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ABSTRACT

SOUZA, Luana Virginia, D.Sc., Universidade Federal de Vigosa, February, 2023. Fungal
biodiversity in dairy industry and antifungal activity of lactic acid bacteria in cheese
matrix. Adviser: Antonio Fernandes de Carvalho. Co-adviser: Rosangela de Freitas.

Spoilage fungi contamination in dairy industries represents an important economic problem
due to spoilage of products. In addition, due to the mycotoxins produced by some fungi, it
may also represent a public health problem. Considering the current demand for lesser
chemical preservatives addition in foods associated to “Clean label” tendency, the application
of bioprotective cultures has been widely explored as alternative. Bacteria belonging to the
group of lactic acid bacteria (LAB) stand out as possible bioprotective cultures for being
widely used in food processing, show antagonist activity against spoilage microorganisms,
and some species recognized as GRAS (Generally Recognized As Safe) status. Thus,
considering the concern with spoilage fungi in the dairy industry and the ways to prevent
these contaminations, this thesis aimed to understand the biodiversity of fungi in the dairy
chain and the antifungal activity of some LAB. For that, the construction of this thesis was
realized in two steps: (1) 109 filamentous fungi were isolated from spoiled dairy products and
dairy production environments and identified through sequencing of the internal transcribed
spacer (ITS) region; (2) 52 LAB strains were tested /n vitro for their antifungal potential
against Aspergillus niger and Penicillium chrysogenum and LAB with the highest antifungal
activity were selected for the in situ test into cheese matrix inoculated with 4. niger and P.
chrysogenum. As result, Penicillium and Cladosporium were the most frequent genera
isolated from spoilage dairy products. Cladosporium, Penicillium, Aspergillus, and
Nigrospora had high incidence in the processing environment. Four species (Hypoxylon
griseobrunneum, Rhinocladiella similis, Coniochaeta rosae, and Paecilomyces maximus)
were identified for the first time in dairy environments. Three phytopathogenic genera
(Montagnula, Clonostachys, and Riopa) and one pathogenic fungi (R. similis) were also
identified. Regarding the phylogeny, 14 families and most of the fungi belonging to the
Ascomycota phylum were observed. For the antifungal activity in vitro test, 5 strains of LAB
(W. confusa (WS, WS8), W. paramesenteroides (W9), W. cibaria (W25), L. Plantarum
(Q4C3)) had the highest antifungal effect against the target fungi. In general, the five strains
had a positive antifungal effect against A. niger and P. Chrysogenum also in the in situ test;
however, these strains lose, in different intensities, their antifugal activity in cheese matrix

when combined with a starter culture. Thereby, we show with our study that, despite some



LAB didn’t present an antifungal effect when combined with the starter culture, it is important
to emphasize that these bacteria may have great antifungal potential when apply in other food
matrices which don’t use a starter culture. Finally, they can be tested regarding their other

diverse technological applications.

Keywords: Dairy products. Antifungal activity. Spoilage fungal. Biopreservation.

Biodiversity.



RESUMO

SOUZA, Luana Virginia, D.Sc., Universidade Federal de Vigosa, fevereiro de 2023.
Biodiversidade de fungos filamentosos na industria de laticinios e atividade antifungica
de bactéria acido latica em matriz de queijo. Orientador: Antonio Fernandes de Carvalho.
Coorientadora: Rosangela de Freitas.

A contaminacao por fungos na industria de laticinios representa um importante problema
econdmico devido a deterioragdo de produtos. Além disso, devido as micotoxinas produzidas
por alguns fungos, também pode representar um problema de satde publica. Considerando a
atual demanda por menor adicdo de conservantes quimicos nos alimentos associada a
tendéncia “Clean label”, a aplicagdo de culturas bioprotetoras tem sido amplamente explorada
como alternativa. As bactérias pertencentes ao grupo das bactérias acido laticas (BAL),
destacam-se como possiveis culturas bioprotetoras por serem amplamente utilizadas no
processamento de alimentos, apresentarem atividade antagonista contra microrganismos
patogénicos e deterioradores, sendo algumas espécies reconhecidas como GRAS (Generally
Recognized As Safe). Assim, considerando a importancia dos fungos deterioradores na
industria de laticinios e as formas de prevenir essas contaminagdes, esta tese teve como
objetivo entender a biodiversidade de fungos na cadeia de laticinios e a atividade antifingica
de estirpes de BAL. Sendo assim, a constru¢do da tese foi realizada em duas etapas: (1) 109
fungos filamentosos foram isolados de produtos lacteos deteriorados e ambientes de produgao
leiteira e identificados por meio do sequenciamento da regido espagador transcrito interno
(ITS); (2) 52 cepas de LAB foram testadas in vifro quanto ao seu potencial antifingico contra
Aspergillus niger e Penicillium chrysogenum e as cepas com maior atividade antifingica
foram selecionadas para o teste in sifu em matriz de queijo inoculada com A. niger e P.
chrysogenum. Como resultados, Penicillium e Cladosporium foram os géneros mais
frequentemente isolados de produtos lacteos deteriorados. Cladosporium, Penicillium,
Aspergillus e Nigrospora tiveram alta incidéncia no ambiente de processamento. Quatro
espécies (Hypoxylon griseobrunneum, Rhinocladiella similis, Coniochaeta rosae e
Paecilomyces maximus) foram identificadas pela primeira vez em ambientes lacteos. Trés
géneros fitopatogénicos (Montagnula, Clonostachys e Riopa) € um fungo patogénico (R.
similis) também foram identificados. Quanto a filogenia, foram observadas 14 familias e a
maioria dos fungos pertencentes ao filo Ascomycota. Para o teste de atividade antifungica in
vitro, 5 cepas de LAB (W. confusa (W5, W8), W. paramesenteroides (W9), W. cibaria (W25),

L. plantarum (Q4C3)) tiveram o maior efeito antifingico contra os fungos testados. Em geral,



as cinco cepas tiveram um efeito antifingico positivo contra A. niger e P. chrysogenum
também no teste in sifu; no entanto, essas cepas perderam, em diferentes intensidades, sua
atividade antifungica na matriz de queijo quando combinadas com cultura starter. Assim,
mostramos com nosso estudo que, apesar de algumas LAB ndo apresentarem efeito
antifingico quando combinadas com a cultura starter, ¢ importante ressaltar que essas
bactérias podem ter grande potencial antifungico para serem aplicadas em outras matrizes
alimentares. E finalmente, também podem ser testadas quanto as suas outras diversas

aplicagdes tecnologicas.

Palavras-chave: Produtos lacteos. Atividade antifngica. Fungos deterioradores.

Biopreservacao. Biodiversidade.



RIASSUNTO

SOUZA, Luana Virginia, PhD. Universidade Federal de Vicosa, Febbraio, 2023. Biodiversita
fungina nell'industria lattiero-casearia e studio dell attivita antimicotica dei batteri
lattici nel formaggio.Tutor: Antonio Fernandes de Carvalho. Co-tutora: Rosangela de
Freitas.

La contaminazione da funghi nelle industrie lattiero-casearie rappresenta un grave problema
economico con perdite di prodotto dovute al deterioramento. Inoltre, a causa delle
micotossine prodotte da alcuni funghi pud rappresentare un problema di salute pubblica.
Considerando l'attuale tendenza a ridurre l'uso di conservanti chimici negli alimenti e la
tendenza al "Clean label", l'applicazione di colture bioprotettive ¢ stata ampiamente esplorata
come alternativa. I batteri appartenenti al gruppo dei batteri lattici (LAB) sono sempre piu
utilizzati nel mercato come additivi alimentari poiché molti di loro posseggono lo stato GRAS
(Generally Recognized As Safe). Pertanto, poiche risulta necessario focalizzare 1"attenzione
sulle contaminazioni da funghi nell'industria lattiero-casearia ¢ i modi per prevenirle, questa
tesi ha avut 16 scopo di valutare la biodiversita di funghi isolati nell’ambiente caseario e
l'attivita antifungina esercitata da alcuni ceppi di batteri lattici, utilizzati come coltura
bioprotettiva. Um totale di 109 funghi filamentosi sono stati isolati da vari prodotti lattiero-
caseari avariati e dagli ambienti di produzione e successivamente identificati attraverso il
sequenziamento della regione “internal transcribed spacer” (ITS). 52 ceppi di LAB sono stati
testati in vitro per il loro potenziale antimicotico contro Aspergillus niger e Penicillium
chrysogenume e quelli che hanno mostrato attivita antimicotica marcata sono stati selezionati
per il test in situ nella matrice del formaggio, inoculata con 4. niger e P. chrysogenum. 1
risultati hanno mostrato che  Penicillium e Cladosporium sono stati 1 generi piu
frequentemente isolati dai latticini avariati, mentre Cladosporium, Penicillium, Aspergillus e
Nigrospora hanno avuto un'elevata incidenza nell'ambiente caseario. Inoltre, le specie
Hypoxylon griseobrunneum, Rhinocladiella similis, Coniochaeta rosae e Paecilomyces
maximus, 1 generi fitopatogeni Montagnula, Clonostachys e Riopa e il ceppo patogeno R.
Similis sono stati per la prima volta riscontrati negli ambienti caseari. Per quanto riguarda la
filogenesi, sono state osservate 14 famiglie, con la maggior parte dei funghi appartenenti al
phylum Ascomycota. Il test di attivita antimicotica in vitro ha messo in evidenza che 1 5 ceppi
di LAB (W. confusa (W5, W8), W. paramesenteroides (W9), W. cibaria (W25), L. plantarum
(Q4C3)) hanno avuto un marcato effetto antimicotico contro i funghi testati. In dettaglio, 1 sei

ceppi hanno mostrato un effetto inibente contro A. niger e P. chrysogenum nel test in situ,



tuttavia, gli stessi hanno perso, a vari livelli, la loro attivita antimicotica quando inoculati
nella matrice di formaggio, in combinazione con la coltura starter.In definitiva, il presente
studio ha dimostrato che, nonostante alcuni ceppi di LAB non abbiano mostrato un effetto
antimicotico quando combinati con la coltura starter, gli stessi sono in grado di esercitare un
effetto antimicotico marcato se utilizzati in altre matrici alimentari che non prevedono

1"utilizzo di colture starter ed essere testati per altre diverse applicazioni tecnologiche.

Parole chiave: Prodotti lattiero-caseari. Attivita antimicotica. Funghi. Biocontrollo.

Biodiversita.



RESUME

SOUZA, Luana Virginia, PhD. Universidade Federal de Vigosa, Février, 2023. Biodiversité
fongique dans L industrie laitiere et activité antifongique des bactéries lactiques dans la
matrice du fromage. Directeur: Antonio Fernandes de Carvalho. Co-Directeur: Rosangela de
Freitas.

La contamination par les champignons d'altération dans les industries laitiéres représente un
gros probléme économique, avec des pertes de produits dues a l'altération. De plus, du fait des
mycotoxines produites par certains champignons, cela peut aussi représenter un probléme de
sant¢ publique. Compte tenu de la tendance actuelle a réduire 1'utilisation de conservateurs
chimiques dans les aliments et de la tendance "Clean label", l'application de cultures
bioprotectrices a ¢té largement explorée comme alternative. Les bactéries appartenant au
groupe des bactéries lactiques (LAB) sont de plus en plus exposées sur le marché en tant
qu'additifs alimentaires puisque beaucoup d'entre elles ont le statut GRAS (Generally
Recognized As Safe). Ainsi, compte tenu de la préoccupation des champignons d'altération
dans l'industrie laitiere et des moyens de prévenir ces contaminations, cette thése visait a
comprendre la biodiversit¢ des champignons dans la chaine laitiére et 'activité antifongique
de différentes bactéries lactiques (BL) en tant que culture bioprotectrice. Pour cela, la
construction de cette thése a été réalisée en trois étapes. (i) Dans la premicre étape, 109
champignons filamenteux ont été isolés de divers produits laitiers avariés et environnements
de production laitiere. Les isolats ont été identifiés par séquengage de la région de l'espaceur
transcrit interne (ITS). Dans les produits avariés, Penicillium et Cladosporium étaient les
genres les plus fréquents de champignons filamenteux et également présents dans
I'environnement laitier, indiquant qu'ils peuvent représenter une source primaire de
contamination. Pour les environnements de production laitiere, les genres les plus fréquents
¢taient Cladosporium, Penicillium, Aspergillus et Nigrospora. Quatre especes (Hypoxylon
griseobrunneum, Rhinocladiella similis, Coniochaeta rosae et Paecilomyces maximus) ont été
identifiées pour la premiere fois dans des produits laitiers ou des environnements de
production laitiere. Des genres phytopathogénes ont également été détectés, tels que
Montagnula, Clonostachys et Riopa. Une espece isolée de l'environnement de production
laiticre est classée comme champignon pathogene, R. similis. Concernant la phylogénie, 14
familles différentes et la plupart des champignons appartenant au phylum Ascomycota ont été
observés. A l1'étape (ii), 52 souches LAB ont été testées. In vitro pour leur potentiel

antifongique against Aspergillus niger and Penicillium chrysogenum. five souches de LAB W.



confusa (W5, W8), de W. paramesenteroides (W9), de W. cibaria (W25), de L. plantarum
(Q4C3) ont eu I’effet antifongique le plus €levé contre les champignons cibles testés dans des
spores non diluées (107/g) et 4 et 16 fois diluées (10* et 10° spores/g) concentrations. Pour
I’étape (ii1), ces cultures ont été¢ sélectionnées pour des essais in situ sur une matrice de
fromage simulée. En général, les six souches sélectionnées ont eu un effet antifongique positif
contre A. niger et P. chrysogenum inoculés dans la matrice de fromage. La culture
bioprotective commerciale a montré une action antifongique combinée ou non avec la culture
de départ. Cependant, I’effet antifongique a été perdu lorsque ces LAB ont été combinés avec
la culture de départ. Ainsi, nous montrons avec notre étude que, malgré certains LAB n’a pas
présenté un effet antifongique lorsqu’il est combiné avec la culture de démarrage, il est
important de souligner que ces bactéries peuvent avoir un grand potentiel antifongique
lorsqu’elles sont appliquées dans d’autres matrices alimentaires qui n’utilisent pas une culture

de démarrage. Enfin, ils peuvent étre testés sur leurs autres applications technologiques.

Mots clés: Produits laitiers. Activit¢é antifongique. Champignons détériorants.

Biopréservation. Biodiversité.
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Context

Filamentous fungi are ubiquitous organisms and because they are present in the
environment they can contaminate milk and dairy products, which are a major problem in
defining the shelf life, with economic losses and a consumer dissatisfaction impact (Pitt and
Hocking, 2009). Dairy products constitute a favorable environment (e.g. acidic pH and
intermediate water activity, nutrient composition) for the growth these microorganisms
(Garnier, Valence and Mounier, 2017). Products resulting from defects that deteriorating
fungi can cause include, visible growth on the product surface, color production, excess
musty, bitter flavors and in some cases can produce mycotoxins (Pinches and Apps, 2007;
Garnier, Valence and Mounier, 2017). Generally, to avoid spoilage due to filamentous fungi
contamination, the industries, normally use chemical preservatives (e.g natamycin, potassium
sorbate, sodium benzoate) which are efficient, in addition to good manufacturing practices
(GMP).

A new trend has been explored by the food industries called “Clean label”, especially
in the post-Covid-19 pandemic scenario. Many consumers began to demand less processed
foods, with fewer ingredients and, especially, without any addition of chemical preservatives
(Aschemann-Witzel, Varela & Peschel, 2019; Miyah et al., 2022). Considering this strong
trend, the research for bioprotective cultures for the market has been increasing estimating
even greater growth for the coming years.

The global market for bioprotective cultures projects growth of up to approximately
10% between 2021 and 2026, and since 2018, several cultures have been made available on
the market. Several food chains such as dairy, meat, poultry and seafood products are being
explored and in various locations such as North and South America, Europe, Asia and Middle

East; and Africa (Mordor Intelligence, 2022).
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In the dairy industry, the most common technology of food preservation is the
fermentation process by LAB strains, in which the main antimicrobial compound is lactic acid
to confer protection. In the process of fermentation, other desired compounds such as flavors,
are also produced to improve the characteristics of the final product (Bintsis, 2018). These
strains can produce several antimicrobial compounds in addition to lactic acids, such as other
organic acids (acetic, benzoic, formic, succinic, phenylacetic, indole lactic, and azelaic acids),
hydrogen peroxide, acetoin, diacetyl, reuterin, and peptides like bacteriocins (Salas et al.,
2019).

Studies have identified autochthonous strains of LAB isolated from artisanal cheese as
good candidates with bioprotective potential what allows us the identification of new
microbial strains with a wide range of technological applications. Thus, considering the
tendency to reduce the use of chemical preservatives, the in-depth study on the potential of
bioprotective cultures, identification of their metabolites and especially on the complex
microorganism/food matrix interactions has become increasingly inevitable.

Research hypotheses and aims

The hypothesis was to understand the biodiversity of filamentous fungi in the dairy
industry and selected LAB strains to provide an antifungal effect in the assay in vitro and the
simulated cheese-making in the laboratory conditions. To verify this hypothesis, the following

steps were defined:

i.  To isolate and identify the main filamentous fungi that contaminate dairy products and
those present in the environment that may contaminate the products.

ii.  To evaluate the antifungal activity of different LAB from a collection of cultures
already characterized by 16S rDNA sequencing, and selected the bacteria with the best

effect for the assay In Situ.
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iii.  To evaluate the antifungal activity of LAB selected in the In vitro assay for the In situ

tests on cheese obtained through simulated making on laboratory conditions.

Thesis outline

Chapter I gives a general overview of the filamentous fungi and the bioprotective
cultures with focus on the antifungal effect, the importance of this work, the research
problem, as well as the hypotheses and objectives of the thesis.

Chapter II describes a published review that presents information on the bioprotection
mechanisms developed by LAB in foods and describes the main strategies used to identify
and characterize bioprotective LAB with potential applications in the food industry.

Chapter III describes the biodiversity of filamentous fungi in the spoilage dairy
products and dairy environments from Brazil, considering that have few studies in this
country concerning fungi from dairy chain. The understanding of fungal biodiversity in dairy
products and environment can support the development of conservation strategies to control
food spoilage.

Chapter 1V reports the In vitro and In situ performance of LAB against two references
filamentous fungal. The In situ test was realized on a simulated cheese matrix. The findings
were important to understand certain interactions between culture starters and non-starters in
the cheese matrix.

Chapter V provides the overall experiments, summaries the main findings of this
research and provides recommendations for future studies.

Chapter VI brings a survey of the scientific production (Papers and Certificates)
carried out during the Ph.D.(March 2019 to December 2022), either through this research or

through parallel projects.
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Abstract
Consumers worldwide are increasingly demanding food with fewer ingredients, preferably
without chemical additives. The trend called “Clean Label” has stimulated the development
and commercialization of new types of bioprotective bacterial cultures. These bacteria are not
considered new, and several cultures have been available on the market. Additionally, new
bioprotective bacteria are being identified to service the clean label trend, extend the shelf
life, and, mainly, improve the food safety of food. In this context, the lactic acid bacteria
(LAB) have been extensively prospected as a bioprotective culture, as they have a long
history in food production and their antimicrobial activity against spoilage and pathogenic
microorganisms is well established. However, to make LAB cultures available in the market
is not that easy, the strains should be characterized phenotypically and genotypically, and
studies of safety and technological application are necessary to validate their bioprotection
performance. Thus, this review presents information on the bioprotection mechanisms
developed by LAB in foods and describes the main strategies used to identify and characterize

bioprotective LAB with potential application in the food industry.

Keywords: Clean label, Antimicrobial, Lactic acid bacteria.
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1. Introduction

According to the most recent reports, the ‘Clean Label Ingredients’ market is projected
to grow at a Compound Annual Growth Rate of 6.75% between 2021 and 2026, with the
potential to reach up to USD 75.2 billion by 2026 [1]. During the COVID-19 pandemic,
people have become more cautious in regards to healthy eating, especially on those who have
been infected and the right choice of food can help balance the immune system and optimize
its function. This explains the rapid growth of clean label foods in the recent years [2].

The clean label trend has stimulated the food industry into developing new strategies
for food production and preservation. Included into this scenario are the bioprotective
bacterial cultures, which can answer the consumer’s exigencies regarding foods with less
ingredients [3, 4, 5].

The first definition of bioprotective bacterial cultures was proposed by Liicke in 1994
[6], who defines them as being microbial cultures added to food for the unique purpose of
inhibiting pathogens, extending shelf life and improving their sensory quality. Later, the
concept of biopreservation was introduced, and according to this new definition, bioprotection
can be achieved through the addition of bioprotective cultures, or their antimicrobial
metabolites, to promote extended shelf life and food safety [7, 8]. More recently, Vignolo &
Fadda in 2015 unified the previous concepts [9]. Thus, biopreservation has come to be
defined as the use of antagonistic microorganisms and/or their metabolites to inhibit
undesirable microorganisms to increase the shelf life of food with minimal modifying its
sensory properties.

To be considered as a bioprotective culture, the bacterial strain needs to be identified
at the genus and species level, to have the GRAS (Generally Recognized as Safe) or QPS
(Qualified Presumption of Safety) status; to be stable and remain active under storage

conditions and, to inhibit the growth of pathogenic or/and spoilage microorganisms. In
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addition, for the commercialization of these cultures, proof of the intended technological
effect is required, with the definition of the quantity to be used and effectiveness at safe levels
[10, 11].

Some works have highlighted that bioprotective bacteria are mainly classified as
Lactococcus, Lactobacillus, Lacticaseibacillus, Latilactobacillus, Lactiplantibacillus,
Limosilactobacillus, Streptococcus, Leuconostoc, Weissella, Pediococcus, Carnobacterium
and Enterococcus; with most of these belonging to the lactic acid bacteria group (LAB)
(Table 1A). LAB combined with non-LAB bacteria can be found in the market as
bioprotective cultures for food application (Table 1B).

The microorganisms of the LAB group have, as a common characteristic, the ability to
produce lactic acid from carbohydrate fermentation and they are commonly used in the
production of fermented foods such as yogurts, cheeses, and fermented meats or vegetables
[6, 8, 12, 13, 14, 15]. The LAB group is composed of the genera Lactococcus, Streptococcus,
Lactobacillus, Paralactobacillus, Holzapfelia, Amylolactobacillus, Bombilactobacillus,
Companilactobacillus,  Lapidilactobacillus,  Agrilactobacillus,  Schleiferilactobacil-lus,
Loigolactobacilus, Lacticaseibacillus, Latilactobacillus, Dellaglioa, Liquorilactobacillus,
Ligilactobacillus, Lacti-plantibacillus, Furfurilactobacillus, Paucilactobacillus,
Limosilactobacillus, Fructilactobacillus, Acetilactobacillus, Apilactobacillus,
Levilactobacillus, Secundilactobacillus, Lentilactobacillus, Leuconostoc, Pediococcus,
Aerococcus, Carnobacterium, Enterococcus, Oenococcus, Tetragenococcus, Vagococcus, and
Weissella; and some species such as L. lactis, L. curvatus and L. plantarum can be considered
the GRAS status [8, 16]. The reported bioprotection effects of some LAB cultures may be
affected by food factors such as pH, water activity, composition of food matrix, processing
type, storage conditions and by microbial factors such as strain type, technological capacity of

the strains and genetic expression ; resulting in significant changes in the efficiency of these
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bacteria in certain applications [4, 17, 18]. L. mesenteroides reduces the population of
spoilage microorganisms from 4 to 5 log cycles when inoculated in apples, while a reduction
of only 3 log cycles was observed when the same bacterium was added to lettuce [19]. In a
study conducted by Mirkovic et al. [20] the LAB L.lactis, in addition to demonstrating an
antimicrobial effect on L. monocytogenes and S. aureus in Quark-type cheese, it also
demonstrated an effect on filamentous fungi and yeasts from spontaneous growth during 21
days of product storage.

In an antifungal evaluation on the dairy systems model, Salas et al. [4] demonstrated
that the antifungal activity of LAB was greater in cheese than in yogurt. These studies
reinforce the idea that the bioprotection efficiency can change from one food to another,
which reinforces the importance for the discovery of other bioprotective cultures that are able
to cover all specificities of food industry. By considering that LAB are a viable possibility to
replace or reduce the number of preservatives in food, and that few strains have been
commercialized until now, research into alternative LAB cultures may help develop new
processes and adapt technologies for the “clean label” demand. This review aims to describe
the bioprotection mechanisms developed by LAB in foods, and to describe the main strategies

used to identify LAB with potential application in the food industry.



Table 1. (A)

Major cultures used as bioprotective in food products

Researches
Application product Microorganism Target microorganisms References

Marine products

Latilactobacillus sakei ' [21]
Cold-smoked salmon Latilactobacillus curvatus * Listeria monocytogenes [21]

Carnobacterium maltaromaticum [21]
Fish paté Lactococcus lactis subsp. lactis Vibrio sp. [22]
Gilt head sea bream L.sakei ! Listeria monocytogenes [23]
Tuna burgers Lacticaseibacillus paracasei 3 Pseudomonas spp. [24]
Meat
Cooked ham Lactiplantibacillus plantarum * Bacillus cereus [25]
Cooked ham Pediococcus acidilactici Clostridium sp. like botulinum [25]
Fresh sausage L. curvatus ? Listeria monocytogenes [26]
Chicken breast Enterococcus lactis Listeria monocytogenes [27]
Meatballs Pediococcus acidilactici Escherichia coli 0157:H7 [28]
Fermented sausage L. curvatus ? Listeria monocytogenes [29]
Speck Debaryomyces hansenii [30]
Speck Saccharomycopsis fibuligera Aspergillus ochraceus/P. nordicum [30]
Suckling-lambmeat Leuconostoc pseudomesenteroides Listeria monocytogenes [31]
Bakery Products
Pan whole-wheat Limosilactobacillus reuteri 3 Aspergillus niger [32]
Panettones Limosilactobacillus fermentum ° Molds and yeasts [33]
Sourdough bread L. paracasei 3 Bacillus spp. [34]
Pound cake L. reuteri > Cladosporium sphaerospermum [35]
Pound cake Levilactobacillus spicheri’ Cladosporium sphaerospermum [35]
Milk bread rolls Lactobacillus citreum Aspergillus niger [35]



Fruits and vegetables

Table olive
Cabbage
Apples
Apples
Pickles
Orange
Orange
Grape bunch
Lettuce

Dairy products

Cheese feta
Sour cream and cheese

Sour cream
Fermented Milk
Gorgonzola cheese
Fresh cheese
Kasseri cheese

4
4
4

L. plantarum
L. plantarum
L. plantarum
Leuconostoc mesenteroides

L. plantarum *

Weissella paramesenteroides
Liquorilactobacillus sucicola ®
Pediococcus pentosaceus
Leuconostoc mesenteroides

Lactobacillus acidophilus

L.plantarum 4/Lactobacillus
harbidenses

L. plantarum *

L. harbidenses

Lactococcus lactis subsp. lactis
Lactococcus lactis subsp. lactis
Streptococcus macedonicus

Listeria monocytogenes

Listeria monocytogenes

Escherichia coli / Listeria monocytogenes
Listeria monocytogenes

Candida albicans

Penicillium digitatum

Penicillium digitatum

Aspergillus niger/ Aspergillus carbonarius
Listeria monocytogenes

Aspergillus niger
Penicillium commune/Mucor racemosus

Penicillium commune
Yarrowia lipolytica
Listeria monocytogenes
Bacillus cereus
Clostridium tyrobutyricum

[36]
[37]
(13]
[19]
[38]
[39]
[39]
[40]
[19]

[41]
[4]

[42]
[43]
[44]
[45]
[46]
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Table 1. (B)
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COMMERCIAL CULTURES

Product/Manufacturer Application Target microorganisms Composition
FreshQ®1/CHR Hansen Fermented dairy products Yests and molds Lacticaseibacillus rhamnosus® and L. paracasei’
FreshQ®2/CHR Hansen Fermented dairy products Yests and molds L. rhamnosus® and L. paracasei®
FreshQ®4/CHR Hansen Fermented dairy products Yests and molds L. rhamnosus® and L. paracasei’

SafePro® B-LC-007/CHR Hansen

Viniflora® CH16/CHR Hansen
Concerto™/CHR Hansen
Delvo®Guard 201/ DSM
Delvo®Guard 301/ DSM

Lyofast LPR A/ SACCO

Bioprox RP80/ PROXIS

Lyopro ® Tect / Codex-ing
HOLDBACK® Listeria dairy /
Danisco

HOLDBAC® YM-XPM/ Danisco
M-CULTURE®

Safe 1100/ Meatcracks

Protek/ BIOCHEM

Fermented sausage

Wine
Wine
Soft cheese
Soft cheese
Cheese hard and semi-hard
Dairy products
Fermented milk and cheese

Soft and smear cheese, dry and semi-dry
cured meats, cooked and fresh ground

meats
All cheese types
Raw sausages

Fresh and soft cheese

Listeria monocytogenes

Yests and molds
Yests and molds
Yests and molds
Yests and molds
Yests and molds
Yests and molds
Yests and molds
Listeria monocytogenes

Yests and molds
Listeria monocytogenes

Yests and molds

Debaryomyces hansenii, L. sakei',Pediococcus acidilactici
,Pediococcus pentosaceus,Staphylococcus
carnosus,Staphylococcus xylosus

Oenococcus oeni
Lachancea thermotolerans

. rhamnosus ° and L. sakei'
. rhamnosus
. rhamnosus ° and L. plantarum*

. rhamnosus ° and L. plantarum*

. rhamnosus® and Propionibacterium shermanii
L. plantarum*

9
9
9

NN

L. paracasei® and L. plantarum®*

Staphylococcus  carnosus, L.  curvatus
Staphylococcus xylosus
L. rhamnosus °

2 and

1Previous Lactobacillus sakei 2 Previous Lactobacillus curvatus 3 Previous Lactobacillus paracasei *Previous Lactobacillus plantarum > Previous Lactobacillus reuteri © Previous Lactobacillus
fermentum 7 Previous Lactobacillus spicheri Previous Lactobacillus sucicola ° Previous Lactobacillus rhamnosus
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2. Identified bioprotection mechanisms of LAB

The major preservative effects on food by LAB is associated with the rapid
acidification of raw material due to the production and accumulation of mainly lactic acid. As
it is a weak organic acid, with a pKa close to 3.0 and a pH greater than 3 in food, the
antimicrobial activity of lactic acid is related to; the denaturation of membrane proteins,
blocking transmembrane transport, proton gradient interference, enzyme inhibition, and
reactive oxygen species (ROS) production, which disturbs the cell metabolism resulting in
growth inhibition [43, 47, 48, 49]. However, higher antagonistic activity can be expected in
food with high acidity (pH < 3.0), since the non-dissociated form of acid prevails at these pH
conditions. The non-dissociated form of lactic acid is apolar and can cross through the
cytoplasmatic membrane of the target microorganism, reaching the cytosol [50]. Once inside
the cytoplasm, whose pH is close to neutral (pH > pKa), the lactic acid dissociates form and
the release of hydrogen ions promotes the acidification of the cytoplasm. As a general
consequence, the internal proteins are denatured and the enzymatic activities are interrupted,

leading to the death of the microorganism (Fig. 1) [51].

Weak acid pH > pKa Weak acid pH < pKa
HA
H* HA
rorocoiol
e OO
Coeir COCOCOCCCet
AR aia

f((("(‘('{’(f((i N Denatured

r.' protein
CYTOSOL

CYTOSOL

Figure 1. Mechanisms of weak acid.
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In addition to lactic acid production, the bioprotective cultures are responsible for
producing various other compounds, including; other types of organic acids like acetic,
benzoic, formic, succinic, phenyllactic, indole latic and azelaic acids, hydrogen peroxide,
acetoin, diacetyl, reuterin and peptides with antimicrobial activity such as bacteriocins (Fig.
2). The action mechanisms of the organic acids produced by LAB are very close to the one
described for lactic acid, because they are weak acids [50, 51]. However, some studies
suggest that acetic acid, for example, can also inactivate other microorganisms by synergy or
through another type of mechanism not yet elucidated [52].

Due to a low molecular weight and absence of charge, hydrogen peroxide crosses the
membrane of the target microorganism and reaches the cytoplasm where it is reduced and
decomposed to the hydroxyl radical [53]. This radical is highly reactive with organic
substances and can promote irreversible damage to enzymes and nucleic acids [54].

In the case of acetoin or diacetyl, both forms can coexist through oxi-reduction
reactions, however, studies suggest that these compounds can interact with the arginine amino
acid, compromising the structure of some proteins; despite the antagonistic action mechanism
of diacetyl not being well established. In relation to diacetyl, another possible mechanism is
that this compound can be able to link to DNA molecules, promoting its unfolding [55].

Up until twenty years ago, the exact mechanism of action for reuterin was undefined.
This is because reuterin has an aldehyde compound in its molecular composition that is highly
reactive and forms several other compounds in an aqueous solution. Thus, studies have
characterized that this compound can induce oxidative stress in cells, through the modification
of thiol groups in proteins or in small molecules [17, 56].

Regarding bacteriocins by definition are synthesized ribosomal antimicrobial peptides
produced by bacteria and which have activity against another bacteria. Their activity can be

between same species as narrow spectrum, or among other genera as broad spectrum. As a
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defense measure, bacteriocin-producing organisms are immune to their own bacteriocins [57,
58].

The bacteriocins studied can be classified and defined into classes: Class I - small
modified peptides; Class II - unmodified peptides and Class III - large peptides > 10 kDa, that
are based on their biosynthesis, mechanism, size, and type of molecule (Fig. 2) [59, 60]. Also
according to a significant increase in the characterization of new bacteriocins, there is a
difficulty in performing the classification. Considering this, new class proposals will emerge
[61]. Also, other types of bacteriocins, their mechanisms and classifications possible are well
documented in a review presented by Lozo, Topisirovic and Kojic [62]. According to the
regulatory agency of the FDA (Food and Drug Administration) and the European Union, nisin
is allowed for commercialization and others preparations containing pediocin PA-1 also can
use in the food industry as food preservative [63, 64]. However, the application of nisin in
food should be improved as it can interact with the food matrix (adsorption to salts, fat, and
protein surfaces) and lose antimicrobial activity [65].

It is also important to note that although nisin is a biologically synthesized
antimicrobial compound, perhaps it cannot be claimed as a clean label. This is because it is a
food additive included and approved for use in foods (Code E234 for Europe) [146]. So, can
generate confusion for a consumer, that is, when seeing the food additive claim in the list of

ingredients, the consumer is induced to think that it is not something clean label.
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Bacteriocins

Lacticin

Figure 2. Bacteriocin molecules.

Bacteriocins show several action mechanisms against microorganisms, and these are
different from antibiotics. As already well documented in another review by Cotter, Ross and
Hill [66] and Lozo et al. [62], some bacteriocins, especially those that act on Gram-positive
bacteria, work by targeting the cell wall. It is understood that some Class I bacteriocins link to
lipid II of the cytoplasmatic membrane, preventing peptidoglycan synthesis. Despite blocking
peptidoglycan synthesis, nisin can also insert into the cell membrane, forming pores. Some

class II bacteriocins, such as lactococcin A, bind to the pore-forming receptor mannose
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phosphotransferase system (Man-PTS), and thus, eventually form pores. Bacteriocins,
especially those that act on Gram-negative bacteria, have a particular mechanism of action
which is based on the interference of protein synthesis, DNA and RNA; the action inhibits the
production of DNA gyrase and RNA polymerase [66]. Indeed, the mechanism of action on
Gram-negative bacteria is expected to be similar. The main point to be questioned is the
contact of bacteriocin with the membrane due to the presence of an outer layer of
lipopolysaccharide (LPS) in these bacteria. Several bacteriocins have been shown to be
effective on gram-negative, particularly when they are in combination with compounds that
wash out the outer layer of bacteria. The combined use of bacteriocins with
ethylenediaminetetraacetic acid (EDTA), for example, is one of the most common strategies
for sensitizing Gram-negative bacteria. EDTA acts by promoting the release of the LPS layer
and synergistically potentiates the antimicrobial activity of bacteriocins, as reviewed by
Prudéncio, Santos and Vanetti [67]. Recent studies report the use of bacteriocins with other
compounds, as verified by Soltani et al. [61] that verified the synergistic effect of using
Pediocin PA-1 bacteriocins combined with citric acid and/or lactic acid and which inhibited
gram negative strains such as Aeromonas hydrophila and Klebsiella pneumoniae. In another
study by Wang et al. [68] verified the synergistic effect of pediocin PA-1 with lactic acid
which also inhibited the Gram-negative A. hydrophila.

In addition to inhibiting the growth of bacterial cells, some compounds produced by
LAB are also related to the inhibition of fungal toxin production. According to Guimaraes et
al. [18], L. plantarum UMS5 was able to inhibit the growth and aflatoxin production in five
species of Aspergillus. According to the same authors, the absence of aflatoxin production is
not associated to low fungal growth, but related to the production of phenylactic acid (PLA),
hydroxyphenylactic acid (OH-PLA) and indolatic acid (ILA) by L. plantarum UMSS. In

addition to repressing fungal toxin production, compounds released by LAB also inhibit the
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growth of against some types of fungi. Zhao et al. [69] verified that compounds produced by
L. plantarum were able to inhibit Aspergillus niger, Aspergillus oryzae, Trichoderma
longibrachiatum, Aspergillus flavus and Fusarium graminearum. In another study performed
by Guimaraes et al. [70], compounds produced by L. plantarum and Lactobacillus buchneri
were able to prevent the growth of Penicillium nordicum as well ochratoxin production.
Although several studies demonstrate that LAB cultures have antagonistic activity on
fungi and prevent toxin production in foods, the exact mechanism of action remains unclear

for now [71, 72].

3. Steps for identifying a potential bioprotective LAB

For the application LAB as a bioprotective culture in the food industry, a series of
characteristics need to be assessed. These include; genetic stability; efficiency at low
concentrations against a wide spectrum of pathogens and spoilage microorganisms in different
food matrices; low nutritional requirements; survival in harsh environments, including food
processing conditions; and not be pathogenic or toxic to humans [7, 73].

The development of new bioprotective LAB cultures with the potential to be
commercialized and applied in the food industry requires several research steps which will be
detailed in the following sections.

3.1. Isolation and identification of LAB strains

The LAB strains are distributed in a wide variety of ecosystems, including fresh and
fermented foods, the gastrointestinal tract and mucosa of humans and animals, feces, water,
pasture, leaf surfaces, rocks, the surface of equipment, and utensils used in food manufacture
[13, 74, 75, 76, 77, 78]. Many studies suggest that LAB with antagonistic activity against
pathogens and spoilage microorganisms can be isolated from fresh food, like milk, fruits,

vegetables, fish, and even some meat products [13, 22, 26, 40, 62, 79].
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Properly following the basic laboratory procedures for the isolation of a bacteria is
essential to obtain success in the isolation and identification of a strain with desired
characteristics and thus avoid problems such as loss of viability and changes in its
antimicrobial activity. More information on these basic procedures can be found in a
microbiological methods manual such as the one described by Da Silva et al [80].

In general, all bacteria have specific biochemical and physiological growth
requirements and, therefore, the formulated culture media must contain the required nutrients
to support the microorganism growth. In regards to LAB, a considerable number of
representative bacteria are fastidious, and require a rich and complex medium with different
carbon sources [81, 82, 83, 84]. LAB cultivation media generally has several sources of
nitrogen (such as peptone, and yeast extract), minerals (such as Mn?" and Mg?"), and
buffering agents (such as sodium acetate). Monosaccharides are the main sources of energy
and carbon required by bacteria, but other substrates can also perform these functions [85].
The Man Rogosa and Sharpe (MRS) medium is the most well-known and the oldest medium
for LAB isolation, and was developed in 1960 for the selective cultivation of Lactobacillus
species [86]. In 1975, Terzaghi and Sandine [87] developed the M17 medium for the
cultivation of the Streptococcus bacteria genus. Since then, other specific media, such as the
MSE was developed by Mayeux et al. [88], and MRS has had its composition revised and
modified to support the growth of specific LAB [89, 90]. Likewise, Saccaro et al. [90]
enumerated L. rhamnosus and L. acidophilus on MRS supplemented with vancomycin and
orclindamycin, while Vinderola & Reinheimer [89] enumerated L. acidophilus in MRS
modified with trehalose.

Regarding LAB with bioprotective capacity, studies carried out using only standard
media, such as MRS, M17 and MSE, with few modifications or supplementation were

sufficient for the isolation of new strains [91, 92]. After isolation of new strains, verify the
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biochemical characteristics is the important point for select the specific bacteria. The
biochemical tests are based on the biochemical characteristics of the bacteria, these include
the production of enzymes like catalase and oxidase; capacity to ferment specific
carbohydrates such as lactose, mannitol, maltose, fructose, glucose, xylose, and esculin; or the
production of specific compounds such as diacetyl and acetoin. The biochemical tests aim to
eliminate the colonies with biochemical characteristics that are different from LAB [93].
Despite biochemical tests being used in several research for reducing the number of colonies
that need be genetically sequenced, these tests have been considered questionable, since LAB
can assume different biochemical behaviors due to the constant genetic evolution of the
strains in the environment [94]. In addition to genetic evolution, is know that most of the
characteristics assumed by LAB are associated with the presence of plasmids in them and that
they are important in carrying genes responsible for modifying and/or maintaining the
characteristics of LAB in its ecological niche [95].

LAB screening is finished with the genome sequencing of all microorganisms that
have gone through all the previous steps and, in this case, the bacterium is identified to the
genus and species level [96]. Genome sequencing can be carried out using individual genes or
the entire genome. In both cases, the data obtained by sequencing is compared with sequences
deposited in the NCBI database (National Center for Biotechnological Information), allowing
for the identification of the isolated microorganisms.

3.2. Characterization of potential LAB bioprotection activity

Apart from being applied to LAB identification, genomic sequencing data can also be
used to select potential bioprotective strains. Nowadays, at NCBI, more than 34,000 complete
bacterial genomes are available, in addition to genes of interest [97]. Thus, through genome

analysis, genes, operons or gene groups of interest can be searched, these include those related
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to the synthesis of antimicrobial compounds; therefore, this ability can considerably favor the
selection of a new bioprotective strain.

In a study carried out by Fusieger et al. [98], a strain of Lactococcus lactis subsp.
lactis bv. diacetylactis had the complete gene cluster for nisin synthesis and export, similar to
that of nisin Z. Urso et al. [99] demonstrated through sequencing and expression analyses the
ability of a L. sakei strain to produce sakacin P. In another study carried out by Qi et al. [100],
three complete gene clusters involved in the synthesis and secretion of homologous paracin
bacteriocins, and 7 clusters of new bacteriocins were identified in a strain of L. paracasei.

Although genomic research yields clues, genetic analysis does not rule out the need for
in vitro or in situ (inside the food matrix) analysis. This is because a bacterium may have a
gene related to the production of bacteriocins, organic acids or any other antimicrobial
compound but not express them under certain culture conditions.

Some studies demonstrate that LAB strains with bioprotection potential in food may
have particular characteristics, such as the production of specific acids, these include: succinic
acid, vanillic acid, hydroxyisocaproic acid and others with antifungal activity -
phenylpropanoic acid, hydroxyphenyllactic acid, propanoic acid, DL-pyroglutamic acid, 5-
oxoproline, pidolic acid and hydrocinnamic acid [101].

For characterization of the metabolite profile produced by LAB, chromatography is
the most used [102]. When compound identification is also linked to separation analysis,
different types of techniques can be employed, including liquid chromatography (LC), gas
chromatography (GC), capillary electrophoresis (CE) and supercritical gas chromatography
(SFC) [103]. As an example, for the characterization of the organic acid profile, techniques
such as GC-MS, which is a gas chromatography coupled with mass spectrometry, can be
explored. Bacteriocins can be characterized using HPLC — RP which is a reversed-phase

chromatography (RP-HPLC) technique, which separates components of a mixture by the
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difference in hydrophobicity (Table 2). Thus, these compounds can be detected, quantified
and fractionated.

For the chromatographic methods used in metabolite separation procedures, the most
common systems in use are those based on the reverse phase (RP) and the hydrophilic
interaction chromatograph (HILIC). RP-based methods are used to separate average and non-
polar metabolites, and the HILIC system for polar metabolites that cannot be retained in RP.
In detection methods, systems coupled to mass spectroscopy (MS) is widely used; however,

the efficiency of compound detection may depend on the matrix complexity and the analyte

[101, 104].
Table 2.
Application of techniques for identification of compounds from bioprotective cultures.
Technique employed Some detected metabolite Reference
HPLC Lactic, citric, acetic, succinic [101, 105]

PLA, OH-PLA acids

[106]

HPLC - RP Benzoic [102]

Bacteriocin [107]
ESI- MS/MS Short polycyclic lactates [102]
GC-MS 6-octadecenoic acid methyl ester, hexadecanoic acid

methyl ester, phenol, 2-4 bis (1,1 dimethylethyl) [108]
GC-FID Stearic, palmitic, oleic, mystiric caproic, caprylic acids [101]
HS-GC-MS 7-methyl-Z-tetradecen-1-ol acetate, 9-Hexadecenoic [109]

acid, 9-Octadecenamide

Sharaf et al. [109] used the Headspace GC—MS technique for the characterization of
several compounds produced by Lactobacillus helveticus and L. plantarum. Tian et al. [104]
also used this same technique to identify volatile compounds, mainly diacetyl and acetoin
produced by L. plantarum. Also, through an innovative and recent technique,
biochromatography coupled with reversed-phase high-performance liquid chromatography
(RP-HPLC), Pei et al., [107] managed to identify a new type of bacteriocin found in the cell

suspension of L. plantarum.
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3.3. Safety aspects of bioprotective cultures

In order to have new bioprotective cultures on the market, it is important to highlight
the risks and to assess the safety aspects related to the strains. Despite some LAB showing
beneficial effects on consumer health and have the GRAS status, certain strains can produce
harmful substances, such as the biogenic amines, synthesize enzymes that degrade human’s
tissues, such as hemolysins, gelatinases and cytolysins; or disseminate and/or transfer
antibiotic resistance genes to pathogens [110].

Therefore, before a bacterium can be approved as a bioprotective culture, it is
necessary to prove that the strain is safe for the host [10, 11]. As already mentioned, bacteria
of the genus Lactobacillus have been historically used as bioprotective agents and probiotics,
followed by Streptococcus, Leuconostoc and Pediococcus; and are considered safe due to
their history of use [111, 112, 113, 114]. However, even in isolated cases involving patients
with underlying medical conditions such as underweight neonates, adults and babies in
intensive care units and postoperative patients, these LAB genera have already been
associated with systemic infections [111, 115, 116, 117, 118, 119, 120].

Concerning these aspects, strain safety should be demonstrated through in vitro and in
vivo testing. One of them includes the expression of virulence or antibiotic resistance genes,
such as Enterococcus spp., which can carry virulence genes and express them when applied to
the food matrix. One of the major concerns regarding microorganisms with antibiotic
resistance genes is the horizontal transfer of these genes to other lactic acid cultures and/or
other pathogenic bacteria [121, 122, 123]. Another is the research on virulence factors that
include production of biogenic amines, toxins, toxic metabolites, enzymes such as
hemolysins and gelatinase [111, 124]. Regarding the production of biogenic amines, these
compounds have organic, heterocyclic and aromatic bases. They are molecules that are

generated primarily by the decarboxylation of their corresponding precursor amino acid [125,
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126]. The amines have the potential to cause health risks to consumers by increasing blood
pressure, causing food poisoning and can also react with nitrite to form carcinogenic
nitrosamines [127]. When microorganisms have high proteolytic activity, the chances of
biogenic amine formation increase, due to the availability of free amino acids [128].
Furthermore, many lactic acid cultures are able to convert amino acids into biogenic amines,
such as Lactococcus [129, 130, 131] and Lactobacillus [126, 131] through amino acid
decarboxylation, or transamination of aldehydes or ketones [132].

Also, is important the determination of hemolytic activity if the evaluated strain
belongs to a species with known hemolytic potential [111, 124]. Hemolytic activity is an
important factor in the selection of bioprotective and probiotic cultures, as it is associated with
the ability of the strains to use the iron ions of red blood cells; which can trigger anemia and
edema in the host [133]. The most common test for the determination of hemolytic activity in
bacteria is based on the inoculation of these strains on to blood agar. The formation of halos
around the colonies indicates a positive reaction for hemolytic activity; with clear halos
indicating B-hemolysis, green halos to a-hemolysis and the absence of halos determines y-
hemolysis [134, 135]. Finally, the production of gelatinase which is considered a
metalloendopeptidase — a proteolytic enzyme capable of hydrolyzing collagen, gelatin,
insulin, casein and other peptides [136, 137]. The gelatinase substrates are identified in order
to understand the function of these enzymes in the execution of their regulation, in which the
main objective is to supply nutrients for the bacteria to cause different physiological and
pathological responses in the host such as vascular diseases, tumors, inflammation, infectious
and degenerative diseases [138].

3.4. In vitro and in situ tests
To validate if LAB strains are able to produce antagonistic substances, the adoption of

in vitro tests is the simplest way to evaluate typical pathogenic and spoilage microorganisms
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[19, 39]. The in vitro tests are relatively easy, fast, and cheap to perform; however, no
information is generated regarding the interaction between the antimicrobial substances and
the food matrix [101].

After in vitro evaluation, the selected LAB strains should be analyzed by means of in
situ inhibition bioassays, assessing if they have the capacity for biocontrol [35, 101, 139].
Regarding in situ inhibition, the assay can be experimentally designed to apply the potential
bioprotective culture directly to the food or to incorporate during its processing.

Aljasir et al. [140] evaluated the efficiency of individual and combined bioprotective
cultures of P. acidilactici, L. curvatus, L .plantarum, Carnobacterium spp. using a direct test
on raw milk; they concluded that both the individual and combined culture tests had an
antimicrobial effect on L. monocytogenes. Macieira et al. [14] applied L. plantarum onto
Traditional Portuguese Sausage and verified that the strain had an antagonistic effect on L.
monocytogenes. Siroli et al. [13] demonstrated that L. plantarum was able to increase the
shelf-life of minimally processed sliced apples and lamb's lettuce for up to 9 days when used
alone, and up to 16 days when combined with other natural antimicrobials.

Besides incorporating the LAB strains directly into food, other in sifu testing strategies
involve the reproduction of the food matrix in a model system. This model system is normally
created to optimize assays to reduce the time and price of analyses. Garnier ef al. [141] tested
the antifungal capacity of LAB cultures in a model system that mimics cheese (mini cheeses)
in 24-well plates. The authors verified that there was antifungal activity in the tested LAB.
However, as there were many tests performed as a way of optimizing analyses, it was noticed
that this activity can vary according to the batches, manufacturing method, and care, among
others. In the same contexts, Salas et al. [4] created models that imitated dairy cheese and

yogurt, to evaluate the antifungal activity of LAB combinations on some types of fungi. They
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found that two types of combinations were effective on fungi such as Penicillium commune,
Mucor racemosus and Rhodotorula mucilaginosa, both in in vitro and in situ tests [4].

Despite the substantial number of studies, few bioprotective cultures are available in
the market due to restrictions such as the differences in effectiveness between in vitro and in
situ assays, sensorial impacts on the food, safety and maintenance of cell viability during
commercialization [4, 14]. Therefore, tests at a pilot scale are essential to formulate an idea
about a real industrial biocontrol scenario exercised by the culture and, thus, scale up its
application for an industrial production.

As an example of the discrepancies between in vitro and in situ tests, Delavenne et al.
[142] detected 11 LAB strains with good antagonistic activity against fungi in in vitro tests.
However, among the evaluated strains, only one showed high antagonistic activity, when the
in situ test was performed directly on the yogurt. Although, some parameters can influence
the behavior of a bioprotective culture in the in vitro and in situ tests. In the case of the in
vitro test the conditions, parameters such as time and incubation temperature, as well as the
composition and/or modifications of the culture medium can be preponderant factors for the
strain that has good antagonistic effects [4]. Therefore, adjusting the time/temperature
binomial and providing diverse cultivation conditions may or may not favor the bioprotective
effect of the selected strain. Le Lay et al. [35] tested different compositions of culture media
to verify the bioprotective activity of LAB. They identified great differences in antifungal
activity between the evaluated culture media and also in the different sugar concentrations
tested, they reported that the media with a greater addition of concentrated sugars also
increased the production of organic acids that have a high antifungal effect.

Regarding in vivo tests, if a culture with bioprotective potential does not behave well
as a bioprotective, one of the parameters that must be evaluated is whether this culture is in

fact interacting with the food matrix; either for reasons of polarity or if something has been
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intentionally added, as some additives inactivate the bioprotective culture. In addition, another
extremely important factor to consider is the concentration of the added bioprotective culture
in the test, which can also strongly influence the bioprotective effect [35]. In these in vitro and
in situ tests, any adverse factor must be eliminated for the culture to perform its bioprotection
role well. And if in fact the culture presents a good bioprotective effect in both tests, the
directive is that the next step is carried out, which is the application of tests in a pilot plant. In
this way, the conditions for formulating the food product and application of the culture with
bioprotective potential are closer to real conditions [4].

3.5. Pilot tests

Once the bioprotective potential of a strain has been verified and proven in both in
vitro and in situ tests, the last step is to carry out the tests on a pilot scale. This stage is carried
out as one of the last phases of the strategy to identify a bioprotective culture. This step is
performed last because it involves a greater amount of resources; where it aims evaluate the
potential that the culture will in fact meet the needs of the market. The pilot test tries to mimic
the conditions of a large-scale industrial production, but is carried out on smaller-scale
equipment (size and energy demand), also with the aim of reducing analysis costs and
preventing the industrial processing plant from being paralyzed, even temporarily, to carry out
the test. In these cases, the bioprotective culture can be added during product processing or
inoculated during the final stages of processing, depending on the food product.

The main LAB cultures currently available on the market are for the production of
cheese (Table 1B), because these bacteria can produce acids that, when combined with the
acids already naturally present in the product, will not significantly interfere with its sensorial
characteristics [12]. Using cheese production as an example, in a pilot scale, following each
step of the process is essential for maintaining the characteristics of the final product, as well

as for the effectiveness of the protective culture. Some care is required when adding the
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protective culture, whether lyophilized or not; this includes considerations such as the
temperature of the milk being close to the ideal action temperature of the culture (between 30
and 36°C), pH should be suitable, and the absence of antibiotics and contaminants that can
influence the development of the culture. In general, the time for the adaptive response of the
culture must also be considered. Therefore, before the addition of ingredients and the
coagulation process, a minimum period of time (20 to 30 minutes) must be respected, to adapt
the culture to the environment. During production, some process parameters can also be
evaluated (yield, fermentation time, curd and pH) to assess the effect of the bioprotective
culture on the process [9]. During ripening and storage time, some parameters can also be
evaluated (degree of proteolysis, texture, ripening time if it is a ripening cheese, enumeration
of fungi and LAB).

The determination of shelf life is extremely important in this process and the
comparison between the product with the added and non-added culture must be carefully
carried out to prove the effectiveness at a larger scale. Also, as proof of effectiveness, the
sensory aspects need to be evaluated, as the bioprotective culture should not, or as little as
possible, alter these attributes [9]. In this way, texture, color, aroma, flavor and taste are
prioritized in sensorial tests. Li ef al. [12] evaluated the potential use of a strain of L. casei as
a bioprotective culture in yogurt and, in addition to the bioprotective effect, the authors also
evaluated whether the culture influenced the attributes of color, texture, flavor and taste.
According to the sensorial test performed, no alteration in these attributes was significantly
perceived. Cosentino et al. [143] evaluated attributes such as taste and aroma and found no
significant differences between Caciotta cheese samples with or without bioprotective strains
of lactobacilli. In another work, the authors verified that combinations of LAB cultures
promoted significant differences in the perception of the acidity attribute of cheese and sour

cream. However, the samples were accepted by consumers, indicating that although some
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differences were noticed, the final product was not completely modified and accepted [4].
Therefore, when adding a bioprotective culture, or combinations of them, checking the
recommended dosage is essential so that an excess of metabolites are not produced to the
point of modifying the sensorial characteristics of the product.

After these evaluations, if the protective characteristics of the culture are confirmed by
the pilot tests, and it is also verified that it does not influence the sensorial aspects of the food,
the next step is to carry out the certification of the strains for commercialization; whose
proceedings can vary from one country to another [144]. In the United States, the agency
responsible for certifying microbial cultures for food application is the FDA, granting the
well-known expression, GRAS Status [11]. The countries of America, as a whole, for culture
certification follow the recommendations governed by the FDA. In Europe, certification is
made by the EFSA (European Food Safety Authority), which grants QPS (Qualified
Presumption of Safety) Status [144].

A review carried out by Laulund ef al. [145] presented some countries that have their
own regulations for marketing within their own country, such as Japan, Thailand, China and
Malaysia. The first nation with national legislation that required safety approval for cultures
applied to food was Denmark and, in 2010, it no longer required approval for the marketing of
culture, but notification of a new strain (taxonomy) is required [144]. It is still a global
challenge to certify ideal bioprotective cultures in the world market, considering that LAB
cultures provide benefits to the food product, whether in fermentation or for some probiotic
potential and improvement of sensorial properties; and if safe, these can already then be
certified and marketed. However, current cultures with the bioprotective effect designation
can be certified for food application not have the necessary efficacy. This certification step is
the last of the development of bioprotective cultures in food preservation process and,

therefore, after certification, the process of sales and marketing begins.



52
4. Conclusion

Independent of the studies and complete characterization on the compound profiles,
the protective effect of biopreserving cultures can suffer variations in different and complex
food matrices, and with the different species and their combinations. It is still a challenge to
develop bioprotective cultures with significant effects, due to the complexity of interactions
and food matrices. In addition, granting GRAS or QPS status requires complete studies that
are often not in accordance with what the law requires. Thus, more research is needed to
understand the performance of metabolites in bioprotection in the complex environment of
food matrices. In addition, cultures can be combined with other methods of preservation and
synergy as a way to ensure the effectiveness.

The current challenge in the development of effective protective cultures lies in
identifying the compounds produced in the different food matrices, and the action/efficacy on
different types of target microorganisms. Many of the compounds were not detected by the
techniques employed; however, advancement in the sensibility and precision of the analytical
tools can be the key factor in isolating and identifying potential compounds with

antimicrobial activity.
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Abstract
Few studies have investigated the diversity of spoilage fungi from the dairy production chain
in Brazil, despite their importance as spoilage microorganisms. In the present study, 109
filamentous fungi were isolated from various spoiled dairy products and dairy production
environments. The isolates were identified through sequencing of the internal transcribed
spacer (ITS) region. In spoiled products, Penicillium and Cladosporium were the most
frequent genera of filamentous fungi and were also present in the dairy environment,
indicating that they may represent a primary source of contamination. For dairy production
environments, the most frequent genera were Cladosporium, Penicillium, Aspergillus, and
Nigrospora. Four species (Hypoxylon griseobrunneum, Rhinocladiella similis, Coniochaeta
rosae, and Paecilomyces maximus) were identified for the first time in dairy products or in
dairy production environment. Phytopathogenic genera were also detected, such as
Montagnula, Clonostachys, and Riopa. One species isolated from the dairy production
environment is classified as the pathogenic fungi, R. similis. Regarding the phylogeny, 14
different families were observed and most of the fungi belong to the Ascomycota phylum.
The understanding of fungal biodiversity in dairy products and environment can support the
development of conservation strategies to control food spoilage. This includes the suitable use
of preservatives in dairy products, as well as the application of specific cleaning and

sanitizing protocols designed for a specific group of target microorganisms.

Keywords: air factory contamination; Cladosporium; dairy chain; food safety; spoilage fungi.
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1. Introduction

One of the main global concerns for humans, in regard to food safety and security, is
the loss of food through waste and spoilage during production [1]. Food Waste Index report
prepared by the United Nations (UNEP) shows that 931 million tons of edible food were
wasted globally in 2019, which represents 17% of all food produced worldwide [2].
Currently, one of the main goals of the United Stated Department of Agriculture (USDA) and
Environmental Protection Agency (EPA) is to halve global retail and consumer food waste by
2030, as well as reduce food losses in production and supply chains [3].

Concerning food spoilage, food products can be chemically, biochemically,
physically, or microbiologically spoiled. Bacteria and/or fungi are the main agents that cause
microbial spoilage [4]. Filamentous fungi are estimated to account for 5-10% of all food
waste and loss in developing countries [5]. Furthermore, fungal contamination represents a
major problem for industry and consumers. Fungi may modify the desired characteristics of
products and/or have the ability to produce mycotoxins that are a concern for public health
[5-7].

Filamentous fungi are ubiquitously found in nature and are also common contaminants
of raw foods, such as fruits and vegetables and food products of an animal origin, as well as
processed foods, mainly dairy products [7,8]. The food production environment is one of the
main sources of contamination, with airborne fungal spores being disseminated by
aerosolization throughout the processing plant [8].

Contamination by fungi can lead to the appearance of mycelia, which eventually leads
to the deterioration of the product [5]. The presence of black, white, green, pink, or yellow
spots can also be associated with the development of fungal colonies and, generally, results in

the elimination of the entire product at the industrial or consumer level. Other defects
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associated with fungal development in food matrices include the production of gas, off-flavors
and/or off-odors and changes in texture [9,10].

Regarding the ability of some species of fungi to produce mycotoxins, many species of
the Aspergillus and Penicillium genera are capable of producing aflatoxins, ochratoxins,
gliotoxin, fumonisins, sterigmatocystin, patulin, fumigaclavine, roquefortine C, mycophenolic
acid, and zearalenone [7,11-13]. Although mycotoxins in food are well documented, the
effect of mycotoxins on the human body are not fully understood. However, some
consequences of ingesting fungal toxins have been reported and include liver carcinomas and
renal dysfunction [7]. None of these toxins have been linked to outbreaks of dairy products,
but their presence in these products cannot be ruled out.

The Brazilian dairy industry represents a large part of the national economy, with milk
production estimated at approximately 25 billion liters in 2021 [14]. The fungi associated with
dairy product spoilage can cause significant losses for the dairy industry, and several studies
have already addressed contamination in different types of products, such as cheese, yogurt,
butter, cream, and milk [6,13,15-18]. Due to the capacity of certain spoilage fungi to growth
in low pH and cold temperature (below 10 °C) environments, fermented dairy products can
easily be contaminated. Certain fungi can even tolerate low oxygen concentrations; hence,
vacuum-packed cheeses are at risk of contamination [5,17].

Considering the importance of the dairy sector to the Brazilian economy and the
negative impact that can be caused by fungal microorganisms, understanding the fungal
biodiversity in dairy products and in the production environment is the first step to develop
strategies to reduce food waste. Although numerous studies have reported the isolation of
fungi from foods [16,17,19,20], there is a lack of information on the characterization of fungi

isolated from dairy products in Brazil. Therefore, in this study we aimed to isolate and
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identify filamentous fungi from dairy processing environments and spoiled dairy products
from the Zona da Mata region of Minas Gerais, Brazil.

2. Materials and Methods

2.1. Isolation of Filamentous Fungi

The diversity of spoilage fungi was evaluated using different “preservative-free” dairy
products that were spoiled and from dairy processing environments. The cheese evaluated
were Mozzarella (3 samples), Reino (2 samples), Montanhés (3 samples), Parmesan (2
samples), Gorgonzola (1 sample), Provolone (2 samples), Coalho (1 sample), Processed
cheese (2 samples), and butter Ghee (2 samples). The samples were obtained from 2 different
dairy manufacturers from the state of Minas Gerais, Brazil, and diversity was evaluated over a
period of six months.

Isolation of spoilage fungi from dairy products was carried out according to Le Lay et
al. [21], with modifications. A contaminated portion of each dairy product was removed with
sterile forceps and deposited onto the surface of Dichloran Rose Bengal Chlortetracycline
Agar (DRBC; Merck, Darmstadt, Germany), Potato Dextrose Agar (PDA; Merck), and Malt
Extract Agar (MEA; Merck), and incubated for 5-7 days at 25 °C.

Airborne fungal spore collections were taken from the warehouse, cold chamber, ghee
storage room, product refrigerators, cheese ripening room, gorgonzola ripening room,
processing room, cheese packing room, and brine room, using a passive sampling technique.
Petri dishes containing DRBC agar, PDA, and MEA were opened for 30 min in each of the
previously mentioned environments of the dairy plant. Fungal collection from equipment and
tools including the production tables, cheese containers, cheese packaging, and cheese tank
was performed using the swab method [22]. A cotton swab was scrubbed across the surfaces

using horizontal, unidirectional, and parallel strokes and then streaked onto Petri dishes
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containing DRBC, PDA, and MEA media. After this procedure, all the plates were incubated
for 5 to 7 days at 25 °C.

After incubation, fungal colonies with distinct morphological characteristics were
selected. The selected fungi were purified twice using the same agar medium on which they
were isolated and confirmed according to colony uniformity after incubation. For
maintenance and subsequent use, a sterile inoculation loop was used to remove a few spores,
or a tuft of mycelium from the pure cultures, and inoculated onto Petri dishes and inclined
tubes with the defined medium and then incubated for 7 days at 25 °C.

2.2. Phenotypic Characterization

The isolates were phenotypically characterized using macro-observations. For
macroscopic characterization, fungi were subjected to the inoculum point technique, where a
fungal fragment was inoculated onto MEA media at a central point on a Petri dish, sealed and
incubated inverted for 7 days at 25 °C. The colony characteristics were observed, including
coloring (on both sides), growth rate via colony diameter measurements in millimeters from
the reverse side, and observation of presence of pigments and exudates [23].

2.3. Molecular Identification of Fungal Isolates
2.3.1. Extraction of Fungal DNA

After phenotypic characterization, molecular identification of the isolated fungal
strains was performed. The DNA was extracted from mycelial plugs using the Wizard®
Genomic DNA Purification kit, according to the manufacturer’s instructions (Promega
Madison, WI, USA). The quality and concentration of the extracted DNA was measured using
a NanoDrop™ Lite Spectrophotometer (Thermo Scientific, Waltham, MA, USA).

2.3.2. PCR Amplification, DNA Sequencing, and BLAST Identification
For PCR amplification and DNA sequencing, the rDNA internal transcribed spacer

(ITS) region (for all isolates) was PCR-amplified using primers ITS4 (5'-
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TCCTCCGCTTATTGATATGC-3") and ITS5 (5'- GGAAGTAAAAGTCGTAACAAGG-3')
[24]. PCR amplification and DNA sequencingwere performed in a Thermocycler
(MaxyGene® Gradiente Thermal Cycler, Axygen Scientific, Union City, CA, USA).
PCR reactions were performed using a final volume of 25 pL, containing 1X Go Taq® Flexi
Buffer [5X] (Promega); 1.5 mM MgCL [25 mM]; 0.2 mM of each dANTP [10 mM dNTP]
(Promega); 0.2 uM of the ITS4 oligonucleotide; 0.2 uM of the ITS5 oligonucleotide; 1.25 U
of Go Taq® DNA Polymerase (Promega) and 20 ng/uL of genomic DNA; and made to
volume with autoclaved ultrapure water. A negative control (without the DNA) was included.
The PCR protocol utilized had an initial denaturation step at 95 °C for 2 min, followed by 39
cycles at 95 °C for 1 min (denaturation), 50 °C for 1 min (annealing) and 72 °C for 1 min
(extension), and a final extension step at 72 °C for 7 min. After amplification, corresponding
amplicons were analyzed by electrophoresis on 1% agarose gel (w/v) for 2 h at a constant
voltage of 60 mV in 0.5 X TBE buffer. The gels were stained using GelRed (Biotium Inc.,
Hayward, CA, USA) and developed using an LPIX transilluminator (Loccus Biotecnologia,
Sao Paulo, Brazil).

PCR products were sequenced by a commercial sequencing service (ACTGene, Porto
Alegre, Brazil) and the obtained sequences were edited using MEGA (Molecular
Evolutionary Genetics Analysis) software version 11.0.11 (USA) [25]. Isolate identification
was performed wusing the BLAST (Basic Local Alignment Search Tool)
(http://www.ncbi.nlm.nih.gov/blast/)  (accessed on 10 July 2022) against the internal
transcribed spacer (ITS) region from fungi type and reference material database of NCBI
(National Center for Biotechnology Information). Fungal strains were deposited in the culture
collection of InovalLeite (Laboratory of Milk and Dairy Products, Federal University of
Vigosa, Vigosa, Minas Gerais, Brazil). Sequences were deposited in GenBank under

accession numbers OP584542 to OP584650.
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2.4. Phylogenetic Analysis

To demonstrate evolutionary relationships between fungal isolates, the ITS sequences
from this study, along with other ITS sequences from the National Center for Biotechnology
Information (NCBI) Reference Sequence (RefSeq) database, were used. Phylogenetic analysis
was performed using MEGA (Molecular Evolutionary Genetics Analysis) software version
11.0.11 (USA) [25]. Sequences were aligned using the MUSCLE algorithm [26]; the
phylogeny was inferred using Maximum Likelihood (ML) [27]. The phylogenetic trees were
constructed using the Kimura 2-parameter [28] and Tamura 3-parameter [29] substitution
models, with a discrete Gamma distribution (+G) with 5 rate categories. Gaps or missing data
were treated as partial deletion with a site coverage cut-off value of 95%. Branch support was
determined through bootstrapping using 1000 replicates [30]. Trees were viewed and edited
using the Interactive Tree Of Life (iTOL v.6.5.4, (Germany) web-based tool [31].
3. Results
3.1. Isolation of Filamentous Fungi

A total of 109 filamentous fungi were isolated, with 37.6% being isolated from spoiled
dairy products and 62.4% from the dairy plant environment (Figure 1). Fungi isolated from
dairy products ranged from 1.8% to 6.4% of the total number of isolated fungi, with
Montanhés and Reino cheese having the highest occurrence (6.4%) and Ghee butter with the

lowest percentage (1.8%).
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Figure 1. Percentage of filamentous fungi isolated from spoiled dairy products (A) and dairy
processing environment, equipment, and tools (B).

The percentage of the biodiversity fungi isolated from the environment had a varied
distribution, with the production room (20.5%), cheese containers, and cheese tank surfaces
having the highest proportion (11.8%) of filamentous fungi and the gorgonzola ripening room
having the lowest proportion (1.4%).

3.2. Identification of Fungal Isolates

A total of 85 isolates (59.44%) were identified to the genus level through ITS
amplification and sequencing. From these, 16 different genera were identified as: Penicillium
(36 isolates), Cladosporium (23 isolates), Nigrospora (5 isolates), Riopa (5 isolates),
Aspergillus (4 isolates), Hipoxylon (2 isolates), Fusarium (1 isolate), Montagnula (1 isolate),
Clonostachys (1 isolate), Phaeosphaeria (1 isolate), Rhinocladiella (1 isolate), Coniochaeta
(1 isolate), Trichoderma (1 isolate), Paecilomyces (1 isolate), Didymella (1 isolate), and

Bipolaris (1 isolate). A total of 24 isolates (16.78%) could not be identified at genus level
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(Supplementary Table S1). A further 34 fungal isolates (23.78%) could not be amplified using
ITS primers. Despite the variety of fungi identified, it is very difficult to distinguish between
them, due to the high similarity in morphological and biological characteristics between the
different groups. The ITS region that was used in this study is the most used marker for
filamentous fungi identification, considering that most fungi have this specific region [18].
Regarding the identified genera, at least one fungus was found in each of the 8
evaluated products (Table 1). The Penicillium genus was the most prevalent (22.94%) and
was found in all spoiled dairy products, except processed cheese. The Phaeosphaeria and
Fusarium genera were found (0.92%) in only one type of product, coalho and montanhés
cheese, respectively. The Cladosporium genus was found (5.5%) in three types of cheese:
montanhés, coalho, and processed cheese. Only these 4 genera (Penicillium, Cladosporium,
Phaeosphaeria, and Fusarium) appeared in dairy products. The other genera found in
this study were isolated from the environment, equipment, and tools (Table 2). At least one
fungal genus was isolated (Table 2) from each dairy environment (air, equipment, and tools).
The Cladosporium genus was the most frequent (15.60%), being present in most of the
sampled environments, followed by Penicillium (10.09%), Nigrospora (4.58%) and Riopa
(4.58%). Unidentified genera were found in 14.68% of the sampled environments. A greater
diversity of genera was found in the production room (8 genera), followed by the cheese tanks
(6 genera). Only one fungal genus was found in the ripening gorgonzola room and production

tables, Trichoderma and Cladosporium, respectively.
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o
Mozzarela Reino Montanhés Parmesan Ghee Gorgonzola Provolone Processed Coalho  Total % in Total % in

iﬂi‘ggﬁ?ﬁggi‘; Cheese  Cheese  Cheese Cheese  Butter Cheese Cheese Cheese Cheese spoiled dairy equ?;tﬁnen ¢
(n=3) (n=2) (n=3) (n=2) (n=2) (n=1) (n=2) (n=2) (n=1) products and tools
Penicillium (36) 2 5 2 4 2 5 3 - 2 25(22.94%) 11 (10.09%)
Cladosporium (23) - - 2 - - - - 2 2 6 (5.50%) 17 (15.60%)
Nigrospora (5) - - - - - - - - - - 5 (4.58%)
Riopa (5) - - - - - - - - - - 5 (4.58%)
Aspergillus (4) - - - - - - - - - - 4 (3.67%)
Hipoxylon (2) - - - - - - - - - - 2 (1.83%)
Fusarium (1) - - 1 - - - - - - 1 (0.92%) -
Montagnula (1) - - - - - - - - - - 1 (0.92%)
Clonostachys (1) - - - - - - - - - - 1(0.92%)
Phaeosphaeria (1) - - - - - - - - 1 1(0.92%) -
Rhinocladiella (1) - - - - - - - - - - 1(0.92%)
Coniochaeta (1) - - - - - - - - - - 1(0.92%)
Trichoderma (1) - - - - - - - - - - 1(0.92%)
Paecilomyces (1) - - - - - - - - - - 1(0.92%)
Didymella (1) - - - - - - - - - - 1(0.92%)
Bipolaris (1) - - - - - - - - - - 1(0.92%)
Not identified (24) 3 2 2 - - - - 1 - 8 (7.33%) 16(14.68%)
Total 5 7 7 4 5 3 3 3 5 41 68
Total (%) 12.19 17.07 17.07 9.76 12.19 7.33 7.33 7.33 12.19 37.61 62.39

Table 1. Diversity and number of fungi isolated from spoiled dairy products (n = number of samples).
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Table 2. Diversity of spoilage fungi isolated from dairy environments (factory air, equipment and tools).

Ware Cold Ghee Product Cheese GorgonZOIaProduction Cheese Brine Production Cheese Cheese Cheese

Identification house chamber stock refrigerators ripening Ripening room packing room tables containerspackaging tank
room room room room

Penicillium sp. - 1 - - 6 - 2
Cladosporium sp. 1
Nigrospora sp. - -
Riopa sp. -
Aspergillus sp. 1 - -
Hipoxylon sp. - - - - - - - - - - - -
Fusarium sp. - - - - - - - - - - - - -
Montagnula sp. - - - - - - 1 - - - - - _
Clonostachys sp. - - 1 - - - - - - - - - -
Phaeosphaeria sp. - - - - - - -
Rhinocladiella sp. - - - - - - 1 - - - - - _
Coniochaeta sp. - - - - - - 1
Trichoderma sp. - - - - - 1 - - - - - - -
Paecilomyces sp. - - - - - - - - 1 -
Didymella sp. - - - - - - - - - -
Bipolaris sp.

1
1
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Not identified 3 - 2 - 1 - 6 1 - 1 1
Total 14 5 2 8
Total (%) 7.35 4.42 8.82 5.89 10.29 1.47 20.59 7.35 2.94 2.94 11.76 4.42 11.76
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Cladosporium and Penicillium, which were the most frequent in the environment,
were also detected in dairy products (Table 1 and 2). Fusarium and Phaeosphaeria, found in
the dairy products, were not isolated from the dairy environments.

At the species level, 4 isolates were identified (Table 3). The species identified
through BLAST of the NCBI database were filtered according to the material type selection
criteria.

Table 3. Species identified according to BLAST of the NCBI database.

BLASTN
Sample Length (nt) Identification Query Percent Accession
Coverage Identify Number
1.21 570 H. griseobrunneum  97% 98.92% NR 155184.1
4.24 640 R. similis 96% 100.00% NR_166008.1
4.27 600 C. rosae 94% 95.13% NR_157509.1
4.38 630 P. maximus 90% 96.84% NR _149329.1

In addition to molecular identification, the phenotypic characteristics of the isolates
were also considered very similar to the accessioned species previously deposited in NCBI,
and the morphological characteristics (Figure 2) were similar to images available in the
literature that described the species of H. griseobrunneum [32], R. similis [33], C. rosae [34],

and P. maximus [35].
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Figure 2. Morphological characteristics of the isolates identified at the species level: (A) H.

griseobrunneum, (B) R. similis, (C) C.rosae, and (D) P. maximus.

3.3. Phylogenetic Analysis

Among the 109 isolates, 85 isolates were identified to at least the genus level.
Phylogenetic analysis was conducted using the isolated samples’ ITS sequences and with ITS
reference sequences from the NCBI database (Supplementary Figure S1). The 85 isolates
belonged to six orders (Eurotiales, Xylariales, Coniochaetales, Hypocreales, Chaetothyriales,
Cladosporiales, Pleosporales, and Polyporales) and 14 fungal families (Aspergillaceae,
Thermoascaceae, Apiosporaceae, Hypoxylaceae, Coniochaetaceae,  Nectriaceae,

Bionectriaceae, Hypocreaceae, Herpotrichiellaceae, Cladosporiaceae, Didymosphaeriaceae,
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Didymellaceae, Phaecosphaeriaceae, Pleosporaceae, and Phanerochaetaceae). In addition, the
isolates belonging to the genus Riopa were the only isolates found for the phylum
Basidiomycota, while the other isolates belonged to the phylum Ascomycota.

It was not possible to identify 24 sequenced isolates, and eight of them had no
similarity with any of the ITS reference sequences. However, 11 had query coverage and
percent identity above 95% with three species of different genera: Epicoccum phragmospora,
Didymella keratinophila, and Ascochyta phacae, all belonging to the Pleosporales order, and
Didymellaceae family. An inferred phylogeny, using the unidentified isolates and reference
sequences with greater similarity from the NCBI database, showed that these 11 isolates; the
fungi type; two other isolates with similarity to other species, but of the same order and
family (4.22 and 3.13); and one with no similarity to any reference sequence (4.7) clustered
together. However, no pattern in the source of isolation and fungal color was observed (Figure

3). More information about these isolates is described in the Supplementary Table S1.
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Figure 3. Phylogenetic analysis of not identified isolates.

Phylogeny based on ITS region nucleotide sequences, inferred using Maximum
Likelihood and Tamura 3-parameter substitution model [29]. The tree with the highest log
likelihood is shown. A discrete Gamma distribution was used to model evolutionary rate
differences among sites. All positions with less than 95% site coverage were eliminated
(partial deletion option). There was a total of 352 positions in the final dataset. Numbers at

1000 replicates.

branches indicate percentages of bootstrap values obtained from

Saccharomyces cerevisiae was used as an out group. The codes 4.26, 4.47, 3.16, 3.7, 1.3,
1.12, 2.9, 2.26, 2.36, 3.1, 3.13, 4.22,4.49, 4.7, 1.16, 4.28, 3.22, 3.22,4.394.21,4.2, 1.2, 2.8,

and 2.34 are the isolates that were not identified.
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4. Discussion

The current results highlight the great diversity of fungi that are associated with dairy
products and dairy processing environments in the Zona da Mata region of Minas Gerais
(Brazil), identifying a total of 16 genera. It is worth mentioning that the majority of fungi was
isolated from the environment; however, a considerable amount of fungi was still isolated
from spoiled dairy products, such as semi-hard (Coalho, Montanhés, Reino, and Provolone)
and hard cheese (parmesan cheese). The designation of cheese as semi-hard or hard is related
to the moisture content, where cheeses with moisture content between 49% to 56% and 54%
to 69% are classified as hard and semi-hard, respectively [36]. These cheeses can be ripened
for a specific period until reaching the desired and particular characteristics of each type of
cheese. Throughout storage, several factors can influence cheese spoilage, if conservation
techniques are not applied effectively [37]. Even though these types of cheeses are considered
as having a relatively long shelf life, they can still be spoiled by filamentous fungi in storage,
as highlighted in this study.

Garnier et al. [17] also identified filamentous fungi from spoiled dairy products, and
the greatest diversity was found in hard and semi-hard cheeses. Furthermore, Decontardi et al.
[38] reported the presence of fungi in hard cheese and detected the presence of the mycotoxin
ochratoxin A, indicating that the identified species was a mycotoxin producer. Considering
that it is common to isolate fungi from the production environment, management strategies
that prevent environmental contamination in dairy industries are essential for maintaining
product quality and food safety, since many of these fungi can represent a source of
contamination and can generate economic losses for the industry [10].

Regarding production environments, locations where a greater variety of fungal genera
were detected included the production room and the cheese manufacturing tank, which

reinforces the importance of applying quality management systems, such as GMP (Good
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Manufacturing Practice) and HACCP (Hazard Analysis Critical Control Point), to minimize
problems associated with microbiological contamination.
In the present study, we identified 85 isolates and distributed in 16 genera belonging to the
Ascomycota phylum, which are the most frequently described in dairy products [5,39].
Among all the genera identified, only one does not belong to the Ascomycota phylum (Riopa
= Basidiomycota). The genera most commonly and frequently found in dairy products are
Penicillium and Cladosporium, of the Eurotiomycetes class [13,16,17,40], which were also
the main genera identified in this study. One of the biggest problems of these genera in
cheeses is that they can degrade compounds such as sorbic acid, potassium sorbate, and 1,3
pentadiene, which causes a strong off-flavor and unpleasant odor, called “kerosene odor”
[10]. In addition, the visible growth of an undesirable fungus on any type of cheese results in
immediate consumer dissatisfaction.

The predominant presence of Penicillium in several types of semi-hard and hard
cheeses can be attributed to an adaptive response to water stress, mainly because these
cheeses generally have water activity below the optimal level required for fungal growth [41].
On the other hand, the prevalence of Cladosporium in the dairy production environment,
rather than in dairy products, is largely due to the species of this genus generally being slow
growing and commonly disseminated through air. They can also be psychrotolerant and
xerotolerant [5].

Another genus largely reported and associated with dairy product contamination is
Aspergillus [40,42,43]. However, despite being widely reported in the literature, this genus
was not identified in the spoiled products, only from the production environment. On
the other hand, the genera Phaeosphaeria and Fusarium were identified as contaminants in
the dairy products, but they were not identified in the dairy processing environment, most

likely due to the great diversity of genera found. One of the major problems associated with
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the occurrence of filamentous fungi in food products is mycotoxin contamination. Mycotoxins
are toxic secondary metabolites produced mainly by the species in the genera of Aspergillus,
Penicillium, and Fusarium, among others [13], all of which were identified in the current
study.

As these genera were identified at great frequency in this study, the possible problems
associated with mycotoxin contamination must be considered. The most dangerous
mycotoxins reported thus far in cheese are Ochratoxin A and Aflatoxin M1 (AFM1), and are
produced by fungi through direct or indirect contamination of milk (such as contamination of
animal feed), respectively. This has been well reviewed by Hymery et al. [44]. Akinyemi et
al. [45] reported the presence of several mycotoxins in three types of milk (camel, cow, and
goat milk) and detected aflatoxins, alternariol, monomethyl ether, citrinin, dihydrocitrinone,
enniatins, ochratoxin, and sterigmatocystin. Fontaine et al. [11] detected the presence of
mycotoxins in cheeses, such as roquefortine C and mycophenolic acid; however, they did not
detect the presence of AFMI. Although mycotoxin management in cheese is important,
identifying and detecting mycotoxigenic fungal strains is fundamental; in order to track the
possible origins of metabolite production. A study carried out by Anelli et al. [13] detected
mycotoxigenic species of Aspergillus and Penicillium isolated from cheese and was able to
correlate these species with the production of mycotoxins in cheese rinds during ripening.

The main effects of mycotoxins in the human body are liver and kidney toxicity,
immune system destabilization, fetal toxicity, and carcinogenicity; however, it is not easy to
prove that fungal species can produce mycotoxin or whether the mycotoxin will cause any
damage if detected in a product. Nevertheless, recent models and some epidemiological data
are enough to conclude that mycotoxins pose a danger, and that more studies on the risk of

exposure to toxins should be further studied and validated [46,47].
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Other genera that were identified in this study have also been reported by other authors
as contaminants of dairy products and production environments, such as Didymella and
Fusarium, which were identified by Cenci-Goga et al. [48] at low prevalence (1.5% each
one). Garnier et al. [17] also identified the genera mentioned above and found Phaeosphaeria
at a lower frequency (1 isolated), as in the present study. In addition, 77ichoderma has been
described in dairy production environments and products [15] and was isolated from the
gorgonzola ripening room in the current work. The genus Paecilomyces was also described
[16]. In fact, the diversity of genera and some species of filamentous fungi in dairy products
and plants is well recognized. However, it is known that the biodiversity of a given region can
favor the prevalence of one type of fungi over others. As an example, some studies report the
prevalence of Penicillium in certain regions, such as in Spanish, French, and Italian dairy
products [17,49,50]. Marin et al. [41] reported that Geotrichum and Fusarium were the genera
most frequently isolated from Spanish milk samples. Other studies consider Aspergillus,
Cladosporium, Mucor, and Peniciliium as the major contaminants in Egytian dairy products
[42,51]. Nevertheless, the genera identified in this work, such as Riopa, Hypoxylon,
Montagnula, Clonostachys, Rhinocladiella, Coniochaeta, and Bipolaris, are not commonly
found in dairy production environments. In this present work, Riopa, Hypoxylon, Montagnula,
Clonostachys, and Coniochaeta have been identified for the first time from a dairy production
environment. Bipolaris and Rhinocladiella genera were also identified in a study conducted
by Mbareche et al. [52] and by Moubasher et al. [53] from a dairy farm and Roquefort cheese,
respectively. The latter was found over four decades ago and has not been reported further.
Bipolaris is a genus of dark conidia fungi in the phylum Ascomycota and is generally
reported as a plant and animal pathogen [54]. The genus Riopa, belonging to the
Basidiomycota phylum, contains two species, Riopa metamorphosa and Riopa pudens. This

genus has already been classified as a synonym of another genus Ceriporia because they are



97
extremely similar phenotypically and genotypically [55]. They are a common soil borne fungi
and are decomposers of tree wood and can cause white rot [56]. This may be the first report of
this genus being associated with dairy environments, and despite not being reported in food,
the current study frequently isolated this genus from various types of dairy production
environments.

H. griseobrunneum was reported in our results, and it is an atypical fungus isolated
from dairy products and the dairy environment, probably due to it being an endophytic
filamentous fungus. The morphological characteristics of this species are well known, and the
brown color on the surface of the colony facilitates its identification at the species level [32].
In addition, Montagnula was also described in our results. Montagnula is a genus that in the
last 10 years has undergone several changes in its taxonomy and with many new species
inclusions [57]. Perhaps this is the reason for not having a greater knowledge of the genus
being associated with dairy products and environments, considering that the inclusion of the
new species into molecular datasets is recent. This genus is associated with growth on dead
wood, branches, stems, bark, and leaves [57] and is therefore a contaminant present in the
dairy industries.

Clonostachys spp. are commonly found in temperate climates, typically on
decomposing plant material; however, it is a non-pathogenic genus that may even have
biocontrol characteristics for phytopathogens [58,59]. C. rosae was recently described by
Wanasinghe et al. [34], but it was not associated with dairy and food environments. R. similis,
another species identified in this study, was described by De Hoog et al. [60] and originally
isolated from a chronic cutaneous ulcer of a patient in the state of Minas Gerais, Brazil. It is
considered a pathogenic fungus, and its colonies present characteristics of a medium with a
black, dry, and velvety center; the budding cells are abundant, with the development of germ

cells and brown hyphae. The morphological characteristics described coincide with our study
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(Figure 3) and can be compared with other studies [33,61]. Although R. similis is a recently
described species, several studies are being carried out in America and Europe to better
understand this filamentous fungus and its pathogenicity, mainly in the medical field
[33,61,62]. However, this is the first report of R. similis associated with food or the food
environment. We consider this fact important to carry out further studies in this area, as the
discovery of new species and genera with no previous association with the food industry may
have negative consequences.

In recent years, the taxonomy of fungi has increasingly changed, and many species are
being reclassified [17]. New phylogenetic species are recognized as “species complexes”
because they have few morphological differences, often making identification to the species
level or even to genera difficult. In this way, our phylogeny shows that the isolates that were
not identified display great similarity between them, such as, the representatives from
Didymellaceae, which include Epicoccum and Didymella. These genera are extremely similar
even in their morphological characteristics [63]. The inclusion of several species into these
families and a new DNA marker (rpb2) for better identification at the species level were
suggested [63]. It is important to use genetic markers for several species-level identifications.
However, for an initial and general tracking of the presence of fungi in certain environments,
it is important to begin from a starting point, generally the ITS region. Now, for specific
identification to the species level and/or specific genera, the use of multiple or different DNA
markers is essential.

Finally, considering the importance of filamentous fungi diversity present in dairy
processing plants, it is important to emphasize that, clean/sterile areas must be designated and
maintained, to avoid possible fungal contamination of the entire production environment and

dairy products. With the present study, it was possible to find a biodiversity of filamentous
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fungi in dairy products and environments, and some strains were found for the first time in the
dairy environment.

In this way, understanding the specific biodiversity of fungi from each region and
stage of the production system is very important, in order to develop new strategies to control
spoilage. Furthermore, more studies are required to evaluate new fungi species identified

within the production environment, to better understand their role.
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Abstract
This short communication reports the antifungal activity of lactic acid bacteria (LAB) in
media culture and in simulated cheese matrix. In the in vitro test, 52 isolates of LAB were
tested against Aspergillus niger and Penicillium chrysogenum. Based on the antifungal
performance, 5 LAB strains were selected for in situ test in a simulated cheese matrix. The
selected strains exhibited antifungal effect in simulated cheese matrix; however, the
antifungal effect was lost when the LABs were combined with starter culture. The
commercial culture tested showed antifungal effect when combined and not combined with
the starter culture.
Despite this latter data, results of the present report suggest that these LAB strains may have
great potential in foods obtained without starter culture. In addition, they can produce
antifungal compounds that can be characterized and potentially be used as new adjunct

cultures in the future.

Keywords: Aspergillus niger, biocontrol, dairy products, Penicillium chrysogenum.
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1. Introduction

In the dairy industry, filamentous fungi can cause problems that range from visible
mycelium growth on product surface to production of bitter flavors or gas. In addition, some
fungi are capable to produce mycotoxins (e.g. aflatoxins, ochratoxins, trichothecenes,
zearalenone, and fumonisins) considered a public health concern (Pitt John I. and Hocking,
2009; Raduly et al., 2020). In 2019, it was estimated that around 931 tons/year of food were
wasted globally, with fungi spoilage being the main reason (United Nations Environment
Programme, 2021). As a control tool for fungal growth, food industries react adopting the
good manufacturing practices and generally using chemical preservatives such as natamycin,
potassium sorbate or sodium benzoate (Leyva Salas et al., 2017).

However, in recent years, following the consumer trend for “clean label” foods, there
has been a growing demand for more natural and healthy foods obtained through fewer
ingredients and through the replacement of chemical preservatives by natural compounds
(Maruyama et al., 2021). In this scenario, scientific interest for microbial cultures with
bioprotective functionality has been intensified and the market for this type of cultures is
continuously rising (Souza et al., 2023).

Among microorganisms most commonly used for bioprotection purposes, lactic acid
bacteria (LAB) stand out based on their capacity to produce several antimicrobial compounds,
such as organic acids, fatty and volatile acids, reuterin, diacetyl, bacteriocins, peptides and/or
low molecular weight proteinaceous compounds (Ibrahim et al., 2021). For antifungal effects,
many molecules are likely to act synergistically as lactic and acetic acids, and in cheese and
yogurt, LAB produce a very large array of antifungal compounds (Leyva Salas et al., 2019).

For antifungal LAB, many molecules are likely to act synergistically with lactic and

acetic acids and, and when these LAB are added to cheese and yogurt, they are capable to



116

produce a very large array of antifungal compounds, mainly organic acids and fatty acids
(Leyva Salas et al., 2019).

Considering the importance of reducing the use of chemical preservatives and the
rinsing demand for new microbial cultures with bioprotective effects, the aim of this study
was to compare the antifungal effect of LAB strains with those of and compare their

antifungal activity with commercial bioprotective cultures.

2. Materials and methods
2.1. Strains and growth conditions

Fifty two (n=52) LAB strains from the Laboratdrio de Pesquisa em Leites e Derivados
(InovaLeite, Universidade Federal de Vigosa) were included in this study. The strains were
isolated from dairy environment samples from four different Brazilian regions producing
artisanal cheeses (Figure 1) and were previous identified at the species level by 16S rDNA
sequencing (Martins et al., 2020; Teixeira et al., 2021). The strains were stored at -80 °C in de
Man Rogosa and Sharpe (MRS) broth (Kasvi, Sdo José dos Pinhais, PR, Brazil),
supplemented with glycerol at 20% (v/v; Ex6do Cientifica, Sumaré, SP, Brazil). To carry out
the study, stock strains were transferred into 10 mL of MRS broth and strains of
Lactiplantibacillus spp., Weissella spp., Lactococcus spp., Streptococcus spp. and

Pediococcus spp. (1% v/v) were incubated at 37 °C for 24 h.
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Marajé Island, Para state ~Amazonian region, Southern Para state
id origin species i origin species
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QBCZ, O5CE, Q1C3,
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asca anisanalcneese  Pediococcus pentasaceus
W1, W3 utensil Weisselia confuss

| W11, W12, W14, W15 artisanal chesse Welssalls paramesenersides

ws fermanted cund Weisssla confuss
wa aw milk Weissala confusa

we utersil Weissella parameseniervides ‘
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2 1y

&

L Campo das Vertentes, Minas Gerais state
Guanambi, Bahia state = agn e 1
id arigin species W20 o W30 pastura Weisseila cibaria

wia requeijac do sertdn  Weisscii W31 ta W3S, Waz soi Weisseila cibania

W19, WaT caw milk WSO ta WET oow ik waisssia cibana

Figure 1. Strains, geographical origins and identification of LAB isolates obtained from
Brazilian artisanal cheese-producing regions.

To test the antifungal activity of LAB strains, Aspergillus niger 10C 207 and
Penicillium chrysogenum 10C 132, obtained from Fundacdo Oswaldo Cruz (Fiocruz, Rio de
Janeiro, RJ, Brazil), were selected as targets, based on their high incidence as food spoiler in
Brazil (Parussolo et al., 2019; Souza et al., 2023). The preparation of fungal spore suspension
was carried out according to the procedure described by (Roy et al., 1996). The fungi were
grown on Potato Dextrose Agar (PDA; Merck, Darmstadt, HE, Germany) tilted at 25 °C until
they formed spores. Subsequently, spores were harvested with sterile distilled water
supplemented with 0.1% of Tween-80 (Exddo Cientifica), and the suspension agitated using a
vortex mixer to break up the spore clusters. The spore count was performed using an optical
microscope (Olympus, Melville, NY, USA) listed by a Neubauer cell and the stock
suspensions were standardized to a final concentration of 1.5 x 107 spores/mL, supplemented

with glycerol at 10% (v/v) and stored at -80 °C until the use.
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2.2. In vitro screening of LAB strains for antifungal activity

LAB cells cultures were centrifuged (Heracus Megafuge 8R, Thermo Fisher
Scientific, Waltham, MA, USA) at 3260 % g for 15 min at 7 °C, and filtrated (@ = 0.22 pm
pore size, Kasvi) to obtain a cell-free supernatant (CFS). The inhibitory activity was
determined by microtiter plate well assay according to (Zhao et al., 2022), with modifications.
Spores suspension (100 pL) of A. niger or P. chrysogenum at 1.5 x 107 spores/mL were used
undiluted and diluted (4- and 14-fold in sterile water) and added to 96-well microtiter plate.
Then, 100 pL of LAB-CFS were added to each well and the microtiter plate incubated at 30
°C for 48 h. The fungal growth was determined by optical density (OD) measured every 1 h
(A = 600 nm) in a microplate spectrophotometer (Multiskan™ GO Microplate
Spectrophotometer, Thermo Fisher Scientific, Madison, WI, USA). Growth controls were
prepared in wells added with the target cultures (100 uL) and MRS broth (100 pL). Negative
controls were prepared in wells added with MRS (200 pL) alone. Inhibition assays were
conducted in triplicate and over two independent repetitions. The antifungal activity of the
CFS was expressed as the fungal growth inhibitions in percentage (%), based on the following

equation:

. e+ o, _ 1 _[__ODLAB
Antifungal activity % = 1 [—OD CONTROL] x 100

Where ODiag is the OD of suspension of fungal spores in presence of CFS, and
ODcontroL is the OD of suspension of fungal spores in MRS broth. Recorded ODs were
corrected based on negative controls, and OD mean values calculated over the reading time.
CFS with antifungal activity higher than 70% against the undiluted target fungal spore

suspension were selected for the in situ analysis (le Lay et al., 2016).
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2.3. In situ screening of LAB strains for antifungal activity

The high-performance method for antifungal screening was applied according to the
model proposed by (Garnier et al., 2018), with adaptations. For the preparation of the cheese-
mimicking matrix, standardized ultrafiltered milk retentate was prepared according to
(Hannon et al., 2006) with adaptations. Raw milk was heated up to 50 °C, skimmed using a
centrifugal separator (Westfalia, Cuijk, The Netherlands) and microfiltered (Membralox®
tubular membrane pore size 1.4 pum; Pall Corp., Washington, NY, USA) at 50 °C (WGM,
Brazil). The retentate was ultrafiltered at 0.02 pm at 50 °C, added with sterile sodium chloride
(0.7%), and heated at 95 °C for 2 min. Starter culture at 10> CFU/mL (Delvo® cheese CW-
100; DSM Food Specialties, Delft, The Netherlands) and 1.5 mL/L of rennet were 5 x diluted
and filtered (0.22 um, Kasvi) (Maxiren 180; DSM Food Specialties) and added to the
retentate. After, homogenization for 1 min, the retentate was distributed in 24-well plates (2
mL/well) and LAB suspensions in milk were added (final concentration of 1.5 x 10> CFU/mL
in each well). As controls, wells without starter culture or LAB cultures were performed.

In order to compare the antifungal performance of LAB cultures to commercial
bioprotective culture (Delvo® Guard 301; DSM Food Specialties), wells with the commercial
bioprotective culture (10° CFU/mL in each well) combined or not with the starter culture were
performed. The plates were incubated at 30 °C for 1 h to perform a fermented “mini-cheese”
(pH 5.0) in each well. After 24 hours, the exudate on the surface of the mini-cheeses was
removed with a sterile dropper and 5 x 10? spores/mL of the fungal targets were deposited,
separately, at the center of each well of mini-cheese (1 fungi tested/plate). Antifungal activity
was visually assessed by assessment of fungal growth compared to the negative control

(without fungal spores inoculation) after 5 days at 25 °C. Scoring of antifungal activity was



120
performed using a qualitative scheme with a daily record of total inhibition until visible
fungal growth.

3. Results and Discussion
3.1. In vitro screening of LAB strains for antifungal activity

Overall results showed that when spore suspension was diluted, the antifungal effect
of bacterial strains was greater (Table 1). Strains as L. lactis subsp. lactis (Q1C4, Q1C2, and
SAM12), L. plantarum (Q6C7), S. infantarius (Q22C2), W. paramesenteroides (W14, W15,
W18, W19) and W. cibaria (W20, W31, W32, W34 ¢ W35) exhibited a high antifungal
activity (more than 85% in undiluted fungal suspension) against P. chrysogenum; while a
lower activity was observed against 4. niger. This result could be related to the spore structure
of A. niger, composed of polysaccharides, such as chitin and glucans, covered by an outer
layer of hydrophobins and pigments of melanin. In detail, the presence of these outer layers
make spores highly hydrophobic, and the melanin seems involved in different mechanisms,
like protection of spores or virulence, being implicated in adhesion mechanisms and in
generation of reactive oxygen species (ROS) (Beauvais et al., 2014; Cortesdo et al., 2020).
These morphological specificities explain the higher resistance of A. niger to LAB
metabolites, compared to P. chrysogenum. Furthermore, A. niger has been already
characterized by resistance to weak acids produced by some bacteria such as sorbic acid and
other types of organic acids (Geoghegan et al., 2020).
Fernandez et al. (2017) found Lactiplantibacillus spp. strains with strong in vitro antifungal
activity against P. chrysogenum, while Cosentino et al. (2018) and Zhao et al. (2022)
described the antifungal activity of autochthonous Lactiplantibacillus spp. strains against A.
niger. Moreover, strains of Lactococcus spp. and Leuconostoc spp. were also reported as able
to in vitro inhibit A. niger and P. chrysogenum (Varsha et al., 2014, 2015). According to

Cosentino et al. (2018), although several studies on the in vitro antifungal activity of LAB
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strains are available, the comparison of results is often difficult due to different strains,
conditions assays, and methods used. However, in the present study, the highest inhibition
percentages were detected for Weissella spp. (W5, W8, W9, and W25). These findings are in
agreement with results previously reported about the in vitro antifungal activity of W. cibaria,
W. confusa and W. paramesenteroides (Ndagano et al., 2011; Ogunremi et al., 2022).

In the present study these strains showed high inhibition rates when fungal spore
suspension was closer to the real reality, since high fungal concentrations (approximately 10’
spores/g) in dairy products are not expected (Penland et al., 2021; Rychlik et al., 2017). To
successfully reduce fungal growth in dairy products, the most effective strategy remains to
associate preventive measures to reduce the contamination risk with measures that inhibit or
reduce fungal growth. In this way, although some LAB strains were not selected for the in situ
study, those that showed high antifungal rates may be proposed for application as
bioprotective cultures, mainly if lowest spore contaminations (as 10* or 10° spores/g, as

represented by 4 and 14 times spore suspensions dilutions) are considered.
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Table 1. Inhibitory potential (%) of the CFS of LAB strains against undiluted and diluted spore suspension of 4.niger IOC 207 and P. chrysogenum 10C 132.

Undiluted Diluted 4X Diluted 16X
Code Species identification A.niger P. chrysogenum A.niger P. chrysogenum A.niger P. chrysogenum
10C 207 I0C 132 10C 207 I0C 132 10C 207 I0C 132
Q4C8 L. lactis subsp. lactis 44.4 +0.08 74.1 +£0.03 64.6+0.17 88.7+0.01 70.7+0.19 92.5+0.01
QIC10 L. lactis subsp. lactis 1.4+0.15 69.8 +0.12 7.1+0.10 71.4+0.03 45.0 £0.51 88.9+0.05
Ql1C7 L. lactis subsp. lactis 18.6 £0.10 51.1+0.51 28.5+0.09 78.5+0.09 36.9 £0.41 91.4+0.01
Q6C2 L. lactis subsp. lactis 11.1+0.08 83.8 £0.06 15.9+0.10 90.2 £0.01 18.8 £0.03 92.4+0.01
Q5C6 L. lactis subsp. lactis 2.4+0.13 83.7+0.03 20.7 +0.07 84.5 £0.05 43.7+0.31 90.4 £0.01
Q1C4 L. lactis subsp. lactis 448 +0.11 85.5+0.01 59.7 +0.26 90.8 £0.01 61.3+0.20 94.6 +0.01
Q1C2 L. lactis subsp. lactis 8.3+0.13 85.7+0.02 26.9 +0.05 86.6 +0.02 9.4+0.10 92.1+0.01
QI1C5 L. lactis subsp. lactis 7.4+0.12 82.6 £0.01 20.4 +0.07 81.3+£0.01 6.1 +0.01 89.3+0.01
SAM12 L. lactis subsp. lactis 38.3+0.22 87.4+0.02 79.3+0.11 87.9 +0.03 81.1+0.20 92.2+0.01
QICS L. plantarum 16.8 £0.04 29.3 +£0.19 33.8+0.05 57.7+0.35 37.7+0.07 86.8 £0.16
Q4C3 L. plantarum 75.0 £0.19 80.6 £0.02 89.5+0.01 90.9 +0.01 92.0+£0.03 92.9 +£0.01
Q6C7 L. plantarum 28.9+0.16 88.3 £0.09 28.8 +0.08 81.8£0.02 64.1 £0.47 89.3 £0.04
Q6C8 P. pentasaceus 46.1 +0.09 73.1+0.01 57.2+0.15 88.9+0.01 64.8 £0.23 92.7+0.01
Q1C9 P.acidilactici 27.3 +0.09 81.0 £0.02 16.6 £0.15 84.2 +0.05 29.8 +0.05 88.5+0.03
Q22C2 P. acidilactici 39.2+£0.13 79.2 £0.03 81.3+0.12 86.8 £0.01 90.0 =0.03 94.7+0.01
Q30C5 S. infantarius 27.5+0.24 70.7 £0.12 23.6+0.23 86.6 +0.02 48.4+0.17 86.2 +£0.07
Wi W. confisa 12.2+0.06 77.1 £0.03 39.6 £0.07 89.0 £0.02 48.5+0.20 93.7+0.01
w3 W. confusa 59.5+0.32 84.8 £0.02 84.7+0.14 91.0 £0.05 88.9 £0.08 95.2+0.01
W5 W. confusa 89.5+£0.04 85.5+£0.01 94.1 £0.01 93.3+0.01 97.4£0.01 95.2 +£0.01
W8 W. confusa 90.2 £0.07 82.9+0.01 94.5 £0.01 88.4 £0.04 97.1 £0.01 95.3+£0.01
W9 W. paramesenteroides 87.6 +0.08 85.1+0.04 94.0 +0.01 93.0+£0.01 97.1 £0.01 95.6 £0.01
W10 W. paramesenteroides 38.5+0.04 79.7 £0.05 42.4+0.34 86.1+0.11 81.4+0.12 93.0+0.01
WI11 W. paramesenteroides 16.7+0.22 64.2 +0.45 28.7+0.13 88.1 £0.06 32.3+041 89.1 £0.04
W12 W. paramesenteroides 42.6 +0.40 80.6 £0.13 43.7+0.17 88.3 £0.06 54.6 £0.19 90.0 =0.03
w14 W. paramesenteroides 41.4+0.18 87.6 £0.01 42.2 +0.03 82.7+0.01 48.4 +0.17 88.2 +£0.04
W15 W. paramesenteroides 32.0 £0.60 87.3£0.25 47.6 £0.10 73.1 £0.09 30.2+£0.24 89.9+£0.01
W18 W. paramesenteroides 31.1+0.09 88.8 £0.42 20.9 +£0.29 74.9 +0.03 80.2 +£0.02 83.4+0.05
W19 W. paramesenteroides 24.0 +0.11 87.6 =0.03 57.8+0.07 87.8+0.03 75.1 £0.01 90.2 £0.04

W20 W. cibaria 423 +0.13 87.4 £0.06 79.4 +0.01 88.7£0.02 74.6 +0.02 88.8£0.01



W21
W22
w23
W25
W26
W27
W28
W29
W30
W31
W32
W33
W34
W35
W42
W50
W51
W53
W54
W55
W56
W57
W87

W. cibaria
W. cibaria
W. cibaria
W. cibaria
W. cibaria
W. cibaria
W. cibaria
W. cibaria
W. cibaria
W. cibaria
W. cibaria
W. cibaria
W. cibaria
W. cibaria
W. cibaria
W. cibaria
W. cibaria
W. cibaria
W. cibaria
W. cibaria
W. cibaria
W. cibaria
W. paramesenteroides

30.6+0.14
0.02+0.17
459 +0.27
89.5+0.01
477 +0.15
Full
Full
59.6 +0.31
17.3+0.22
28.8+0.15
42.2+0.13
56.6 +0.20
34.6 +0.06
39.2+0.16
0.1 +0.01
45.0 +0.07
14.5+0.15
52.0+0.13
32.3+0.29
33.5+0.33
49.5+0.11
26.6 +0.23
48.5+0.43

84.9 +0.08
11.5+0.19
81.4+0.05
84.2 +0.01
75.1+0.19
78.2 +0.09
65.6 +0.08
83.4 +0.05
72.8 +£0.05
87.6 +0.06
87.3+0.01
84.9 +0.02
87.3+0.02
86.2 +0.09
0.3+0.03
88.0 +0.02
84.4 +0.07
86.6 +0.01
87.7+0.02
87.6 +0.01
87.3+0.01
91.5+0.13
85.3+0.02

74.9 +0.02
9.2+0.12
58.4+0.26
95.9+0.01
473 +£0.12
36.7+0.26
82.2+0.01
63.9+0.20
40.7 £0.08
25.5+0.05
42.8+0.15
48.1 +0.24
41.1£0.06
39.3+0.15
43.9+1.09
32.3+0.05
20.3 £0.08
43.1+0.17
33.6+0.04
33.6+0.01
33.7+0.18
38.3+0.17
71.6 +0.04

89.6 +0.03
33.1+0.51
84.1 +0.01
91.8+0.03
78.7 +0.09
79.3 £0.05
79.5 +0.05
86.1 +0.01
83.8+0.14
89.9 +0.01
91.3+0.01
87.0+0.14
91.7+0.01
91.6 +0.01
25.7+1.01
89.0 +0.08
88.0 +0.02
89.1 +0.02
88.8 +0.02
90.8 +0.01
89.1 £0.03
88.1+0.13
89.6 +0.01

73.9 +0.03
8.4+0.08
69.4+0.13
97.3+0.01
82.5+0.01
58.2+0.43
83.5+0.04
67.7 +0.08
32.5+0.53
42.5+0.11
489+0.18
39.1 +0.23
35.9+0.23
62.7+0.24
92.9+0.14
31.8+0.25
31.7+0.30
37.1+0.12
59.5+0.19
42.8+0.10
17.8+0.20
32.1+0.26
55.0+0.18

91.0+0.03
71.0 +0.02
86.5 +0.06
96.8 +0.01
83.5+0.02
85.1+0.03
83.6 +0.01
88.4 +0.05
88.8 £0.02
91.9+0.01
93.1+0.01
93.2+0.01
92.7+0.01
93.7+0.01
50.1+0.74
91.6 +0.02
92.2+0.01
92.3+0.04
92.8 +0.01
90.5+0.01
90.6 +0.01
90.5+0.01
93.1+0.01

Values were obtained as detailed in section 2.2.
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In addition, the in vitro results can be useful to explain how artisanal products can be
preserved for a longer time, considering that they are produced without addition of
preservatives against fungi. The compounds produced by these LAB can be identified
bringing possibilities for the discovery of new antifungal compounds.

Thus, autochthonous LAB strains can be selected for applications that have greater
potential for the production of antifungal compounds. Among the 52 tested LAB strains, 5
strains showed antifungal activity higher than 70% against both fungal species at all tested
spore concentrations. It is interesting to highlighted that the 6 strains belonged to different
species, as: W. confusa (W5, and W8), W. paramesenteroides (W9), W. cibaria (W25), L.
plantarum (Q4 C3) (Table 1). Thus, these six strains were selected for the in situ test.
Furthermore, different strains within the same species showed different antifungal activity,
confirming that the antifungal activity is a strain-related trait, probably linked to the
expression of genes encoding for specific metabolites that make each strain a unique strain

(Venegas-Ortega et al., 2019).

3.2. In situ screening of LAB strains for antifungal activity

Results related to the antifungal effect of the five selected strains against 4. niger and
P. chrysogenum inoculated in the cheese matrix are shown in Figure 2. Data confirmed that
the commercial bioprotective culture showed antifungal action also when combined with the
starter culture, whereas W. confusa (W5, WS8), L. plantarum (Q4C3) and W.
paramesenteroides (W9) lost their antifungal activity when combined with the starter culture.
Some hypotheses may infer that the antifungal effect was not effective when the strains were
combined with the starter culture: (i) the starter culture may inhibit the production of acids or

other antifungal compounds (Blaya et al., 2018) and; (ii) both microbial cultures may compete
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for nutrients, for which starter cultures may have an advantage, considering that the tested
cultures showed antifungal activity when applied without starter culture (Irlinger et al., 2017).

According to work carried out by Teixeira et al. (2021) the same strains of W. confusa
(W5, W8) that were used in our study already showed considerable antimicrobial effects
against pathogens such as L. monocytogenes, S. aureus, S. Typhimurium e E. coli and W.
paramesenteroides (W9) against L. monocytogenes on in vitro tests. This confirms that these
strains have also an antimicrobial potential and that further tests on food matrices can be
performed to prove their potential.

Among tested strains, W. cibaria (W25) showed some antifungal activity against A.
niger, even when combined with the starter culture, reinforcing the importance of applying
tests simulating different strains and combinations. The strain (W25) was previously
characterized also on study carried out by Teixeira et al. (2021) as for its technological
property, in addition to producing compounds such as diacetyl; this strain was capable of
performing homogeneous milk coagulation, potentially being a strain that may in the future be
an adjunct and/or starter culture. Also, this strain is reported as safe (Teixeira et al., 2023).
With our results, we can suggest that this strain has great antifungal and technological
potential and can be selected for further tests related to the identification of its antifungal
compounds, a pilot scale test on different dairy matrices and a complete characterization of its

genome.
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(A) Asperqgillus niger I0C 207 (B) Penicillium chrysogenum 10C 132

ONLY STARTER j CONTROL i \/, ONLY STARTER [ \ . j CONTROL
CULTURE { j NOLAB ! € CULTURE ge 4 j NO LAB

COMERCIAL COMERCIAL COMERCIAL

COMERCIAL : : ‘
| BIOPROTECTIV | BIOPROTEGTIVE ! | BIOPROTECTIV | BIOPROTECTIV

|

WITH STARTER CULTURE (Delvo® cheese CW-100) WITHOUT STARTER CULTURE WITH STARTER CULTURE (Delvo® cheese CW-100) WITHOUT STARTER CULTURE

Figure 2. Antifungal activity of LAB on simulated cheese matrix against A. niger (A) and P. chrysogenum (B).
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The relationship and the interaction between strains and starter cultures need to be
characterized for commercial applications. Studies that focus into the metabolome of
microbial interactions are being explored to elucidate the ability of bacterial strains to produce
compounds, whether under adverse conditions related to intrinsic or extrinsic factors of the
food or in the presence of other types of bacteria, whether within the same group, or against
pathogens, spoilage and filamentous fungi (Honor¢ et al., 2016). Honor¢ et al (2016) detected
types of active antifungal compounds produced by LAB strains and although were found at
very low concentrations to explain the observed antifungal effect, the authors hypothesized
that the production of metabolites associated to the consumption of nutrients during the
bacterial growth can supply a basis for the antifungal effect, i.e. the composition of its

exometabolome.

4. Conclusions

As demonstrated by our in vitro results, LAB isolated from artisanal cheeses or dairy
environment showed inhibitory activity against A. niger and P. chrysogenum. The
combination of different LAB in the same cheese helps to explain how cheese is preserved
even without the addition of chemical preservatives or the application of thermal treatments.
In in situ tests, the antifungal activity of the LAB strains was strongly affected by the
commercial starter culture, confirming that both nutrient assets and culture conditions may
negatively interfere in antifungal compounds production. More in-depth research on the best
parameters combination to produce antifungal compounds in considerable quantity can be
useful in food technology, whether in modifying food composition or process parameters.
This knowledge can also direct the LAB to specific foods whose composition and processing
favor the production of the antifungal compound. Considering that one strain showed highest

rate of fungal inhibition when combined with the starter culture, it is relevant to further
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explore their technological potential to propose them simultaneously as starter and
bioprotective cultures in cheese processing. Thus, complementary studies regarding the

genome and metabolome are recommended.
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General comments and conclusions

The overall objective of this thesis was to study the biodiversity of the spoilage
filamentous fungi in the dairy industry and increase the comprehension of the LAB antifugal
activity by in vitro and in situ tests.

109 filamentous fungi were isolated from spoilage dairy products or their processing
environment totalizying 16 different fungi genera were found (Penicillium, Cladosporium,
Nigrospora, Riopa, Aspergillus, Hipoxylon, Fusarium, Montagnula, Clonostachys,
Phaeosphaeria, Rhinocladiella, Coniochaeta, Trichoderma, Paecilomyces, Didymella and
Bipolaris). Penicillium and Cladosporium were found both in spoiled products and dairy
environment, indicating a possible cross contamination. With this, we can emphasize that it is
always important to review the hygiene and sanitation protocols in the industry in order to
avoid the spread of fungi in dairy products.

For dairy production environments, the most frequent genera were Cladosporium,
Penicillium, Aspergillus, and Nigrospora. Four species (Hypoxylon griseobrunneum,
Rhinocladiella similis, Coniochaeta rosae, and Paecilomyces maximus) were identified for
the first time in dairy products orin dairy production environment. Thus, the understanding of
fungal biodiversity in dairy products and environment can help in the choice and dosage of
sanitizers used in the environment, thereby, the best composition/dosage can be applied
according to the specificity of each dairy industry.

Regarding the antifungal activity of LAB, among the 52 isolates of LAB tested in the
in vitro test, five strains of LAB, W. confusa (W5, W8), W. paramesenteroides (W9), W.
cibaria (W25) and L. plantarum (Q4C3) had the greatest antifungal effect against the target
fungi tested in suspensions of undiluted , 4-fold and 16-fold concentrations. These cultures

also were selected for in situ testing on a simulated cheese matrix. In general, the five selected
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strains had a positive antifungal effect against the fungal target inoculated in the cheese
matrix, but when combined with a starter culture the antifungal effect was not fully effective.
Thus, in vitro antifungal activity can be better understood; the compounds produced can be
identified and quantified. The antifungal activity in cheese does exist, what needs to be better
understood is how one can lessen the effect of the starter culture on this. Thus, it would be
important to evaluate even the cultures that had low antifungal activity in the in vitro test in

combination with the starter culture to verify what kind of interaction can occur.
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General recommendations for future study

Many research groups (as presented in our Chapter Il Review— Table 1) are currently
studying the potential of bacterial cultures for their antimicrobial effect, mainly related to the
production of bacteriocins and characterization of these compounds. But in relation to
antifungal compounds in the food matrix, it is still something recent and studies have
intensified in recent years. I believe that the results of this thesis can be useful to inspire other
groups and also for companies to expand research into the antifungal activity of LABs. I still
believe that many studies are still needed to characterize the complex interactions between
fungal bacteria and the food matrix. With the knowledge obtained so far, I can affirm that I
still have many doubts and that, in a way, my critical thinking is already improved. Thus, I
believe that several experimental works can be considered and explored in the future. The

following are recommendations for further potential study:

Identification and quantification of antifungal compounds in vitro and the in situ

In our study, we were able to verify a strong antifungal activity of LAB both in the /n
vitro and In situ tests. We can indeed conclude that there was an antifungal activity in the
cheese matrix by the LAB. But we cannot prove what kind of antifungal compound was
produced and its quantity. Some recent studies, as we present in our published review article,
have sought to identify the compounds involved in the antifungal action, as well as the
interactions between fungal bacteria and the matrix and also synergistic action between the
compounds, because, some times, an antifungal compound can present a antifungal action

even in small proportions and/or an synergic action.

Challenge tests with different dairy products
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The centesimal composition of the food is also a major factor that can influence the
antifungal activity of LAB. The complexity of the matrix influences the bacterial adsorption
process as well all the characteristics related to its intrinsic factors (pH, Aw, oxido-reduction
potential, natural microrganisms, among others). Thus, it is interesting that the antifungal test

is performed in other other varieties of cheese and/or other dairy products in general.

Evaluation of shelflife of products with the LABs and compare with the commercial cultures
A demand from the dairy industries is, in fact, in addition to providing bioprotection to
their products, it is to increase their shelf life. Adjunct culture strains may be able to retard the
growth of pathogenic and spoilage microorganisms for long periods. In order to verify the
ability of LAB to increase the shelf life of dairy products, this would also be another test to be

performed.

Performed the antifungal assay with the LABs in combination (Mixes)

The synergistic effect of mixed cultures is also a possibility to be explored,
considering that in addition to providing bioprotection related to filamentous fungi, it can also
present on other microorganisms such as pathogenic ones. In addition, the use of mixed
cultures can help in the antifungal action against a wider spectrum of filamentous fungi,
considering that some can acquire resistance to certain types of acids as discussed in our IV

Chapter.

Evaluation of technological and safety aspects, impact on the processing and sensory
properties of products.
The strains studied for in vitro and in situ antifungal activity can be subjected to

several complementary tests before proceeding to their potential application as a
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bioprotective. Therefore, we strongly recommend evaluating the safety of the strains, as well
as tests related to their technological potential. Some strains that we used in the study, mainly
those of the genus Weissella, already have characterizations, as described by Teixeira et al.
(2021). Another important point, especially before starting a test on a pilot scale, we

recommend checking the sensory properties on the processing with culture to be tested.

Performed the antifungal assay in pilot scale

Once the bioprotective potential of a strain has been verified and proven in both in
vitro and in situ tests, the last step is to carry out the tests on a pilot scale. This stage is carried
out as one of the last phases of the strategy to identify a bioprotective culture. ~ This step 1is
performed last because it involves a greater amount of resources; where it aims evaluate the
potential that the culture will in fact meet the needs of the market. The pilot test tries to mimic
the conditions of a large-scale industrial production, but is carried out on smaller-scale
equipment (size and energy demand), also with the aim of reducing analysis costs and
preventing the industrial processing plant from being paralyzed, even temporarily, to carry out
the test. In these cases, the bioprotective culture can be added during product processing or

inoculated during the final stages of processing, depending on the food product.

Inhibitory effect of LABs against others filamentous fungal

Different filamentous fungi can present different mechanisms of resistance to
antifungal compounds, Aspergillus, for example, has its cellular structure with melanin that
confers a certain resistance to this fungal. And as stress response mechanisms, studies have
already been characterizing Aspergillus species with resistance to acids. In our research

group, we recently carried out an experimental /n vitro test (to be published) with some fungi
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from our collection that are already showing a certain resistance to chemical preservatives in
the maximum concentration allowed by brazilian legislation (RDC N° 4, DE 15 DE
JANEIRO DE 2007), such as sodium benzoate, potassium sorbate (1000 mg/kg) and
natamicin (5 mg/kg for cheese on the surface, cannot be detected at a depth of 2 mm and must

be absent on the inside of cheese) (See figure below).

Sodium benzoate Potassium sorbate Natamicin

Thus, considering the importance of these fungi and the possibility of resistance to acids and
mainly to the usual chemical preservatives, we strongly recommend that tests be carried out
on various types of fungi and especially on those that are already present in the dairy products

and your environment.
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+ Bactericidal and bacteriostatic effects of sodium polyphosphate emulsifying salts on

selected targets in processed cheese

e Manuscript published in Food Control

DOI: https://doi.org/10.1016/j.foodcont.2022.109580

Abstract

Processed cheeses (PC) are products with extended shelf-lives, they have in their composition
such additives as emulsifying salts and preservatives. Emulsifying salts are used due their
desirable emulsification properties, however, little is known about their inhibitory activity
against microorganisms that can survive and multiply in these products; jeopardizing cheese
quality or even posing as hazards to consumers. The aim is to determine how mixtures of
emulsifying salts (ESSP: emulsifying salt composed of short polyP; BSLP: bacteriostatic salt
composed of long polyP; and trisodium citrate) can influence the microbial populations in PC
during 90 days of storage. A total of 14 treatments (T1 - T14) were evaluated against eight
target strains (Bacillus cereus INV  10(3); Bacillus  subtilis ATCC 19659; Bacillus
thuringiensis CFBP 3476; Clostridium perfringens ATCC 13124; Enterococcus
faecalis FAIR-E  179; Listeria monocytogenes Scott  A; Pseudomonas fluorescens 07A;
and Staphylococcus aureus ATCC 6538) inoculated into PC. A treatment composed of
emulsifying salts without antimicrobial effect (ESSP 1.5%) was considered as the positive
growth control, and another treatment composed of antimicrobial additives (nisin and
potassium sorbate) was considered as the negative growth control. Bacterial growth was

analyzed using ANOVA and Tukey (p <0.05), based on selected treatment grouping. Most
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treatments resulted in some level of bactericidal or bacteriostatic effect against the target
microorganisms. Bactericidal activity was evident against Bacillus spp., and bacteriostatic
effect was clear against C. perfringens, E. faecalis, L. monocytogenes and S. aureus (p < 0.05)
during the storage period. T13, composed of 1.5% BSLP, presented results comparable to
those observed for the negative control for bacterial inhibition in PC samples during 90 days
of storage. T13 was able to reduce the B. cereus INV 10(3) and B. thuringiensis CFBP 3476
population more than the negative control (p <0.001), as well as present better results for the
inhibition of C. perfringens ATCC 13124 and L. monocytogenes Scott A by the end of
storage. The performance of the negative control was better than T13 only against S. aureus -
ATCC 6538 (p<0.001). Taken together, the results contribute to expanding the
understanding of emulsifying salt application in PC, with a focus on microbiological safety

and shelf-life.
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+ Inhibitory activity of an emulsifying salt polyphosphate (JOHA HBS®) used in
processed cheese: An in vitro analysis of its antibacterial potential

e Manuscript published in Lebensmittel-Wissenschaft und-Technologie

DOI: https://doi.org/10.1016/j.1wt.2022.113777

Abstract

In the present study, the inhibitory activity of a commercial polyphosphate (JOHA® HBS)
was tested in vitro against 21 bacterial strains. Firstly, the antimicrobial activity of JOHA®
HBS, at different concentrations (from 0.5 to 2.0%) was evaluated in different agar and broth
media (namely, Brain Heart Infusion: BHI; Nutrient: NT; Plate Count: PCA; Trypticase Soy:
TSA/B), using streak assay (agar) and culture enumeration (broth). Furthermore, the bacterial
inhibition of JOHA® HBS (at different concentrations, from 0.2% to 3.0%) was evaluated
both on NT agar and broth medium, by streak assay, agar-spot method, and by spot-on-the-
lawn and well-diffusion method. Finally, the JOHA® HBS antimicrobial activity was tested
on NT agar at pH 6.3. Results of the streak assay on NT agar showed that 11 out the 21 tested
strains were highly inhibited at 0.5% of JOHA® HBS. Interestingly, at adjusted pH levels,
JOHA® HBS concentrations of 1.0% (w/v) were able to inhibit the same targets, confirming
the antimicrobial effect of JOHA® HBS. This study reveals that NT medium and agar-based
tests are required to properly test the inhibitory activity of polyphosphates. Furthermore,
results confirmed the antimicrobial activity of JOHA® HBS, at low concentrations, against

target bacteria of interest to the dairy industry.
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+ Fungos deterioradores em leite e derivados: Alternativas para a reducio do uso de

conservantes quimicos

Manuscript published in Revista Industria de Laticinios

Authors: Luana Virginia Souza, Evandro Martins, Raiane Rodrigues da Silva, Anténio

Fernandes de Carvalho

+ Characterization of silver nanoparticles and evaluation of their antimicrobial effect
on Salmonella
Manuscript published in Research Society and Development
e DOI: 10.33448/rsd-v919.6435.

Abstract

Currently, the success of nanotechnology affects several areas of science, medicine,
technology and, especially, the food industry. Silver nanoparticles (Ag-NPs) stand out, with
their antimicrobial effect. Salmonella is a cause of foodborne diseases and there are reports of
resistant serotypes. The use of Ag-NPs is an alternative for bacterial control in foods. The aim
of this study was synthesize, characterize and verify the antimicrobial activity of Ag-NPs on
serotypes of Salmonella. The size of Ag-NPs was estimated and it was possible to detect two
populations of 4.7 + 0.09 and 35.7 £ 2.12. The zeta potential was -33.7 = 11.8 mV indicating
good dispersion stability. Ag-NP antimicrobial activity was determined from minimum
inhibitory  concentration (MIC).The lowest MIC found was 4.7 pgmL’
! for Salmonella Enteritidis and the highest was 27.7 ug-mL! for Salmonella Infantis 1
isolate.The use of Ag-NPs is promising with respect to antimicrobial activity, however,
improvements in synthesis methods should be explored in order to make commercial use

viable.
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