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Abstract
In recent years, the inoculation of different probiotic cultures along with suitable prebiotics into various
fermented dairy products has significantly increased in popularity within the food industry. Consumers, who
value the distinct tastes and characteristics of regional flavors, have been the driving force behind this trend.
The growing interest stems from a shared desire to improve human nutrition, promote better health, and
enhance the sensory experience of food products. Probiotic microorganisms present in cheese confer
numerous benefits, including protection against harmful gut pathogens, alleviation of specific types of
diarrhea, and reduction of high-risk infant discomfort, while prebiotics act as essential nourishment for
probiotics, facilitating their growth and activity in the gastrointestinal tract. The synergistic effects of
prebiotics and probiotics are pivotal in modulating gut microbiota composition, enhancing immune function,
improving nutrient absorption, and mitigating gastrointestinal disorders, underscoring their combined role
in promoting gut health and overall well-being. Understanding and harnessing this symbiotic relationship are
crucial for developing innovative dairy products that cater to consumer preferences and provide tangible
health benefits. This review focuses on the selection, addition, and functionality aspects of various probiotic
microorganisms and their suitable prebiotics in cheese, which contribute to creating a wholesome and
functional dairy product.
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1. Introduction

The Food and Agriculture Organization of the United Nations and
the World Health Organization have jointly established the definition
of probiotics as live bacteria that, when consumed in sufficient
quantities, provide health benefits to the individual (Hill et al., 2014).
Ganguly et al. (2019) specify that for a food product to be labelled
as ‘probiotic’, it must maintain a microbial count at least 6 log colony
forming unit (CFU)/gram (g) at the end of its shelf-life, with recent
recommendations suggesting a higher concentration of 8 log CFU/g to
ensure the provision of health benefits (Ganguly et al., 2011). Nobel
laureate Elie Metchnikoff significantly contributed to this field by
emphasizing the advantageous role of selected bacteria in the
gastrointestinal tract, fortifying the natural defence mechanism of
the human body (Podolsky, 2012). Probiotic products play a pivotal
role in the functional food market, contributing to its global value of
USD 68.56 billion in 2022, and are projected to surge in popularity,
reaching USD 133.92 billion by 2030 with a compound annual growth
rate of 8.7% (Precedence Research, 2022). Dairy-based probiotic

foods dominate the worldwide food market, offering live microbial
feed supplements with the capacity to positively influence the
microbial balance within the host (Fuller, 1989; Bermudez-Brito et
al., 2012). Recently, cheese has emerged as a preferred carrier for
probiotics, playing a pivotal role in many dairy marketing strategies.
Its relatively high-fat content provides better protection for probiotic
microorganisms in the stomach (Plessas et al., 2012; Gomes et al.,
2017). Diverse strains of probiotic microbes, such as those from the
Bifidobacterium genus (e.g., B. bifidum, B. longum, B. infantis, and
B. animalis ssp. lactis) and the Lactobacillus genus (e.g., L.
acidophilus, L. casei, L. paracasei, L. rhamnosus, and L. plantarum),
have been successfully incorporated into various cheese products.
Additionally, lesser-known bacterial strains, such as certain strains
of Propionibacterium, Enterococcus, Bacillus, etc., have also been
discussed in this context (Table 2). Despite the increasing interest in
probiotic and prebiotic cheese products, there is a lack of
comprehensive review articles exploring the various characteristics
of these cheeses. Specifically, there is a need for reviews focusing on
the types of cheese, both fresh and ripened, as carriers for probiotic
and prebiotic elements. This review aims to thoroughly examine and
compare the characteristics of fresh and ripened cheese when used
as carriers for probiotics and prebiotics. The goal is to shed light on
the widespread use of probiotics and prebiotic cheese to deliver
these beneficial components to the human gut and discuss the
industrial applications associated with this approach.
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2. Cheese as a carrier of probiotics and prebiotics

Several scientific studies have investigated the development of fresh
cheeses using probiotic cultures, demonstrating favourable viable
counts and positive effects on texture and sensory properties. Sensory
properties in ripened cheeses, particularly those with Bifidobacteria,
are significantly influenced by the production of acetic and lactic
acid. While small amounts of acetic acid can enhance aroma, excessive
concentrations may lead to undesirable off-flavors. This highlights
the importance of assessing the sensory performance of cheeses
ripened with probiotics (Grattepanche et al., 2008). In a separate
study, it was observed that incorporating prebiotic compounds
especially inulin did not significantly affect the growth and viability
of probiotic strains during the manufacturing process or a subsequent
60-day ripening period. Although, there was an increase in the total
free fatty acid content during ripening, prebiotic compounds were
found to enhance bacterial lipolytic activity. This study also suggests
that integrating prebiotic compounds with probiotic strains in cheese
production can improve the inactivation of contaminating
microorganisms, boost lipolysis, and result in cheeses with improved
functional conjugated linoleic acid compounds (Rodrigues et al., 2012).

3. Mechanism of action of probiotics

Probiotics exhibit varying mechanisms of operation across different
strains, often involving a combination of activities. The therapeutic
effects of probiotics are believed to occur through diverse mechanisms,

as illustrated in Figure 1. One potential action involves preventing
gastrointestinal infections by impeding the colonization of pathogens
in the digestive tract. Probiotics achieve this by competing for
nutrients or receptors on the surface of the intestinal epithelium
(Monteagudo-Mera et al., 2019; Gupta et al., 2018).

In addition, probiotics release antimicrobial compounds including
organic acids, hydrogen peroxide and bacteriocins, actively combating
harmful organisms (Siró, 2011; Harzallah and Belhadj, 2013; Singhal
et al., 2023). Another mechanism through which probiotics exert
their effects is by strengthening the intestinal mucosal barrier. The
increased secretion of mucin enhances probiotics adherence to the
intestinal mucosa, competitively inhibiting the binding of harmful
pathogens to epithelial receptors. This reinforcement of the intestinal
barrier restricts pathogen colonization, eliminates invasive foreign
antigens, and modulates antigen-specific immune responses
(Monteagudo-Mera et al., 2019; Gupta et al., 2018).

Probiotics also exert influence by modulating the host immune
system. Specific strains of lactic acid bacteria (LAB) have the capacity
to modify both innate and acquired immune responses. This
modulation occurs through the binding of these strains to particular
receptors on immune cells and tissues, including the intestinal
epithelial tissue. This interaction stimulates the production of diverse
immune components including cytokines, T cells, dendritic cells,
macrophages, and specific antibodies (Erickson and Hubbard, 2000;
Dhyani et al., 2023; Verma et al., 2023; Meghwal et al., 2023).

Figure 1: Mechanism action of probiotic cheese.

4. Important probiotics associated with cheese

Many strains have been recognized as probiotics with health benefits,
and a key criterion is that the strain should naturally inhibit the
human gastrointestinal (GI) tract (Abatenh et al., 2018). Additionally,
it must withstand challenging gastric conditions, including stomach
acid and bile in the small intestine, to exert positive effects. Some of
the main strains used in cheese as probiotics are discussed below:

4.1 Lactic acid bacteria

LAB constitute a diverse group of Gram-positive, catalase-negative
microorganisms thriving under specific conditions. They are
commonly found in the gastrointestinal tracts of both humans and
animals, as well as in a variety of fermented foods. Probiotic LAB

typically falls within the genera Lactobacillus, Enterococcus, and
Bifidobacterium (Fijan, 2014). These bacteria exhibit excellent survival
capabilities in the gastrointestinal tract, attributed to their resilience
to low pH and bile tolerance (Stasiak-Ró¿añska et al., 2021). LAB
play a crucial role in inhibiting the growth of harmful bacteria by
producing antimicrobial compounds, such as organic acids, hydrogen
peroxide, and bacteriocins (Lozo et al., 2021). Lactobacilli, renowned
for producing bacteriocins like nisin, are utilized as bio-preservatives
to counteract food spoilage and enhance the microbiological safety
of food. Various bacteriocins have demonstrated effectiveness against
harmful microorganisms such as Pseudomonas, Staphylococcus
aureus, and Listeria monocytogenes making them subjects of study
for potential applications in food preservation (Arokiyamary and
Sivakumar, 2011).
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Table 1: Lactobacillus species used as probiotics

Obligatory homofermentative Facultative heterofermentative Obligatory heterofermentative

L. acidophilus L. casei L. fermentum

L. crispatus L. paracasei ssp. paracasei L. reuteri

L. amylovarus L. paracasei ssp. tolerans

L. gallinarum L. plantarum

L. gasseri L. rhamnosus

L. johnsonii

L. helveticus

L. delbrueckii ssp. bulgaricus

L. salivarius ssp. salivarius

4.2 Genus bifidobacterium

Bifidobacterium spp. was first isolated from infant faeces by Tissier
in the year 1899. In 1924, there was an initial intention to reclassify
Bifidobacterium into a distinct genus, but the actual reclassification
took place in 1973 (Lee and Sullivan, 2010). These microorganisms
are Gram-positive, catalase-negative, obligate anaerobes, non-spore
formers, and non-motile. Bifidobacteria come in various forms
including bifurcated Y-shaped rods, club-shaped rods, and short,
curved rods. They thrive best at temperatures between 37-41°C and
within a pH range of 6-7. Their growth is completely suppressed
below a pH of 4.5 or above a pH of 8.0 (Gomes and Malcata, 1999).

4.3 Genus lactobacillus

The genus Lactobacillus is characterized as non-flagellated rods with
Gram-positive, catalase-negative, non-sporing, anaerobic, and
extensive fermentative properties (Salvetti et al., 2012). As of March
2020, approximately 25 species of Lactobacillus have been identified.
Reclassification is carried out using a polyphasic approach,
considering core genome phylogeny, pairwise average amino acid
identity, signature genes, physiological criteria, and ecological factors.
Proposed genera like Holzapfelia, Amylolactobacillus, Bombilacto-
bacillus highlight the diverse nature of Lactobacillus (Zheng et al.,
2020). Lactobacilli possess important probiotic features, including
the production of digestive enzymes, synthesis of vitamins,
breakdown of bile salts, enhancement of immunity, and inhibition of
pro-inflammatory mediators (Eslami et al., 2019). Table 1 illustrates
common Lactobacillus species used as probiotics.

5. Selection criteria for probiotic microorganisms (either
bacteria or yeast)

The probiotic organism should have the following desirable
properties:

 Tolerance to acid and bile salt: Ensuring survivability of probiotics
in the gut (Both et al., 2010).

 Attachment to mucosal and epithelial surfaces: Providing health
benefits (Monteagudo-Mera et al., 2019).

 Antimicrobial activity: Acting against undesirable organisms
(Fijan, 2023).

 Cell surface properties: Including features related to probiotic
adhesion to host tissue, such as cell surface hydrophobicity,
aggregation, etc. (Miljkovic et al., 2015).

6. Probiotic cheese

6.1 Cheese as a probiotic carrier

LAB strains sourced from traditionally homemade cheeses have
undergone genetic and biochemical analysis, revealing their capacity
to produce bacteriocins, proteinases, exopolysaccharides, etc. These
strains are being assessed as potential probiotics for the production
of probiotic cheese, with evaluation criteria including survivability
in the gastrointestinal tract, adherence to the intestinal mucosa, and
potential health benefits associated with their consumption
(Topisirovic et al., 2006).

The addition of probiotic cultures to cheeses has the potential to
enhance both product quality and health status, broadening the range
of probiotic products available to consumers (Rizwana et al., 2021).
However, when utilizing probiotic bacteria in commercial
applications, it is essential that they meet specific technological
requirements. Additionally, these microorganisms should not
adversely affect the product’s flavor (Terpou et al., 2019).

Cheese emerges as a favorable medium for delivering probiotics
compared to other fermented products like yogurt and fermented
milk. Notably, cheese often possesses a firmer texture, and increased
fat content. These characteristics may be attributed to the potential
advantages of incorporating probiotic bacteria within the cheese fat-
protein matrix and its inherent buffering capacity, potentially
enhancing bacterial survival during gastrointestinal transit (Bergamini
et al., 2005; Ong et al., 2006).

For dairy products containing live bacteria, especially those with
probiotics, proper refrigerated storage is imperative. Cold storage
plays a crucial role in ensuring the sustained viability of probiotic
bacteria at high levels and maintaining the stability of the product.
Other factors such as oxygen content, redox potential, and water
activity also demand careful consideration, as these elements play a
role in facilitating the journey of probiotic bacteria to the intestinal
tract (Shah et al., 1995).

6.2 Probiotic potential of diverse cheese cultures

Fresh cheeses, such as cream cheese, cottage cheese, quark, fromage
frais, and ricotta, can be consumed immediately after production,
have a limited shelf-life, and do not require prolonged ripening. This
characteristic allows them to maintain probiotic viability during
storage, making them a preferred choice in the commercial production
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of probiotic cheeses (Schulz-Collins and Senge, 2004; Litopoulou-
Tzanetaki, 2007). Numerous scientific studies (Table 2) have explored
the development of fresh soft cheeses incorporating both established
and potential probiotic cultures. These cheeses have demonstrated
the ability to maintain viable cell counts and positively impact texture
and sensory qualities. Probiotic Lactobacillus spp. and
Bifidobacterium spp. are commonly added to cheese, necessitating
modifications in the manufacturing process to ensure their viability
(Castro et al., 2015).

Sperry et al. (2018) reported increased antioxidant and ACE-inhibitory
activity in minas frescal cheese with L. casei 01, while Kariyawasam
et al. (2019) observed higher LAB counts, antioxidant activity, and
antilisterial effects in cottage cheese with Lb. rhamnosus GG or
Weissella cibaria D30 at 4 ± 1°C. Mushtaq et al. (2019) found
enhanced antimicrobial activity in probiotic kalari cheese with various
probiotic cultures (Lb. plantarum NCDC 012, Lb. casei NCDC 297
and Lb. brevis NCDC 021) highlighting potential health benefits and
improved quality.

Low-fat feta cheese with a combination of yogurt and Bifidobacterium
cultures improved flavor, texture, and maintained probiotics during
storage, making it comparable to full-fat feta cheese (Hamdy et al.,
2021). Mirkoviæ et al. (2021) demonstrated that probiotic strains
(Lactiplantibacillus plantarum 564 and Lactiplantibacillus plantarum
299v), whether free-living or spray-dried, maintained high viability
in ultrafiltered (UF) cheese during storage, while sensory evaluation
yielded positive results. The addition of L. rhamnosus, L. casei, and
B. bifidum to sudanese white soft cheese improved yield and various
quality parameters, suggesting their potential as beneficial additives
for enhancing cheese quality (Dafalla et al., 2021a). Dafalla et al.
(2021b) explored the influence of three probiotic bacteria (L.
rhamnosus, L. casei, B. bifidum) on sudanese white soft cheese
during a 60-day storage period. Microbiological analysis revealed
the highest probiotic count in samples with L. rhamnosus (Lacticasei
bacillus rhamnosus) and the lowest with B. bifidum (Bifidobacterium
bifidum), while L. casei (Lactobacillus casei) showed an intermediate
count. No pathogenic bacteria or yeast and molds were detected.
Sensory evaluation favored cheese with L. rhamnosus, followed by
L. casei and B. bifidum, compared to controls.

Ngamsomchat et al. (2022) selected Lactobacillus plantarum (isolate
AD73) for probiotic chèvre cheese, extending its shelf life to 8 days
with a concentration of 8.6 log CFU/g. Probiotic adjuncts, especially
B. bifidum, significantly influenced the physicochemical properties
and proteolysis of buffalo milk cheddar cheese enhancing the
formation of bioactive peptides (Murtaza et al., 2022). Probiotic B.
animalis, effectively reduced L. monocytogenes in soft cheese during
ripening, highlighting their potential as natural antimicrobials for
food preservation (Ewida et al., 2022). Genome analysis of
Enterococcus durans LAB18S, isolated from soft cheese, revealed
promising probiotic traits including adhesion, acid and bile resistance,
antimicrobial activity, prebiotic utilization, and potential selenium
metabolism, making it a suitable candidate for probiotic formulations
(Comerlato et al., 2022). The incorporation of Lactobacillus or
Enterococcus probiotics into wagashi cheese did not compromise
key quality features. In contrast, wagashi cheeses with  Lactiplanti
bacillus plantarum (L. plantarum) and L. casei exhibited increased
antioxidant activity and maintained probiotic viability throughout
production and storage (Anihouvi and Kesenkaº, 2022).  Leeuwendaal

et al. (2022) confirmed Lacticaseibacillus strains survival in cheddar
cheese during ripening and resistance to simulated gastric digestion.
Their addition didn’t significantly affect cheese composition or
Lacticaseibacillus proliferation. The strains maintained viable
concentrations (107 CFU/g) during ripening and survived simulated
digestion (106 CFU/g), meeting probiotic product criteria. Abd-
Elmonem et al. (2022) explored the quality of egyptian hard cheese
(Ras type) by introducing selected Lactobacillus strains as probiotic
adjunct cultures. Over the 90-day ripening period, experimental
cheeses displayed decreased pH and moisture content, with significant
increases in total nitrogen, fat, fat/dry matter ratio, titratable acidity,
and salt content compared to the control. These cheeses exhibited
elevated Lactobacilli counts, reduced fungal growth, and inhibited
coliform bacteria.

Tologana et al. (2023) discovered that cream cheese containing L.
plantarum Kita-3 achieved greater sensory preference and improved
characteristics compared to mixed cultures, specifically L. plantarum
Dad-13 and L. plantarum Kita-3. In another study, Wang et al. (2023)
effectively employed Pediococcus acidilactici AS185 as an adjunct
culture in cheddar cheese, leading to enhancements in flavor, taste,
and texture while demonstrating resilience through the gastrointestinal
system. Microencapsulation improved the survival of L. plantarum
CCMA 0359 in cream cheese, enhancing protection during digestion
and altering acidity without affecting consumer acceptance (de
Andrade et al., 2023; Meena et al., 2023). Adding L. rhamnosus to
peruvian fresh cheese before renneting maintained similar
physicochemical properties, enhanced probiotic viability, and
received the highest sensory preference, making it a suitable matrix
for probiotics (Coronado et al., 2023). A study isolated LAB
(Lactiplantibacillus pentosus L11 and Lactiplantibacillus plantarum
L33, classified with low to medium proteolytic activity, respectively)
from iranian artisanal white cheeses, classified them by proteolytic
activity, identified safe and probiotic strains, and found that strains
with low to medium proteolytic activity improved the flavor of
fermented milk (Zareie et al., 2023). Lactobacillus helveticus exhibited
the highest ACE-I activity and unique peptides that efficiently
interacted with ACE, suggesting its potential for producing bioactive
peptides in cheddar cheese (Hao et al., 2023). The probiotic cultures
used in different cheeses are summarized in Table 2.

7. Prebiotics used in cheese

In 1995, Glenn gibson and Marcel roberfroid introduced the concept
of prebiotics, defining them as non-digestible food components that
selectively promote the growth of colon bacteria and enhance host
health. In 2008, the International Scientific Association of probiotics
and prebiotics expanded this definition and categorized “dietary
prebiotics” as selectively fermented ingredients that induce specific
changes in the gastrointestinal microbiota for the benefit of the host’s
health (Gibson et al., 2010; Sharma and Sarwat, 2022). To qualify as
a prebiotic, a compound must resist stomach acidity, withstand
hydrolysis by mammalian enzymes remain unabsorbed in the
gastrointestinal tract be fermentable by intestinal microbiota, and
selectively stimulate the growth and/or activity of intestinal bacteria
to improve host health (Davani-Davari et al., 2019).

The primary objective of prebiotics is to promote the development
of beneficial bacteria that provide defense against diseases. The
fermentation of prebiotics leads to the production of short-chain
fatty acids, including acetic acid, butyric acid, and propionic acid.
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These compounds provide benefits to the host by serving as a source
of energy. Commonly used prebiotics include fructooligosaccharide
(FOS), galactooligosaccharide (GOS), and inulin. Synbiotics, a
combination of probiotics and prebiotics, offer diverse health benefits,
including improved probiotic levels, enhanced liver function,
immunomodulation, and reduced infections (Charalampopoulos and

Rastall, 2012; Manigandan et al., 2012; Pandey et al., 2015). Using
Jerusalem artichoke-derived inulin in spreadable ricotta cheese
effectively preserved probiotic viability, extended shelf-life, and
diversified functional dairy product offerings (Rubel et al., 2022).
Some of the prebiotic cultures used in different cheeses are
summarized in Table 3.

Table 2: Probiotic cultures used in the different cheese

Name of cheese Probiotic strains References

Çamur cheese Bifidobacterium animalis ssp. Lactis Çiçek, and Erdoðmuº, 2023

Cream cheese Lactiplantibacillus plantarum CCMA 0359 de Andrade et al., 2023

Lactobacillus plantarum Dad-13 and Lactobacillus
plantarum Kita-3 Tologana et al., 2023

Cheese whey Lacticaseibacillus paracasei ItalPN16 Barreto Pinilla et al.,2023

Chèvre cheese Lactobacillus plantarum and L. fermentum Ngamsomchat et al.,2022

Fresh cheese Lactobacillus acidophilus and L. rhamnosus Coronado et al., 2023

Iranian artisanal white cheese Lactiplantibacillus (Lpb.) pentosus L11, Lpb. plantarum Zareie et al.,2023

Chami (traditional soft cheese) Pediococcus pentosaceus Mudgil et al.,2022

Wagashi cheese  L. plantarum and L. casei 39 Anihouvi and Kesenkaº, 2022

Ultrafiltered cheese Lactiplantibacillus plantarum 564 and Lactiplantibacillus
plantarum 299v Mirkoviæ et al., 2021

Sudanese white soft cheese Lacticaseibacillus rhamnosus, Lactobacillus casei, and
Bifidobacterium bifidum Dafalla et al., 2021b

Soft sheep cheese B. animalis subsp. lactis BB-12 and L. acidophilus LA-5 Cuffia et al., 2018

Akawi cheese L. plantarum KX881772 and  KX881779 Al-Dhaheri et al., 2017

Prato cheese L. acidophilus 5a and Bifidobacterium BB12 Chaves and Gigante, 2016

Goat ricotta cheese Bifidobacterium animalis and Lb. acidophilus Meira et al., 2015

Fresh white cheese L. lactis subsp. lactis, L. lactis subsp. cremoris and
L. acidophilus 593 N Yerlikaya and Ozer, 2014

Minas fresh cheese L. paracasei LBC 82; Buriti et al., 2005a

L. acidophilus La-5, S. thermophilus; De Souza et al., 2008

B. bifidum BB 12 Fritzen-Freire et al., 2010

Argentinian UF cheese L. paracasei A13, B. bifidum A1, L. acidophilus A3 Vinderola et al., 2009

Cremoso cheese L. casei I90, L. plantarum I91 Milesi et al., 2009

Pikantne cheese L. fermentum ME-3 Songisepp et al., 2004

Gouda cheese Bifidobacterium subsp. strain Bo,

L. acidophilus strain Ki Gomes and Malcata, 1999

Edam cheese B. bifidum ATCC 15696 Sabikhi and Mathur, 2001

L. plantarum TENSIA Sharafedtinov et al., 2013

Canestrato pugliese hard  cheese B. bifidum Bb02, B. longum Bb46 Corbo et al., 2001

Cottage cheese L. casei ATCC 373, Lb. rhamnosus Abadia-Garcia et al., 2013

Feta type cheese L. casei Terpou et al., 2018

Fresh cheese L. acidophilus JCN11047, L. acidophilus 1132T and
 L. gasseri JCM11657 Masuda et al., 2009

B. bifidum A12, L. acidophilus A9, L. paracasei A13 Medici et al., 2004
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Soft cheese L. plantarum 3037 Coeuret et al., 2004

B. animalis Ewida et al., 2022

Enterococcus durans LAB18S Comerlato et al., 2022

Crescenza B. bifidum, B. infantis and B. longum Gobbetti et al., 1998

Feta cheese L. casei ATCC 393 Kourkoutas et al., 2006

Probiotic goat cheese L. delbrueckii subsp. lactis Fernandez et al., 2005

Cheddar cheese E. faecium Gardiner et al., 1999

B. lactis BB-12, B. longum BB536 McBrearty et al., 2001

L. casei ACCC10171 and L. plantarum ACCC10639 Chen et al., 2019

L. casei 334e Sharp et al., 2008

Pediococcus acidilactici Wang et al., 2023

Lacticaseibacillus rhamnosus DPC7102 and
Lacticaseibacillus paracasei DPC7150 Leeuwendaal et al.,2022

Bifidobacterium bifidum Murtaza et al., 2022

Lactobacillus helveticus Hao et al., 2023

Table 3: Prebiotics in different cheeses

Name of cheese Probiotics Prebiotics References

Ricotta cheese Lacticaseibacillus paracasei BGP1 Inulin from Jerusalem artichoke Rubel et al.,2022

Semi-hard  cheese L. paracasei INIA P272 or Fructo- oligosaccharides (FOS, GOS,

L. paracasei INIA P272 Inulin) Langa et al., 2019

Cream cheese L. paracasei subsp. paracasei LBC 82 Inulin Buriti et al., 2007

B. animalis subsp. Lactis DSM 10140 Inulin, FOS and lactulose Speranza et al., 2018
L. reuteri

Lactobacillus helveticus Inulin Krishna et al., 2020

Petit suisse cheese L. acidophilus Lac4 and B. animalis Inulin and/or oligofructose Cardarelli et al., 2008
subsp. lactis BL04

L. acidophilus La-5, B. lactis Inulin, oligofructose, honey Cardarelli et al., 2007

Fiordilatte cheese L. rhamnosus FOS Angiolillo et al., 2014

Cottage cheese L. delbrueckii UFV H2b20 Inulin Araujo et al., 2010

Fresh cheese S. boulardii (strain CDBB-

L-1483 ATCC-MYC-797) Inulin Zamora-Vega et al., 2013

White cheese L. plantarum 14 Inulin and maltodextrin Modzelewska-Kapitu³a
et al., 2010

UF- soft cheese L. acidophilus 5, and S. thermophiles Inulin El-Baz,2013

8. Industrial application aspects of producing probiotic and
prebiotic cheese

The global cheese production industry has witnessed significant
growth, particularly in the consumption of fresh cheese, leading to a
projected global cheese production of 25.2 million metric tons by
2026, i.e., 0.9% increase from the 23.9 million metric tons recorded
in 2021. Several European nations, including Germany, France, Italy,
and Cyprus, have shown substantial growth in cheese manufacturing
(Bhat et al., 2022). The United States has also demonstrated a similar
increasing pattern. The popularity of fresh cheese, characterized by
its high moisture content, soft flavor, and smooth, flexible texture,

has contributed to the surge in cheese consumption over the past
decade. The development of probiotic cheese, along with the
incorporation of various prebiotics, provides a promising avenue for
delivering probiotics to the consumer’s gastrointestinal tract. To
achieve this, both fresh and ripened cheeses are enriched with probiotic
strains, predominantly Lactobacillus spp. and Bifidobacterium spp.,
while prebiotics specifically inulin, oligofructose, and maltodextrin,
are used to ensure compliance with Generally Recognized as Safe
standards and the absence of adverse effects on cheese taste, aroma,
texture, and other attributes (da Cruz et al., 2009). Despite these
advancements, maintaining probiotic microorganism counts at a
standardized level (a minimum of 107 CFU g-1 probiotic cells) poses
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a noteworthy challenge. These strains must endure industrial
processing conditions and maintain their shelf life. Proper packaging
and storage are critical for ensuring the viability of probiotics and the
stability of prebiotics in both fresh and ripened cheeses. Packaging
materials with low oxygen permeability and vacuum packaging can
help preserve probiotic content and enhance organoleptic qualities
(Terpou et al., 2019; Charalampopoulos and Rastall, 2012). It is
crucial to note that unfavourable conditions, such as high temperatures,
can harm count in probiotic content, alter organoleptic characteristics,
and promote the growth of pathogenic and spoiling microbes.
Therefore, maintaining count in probiotic content and preserving the
cheese’s flavor and freshness during storage is of utmost importance.

9. Conclusion

This review article focuses on live cultivable probiotic microorganisms
and their prebiotic ingredients found in cheese, which offer health
benefits when consumed in adequate quantities. Commonly used
probiotic strains in cheese belong to the Lactobacillus and
Bifidobacterium species due to their safety and positive impact on
gut health. Particularly, fresh and soft cheese varieties such as cream
cheese and cottage cheese are effective carriers for probiotic cultures.
The firm consistency, and relatively higher fat content of these
cheeses enhance microbial survival during transit through the
gastrointestinal tract. Incorporating probiotic strains into cheese
results in minimal alterations in the sensory and physical attributes
of the product. Future research directions should explore the effects
of new probiotic strains on the physicochemical properties of
different cheese types. Additionally, investigating co-culturing these
probiotics with various adjunct lactic cultures could prove beneficial
for further enhancing the health benefits of probiotic-enriched cheeses.
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