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Abstract

Currently, many products for human health are available in the market as prebiotics and probiotics. Prebiotics are
defined as indigestible dietary fibres and oligosaccharides that promote the growth of lactic acid bacteria in the
gastrointestinal tract. With evidence showing that the microbiota is undoubtedly linked to overall health, the
discovery of new prebiatics acting on functional foods and beneficial bacteria is important. Mushrooms are well
known for their organoleptic qualities as well as for harbouring many different bioactive substances with beneficial
health effects. Fungi are of increasing interest as a potential source of prebiotic substrates. Developing a new
potential prebiotic from inexpensive and abundant materials such as mushrooms is one of the aspects to be
considered. Prebiotic compounds obtained through fungal extraction have been used in numerous research as non-
digestible dietary ingredients to show that they inhibit pathogenic organisms and promote probiotic growth. It will
take more thorough research to ascertain the metabolic pathways that are triggered in the process of probiotic
strains utilizing fungal polysaccharides. Future projections for the food industry indicate that mushrooms will
become even more significant. This study examined mushrooms' potential as a prebiotic source and provided a
detailed description of its theory and use.
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Introduction

Although there are many members of the fungi kingdom, including yeasts, moulds and cap fungi, the word
mushroom refers to large, fleshy, edible and medicinal fungi with a distinct sporocarp that are above or below
ground, visible to the naked eye, that can be collected by hand. Macrofungi are defined as those sporocarps that
have been utilized worldwide for centuries as both food and traditional medicine. Fungi, which do not have the
ability to photosynthesise because they do not contain chlorophyll, feed symbiotically, parasitically and
saprophytically. Many play important roles in the degradation and recycling of various agricultural and forest
wastes and complex biopolymers (Miles and Chang, 2004). It is considered that there are around 1.5 million
species of mushrooms on earth and although around 3000 are known to be edible, around 60 species can be
cultivated. As mushroom cultivation has become more popular around the world, more than 700 mushroom species
have been recognized as safe for human consumption and beneficial to human health. Common mushroom species
produced under suitable ecological conditions include Lentinula edodes, Volvariella volvacea, Agaricus sp.,
Pleurotus sp., Hericium sp., Ganoderma sp., Grifola frondosa and Coprinus sp. (Cerletti et al., 2021). Hypsizygus
tessellatus, Lentinula edodes, Agaricus bisporus, Pleurotus ostreatus and Flammulina velutipes are some of the
most widely cultivated mushroom species in the world (Niego et al., 2021). There has been a notable increase in
interest among consumers in the potential health benefits of incorporating mushrooms into their diets. This is
because mushrooms are increasingly recognized as a source of protein, minerals, essential vitamins, and fiber. In
addition, mushrooms contain bioactive compounds with antioxidant, anti-inflammatory, anti-tumor, antimicrobial
and antiviral properties that actively promote health and reduce the risk of disease in the human body (Cateni et
al., 2022). Edible mushrooms have a carbohydrate and digestible protein composition, are a source of high-quality
fiber and have a low fat content (Araujo-Rodrigues et al., 2022). In addition, mushrooms are a good source of
vitamins, essential amino acids and minerals (Sousa et al., 2023).

Prebiotics are substances that promote the growth or action of microorganisms that contribute to the benefit of the
host and are widely consumed by humans. Consumption of prebiotics increases immune function, reduces long
chain fatty acids (LCFA) in the gut, improves colon integrity, reduces the duration of intestinal infections, and
reduces allergic response for better digestion (Douglas & Sanders, 2008). Mushrooms are also regarded as a
prospective source of prebiotics, given their content of diverse polysaccharides, including chitin, mannans,
hemicellulose, glucans, galactans, and xylans (Singdevsachan et al., 2015). Some edible fungi are still an
undiscovered treasure trove of prebiotic and bioactive compounds and their beneficial effects on the immune
system. Numerous studies have demonstrated the positive effects of several fungal species in the prevention and
treatment of chronic illnesses, including diabetes, cancer, obesity, hyperlipidemia, hypercholesterolemia, and
neurodegenerative and cardiovascular diseases (Varshney et al., 2013; Roncero-Ramos & Delgado-Andrade, 2017;
Ke et al., 2022). Various bioactive compounds derived from fungi have been shown to modify intestinal
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polysaccharides, act as prebiotics and reduce pathogen proliferation by promoting the growth of probiotic bacteria
in the gut (Kumari, 2020). Prebiotic substrates are present in certain beneficial bacteria, including lactic acid
bacteria (Lactobacillus sp., Pediococcus sp., Lactococcus sp., Leuconostoc sp. and Streptococcus sp.) and
bifidogenic bacteria (Bifidobacterium sp.). By lowering intestinal pathogens and/or modifying the synthesis of
bacterial compounds linked to health, these bacteria benefit the host (Ringo et al., 2010; Margalho et al., 2021).

Properties of Probiotic Microorganisms

According to the International Scientific Association for Probiotics and Prebiotics (ISAPP), probiotics are defined
as non-pathogenic microorganisms that, when administered in sufficient quantities, provide health benefits to the
host individual (Paulino do Nascimento et al., 2022). In order for a product to be defined as a probiotic, it must
possess a number of specific characteristics. The aforementioned characteristics can be enumerated as follows: the
product must be of human origin, demonstrate resistance to bile and gastric acid, survive in the digestive tract,
adhere to the intestinal wall, adapt to the natural flora, colonize the digestive tract, secrete antimicrobial products
such as bacteriocin, be non-toxic and non-pathogenic, exert beneficial effects on host health, remain stable during
production and storage processes, and retain its viability (Sahin, 2018). Concurrently, probiotics must also possess
antimicrobial properties (Giilbandilar et al., 2017).

Most of the probiotic microorganisms are included in lactic acid bacteria, which are generally recognized as safe
and have GRAS (Generally Recognised As Safe) status. The most commonly utilized bacteria are those belonging
to the Lactobacillus, Bifidobacterium, Streptococcus, Enterococcus, Leuconostoc and Pediococcus species
(Stavropoulou & Bezirtzoglou, 2020; Buran & Biitiinoz, 2022). Especially Lactobacillus acidophilus, L. casei, L.
rhamnosus, L. reuteri, and Bifidobacterium lactis Bb12 species are widely used in commercial preparations since
their beneficial effects on health have been proven by clinical trials (Thamacharoensuk et al., 2017). Probiotics
must survive in the gastrointestinal tract in order to exert their beneficial effects. Lactobacillus and Bifidobacterium
species are particularly well adapted to this environment, frequently utilizing host-derived glycans for metabolism,
which enhances their survival and activity on mucosal surfaces (Zuniga et al., 2018). The regular consumption of
probiotics has been linked to a number of beneficial effects, including improvements in gut health, enhanced
immunity and protection against certain infections (Aguirre Garcia et al., 2024). The ability of these probiotics to
colonize the gut is of significant importance with regard to their efficacy. Several studies have demonstrated that
the capacity for colonization of various Lactobacillus and Bifidobacterium species is dependent on their genetic
characteristics and ability to adapt to the host environment (Xiao et al., 2021). In light of the considerable diversity
of probiotic products currently available on the market, ensuring the quality and efficacy of these microorganisms
is paramount. The specific strain, viability and antimicrobial effect against pathogenic organisms are crucial factors
in determining the health benefits of probiotic products (Zawistowska Rojek et al., 2022).

Lactic acid bacteria

In 1919, Orlo-Jensen first described lactic acid bacteria as rod- or cocci-shaped, Gram-positive microorganisms
that are catalase- and nitrate-reductase negative and do not form spores. These bacteria typically produce lactic
acid as an end product during carbohydrate fermentation. The inability to synthesize the requisite enzymes and
cytochromes precludes the possibility of oxidative phosphorylation in the presence of oxygen. Lactic acid bacteria
are capable of surviving in temperatures between 5-10 °C, with some species demonstrating tolerance to salt, acid,
or alkyls (Mokoena et al., 2021). They need relatively more complex carbon sources to realize their bioactivities.
Therefore, they use complex organic molecules as carbon sources. Lactic acid bacteria need many free amino acid
molecules, organic acids and sugars for their growth (Fernandes & Jobby 2022; Sharma et al., 2022).

Microorganisms known as lactic acid bacteria (LAB) are able to ferment carbohydrates like lactose and glucose and turn
them into lactic acid (Wang et al., 2021; Abedin et al., 2023). LAB have positive effects on the human immune system
in addition to preserving the harmony of the gut flora (Rastogi & Singh, 2022). Recently, LAB is widely used in the
production and processing of fermented foods due to their generally accepted probiotic effects, safety and acid-producing
properties (Alan & Yildiz, 2022). Regular consumption of foods fermented by LAB has been shown to have a beneficial
effect on immune system strength and disease protection (Abdul Hakim et al., 2023). Moreover, LAB is employed in
the food industry as a natural antibacterial agent, which plays a role in the preservation of food products through the
application of antiseptic and freshness-preserving techniques (Kousha et al., 2022).

LAB produces a wide range of metabolites during fermentation, including exopolysaccharides (EPS), amino acids,
organic acids, bioactive peptides, and bacteriocins. Antioxidant properties, cholesterol-lowering effects, and improved
mineral absorption are just a few of the host health advantages associated with these metabolites (Juraskova et al., 2022;
Zapasnik et al., 2022; Sionek et al., 2023, Tang et al., 2023). In addition to assisting in the preservation of foodstuffs, the
metabolic processes of LAB contribute to the enhancement of flavour and texture in fermented foods, thereby increasing
their appeal to consumers (Aguirre Garcia et al., 2024). Moreover, antinutrients in food that may prevent the absorption
of essential nutrients can be decreased by LAB. This decrement enhances the nutritional profile of fermented foods,
increasing their safety and benefits (Zapasnik et al., 2022).
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Table 1. The most common probiotic-producing lactic acid bacterium (Tamang et al 2016; Onyeaka et al., 2022)

Microorganisms Strain names

Lactobacillus brevis, Lactobacillus fermentum,
Lactobacillus delbrueckii, Lactobacillus
plantarum, Lactobacillus lactis, Lactobacillus
Lactobacillus sp. rhamnosus, Lactobacillus acidophilus,
Lactobacillus  reuteri, Lactobacillus casei,
Lactobacillus curvatus, Lactobacillus
paraplantarum, Lactobacillus Johnsonii,
Lactobacillus salivarius, Lactobacillus helveticus,
Lactobacillus gasseri

Bifidobacterium longum, Bifidobacterium
Bifidobacterium sp. adolescentis, Bifidobacterium infantis,
Bifidobacterium bifidum, Bifidobacterium
thermophilum, Bifidobacterium breve,

Pediococcus pentoseceus, Pediococcus

Pediococcus sp. acidilactici Pediococcus cerevisiae
Streptococcus intermedius, Streptococcus
Streptococcus Sp. CFemortis, Streptococcits diacetilactis,

Streptococcus ~ bovis,  Streptococcus  suis,
Streptococcus lactis

Leuconostoc sp. Leuconostoc mesenteroides ssp. mesenteroides,
Leuconostoc. inhae, Leuconostoc kimchii
Enterococcus sp. Enterococcus faecium, Enterococcus faecalis,
Enteroccoccus durans

Propionibacterium sp. Propionibacterium shermanii, Propionibacterium
acidipropionici, Propionibacterium
fireudenreichii

Weissella sp. Weissella confusa, Weisella cibaria, Weisella
paramesenteroides, Weisella hellenica, Weisalla
kimchi

Prebiotic Potential of Edible Mushrooms

The development of prebiotics is directed towards fungi, which contain carbohydrates, act as potential prebiotics
and are also associated with various health-promoting effects (Abd Rahman et al., 2012). Because of its
immunosuppressive properties, f-glucan from Pleurotus sp. (Pleuran) is utilized as a dietary supplement.
Polysaccharides from oyster mushrooms can promote the growth of colonic microorganisms (probiotics), i.e. act
as prebiotics. In the study of the structure and potential prebiotic activity of glucans obtained from Pleurotus
ostreatus and Pleurotus eryngii species, oyster mushroom, a biologically active source of glucans, and
Lactobacillus, Bifidobacterium and Enterococcus species were used. Specific glucans from the oyster mushroom
were used as a carbon source. The polysaccharide composition of these mushroom extracts and the probiotic
species showed different growth characteristics. It was reported that Lactobacillus species can be used
symbiotically with glucan and proteoglucan obtained from Pleurotus ostreatus and Bifidobacterium species can
be used symbiotically with Pleurotus eryngii extracts (Synytsya et al. 2009).

B-glucan is derived from a variety of sources, including the cell walls of bread yeast (Saccharomyces cerevisiae),
cereals (oats and barley), and an array of mushroom species. A study of eight fungi revealed that Schizophylum
commune and Auricularia auricula exhibited the highest B-glucan content and the lowest cost per B-glucan content,
respectively. Despite the established role of B-glucan in immune modulation, there is currently no evidence
regarding its interaction with the human gut microbiota. It is hypothesized that the gut microbiota has healing
effects through its interaction with indigestible components, particularly fermentable dietary fibre. It is crucial to
establish a correlation between the specific microbial communities associated with B-glucan fermentation and the
resulting profiles of short-chain fatty acids (SCFAs). Mushroom-derived B-glucan has been demonstrated to
possess a prebiotic function that is comparable to that of B-glucan derived from commercial yeast (S. cerevisiae)
(Chaikliang et al., 2015).

In a different investigation, the impact of polysaccharides from Ganoderma lucidum on Bifidobacterium species
proliferation was ascertained. The prebiotic effect of G. lucidum extracts was determined using batch fermentation.
It was found that mushroom extracts increased the number of Bifidobacterium species by 0.3 and 0.7 log10 cell/mL
units, and the number of Lactobacillus species by 0.7 and 1 log10 cell/mL units, and inhibited the growth of
Salmonella. The presence of Bifidobacterium species was found to increase the rate of organic acid formation in
the environment (Yamin et al., 2012).

129

TURSTEP

Turkish Science and Technology Publishing (TURSTEP)
www.turstep.com.tr



532

7™ International Anatolian Agriculture, Food, Environment and Biology Congress

TARGID 2024

In the study in which the prebiotic effect of five different edible mushrooms (Auricularia auricula-judae, Pleurotus
ostreatus, Pleurotus sajorcaju, Pleurotus abalonus and Volvariella volvacea) was investigated, the soluble and
insoluble polysaccharides of the mushrooms were extracted. The bifidogenic effect was determined using the
Bifidobacterium bifidum TISTR 2129, B. breve TISTR 2130, B. longum TISTR 2194 and B. animalis TISTR 2195
strains, and the prebiotic index values were subsequently measured. The highest prebiotic index number was
observed in the Pleurotus sajorcaju mushroom, followed by the Pleurotus abalonus mushroom. It was reported
that both mushroom species stimulated the growth of Bifidobacterium and Lactobacillus species in a human
intestinal model and inhibited the growth of harmful bacteria (Saman et al., 2016).

Polysaccharides from Lentinula edodes, Flammulina velutipes and Pleurotus eryngii mushrooms were found to
increase the viability of Bifidobacterium longum, Lactobacillus casei and Lactobacillus acidophilus at different
concentrations in MRS medium. Mushroom polysaccharides were found to maintain the number of probiotics
above 107 cfu/mL during storage in yoghurt cultures. The researchers noted that fungal polysaccharides are a
cheaper source of raw materials for obtaining new prebiotic components. Liu et al. (2015) investigated the prebiotic
properties and immune system supporting effects of Ganoderma lucidum residues during tea preparation. They
used G. lucidum extracts in the diet of chickens. G. lucidum was found to stimulate the growth of Lactobacillus
rhamnosus and Bifidobacterium longum. The probiotic activity of bifidobacteria in the feces of chickens was found
to be significantly different from the control group. They concluded that G. lucidum waste has beneficial effects
and can potentially be used in waste recycling.

It was established that G. lucidum extracts altered the composition of the intestinal microbiota and resulted in an
increase in Lactobacillus species in comparison to the control group (Meneses et al., 2016). In a study in which A.
bisporus mushrooms were fermented with Lactobacillus plantarum strains, a sensory analysis, colour analysis and
total phenolic compound analysis were conducted. It was reported that mushrooms fermented with probiotic
bacteria exhibited elevated phenolic component and antioxidant activity values (Jablonska-Rys et al., 2016).

A study was conducted to examine the growth of Lactobacillus acidophilus and L. plantarum in MRS broth
medium containing mushroom extracts. Seven different edible mushroom extracts, including Auricularia auricula-
judae, Lentinus edodes, Pleurotus citrinopileatus, Pleurotus djamor, Pleurotus pulmonarius and Pleurotus
ostreatus, were investigated for their prebiotic properties. It was reported that the L. edodes extract had the greatest
stimulatory effect on the growth of the probiotic bacteria, with the L. acidophilus and P. pulmonarius extracts
demonstrating the most significant impact on the growth of L. plantarum. In the analysis of gastrointestinal
tolerance of probiotics, the highest viability rate was observed in the P. djamor extract containing L. acidophilus
(Sawangwan et al., 2018).

In the study in which the effect of P. ostreatus mushroom powder as a prebiotic on yoghurt quality was
investigated, mushroom powder was incorporated into the yoghurt production process at concentrations of 0%,
0.5%, 1% and 1.5%. It was reported that the addition of mushroom powder resulted in an increase in lactic acid
concentration and the number of lactic acid-producing bacteria (LAB) present (Tupamahu & Budiarso, 2017). The
highest viability of LAB was observed in samples containing 1.5% mushroom powder. In a further study, the
prebiotic effect of three different edible mushroom species, namely Pleurotus sajorcaju, P. florida and L. edodes,
was compared with that of a range of commercial prebiotics. The optimal prebiotic effect was observed in the
medium containing P. sajorcaju mushroom, in which L. acidophilus was able to grow (Mallik & Bhawsar, 2018).
In a study of 53 naturally occurring mushroom extracts, probiotic bacteria (L. acidophilus and L. rhamnosus) were
used in comparison with commercial prebiotics, namely inulin and fructooligosaccharide. The results
demonstrated that the tested fungi exhibited a greater capacity to stimulate the growth of Lactobacillus species
than commercially used prebiotics. It has been demonstrated that mushroom polysaccharides are able to reach the
intestine without undergoing alteration in the stomach, where they have been observed to stimulate the growth of
beneficial bacteria (Nowak et al., 2018).

Conclusion

Probiotics and prebiotics are the most scientifically studied active ingredients due to their biotherapeutic
properties. Among probiotics, Bifidobacterium and Lactobacillus species are bacteria that have become
increasingly important due to their use as starter cultures in foods and in tablet form. The definition of the metabolic
activities of these microorganisms and the study of their ability to grow in environments containing different
carbohydrate sources has led to the definition of “potential prebiotic components". Due to the increasing demand
for industrial foods such as dairy products, bakery products, beverages, sauces, confectionery, baby foods, etc.
containing commercial prebiotic components, researchers and manufacturers are turning to the cheaper extraction
of prebiotic components from natural materials found in nature.

130

TURSTEP

Turkish Science and Technology Publishing (TURSTEP)
www.turstep.com.tr



7™ International Anatolian Agriculture, Food, Environment and Biology Congress
TARGID 2024

References

Abd Rahman, J. M. D., Razak, S. A., & Sabaratnam, V. (2012). Effect of mushroom supplementation as a prebiotic
compound in super worm based diet on growth performance of red tilapia fingerlings. Sains Malaysiana,
41(10), 1197-1203.

Abdul Hakim, B. N., Xuan, N. J., & Oslan, S. N. H. (2023). A comprehensive review of bioactive compounds
from lactic acid bacteria: Potential functions as functional food in dietetics and the food industry. Foods,
12(15), 2850.

Abedin, M. M., Chourasia, R., Phukon, L. C., Sarkar, P., Ray, R. C., Singh, S. P., & Rai, A. K. (2023). Lactic acid
bacteria in the functional food industry: Biotechnological properties and potential applications. Critical
Reviews in Food Science and Nutrition, 1-19.

Aguirre-Garcia, Y. L., Nery-Flores, S. D., Campos-Muzquiz, L. G., Flores-Gallegos, A. C., Palomo-Ligas, L.,
Ascacio-Valdés, J. A., ... & Rodriguez-Herrera, R. (2024). Lactic Acid Fermentation in the Food
Industry and Bio-Preservation of Food. Fermentation, 10(3), 168.

Alan, Y., & Yildiz, N. (2022). Effects of lactobacillus used as the starter culture on naturally fermented pickled
cabbage. Food Science and Technology, 42, e45020. http://dx.doi.org/10.1590/fst.45020.

Araujo-Rodrigues, H., Sofia Sousa, A., Pintado, M. E., & Barros, D. (2022). Chapter 6. Macromolecules in Fungi
with pharmaceutical potential. In L. Stojkovi'c (Ed.), Edible Fungi: Chemical composition, nutrition
and health effects (36th ed., pp. 232-272). Royal Society of Chemistry.

Buran, 1. & Biitiindz, B. (2022). Beyin-Bagirsak Ekseni ve Bagirsak Mikrobiyotasinin Norolojik Etkileri. Platanus
Publishing, 2022 Ekim Dénemi Uluslararasi Kitap Boliimii, SBGT 2;305-325.

Cateni, F.; Gargano, M.L.; Procida, G.; Venturella, G.; Cirlincione, F.; Ferraro, V. Mycochemicals inWild and
Cultivated Mushrooms: Nutrition and Health. Phytochem. Rev. 2022, 21, 339—-383.

Cerletti, C., Esposito, S., & lacoviello, L. (2021). Edible mushrooms and Beta-glucans: Impact on human health.
Nutrients, 13(7), 2195.

Chaikliang, C., Wichienchot, S., Youravoug, W., & Graidist, P. (2015). Evaluation on prebiotic properties of -
glucan and oligo-B-glucan from mushrooms by human fecal microbiota in fecal batch culture.
Functional Foods in Health and Disease, 5(11), 395-405.

Douglas, L. C., & Sanders, M. E. (2008). Probiotics and prebiotics in dietetics practice. Journal of the American
Dietetic Association, 108, 510e521.

Fernandes, A., and Jobby, R., 2022. Bacteriocins from lactic acid bacteria and their potential clinical applications.
Applied Biochemistry and Biotechnology, 194(10), 4377-4399.

Giilbandilar, A., Okur, M., & Dénmez, M. (2017). Fonksiyonel gida olarak kullanilan probiyotikler ve &zellikleri.
Tiirk Bilimsel Derlemeler Dergisi, 10(1), 44-47.

Jabloniska-Rys, E., Stawinska, A., Radzki, W., Gustaw, W. (2016). Evaluation of the potential use of probiotic
strain lactobacillus plantarum 299v in lactic fermentation of button mushroom fruiting bodies. Acta
Scientiarum Polonorum Technologia Alimentaria, 15: 399-407.

Juraskova, D., Ribeiro, S. C., & Silva, C. C. (2022). Exopolysaccharides produced by lactic acid bacteria: from
biosynthesis to health-promoting properties. Foods, 11(2), 156.

Kousha, S., Ahari, H., Karim, G., & Anvar, S. A. A. (2022). Identification of lactobacilli from milk enzymatic
clots and evaluation of their probiotic and antimicrobial properties. Food Science and Technology, 42,
e107721.

Kumari, K. (2020). Mushrooms as source of dietary fiber and its medicinal value: A review article. J. Pharmacogn.
Phytochem., 9, 2075-2078.

Liu, Y-H., Lin, Y-S., Lin, K-L., Lu, Y-L., Chen, C-H., Chien, M-Y., Shang, H-F., Lin, S-Y., Hou, W-C. (2015).
Effects of hot-water extracts from Ganoderma lucidum residues and solid-state fermentation residues
on prebiotic and immune-stimulatory activities in vitro and the powdered residues used as broiler feed
additives in vivo. Botanical Studies, 56: 17-18.

Mallik, B. P., Bhawsar, H. 2018. Evaluation of prebiotic score of edible mushroom extract. International Journal
of Engineering Research & Technology, 7: 122-127.

Margalho, L.P.; Kamimura, B.A.; Brexo, R.P.; Alvarenga, V.O.; Cebeci, A.S.; Janssen, P.W.M.; Dijkstra, A.;
Starrenburg, M.J.C.; Sheombarsing, R.S.; Cruz, A.G. (2021). High throughput screening of
technological and biopreservation traits of a large set of wild lactic acid bacteria from Brazilian artisanal
cheeses. Food Microbiol. 100, 103872

Meneses, M.E., Martinez-Carrera, D., Torres, N., Sanchez-Tapia, M., Aguilar- Lépez, M., Morales, P., (2016).
Hypocholesterolemic properties and prebiotic effects of mexican Ganoderma lucidum in C57BL/6
Mice. Plos One, 11(7): e0159631.

Miles, P.G., Chang, S.T. (2004). Mushrooms: cultivation, nutritional value, medicinal effect, and environmental
impact. CRC press, p.6.

131

TURSTEP

Turkish Science and Technology Publishing (TURSTEP)
www.turstep.com.tr



7™ International Anatolian Agriculture, Food, Environment and Biology Congress
TARGID 2024

Mokoena, M. P., Omatola, C. A., & Olaniran, A. O. (2021). Applications of lactic acid bacteria and their
bacteriocins against food spoilage microorganisms and foodborne pathogens. Molecules, 26(22), 7055.

Niego, A. G., Rapior, S., Thongklang, N., Rasp’e, O., Jaidee, W., Lumyong, S., & Hyde, K. D. (2021). Macrofungi
as a nutraceutical source: Promising bioactive compounds and market value. Journal of Fungi, 7(5),
397.

Nowak, R., Nowacka-Jechalke, N., Juda, M., Malm, A. (2018). The preliminary study of prebiotic potential of
Polish wild mushroom polysaccharides: the stimulation effect on Lactobacillus strains growth.
European Journal of Nutrition, 57: 1511-1521.

Onyeaka, H. N., & Nwabor, O. F. (2022). Lactic acid bacteria and bacteriocins as biopreservatives. Food
preservation and safety of natural products, 25.

Paulino do Nascimento, L. C., Lacerda, D. C., Ferreira, D. J. S., de Souza, E. L., & de Brito Alves, J. L. (2022).
Limosilactobacillus fermentum, current evidence on the antioxidant properties and opportunities to be
exploited as a probiotic microorganism. Probiotics and Antimicrobial Proteins, 14(5), 960-979.

Rastogi, S., & Singh, A. (2022). Gut microbiome and human health: exploring how the probiotic genus
Lactobacillus modulate immune responses. Frontiers in Pharmacology, 13, 1042189. http://dx.doi.
0rg/10.3389/fphar.2022.1042189. PMid:36353491.

Ringo, E., Lovmo, L., Kristiansen, M., Bakken, Y., Salinas, I., Myklebust, R., ... & Mayhew, T. M. (2010). Lactic
acid bacteria vs. pathogens in the gastrointestinal tract of fish: a review. Aquaculture Research, 41(4),
451-467.

Roncero-Ramos, 1., & Delgado-Andrade, C. (2017). The beneficial role of edible mushrooms in human health.
Current Opinion in Food Science, 14, 122-128.

Sahin, A. N. (2018). Yetiskin bireylerde psikobiyotik 6zellik gosteren probiyotik besinlerin tiiketimi ve mental
saglik arasindaki iliskinin incelenmesi. (Master’s thesis, Baskent Universitesi Saglik Bilimleri
Enstitiisii).

Saman, P., Chaiongkarn, A., Moonmangmee, S., Sukcharoen, J., Kuancha, C., Fungsin, B. (2016). Evaluation of
prebiotic property in edible mushrooms. Biol. Chem. Res, 3, 75-85.

Sawangwan, T., Wansanit, W., Pattani, L., Noysang, C. (2018). Study of prebiotic properties from edible
mushroom extraction. Agriculture and Natural Resources, 52: 519-524.

Sharma, B.R., Halami, P.M., Tamang, J.P. (2022). Novel pathways in bacteriocin synthesis by lactic acid bacteria
with special reference to ethnic fermented foods. Food Science and Biotechnology, 31(1), 1-16.
https://doi.org/10.1007/s10068-021-00986-w

Singdevsachan, S.K., Mishra, P.A.J., Baliyarsingh, B., Tayung, K., Thatoi, H. (2015). Mushroom polysaccharides
as potential prebiotics with their antitumor and immunomodulating properties: A review. Bioact.
Carbohydr. Diet. Fibre, 7, 1-14.

Sionek, B., Szydtowska, A., Kiglikgoz, K., & Kotozyn-Krajewska, D. (2023). Traditional and new
microorganisms in lactic acid fermentation of food. Fermentation, 9(12), 1019.

Sousa, A. S., Aragjo-Rodrigues, H., & Pintado, M. E. (2023). The health-promoting potential of edible mushroom
proteins. Current Pharmaceutical Design, 29(11), 804—823.

Stavropoulou, E., & Bezirtzoglou, E. (2020). Probiotics in medicine: a long debate. Frontiers in immunology, 11,
2192.

Synytsya, A., Mi¢kova, K., Synytsya, A., Jablonsky, I., Spévéagek, J., Erban, V., ... & Copikova, J. (2009). Glucans
from fruit bodies of cultivated mushrooms Pleurotus ostreatus and Pleurotus eryngii: Structure and
potential prebiotic activity. Carbohydrate polymers, 76(4), 548-556.

Tamang, J. P., Shin, D. H., Jung, S. J., & Chae, S. W. (2016). Functional properties of microorganisms in fermented
foods. Frontiers in microbiology, 7, 578.

Tang, H., Huang, W., & Yao, Y. F. (2023). The metabolites of lactic acid bacteria: classification, biosynthesis and
modulation of gut microbiota. Microbial Cell, 10(3), 49.

Thamacharoensuk, T., Taweechotipatr, M., Kajikawa, A., Okada, S., & Tanasupawat, S. (2017) Induction of
cellular immunity interleukin-12, antiproliferative effect, and related probiotic properties of lactic acid
bacteria isolated in Thailand. Ann Microbiol 67(8):511-518. https://doi.org/10.1007/s13213-017-1280-
4

Tupamahu, I.P.C., Budiarso, T.Y. 2017. The effect of oyster mushroom (Pleurotus ostreatus) powder as prebiotic
agent on yoghurt quality. AIP Conference Proceedings, 30: 191-201.

Varshney, J., Ooi, J.H., Jayarao, B.M. ( 2013). White button mushrooms increase microbial diversity and
accelerate the resolution of Citrobacterrodentium infection in mice. J. Nutr., 143, 526-532.

Wang, Y., Wu, J., Lv, M., Shao, Z., Hungwe, M., Wang, J., Bai, X., Xie, J.,, Wang, Y., & Geng, W. (2021).
Metabolism characteristics of lactic acid bacteria and the expanding applications in food industry.
Frontiers in Bioengineering and Biotechnology, 9, 612285. http://
dx.doi.org/10.3389/fhioe.2021.612285. PMid:34055755.

132

TURSTEP

Turkish Science and Technology Publishing (TURSTEP)
www.turstep.com.tr



7™ International Anatolian Agriculture, Food, Environment and Biology Congress

TARGID 2024

Xiao, Y., Zhao, J., Zhang, H., Zhai, Q., & Chen, W. (2021). Mining genome traits that determine the different gut
colonization potential of Lactobacillus and Bifidobacterium species. Microbial Genomics, 7(6), 000581.

Yamin, S., Shuhaimi, M., Arbakariya, A., Fatimah, A.B., Khalilah, A.K., Anas, O., Yazid, A.M. 2012. Effect of
Ganoderma lucidum polysaccharides on the growth of Bifidobacterium spp. as assessed using Real-
time PCR. International Food Research Journal, 19: 1199-1205.

Zapasnik, A., Sokotowska, B., & Bryta, M. (2022). Role of lactic acid bacteria in food preservation and safety.
Foods, 11(9), 1283.

Zawistowska-Rojek, A., Zareba, T., & Tyski, S. (2022). Microbiological testing of probiotic preparations.
International Journal of Environmental Research and Public Health, 19(9), 5701.

Zuniga, M., Monedero, V., & Yebra, M. J. (2018). Utilization of host-derived glycans by intestinal Lactobacillus
and Bifidobacterium species. Frontiers in microbiology, 9, 1917.

133

TURSTEFP

Turkish Science and Technology Publishing (TURSTEP)
www.turstep.com.tr



