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Abstract

Functional foods are increasingly recognized for their
ability to deliver health benefits beyond basic nutrition,
particularly through modulation of the gastrointestinal
microbiota. Among these, cheese represents a
promising carrier for synbiotic formulations due to its
rich nutrient profile and favorable physicochemical
properties. This review aims to assess the impact of
prebiotic incorporation into probiotic cheese matrices,
with a particular focus on probiotic viability.

Cheese provides protective conditions for probiotics,
including high buffering capacity, lipid content,
and low oxygen availability, which collectively
enhance microbial survival during storage and
gastrointestinal transit. Prebiotics are selectively
fermented by beneficial bacteria, supporting their
growth and activity. Synbiotic formulations frequently
demonstrate improved probiotic performance and
exhibit synergistic effects. Technological approaches
such as microencapsulation and edible coatings have
been applied for probiotics and prebiotics to further
improve stability and delivery efficiency.

In conclusion, synbiotic cheeseisa promising functional
food system for improving probiotic delivery.

Keywords: Prebiotics, Probiotics Viability, Functional
Cheeses.

1. Introduction

Functional foods are defined as food products
enriched with bioactive ingredients that provide
health benefits beyond their basic nutritional value
[1]. The growing interest in these products has been
largely driven by increased public awareness and
improved education in nutrition and health [2]. Within
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the category of functional foods, probiotics constitute
a well-established group, with a long history of use
and extensive scientific evaluation of their health-
promoting properties [3]. Considerable research
has focused on the probiotic bacteria incorporation
into fermented dairy products to enhance their
nutritional and functional properties [4]. The World
Health Organization (WHO) defines probiotics as
“live microorganisms which, when administered in
adequate amounts, confer a health benefit on the host”
[5]. An important requirement for probiotic efficacy is
the ability of bacterial strains until consumption to
remain viable in food matrices [6]. Moreover, probiotics
must survive exposure to gastric acidity and bile salts
to reach the small and large intestine, where they exert
their beneficial effects [7]. Among the most extensively
studied strains is Lactobacillus rhamnosus GG (LGG),
which is widely incorporated in commercial probiotic
formulations [8, 9]. Various lactic acid bacteria (LAB),
including Lactococcus, Lactobacilli, and Streptococcus
species, as well as selected strains of Bifidobacterium
and yeasts, are commonly employed in fermented
dairy production and are generally recognized as safe
(GRAS) [10].

Food matrices act as delivery vehicles for probiotics,
facilitating their passage through the gastrointestinal
tract by providing physical protection and buffering
effects, while also containing bioactive components
that may interact with probiotics and modulate their
functionality and efficacy [11]. However, selecting
appropriate food matrices that can deliver adequate
viable doses of probiotics at the time of consumption
remains a significant challenge [12]. Among dairy
products, cheese represents a particularly suitable
carrier due to its physicochemical characteristics:
(pH and oxygen levels), high buffering capacity,
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and lipid content, which can protect probiotics [13].
Consequently, cheese is considered an effective vehicle
for probiotic delivery [14]. Unlike probiotics, prebiotics
are substrates such as inulin, fructooligosaccharides,
and galactooligosaccharides that are selectively
utilized by beneficial microorganisms and promote
health by modulating the composition and/or

activity of the gastrointestinal microbiota [15, 16,

and 17]. The term synbiotic refers to products that
contain both probiotics and prebiotics [18]. Several
studies have explored incorporating probiotics and
prebiotics into cheese matrices. Commonly applied
probiotics include Lactobacillus, Bifidobacterium, and
Saccharomyces species, combined with prebiotics
such as fructooligosaccharides (FOS), inulin, pectin,
and maltodextrin. Both free and encapsulated forms
have been used, including delivery via sodium alginate
coatings and microencapsulation techniques [19-27].
Findings by Ismiarti et al., [28], suggest that konjac flour
and Lactobacillus rhamnosus may act synergistically to
improve the structural stability and textural properties
of the cheese matrix. Dietary fibers can modify food
texture through interactions with proteins and
polysaccharides, leading to the formation of strong
structural networks; however, the extent of these
effects depends on the prebiotic and its interactions
with the food matrix [29].

The advantages associated with the incorporation
of probiotics and prebiotics into cheese matrices are
illustrated in Figure 1.
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Figure 1. Schematic representation of advantages
associated with probiotic and prebiotic
incorporation into cheese matrices

Overall, dairy products, particularly cheese, offer
substantial advantages as functional food matrices
due to their high nutritional value and suitability
for probiotic delivery. The incorporation of both
prebiotics and probiotics into cheese formulations
may help maintain high probiotic viability at the time
of consumption. Accordingly, the present review aims
to evaluate the impact of prebiotic incorporation
in probiotic cheese formulations, with particular
emphasis on the viability of probiotic microorganisms.

2. Prebiotics

Prebiotics are selectively fermented dietary
ingredients that modulate the composition and/or

activity of the gastrointestinal microbiota, thereby
conferring health benefits to the host [30]. To qualify
as prebiotics, compounds must resist gastric acidity,
remain unabsorbed in the upper gastrointestinal tract,
and be fermentable by the intestinal microbiota, and
should also selectively stimulate the growth and/or
metabolic activity of beneficial gut microorganisms
in @ manner that promotes the health of the host
[31]. The fundamental physicochemical properties of
dietary fibers that are related to their physiological
effects in the gastrointestinal tract include solubility,
viscosity, particle size, adsorption, and water-holding
capacity [32]. Common prebiotic compounds comprise
fructans, galactooligosaccharides, and lactulose [33];
oligosaccharides, including inulin, oligofructose,
galactofructose, galactooligosaccharides, and xylo-
oligosaccharides, are classified as non-digestible
carbohydrates [34]. Certain prebiotics, particularly
fructooligosaccharides (FOS) and some resistant
starches, have been shown to increase butyrate
production in the colon [35]. Furthermore, repeated
intake of Arabic gum has been associated with multiple
health-promoting effects, including reinforcement
of gut barrier integrity, modulation of intestinal
inflammation, regulation of gastrointestinal transit,
maintenance of renal function, and enhancement of
immune function [36]. Table 1 provides a summary
of the potential health outcomes associated with
prebiotic consumption.

2.1 Effects of prebiotics on the growth and viability
of probiotics in cheese

According to Huebner et al, [42], Lactobacillus
paracasei 1195 exhibited the highest quantitative
prebiotic activity score when grown on inulin (1.17),
whereas Bifidobacterium bifidum NCI showed the
lowest score (-1.24) on galactooligosaccharides (GOS).
Several studies have investigated the incorporation
of probiotics and prebiotics into cheese matrices
using different strains, prebiotic substrates, and
delivery systems. Rodrigues et al, [19], evaluated
Lactobacillus casei 01 and Bifidobacterium lactis B94
with fructooligosaccharides (FOS) and inulin, and
Langa et al. [24], studied Lactobacillus paracasei INIA
P272 with FOS. Karthikeyan and Murugan [27] used
Lactobacillus acidophilus LA-5 combined with pectin,
inulin, and maltodextrin, while Islam et al., [26], studied
Bifidobacterium animalis subsp. lactis with inulin.
Gomes et al., [23], combined Lactobacillus casei 01
and Bifidobacterium lactis LAFTI" B94 with FOS and
a 50:50 FOS/inulin mixture, and Abd-Rabou et al.,
[22], evaluated Lactobacillus rhamnosus 19070 and
Bifidobacterium animalis subsp. lactis SD5219 with
inulin. The effects of prebiotics present in cheeses on
probiotic viability, as identified in several studies, are
presented in Table 2.-
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Table 1. Potential health outcomes associated with prebiotic intake
Targeted health

Prebiotic oee Observed outcome References
condition
Short-chain Modulates gut microbiota composition,
fructooligosaccharides Digestive health contributing beneficially to inflammation, [371
(scFOS) immune response, and diarrhea
Non-digestible Enhance absorption of minerals (calcium,
oligosaccharides Bone health magnesium, iron, and zinc) and promote bone [38]
(NDOs) mineralization
A comblnaftlon of |nu'I|n apd -, Increase populations of Bifidobacterium and
galactooligosaccharides in Infant nutrition . PR [39]
. Lactobacillus species in infants
supplemented milk
Low-digestible . . - . .
carbohydrates with low Constipation Improve intestinal tr'ans!t in patients with [40]
. constipation
molecular weight
Aral(alll\cG?um Weight management Increases satiety [41]

Table 2. Studies on the effects of prebiotics on probiotic viability in cheese

Probiotic Prebiotic Effects on probiotic viability References
Bifidobacterium animalis . . Ad(.jltlor'] of preblotlc§ (treatments.T1.—T7) in
. Inulin, oligofructose, | Petit-Suisse cheese trials resulted in little to no
subsp. lactis and ; . L o [43]
X . . and oligosaccharides | reduction in probiotic viability compared to the
Lactobacillus acidophilus
control
LactobailAll_uss:::’dophllus Inulin-enriched soft cheese showed higher counts
Bifidobacterium animalis Inulin :;fup:irr?blotlc strains compared to cheese without [44]
subsp. lactis BB-12
Initial count of 1.9 x 107 cfu/g in soft cheese;
Lactobacillus plantarum 14 Inulin HPX increased to 4.6 x 107 cfu/g after 20 days of 45]
(potential probiotic strain) storage, followed by a slight decrease to 4.1 x 10’
cfu/g after 45 days
L. reuteri B-14171, Control survival rates were 77.8 %, 74 %, and 76 %,
L. johnsonii B-2178, and Inulin respectively; with inulin, survival increased to 87.8 [46]
L. salivarius B-1950 %, 81.68 %, and 79.16 %
Lactobacillus casei-01, Prebiotic supplementation did not significantly
Lactoba.c:llus aadcfphllus L‘a- FOS and inulin affect the growth or viability of probiotic strains, 47]
5, or Bifidobacterium lactis except for
B94 Lactobacillus acidophilus La-5
Lactobacillus casei-01 Viable counts of 10°-10' cfu/g were sustained in
Bifidobacterium lactis BO4 FOS and inulin both probiotic and synbiotic cheeses after 60 days [19]
of storage
. The incorporation of FOS did not affect
Lb. paracasei INIA P272 FOS Lb. paracasei viability in the cheese [24]
Lactobacillus acidophilus (LA Pectin, inulin, All tested prebiotics exhibited a growth- 27]
5) maltodextrin promoting effect on L. acidophilus LA-5
Lactobacillus delbrueckii UFV Inulin The addition of inulin did not affect the viability of (48]
H2b20 L. delbrueckii UFV H2b20
Bifidobacterium animalis inulin Probiotic viability was maintained above 107 cfu/g 26]
subsp. lactis throughout 60 days of storage
. Lactobaa.llus casgl-01, . FOS, 50:50 FOS/ No significant effect on the counts of
Bifidobacterium lactis LAFTI ) . . [23]
894 Inulin L. casei-01 or B. lactis B94 was observed
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Table 3. Applications of microencapsulation techniques for probiotic and prebiotic delivery in cheese matrices across

different studies

Probiotic strains Prebiotics

Main outcome References

Delivery system/form

Lactobacillus rhamnosus FOS Edible sodiu.m alginate Viability qf lactic acid bacteria 21]
coating remained > 107 cfu/g
Free and encapsulated Encapsulation improved probiotic
Sacharomyces boulardii Inulin (sodium alginate, cactus viability [20]
mucilage)
During storage, most aroma
Lacticaseibacillus casei, FOS. inulin Free and compounds were alcohols and [25]
Bifidobacterium longum ’ microencapsulated acids, and probiotic cultures
increased their number in cheese
Bifidobacterium bifidum Both microencapsulation methods
BB-12, Lactobacillus None Extrusion or emulsion maintained probiotic counts >10’ [49]
acidophilus LA-5 cfu/g

The use of microencapsulation has emerged as a
promising approach for improving the delivery,
survival, and technological functionality of probiotics
and prebiotics in cheese-based systems. Angiolillo et
al.,, [21], employed an edible sodium alginate coating
as a carrier for Lactobacillus rhamnosus with FOS, and
Zamora-Vega et al., [20], investigated Saccharomyces
boulardii with inulin in both free and encapsulated
formsusing sodiumalginate and cactus mucilage, while
Kavas et al., [25], evaluated free and microencapsulated
Lacticaseibacillus casei and Bifidobacterium longum
with FOS and inulin.

Table 3 presents the outcomes of microencapsulation
applied to incorporate probiotics and prebiotics into
cheese matrices.

Several factors can influence the efficacy of
prebiotics, including their type, purity, chain length,
concentration, and the incorporated probiotic strains.
In addition, product formulation parameters such
as pH, titratable acidity, (non-fat and fat) content,
along with storage conditions, play a crucial role in
determining prebiotic effectiveness [50]. Accordingly,
identifying the optimal combination of prebiotic and
probiotic strains within an appropriate cheese matrix
is essential for the development of synbiotic cheeses
with enhanced probiotic viability.

3. Conclusions

- Cheese is a suitable carrier for probiotic delivery and
can be further optimized through the incorporation of
prebiotics, which can improve probiotic growth and
thereby enhance probiotic viability in the final product.
- However, several challenges remain, including the
selection of appropriate probiotic strains and prebiotic
substrates, as well as the determination of their
optimal concentrations. These factors must be carefully
balanced to ensure that the addition of prebiotics and

probiotics does not adversely affect other properties
of the cheese.

- Furthermore, considerations such as cheese type
and production processes play a critical role in the
successful development of functional cheeses.
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