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Abstract
A sufficient amount of probiotics is essential to be consumed to improve the host’s health. In order to protect probiotics against 
the harsh gastrointestinal environment, probiotics were subjected to microencapsulation prior to product manufacturing or 
consumption. However, maintaining the viability of encapsulated probiotics remains a challenge. Hence, prebiotics were 
often incorporated with encapsulated probiotics with the intention to serve as a nutrient source or protectants for probiotics. 
In this paper, the effect of incorporating prebiotics to encapsulated probiotics on microencapsulation efficiency, microbeads 
size, and survivability under gastrointestinal conditions and storage were reviewed extensively. Besides, we also introduced 
potential emerging prebiotics that had been incorporated into encapsulated probiotics and compared them against common 
established prebiotics. Furthermore, this article also highlights the possible factors that may cause low viable cell count and 
small microbead size of encapsulated probiotics after the addition of prebiotics. Lastly, the importance of microencapsulat-
ing probiotics with synergistic prebiotics were emphasized in this review.
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Introduction

Probiotics that are often used in beverages or food products 
are the members of the genera Lactobacillus, Bifidobacte-
rium, and Lactococcus [1]. These strains are recognized as 
Generally Recognized As Safe (GRAS) by the United States 
Food and Drug Administration (US FDA). There are vari-
ous health properties associated with probiotics to improve 
human health conditions such as anti-microbial [2], anti-
carcinogenic [3], anti-proliferative [4], anti-inflammatory 
[5], and immune-modulatory properties [6]. Hill et al. [7] 
recommended that a minimum amount of 9 log10 CFU/serv-
ings probiotics had to be consumed to confer health benefits. 
However, prolonged storage on the shelf and harsh gastro-
intestinal conditions could reduce the viability of probiotics 
[8]. Hence, microencapsulation of probiotics is explored to 
provide an adequate amount of probiotics to the host.

The microencapsulation technique is capable to shield the 
probiotics from a harsh outer environment, for example, oxy-
gen, extreme pH, enzymes, and antimicrobial nutrients from 
either food, beverages, or the gastrointestinal tract [9–12]. 
Besides that, microencapsulation also allows the release of 
probiotics at controlled and targeted sites [13, 14]. Various 
microencapsulation processes are often adopted by the food 
industry for probiotics, for instance, extrusion, emulsifica-
tion, and atomization (spray drying and freeze-drying) [15]. 
However, encapsulation efficiency, microbeads size, and sur-
vivability of the probiotics could vary with different encap-
sulation techniques. Hence, several criteria are considered by 
the food industry in selecting the encapsulation techniques 
which are the characteristics of the active ingredients and 
wall materials, desired microbeads size, food and beverage 
application, targeted release site, cost, and industrial appli-
cability [16]. The materials involved in probiotics microen-
capsulation are commonly categorized into wall and core 
materials [17]. Wall materials are defined as the continuous 
polymers used to create a barrier between probiotics and the 
outer environment [18]. On the other hand, core materials in 
microencapsulation of probiotics refer to the probiotics or 
any other materials such as prebiotics mixed with probiotics 
(Fig. 1) [19].

 *	 Liewphing Pui 
	 puilp@ucsiuniversity.edu.my

1	 Department of Food Science and Nutrition, Faculty 
of Applied Sciences, UCSI University, Jalan Puncak Menara 
Gading, Cheras, Kuala Lumpur, Wilayah Persekutuan, 
Malaysia

http://orcid.org/0000-0003-3679-6760
http://orcid.org/0000-0001-5305-4334
http://crossmark.crossref.org/dialog/?doi=10.1007/s11694-021-01059-6&domain=pdf


4900	 Y. How, L. Pui 

1 3

There are two types of microbeads that can be formed 
with different types of microencapsulation techniques. Res-
ervoir-type of microbeads are usually formed using tech-
niques such as co-extrusion, coacervation, fluid bed coat-
ing, and emulsification or extrusion with coating. The wall 
or coating materials for reservoir-type of microbeads form 
an outer layer surrounding the active ingredients (probiot-
ics and/or prebiotics) (Fig. 2a). In contrast, spray drying, 
freeze-drying, and emulsification or extrusion without coat-
ing would produce matrix-type microbeads. This type of 
microbead is produced by mixing wall and core materials 
prior to the encapsulation process, which resulted in the dis-
persing of the active ingredients within and on the surface 
of the wall material (Fig. 2b) [20].

The minimum amount of probiotics required to be in 
food or beverage products at their final shelf life is 6 log10 
CFU/mL [7]. In order to improve the viability of probiotics 
in food products, microencapsulation technology had been 
adopted by the food industry to encapsulate probiotics. 
Encapsulated probiotics had been incorporated into various 
functional food products in the market such as yoghurts, 
chocolates, ice cream, dairy drinks, and nutrition bars [15]. 

Probiotics had been encapsulated prior to incorporating into 
food products to preserve the product’s sensory properties, 
improve the probiotics’ stability over long shelf life, and 
protect the probiotics against harsh gastrointestinal digestion 
upon consumption [21]. In addition to probiotics, prebiotics 
such as maltodextrin and inulin had also been incorporated 
into these commercial food products.

Prebiotics play a role in prolonging probiotics’ surviv-
ability throughout storage and consumption by providing 
nutrients to probiotics for growth [22–24]. Furthermore, 
prebiotics had been reported to improve probiotics’ surviv-
ability through the microencapsulation process and storage 
by acting as a protective matrix and nutrient source for pro-
biotics [25]. However, the addition of prebiotics into encap-
sulated probiotics may also increase the size of the micro-
beads which will affect the texture of food products [18, 26]. 
Many reviews had been published on probiotics, prebiotics, 
and their impact on improving health [27–29]. On the other 
hand, there are limited reviews on the encapsulation effi-
ciency, microbeads size, and survivability of encapsulated 
probiotics incorporated with prebiotics. Hence, this paper 
aimed to review the impact of prebiotics in microencapsu-
lated probiotics in terms of microencapsulation efficiency, 
microbeads size, gastrointestinal digestion and storage.

Prebiotics

The concept of prebiotics were first introduced in 1995 and 
currently defined as a “substrate that is selectively utilized 
by host microorganisms conferring health benefits” [30]. 
Moreover, established criteria that were widely accepted 
are (i) resistance towards acid and bile; (ii) resists against 
hydrolysis by human digestive enzymes and intestinal 
absorption, (iii) allow the fermentation of selected intestinal 
microflora, (iv) stimulate the growth of selected bacteria that 
confer health benefits on the host, and (v) stable throughout 
processing conditions [31]. The presence of prebiotics in the 
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Core materials

Coating material

Fig. 1   Composition of microbeads

Fig. 2   Types of microbeads 
containing probiotic and 
prebiotic: a reservoir-type and 
b matrix-type
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Wall or coating material
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diet may lead to numerous health benefits such as mineral 
absorption, lipid regulation, anti-inflammatory, and reducing 
the risk of colon cancer [32–34]. Furthermore, prebiotics are 
also used in the food industry to improve sensory attributes, 
nutritional content, and stability of the food after incorpora-
tion [15, 35].

Prebiotics have huge potential to serve as an agent in 
maintaining balanced intestinal bacteria as prebiotics may 
become an alternative to the probiotics bacteria [36]. How-
ever, the combination of probiotics and prebiotics are often 
used to ensure a superior effect, rather than using prebiotics 
or probiotics alone [31]. The concept of the incorporation 
between prebiotics and probiotics is also known as synbiotic 
[28]. This is to enhance the survivability of the probiotics 
present in the gastrointestinal tract, where the probiotics 
and prebiotics properties can overcome the adverse condi-
tion in order for the probiotics to remain viable in the gut 
[31]. Besides that, prebiotics can form three-dimensional 
networks of microcrystals that react and form small aggrega-
tion that gives better protection to the probiotics [37].

 There is common established prebiotics that had been 
widely researched and available in the market such as fructo-
oligosaccharide, mannitol, maltodextrin, inulin, and galacto-
oligosaccharides [38–40]. On the other hand, researchers 
had also been exploring new prebiotics obtained from dif-
ferent sources. These emerging prebiotics such as tragacanth 
gum, Arabic gum, trehalose, isomalto-oligosaccharides, 
plant extracts (beetroot, ginger, Synsepalum dulcificum, 
Plantago psyllium), seeds (chia or flaxseed), fruit skin or 
peel extract, and different types of starches (potato, arrow-
root, hi-maize, rice, wheat) were also used for microencap-
sulation by different studies (Table 1).

Microencapsulation efficiency and microbeads 
size of encapsulated probiotics 
with or without prebiotics

Different types of prebiotics or combination of prebiotics 
had been incorporated into various types of probiotics to 
increase their viability during the gastrointestinal tract and/ 
or storage (Table 1). From Table 1, it is observed that the 
inclusion of prebiotics had a different effect on the microen-
capsulation efficiency of probiotics. Most studies displayed 
higher microencapsulation efficiency with the inclusion of 
prebiotics [25, 41, 48, 54, 56–60], except for Kim et al. [54], 
Ng et al. [26], and Chan and Pui [51] who demonstrated 
lower microencapsulation efficiency with the addition of 
prebiotics. Furthermore, Shinde et al. [53], Siang et al. [52], 
Paim et al. [45], Savedboworn et al. [47], and Nami et al. 
[42] reported no significant difference in microencapsula-
tion efficiency between prebiotics and without prebiotics. 
Moreover, microencapsulation efficiency for common prebi-
otics are ranged from 38.1 to 99.2%. Similarly, emerging 

prebiotics also showed a wide range of microencapsulation 
efficiency (22.5–99.3%) (Table 1).

According to Yee et al. [25] and Yong et al. [41], the pres-
ence of prebiotics during microencapsulation of probiotics 
could improve the probiotics’ survivability by acting as a 
nutrient source, hence demonstrating higher microencap-
sulation efficiency. Besides that, the increase in microen-
capsulation efficiency with the presence of prebiotics could 
be due to the protective effect exerted by prebiotics [41]. 
It is suggested that sugars, protein, or carbohydrates used 
as prebiotics, could also act as protectants to prevent cell 
damage [61]. The interaction between prebiotic and polymer 
(mannitol and calcium alginate) could be formed through 
hydrogen bonds during the microencapsulation process, 
which protected the probiotics [62].

On the other hand, Kim et al. [54], Ng et al. [26], and 
Chan and Pui [51] all displayed higher microencapsulation 
efficiency without prebiotics than with prebiotics (Table 1). 
This could be explained by the microbeads’ inner space were 
taken up the prebiotics, hence resulting in lower probiotics 
viable count encapsulated in the microbeads as suggested by 
Ng et al. [26]. Furthermore, Kim et al. [54] indicated that 
the low microencapsulation efficiency with the presence of 
prebiotics could also be due to the disruption in the chemical 
bond between wall and coating materials by the prebiotics 
during the encapsulation process. This shows the symbiotic 
relationship between prebiotics and wall materials is crucial 
to ensure high microencapsulation efficiency. Foroutan et al. 
[55] reported higher microencapsulation efficiency for prebi-
otics tragacanth than pectin and Arabic gum despite using 
the same probiotic strain, wall materials, and encapsulation 
technique. Hence, a preliminary study could be carried out 
by exploring different types of prebiotics against desired 
probiotics prior to the encapsulation process.

According to Table 1, Savedboworn et al. [47], Raddatz 
et al. [48], and Serrano-Casas et al. [49] used both com-
mon and emerging prebiotics for the same probiotic strain 
in their respective studies, however different microencap-
sulation efficiency was reported. Furthermore, common 
(inulin) and emerging prebiotics (Plantago psyllium fibre 
and potato starch) used by Peredo et al. [50] also displayed 
higher microencapsulation efficiency for L. plantarum Lp17 
than L. casei Shirota (Table 1). This demonstrates that high 
microencapsulation efficiency is dependent on the compat-
ibility between specific prebiotics and probiotics, regardless 
of common or emerging prebiotics.

In terms of the effect of prebiotics on microbeads size, all 
studies compiled in Table 1 shows larger microbeads size for 
probiotic microbeads with prebiotics than without prebiot-
ics [26, 41–43, 51, 52, 54, 60], except for Paim et al. [45], 
Fritzen-Freire et al. [46], Bustamante et al. [59], and Raddatz 
et al. [48]. Besides that, the microbeads for all of the stud-
ies listed in Table 1 had microbeads size below < 1000 μm 
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[25, 26, 41, 42, 44–46, 48, 49, 51, 52, 59, 60], except for Kumherová et al. [43], Peredo et al. [50], and Kim et al. [54]. 

Table 1   Microencapsulation efficiency and microbeads size of encapsulated probiotics with or without prebiotics

Probiotics Encapsulation 
techniques

Wall materials 
and/ or coating 
material

Prebiotic Microencapsulation efficiency 
(%)

Microbeads size/ diameter 
(µm)

References

With prebiotic Without 
prebiotic

With prebiotic Without 
prebiotic

Common established prebiotic 
L. plantarum 

299v
Co-extrusion Sodium 

alginate + chi-
tosan + cal-
cium chloride

4% (w/v) 
fructo-oligo-
saccharides

93.46 97.36 748.2 556.8 [26]

B. animalis 
subsp. lactis 
BB12

Co-extrusion Sodium 
alginate + chi-
tosan + cal-
cium chloride

5% (w/v) 
mannitol

89.15 77.32 805.0 758.5 [41]

L. acidophilus 
NCFM

Co-extrusion Sodium algi-
nate + locust 
bean gum

3% (w/v) 
mannitol

96.8 95.5 570.0 576.7 [25]

L. lactis 
ABRIINW-
N19

Extrusion Sodium algi-
nate + persian 
gum

2% inulin 99.2 98.6 390–430 340–370 [42]
2% fructo-

oligosaccha-
rides

98.4 530–560

B. animalis 
subsp. lactis 
BB12

Extrusion Sodium alginate 1.0% (w/w) 
inu-
lin + 0.5% 
(w/w) ascor-
bic acid

ND ND 2300 1700 [43]

L. paraplan-
tarum 

Extrusion 
- freeze-
drying

Whey protein 32.5% (w/w) 
maltodextrin

ND ND 363–349 ND [44]

L. plantarum ND 218–354
B. animalis 

spp. lactis
Spray-drying Maltodextrin 50% (w/w) 

inulin
92.7 90.9 6.80 9.13 [45]

50% (w/w) 
oligofruc-
tose

91.6 8.76

B. animalis 
spp. lactis 
BB-12

Spray drying Reconstituted 
skim milk

100 g/L inulin ND ND 17.79 18.78 [46]
100 g/L oligo-

fructose
ND 14.45

 L. plantarum 
TISTR 
2075

Freeze-drying Rice protein 5% (w/w) 
fructo-oligo-
saccharides

~ 98.9 ~ 96.7 ND ND [47]

5% (w/w) 
inulin

~ 97.8 ND

5% (w/w) 
polydextrose

~ 98.9 ND

L. acidophilus 
LA5

Emulsifica-
tion-freeze 
drying

Pectin + calcium 
carbon-
ate + sunflower 
oil

10% (w/v) 
inulin

68.1 64.9 345 192 [48]

L. plantarum 
UAM17

Emulsification Sodium algi-
nate + Mazola 
maize oil

1% (w/v) 
inulin

87.4 ND 92.3 ND [49]

L. casei Shi-
rota

Emulsification Sodium algi-
nate + calcium 
chloride + edi-
ble oil

1% (w/v) 
inulin

38.1 ND 1750 ND [50]

L. plantarum 
Lp17

93.6 1720
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Table 1   (continued)

Probiotics Encapsulation 
techniques

Wall materials 
and/ or coating 
material

Prebiotic Microencapsulation efficiency 
(%)

Microbeads size/ diameter 
(µm)

References

With prebiotic Without 
prebiotic

With prebiotic Without 
prebiotic

Emerging prebiotics 
L. acidophi-

lus 5
Co-extrusion Sodium algi-

nate + calcium 
chloride + chi-
tosan

3 % (w/v) 
isomalto-
oligosaccha-
ride

92.5 95.3 616.0 532.0 [51]

L. rhamnosus 
GG

Co-extrusion Sodium algi-
nate + calcium 
chlo-
ride + poly-l-
lysine

3% (w/v) 
isomalto-
oligosaccha-
ride

90.4 84.2 541.7 498.3 [52]

L. acidophilus Co-extrusion Sodium algi-
nate + calcium 
chloride

Apple skin 
extract

96.7 96.5 ND ND [53]

L. acidophilus 
ATCC 4356

Extrusion Phytic 
acid + chitosan

10% (w/w) 
starch

83.0 95.5 1480 1330 [54]

L. casei Extrusion Sodium algi-
nate + chitosan

0.5% (w/v) 
tragacanth

85.1 ND ND ND [55]

0.5% (w/v) 
Arabic gum

84.2

0.5% (w/v) 
pectin

72.7

 L. plantarum 
B-4496

Extrusion Sodium algi-
nate + calcium 
chloride + chi-
tosan

10% beetroot 
extract

97.7 95.4 ND ND [56]

1.0% ginger 
extract

96.2

B. animalis 
B-41,405

10% beetroot 
extract

92.5 88.8 ND ND

1.0% ginger 
extract

90.8

 L. paraplan-
tarum 

Extrusion 
-freeze-
drying

Whey protein 32.5% (w/w) 
arrowroot 
starch

ND ND 527–571 ND [44]

L. plantarum ND 523–537
 L. plantarum 

TISTR 
2075

Freeze drying Rice protein 5% (w/w) gum 
arabic

~ 96.7 ~ 96.7 ND ND [47]

5% (w/w) 
xylitol

~ 98.9 ND

L. plantarum 
S20

Freeze drying Mung bean 
powder

5% (w/v) 
trehalose

~ 95.2 ~ 92.3 ND ND [57]

L. lactis Gh1 Spray drying Gum Arabic 5% (w/w) 
Synsepalum 
dulcificum 
seed

99.3 94.1 ND ND [58]

5% (w/w) 
Synsepalum 
dulcificum 
leaf

95.4 ND

5% (w/w) 
Synsepalum 
dulcificum 
pulp

95.4 ND
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Table 1   (continued)

Probiotics Encapsulation 
techniques

Wall materials 
and/ or coating 
material

Prebiotic Microencapsulation efficiency 
(%)

Microbeads size/ diameter 
(µm)

References

With prebiotic Without 
prebiotic

With prebiotic Without 
prebiotic

L. plantarum 
ATCC 8014

Spray drying Maltodextrin 0.6% (w/w) 
chia seed 
mucilage

90.9 83.0 19.1 18.2 [59]

B. infantis 
ATCC 
15,679

0.2% (w/w) 
flaxseed 
mucilage

94.2 91.6 14.4 17.6

 L. casei Emulsification Alginate 2% (w/v) 
wheat 
starch + chi-
tosan/ poly-
L-lysine

99.3–99.6 96.2 93–95 70.0 [60]

2% (w/v) rice 
starch + chi-
tosan/ poly-
L-lysine

96.4–98.7 95–96

2% (w/v) 
Hylon 
starch + chi-
tosan/ poly-
L-lysine

96.2–97.3 94–97

B. adolescen-
tis 

Alginate 2% (w/v) 
wheat 
starch + chi-
tosan/ poly-
L-lysine

97.0–97.4 96.7 91–95 73.0

2% (w/v) rice 
starch + chi-
tosan/ poly-
L-lysine

98.2–99.2 95–98

2% (w/v) 
Hylon 
starch + chi-
tosan/ poly-
L-lysine

96.9–97.3 92–97

 L. acidophi-
lus LA5

Emulsifica-
tion-freeze 
drying

Pectin + calcium 
carbon-
ate + sunflower 
oil

10% (w/v) 
hi-maize 
starch

66.7 64.9 166 192 [48]

10% (w/v) 
rice bran

66.2 200

 L. plantarum 
UAM17

Emulsification Sodium algi-
nate + Mazola 
maize oil

1% (w/v) 
cactus pear 
peel

83.8 ND 69.2 ND [49]

1% (w/v) 
apple marc 
flour

88.9 92.5
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Furthermore, the microbead size of encapsulated probiot-
ics with common prebiotics ranged from 6.8 to 2300 μm; 
while encapsulated probiotics with emerging prebiotics had 
a range of microbeads size of 14.4–1830 μm (Table 1).

According to Haghshenas et al. [63], Lotfipour et al. 
[64], and Kim et al. [54], the increase of viscosity in the 
microbeads after the addition of prebiotics would increase 
the droplet size during microencapsulation, which further 
leads to the formation of large microbead size. Moreover, the 
low solubility compounds in prebiotics may also affect its 
interaction with other encapsulating materials such as wall 
and core materials during mixing or encapsulation, which 
resulted in poor gelation and larger bead size [49]. Further-
more, Nami et al. [42] also stated that the size of the large 
microbeads with prebiotics could be due to the thickness of 
prebiotics contributed to the larger microbead size. On the 
other hand, the smaller microbead size with the addition 
of prebiotics was not addressed by the studies [46, 52, 55, 
56]. Nevertheless, the concentration and type of prebiot-
ics used could have affected the microbead size [42, 65]. 
Besides that, Silva et al. [66] also stated that the symbiotic 
relationship between the prebiotics and wall materials may 
also reduce the microbead size. The prebiotics could occupy 
the free spaces between the wall materials through cross-
linking bonds, hence taking up lesser space in the microbe-
ads, resulting in smaller microbead size.

Small microbead size (< 1000 μm) is preferable in terms 
of the sensory aspect of food application [18, 43]. However, 
both microbeads with and without prebiotics demonstrated 
large microbeads size (> 1000 μm) for Kumherová et al. [43] 
and Kim et al. [54]. Furthermore, all the microbeads size 
for different prebiotics (common and emerging) used in the 
study by Peredo et al. [50] was more than 1000 μm. This 

shows that the cause of producing large microbeads size 
could be contributed by the encapsulation technique. The 
size of the microbeads produced through the emulsification 
technique could vary based on different factors such as the 
type of surfactants used, viscosity between water and oil 
phases, and flow rate of droplets [67]. Similarly, factors such 
as nozzle or syringe size, type and concentration of hard-
ening solution, the distance between nozzle and hardening 
solution, and flow rate of droplets for extrusion technique 
could also affect the microbead sizes [68].

Probiotics encapsulated with either common or emerg-
ing prebiotics displayed a wide range of microbeads size. 
Samedi and Charles [44], Raddatz et al. [48], Serrano-Casas 
et al. [49], and Peredo et al. [50] used both common and 
emerging prebiotics for microencapsulation of probiotics. 
Samedi and Charles [44] reported larger microbeads size 
with emerging prebiotics (arrowroot starch) than common 
prebiotics (maltodextrin); in contrast, Raddatz et al. [48] 
demonstrated larger microbeads size using common prebi-
otics (inulin) as compared to emerging prebiotics (hi-maize 
starch and rice bran). Furthermore, common prebiotic inulin 
used in the microencapsulation of probiotics by Peredo et al. 
[50] had a larger microbead size than emerging prebiotic 
Plantago psyllium fibre but had a smaller microbead size as 
compared to emerging prebiotic potato starch. This shows 
that the microbead size is affected by the synbiotic between 
each prebiotics and probiotics, regardless of common or 
emerging prebiotics.

Table 1   (continued)

Probiotics Encapsulation 
techniques

Wall materials 
and/ or coating 
material

Prebiotic Microencapsulation efficiency 
(%)

Microbeads size/ diameter 
(µm)

References

With prebiotic Without 
prebiotic

With prebiotic Without 
prebiotic

 L. casei 
Shirota

Emulsification Sodium algi-
nate + calcium 
chloride + edi-
ble oil

1% (w/v) 
potato starch

22.5 ND 1620 ND [50]

1% (w/v) 
Plantago 
psyllium 
fibre

49.1 1830

 L. plantarum 
Lp17

1% (w/v) 
potato starch

44.5 1680

1% (w/v) 
Plantago 
psyllium 
fibre

94.1 1830

ND not determined
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Survivability of encapsulated probiotics 
with or without prebiotics through simulated 
gastrointestinal conditions

Table 2 displayed the survivability of encapsulated probiot-
ics with or without prebiotics under gastrointestinal diges-
tion. According to Table 2, the addition of different prebiot-
ics in most of the studies was able to protect the probiotics 
through both simulated gastric juice (SGJ) and simulated 
intestinal juice (SIJ) [25, 26, 42, 51–54, 56, 59, 69], except 
for Poletto et al. [69], Kumherová et al. [43], Savedboworn 
et al. [47], Raddatz et al. [48], Fazilah et al. [58], and Yong 
et al. [41]. Besides that, encapsulated probiotics incorpo-
rated with common established prebiotics had survivability 
of 68.8–97.8%; while encapsulated probiotics with emerging 
prebiotics had survivability of 0–104% after subjected to 
simulated gastric or intestinal conditions (Table 2).

Nami et  al. [42] reported that L. lactis encapsulated 
with both fructo-oligosaccharides or inulin displayed lower 
reduction during sequential gastrointestinal digestion as 
compared to L. lactis without prebiotics. The study sug-
gested that prebiotics could improve the viable cell count of 
encapsulated probiotics through harsh gastrointestinal condi-
tions by serving as a nutrient source and protective matrix 
for the probiotics. Furthermore, prebiotics that is symbiotic 
with the wall or core materials could also form a better net-
work via chemical bonds, hence reducing the space between 
core and wall material’s network and pore size [66]. This 
is demonstrated by Silva et al. [66] where L. acidophilus 
encapsulated with fructo-oligosaccharides had higher sur-
vivability and network resistance determined by scanning 
electron microscopy than L. acidophilus encapsulated with-
out fructo-oligosaccharides throughout the gastrointestinal 
digestion. By improving the wall of the microbeads, the 
probiotics in the core will be shielded better from the outer 
harsh environment.

Despite its protective and prebiotics effect on probiotics, 
some studies also demonstrated that prebiotics could lower 
the survivability of probiotics through the simulated gas-
trointestinal environment [41, 47, 48, 58, 69]. Kumherová 
et al. [43] stated that the difference between encapsulated 
probiotics with and without prebiotics was not significant, 
indicating that prebiotics had no positive nor negative effect 
on the probiotics. Yong et al. [41] and Raddatz et al. [48] 
showed that encapsulated probiotics with prebiotics (man-
nitol, inulin, hi-maize starch) displayed lower survivabil-
ity either through simulated gastric or intestinal conditions 
than encapsulated probiotics without prebiotics. This finding 
was not addressed by both studies. A possible explanation 
could be the network formed between the prebiotics and 
pH-sensitive wall materials degraded under the simulated 
gastrointestinal environment, resulting in the release of the 
cells [9, 70]. Nevertheless, this could be improved by using a 

combination of wall materials instead of single-wall material 
for the encapsulation of probiotics [71]. Besides that, double 
coating on encapsulated probiotics could also improve its 
survivability through gastrointestinal digestion [72].

Furthermore, Poletto et al. [69], Savedboworn et al. [47], 
and Fazilah et al. [58] showed that encapsulated probiot-
ics with the incorporation of prebiotics rice bran, hi-maize 
starch, gum Arabic, and Synsepalum dulcificum seed dem-
onstrated lower survivability than without prebiotics under 
gastrointestinal conditions. On the other hand, the addition 
of inulin, xylitol, fructo-oligosaccharide, polydextrose, 
Synsepalum dulcificum leaf and pulp to encapsulated pro-
biotics displayed higher survivability than without prebiot-
ics despite using the same wall materials and encapsula-
tion technique in their respective studies. This showed the 
specificity in the symbiotic relationship between prebiotics, 
probiotics and wall materials. Similarly, Nami et al. [42], El-
Abd et al. [56], Bustamante et al. [59], Serrano-Casas et al. 
[49], and Peredo et al. [50] also reported the different effects 
of prebiotics on encapsulated probiotics through the gastro-
intestinal condition. The negative effect of the prebiotics on 
the low probiotics’ survivability in the microbeads through 
the gastrointestinal environment could be due to the lack of 
utilization by the probiotics. According to Ann et al. [73], a 
large amount of prebiotics present in the microbeads might 
collide with the probiotics in the microbeads during the agi-
tation, hence damaging the cell membrane and leads to cell 
death. Besides that, a large amount of unutilized prebiotics 
present in a medium may increase viscosity, which could 
also affect the survivability of probiotics [74, 75].

This demonstrates that common established prebiotics 
were more consistent in protecting different types of pro-
biotics from different encapsulation techniques through the 
harsh gastrointestinal environment as compared to emerging 
prebiotics. However, emerging prebiotics beetroot extract, 
ginger extract, and xylitol were able to protect their respec-
tive probiotics with > 90% survivability under both gastric 
and intestinal conditions [47, 56]. Furthermore, Plantago 
psyllium fibre was able to increase the viable cell count of L. 
plantarum Lp17 after subjected to the simulated gastric con-
dition [50]. These few emerging prebiotics demonstrates the 
promising effect that could be further explored by research-
ers to improve probiotics’ viability under gastrointestinal 
condition.

Survivability of encapsulated probiotics 
with or without prebiotics through storage

Most of the storage studies for the encapsulated probiot-
ics with prebiotics displayed higher viability cell count at 
the end of their respective storage duration as compared to 
encapsulated probiotics without prebiotics [25, 26, 42, 46, 
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Table 2   Survivability of encapsulated probiotics with or without prebiotics through simulated gastrointestinal conditions

Probiotics Encapsulation 
technique

Wall materials 
and/ or coating 
material

Prebiotic Simulated 
gastrointestinal 
conditions

Survivability (%) References

With prebiotic Without prebi-
otic

Common established prebiotic 
L. plantarum 

299v
Co-extrusion Sodium 

alginate + chi-
tosan + calcium 
chloride

4% (w/v) fructo-
oligofructose

SGJ (pH 2.0, 
2.0 h)

~ 97.0 ~ 90 [26]

SIJ (pH 7.5, 
5.0 h)

~ 85.2 ~ 81.0

B. animalis 
subsp. lactis 
BB12

Co-extrusion Sodium 
alginate + chi-
tosan + calcium 
chloride

5% (w/v) man-
nitol

SGJ (pH 2.0, 
2.0 h)

97.3 87.2 [41]

SIJ (pH 7.5, 
3.0 h)

86.7 96.1

 L. acidophilus 
NCFM

Co-extrusion Sodium 
alginate + locust 
bean gum

3% (w/v) man-
nitol

SGJ (pH 2.0, 
2.0 h)

78.4 76.5 [25]

SIJ (pH 7.5, 
3.0 h)

76.0 56.0

 L. plantarum 
TISTR 2075

Freeze-drying Rice protein 5% (w/w) fructo-
oligosaccha-
rides

SGJ (pH 2.0, 
3.0 h)

~ 97.8 ~ 70.6 [47]

SIJ (pH 8.0, 
4.0 h)

~ 96.6 ~ 83.3

5% (w/w) inulin SGJ (pH 2.0, 
3.0 h)

~ 86.7 ~ 70.6

SIJ (pH 8.0, 
4.0 h)

~ 76.9 ~ 83.3

5% (w/w) poly-
dextrose

SGJ (pH 2.0, 
3.0 h)

~ 94.4 ~ 70.6

SIJ (pH 8.0, 
4.0 h)

~ 95.3 ~ 83.3

B. animalis 
subsp. lactis 
BB12

Extrusion Sodium alginate 1.0% (w/w) 
inulin + 0.5% 
(w/w) ascorbic 
acid

SGJ (pH 2.0, 
2.0 h)

~ 86.9 ~ 91.1 [43]

SIJ (pH 6.8, 
4.0 h)

~ 87.5 ~ 79.3

 L. lactis ABRI-
INW-N19

Extrusion Sodium algi-
nate + persian 
gum

2% inulin SGJ (pH 1.8, 
2.0 h)

70.0 61.1 [42]

2% fructo-oligo-
saccharides

SGJ (pH 1.8, 
2.0 h)

85.0

 L. acidophilus Extrusion-freeze 
drying

Sodium alginate 10% inulin SGJ (pH 2.0, 
1.5 h)

74.0 73.7 [69]

SIJ (pH 6.5, 
1.8 h)

89.3 85.1

 L. acidophilus 
LA5

Emulsification-
freeze drying

Pectin + calcium 
carbonate + sun-
flower oil

10% (w/v) inulin SGJ (pH 2.0, 
1.5 h)

68.8 40.8 [48]

SIJ (pH 6.5, 
1.5 h)

79.2 81.7

 L. plantarum 
UAM17

Emulsification Sodium algi-
nate + Mazola 
maize oil

1% (w/v) inulin SGJ (pH 2.0, 
2.0 h)

81.69 ND [49]

L. plantarum 
Lp17

Emulsification Sodium algi-
nate + calcium 
chloride + edi-
ble oil

1% (w/v) inulin SGJ (pH 2.0, 
1.0 h)

76.1 ND [50]

SIJ (pH 7.0, 
1.0 h)

85.9

SGJ (pH 2.0, 
1.0 h)

74.9

SIJ (pH 7.0, 
1.0 h)

78.9
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Table 2   (continued)

Probiotics Encapsulation 
technique

Wall materials 
and/ or coating 
material

Prebiotic Simulated 
gastrointestinal 
conditions

Survivability (%) References

With prebiotic Without prebi-
otic

Emerging prebiotics 
L. acidophilus Co-extrusion Sodium algi-

nate + calcium 
chloride

Apple skin 
extract

SGJ (pH 2, 2.0 h) 73.9 69.2 [53]

L. acidophilus 5 Co-extrusion Sodium algi-
nate + calcium 
chloride + chi-
tosan

3% (w/v) 
isomalto-oligo-
saccharide

SGJ (pH 2.0, 
2.0 h)

60.9 48.6 [51]

SIJ (pH 7.2, 
2.0 h)

0 0

 L. rhamnosus 
GG

Co-extrusion Sodium algi-
nate + calcium 
chloride + poly-
l-lysine

3% (w/v) 
isomalto-oligo-
saccharide

SGJ (pH 2.0, 
2.0 h)

~ 75.0 62.5 [52]

SIJ (pH 7.5, 
2.0 h)

0 0

 L. acidophilus 
ATCC 4356

Extrusion Phytic acid + chi-
tosan

10% (w/w) starch SGJ (pH 2, 2 h) 48.8 34.7 [54]

L. acidophilus Extrusion-freeze 
drying

Sodium alginate 10% rice bran SGJ (pH 2.0, 
1.5 h)

51.4 73.7 [69]

SIJ (pH 6.5, 
1.8 h)

64.9 85.1

10% hi-maize 
starch

SGJ (pH 2.0, 
1.5 h)

55.7 73.7

SIJ (pH 6.5, 
1.8 h)

80.8 85.1

 L. plantarum 
B-4496

Extrusion Sodium algi-
nate + calcium 
chloride + chi-
tosan

10% beetroot 
extract

SGJ (pH 2.0, 
2.0 h)

~ 97.9 ~ 93.8 [56]

SIJ (pH 7.5, 2 h) ~ 96.0 ~ 86.0
1.0% ginger 

extract
SGJ (pH 2.0, 

2.0 h)
~ 97.9 ~ 93.8

SIJ (pH 7.5, 2 h) ~ 91.7 ~ 86.0
B. animalis 

B-41,405
10% beetroot 

extract
SGJ (pH 2.0, 

2.0 h)
~ 98.9 ~ 93.4

SIJ (pH 7.5, 2 h) ~ 92.9 ~ 84.8
1.0% ginger 

extract
SGJ (pH 2.0, 

2.0 h)
~ 97.8 ~ 93.4

SIJ (pH 7.5, 2 h) ~ 90.6 ~ 84.8
 L. plantarum 

TISTR 2075
Freeze-drying Rice protein 5% (w/w) gum 

arabic
SGJ (pH 2.0, 

3.0 h)
~ 73.9 ~ 70.6 [47]

SIJ (pH 8.0, 
4.0 h)

0 ~ 83.3

5% (w/w) xylitol SGJ (pH 2.0, 
3.0 h)

~ 97.7 ~ 70.6

SIJ (pH 8.0, 
4.0 h)

~ 97.7 ~ 83.3
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Table 2   (continued)

Probiotics Encapsulation 
technique

Wall materials 
and/ or coating 
material

Prebiotic Simulated 
gastrointestinal 
conditions

Survivability (%) References

With prebiotic Without prebi-
otic

 L. lactis Gh1 Spray drying Gum arabic 5% (w/w) Synse-
palum dulcifi-
cum seed

SGJ (pH 1.55, 
2.0 h)

~ 91.1 ~ 55.6 [58]

SIJ (pH 8.25, 
2.0 h)

0 ~ 52.9

5% (w/w) 
Synsepalum 
dulcificum leaf

SGJ (pH 1.55, 
2.0 h)

~ 83.3 ~ 55.6

SIJ (pH 8.25, 
2.0 h)

~ 64.7 ~ 52.9

5% (w/w) Synse-
palum dulcifi-
cum pulp

SGJ (pH 1.55, 
2.0 h)

~ 70.6 ~ 55.6

SIJ (pH 8.25, 
2.0 h)

~ 55.6 ~ 52.9

 L. plantarum 
ATCC 8014

Spray drying Maltodextrin 0.6% (w/w) chia 
seed mucilage

SGJ (pH 2.0, 
6.0 h)

~ 21.1 ~ 21.1 [59]

SIJ (2.0% bile 
salt, 6.0 h)

~ 94.7 ~ 88.9

B. infantis ATCC 
15,679

0.2% (w/w) flax-
seed mucilage

SGJ (pH 2.0, 
6.0 h)

~ 55.6 ~ 22.2

SIJ (2.0% bile 
salt, 6.0 h)

~ 100.0 ~ 100.0

 L. acidophilus 
LA5

Emulsification-
freeze drying

Pectin + calcium 
carbonate + sun-
flower oil

10% (w/v) hi-
maize starch

SGJ (pH 2.0, 
1.5 h)

36 40.8 [48]

SIJ (pH 6.5, 
1.5 h)

98.7 81.7

10% (w/v) rice 
bran

SGJ (pH 2.0, 
1.5 h)

77.5 40.8

SIJ (pH 6.5, 
1.5 h)

85.9 81.7

 L. plantarum 
UAM17

Emulsification Sodium algi-
nate + Mazola 
maize oil

1% (w/v) cactus 
pear peel

SGJ (pH 2.0, 
2.0 h)

56.6 ND [49]

1% (w/v) apple 
marc flour

75.8

 L. casei Shirota Emulsification Sodium algi-
nate + calcium 
chloride + edi-
ble oil

1% (w/v) potato 
starch

SGJ (pH 2.0, 
1.0 h)

74.2 ND [50]

SIJ (pH 7.0, 
1.0 h)

80.2

1% (w/v) Plan-
tago psyllium 
fibre

SGJ (pH 2.0, 
1.0 h)

88.4

SIJ (pH 7.0, 
1.0 h)

81.4

 L. plantarum 
Lp17

1% (w/v) potato 
starch

SGJ (pH 2.0, 
1.0 h)

72.1

SIJ (pH 7.0, 
1.0 h)

78.4

1% (w/v) Plan-
tago psyllium 
fibre

SGJ (pH 2.0, 
1.0 h)

104.0

SIJ (pH 7.0, 
1.0 h)

68.0

ND not determined, SGJ simulated gastrointestinal juice, SIJ simulated intestinal juice (SIJ)
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48, 50, 57, 59, 69, 76–81], except for Savedboworn et al. 
[47] as displayed in Table 3. Furthermore, the minimum 
amount of probiotics required to be in food or beverage prod-
ucts at their final shelf life is 6 log10 CFU/mL [7], which was 
fulfilled by the majority of the studies in Table 3 at the end 
of their storage studies (> 6 log10 CFU/mL).

Savedboworn et  al. [47] encapsulated L. plantarum 
TISTR 2075 with rice protein as wall material and inulin or 
xylitol as prebiotics using the freeze-drying technique. The 
study showed lower viable cell count during the 90 days 
storage under 30 °C as compared to the absence of prebiot-
ics. According to Savedboworn et al. [47], the incompatibil-
ity between polymer (rice protein) and prebiotic (xylitol or 
inulin) increases the glass transition temperature to be higher 
than the storage temperature (30 °C). The temperature dif-
ference between the storage and glass transition temperature 
may lead to non-enzymatic browning and cause an effect on 
the viability of the probiotics [82].

The encapsulated probiotics with prebiotics with viable 
cell count less than 6 log10 CFU/mL reported by Yee et al. 
[25] and Sulabo et al. [57] was stored under room tempera-
ture. According to Ferdousi et al. [83], probiotics stored at 
room temperature have higher cell metabolism which leads 
to the occurrence of biochemical reactions that may harm 
the probiotics. Nevertheless, the higher viable cell count in 
prebiotic mannitol encapsulated with L. acidophilus in mul-
berry tea by Yee et al. [25] as compared to encapsulated L. 
acidophilus without prebiotics indicates its protective capac-
ity. In contrast, Poletto et al. [69] reported that inulin was 
not able to exert a prebiotic effect towards encapsulated L. 
acidophilus. On the contrary, rice bran and hi-maize starch 
used in the study were able to preserve encapsulated L. aci-
dophilus for 75 days under 7 °C. Similarly, Peredo et al. 
[50] also displayed lower viability (< 6 log10 CFU/mL) for 
L. casei Shirota with all prebiotics (inulin, potato starch, and 
Plantago psyllium fibre) than L. plantarum Lp17. Both of 
these studies indicate the importance of symbiotics between 
prebiotics and probiotics under prolonged storage to main-
tain high viability.

Phoem et al. [76], Poletto et al. [69], Savedboworn et al. 
[47], Raddatz et al. [48], and Poletto et al. [69] used both 
common established and emerging prebiotics in their stud-
ies. Most of the emerging prebiotics (oligosaccharides 
extract, rice bran, hi-maize starch, and potato starch) were 
able to preserve encapsulated probiotics better than com-
mon established prebiotics [48, 50, 69, 76], except for inu-
lin and fructo-oligosaccharides used in respective studies 
by Raddatz et al. [48] and Savedboworn et al. [47]. Fur-
thermore, probiotics encapsulated with flaxseed, chia seed, 
cashew flower, or oligosaccharides extract displayed a high 
viable cell count (> 8 log10 CFU/mL) after their respec-
tive storage period. This showed the potential of emerging 

prebiotics in protecting the viability of probiotics throughout 
the storage period.

Different prebiotics used by Savedboworn et al. [47] 
and Raddatz et  al. [48] had different effects on their 
respective encapsulated probiotics that are stored at dif-
ferent temperatures. According to Scott et al. [84], storage 
temperature and moisture could have an impact on the 
prebiotics’ composition, which may affect the prebiotics’ 
efficiency on probiotics survival under different storage 
temperatures. Nevertheless, both emerging and common 
established prebiotics could preserve probiotics at differ-
ent storage temperatures as reported by Raddatz et al. [48]. 
This emphasizes the importance of evaluating specific 
prebiotics and their effect on encapsulated probiotics under 
different storage temperatures. Different food or beverages 
products require different storage temperatures. Hence, the 
findings of the optimum storage temperature for respec-
tive encapsulated probiotics with prebiotics would benefit 
researchers in exploring its potential to develop functional 
foods products.

Conclusion and future prospective

In this paper, both common and emerging prebiotics dis-
played a similar range on microencapsulation efficiency and 
microbeads size. Emerging prebiotics incorporated with 
encapsulated probiotics such as beetroot extract, ginger 
extract, and xylitol displayed high survivability after gas-
trointestinal simulation (> 90%); while flaxseed, chia seed, 
cashew flower, and oligosaccharides extract showed high 
viable count after storage (> 8 log10 CFU/mL). These poten-
tial emerging prebiotics with encapsulated probiotics could 
be further explored by researchers to be used to develop 
functional foods. Most of the studies reported high micro-
encapsulation efficiency, large microbead size, and high sur-
vivability under gastrointestinal conditions and storage for 
encapsulated probiotics with the addition of prebiotics. On 
the other hand, factors that may cause small microbeads size 
or low viable cell count after encapsulation, gastrointestinal 
simulation and storage by prebiotics were also discussed 
in this review. Nevertheless, this review emphasizes the 
importance of selecting prebiotics that are symbiotic with 
probiotics and wall materials to achieve high microencapsu-
lation efficiency, small microbeads size, high survivability 
in gastrointestinal conditions and storage.

This review introduced different emerging prebiotics that 
were encapsulated with probiotics. These new prebiotics that 
were able to protect probiotics through the encapsulation 
process, storage, and gastrointestinal digestion should be 
further explored on their potential to improve human health. 
Hence, future studies could examine the health effects of the 
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encapsulated synbiotic (probiotics with emerging prebiotics) 
through in vivo studies. Besides that, more studies could 
incorporate encapsulated probiotics with emerging prebiot-
ics into various food or beverage products as value-added 
ingredients and evaluate their sensory characteristics.
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