in co-
lonic simulated conditions. Probiotics and Antimicrobial Proteins. 10, 
157–167.

Bora, A. F. M., Li, X., Zhu, Y., & Du, L. (2018). Improved viability of mi-
croencapsulated probiotics in a freeze-dried banana powder during 
storage and under simulated gastrointestinal tract. Probiotics and 
Antimicrobial Proteins, 11, 1330–1339.

Boyer, J., & Liu, R. H. (2004). Apple phytochemicals and their 
health benefits. Nutrition Journal, 3(5), 1–15. https://doi.
org/10.1186/1475-2891-3-5

Chandy, T., Mooradian, D. L., & Rao, G. H. (1998). Chitosan/polyethylene 
glycol–alginate microcapsules for oral delivery of hirudin. Journal of 
Applied Polymer Science, 70(11), 2143–2153. https://doi.org/10.1002/
(SICI)1097-4628(19981 212)70:11<2143:AID-APP7>3.0.CO;2-L

Chotiko, A., & Sathivel, S. (2014). Effects of enzymatically-extracted 
purple rice bran fiber as a protectant of L. plantarum NRRL B-4496 
during freezing, freeze drying, and storage. LWT-Food Science and 
Technology, 59(1), 59–64.

Cui, L. I., Niu, L.-Y., Li, D.-J., Liu, C.-Q., Liu, Y.-P., Liu, C.-J., & Song, J.-F. 
(2018). Effects of different drying methods on quality, bacterial via-
bility and storage stability of probiotic enriched apple snacks. Journal 
of Integrative Agriculture, 17(1), 247–255. https://doi.org/10.1016/
S2095 -3119(17)61742 -8

Devalaraja, S., Jain, S., & Yadav, H. (2011). Exotic fruits as therapeutic 
complements for diabetes, obesity and metabolic syndrome. Food 
Research International, 44(7), 1856–1865. https://doi.org/10.1016/j.
foodr es.2011.04.008

Devi, N., & Kakati, D. K. (2013). Smart porous microparticles based 
on gelatin/sodium alginate polyelectrolyte complex. Journal of 
Food Engineering, 117(2), 193–204. https://doi.org/10.1016/j.jfood 
eng.2013.02.018

Doymaz, İ., Karasu, S., & Baslar, M. (2016). Effects of infrared heating on 
drying kinetics, antioxidant activity, phenolic content, and color of 
jujube fruit. Journal of Food Measurement and Characterization, 10(2), 
283–291. https://doi.org/10.1007/s1169 4-016-9305-4

FAO Regional Office for Asia. (2006). Rapid Growth of Selected Asian 
Economies: Lessons and Implications for Agriculture and Food Security. 
Food & Agriculture Org.

Gardner, P. T., White, T. A. C., McPhail, D. B., & Duthie, G. G. (2000). 
The relativecontributions of vitamin C, carotenoids and phenolics to 
the antioxidantpotential of fruit juices. Food Chemistry, 68, 471–474. 
https://doi.org/10.1016/S0308 -8146(99)00225 -3

Herman, C. P., Polivy, J., Pliner, P., & Vartanian, L. R. (2019). A Theory 
of Normal Eating. In Social Influences on Eating (pp. 11–28). Cham, 
Switzerland: Springer.

Higgs, S., Liu, J., Collins, E. I. M., & Thomas, J. M. (2019). Using social 
norms to encourage healthier eating. Nutrition Bulletin, 44(1), 43–52. 
https://doi.org/10.1111/nbu.12371

Hill, C., Guarner, F., Reid, G., Gibson, G. R., Merenstein, D. J., Pot, B., … 
Calder, P. C. (2014). Expert consensus document: The International 
Scientific Association for Probiotics and Prebiotics consensus 
statement on the scope and appropriate use of the term probiotic. 
Nature Reviews Gastroenterology & Hepatology, 11(8), 506. https://doi.
org/10.1038/nrgas tro.2014.66

Iqbal, R., Zahoor, T., Huma, N., Jamil, A., & Ünlü, G. (2019). In-vitro 
GIT tolerance of microencapsulated Bifidobacterium bifidum 
ATCC 35914 using polysaccharide-protein matrix. Probiotics and 
Antimicrobial Proteins, 11(3), 830–839. https://doi.org/10.1007/
s1260 2-017-9384-5

Islan, G. A., De Verti, I. P., Marchetti, S. G., & Castro, G. R. (2012). 
Studies of ciprofloxacin encapsulation on alginate/pectin matrixes 
and its relationship with biodisponibility. Applied Biochemistry and 
Biotechnology, 167(5), 1408–1420. https://doi.org/10.1007/s1201 
0-012-9610-2

Jiang, N., Liu, C., Li, D., Zhang, Z., Liu, C., Wang, D., … Zhang, M. (2017). 
Evaluation of freeze drying combined with microwave vacuum drying 
for functional okra snacks: Antioxidant properties, sensory quality, 
and energy consumption. LWT-Food Science and Technology, 82, 216–
226. https://doi.org/10.1016/j.lwt.2017.04.015

Joshi, A. P. K., Rupasinghe, H. P. V., & Khanizadeh, S. (2011). Impact of drying 
processes on bioactive phenolics, vitamin C and antioxidant capacity 
of red-fleshed apple slices. Journal of Food Processing and Preservation, 
35(4), 453–457. https://doi.org/10.1111/j.1745-4549.2010.00487.x

Kavitake, D., Kandasamy, S., Devi, P. B., & Shetty, P. H. (2018). Recent 
developments on encapsulation of lactic acid bacteria as potential 
starter culture in fermented foods–A review. Food Bioscience, 21, 
34–44. https://doi.org/10.1016/j.fbio.2017.11.003

Keast, D. R., O'Neil, C. E., & Jones, J. M. (2011). Dried fruit consumption 
is associated with improved diet quality and reduced obesity in US 
adults: National Health and Nutrition Examination Survey, 1999–
2004. Nutrition Research, 31(6), 460–467. https://doi.org/10.1016/j.
nutres.2011.05.009

Lee, K., Kim, Y., Kim, D., Lee, H., & Lee, C. (2003). Major phenolics in 
apple and theircontribution to the total antioxidant capacity. Journal 
of Agricultural and FoodChemistry, 51, 6516–6520. https://doi.
org/10.1021/jf034 475w

Liu, H., Xie, M., & Nie, S. (2020). Recent trends and applications of poly-
saccharides for microencapsulation of probiotics. Food Frontiers, 1(1), 
45–59. https://doi.org/10.1002/fft2.11

Nguyen, T. D. T., Kang, J. H., & Lee, M. S. (2007). Characterization of 
Lactobacillus plantarum PH04, a potential probiotic bacterium 
with cholesterol-lowering effects. International Journal of Food 
Microbiology, 113(3), 358–361. https://doi.org/10.1016/j.ijfoo 
dmicro.2006.08.015

Nogueira, G. F., Prata, A. S., & Grosso, C. R. F. (2017). Alginate and whey 
protein based-multilayered particles: Production, characterisation 
and resistance to pH, ionic strength and artificial gastric/intesti-
nal fluid. Journal of Microencapsulation, 34(2), 151–161. https://doi.
org/10.1080/02652 048.2017.1310945

Pereira, A. L. F., Almeida, F. D. L., de Jesus, A. L. T., da Costa, J. M. C., & 
Rodrigues, S. (2013). Storage stability and acceptance of probiotic 
beverage from cashew apple juice. Food and Bioprocess Technology, 
6(11), 3155–3165. https://doi.org/10.1007/s1194 7-012-1032-1

Qi, W., Liang, X., Yun, T., & Guo, W. (2019). Growth and survival of micro-
encapsulated probiotics prepared by emulsion and internal gelation. 
Journal of Food Science and Technology, 56(3), 1398–1404. https://doi.
org/10.1007/s1319 7-019-03616 -w

Rein, M. J., Renouf, M., Cruz-Hernandez, C., Actis-Goretta, L., 
Thakkar, S. K., & da Silva Pinto, M. (2013). Bioavailability of bio-
active food compounds: A challenging journey to bioefficacy. 

https://doi.org/10.1016/j.lwt.2019.03.008
https://doi.org/10.1016/j.lwt.2018.12.070
https://doi.org/10.1016/j.ifset.2015.11.004
https://doi.org/10.1186/1475-2891-3-5
https://doi.org/10.1186/1475-2891-3-5
https://doi.org/10.1002/(SICI)1097-4628(19981212)70:11%3C2143:AID-APP7%3E3.0.CO;2-L
https://doi.org/10.1002/(SICI)1097-4628(19981212)70:11%3C2143:AID-APP7%3E3.0.CO;2-L
https://doi.org/10.1016/S2095-3119(17)61742-8
https://doi.org/10.1016/S2095-3119(17)61742-8
https://doi.org/10.1016/j.foodres.2011.04.008
https://doi.org/10.1016/j.foodres.2011.04.008
https://doi.org/10.1016/j.jfoodeng.2013.02.018
https://doi.org/10.1016/j.jfoodeng.2013.02.018
https://doi.org/10.1007/s11694-016-9305-4
https://doi.org/10.1016/S0308-8146(99)00225-3
https://doi.org/10.1111/nbu.12371
https://doi.org/10.1038/nrgastro.2014.66
https://doi.org/10.1038/nrgastro.2014.66
https://doi.org/10.1007/s12602-017-9384-5
https://doi.org/10.1007/s12602-017-9384-5
https://doi.org/10.1007/s12010-012-9610-2
https://doi.org/10.1007/s12010-012-9610-2
https://doi.org/10.1016/j.lwt.2017.04.015
https://doi.org/10.1111/j.1745-4549.2010.00487.x
https://doi.org/10.1016/j.fbio.2017.11.003
https://doi.org/10.1016/j.nutres.2011.05.009
https://doi.org/10.1016/j.nutres.2011.05.009
https://doi.org/10.1021/jf034475w
https://doi.org/10.1021/jf034475w
https://doi.org/10.1002/fft2.11
https://doi.org/10.1016/j.ijfoodmicro.2006.08.015
https://doi.org/10.1016/j.ijfoodmicro.2006.08.015
https://doi.org/10.1080/02652048.2017.1310945
https://doi.org/10.1080/02652048.2017.1310945
https://doi.org/10.1007/s11947-012-1032-1
https://doi.org/10.1007/s13197-019-03616-w
https://doi.org/10.1007/s13197-019-03616-w


     |  5401AFZAAL et AL.

British Journal of Clinical Pharmacology, 75(3), 588–596. https://doi.
org/10.1111/j.1365-2125.2012.04425.x

Rokka, S., & Rantamäki, P. (2010). Protecting probiotic bacteria by micro-
encapsulation: Challenges for industrial applications. European Food 
Research and Technology, 231, 1–12. https://doi.org/10.1007/s0021 
7-010-1246-2

Romano, N., Tavera-Quiroz, M. J., Bertola, N., Mobili, P., Pinotti, A., & 
Gómez-Zavaglia, A. (2014). Edible methylcellulose-based films con-
taining fructo-oligosaccharides as vehicles for lactic acid bacteria. 
Food Research International, 64, 560–566. https://doi.org/10.1016/j.
foodr es.2014.07.018

Santeramo, F. G., Carlucci, D., De Devitiis, B., Seccia, A., Stasi, A., 
Viscecchia, R., & Nardone, G. (2018). Emerging trends in European 
food, diets and food industry. Food Research International, 104, 39–
47. https://doi.org/10.1016/j.foodr es.2017.10.039

Senadeera, S. S., Prasanna, P. H. P., Jayawardana, N. W. I. A., Gunasekara, 
D. C. S., Senadeera, P., & Chandrasekara, A. (2018). Antioxidant, 
physicochemical, microbiological, and sensory properties of probi-
otic yoghurt incorporated with various Annona species pulp. Heliyon, 
4(11), e00955. https://doi.org/10.1016/j.heliy on.2018.e00955

Shah, N. P. (2007). Functional cultures and health benefits. International 
Dairy Journal, 17(11), 1262–1277. https://doi.org/10.1016/j.idair 
yj.2007.01.014

Shi, L.-E., Li, Z.-H., Li, D.-T., Xu, M., Chen, H.-Y., Zhang, Z.-L., & Tang, 
Z.-X. (2013). Encapsulation of probiotic Lactobacillus bulgaricus in 
alginate–milk microspheres and evaluation of the survival in simu-
lated gastrointestinal conditions. Journal of Food Engineering, 117(1), 
99–104.

Shigematsu, E., Dorta, C., Rodrigues, F. J., Cedran, M. F., Giannoni, J. A., 
Oshiiwa, M., & Mauro, M. A. (2018). Edible coating with probiotic 
as a quality factor for minimally processed carrots. Journal of Food 
Science and Technology, 55(9), 3712–3720. https://doi.org/10.1007/
s1319 7-018-3301-0

Singh, M., Sharma, D., Chauhan, R., & Goel, G. (2019). Skimmed 
milk-based encapsulation for enhanced stability and viability of 
Lactobacillus gastricus BTM 7 under simulated gastrointestinal con-
ditions. Probiotics and Antimicrobial Proteins, 11(3), 850–856. https://
doi.org/10.1007/s1260 2-018-9472-1

Sun-Waterhouse, D., Melton, L. D., O’Connor, C. J., Kilmartin, P. A., & 
Smith, B. G. (2008). Effect of apple cell walls and their extracts on 
the activity of dietary antioxidants. Journal of Agricultural and Food 
Chemistry, 56(1), 289–295. https://doi.org/10.1021/jf072 670v

WHO (2004). Guidelines for Drinking-Water Quality: Recommendations. 
Geneva, Switzerland: World Health Organization.

Xu, M., Gagné-Bourque, F., Dumont, M.-J., & Jabaji, S. (2016). 
Encapsulation of lactobacillus casei ATCC 393 cells and evaluation 
of their survival after freeze-drying, storage and under gastrointes-
tinal conditions. Journal of Food Engineering, 168, 52–59. https://doi.
org/10.1016/j.jfood eng.2015.07.021

Zanjani, M. A. K., Ehsani, M. R., Tarzi, B. G., & Sharifan, A. (2018). 
Promoting probiotics survival by microencapsualtion with Hylon 
starch and genipin cross-linked coatings in simulated gastro-intes-
tinal condition and heat treatment. Iranian Journal of Pharmaceutical 
Research: IJPR, 17(2), 753.

How to cite this article: Afzaal M, Saeed F, Hussain S, et al. 
Survival and storage stability of encapsulated probiotic under 
simulated digestion conditions and on dried apple snacks. Food 
Sci Nutr. 2020;8:5392–5401. https://doi.org/10.1002/
fsn3.1815

https://doi.org/10.1111/j.1365-2125.2012.04425.x
https://doi.org/10.1111/j.1365-2125.2012.04425.x
https://doi.org/10.1007/s00217-010-1246-2
https://doi.org/10.1007/s00217-010-1246-2
https://doi.org/10.1016/j.foodres.2014.07.018
https://doi.org/10.1016/j.foodres.2014.07.018
https://doi.org/10.1016/j.foodres.2017.10.039
https://doi.org/10.1016/j.heliyon.2018.e00955
https://doi.org/10.1016/j.idairyj.2007.01.014
https://doi.org/10.1016/j.idairyj.2007.01.014
https://doi.org/10.1007/s13197-018-3301-0
https://doi.org/10.1007/s13197-018-3301-0
https://doi.org/10.1007/s12602-018-9472-1
https://doi.org/10.1007/s12602-018-9472-1
https://doi.org/10.1021/jf072670v
https://doi.org/10.1016/j.jfoodeng.2015.07.021
https://doi.org/10.1016/j.jfoodeng.2015.07.021
https://doi.org/10.1002/fsn3.1815
https://doi.org/10.1002/fsn3.1815

