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Microorganisms can play an important role in food production, especially through
fermentation processes [1]. Fermentation has been used not only as a strategy to preserve
food but also to improve certain food properties, such as flavour, aroma, texture, and
digestibility. Therefore, fermented foods have always been valued for their improved
shelf life and unique flavour, aroma, texture, and safety [2,3]. In addition, traditional
fermented foods can be a source of novel microorganisms with interesting properties that
can be utilised by the food industry [4–6]. In recent decades, there has also been increasing
scientific evidence that fermented foods and the microorganisms associated with them can
positively affect human health [7–12]. Certain microorganisms benefit the host by correcting
imbalances in the gut microbiota [13,14], stimulating immunity [15] and producing a variety
of bioactive compounds including vitamins [16], enzymes [17], bacteriocins [18], bioactive
peptides [19], conjugates of linoleic acid (CLAs) [20], short-chain fatty acids [21], gamma-
aminobutyric acid (GABA) [22] and exopolysaccharides (EPSs) [23]. However, the safety of
these microorganisms must be ensured as some of them may carry virulence factors that
could be transferred to the commensal gut microbiota [24]. In addition, alternative food
sources such as insects may contain a variety of new microorganisms whose safety must be
ensured [25,26].

In this context, this Special Issue contains five research papers and two reviews
dealing with the latest advances in the study of food microorganisms, from their potential
contribution to improving the organoleptic properties and quality of food to their safety
and use as probiotics to improve human health.

The review by Coelho et al. (contribution 1) examines the scientific literature on the
role of lactic acid bacteria (LAB) in traditional raw milk cheeses in developing the specific
characteristics of each type of cheese. The microbiota of raw milk cheeses is very complex
and includes numerous strains of starter and non-starter lactic acid bacteria that are impor-
tant for cheese ripening and flavour development. Protected Designation of Origin (PDO)
cheeses, in particular, have a unique and more intense flavour compared to pasteurised
milk cheeses, which has sparked interest in studying the structural and functional diversity
of the microbial ecology of these cheeses. Identifying the microorganisms established in
PDO cheeses is crucial to studying the contribution of the production conditions to the
formation of the microbial communities and exploring the influence of the metabolically
active microbiota on the development of the sensory characteristics of the cheese. This
review also describes the potential applications of LAB and their metabolites in food preser-
vation, as some strains produce antimicrobial metabolites that prevent the development
of pathogenic and spoilage bacteria, moulds, and yeasts. In addition, the health benefits
of certain LAB strains as producers of bioactive compounds and recent advances in using
LAB to promote human health are described.

In the work presented by Rocha et al. (contribution 2), the microbiota of an artisanal
PDO cheese—Serra da Estrela PDO—is analysed using recent methods. This Portuguese
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cheese is made from raw sheep’s milk using traditional methods in small dairies and is
highly appreciated by consumers. The first step in protecting the microbial biodiversity
of traditional PDO cheeses is to know it. In this study, the authors present an in-depth
assessment of the LAB communities of PDO Serra da Estrela cheeses and raw materials
(raw sheep’s milk and use of cardoon as a vegetable coagulant). The evaluation of the
microbiological indicators of hygiene and food safety showed that Serra da Estrela cheese
is a safe food. This study also identified a group of five species, Lacticaseibacillus paracasei,
Leuconostoc mesenteroides, Lactococcus lactis, Enterococcus durans, and Enterococcus faecium,
which are essential for the production of PDO Serra da Estrela cheese. This study also
contributed to isolating an autochthonous set of starters and adjunct cultures to produce
Serra da Estrela cheese.

Food can be contaminated with pathogenic microorganisms on its way through the
supply chain and thus endanger consumers’ health. Therefore, safe food handling practises,
and procedures must be implemented at all stages of food production to minimise these
risks and prevent foodborne illnesses. In the work presented by Iacumin et al. (contribution
3), the microbial contamination of cocoa powder and chocolate bars sold in Italy was
analysed. They found that the spore-forming microorganisms isolated from cocoa and
chocolate bars probably originate from the raw material, as they can survive the extraction
and manufacturing processes in the cocoa supply chain. In contrast, the origin of the
moulds found in chocolate bars was found to be related to the production environment,
occurring in the final stages of production and packaging. This study could be useful for
the food industry to better evaluate the preventive measures in food establishments and
improve the official control phases related to food safety.

In the search for alternative protein sources, insects have become the focus of scientific
research [27]. Several studies have already been conducted on the yellow mealworm—
Tenebrio molitor—as a safe alternative protein source for human nutrition [28,29]. However,
there is a need to assess the microbial safety of these insects and insect products sold for
human consumption. Therefore, the microbiological contamination of mealworms is the
focus of the study by Pöllinger-Zierler et al. (contribution 4). The authors analysed a
possible link between the microbiological contamination of mealworms and the substrates,
as well as the best processing methods to ensure the risk-free consumption of these insects.
They concluded that the choice of substrate does not influence the microbial contamination
of mealworm larvae. Furthermore, the evaluation of different processing steps to reduce
the overall microbiological load showed that heating and starvation allow the risk-free
consumption of these insects.

Indigenous bacteria isolated from food can be a safe source of enzymes that can be
used in the food industry to improve flavour and texture. In this context, Wang et al.
(contribution 5) identified new bacteria isolated from fish that can synthesise esters. One
bacterial strain, Acinetobacter venetianus SCSMX-3, was isolated from fermented golden
pomfret and showed high ester synthase activity with good growth under mesophilic
conditions. Genome sequencing and gene function analysis indicated a considerable
number of genes related to energy metabolism and flavour synthesis. In addition, enzymes
involved in lipid metabolism were identified in this strain, including a triacylglycerol lipase
belonging to the abH15 lipase superfamily. This study expands the microbial sources of
carboxylate hydrolases, as these new strains can be used to improve flavour in fermented
fish products.

In addition to technological applications, microorganisms isolated from food can also
be a valuable source of bioactive compounds. In Ribeiro et al.’s (contribution 6) study,
LAB strains isolated from Chlorella vulgaris photobioreactors were analysed to produce
vitamin B12 (cobalamin biosynthesis) and probiotic potential. Of the three bacterial strains
identified as potential cobalamin producers, Pediococcus pentosaceus L51 was the highest
producer and a promising candidate for developing high vitamin B12 formulations.

Consumers are becoming increasingly aware of the positive effects of microorganisms
on human and animal health, which has led to an increasing demand for probiotic products
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worldwide. The review by Kieps and Dembczynski (contribution 7) describes the current
trends in producing probiotic formulations to be consumed by animals and humans. This
review discusses the different drying methods and their improvements, with particular
interest in the process conditions, microorganisms, and protective substances. In addition,
the factors (thermal, osmotic, oxidative, and acidic stress, dehydration, and shear forces)
that influence the quality and stability of the final probiotic preparations are discussed, and
some alternatives to mitigate the effects of these factors are presented.

To summarise, microorganisms in food can play a very important role, from food
spoilage, poisoning, and infection to food preservation and production. In addition,
microorganisms in food may provide health benefits and can be consumed as probiotics.
Research on probiotics has made considerable progress in recent years, driven by the
understanding of the effects of the gut microbiota on human health [30]. However, further
human studies are needed to provide convincing evidence of the benefits of probiotics for
human health.
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1. Sionek, B.; Szydłowska, A.; Küçükgöz, K.; Kołożyn-Krajewska, D. Traditional and New Microorganisms in Lactic Acid Fermenta-

tion of Food. Fermentation 2023, 9, 1019. [CrossRef]
2. Aguirre-Garcia, Y.L.; Nery-Flores, S.D.; Campos-Muzquiz, L.G.; Flores-Gallegos, A.C.; Palomo-Ligas, L.; Ascacio-Valdés, J.A.;

Sepúlveda-Torres, L.; Rodríguez-Herrera, R. Lactic Acid Fermentation in the Food Industry and Bio-Preservation of Food.
Fermentation 2024, 10, 168. [CrossRef]

3. Carboni, A.D.; Martins, G.N.; Gómez-Zavaglia, A.; Castilho, P.C. Lactic acid bacteria in the production of traditional fermented
foods and beverages of Latin America. Fermentation 2023, 9, 315. [CrossRef]

4. Fernandes, N.; Faria, A.S.; Carvalho, L.; Choupina, A.; Rodrigues, C.; Gonzales-Barron, U.; Cadavez, V. Genetic Identification and
Technological Potential of Indigenous Lactic Acid Bacteria Isolated from Alheira, a Traditional Portuguese Sausage. Foods 2024,
13, 598. [CrossRef]

5. Mao, J.; Wang, X.; Chen, H.; Zhao, Z.; Liu, D.; Zhang, Y.; Nie, X. The Contribution of Microorganisms to the Quality and Flavor
Formation of Chinese Traditional Fermented Meat and Fish Products. Foods 2024, 13, 608. [CrossRef] [PubMed]

https://doi.org/10.3390/fermentation9121019
https://doi.org/10.3390/fermentation10030168
https://doi.org/10.3390/fermentation9040315
https://doi.org/10.3390/foods13040598
https://doi.org/10.3390/foods13040608
https://www.ncbi.nlm.nih.gov/pubmed/38397585


Foods 2024, 13, 1452 4 of 5

6. Thakur, B.; Kaur, S.; Rani, N.; Kaur, R.; Upadhyay, S.K.; Tripathi, M. Exploring Microbial Contributions to Nutraceutical
Production: From Natural to Designed Foods. Mol. Biotechnol. 2023, 1–16. [CrossRef] [PubMed]

7. Jalili, M.; Nazari, M.; Magkos, F. Fermented foods in the management of obesity: Mechanisms of action and future challenges. Int.
J. Mol. Sci. 2023, 24, 2665. [CrossRef]

8. Sousa, R.J.; Baptista, J.A.; Silva, C.C. Consumption of fermented dairy products is associated with lower anxiety levels in Azorean
university students. Front. Nutr. 2022, 9, 930949. [CrossRef] [PubMed]

9. Saleem, G.N.; Gu, R.; Qu, H.; Bahar Khaskheli, G.; Rashid Rajput, I.; Qasim, M.; Chen, X. Therapeutic potential of popular
fermented dairy products and its benefits on human health. Front. Nutr. 2024, 11, 1328620. [CrossRef]

10. Domingos-Lopes, M.; Stanton, C.; Ross, R.; Silva, C. Histamine and cholesterol lowering abilities of lactic acid bacteria isolated
from artisanal Pico cheese. J. Appl. Microbiol. 2020, 129, 1428–1440. [CrossRef]

11. Mukherjee, A.; Breselge, S.; Dimidi, E.; Marco, M.L.; Cotter, P.D. Fermented foods and gastrointestinal health: Underlying
mechanisms. Nat. Rev. Gastroenterol. Hepatol. 2023, 21, 1–19. [CrossRef] [PubMed]

12. Valentino, V.; Magliulo, R.; Farsi, D.; Cotter, P.D.; O’Sullivan, O.; Ercolini, D.; De Filippis, F. Fermented foods, their microbiome
and its potential in boosting human health. Microb. Biotechnol. 2024, 17, e14428. [CrossRef]

13. Abenavoli, L.; Scarpellini, E.; Paravati, M.R.; Scarlata, G.G.M.; Boccuto, L.; Tilocca, B.; Roncada, P.; Luzza, F. Gut Microbiota and
Critically Ill Patients: Immunity and Its Modulation via Probiotics and Immunonutrition. Nutrients 2023, 15, 3569. [CrossRef]
[PubMed]

14. Liang, W.; Gao, Y.; Zhao, Y.; Gao, L.; Zhao, Z.; He, Z.; Li, S. Lactiplantibacillus plantarum ELF051 alleviates antibiotic-associated
diarrhea by regulating intestinal inflammation and gut microbiota. Probiotics Antimicrob. Proteins 2023. [CrossRef] [PubMed]

15. Domingos-Lopes, M.; Nagy, A.; Stanton, C.; Ross, P.; Gelencsér, E.; Silva, C. Immunomodulatory activity of exopolysaccharide
producing Leuconostoc citreum strain isolated from Pico cheese. J. Funct. Foods 2017, 33, 235–243. [CrossRef]

16. Spacova, I.; Ahannach, S.; Breynaert, A.; Erreygers, I.; Wittouck, S.; Bron, P.A.; Van Beeck, W.; Eilers, T.; Alloul, A.; Blansaer,
N. Spontaneous riboflavin-overproducing Limosilactobacillus reuteri for biofortification of fermented foods. Front. Nutr. 2022,
9, 916607. [CrossRef] [PubMed]

17. Li, L.; Zhou, L.; Liu, X.; Gong, J.; Xiao, G. Physicochemical, microbiological, and sensory properties of low-lactose yogurt using
Streptococcus thermophilus with high β-galactosidase activity. J. Sci. Food Agric. 2023, 103, 7374–7380. [CrossRef] [PubMed]

18. Ríos Colombo, N.S.; Perez-Ibarreche, M.; Draper, L.A.; O’Connor, P.M.; Field, D.; Ross, R.P.; Hill, C. Impact of bacteriocin-
producing strains on bacterial community composition in a simplified human intestinal microbiota. Front. Microbiol. 2023,
14, 1290697. [CrossRef] [PubMed]

19. Mousa, W.K.; Ghemrawi, R.; Abu-Izneid, T.; Ramadan, A.; Al-Marzooq, F. Discovery of Lactomodulin, a Unique Microbiome-
Derived Peptide That Exhibits Dual Anti-Inflammatory and Antimicrobial Activity against Multidrug-Resistant Pathogens. Int. J.
Mol. Sci. 2023, 24, 6901. [CrossRef]

20. Ribeiro, S.C.; Stanton, C.; Yang, B.; Ross, R.P.; Silva, C.C. Conjugated linoleic acid production and probiotic assessment of
Lactobacillus plantarum isolated from Pico cheese. LWT 2018, 90, 403–411. [CrossRef]

21. Kwon, Y.; Cho, K.H.; Ma, S.; Ko, H.; Hong, G.-H.; Lee, S.-Y.; Park, K.-Y.; Chung, J.A.; Jeong, S.J. Supplementation of Heat-Treated
Lactiplantibacillus plantarum nF1 Changes the Production of Short-Chain Fatty Acids in Healthy Infants. J. Nutr. Metab. 2024,
2024, 5558566. [CrossRef]

22. Ribeiro, S.C.; Domingos-Lopes, M.F.; Stanton, C.; Ross, R.P.; Silva, C.C. Production of gamma-aminobutyric acid (GABA) by
Lactobacillus otakiensis and other Lactobacillus sp. isolated from traditional Pico cheese. Int. J. Dairy Technol. 2018, 71, 1012–1017.
[CrossRef]

23. Domingos-Lopes, M.; Lamosa, P.; Stanton, C.; Ross, R.; Silva, C. Isolation and characterization of an exopolysaccharide-producing
Leuconostoc citreum strain from artisanal cheese. Lett. Appl. Microbiol. 2018, 67, 570–578. [CrossRef] [PubMed]

24. Câmara, S.; Dapkevicius, A.; Silva, C.; Malcata, F.; LN Enes Dapkevicius, M. Artisanal Pico cheese as reservoir of Enterococcus
species possessing virulence and antibiotic resistance properties: Implications for food safety. Food Biotechnol. 2020, 34, 25–41.
[CrossRef]

25. Sugahara, R.; Honda, M.; Mitsuhashi, R. Immature Halyomorpha halys (Hemiptera: Pentatomidae) adults are potential edible
insects rich in carotenoids. Appl. Entomol. Zool. 2024, 59, 13–20. [CrossRef]

26. Yan, X.; Laurent, S.; Federighi, M.; Boué, G.; Jury, V. Processing edible insects into powders: A review of available processes and
potential microbial inactivation methods. J. Insects Food Feed 2023, 9, 325–338. [CrossRef]

27. Aguilar-Toalá, J.E.; Cruz-Monterrosa, R.G.; Liceaga, A.M. Beyond human nutrition of edible insects: Health benefits and safety
aspects. Insects 2022, 13, 1007. [CrossRef]
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