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RESUMO

Frutas sdo fontes de leveduras com propriedades biotecnoldgicas nas quais pesquisas tém se
focado visando as caracteristicas que podem agregar aos produtos fermentados. Diversas frutas
abundantemente produzidas no Bioma Caatinga tém sido exploradas como fonte de compostos
bioativos, entretanto tém sido escassamente exploradas como fonte de leveduras com potencial
biotecnologico, ou mesmo como matrizes para o desenvolvimento de formulacGes derivadas da
fermentacdo por leveduras. O presente trabalho teve como objetivo a avaliagdo do potencial
biotecnologico de leveduras isoladas a partir graviola e umbu-caja naturalmente fermentadas.
Leveduras foram isoladas a partir de graviola e umbu-caja fermentadas naturalmente. Os
isolados foram identificados via MALDI-TOF e as leveduras Hanseniaspora opuntiae 125,
Issatchenkia terricola 129 e Hanseniaspora opuntiae 148 foram selecionadas para fermentagéo
de polpas de graviola e umbu-cajad com base em seu score de identificacdo e historico de
aplicacdo em alimentos. As polpas fermentadas foram caracterizadas quanto a aspectos fisico-
quimicos (pH, sélidos sollveis e acidez titulavel), perfil de acUcares, acidos organicos,
compostos volateis e fenolicos (perfil e bioacessibilidade). As polpas sofreram mudancas na
composicao quando submetidas a fermentacdo pelas leveduras isoladas e as cepas H. opuntiae
125 e I. terricola 129 mantiveram a viabilidade na amostra de graviola mesmo apds condicoes
gastrointestinais simuladas (> 6 log UFC/g). A fermentacdo das polpas de frutas com as
leveduras influenciou na quantidade e bioacessibilidade dos fendlicos evidenciando a
ocorréncia de biotransformacdo destes compostos. De modo geral, a fermentacdo com as
leveduras aumentou a quantidade de compostos fendlicos bioacessiveis, mas 0 aumento variou
com a cepa e fruta avaliada. A cepa I. terricola 129 foi escolhida para testes in vitro de
modulagdo da microbiota intestinal de adultos de meia-idade hipertensos devido aos efeitos
produzidos nas polpas durante a fermentacéo e por sua baixa producao de etanol. A abundancia
relativa dos grupos bacterianos foi avaliada por meio de fluorescéncia de hibridizagéo in situ
acoplada a citometria de fluxo multiparamétrica durante fermentacdo coldnica in vitro por 48
horas. Durante a fermentacao foram mensurados valores de pH e aliquotas foram retiradas para
analises de acgucares, acidos organicos e compostos fendlicos. A polpa de graviola fermentada
com I. terricola 129 melhorou a microbiota por aumentar a abundancia relativa de Lactobacillus
spp. e Bifidobacterium spp. e reduzir a abundancia relativa de Eubacterium rectale/Clostridium
coccoides e Clostridium histolyticum, resultando no maior indice prebidtico entre os produtos
testados. Ao mesmo tempo, observou-se 0 consumo de ramnose e acido galico e maiores teores
de acidos acético e propidnico e procianidina B2. Os resultados evidenciam as alteraces
decorrentes da fermentacdo de polpas de frutas da Caatinga com leveduras isoladas de frutas e
indicam potencial beneficios da polpa fermentada de graviola com 1. terricola 129 na
microbiota coldnica de adultos hipertensos de meia-idade.

Palavras-chave: compostos fendlicos, bioacessibilidade, microbiota intestinal, Annona
muricata L., Spondias spp.



ABSTRACT

Fruits are sources of yeast with biotechnological properties on which research has focused on
the characteristics they can add to fermented products. Several fruits abundantly produced in
the Caatinga Biome have been explored as a source of bioactive compounds, however they have
been scarcely explored as a source of yeast with biotechnological potential, or even as matrices
for the development of formulations derived from yeast fermentation. The present work aimed
to evaluate the biotechnological potential of yeasts isolated from naturally fermented soursop
and umbu-caja. Yeasts were isolated from naturally fermented soursop and umbu-caja. The
isolates were identified via MALDI-TOF and the yeasts Hanseniaspora opuntiae 125,
Issatchenkia terricola 129 and Hanseniaspora opuntiae 148 were selected for fermentation of
soursop and umbu-caja pulps based on their identification score and history of application in
food. The fermented pulps were characterized regarding physical-chemical aspects (pH, soluble
solids, and titratable acidity), sugar profile, organic acids, volatile and phenolic compounds
(profile and bioaccessibility). The pulps showed changes in composition when subjected to
fermentation by the isolated yeasts and the strains H. opuntiae 125 and 1. terricola 129
maintained viability in the soursop sample even after simulated gastrointestinal conditions (> 6
log CFU/g). The fermentation of fruit pulps with yeast influenced the quantity and
bioaccessibility of phenolics, demonstrating the occurrence of biotransformation of these
compounds. In general, fermentation with yeast increased the amount of bioaccessible phenolic
compounds, but the increase varied depending on the strain and fruit evaluated. The I. terricola
129 strain was chosen for in vitro tests to modulate the intestinal microbiota of hypertensive
middle-aged adults due to the produced effects on the pulp during fermentation and its low
ethanol production. The relative abundance of bacterial groups was evaluated using
fluorescence in situ hybridization coupled to multiparametric flow cytometry during in vitro
colonic fermentation for 48 hours. During fermentation, pH values were measured, and aliquots
were taken for analysis of sugars, organic acids, and phenolic compounds. Soursop pulp
fermented with I. terricola 129 improved the microbiota by increasing the relative abundance
of Lactobacillus spp. and Bifidobacterium spp. and reduce the relative abundance of
Eubacterium rectale/Clostridium coccoides and Clostridium histolyticum, resulting in the
highest prebiotic index among the products tested. At the same time, the consumption of
rhamnose and gallic acid and higher levels of acetic and propionic acids and procyanidin B2
were observed. The results highlight the changes resulting from the fermentation of fruit pulps
from the Caatinga with yeasts isolated from fruits and indicate potential benefits of fermented
soursop pulp with I. terricola 129 on the colonic microbiota of middle-aged hypertensive adults.

Keywors: phenolics, bioaccessibility, intestinal microbiota, Annona muricata L., Spondias spp.



LISTAS DE TABELAS

TABELAS DO ARTIGO DE REVISAO

Table 1 — Relevant studies approaching potential probiotics, isolation sources and main
functional features of strain isolated from fruits, flowers, and traditional fermented
TOOAS/DEVEIAQES ...ttt et ae e e rs 24

Table 2 — Main studies assessing the effects of probiotic isolated from unconventional sources
Table 3 — Main studies that evaluated the technological properties of strains isolated from fruits
AN VEGELADIES.......cvieeece e 41
Table 4 — Main studies that evaluated the techno-functional properties of strains isolated from
traditional fermented fOOdS/DEVEIAgES.........ccvviiiiiiiiiieee e 47

TABELAS DO ARTIGO |

Table 1 — Concentrations of sugar and alcohol in fermented and non-fermented pulp fruits pulps

(72 h) by H. opuntiae 125, I. terricola 129 or H. opuntiae 148 ............cc.ceevnee. 100
Table 2 — Concentrations of organics acids in fermented and non-fermented pulp fruits pulps
(72 h) by H. opuntiae 125, 1. terricola 129 or H. opuntiae 148 ............c.ccccu..... 101

Table 3 — Concentration of volatile compounds (ng/mL) detected by GC-MS in fruits pulps
before and after fermentation (72 hours) by yeast cultures H. opuntiae 125, I.
terricola 129 or H. opuntiae 148 and their sensory attributes ..............cc.coeeee. 101
Table 4 — Bioaccessibility of phenolic compounds in unfermented soursop pulp (control) and
fermented by yeasts H. opuntiae 125, . terricola 129 or H. opuntiae 148 ........ 103
Table 5 — Bioaccessibility of phenolic compounds in unfermented umbu-caja pulp (control)
and fermented by yeasts H. opuntiae 125, I. terricola 129 or H. opuntiae 148 .105

TABELA SUPLEMENTAR DO ARTIGO |

Table S1 - Viable cell counts of H. opuntiae 125, 1. terricola 129 or H. opuntiae 148 in soursop

and umbu-caja fruit pulps before and after fermentation ................c..cccoveeenen 109



TABELAS DO ARTIGO I

Table 1 — Hybridized bacterial groups in the treatments SOUR-IT129, UMB-1T129, SB
(CNCM 1-745), and Control at time zero, 24, and 48 h of in vitro colonic

L= 000 01 e= LT o TR 118
Table 2 — Prebiotic indexes of the treatments SOUR-1T129, UMB-1T129, SB (CNCM 1-745),
and control at time 24 and 48 h of in vitro colonic fermentation ...........c.......... 119

Table 3 — pH values, sugar, and organic acid contents in the treatments SOUR-1T129, UMB-
IT129, SB (CNCM 1-745), and Control at time zero, 24 and 48 h of in vitro colonic

FEIMENTALION. ... e te et eaaeas 119
Table 4 — Phenolic compounds contents (mg/L) in the treatments SOUR-1T129 and UMB-
IT129 at 24 and 48 h of in vitro colonic fermentation.............c.c.ccoeeveveveerieennen, 120

TABELAS SUPLEMENTARES DO ARTIGO 11

Table S1 — Physicochemical parameters of fruit pulps fermented by I. terricola 129.......... 124

Table S2 — External standard used to quantify phenolic compounds, sugars, and organic acids

Table S3 — Identification code of yeast isolate, partial sequence, species identified, and
accession number in the corresponding GenBanK..............ccccoveviiiiiic e, 126
Table S4 — Alterations (increase or decrease) in the relative abundance of distinct bacterial
groups in the treatments SOUR-1T129, UMB-IT129, SB (CNCM 1-745), and
control at time 24 and 48 h of in vitro colonic fermentation. .............cccccevvenne. 127
Table S5 — Correlation matrix (Pearson) between different SCFA values, phenolic compounds,

and relative abundances of bacterial groups during in vitro colonic fermentation



LISTAS DE FIGURAS
FIGURAS DO ARTIGO DE REVISAO
Fig. 1. — Main genera of yeast and bacterial isolates and assays for probiotic potential ......... 23
Fig. 2. — Most relevant in vivo and in VItro €ffeCtS..........ccevieiiiiiiiie e 31
Fig. 3. — Unconventional sources of microbial isolation and their techno-functional properties40

FIGURAS DOS TOPICOS COMPLEMENTARES

Figura 1 — Graviola iN NALUFA...........cceiiieiieie ettt sre e esreenee s 62

Figura 2 — UmbU-Caja IN NATUFA ........c.eoviiieie ettt ae e sre e esre e 63

FIGURAS DOS MATERIAIS E METODOS

Figura 3 — Desenho de execuc¢do do estudo do potencial biotecnologico de leveduras isoladas

de frutas da caatinga fermentadas. ...........cocoviiiiieiiieien s 68
Figura 4 — Placa de petri cCOntendo 1eVEAUIAS ...........ccoviiiiiiiiieieereesee e 70
Figura 5 — Frascos contendo amostras em incubadora orbital .............ccccooeiiiiniiniinien 74

FIGURAS DO ARTIGO |

Fig. 1. — Viable cell counts of H. opuntiae 125, I. terricola 129 or H. opuntiae 148 before
simulated digestion (a), gastric phase (b) and intestinal phase (c). (A) soursop pulp,

(B) UMDBU-CAJA PUIP ..ot 106

FIGURAS SUPLEMENTARES DO ARTIGO |

Fig. S1. — Area percentage of volatiles group identified by GC-MS in fermented pulps and
FESPECTIVE CONTIOIS ...ttt bbb 110
Fig. S2. — Principal component analysis (PCA) of groups of volatile compounds in fruit pulps:
volatile compound (circles) and formulations (vectors). (A) soursop pulp, (B)

UMDBU-CAJA PUID .o e 111



Fig. S3. — Principal component analysis (PCA) of the phenolic compounds in fruit pulps after
Varimax transformation (D): phenolics compounds and bioaccessible phenolic
compounds (B) (vectors) and formulations (circles). (A) both fruits, (B) soursop

pulp, (C) UMbBU-CAJA PUIP ..cvveieieeee s 112

FIGURAS DO ARTIGO 11

Fig. 1. — Variables of the principal component analysis (PCA) with relative abundance of
hybridized bacterial groups, short chain fatty acids, and phenolic compounds
analyzed during in vitro colonic fermentation in the treatments SOUR-1T129,
UMB-1T129 at time zero, 24, and 48 N .....ccooviiiiiiicseee e 121

FIGURAS SUPLEMENTARES DO ARTIGO 11

Fig. S1. — Relative abundance within the measured bacterial groups during in vitro human

colonic fermentation in in the treatments SOUR-IT129, UMB-IT129, SB (CNCM
I-745), and Control at time zero, 24 and 48 N........ccoccvvveviiiiie e 129



Bac 303
BAL

Bif 164
CFM
Chis 150
CLAE
ECA
Erec 482
FISH
Lab 158
MRS
SCFAs
TGl
YPD

LISTA DE ABREVIATURAS E SIGLAS

Bacteroides spp./Prevotella spp.

Bactéria latica

Bifidobacterium spp.

Citometria de Fluxo Multiparamétrica
Clostridium histolyticum

Cromatografia Liquida de Alta Eficiéncia
Enzima conversora de angiotensina |
Eubacterium rectale/Clostridium coccoides
Fluorescence in situ hybridization
Lactobacillus spp./Enterococcus spp.

de Man, Rogosa e Sharpe

Short-chain fatty acids

Trato gastrointestinal

Yeast Peptone Dextrose



SUMARIO

1 LN ESI0] 561070 T 17
2 REFERENCIAL TEORICO ......ooovivieveeeeeeeese et ses s nen s 20
2.1 ReVISAO U€ IITEIatUNA......ccieii ettt st 20
2.2 TOPICOS COMPIEMENTAIES ......cviieiieiiieee e 56
2.2.1 Fermentagao NAtUAL...........c.coeiieiieie e 56
2.2.2 Leveduras em produtos fermentados de fruta............ccccoveviiieiiene s 58
2.2.3 Frutas da caatinga com potencial para aplicacdo biotecnologica ..........ccocovevenenne. 61
2.2.4 Efeitos dos compostos fendlicos sobre a satide dos individuos............ccceevrereenennn, 64
2.2.5 Modulacao da microbiota intestinal na hipertensao arterial ............c.ccccooeveeverieenenn, 65
3 MATERIAIS E METODOS .......coiiieiieeeieeessieeeesesiesesesss s sssesssssssssssessenssssssanes 67
3.1 TIPO U8 ESTUO. ...ttt b bbbt 67
A AN 40 [0 ] (- P TOURUROTRUPPPRPRS 67
3.3 Delineamento eXperimental...........c.ccceoveiieiiiiie i 67
3.4 Processamento das amostras e fermentacao ...........ccccceveeveiie i i 69
3.5  Contagens microbianas e isolamento de 1eVeduras...........c.ccoovvveiivervniiesieenesienens 69
3.6 Identificacdo preliminar via MALDI-TOF MS e selecdo das cepas ..........cccceeuenee. 71
3.7 Avaliacdo in vitro dos atributos de seguranga das leveduras.............ccccoocvrvviieeienn. 72
BT L HEMOLISE .t bbbttt bbbt r et 72
3.7.2  ALIVIAAAE U8 DINASE.......eouieiieieiesie ettt sttt neeneas 72
3.7.3  Hidrolise de gelating...........ccvoerieieiieeicese e e 72
3.8 Aplicacdo tecnoldgica das leveduras na fermentacgdo de polpas de frutas .............. 73
3.8.1 Fermentacdo das polpas de frutas .........c.ccvvevui e 73
3.8.2 Condicdes simuladas do TGI e bioacessibilidade de compostos fendlicos............. 73
3.8.3 Anadlise de acucares, acidos organicos, compostos fenolicos e alcool .................... 75
3.8.4  Analise de COMPOSLOS VOIALEIS...........eiiiiriiiiiieie e 77
3.9  Sequenciamento genético das cepas Selecionadas...........ccccvevveiveeviececieseece e, 77

3.10 Awvaliacao dos efeitos das polpas fermentadas na fermentacéo col6nica in vitro.... 78
3.10.1 Inoculo fecal humano de adultos hipertensos de meia-idade ............ccocovvvviieieennn. 78
3.10.2 Preparacdo de meios de cultura e fermentacdo colOnica ...........cccocvevvvieeivereciiennnn, 79
3.10.3 Abundancia relativa de grupos bacterianos avaliados por fluorescéncia de hibridizacdo

in situ acoplada com citometria de fluxo multiparamétrica ............cccoceevevvieiie i, 79



3.10.4 Determinagdo do indice PrebidtiCo ........coooeieiiiieieie e 82

3,11 ANALISES BSTALISTICAS ....ecvveeivieiiicctie ettt ettt be e e aeenrae s 82
4 RESULTADOS .....oooeieieeieeeteeteeeeesessteseesesses sttt sesssssassss s sanesssnnens 83
REFERENCIAS ..ottt st en st s st nass st s s s nssnsn s 85
APENDICE A = ARTIGO | oottt ness s anensnes 96
APENDICE B = ARTIGO [l .ot 114
ANEXO A — PARECER CONSUBSTANCIADO DO COMITE DE ETICA...... 130

ANEXO B — TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO......134



17

1 INTRODUCAO

Embora o Brasil possua ampla variedade de frutas em sua mata nativa, a maior parte das
frutas que sdo comercializadas localmente tem origem europeia, africana ou asiatica. O Bioma
Caatinga, que se encontra situado na Regido Nordeste do Brasil, possui uma grande variedade
de frutas que s&o pouco estudadas e continuam desconhecidas pela maioria dos brasileiros.

Diversas frutas nativas ou cultivadas na Caatinga sdo consumidas apenas localmente e
permanecem pouco exploradas industrialmente devido a elevada perecibilidade, porém, tém
chamado a atengdo da comunidade cientifica em razdo da sua composi¢do nutricional e
contetido de compostos bioativos (ALBUQUERQUE et al., 2016; DUTRA et al., 2017).

Estudos tém sido realizados, entretanto, ainda ha escassez de pesquisas relacionadas as
espécies de frutas consumidas localmente, tais como, a graviola e 0 umbu-caja, principalmente
no que diz respeito a sua exploracdo como matéria-prima para aplicacdo biotecnoldgica e
desenvolvimento de novos produtos.

A graviola (Annona muricata L.). é uma das frutas produzidas no Bioma Caatinga que
tem se destacado e despertado o interesse de pesquisadores e consumidores devido ao seu valor
nutricional. Pertencente a familia Annonaceae a espécie é originaria do Caribe e nativa dos
trépicos americanos, apresentando-se como uma arvore frutifera cujo fruto é apreciado por sua
polpa levemente acida, aromatica e suculenta (CEBALLOS; GIRALDO; ORREGO, 2012),
além de sua rica composi¢do em compostos bioativos tais como polifendis, e elevado conteido
de fibra alimentar e carboidratos (SIQUEIRA et al., 2015; AGU e OKOLIE, 2017; CHANG et
al., 2018). Devido a sua composi¢cdo possui propriedades antioxidantes, anti-inflamatdrias e
hipoglicemiantes, sendo seus compostos bioativos prevalentes as acetogeninas, os alcaloides e
compostos fendlicos tais como os derivados dos acidos cinamico e p-cumarico que podem
contribuir para os efeitos benéficos da graviola na satde (JIMENEZ et al., 2014; CORIA-
TELLEZ et al., 2016).

Dentre as frutas nativas abundantes na Caatinga, o umbu-caja (Spondias spp.) também
possui elevada concentracdo de compostos fendlicos (ZERAIK et al., 2016). A espécie pertence
a familia Anacardiaceae e caracteriza-se como um hibrido natural entre umbu (Spondias
tuberosa) e o caja (Spondias monbin) (GONDIM et al., 2013), sendo ainda apontada como
hibrida entre as espécies Spondias tuberosa e Spondias dulcis (caja-manga) (NOBRE et al.,
2018).
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Obtidos principalmente de forma extrativista, os frutos da umbu-cajazeira sdo
encontrados em plantios desorganizados, distribuidos pela regido Nordeste, sendo
comercializados por pequenos produtores e utilizados principalmente na forma processada
como polpas, sucos, nectares e sorvetes (LIMA et al., 2002; GONDIM et al., 2013; SANTOS
et al., 2021). Devido ao seu teor de polifendis totais, o consumo de seus frutos pode contribuir
para o aporte de antioxidantes na dieta (MOREIRA et al., 2012; DUTRA et al., 2017).

Assim, devido as propriedades sensoriais atrativas e 0 aumento do reconhecimento do
valor nutricional e terapéutico das frutas tropicais e exoticas, sua procura tem se elevado nos
mercados nacional e internacional (RUFINO et al., 2010; ALBUQUERQUE et al., 2016). Além
disso, as frutas tém sido amplamente recomendadas para a prevencdo de doengas
cardiovasculares tais como a hipertensdo, diabetes mellitus tipo 2 e alguns tipos de cancer
(LIMA et al., 2018), sendo que determinados fenolicos presentes nos alimentos tém se mostrado
promissores devido a seus efeitos hipotensores, especialmente daqueles com capacidade de
inibir a enzima conversora de angiotensina | (ECA) (ALU'DATT et al., 2019).

Algumas frutas da Caatinga tém sido especialmente exploradas no que diz respeito aos
compostos bioativos, entretanto tém sido escassamente exploradas como fonte de leveduras
com potencial biotecnoldgico, ou mesmo como matrizes para 0 desenvolvimento de
formulacGes derivadas da fermentacgéo por leveduras.

Diferentes espécies de leveduras com capacidade metabolica distintas estdo presentes
na microbiota autdctone de frutas estando envolvidas na fermentacdo espontanea destes
substratos. Leveduras dos géneros Aureobasidium, Candida, Meyerozyma e Saccharomyces ja
foram isoladas de abacaxi (AMORIM; PICCOLI; DUARTE, 2018), de azeitonas pretas
(BONATSOU; PARAMITHIOTIS; PANAGOU, 2018) e diversas outras matrizes alimentares
tém sido exploradas na busca por novas cepas.

Por serem normalmente resistentes a antibi6ticos e ndo transferirem esses genes a outros
microrganismos, as leveduras podem trazer vantagens nos processos fermentativos em relacao
as bactérias laticas (RAIl; PANDEY; SAHOO, 2019). Elas também podem levar a melhora da
salde e bem-estar do hospedeiro devido a sua capacidade de interagir com a matriz e produzir
substancias antioxidantes, tais como, carotenoides, acidos citrico e ascorbico, tocoferais, entre
outras que sio capazes de combater o estresse oxidativo (ARROYO-LOPEZ et al., 2012).

Nesse contexto, 0 conhecimento sobre os microrganismos envolvidos nos processos de
fermentagdo natural é de grande importancia, pois essas culturas ao serem isoladas podem ser

aplicadas em processos de obtencdo de produtos funcionais, tendo em vista os beneficios que
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podem ser obtidos por meio de seu metabolismo fermentativo (RESENDE et al., 2018).
Ademais, a dindmica populacional e os compostos responsaveis pelo sabor e aroma desses
alimentos fermentados podem ser mais bem compreendidos quando se identificam os
compostos produzidos durante esses processos (PUERARI; MAGALHAES-GUEDES;
SCHWAN, 2015).

Desse modo, o presente trabalho teve como objetivos: i) o isolamento de leveduras a
partir dos frutos graviola e umbu-caja naturalmente fermentados; ii) a avaliacdo do potencial
biotecnologico de cepas selecionadas para a producdo de polpas fermentadas; iii) a
caracterizagdo das polpas fermentadas obtidas quanto aos aspectos fisico-quimicos (pH, sélidos
solliveis e acidez titulavel), perfil de aguUcares, acidos orgéanicos, compostos volateis e
compostos fenolicos (perfil e bioacessibilidade); e a avaliacédo in vitro dos efeitos das polpas de
frutas fermentadas na modulacdo da microbiota intestinal humana de adultos hipertensos de

meia-idade.
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2 REFERENCIAL TEORICO

2.1 Revisao de literatura

A abordagem inicial da Tese foi embasada na bibliografia existente e se refere a
utilizacéo de frutas naturalmente fermentadas como fontes de leveduras e bactérias laticas com
potencial para aplicacdo biotecnoldgica na formulacdo de produtos alimenticios. Os estudos
apontam direcionamentos sobre a exploracdo de microrganismos de valor agregado, isolados a
partir de fontes ndo convencionais, o que foi compilado e descrito na revisdo de literatura

publicada no periddico Trends in Food Science & Technology.
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Background: Fruit, vegetables, flowers, and ethnic beverages may be a source of microbial species with techno-
functional and health-promoting properties.

Scope and approach: This review explored the added-value microorganisms isolated from unconventional sources
and their techno-functional and probiotic properties. Fruits (strawberry, guava, apple, peach, grape, and
papaya), vegetables (peppers, corn, zucchini, lettuce, cucumber, coffee beans, and olives), flowers (narcissus,
pink rose, red rose, yellow rose, and sunflower), and ethnic fermented beverages (tchapalo, tarubd, cauim,
chicha, caxiri, kombucha, and water kefir) are source of lactic acid bacteria (Lactobacillus and amended genera,
Leuconostoc, Enterococcus, Pediococcus, Fructobacillus, and Weissella) and yeasts (Saccharomyces, Candida, Pichia,
Rhodotorula, Torulaspora, Cryptococcus, Hansenula, and Debaromyces).

Key findings and conclusions: Strains isolated from unconventional sources showed antimicrobial capacity, pro-
duction of bioactive metabolites, and technological properties, suggesting their utilization as biopreservatives in
food products or against phytopathogens, and for improving the nutritional value and sensory characteristics of
food products. Their utilization as starter cultures in fermented foods may decrease the fermentation time and
improve the products’ characteristics. Some strains showed probiotic potential, presenting important adhesion
and auto and co-aggregation properties, cell surface hydrophobicity, safety, and resistance to the gastrointestinal
tract. These probiotic cultures showed anti-hypertensive, antilipidemic, immunomodulatory, and anti-diabetic
properties in in vitro assessments or animal models. However, clinical studies are necessary to demonstrate
the health effects in humans. In conclusion, cultures isolated from unconventional sources have a high potential
for use in processing and functionalization of foods and can be alternative tools for developing vegan probiotic
products.

1. Introduction

et al., 2017).
The microbial composition of fruits, raw vegetables, and naturally

More attention has been devoted to fruit, raw vegetables, and flowers
as source of microbial species with techno-functional and health-
promoting properties in the last decade. Besides, naturally fermented
foods have been explored as niches for the isolation of bacteria and yeast
strains with potential for biotechnological application and/or func-
tionalization of foods (Menezes et al., 2020; Pei et al., 2020; Semjonovs

* Corresponding author.
E-mail address: magnani2@gmail.com (M. Magnani).
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fermented beverages depends on the intrinsic (carbohydrate and protein
contents and pH values) and extrinsic (climatic conditions and har-
vesting) parameters (Fessard & Remize, 2019; Garcia et al., 2016).
Furthermore, it may be associated with pollinators that visit flowers and
fruits, birds fed with them, or insects (Rodriguez et al., 2019). Some of
these strains can antagonize other microorganisms and show
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biotechnological applications (Costa et al., 2018; Fessard et al., 2017;
Linares-Morales et al., 2020), while others can present important health
effects associated with their probiotic properties, such as microbiota
modulation (Costa et al., 2019), hypocholesterolemic,
anti-hypertensive, and hypoglicemic properties (Veron et al., 2019), and
immunomodulatory effects (Fakruddin et al., 2017).

In general, the microbial population of fruits and raw vegetables is
around 10° - 107 efu/g. Yeasts are the dominant group (10°-10° CFU/g),
and Saccharomyces, Candida, Pichia, Rhodotorula, Torulaspora, Crypto-
coccus, Hansenula, and Debaromyces are the most commonly found
genera (Barros et al., 2019; Di Cagno et al., 2013; Leff & Fierer, 2013;
Martins et al., 2019; Riesute et al., 2021). Otherwise, Lactic Acid Bac-
teria (LAB) comprises between 10% - 10* cfu/g (Di Cagno et al., 2013;
Leff & Fierer, 2013), and the most found genera are Lactobacillus, Leu-
conostoc, Enterococcus, Pediococcus, Fructobacillus, and Weissella (Fessard
et al., 2017; Rodriguez et al., 2019).

Yeasts have stood out for their favorable performance in biotech-
nological applications, such as fermentation and metabolite production
(Karim et al., 2020; Semjonovs et al., 2017; Taheur et al., 2020). In
addition, recent studies have demonstrated the probiotic potential of
several yeast strains isolated from fruits and vegetables (Hsiung et al.,
2020; Menezes et al., 2020). At the same time, LAB can have probiotic
properties and can produce organic acids (mainly lactic acid) and other
compounds contributing to increase the shelf life of food products and
improving their physicochemical and sensory characteristics (Costa
etal., 2018; Di Cagno et al., 2016; Oliveira, Aratjo, et al., 2020). Various
LAB strains have been isolated from fruit and vegetables, such as Lac-
tiplantibacillus plantarum CM-3 (former Lactobacillus plantarum CM-3)
from strawberry (Fragaria x ananassa Duch. Cv. “Hongyan”) (Chen
et al., 2020), Leuconostoc mesenteroides, Enterococcus mundti and
Enterococcus faecium from fruits (guava, green apple, and orange) and
vegetables (corn and chilaca and jalapeno peppers) (Linares-Morales
et al., 2020), Weissella paramesenteroides FX1, FX2, FX5, FX9, FX12 from
sapota, cherry, banana, orange, and plum smashed fruits (Pabari et al.,
2020), L. plantarum 49, Lacticaseibacillus paracasei 108 (former Lacto-
bacillus. paracasei 108) and L. plantarum 201 from fruits (mango and
acerola) and fruit by-products (mango, acerola, and soursop) (Garcia
et al., 2016), L. mesenteroides (OP4, OP9, OP21, OP18 and OP23) from
fresh fruits of Opuntia ficus-indica (L.) Mill. (Sanguigna genotype) (Di
Cagno et al., 2016), and L. plantarum LPBRO1 from coffee fruits (Pereira
et al., 2016).

Flowers have been attracting attention due to the presence of bac-
teria of the genus Fructobacillus that comprise species with fructophilic
characteristics, i.e., preference for p-fructose over p-glucose, producing
mannitol and acetate instead of ethanol (Behare et al., 2020; Maeno
et al.,, 2019; Patil et al., 2020; Sakandar et al., 2019). Mannitol is a
low-calorie polyol widely used in the food industry, suggesting that
these strains can serve as tools for biotechnological application (Behare
et al.,, 2020; Maeno et al., 2019). Recent studies have isolated fructo-
philic strains from various flowers and fruits such as F. fructosus MCC
3996 from nectar of Butea monosperma flower (Patil et al., 2020), and
F. pseudoficulneus JNGBKS, JNGBKS3, F. fructosus JNGBKS2, INGBKS4,
and F. durionis JNGBKS5 from fresh fruits (apple, banana, Chinese
peach, plum, cantaloupe, kiwi fruit, and lychee) and flowers (narcissus,
pink rose, red rose, yellow rose, and sunflower) (Sakandar et al., 2019).

Traditional fermented foods obtained from spontaneous fermenta-
tion, are exploited as rich microbial niches, including fermented cereal-
based beverages such as rice, corn, wheat, rye, cassava, or sorghum,
Among these beverages stand out tchapalo, taruba, cauim, chicha, caxiri,
and fermented drinks based on teas and fruit juices such as kombucha
and water kefir, which are produced by back-slopping from a consortium
of bacteria and yeasts (Aka et al., 2020; Freire et al., 2017; Grijalva--
Vallejos et al., 2020; Pei et al., 2020; Ramos et al., 2015; Taheur et al.,
2020). In naturally fermented beverages, the main microbial groups
comprise LAB, yeasts, and acetic acid bacteria, simultaneously found or
as predominant microbial groups during the fermentative process
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(Grijalva-Vallejos et al., 2020; Ramos et al., 2015). Several strains of
yeasts and LAB with techno-functional properties have been isolated
from ethnic beverages over the last years, such as Limosilactobacillus
fermentum S6 (former Lactobacillus fermentum S6) and Pediococcus acid-
ilactici 87 from tchapale (Aka et al., 2020), S, cerevisiae EYS5 and Tor-
ulaspora delbrueckii EGT1 from chicha (Grijalva-Vallejos et al., 2020),
L. plantarum SLG10, P. occidentalis, Candida sorboxylosa, Hanseniaspora
opuntiae, Komagataeibacter rhaeticus P 1463, and K. hansenii B22 from
kombucha (Pei et al., 2020; Semjonovs et al., 2017; Taheur et al., 2020),
L. plantarum CCMAO743 and T. delbrueckii CCMA0235 from cauim
(Freire et al., 2017), and L. plantarum, Levilactobacillus brevis (former
Lactobacillus brevis), L. mesenteroides, Bacillus subtilis, and T. delbrueckii
from taruba (Ramos et al., 2015).

Previous reviews have mainly explored the isolation of autochtho-
nous microorganisms from vegetables, fruits, or fermented foods and
beverages and their use as starters, without evidencing the production of
metabolites, application of these cultures as biopreservatives or in the
inhibition of phytopathogens (Pessoa et al., 2019; Torres et al., 2020;
Pérez-Armendariz & Cardoso-Ugarte, 2020). Furthermore, the in vitro
and in vivo probiotic effects of these isolated strains have not been
extensively reported. None of the reviews discussed the flower micro-
biota as a source of added-value species. Therefore, this review aimed to
explore the added-value microorganisms isolated from unconventional
sources (fruit, raw vegetables, ethnic fermented beverages, and flowers)
and their associated techno-functional and potentially probiotic prop-
erties. The main challenges in characterizing new probiotic strains and
functionalizing foods with these new strains are discussed. A focused
discussion of the main reported effects of these strains as biotechno-
logical tools and the known in vitro/in vivo health-promoting effects is
provided. Furthermore, the antagonistic effects, the active microbial
metabolites, and the effects on products’ technological and sensory as-
pects are presented. Finally, the field's future perspectives close this
review, making available information to help researchers in further
studies.

2. Probiotic potential of strains isolated from unconventional
sources

2.1. Selection of prebiotic cultures from unconventional sources

Probiotics are viable microorganisms that confer health effects to the
individuals when consumed in adequate amounts (Hill et al., 2014), The
strains mostly used as probiotics are LAB, represented by species of
Lactobacillus (L. acidophilus), Lactiplantibacillus (L. plantarum), Ligilacto-
bacillus (L. salivarius), Lacticaseibacillus (L. rhamnosus and L. casei), and
Limosilactobacillus (L. reuteri and L. fermentum). Furthermore, strains of
the Bifidobacterium genus (B. longum, B. animalis, B. bifidum, B. lactis,
B. breve, and B. infantis) and yeasts (Saccharomyces cerevisiae) are
commonly used (Pimentel et al., 2021).

Dairy products are the main probiotic products available in the
market. However, there is a demand for the development of non-dairy
probiotic products based on cereals, fruits, and vegetables because of
lifestyle choices (e.g., vegetarianism and veganism) and the increased
rates of milk allergy and lactose intolerance in the population (Vera--
Pingitore et al., 2016). However, most commercial probiotic strains are
derived from human gastrointestinal tract or dairy products (Pimentel
et al., 2021). Probiotic cultures used in plant-based fermented products
should preferentially be isolated from plant materials because
plant-derived substrates present significant technological and physio-
logical challenges to which strains of the intestinal origin or dairy
products might not be adapted (Gupta & Abu-Ghannam, 2012). Fig. 1
presents the main probiotic properties observed for microorganisms
isolated from fruit, vegetables, and ethnic fermented beverages.

Table 1 presents the main studies with potentially probiotic strains
isolated from unconventional sources and their main functional fea-
tures, The selection of probiotic strains considers several aspects,
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Fig. 1. Main genera of yeast and bacterial isolates and assays for probiotic potential.

including safety for the consumer (antibiotic susceptibility, hemolytic
activity, and mucin degradation), and physiological functionalities (acid
and bile salt tolerance, bile salt deconjugation, cell surface hydropho-
bicity, auto-aggregation, co-aggregation with pathogens, antagonistic
activity against pathogens, and capability of surviving during exposure
to gastrointestinal conditions). Furthermore, the technological aspects
(proteolytic and lipolytic activity, tolerance to NaCl, and EPS and
bioactive compounds production) may also be considered (Albuquerque
et al., 2018; Torres et al., 2020). Thus, the potentially probiotic strain
should consider all these aspects.

The growth temperature is a primary characteristic for selecting
probiotic strains since they must remain viable in the temperature found
in the host. Di Cagno et al. (2020) evaluated ten yeast strains belonging
to different species and previously isolated from plant matrices. Only
Saccharomyces cerevisiaee DDNA10, Pichia kudriavzevii DCNal, and
Wickerhamomyces subpelliculosus DFNb6 were able to propagate at the
temperature of 37 °C, which is the common temperature found in the
human body. Other previous studies also reported isolates from fruits
and vegetables with growth at 37 °C, which may be a differential for
human applications (Fakruddin et al., 2017; Oliveira et al., 2017). The
results suggest that it is important to evaluate the resistance of probiotic
cultures of vegetal origin to the target host’s temperatures, as the
adaptability to the host temperature may improve its survival and
health-related aspects (Gil-Rodriguez et al., 2015).

High viability and survival to adverse conditions are required for
probiotics since the microbial population, and its metabolism directly
relates to the effects on the environment or the host. Therefore, probiotic
cultures should survive the food environment (Fiocco et al., 2020).
Furthermore, the ability to survive in the upper digestive tract and reach
the large intestine demands tolerance to acidity and bile. Thus, the
microorganism’s survival to simulated gastrointestinal conditions is
predictive of its survival in the gastrointestinal tract (Xu et al., 2020).
Studies have shown that microorganisms isolated from fruits, vegeta-
bles, and flowers were able to withstand the simulated gastrointestinal
conditions, such as W. paramesenteroides isolated from citrus fruits
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(Pabari et al., 2020), Saccharomyces cerevisiae IFST062013 isolated from
fruit (unspecified) (Fakruddin et al., 2017), L. fermentum 296 isolated
from fruit by-products (Albuquerque et al., 2018), W. koreensis FK121
and Lactobacillus crispatus G19 isolated from south Indian fermented
koozh and guerkins (fermented cucumber), L. pentosus 129, L. brevis 59,
and L. fermentum 111 isolated from fruit by-products (Garcia et al.,
2016), L. buchneri SS50.4, L. plantarum SBR64.7, L. fermentum SS50.10
isolated from silage, artisanal salami, and cocoa beans (Leandro et al.,
2020), and F. fructosus MCC 3996 isolated from nectar of flowers
(B. monosperma) (Patil et al., 2020). The results suggest that acid and
bile salts tolerance are, generally, strain-specific and some strains iso-
lated from fruits and fruits by-products may not withstand the harsh
condition of the gastrointestinal tract (Albuquerque et al., 2018; Garcia
et al., 2016). Furthermore, it seems that strains isolated from sources
with high acidity may better tolerate the stomach’s acidic conditions
(Cao et al., 2019).

Co-aggregation and auto-aggregation are important probiotic char-
acteristics, as they allow the entrapment of bacteria in an aggregated
form, increasing the stability of microbial strains in the gastrointestinal
tract (Oliveira et al., 2017). Studies have described important
auto-aggregation performances among yeasts (Bonatsou et al., 2018; Di
Cagno et al., 2020; Hsiung et al., 2020; Menezes et al., 2020) and bac-
terial strains (Fernandez-Pacheco et al., 2020; Leandro et al., 2020; Patil
et al., 2020) isolated from fruits, flowers, and traditional fermented
foods. Albuquerque et al. (2018) reported that LAB isolated from fruit
by-products (L. plantarum 53, L. fermentum 60 and 296, and L. paracasei
106) showed high auto-aggregation capacity, resulting in a higher bar-
rier effect, preventing the colonization by pathogens, and increasing the
competition for sites with pathogens. The authors also reported impor-
tant co-aggregation properties of the probiotics against pathogens (Lis-
teria monocytogenes and Escherichia coli). The auto and co-aggregation
capacities were stated as strain-specific and dependent on the pathogen
and incubation time (Albuquerque et al., 2018; Anandharaj et al., 2015;
Patil et al., 2020).

Gut colonization by microorganisms is usually preceded by adhesion
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Table 1
Relevant studies approaching potential probiotics, isolation sources and main functional features of strain isolated from fruits, flowers, and traditional fermented
foods/beverages.
Strains Isolation source Performed test Findings References
Pichia kudriavzevii DCNal and Different fruits Simulated The cells remain viable in high Di Cagno et al. (2020)
Wickerhamomyces subpelliculosus gastrointestinal tract concentration, as well as after TGI
DFNb& (GIT) conditions simulated conditions.
Cell surface All strains presented high hydrophobicity
hydrophobicity and faster auto-aggregation, higher
Aggregation properties biofilm formation and antioxidant activity
Biofilm formation at different levels.
Antioxidant activity None of the strains was hemolytic and
Hemolytic activity both presented sensitivity to fluconazole
Antibiotic susceptibility  and nystatin.
Thirteen yeast strains Pistachio fruits (Pistacia vera) Simulated GIT Six from thirteen strains had a high Fernandez-Pacheco
conditions survival rate to the GIT conditions et al. (2020)
Antioxidant activity Different auto-aggregation and
Aggregation properties hydrophobicity rates.
Cell surface Diutina rugosa 14 followed by Diutina
hydrophobicity rugosa 8 were the best wild yeast as
Biofilm formation potential probiotic and Hanseniaspora
Molecular guilliermondii 6 and Aureobasidium proteae
identification presented notable biocontrol and
antioxidant capabilities.
Lachancea dasiensis JYC2615MN648701, Fermented food and beverages in Tolerance to acid and The strains were acid tolerant and had Hsiung et al. (2020)
Candida metapsilosis JYC2616, Taiwan bile salts good auto-aggregation and cell-surface
Rhodotorula mucilaginosa JYC2617, Cell surface hydrophaobicity.
Saccharomyces cerevisiae JYC2618, hydrophobicity The strains grew well under the bile salt
JYC2619, Brettanomyces bruxellensis Aggregation properties and acid conditions.
JYC2620, JYC2621 and Antioxidant activity The antioxidant capacities varied, and
S. boulardii 1-3799 Enzymatic activity majority had a good performance
Molecular regarding cell surface hydrophobicity and
identification [-galactosidase activity.
Weissella confusa MD1 and Weissella Fermented batter Tolerance to acid and The strains had high survivability in Lakra et al. (2020)
cibaria MD2 bile salts gastrointestinal conditions, tolerance to
Simulated GIT lysozyme and phenol, adhesion in
conditions intestinal epithelial cells (HT-29).

Lactiplantibacillus plantarum SBR64.7
and 5180.7 (former Lactobacillus
plantarum SBR64.7 and $180.7),
Lentilactobacillus buchneri $550.4
(former Lactobacillus buchneri $§50.4),
Limosilactobacillus fermentum $550.10
(former Lactobacillus fermentum
§850.10)

Nineteen LAB strains

Weissella paramesenteroides FX1, FX2,
FX5, FX9, FX12

Forage plants, cocoa beans

fermented

Theobroma cacao fermented fruit

Juice

Sapota, cherry, banana, orange,

and plum smashed fruits

Tolerance to phenol
Hemolytic activity

Cell surface
hydrophobicity
Aggregation properties
Antioxidant activity
Adhesion properties
Antibiotic susceptibility

Tolerance to acid and
bile salts

Simulated GIT
conditions

Cell surface
hydrophobicity
Antibiotic susceptibility
Aggregation properties
Adhesion properties
Bile salt deconjugation
Enzymatic activity
Biogenic amine
production

Hemolytic activity
Molecular
identification
Tolerance to acid and
bile salts

Acid and bacteriocin
production

Antibiotic susceptibility
Molecular
identification

Survival at pH 2.5 and
salt 1.0%

Enzymatic activity
Hemolytic activity
Adhesion properties
Antimicrobial activity

They also showed high bile salt hydrolase
activity towards sodium taurocholate and
bile salt mixture.

The intact cells showed strong antioxidant
activity and inhibition of linoleic acid
peroxidation, and biofilm formation.
Both strains showed sensitivity towards
conventionally used antibiotics, no
hemolytic activity and exhibited strong
auto-aggregation property and co-
aggregation with Listeria monocytogenes.
Eighty-two isolates were screened,
nineteen strains genotyping.

The species L. plantarum was prevalent.
The strains presented tolerance to acid
and capacity to grow in bile salts,
antimicrobial activity, susceptibility to
antibiotics, adhesion capacity and
negative virulence factors.

No biegenic amine production

The strain L. plantarum SBR64.71 was the
most promising for probiotic use.

All the tested LAB isolates showed at least
50% cells survival at pH 2 after incubation
up to 3 h.

They were also susceptible to antibiotics
amoxicillin (30 pg), erythromycin (15 pg),
chloramphenicol (30 pg) and imipenem
(10 pg).

Ability to survive acid pH and sodium
taurocholate.

Suitable adhesion to mucin, ability to
utilize low molecular weight
galactooligosaccharides (GOS) and
fructooligosaccharides (FOS), organic

Leandro et al. (2020)

Mabeku et al. (2020)

Pabari et al. (2020)

(continued on next page)
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Table 1 (continued)
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Strains Isolation source

Performed test

Findings References

Fructobacillus fructosus MCC 3996 Nectar of Butea monosperma flower

Levilactobacillus brevis B13-2 (former
Lactobacillus brevis B13-2)

Chinese cabbage kimchi

Latilactobacillus sakei AM2, AM8, AM32, Kimchi
ADM14, ADM19, YRM13, YRM20,
RGM12, GP32, GP48, GN57, YG19
(former Lactobacillus sakei AM2, AMS8,
AM32, ADM14, ADM19, YRM13,
YRM20, RGM12, GP32, GP48, GN57,
YG19),

L. plantarum S-2AM31 and Leuconostoc
pseudomesenteroides S-YRWM27, S-
YRWM28

Multiple LAB strains Fermented broccoli, cherry,

ginger, white radish, and white-

fleshed pitaya juice

Sixteen strains: Table olives biofilms
13 Lactiplantibacillus pentosus (former
Lactobacillus pentosus and) 3

L. plantarum Lpl15

L. plantarum
(25 different strains),
Enterococcus casseliflavus S4b

De’ang pickled tea

Ability to prebiotic
utilization
Short-chain fatty acids
(SCFAs) production
Biogenic amine
production

Molecular
identification
Tolerance to acid and
bile salts

Adhesion properties
Hemolytic activity
Antibiotic susceptibility

Tolerance to acid and
bile salts

Simulated GIT
conditions
Antioxidant activity
Enzymatic activity
Tolerance to acid and
bile salts
Intracellular
triglyceride level
Antibiotic susceptibility
Enzymatic activity
Molecular
identification

Tolerance to acid and
bile salts

Simulated GIT
conditions

Adhesion properties
Antibiotic susceptibility
Molecular
identification

Tolerance to acid and
bile salts

Antibiotic susceptibility
Lactic acid production
Aggregation properties
Simulated GIT
conditions

Presence of bsh genes
Hemolytic activity
Enzymatic activity
Molecular
identification
Tolerance to acid and
bile salts

Simulated GIT
conditions
Antioxidant activity
Adherence capacity
Antibiotic susceptibility
Molecular
identification
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acids and SCFAs production.

Biofilm formation, antimicrobial effect,
and not harbor any virulent traits.

The strains FX5 and FX9 were the best
performance.

No biogenic amine production

Survival rate 67-68% at pH 2and 3and 52 Patil et al. (2020)
to 8% from bile, besides 81% at synthetic
gastric juice.

Resistance to antibiotics amoxiclav,
carbenicillin, cefotaxime, ciprofloxacin,
colistin, co-trimoxazole, co-trimazine,
gatifloxacin, nitrofurantoin, norfloxacin,
oxacillin and streptomycin.

GRAS status.

L. brevis B13-2 exhibited tolerance against
artificial gastric acid and bile salts and did
not produce f-glucuronidase.

High DPPH radical scavenging activity,
Heat-

Song et al. (2020)

Two hundred and twenty-five lactic acid Won et al. (2020)
bacteria were isolated, fifteen strains were
tolerant to acid, and bile salts.

The strains showed excellent intestinal
cell adhesion, most of them did not
produce f-glucuronidase.

The susceptibility to ten tested antibiotics
was varied between the strains.

L. sakei ADM14 had the potential to be
used as a probiotic.

In broceoli and ginger juices, the genus
Lactobacillus occupied the dominant
position (79.0 and 30.3%, respectively); in
cherry and radish juices, Weissella
occupied the dominant position (78.3 and
83.2%); and in pitaya juice, Streptococcus
and Lactococcus occupied the dominant
positions (52.2 and 37.0%).

The antibiotic resistance profile, adhesion
properties and survival rates at simulated
gastrointestinal transit were distinct
among all the isolates indicating a high
level of diversity.

Five hundred and fifty-four lactic acid
bacteria were isolated, sixteen of which
had predominant genotypes and were
identified.

All sixteen strains showed different levels
of survival to simulated GIT, resistance to
pH and bile, susceptibility to antibiotics,
and ability to auto and co-aggregation.
f-hemolysis activity was detected for all
L. plantarum strains, but not for any of the
L. pentosus

Most strains do not exhibit a-glucosidase.
Twenty-six LAB strains were isolated.
Eighteen strains showed a higher
tolerance to simulated GIT

The strains showed adhesive abilities and
were auto-aggregative dependent on
species and even strains.

Two L. plantarum strains, ST and STDA10
exhibited good probiotic properties and
showed a good ability of scavenging DPPH
and ABTS+.

All tested LAB strains were resistant to
kanamycin, streptomycin, gentamicin,
and vancomycin and sensitive to
tetracycline and chloramphenicol.

Ten out of the eighteen strains are
resistant to ampicillin, and the remaining
strains are sensitive to ampicillin.

Xu et al. (2020)

Benitez-Cabello et al.
(2019)

Cao et al. (2019)
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L. plantarum P24-1, P24-2 P24-3, P24-4,
P24-, P24-6, P24-8 and Pediococcus
acidilactici A1-2, A2-1

Twenty-one LAB isolates

Saccharomyces cerevisiae (KU200270,
KU200280, and KU200284)

103 bacterial isolates most of which
were Bacillus sp., Enterobacter sp.,
Acinetobacter sp., Pantoea sp.,
Microbacterium sp., Klebsiella sp.,
Sphingomonas sp.,Ornithinibacillus sp.,
Myroides sp., Kocuria sp., Alcaligenes
sp., and Brevundimonas sp.

A hundred and sixteen yeasts isolated

Fructobacillus pseudoficulneus INGBKS,
JNGBKSS3, F. fructosus JNGBKS2,
JNGBKS4, F. durionis JNGBKS5,
Apilactobacillus kunkeei INGBKS6,
JNGBKS7, JNGBKSS (former
Lactobacillus kunkeei JNGBKS6,
JNGBKS7, JNGBKS8)

L. plantarum, Enterococcus faecalis,
Lactiplantibacillus paraplantarum
(former Lactobacillus paraplantarum),
and Weissella paramesenteroides

L. pentosus CHIG, NAG1 L. fermentum
PRS1

Pulque and aguamiel

Fresh vegetables (cauliflower,
gherkins, cluster beans, fenugreek,
cow pea, bitter gourd, french
beans, tomato, ridged gourd,
cucumber, and bottle gourd)

Cucumber jangajji

Panchamirtham, an Indian ethnic
fermented fruit mix

Brazilian indigenous fermented
food, cocoa fermentation

Fresh fruits (apple, banana,
Chinese peach, plum, cantaloupe,
kiwi fruit, and lychee) flowers
(narcissus, pink rose, red rose,
yellow rose, and sunflower) and
honey, and rose petals jam

Leaves of papaya, cassava,
sugarcane, yam, and taro

Fermented foods, fruits, and
vegetables

Simulated GIT
conditions

Antibiotic susceptibility
Molecular
identification
Tolerance to acid and
bile salts

Simulated GIT
conditions

Antioxidant activity
Antibiotic susceptibility

Tolerance to acid and
bile salts

Adherence capacity
Antibiotic susceptibility
Molecular
identification
Tolerance to acid and
bile salts

Biofilm formation
Hemolytic activity
Enzymatic activity
Exopolysaccharides
(EPSs) production
Cytotoxicity
Antibiotic susceptibility
Molecular
identification
Simulated GIT
conditions

Cell surface
hydrophobicity
Aggregation properties
Antioxidant activity
Phytate hydrolysis

Tolerance to acid and
bile salts

Simulated GIT
conditions

Aggregation properties
Antimicrobial activity
Cholesterol assimilation
Antibiotic susceptibility
Molecular
identification

Growth at different
temperatures

Tolerance to acid and
bile salts

Simulated GIT
conditions

Antibiotic susceptibility
Molecular
identification
Tolerance to acid and
bile salts

Simulated GIT
conditions

Tolerance to NaCl and
phenol

Adhesion properties
Gamma amino butyric
acid (GABA) production
Antibiotic susceptibility
Biogenic amine
production

Enzymatic activity
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Four out of the eighteen strains showed
resistance to erythromycin.

All the strains were susceptible to
amoxicillin, amikacin, chloramphenicol,
gentamicin, levofloxacin, spectinomycin,
tetracycline, except to vancomycin.

Two hundred and sixty-six LAB were
isolated, of which twenty-one had a
potential probiotic.

At different levels, the strains showed
tolerance to bile salt, acidic pH and
pancreatin.

They had the ability to survive in artificial
intestinal condition, presented resistance
to antibiotics and showed antioxidant
activity.

High resistance to artificial gastric and
bile juices

High epithelial cell adhesion

The bacterial isolates exhibited pH, bile
salt tolerance, produced biofilm and
exopolysaccharide, but exhibited no
hemolytic activity.

The strains E. xiangfangensis M552B6,

B. safensis M5S2B8, E. hormaechei subsp.
oharae M6S1B2, B. velezensis M451B1 and
P. terrae M752B1 displayed essential
characteristics of potential probiotics and
may be used as starter culture to produce
quality panchamirtham.

Thirty-six strains were tolerant to
gastrointestinal conditions evaluated by
tolerance to pH 2.0, bile salts (0.3% w/v),
and 37 °C.

Fifteen isolates had a similar or higher
percentage of hydrophobicity, auto-
aggregation, and coaggregation with

E. coli than the reference strain

S. boulardii.

All the strain exhibited some degree of
auto-aggregation, inhibition of E. coli, S.
typhimurium, and S. aureus and presented
resistance to ciprofloxacin, ceftriaxone,
gentamicin, novobiocin, vancomycin
antibiotics.

L. kunkeei, F. durionis JNGBKS presented
cholesterol assimilation.

Exhibited strong survival properties,
tolerance to simulated intestinal juices,
susceptible to streptomyein, penicillin,
chloramphenicol, ampicillin, and
tetracycline.

Twenty-eight Lactobacillus strains were
isolated; six strains were selected to
evaluate.

The strains survive and grow in simulated
oro-gastrointestinal tract, showed
adhesion to mucin, biofilm formation, bile
salt hydrolase and GABA production, also
had p-galactosidase activities.

The strains do not degrade mucin, do not
produce DNAse, and are non-hemolytic
activity.

Cervantes-Elizarrars
et al., (2019)

Junnarkar et al., (2019)

Lee et al. (2019)

Maheshwari et al.
(2019)

Menezes et al. (2019)

Sakandar et al. (2019)

Samedi and Charles
(2019)

Shekh et al. (2020)
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LAB Strains: RG2A, RG3A, RG3B, RG6A,
RG6B, RG6C, RG7A, RG8B, C9C,
C11A, C11C, C11D, Pediococcus
pentosaceus RG4A, RG7B, RG8A, RG8C
and C11C, L. plantarum RG8A

Fifty yeasts strains

Forty-nine yeast strains

L. fermentum 56, 60, 250, 263, 139, 141
and 296, L. plantarum 53,
Lacticaseibacillus paracasei 106 (former
Lactobacillus paracasei 106)

Liquorilactobacillus mali K8
(former Lactobacillus mali K8)

L. plantarum 3701, 3725, 3739, 3735,
25234, 25294, 2519, 3736, 3711,
Lacticaseibacillus casei 3734 (former
Lactobacillus casei 3734)

Thirty different strains comprise
Lactobacillus (fermentum, plantarum,
and brevis) Weissella cibaria,
Enterococcus (faecium and faecalis),
L (citreum and
subsp. mesenteroides) and Pediococcus
pentosaceus

i
oides

Leuconostoc mesenteroides E14, M67

Cardinal and Red Globe grape
fruits

Pineapple (Ananas comosus (L.)
Merril) peel, fresh juice, and
spontaneous fermentation of
pineapple

Kalamata table olive fermentation

Different fruit processing
byproducts

Water kefir grains

Mature Cornus officinalis fruits

Horreh, a traditional Iranian
fermented food

Silage and honey

Mucin degradation
Antimicrobial activity
Tolerance to acid and
bile salts

Simulated GIT
conditions

Cell surface
hydrophobicity
Molecular
identification
Tolerance to acid and
bile salts

Simulated GIT
conditions
Aggregation properties
Hydrophobicity
properties

Antibiotic susceptibility
Molecular
identification

Simulated GIT
conditions
Aggregation properties
Hemolytic activity

Tolerance to acid and
bile salts

Simulated GIT
conditions

Cell surface
hydrophobicity
Hemolytic activity
Mucin degradation

Bile salt deconjugation
Antibiotic susceptibility
Antibiotic resistance
Hemolytic activity
Adaptation to food
matrix

Tolerance to acid and
bile salts

Cell surface
hydrophobicity
Antioxidant activity
Antibiotic susceptibility
Molecular
identification
Tolerance to acid and
bile salts

Antibacterial activity
Antibiotic susceptibility
Molecular
identification

Simulated GIT

Eighteen isolates.

Six strains had an identification of species.
Strains showed probiotic potential and

P. pentosaceus RG7B was more promising.

A hundred and fifty yeasts were isolated.
Fifty of which were evaluated, thirteen
strains were not able to grow at pH 2.0 but
maintained high populations (>90%).
Five strains resisted pepsin e four resisted
to bile salt.

All isolates showed high level of auto-
aggregation and five of them, had a
hydrophobicity property and resi: to
ampicillin, chloramphenicol,
erythromycin, G penicillin, streptomycin,
and tetracycline.

Forty-two out of the forty-nine yeast
strains presented a survival rate higher
than 50%, and 24 strains showed survival
higher than 70% at the end of the
digestions.

The majority strains showed
hydrophobicity higher than 75%, while
the auto-aggregation ability ranged
between 72 and 91%.

None of the strains showed hemolytic
activity.

The resistance to antibiotics varied among
the strains with potentially transferable
resistance to tetracycline.

Had no resistance to ampicillin and
chloramphenicol, as well as presented no
hemolytic and mucinolytic activity or
ability to bile deconjugation.

L. mali K8 had tolerance to pH 2.5, and
resisted bile salts, pepsin and pancreatin,
No hemolytic activity

Susceptibility to the standard antibiotics
The strains possess desirable probiotic
properties, similar or superior to the strain
Lacticaseibacillus rhamnosus GG (former
Lactobacillus rhamnosus GG) used as
reference.

A hundred and forty isolates were
identified as LAB and thirty of which were
evaluated.

L. plantarum and L. mesenteroides subsp.
mesenteroides isolates were able to grow at
pH 2.5 and 3.5.

Some of L. fermentum and L. plantarum
isolates showed quite high hydrophobicity
and antimicrobial activity.

All strains were sensitive to ampicillin,

hl T seasy lahasinid,
C ol, cyc

eryth ycin, neomycin, P
tetracycline, and rifampicin, but resistant
to vancomycin.

The strains E14 and M67 showed

yein,

conditions resistance to gastrointestinal tract.
Antibiotic ptibility  The antibiogram p d and
Cell surface sensitivity variables to several antibiotics.
hydrophobicity Both strains had a low EPS production and
Exopolysaccharides low rate of hydrophobicity.

(EPS) production

31

Taroub et al. (2019)

Amorin, Piccoli &
Duarte, (2018)

Bonatsou et al. (2018)

Albuquerque et al.
(2018)

Koh et al. (2018)

Tang et al. (2018)

Vasiee et al. (2018)

Zarour et al. (2018)
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Saccharomyces cerevisiae IFST062013

L. plantarum CCMAO0743, Torulaspora
delbrueckii CCMA0235

Pediococcus acidilactici Ch-2

L. plantarum E1/18, E5/6, S0/3, S0/7
and S3/16

Candida tropicalis 1A and 3A;
Debaryomyces hansenii 8A;
Galactomyces reessii 33A and 34A;
Pichia guilliermondii 25A; P. manshurica
2A; P.membranifaciens 29A and 3B;
Rhodotorula glutinis 27A; R. graminis
20A; Saccharomyces cerevisiae 15A and
15B; Candida boidinii 32A and 37A and
C. norvegica 7A.

L. casei 24, L. fermentum 38, 47, 62 and
L. plantarum 81,90, 96, 100 and 105

L. brevis HAC06, HACO8, HAC09,
L. plantarum HACO1, HAC02, HACO03,
HACO07 and Latilactobacillus sakei
HAC04, HACO05, HAC10, HAC011
(former Lactobacillus sakei HAC04,
HACO05, HAC10, HAC011)

Four strains: L. plantarum S-811, S-TF2,
Fructobacillus fructosus $-22 and S-TF7

Fruit (unspecified)

Cauim (blended of cassava and
rice)

Chuli (a fermented apricot
product)

Fermented
stinky bean (Sa Taw Dong)

Negrinha de Freixo cv. olives

Fermentation Process of
“Cupuagu” Theobroma grandifiorum

White kimchi

Fresh and spoiled cactus (Opuntia
ficus-indica) pears of the green
cultivar

Simulated GIT
conditions

Antioxidant activity
Production of bioactive
compounds

Tolerance to stress
Antibiotic susceptibility

Tolerance to acid and
bile salts

Antioxidant activity
Lactic acid production
Enzymatic activity

Tolerance to acid and
bile salts

Simulated GIT
conditions
Aggregation properties
Metabolic profiling

Tolerance to acid and
bile salts

Simulated GIT
conditions

Cell surface
hydrophobicity
Growth under
microaerobic and
anaerobic conditions
Hydrolase activity
Antimicrobial activity
Antibiotic susceptibility
Molecular
identification
Simulated GIT
conditions
Aggregation properties
Antioxidant activity
Enzymatic activity
Capacity to grow at
37°C

Simulated GIT
conditions
Aggregation properties
Simulated GIT
conditions

Tolerance to phenol
Bile salt deconjugation
Hemolytic activity
Biogenic amine
production

Antibiotic susceptibility
Molecular
identification

Tolerance to acid and
bile salts

Simulated GIT
conditions

Cell surface
hydrophobicity
Aggregation properties
Enzymatic activity
Antioxidant capacity
Adaptation to food
matrix
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The strain was tolerant to a wide range of
temperature and pH, high concentration
of bile salt, NaCl, and presents resistance
to gastric juice, a-amylase, trypsin, and
lysozyme.

The strain produced killer toxin, vitamin
B12, glutathione, siderophore, enzymes
(amylase, protease, lipase, cellulase),
biofilm, and strong antioxidant activity.
Also, it showed resistance to tetracycline,
ampicillin, gentamicin, penicillin,
polymyxin B and nalidixic acid.

The beverage in co-culture improved the
products digestibility by reducing starch,
for single and co-culture

The assays containing yeast showed the
highest antioxidant activity (around 10%
by DPPH and ABTS methods).

The strain Ch-2 was resistance to low pH,
bile salts and simulated gastric and
intestinal conditions. Also, susceptible to
selected eleven antibiotics, unable to
produce gelatinase and DNase and non-
hemolytic nature,

The strain produced squalene - a rare and
therapeutic anticancer compound.

The strain was susceptible to almost all
antibiotics tested (ampicillin, kanamycin,
streptomycin, erythromyein, clindamycin,
tetracycline, chloramphenicol,
vancomycin, and ciprofloxacin). It had
neither hemolytic activity nor virulence
factor genes.

S. cerevisiae strains showed high ability to
grow at 37 °C, lipase activity. The strain
15A showed higher auto- aggregation
percentage.

P. guilliermondii and C. norvegica exhibited
the ability to survive human
gastrointestinal tract digestion.

S. cerevisiae strains showed high
antioxidant capacity.

The strains produced diffusible inhibitory
compounds and promoted co-aggregation
with S. Typhimurium ATCC 6538.

The strains were resistant to adverse
conditions and were able to grow in the
cabbage juice in which addition of 2% salt
favorably influenced.

None of the strains showed hemolysis or
gelatin hydrolysis activity.

L. brevis strains produced precursors of
biogenic amines, and no other strain
showed this ability.

The susceptibility to erythromycin,
gentamicin, ampicillin, tetracycline,
chloramphenicol, streptomycin,
ciprofloxacin was variable among strains.
Seventeen isolated of LAB.

Four strains potentially probiotic selected.
The strains showed starter potential in
cactus pear juice fermentation.

All showed resistance to bile salts and
most of them were resistant to pH 3, but
not to a pH 2 gastric juice.

Five strains (5-02, §-22, §-24, S-TF3 and S-
TF7) showed hydrophaobicity values above
40%.

Related to auto-aggregation, had values

Fakruddin et al. (2017)

Freire et al. (2017)

Gupta and Sharma
(2017)

Saelim et al. (2017)

Oliveira et al. (2017)

Ornellas et al. (2017)

Park et al. (2016)

Verén et al. (2017)
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Screening of ferulic acid between 5.1 and 62.5%. 3 isolates, S-811,
Production of bioactive S-TF1 and S-TF2, showed feruloyl esterase
compounds activity, related to antioxidant activity.
Molecular
identification
L. brevis 59 Byproducts of fruit pulp process Tolerance to acid and The strains showed tolerance to different Garcia et al. (2016)
L. pentosus 129 Malpighia glabra L., Mangifera bile salts acidic conditions and bile salt
L. paracasei 108 indica L., Annona muricata L., and Ability to growth on concentrations.
L. plantarum 49 Fragaria vesca L. two different Suitable growth in two laboratory and
L. fermentum 111 cultivation media edible growth media, and variable
Molecular susceptibility to different antibiotics.
identification
L. plantarum F22 Traditional inoculum Phab used in  Acid production The strain was resistant to bile salt, able to ~ Handa and Sharma
chhang beverage Tolerance to acid and survive in simulated low gastric pH. (2016)
bile salts It showed broad antagonism against a
Cell surface wide range of foodborne/spoilage causing
hydrophobicity bacteria.
Aggregation properties It had a strong auto-aggregation,
Bacteriocin production hydrophobicity, and sensitivity to most of
Antibiotic susceptibility ~ the clinical antibiotics.
Molecular
identification
L. plantarum Kimchi Tolerance to acid and Nutritionally improved DGK-17 was able Khan and Kang (2016)
DGK-17 bile salts to survive under low pH and high bile salt
Survival to GIT conditions, simulated gastric juice
conditions environment.

L. plantarum 277, 281, 286, 289, 291 and
L. fermentum 260, 265, 266

L. casei Q11, L. sakei Q82, L. plantarum
Q823, Q825 and Leuconostoc lactis
Q615

Genera Candida (2 strains),
Kluyveromyces (4 strains), Lachancea
(1strain), Metschnikowia (5 strains),
Pichia (10 strains), Saccharomyces (68
strains), Schizosaccharomyces (5
strains), Torulaspora (23 strains),
Wickerhamomyces (9 strains), Yarrowia
(2 strains) and Zygosaccharomyces (1
strain)

Levilactobacillus spicheri G2
(former Lactobacillus spicheri G2)

L. plantarum 0103, 0123, 0140, 0147,
0157, 0611, 0612, 0825, 1002;
L. brevis 0808, 08771, (21%),
L. rhamnosus 0504, Lactobacillus

Brazilian cocoa fermentation

Different quinoa varieties and
amaranth seeds

Strains from different sources of
which 66 strains were from grape
must

Gundruk a non-salted, fermented
acidic vegetable

Malaysian
fermented Bambangan
(Mangifera pajang)

Aggregation properties
Adhesion properties

Simulated GIT
conditions

Cell surface
hydrophobicity

Heat tolerance
Antibiotic susceptibility
Molecular
identification

Tolerance to acid and
bile salts

Simulated GIT
conditions

Antibiotic susceptibility

Capacity to grow at
37°C

Survival the GIT
conditions
Antioxidant activity
Molecular
identification

Acid and bacteriocin
production
Aggregation properties
Adhesion to solvents
Tolerance to acid and
bile salts

Antibiotic susceptibility
Tolerance to acid and
bile salts

Aggregation properties
Enzymatic activity
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Auto-aggregation, co-aggregation and
adhesion indicated that DGK-17 prevents
colonization of pathogenic bacteria.

The strains showed variation on tolerance
to heat shock with reduction in viability
ranged from 1.9 to 3.4 log orders.

The resistance to GIT simulation varied
among strains and L. plantarum 286
showed the most promising result,
followed by L. plantarum 289,

L. plantarum 281 displayed higher
hydrophobicity (16.9%).

All strains showed sensitivity to both
amoxicillin and chloramphenicol but
resistance to both vancomycin and
nalidixic acid.

Eighteen LAB isolated were selected based
on the genomic profiling, five presented
no resistance to gentamicin, kanamycin,
streptomycin, erythromycin and
clindamycin and were selected for their
potential probiotic.

The strains were tolerant to lysozyme, bile
salts, and had similar adhesion.

L. plantarum Q823 was selected for in vitro
and in vive studies.

A hundred and thirty yeast strains isolated
from food.

About 50% of the yeast developed at 37%
with growth kinetic parameters higher at
37 °C than at 25 °C.

A total of 95% of the strains survive to the
exposition te conditions simulating to the
GIT.

The strains exhibit auto-aggregation
phenotype, antioxidant activity and better
growth capacity at 37 °C than at 25 °C.
Good tolerance to GIT stress conditions,
and high auto-aggregation percentage.
The strain produced lactic acid,
bacteriocin and showed 53.65% of auto-
aggregation capacity.

Isolate showed some degree of bile salt
tolerance and presented sensitive to 14
clinical antibiotics.

Based on acid tolerance thirteen LAB
strains were selected.

Around 36% of the isolated LAB strains
displayed a high survival rate at pH 3.0

Santos et al. (2016)

Vera-Pingitore et al.
(2016)

Gil-Rodriguez et al
(2015)

Gautam and Sharma
(2015)

Ng et al. (2015)
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delbrueckii, High temperature and with
L. paracasei and Pediococcus osmotic pressure at least 4 log CFU/mL after 24 h at 2.0%
pentosaceus 1001 Antimicrobial activity bile salt.

Adhesion to solvents
Molecular
identification

Five L. plantarum strains showed at least
70% viability at 60 *C/10 min while one
L. brevis and three L. plantarum strains
were tolerant to 6% sodium chloride.
They presented aggregation activity
(>20%) in most of the LAB strains.

The maximum fi-galactosidase activity
was found in four L. plantarum strains.

to intestinal mucosa leading to biofilm formation, and this feature dis-
favors the binding of enteropathogens (Pabari et al., 2020), Moreover,
the biofilms formed around these bacteria increase their survival to
adverse conditions. Within the used approaches, in vitro adhesion to the
Caco-2 cell is the most frequent assay to evaluate that property. Yeast
and bacteria from fruits, vegetables and traditional fermented foods
have been showed important adhesion properties (Bonatsou et al., 2018;
Leandro et al., 2020; Menezes et al., 2019; Vera-Pingitore et al., 2016),
which was associated to the production of enzymes and EPS that pro-
mote interactions between probiotics and host-specific receptors and act
as a capsule bound to the cell surface protecting against toxic agents and
stressing conditions encountered during the gastrointestinal tract pas-
sage or by food preservation technologies (Garcia-Ruiz et al., 2014). The
adhesion properties are dependent on the source of the microorganisms,
and some strains with low adhesion capacity may still present important
health effects. Therefore, this characteristic may not be primordial for
probiotic selection (Santos et al., 2016).

To provide health benefits to hosts by improving the nutrient con-
tent, a probiotic should have the ability to produce related enzymes
(Fakruddin et al., 2017). Fakruddin et al. (2017) reported that Saccha-
romyces cerevisiae IFST062013 isolated from fruit could produce en-
zymes, such as lipase, cellulase, and protease, but it could not produce
amylase, DNase, and gelatinase. The production of enzymes (amylase,
protease, lipase, cellulase, and galactosidase) is a positive characteristic
for probiotics (Benitez-Cabello et al., 2019; Fakruddin et al., 2017;
Shekh et al., 2019; Song et al., 2020; Won et al., 2020; Xu et al., 2020),
while the absence of production of gelatinase and DNase suggests their
safety to be used by human as most of the pathogenic microorganisms
produce these enzymes as part of their pathogenesis. In a general view,
the microorganisms isolated from fruits and vegetables produce bene-
ficial enzymes.

The food industries may carefully evaluate new probiotic species’
efficacy and safety before incorporating them into food products
(Maheshiwari et al., 2019). Probiotic strains can be resistant to antibi-
otics, remaining in the environment where they are inserted and
allowing their utilization in patients undergoing treatments with anti-
biotics. However, they should not transmit this resistance to other mi-
croorganisms to be considered safe for human and animal consumption
(Fakruddin et al.,, 2017). Previous studies reported that LAB isolated
from fruits and vegetables were sensitive to all the evaluated antibiotics
(Leandro et al., 2020; Sakandar et al., 2019). Other studies found
Lactobacillus strains with resistance to antibiotics, such as gentamicin,
cefuroxime, kanamycin, vancomycin, and erythromycin, but it was
natural or intrinsic and non-transmissible (Anandharaj et al., 2015;
Pabari et al.,, 2020; Tang et al., 2018). However, a previous study
showed that strains isolated from fruit by-products (L. plantarum 53, and
L. fermentum 60) showed potentially transferable resistance to antibi-
otics (tetracycline) (Albuquerque et al., 2018). This characteristic is of
paramount importance to guarantee the safety of potentially probiotic
cultures, but many studies obtained strains with resistance to antibiotics
and did not evaluate their possible transmittance of genes (Fakruddin
et al., 2017; Garcia et al., 2016; Gautam & Sharma, 2015). Therefore, the
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antibiotic resistance and, mainly, the possible transmittance of genes
should be evaluated for each potentially probiotic strain.

Safety aspects should also consider the production of biogenic
amines. Biogenic amines are recognized as undesirable metabolic
products of some starter cultures or probiotic strains that could be found
in fermented foods. The consumption of high concentrations of biogenic
amines may result in risk health effects for consumers, such as head-
aches, neurological disorders, tachycardia, hypotension, among others
(Ku et al., 2020). Previous studies have reported no biogenic amine
production by probiotics (Lactiplantibacillus plantarum SBR64.7 and
$180.7, Lentilactobacillus buchneri $850.4, Limosilactobacillus fermentum
$550.10) isolated from silage, cocoa beans, and artisanal salami (Lean-
dro et al., 2020), and Weissella paramesenteroides isolated from fruits
(Pabari et al,, 2020). However, Park et al. (2016) observed that all
L. brevis strains isolated from Korean white kimchi could produce
biogenic amines (tyramine and/or histamine). Therefore, the biogenic
amine production should be evaluated for each potentially probiotic
strain.

Probiotic cultures could not present hemolytic activity or the ability
to degrade mucin. Hemolysins are toxins that can cause erythrocytes
lysis, while the production of enzymes capable of degrading mucin is a
virulence factor in enteropathogens. Mucins are important as they cover
the epithelial cells of the intestine and prevent mucosal penetration and
translocation by pathogens (Albuquerque et al., 2018). Several LAB
isolated from fruit by-products (L. plantarum 53, L. fermentum 56, 60,
250, 263, 139, 141 and 296, and L. paracasei 106) had no hemolytic
activity or ability to degrade mucin. Lack of ability to degrade mucin
was observed for L. plantarum, P. acidilactici, L. fermentum, L. zeae, and
L. buchneri isolated from cocoa beans, artisanal salami, and silage
(Leandro et al., 2020), Weisella strains isolated from fruits (banana, or-
ange, cherry, sapota, and plum (Pabari et al., 2020), and F. fructosus
MCC 3996 isolated from nectar of flowers (B. monosperma) (Patil et al_,
2020). However, six bacteria isolated from panchamirtham (Indian
ethnic fermented fruit mix) showed p-hemolytic activity (Maheshwari
et al., 2019). Therefore, the hemolytic activity should be evaluated for
each potentially probiotic strain.

The reducing power measures the antioxidant activity, nitric oxide
and hydroxyl radical scavenging activity, cell cytotoxicity and toxicity,
and metal ion chelating activity. Previous studies reported increased
antioxidant activity when microbial isolates of fruits, vegetables, and
traditional fermented foods were used (Cao et al., 2019; Di Cagno et al.,
2020; Fakruddin et al., 2017; Gil-Rodriguez et al., 2015; Hsiung et al.,
2020; Junnarkar et al., 2019; Lakra et al., 2020; Menezes et al., 2019;
Oliveira et al., 2017; Song et al., 2020; Tang et al., 2018). The antioxi-
dant activity was associated with the type of matrix and was
strain-specific (Cao et al., 2019; Di Cagno et al., 2020). Yeasts may show
higher antioxidant activity than LAB, which has been associated with
the high content of (1/3)-p-D glucan and other f-glucans found in their
cell wall, among other cellular compounds (Menezes et al., 2020).

The utilization of prebiotic compounds by probiotic cultures is an
important feature in the development of synbiotic products. Probiotics
may utilize prebiotic compounds and increase their viability and/or
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activity in the product. The utilization of prebiotic compounds seems to
be strain-dependent, as Weissella strains were able to grow in the pres-
ence of FOS and GOS, but not on XOS (Pabari et al., 2020). However,
future studies are needed to better evaluate prebiotic compounds’™ uti-
lization by probiotic cultures isolated from unconventional sources.

2.2. Health effects of probiotics strains from unconventional sources

Fig. 2 presents the main health effects associated with probiotics
isolated from unconventional sources. The main studies assessing the in
vitro and/or in vive (human and animal model) physioclogical effects of
the probiotic strains isolated from unconventional sources are provided
in Table 2. The beneficial effects of probiotics on the host are related to
one or more mechanisms, such as modulation of the intestinal micro-
biota, block of pathogen adhesion sites, modulation of the host immune
responses, and competition by nutrients (Vera-Pingitore et al., 2016).

2.2.1. Hypocholesterolemic, anti-hypertensive and hypoglycemic effects

In vitro tests have demonstrated that probiotic cultures from uncon-
ventional sources could assimilate cholesterol. Weissella cibaria MD2 and
Weissella confusa MD1 isolated from Mudakathan dosai (fermented rice
with leaves of herbaceous vine) could assimilate 67 and 78% of the
cholesterol medium (Lakra et al, 2020), while L. pentosus and
L. plantarum isolated from table olives biofilm assimilated
13.09-38.42% (Benitez-Cabello et al., 2019). The capacity of cholesterol
assimilation was strain-dependent (Benitez-Cabello et al., 2019).

In an in vivo test, the consumption of L. fermentum 296 isolated from
fruit (109 CFU/mL, 4 weeks) by Wistar rats subjected to a high-fat diet
resulted in alleviation of hyperlipidemia and blood pressure but no
impact on glucose tolerance and insulin resistance (Cavalcante et al.,
2019). At the same time, the consumption of L. fermentum 263,
L. fermentum 139, and L. fermentum 296 isolated from fruit by-products
(10g CFU/mL, 1:1:1. 8 weeks) by Wistar rats subjected to a dyslipidemic
diet resulted in reductions of total cholesterol, increases in
HDL-cholesterol, and improvements in blood pressure, but no impact on
insulin resistance (Oliveira, Cavalcante, et al., 2020). On the other hand,
the consumption of cactus pear juice fermented with L. plantarum S-811
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isolated from cactus pear (1 0° CFU/mL, 7 weeks) by obese mice resulted
in improvements in insulin resistance, hyperlipemia, and hyperglycemia
(Veron et al., 2019). Finally, the consumption of L. plantarum 49 and
L. plantarum isolated from fruits (10° CFU/mL, 28 days) by male healthy
Wistar rats resulted in a reduction in blood glucose levels and total
cholesterol. The effect of long-lasting glycemic control was dependent
on the probiotic strain, with L. plantarum 49 presenting a better per-
formance (Costa et al, 2019). The results suggest that the hypo-
cholesterolemic and anti-hypertensive effects were frequently observed
after probiotic consumption, while the hypoglycemic properties were
dependent on the studied group (healthy, dyslipidemic, obese), pro-
biotic strain, and vehiculation form (probiotic strain isolated or in a food
product). The reduction of cholesterol may be associated with decon-
jugation of bile salts, resulting in more demand of cholesterol for de novo
synthesis of bile salts and the reduction of its solubility and absorption in
the lumen of the intestine (Saelim et al., 2017). Furthermore, the
anti-hypertensive properties were related to decreases in systolic arterial
pressure and sympathetic hyperactivity (Cavalcante et al., 2019). The
anti-diabetic properties may be influenced by changes in the microbiota
and production of short-chain fatty acids (Costa et al.,, 2019).

2.2.2. Immunomodulatory and anti-inflammatory properties and antitumor
activity

In vitro tests have also demonstrated that probiotic cultures from
unconventional sources show immunomodulatory properties. Levi-
lactobacillus brevis B13-2 (former Lactobacillus brevis B13-2) isolated
from kimchi induced the expression of some cytokines (IL-1p, TNF-a,
and IL-6) and iNOS, indicating immunomodulatory activity (Song et al.,
2020).

In an in vivo test, the consumption of S. cerevisiae IFST 062013 iso-
lated from fruits (109 CFU/mL, single dose) by male swiss albino mice
resulted in stimulation of T-lymphocyte specific proliferative response,
potentiation of cell-mediated and humoral immunity, and antitumor
activity. Furthermore, it induced anti and pro-inflammatory mediators
and maintained the balance of Thl and Th2 cytokines, improving host
immunity (Fakruddin et al., 2017). The consumption of L. plantarum 81
and L. plantarum 90 isolated from cupuacu fermentation (10® CFU/mL,
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Fig. 2. Most relevant in vivo and in vitro effects.
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Table 2
Main studies assessing the effects of probiotic isolated from unconventional sources.
Strains Type Isolation Source Assay Main Effects References
of
study
Hypocholesterolemic, anti-hypertensive and hypoglycemic effects
Weissella confusa MD1 and Weissella  In Fermented batter Cholesterol assimilation High reduction in the Lakra et al. (2020)
cibaria MD2 vitro cholesterol levels (=>67%)
Sixteen strains: 13 L. pentosus and 3 In Table olives biofilms Cholesterol assimilation All the strains showed the Benitez-Cabello et al
L. plantarum vitro ability to reduce the cholesterol,  (2020)
but with differences among
them.
L. plantarum E1/18, E5/6, S0/3, S0/ In Fermented Cholesterol assimilation All five strains exhibited the Saelim et al. (2017)
7 and §3/16 vitro stinky bean (Sa Taw Dong) ability to assimilate cholesterol.
The strains E5/6 and S0/7 were
more effective.
L. fermentum 296 Invivo  Fruit pulp processing Male Wistar rats The administration of Cavalcante et al.
byproducts Control (CTL):commercial diet L. fermentum 296 for 4 weeks (2019)
and saline solution; alleviated hyperlipidemia,
(HF) received a High-fat sympathetic hyperactivity, and
commercial diet and saline reduced systolic blood pressure
solution in HF rats without affecting
(HF + Lf 296) treated with High baroreflex sensibility.
Fat (HF) diet + L. fermentum 296
in a solution of about 1x10” CFU/
mL.
Administration was performed
daily for 4 weeks by oral gavage.
Body weight, biochemical
measurements, glucose and
insulin tolerance tests, arterial
pressure and heart rate records,
spectral analysis of systolic
arterial pressure and cardiac
interval, baroreflex sensitivity,
sympathetic-vagal balance and
sympathetic vascular tone were
evaluated in each group.
L. fermentum 139, 263 and 296 Invivo  Fruit by-products Wistar rats (n = 14) were fed with  The strains of L. fermentum Oliveira et al. (2020)
a control diet (CTL = 7) or a reduced total cholesterol and
dyslipidemic diet (DLP = 7) increased HDL-c, but did not
during pregnancy and lactation. affect the insulin resistance
After weaning, male and female induced by maternal
offspring received a standard diet  dyslipidemia in male and female
up to 90 days of life. offspring and reduced the
Rats were allocated groups: systolic and mean arterial
CTL group + saline solution (n =  pressure, only in male.
14); The group that received the
DLP group + saline solution (n =  probiotic showed improvement
14) in blood pressure and
DLP group receiving a probiotic sympathetic tone, without
cocktail (n = 14). affecting baroreflex modulation.
A CLT or probiotic formulation The probiotic intervention did
containing L. fermentum 139, 263 not cause significant changes in
and 296 at 1 x 10° CFU/mL) was  the body weight, triglycerides,
administered daily by oral VLDL, TBARS, OGTT, UTT.
gavage/8 weeks.
The lipid and glucose profile,
insulin tolerance test,
malondialdehyde (MDA) as
indicator of oxidative stress,
arterial blood pressure,
peripheral chemoreflex,
sympathetic vascular tone were
evaluated.
L. plantarum S-811 Invivo  Cactus Pear (Opuntia Ficus- Obese e lean mice were randomly ~ Administration of fermented Verdn et al. (2019)

Indica) Juice Fermented

in two groups (n = 24): lean
group (L) that was fed a standard
diet (SD); an obese group (Ob)
that was fed a high-fat diet
(HFD). So, the animals were
subdivided in four groups (n = 6)
received: 1) water ad libitum. 2) a
daily dose of L. plantarum S-811
as a suspension in water; 3)
pasteurized pear juice; 4) Cactus
pear juice fermented by
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juice to obese mice ameliorated
the insulin resistance,
hyperglycemia, and
hyperlipemia that characterize
obesity.

0. ficus-indica fruits can reduce
the percentage of body fat, total
cholesterol, and glycaemia.

(continued on next page)
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Strains
of
study

Isolation Source

Assay

Main Effects References

L. plantarum 49, and L. plantarum Invive

201

Pulp of Mangifera indica L., or
from industrial fruit

pulp processing byproducts of
Malphigia glabra L., M. indica
L., Annona muricata L. and
Fragaria ananassa L.

Immunomodulatory and anti-inflammatory properties, and antitumor activity

Lactiplantibacillus pentosus B13-2 In
(former Lactobacillus pentosus vitro
B13-2)

Saccharomyces cerevisiae Invivo
IFST062013
L. casei 24, L. fermentum 38, 47, 62 Invivo

and L. plantarum 81,90, 96, 100
and 105.

Adipogenesis inhibition

Latilactobacillus sakei AM2, AMS, In
AM32, ADM14, ADM19, YRM13, vitro
YRM20, RGM12, GP32, GP48,
GN57, YG19 (former Lactobacillus
sakei AM2, AMSB, AM32, ADM14,
ADM19, YRM13, YRM20,
RGM12, GP32, GP48, GN57,
YG19), L. plantarum S-2AM31 and

Chinese cabbage kimchi

Fruit (unspecified)

Fermentation Process of
“Cupuagu”
Theobroma grandiflorum

Kimchi

L. plantarum §-811 at 1.2 x 10°
CFU/mL.
The intervention was 7 weeks.
Plasma leptin, insulin, glucose,
cholesterol, triglycerides, glucose
tolerance, homeostatic model
assessment (HOMA-IR) and
intestinal cytokines were
measured.
Sixteen L. plantarum strains were
used as growth promoting effects
models in Drosophila
melanogaster.
Two strains were selected to
observe the safety aspects and
beneficial effects of strains using
Wistar rats (n = 48)/21 days.
The animals were randomly
distributed into three groups (n
16): group Lp49, which
received 9 log CFU/mL of strain
L. plantarum 49; group Lp201,
which received 9 log CFU/mL of
strain and control group, which
received PBS daily by gavage/4
weeks.
The murinometric parameters,
levels of aspartate transaminase
(AST), alanine transaminase
(ALT) and lipids profile were
measured.
To evaluate the strains’ safety,
histopathological analysis was
performed to observe
translocation.

Expression of cytokines related to
immunomodulation

Dose of 150 pL (~10° CFU) were
administered orally on albino
mice to safety and immuno-
modulatory activity evaluation.
Germ-free Swiss mice of both
sexes with 6 weeks-old, received
a single dose of 0,1 mL of
Lactobacillus suspension
containing about 8.0 log of CFU
by intragastric intubation.

The intestinal colonization was
evaluated in fresh faeces.

Ex vivo antagonism in germ-free
mice, cumulative mortality,
translocation to liver and spleen,
histopathological examination of
liver and ileum and mRNA
cytokine gene expression during
an experimental infection with
0,1 mL suspension

S. Typhimurium containing 5.0 log
CFU to enteropathogen
challenge.

Cell culture and adipocyte
differentiation test
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Daily administration of

L. plantarum 49 and L. plantarum
201 did not affect food intake or
morphometric parameters.
Both strains were associated
with reduction in blood glucose
levels and total cholesterol
levels.

Costa et al. (2019)

The maintenance of the effects
varied with the strain and time
of ingestion.

The strains were detected in the
intestine and did not cause
alteration or translocate to
spleen, kidneys, or liver during
the experimental or wash-out
period.

Induction of the expression of
several cytokines (TNF-u, IL-1f3,
and IL-6) and iNOS by
activation of RAW 264.7 murine
macrophages.

The isolate produced organic
acid, improved lymphocyte
proliferation and cytokine
production in treated mice.
The strains showed higher
survival after enteropathogen
challenge, lower hepatic
translocation of
enteropathogen, lower
histopathological lesions in
ileum and liver and anti-
inflammatory pattern of
immunological response.

L. plantarum 81 and L. plantarum
90 were selected as potential
probioties.

Song et al. (2020)

Fakruddin et al. (2017)

Ornellas et al. (2017)

Various strains presented
distinet inhibitory effects under
lipid aceumulation through
inhibition of lipid transcription
factors and gene expression.

L. sakei ADM14 was very
efficient to inhibit adipogenesis
in adipocytes.

Won et al. (2020)

(continued on next page)
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Strains Type Isolation Source Assay Main Effects References
of
study
L oc !l oides
S-YRWM27, S-YRWM28
L. plantarum S-811 Invive  Cactus Pear (Opuntia Ficus- Obese e lean mice were randomly Administration of fermented Verdn et al. (2019)
Indica) Juice Fermented in two groups (n = 24): lean juice to obese mice caused a
group (L) that was fed a standard  significant decrease in the body
diet (SD); an obese group (Ob) weight gain.
that was fed a high-fat diet O. ficus-indica fruits can reduce
(HFD). So, the animals were the percentage of body fat.
subdivided in four groups (n = 6)
received: 1) water ad libitum. 2) a
daily dose of L. plantarum S-811
as a suspension in water; 3)
pasteurized pear juice; 4) Cactus
pear juice fermented by
L. plantarum 5-811 at 1.2 x 10°
CFU/mL.
The intervention was 7 weeks.
Body weight gain, adipose tissue
weight, plasma leptin, insulin,
glucose, cholesterol,
triglycerides, glucose tolerance,
h ic model
(HOMA-IR) and intestinal
cytokines were measured.
L. brevis HAC06, HAC08, HAC09, Invivo  White kimchi Seven-week-old C57BL/6J male The strain mixture showed a Park et al. (2016)
L. plantarum HACO1, HACO02, mice were housed and provided noticeable decrease in
HACO03, HACO7 and L. sakei with filtered water and rodent mesenteric adipose depot as
HAC04, HACOS5, HAC10, diet, ad libitum for 10 weeks. compared to LGG and the
HACO11. After adaptation, each group (n positive control.
=15) received 1 x 10° CFU viable The intervention resulted in a
cells of a strain mixture (50:50 of  significantly lower body weight
L. plantarum HACO1 and L. sakei and total weight gain for eight
HAC13 suspension were given to  weeks compared to the high-fat
the mice once/day for 10 more control group.
weeks.
Sterile suspension was
administered to the control
groups.
The L. rhamnosus GG, was used as
reference strain and administered
in the same way.
Antimicrobial activity
Lactiplantibacillus plantarum In Forage plants, cocoa beans Antimicrobial activity Inhibition of pathogenic and Leandro et al. (2020)
SBR64.7 and $180.7 (former vitro fermented spoilage microorganisms
Lactobacillus plantarum SBR64.7 against Staphylococcus sp.
and $180.7), Lentilactobacillus (ATCC® 27,626), Shigella sp.
buchneri $5§50.4 (former (ATCC® 23,354), Salmonella
Lactobacillus buchneri $§50.4), sp. (ATCC® 700,623),
Limosilactobacillus fermentum Escherichia coli (ATCC®
§S50.10 (former Lactobacillus 25,922), Pseudomonas sp.
fermentum S§50.10) (ATCC® 19,151), Proteus
mirabilis (ATCC® 21,100), and
Klebsiella sp. (ATCC® 700,834)
and all strains had a high
percentage of CaCo2 cell
adhesion.
Weissella confusa MD1 and Weissella  In Fermented batter Antimicrobial activity The strains exhibited Lakra et al. (2020)
cibaria MD2 vitro antimicrobial activity against
foodborne pathogens
(Escherichia coli, Salmonella
enterica, Listeria monocytogenes,
Salmonella typhi and
Staphylococcus aureus).
P. pentosaceus RG7B and C11C, and In Cardinal and Red Globe grape  Antimicrobial activity P. pentosaceus RG7B and C11C Taroub et al. (2019)
L. plantarum RG7B vitro fruits and L. plantarum RG8A showed
antifungal activities against
Aspergillus niger aggrégars and
A. carbonarius. Pediococcus
pentosaceus RG7B
Weissella paramesenteroides FX5, In Sapota, cherry, banana, Antimicrobial activity The strains inhibited E. coli and Pabari et al. (2020)
FX9 vitro orange, and plum smashed S. aureus.
fruits
Twenty-one LAB isolates In Fresh vegetables (cauliflower,  Antimicrobial activity The cellular extract produced Junnarkar et al. (2019)
vitra gherkins, cluster beans, bacteriocin and bacteriocin like
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Strains Type Isolation Source Assay Main Effects References

of

study
fenugreek, cow pea, bitter substances.
gourd, french beans, tomato, It had antibacterial potential
ridged gourd, cucumber, and against selected plant and
bottle gourd) human pathogens.

Fructobacillus pseudoficulneus In Fresh fruits (apple, banana, Antimicrobial activity The strains inhibited E. coli, S. Sakandar et al. (2019)
JNGBKS, JNGBKS3, F. fructosus vitro Chinese peach, plum, typhimurium, and S. aureus, L.

JNGBKS2, JNGBKS4, cantaloupe, kiwi fruit, and kunkeei strains
F. durionis JNGBKS5, and lychee) flowers (narcissus,

Apilactobacillus kunkeei JNGBKS6, pink rose, red rose, yellow

JNGBKS7, JNGBKSS (former rose, and sunflower) and

Lactobacillus kunkeei JNGBKS6, honey, and rose petals jam

JNGBKS7, INGBKS8)

Fructobacillus fructosus MCC 3996 In Nectar of Butea monosperma Antimicrobial activity Antagonistic activity against Patil et al. (2020)
vitro flower B. pumilus (NCIM 2327), E. coli

(NCIM 2109), S. typhimurium
(NCIM 2501), §. aureus (NCIM
2079), Proteus vulgaris (NCIM
2172) and P. aeruginosa (NCIM
2036).

L. plantarum, Enterococcus faecalis, In Leaves of papaya, cassava, Antimicrobial activity Exhibited antimicrobial activity ~ Samedi and Charles

Lactiplantibacillus paraplantarum vitro sugarcane, yam, and taro against Gram-positive Bacillus (2019)
(former Lactobacillus cereus, Listeria monocytogenes,
paraplantarum), and Weissella Staphylococcus aureus,

paramesenteroides and the Gram-negative
Escherichia coli pathogen.

L. plantarum (twenty-five different In De’ang pickled tea Antimicrobial activity The strains had antimierobial Cao et al. (2019)
strains), and Enterococcus vitra activity against Salmonella
casseliflavus S4b Typhimurium, Escherichia coli

and eight out of the eighteen
strains suppressed growth of
Shigella flexneri.

L. plantarum P24-1, P24-2, P24-3, In Pulque and aguamiel Antimicrobial activity Sixty percent of the isolates Cervantes-Elizarraras
P24-4, P24-4, P24-5,P24-6,P24-8  vitro exhibited antimicrobial effect et al., (2019)
and Pediococcus acidilactici A1-2, against Escherichia coli,

A2-1 Staphylococcus aureus.
The growth of H. pylori ATCC
43504 was suppressed by all the
LAB.

A hundred and three bacterial In Panchamirtham, an Indian Antimicrobial activity Seventeen isolates exhibited Maheshwari et al
isolates most of which were vitro ethnic fermented fruit mix antimicrobial activity against (2019)

Bacillus sp., Enterobacter sp., human pathogens: Listeria
acinetobacter sp., Pantoea sp., monocytogenes, Staphylococcus
Microbacterium sp., Klebsiella sp., aureus, Escherichia coli and
sphingomonas sp., Ornithinibacillus Pseudomonas aeruginosa.
sp., Myroides sp., Kocuria sp.,
Alcali sp., and dis
sp.
Nineteen LAB strains In Theobroma cacao fermented Antimicrobial activity The strain showed inhibitory Mabeku et al. (2020)

vitro fruit juice effect against 8 H. pylori clinical
strains (Hp0011, Hp0O012,
Hp0013, Hp0D14, HPOO15,
Hp0016, Hp00116 and
HP0O117).
Antagonistic effect was
observed in 65.52% of isolated
LAB.
The LAB19 produced
bacteriocins to control H. pylori
and that LAB4', LABS, LAB11',
LAB12, LAB13', LAB1S, LAB16
and LAB17 were through
organic acids.
The overall inhibitory activity
was two to three-fold reduced
when CFSs were used instead of
LAB isolates themselves.

Multiple lactic acid bacteria strains ~ In Fermented broccoli, cherry, Antimicrobial activity L. plantarum 445 exhibited the Xu et al. (2020)

vitro ginger, white radish, and highest antagonistic activity

white-fleshed pitaya juice
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against E. coli, S. aureus, and

L. monocytogenes EGD-e, L.
Already, L. plantarum 430
exhibited the highest
antagonistic activities against
S. Enteritidis and S. Typhimurium.

(continued on next page)
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Strains Type Isolation Source Assay Main Effects References

of
study

L. pentosus CHIG, NAG1, and In Fermented foods, fruits, and Antimicrobial activity Exhibited inhibition against Shekh et al. (2020)

L. fermentum PRS1. vitro vegetables food spoilage organisms and
intestinal pathogens as
Escherichia coli, Enterobacter
aerogenes, Salmonella typhi
MTCC 98, Serratia marcescens
MTCC 97, Shigella sp.,
Pseudomonas aeruginosa
MTCC2587, Proteus vulgaris,
Klebsiella pneumoniae, Yersinia
enterocolitica MTCC4858,
Enterococcus faecalis,
Micrococcus luteus, Bacillus sp,
Listeria monocytogenes
MTCC1143, Staphylococcus
aureus MTCC1144, Aspergillus
niger MTCC3496, Aspergillus
flavus MTCC2798, Rhizoctonia
solani MTCC633, Penicillium
roqueforti MTCC933 and
Candida strains.

L. fermentum 56, 60, 250, 263, In Different fruit pr ing A istic activity Inhibition of S. aureus INCQS Albuquerque et al.
139,141 and 296, L. plantarum 53,  vitro byproducts 00015, S. typhimurium INCQS (2018)
Lacticaseibacillus paracasei 106 00150, S. enteritidis INCQS
(former Lactobacillus paracasei 00258, L. monocytogenes INCQS
106) 00266, and E. coli INCQS 00219.

L. fermentum (DUR18), L. plantarum  In Tempoyak (Malaysian Antimicrobial activity The strains had inhibitory Khalil et al. (2018)
(DUR2, DURS, DURS8), vitro fermented condiment) activities against the tested
Limosilactobacillus reuteri DUR12 enteric pathogens
(former Lactobacillus reuteri (Staphylococcus aureus, Listeria
DUR12), Lactobacillus crispatus monocytogenes, Salmonella
(DUR4), L. pentosus (DUR20). Typhimurium, E. coli and

Pseudomonas aeruginosa) with
some variations between the
strains and inhibition zone from
3.0 to 16.8 mm.

L. plantarum 3701, 3725, 3739, In Mature Cornus officinalis fruits  Antimicrobial activity The strains present inhibition Tang et al. (2018)
3735, 25234, 25294, 2519, 3736,  vitro capacity to E. coli ATCC 25922,

3711, L. casei 3734 Salmonella enteritidis ATCC

13076 and S. typhimurium ATCC
14028, Listeria monocytogenes
EGD-e and S.aureus ATCC
29213.

Thirty different strains comprise In Horreh, a traditional Iranian Antimicrobial activity The strains had an important Vasiee et al. (2018)
Lactobacillus (fermentum, vitro fermented food antimicrobial activity,
plantarum, and brevis), Weissella L. innocua and S. aureus were the
cibaria, Enterococcus (faecium and most sensitive indicator bacteria
faecalis), Leuconostoc (citreum and against the selected LAB species,
mesenteroides subsp. while E. coli and B. cereus
mesenteroides) and Pediococcus showed greater resistance.
pentosaceus.

Leuconostoc mesenteroides E14, M67  In Fermented Silage (oat and Antimicrobial activity Both strains had an inhibitory Zarour et al. (2018)

vitro barley) and honey effect against Staphylococcus
aureus and Escherichia coli

Saccharomyces cerevisiae In Fruit (unspecified) Antimicrobial activity Showed moderate antimicrobial ~ Fakruddin et al. (2017)
IFST062013 vitro activity against bacteria and

fungi.

L. plantarum CCMAQ743, In Cauim (blended of cassava Antimicrobial activity The strains inhibited Salmonella Freire et al. (2017)
Torulaspora delbrueckii vitro and rice) enterica subsp. enterica serovar
CCMA0235 Typhimurium ATCC 6538,

Escherichia coli ATCC 11229,
and Listeria monocytogenes ATCC
15313.
Pediococcus acidilactici Ch-2 In Chuli (a fermented apricot Antimicrobial activity The strain was able to produce Gupta and Sharma
vitro product) bacteriocin and lactic acid (2017)
against serious food borne and
spoilage microorganisms.

Saccharomyces cerevisiae 15A and In Negrinha de Freixo cv. olives Antimicrobial activity C. norvegica had antimicrobial Oliveira et al. (2017)
15B, Candida norvegica 7A vitro activity against C. neoformans.

Lacticaseibacillus casei 24 (former In Fermentation Process of Antimicrobial activity The strains produced diffusible Ornellas et al. (2017)
Lactobacillus casei 24), vitro “Cupuacgu’” Theobroma inhibitory compounds

L. fermentum 38, 47, 62,
and L. plantarum 81,90, 96, 100
and 105

grandiflorum
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Table 2 (continued)
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Strains

of
study

Isolation Source

Assay

Main Effects

References

Four strains: L. plantarum S-811 and
S-TF2, Fructobacillus fructosus S-
22, and F. fructosus S-TF7 from

seventeen isolated of LAB

Sixteen strains: 13 L. pentosus and 3

L. plantarum

Levilactobacillus brevis
59 (former Lactobacillus brevis

59), L. pentosus 129, L. paracasei

108, L. plantarum 49, and
L. fermentum 111

L. plantarum F22

L. plantarum E1/18, E5/6, S0/3, S0/

7 and S3/16

L. plantarum
DGK-17

Endophytic Bacillus sp CaB5

L. plantarum (277, 281, 286, 289,
291) L. fermentum (260, 265, 266)

Levilactobacillus spicheri G2

(former Lactobacillus spicheri G2).

Strains: Candida (2 strains),
Kluyveromyces (4 strains),
Lachancea (1strain),

Metschnikowia (5 strains), Pichia

In

In
vitro

In
vitro

In

In
vitro

In

In

I
vitro

=

vitro

In
vitro

Fresh and spoiled cactus
(Opuntia ficus-indica) pears of
the green cultivar

Table olives biofilms

Byproducts of fruit pulp
process Malpighia glabra L.,
Mangifera indica L., Annona
muricata L., and Fragaria vesca
L.

Traditional inoculum Phab
used in chhang beverage

Fermented
stinky bean (Sa Taw Dong)

Kimchi

Surface of young fruits of
Capsicum annuum

Brazilian cocoa fermentation

Gundruk a non-salted,
fermented acidic vegetable

Strains from different sources
of which 66 strains were from
grape must

Antimicrobial activity

Antimicrobial activity

Antimicrobial activity

Antimicrobial activity

Antimicrobial activity

Antimicrobial activity

Antimicrobial activity
Screening for presence of
potential biosynthetic gene
clusters, the ability to influence
in plant growth.

Antimicrobial activity

Antimicrobial activity

Antimicrobial activity
Killer phenotype

41

Only S-22, S-811, S-TF1, S-TF2
and S-TF7 isolates showed some
antibacterial effect against juice
contaminant Bacillus sp.

The genotypes assayed were
able to produce the inhibition of
the food-borne pathogens as E.
coli and L. monocytogenes

The strains showed capacity to
inhibit Staphylococcus aureus,
Salmonella Typhimurium,
Salmonella Enteritidis, Listeria
monocytogenes and Escherichia
coli.

The strain showed antagonistic
effect against Staphylococcus
aureus IGMC, Enterococcus
faecalis MTCC 2729, Listeria
monocytogenes MTCC 839,
Clostridium perfringens MTCC
1739, Leucononstoc
mesenteroids, MTCC 107, and
Bacillus cereus CRI.

The strain inhibited Bacillus
cereus MST5040, E. coli
DMST4212, Listeria
monocytogenes DMST17303,
Staphylococcus aureus
DMST8840 and Candida
sorphophila SMO1 and was able
to inhibit the growth of coliform
during the fermentation.
Nutritionally improved DGK-17
showed antimicrobial activity
against several pathogenic
microorganisms with enhanced
antimicrobial activity and
bactericidal effect against
Pseudomonas aeruginosa 03K711
and Klebsiella pneumoniae
05K279.

Also, DGK-17 protects colon
cells against P. aeruginosa
(03K711) and K. pneumoniae
(05K279).

Identification of non-ribosomal
peptide synthases, PKS Type 1,
iturin, surfactin, DAPG and
gacA genes in the isolate CaB 5
from Capsicum annuum.

The strain proved growth
enhancement on Vigna radiata.
All strains showed varying
degrees of pathogen inhibition
in the four tests evaluated.

The strain showed antagonistic
spectrum against foodborne
pathogens/food spoilage
bacteria as Listeria
monocytogenes MTCC 839,
Leuconostoc mesenteroides MTCC
107, Enterococcus faecalis MTCC
2729, Lactobacillus plantarum
CRI, Bacillus cereus CRI,
Clostridium perfringens MTCC
1739, Pectobacterium
carotovorum MTCC 1428,
Escherichiacoli IGMC,
Staphylococcus aureus IGMC and
Aeromonas hydrophila IGMC.
Only §. bayanus 1FI-702,

S. cerevisiae IFI-716 and CYC-
SGA, M. pulcherrima IF1-1242
and W. subpelliculosa IF1-1253

Veron et al. (2017)

Benitez-Cabello et al

(2020)

Garcia et al. (2016)

Handa and Sharma
(2016)

Saelim et al. (2017)

Khan and Kang (2016)

Jasim et al. (2016)

Santos et al. (2016)

Gautam and Sharma
(2015)

Gil-Rodriguez et al.
(2015)

(continued on next page)
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Table 2 (continued)
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Strains Type Isolation Source Assay Main Effects References
of
study
(10 strains), Saccharomyces (68 (8.5% of the 59 strains studied)
strains), Schizosaccharomyces (5 displayed killer activity in at
strains), Torulaspora (23 strains), least one of the conditions
Wickerhamomyces tested.
(9 strains), Yarrowia (2 strains) Overall, the killer phenotype
and Zygosaccharomyces (1 strain) was not widely distributed
amongst the yeasts tested, as it
only appeared in 8.5% of the
strains.
Interestingly, all positive yeasts
to killer exhibited activity
against strains belonging to
other species, and sometimes,
even to different genera.
L. plantarum 0103, 0123, 0140, In Malaysian Antimicrobial activity The strains showed antibacterial ~ Ng et al. (2015)
0147, 0157, 0611, 0612, 0825, vitro fermented Bambangan activity to pathogens
1002; L. brevis 0808, 08771, (Mangifera pajang) Staphylococcus aureus ATCC
(21%), L. rhamnosus 0504, 25,923, Listeria monocytogenes
Lactobacillus delbrueckii, ATCC 13,932, Salmenella
L. paracasei and Pediococcus Typhimurium ATCC 13,311,
pentosaceus 1001 S. Enteritidis ATCC 13,076 and
Yersinia enterocolitica ATCC
23,715.
L. In Italian rye-grass Antimicrobial activity The strain showed antifungal Vijayakumar et al.
plantarum KCC-24 vitro (L. multiflorum) forage activity against (2015)
strains of Aspergillus fumigatus,
Penicillium chrysogenuim,
P. roqueforti, Botrytis elliptica,
Fusarium oxysporum
Pichia kudriavzevii DCNal and In Different fruits Culture-based bacteriological Yeasts modulated the intestinal Di Cagno et al. (2020)
Wickerhamomyces subpelliculosus vitro analyses of faecal batches microbiota increasing beneficial
DFNb6 Chemical detection of acids and microbes.
volatile compounds
L. fermentum 296 Invivo  Fruit pulp processing Male Wistar rats divide in 3 The administration of Cavalcante et al.
byproducts groups: Control (CTL) that L. fermentum 296 for 4 weeks (2019)
received a commercial diet and recovered fecal Lactobacillus sp.
saline solution; (HF) received a counts
High-fat commercial diet and
saline solution and (HF + Lf 296)
treated with High Fat (HF) diet +
L. fermentum 296 in a solution of
about 1x10° CFU/mL.
Administration was performed
daily for 4 weeks by oral gavage.
Fecal microbiota
L. fermentum 139, 263 and 296. Invivo  Fruit by-products ‘Wistar rats (n = 14) were fed with The group that received the Oliveira et al. (2020)
a control diet (CTL = 7) or a probiotic showed improvement
dyslipidemic diet (DLP = 7) in fecal Lactobacillus sp. counts
during pregnancy and lactation. The microbial count varied
After weaning, male and female among male and female
offspring received a standard diet  offspring and the probiotic
up to 90 days of life. intervention for eight weeks
Rats were allocated groups: CTL resulted in increase in fecal
group + saline solution (n = 14);  counts of Lactobacillus spp. in
DLP group + saline solution (n =  the DLP male and female
14) and DLP group receiving a offspring and decreased the
probiotic cocktail (n = 14). fecal counts of
A CLT or probiotic formulation Enterobacteriaceae when
containing L. fermentum 139, 263  compared to the CTL and DLP
and 296 at 1 x 10" CFU/mL) was  groups.
administered daily by oral
gavage/8 weeks.
Microbial count on fecal samples
were evaluated.
L. plantarum 49, and L. plantarum Invivo  Pulp of Mangifera indica L., or  Sixteen L. plantarum strains were  The strains were detected in the  Costa et al. (2019)

201

from industrial fruit

pulp processing byproducts of
Malphigia glabra L., M. indica
L., Annona muricata L. and
Fragaria ananassa L.

used as growth promoting effects
models in Drosophila
melanogaster.

Two strains were selected to
observe the safety aspects and
beneficial effects of strains using
Wistar rats (n = 48)/21 days.
The animals were randomly
distributed into three groups (n
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intestine.
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Strains

Type Isolation Source

study

Assay

Main Effects

References

L. plantarum Q823

Invive  Different quinoa varieties and

amaranth seeds

= 16): group Lp49, which
received 9 log CFU/mL of strain
L. plantarum 49; group Lp201,
which received 9 log CFU/mL of
strain and control group, which
received PBS daily by gavage/4
weeks,

Fecal microbiota

Seven health individual
consumed 20 mL of the quinoa-
based beverage containing 9.19
Logl0 CFU/mL once a day for 7
day and for the subsequent
period (washout) for another 7
days

Fecal samples were analyzed to

Fecal counts of 5-7 Log10 CFU/
g from the third day onwards.
The counts started to decrease
after the final dose. L. plantarum
Q823 was still present in all
subjects four days after the end
of administration and remained
present after seven days in three

Vera-Pingitore et al
(2016)

observe colonization.

of the subjects.

single dose) by mice resulted in decreases in the production of IFN-y and
IL-6 (pro-inflammatory cytokines) and increases in the production of
regulatory cytokine IL-10. Therefore, an anti-inflammatory activity was
observed (Ornellas et al., 2017). Probiotic cultures can metabolize
non-digestible compounds and produce short-chain fatty acids, which
contribute to immunity (Song et al., 2020).

2.2.3. Adipogenesis inhibition and body weight control

In vitro tests have demonstrated that probiotic cultures from uncon-
ventional sources could inhibit adipogenesis in adipocytes. Lat-
ilactobacillus sakei ADM14 (former Lactobacillus sakei ADM14) isolated
from kimchi decreased the intracellular content of triglycerides on 3T3-
L1 adipocytes and reduced the expression of adipogenic marker genes
(aP2, PPARy, FAS, C/EBPx, and CD36), resulting in inhibition of adi-
pogenesis (Won et al., 2020), In an in vivo test, the consumption of cactus
pear juice fermented with L, plantarum S-811 isolated from cactus pear
(10° CFU/mL, 7 weeks) by obese mice resulted in decreases in body
weight gain (Veron et al., 2019). In another study, the consumption of
L. sakei HAC10 and L. plantarum HACO1 isolated from Kimchi (Korean
traditional fermented food, 10° CFU/mL, 10 weeks) by obese mice
resulted in lower total weight gain and body weight (Park et al., 2016).
EPS produced by probiotic cultures can have inhibitory effects on adi-
pogenesis and body weight gain (Won et al., 2020).

2.2.4, Antimicrobial activity and improvement of intestinal microbiota

The production of antimicrobial compounds, such as organic acids,
short-chain fatty acids, and bacteriocins is a characteristic of probiotics
(Lakra et al., 2020; Leandro et al., 2020). The inhibition of the classic
foodborne pathogens (E. coli, S. aureus, and L. monocytogenes, S. Enter-
itidis and S. Typhimurium) by probiotic cultures is advantageous, is
considered as an appropriate alternative to antibiotic treatment, and
could increase the shelf life of food products (Xu et al., 2020). Antimi-
crobial properties against classical foodborne pathogens have been re-
ported in several studies with LAB isolated from unconventional sources,
such as forage plants, artisanal salami, and cocoa beans (Leandro et al.,
2020), fruits (Pabari et al., 2020; Taroub et al., 2019), vegetables
(Junnarkar et al., 2019), flowers (Patil et al., 2020; Sakandar et al.,
2019), plant leaves (Samedi & Charles, 2019), and fermented foods (Cao
et al., 2019; Cervantes-Elizarraras et al., 2019; Maheshiwari et al.,
2019). In another study, LAB strains isolated from Theobroma cacao
fermented fruit juice were able to inhibit Helicobacter pylori by produc-
ing bacteriocins or organic acids. This is important, as Helicobacter pylori
is recognized as an infectious agent, causing gastritis, ulcers, and tumors
(Mabeku et al., 2020). In a general view, the antimicrobial effect of
probiotic cultures was more pronounced for Gram-negative bacteria
than Gram-positive bacteria (Xu et al., 2020).
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Probiotic cultures may modulate the intestinal microbiota, Anaer-
obes are the most found microorganisms in the small intestine, but, in
cases of dysbiosis they can be replaced by other microorganisms, mainly
hemolytic bacteria (Staphylococcus spp.). This can result in inflammation
in the intestine and/or dysfunction of the gut epithelial cells (Di Cagno
et al., 2020). Probiotic cultures isolated from fruits, vegetables, flowers,
and traditional fermented beverages and included in food products may
improve the intestinal microbiota. Wickerhamomyces subpelliculosus
DFNb6 and Pichia kudriavzevii DCNal were used as starter cultures in
cornelian cherry beverage. In vitro tests showed that the functional
beverage improved the number of total anaerobes bacteria and
decreased the number of Staphylococcus spp., with better results than
FOS, a recognized prebiotic compound (Di Cagno et al., 2020).

In in vivo tests, the consumption of L. fermentum 296 isolated from
fruit (Cavalcante et al,, 2019), L. fermentum 263, L. fermentum 139, and
L. fermentum 296 isolated from fruit by-products (Oliveira, Cavalcante,
et al., 2020), and L. plantarum 49 and L. plantarum isolated from fruits
(Costa et al., 2019) by rats increased the counts of fecal Lactobacillus spp.
and decreased Enterobacteriaceae counts (Oliveira, Cavalcante, et al.,
2020). In a clinical trial, the consumption of a probiotic beverage based
on quinoa (L. plantarum Q823 isolated from quinoa and amaranth seeds,
20 mL, 10° CFU/mL, 7 days) by healthy female individuals resulted in
the survival of the probiotic culture to the gastrointestinal tract and
persistence for 5-7 days after the period of washout (Vera-Pingitore
et al,, 2016). The results indicate that probiotic cultures could survive
and colonize the gastrointestinal tract of both animals and humans
(Costa et al., 2019; Vera-Pingitore et al., 2016), However, further studies
are needed, as clinical trials only evaluated females and with health
status.

3. Techno-functional potential of strains isolated from
unconventional sources

3.1. Fruits, vegetables, and flowers

Fruits, vegetables, and flowers are considered carriers of a wide va-
riety of microorganisms, belonging to the group of bacteria, yeasts, and
molds. The diversity and concentration of the microorganisms are
associated with several factors such as water quality, environmental
conditions, maturation stage, among others (Fessard & Remize, 2019;
Rodriguez et al., 2019). In recent years, a series of studies have
discovered new microorganisms isolated from fruits and vegetables with
high potential for use in food processing, to improve their nutritional
and sensory quality, or acting as natural biopreservatives (Barros et al.,
2019; Costa et al., 2018; Di Cagno et al., 2016; Linares-Morales et al.,
2020). However, studies involving the isolation of microorganisms from
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flowers are still scarce (Patil et al., 2020; Sakandar et al., 2019). Fig. 3
presents the main techno-functional properties of microorganisms iso-
lated from fruit, vegetables, flowers, and ethnic fermented beverages.

Table 3 presents the main studies that evaluated the techno-
functional properties of strains isolated from fruits, vegetables, and
flowers. Lactobacillus, Leuconostoc, Weissella, Enterococcus, and Ped-
iococcus are the LAB genera most frequently isolated from fruits, vege-
tables, and flowers (Di Cagno et al., 2016). However, LAB represent a
minority part of the indigenous microbiota of these products, and
several yeast strains have also been isolated, such as Saccharomyces
boulardii, Saccharomyces cerevisiae, Pichia anomala, Rhodotorula mucila-
ginosa, Candida spp., and Ochrobactrum spp. (Barros et al., 2019; Habiba
et al., 2019; Souza et al., 2017).

The LAB and yeast isolated from fruit and vegetables have shown the
ability to inactivate pathogenic and contaminant microorganisms
(Martins et al., 2019; Peng et al., 2020; Pereira et al., 2015; Souza et al.,
2017). In in vitro tests, the growth of foodborne pathogens (Listeria
monocytogenes) and contaminants (Fusarium oxysporum) was inhibited
by Leuconostoc mesenteroides, Enterococcus mundtii and Enterococcus
faecium isolated from pepper (chilaca and jalapeno), guava, green apple,
corn, and orange (Linares-Morales et al., 2020). Saccharomyces cerevisiae
IFST 062013 (9 log cfu/mL) isolated from fruits exhibited moderate
antibacterial (mainly against Gram Negative bacteria) and antifungal
(Aspergillus, Penicillium and Rhizopus) activities when compared to con-
trols (doxycycline and fluconazole, respectively) (Fakruddin et al.,
2017). Pichia anomala CCMAQ0148, Saccharomyces cerevisiae CCMA0159
and Rhodotorula mucilaginosa (4-7 log cfu/mL) isolated from coffee and
cocoa beans exhibited high potential as biocontrol agents, inhibiting the
growth of the toxigenic fungi Aspergillus carbonarius (CCDCA 10608 and
CCDCA 10408) and Aspergillus ochraceus (CCDCA 10612) after cultiva-
tion at 28 °C for seven days, with a reduction of up to 53% in the
mycelial growth (A. ochraceus CCDCA10612). Furthermore, there was
less production of ochratoxin (OTA) (Souza et al., 2017), which is
important as OTA is recognized as a substance with hepatotoxic, neph-
rotoxic, immunosuppressive, and teratogenic effects, and it can cause
kidney and liver tumors (Souza et al., 2017). The results demonstrate the
potential of using fruit and vegetable-derived strains as bioprotective
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agents, based on in vitro tests, which open opportunities to increase food
products’ shelf life.

The increase of shelf life of perishable products using bio-
preservatives is of industrial interest, mainly due to consumers’ demand
for products with no synthetic preservatives. L. plantarum 49,
L. paracasei 108 and L. plantarum 201 isolated from fruits (mango and
acerola) and industrial fruit pulp processing by-products (mango,
acerola, and soursop) were able to antagonize the growth of food-related
bacteria in vitro (5 log cfu/mL, Staphylococcus aureus ATCC 952806,
Pseudomonas aeruginosa ATCC 27853, Listeria monocytogenes ATCC
1915, Salmonella Enteritidis PT4 and S. Typhimurium PT4). Furthermore,
these strains showed a high capacity to produce organic acids and were
effective as biopreservatives in Minas Frescal cheese and ground chicken
breast (Costa et al., 2018). The results suggest that LAB and yeasts’
antimicrobial effect isolated from fruits and vegetables are
strain-specific and may be a potentially replacer for synthetic pre-
servatives (Souza et al., 2017).

Fruit and vegetables are very perishable products, resulting in
physiological deterioration and changes in the nutritional and quality
characteristics due to consumption of internal water and use of reserve
substances by microorganisms. In products sensitive to fungal infection,
it is demanded alternatives that may act against phytopathogens, which
opens opportunities for LAB and yeasts isolated from fruits and vege-
tables (Habiba et al., 2019). The endophytic strain L. plantarum CM-3
isolated from strawberry (Fragaria x ananassa Duch. Cv. “Hongyan™)
exhibited inhibitory activity against Botrytis cinerea, which is a fungus
recognized for causing grey mold and a severely damage disease in
strawberries. This microorganism decreased mycelial growth (in vitro),
and inhibited spore germination and the incidence and diameter of the
lesions (in vive) (Chen et al., 2020). Saccharomyces boulardii and
Saccharomyces cerevisiae (7 log cfu/mL) obtained from the surfaces of
fruits (mango, orange, grapefruit, and lemon) and fresh vegetables
(green pepper and tomato) exhibited antagonistic activity against phy-
topathogens, being the maximum activity observed against Penicillium
digitatum. In the in vivo tests, the yeast delayed natural postharvest
infection by P. digitatum in kinnow fruits, preserving their quality (lower
loss of soluble solids and weight and higher total phenolic content)

LAB
strains /- . | TECHNO-FUNCTIONAL
. s B ) PROPERTIES
Yeast Starter cultures for
strains ) fermentation
: Antimicrobial and
antifungal capacity in vitro
and in vivo

Production of organic acids,
enzymes, bacteriocins,
exopolysaccharides

Improvement of nutritional
and sensory characteristics

Fig. 3. Unconventional sources of microbial isolation and their techno-functional properties.
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Table 3
Main studies that evaluated the technological properties of strains isolated from fruits and vegetables.

Microorganisms Isolation source Experiments Analysis performed Insightful findings References

LAB strains Strawberry fruit It isolated endophytic LAB Evaluation of the inhibitory L. plantarum CM-3 demonstrated ~ Chen et al.
Lactiplantibacillus (Fragaria < ananassa strains and evaluated their effect of isolates against the highest potential for in vitro (2020)
plantarum CM-3 Duch. ev. “Hongyan™)  potential in relation to in vitro B. cinerea in vitro. and in vivo control of B. cinerea
(former Lactobacillus and in vivo biocontrol against Identification and L. plantarum CM-3 decreased the
plantarum CM-3) Botrytis cinerea. characterization of the most mycelial growth of B. cinerea in
(selected) potent antagonist vitro (between 55.27% and

Analysis of mycelial growth, 79.80%)
spore germination and Inhibition of spore germination
elongation of the germ tube in the presence of living cell
Biocontrol efficacy of CM-3 suspensions and reduction of
against B. cinerea in vivo decay incidence and lesion
(Storage at 20 °C for 6 d) diameter of grey mold decay in in
Evaluation of colonization of vivo biocontrol assays
the selected antagonist in Concentrations of 8 and, 9 log
strawberry wounds cfu/mL ], decreased the
Concentration: incidence of grey mold in
L. plantarum CM-3: (6, 7, 8 48.23% and 75% respectively;
and, 9 log cfu/mL ") Cell-free filtrates of the strain
B. cinerea: (1 x 10° spores failed to provide any protection
mL ") against B. Cinerea
LAB strains Fresh fruits and It isolated strains of LAB from Isolation of Lactic Acid 76 LAB isolates were obtained. Linares-Morales
vegetables different fruits and vegetables Bacteria (LAB) Largest amounts of LAB were et al. (2020)
Chilaca chili, and evaluated the antimicrobial Antimicrobial Activity isolated from chilaca chilis (10),
Guava, activity and the enzymatic and (against Gram-positive, guava (8), green apple, jalapeno
Green apple, adhesion activity of these Gram-negative, LAB, mold, chilis, corn (6) and orange (5).
Jalapeno chili, isolates. and yeast strains) LAB strains of Enterococcus
Corn, Protease, lipase, amylase and faecium PIM4, Enterococcus
Orange, citrate metabolism mundtii ELO8, and Leuconostoc
Zucchini, Adhesion Capacity mesenteroides (PIM5, CAL14)
Peach, Biofilm Formation strongly inhibited the growth of
Red apple, Molecular Identification L. monocytogenes
pear, Enterococcus mundtii (JAV15,
Green tomato, TOV9) strongly inhibited the
Pomegranate, growth of F. oxysporum.
Lettuce, Seven isolates hydrolyzed starch,
Mandarin, 46 proteins, 14 lipids, and 36
Cucumber, metabolized citrate.
Bell pepper, LAB isolates with the best
Grape, activities were molecularly
Soybean sprout, identified as Leuconostoc
Nopal flower mesenteroides, Enterococcus
(Obtained from mundtii and Enterococcus faecium.
Farmlands, Street
markets, and
Supermarkets
in Chihuahua City,
Mexico)

L. plantarum 53, Pulp fruit of Malphigia It evaluated the effects of mixed ~ Enumeration of viable counts The viable counts of LAB strains Oliveira et al.
Lacticaseibacillus glabra L. and culture of four potentially (zero - right after after the 120-h fermentation of (2020)
paracasei 106 (former Mangifera indica L. or  probiotic Lactobacillus isolates homogenization and after 8, the by-products were >5.5 log
Lactobacillus paracasei Byproducts of on the physicochemical 24, 48, 72 and 120 h of cfu/mL
106), M. glabra L., M. indica characteristics, contents of fermentation). The fermentation increased the
Limosilactobacillus L. and bioactive compounds and Physico-chemical analysis luminosity, titratable acidity,

[fermentum 56 Annona muricata L. antioxidant activity (color, pH, titratable acidity total flavonoids, total phenolics
(former Lactobacillus of acerola and guava industrial and total soluble solids). and antioxidant activity and
fermentum 56) and by-products submitted to a Determination of bioactive decreased the content of total
Lacticaseibacillus casei submerged fermentation process  compounds soluble solids and the pH in the
L-26 (former for 120 h. Analysis of antioxidant two by-products tested.
Lactobacillus casei L-26) activity by FRAP and ABTS. Ascorbic acid content decreased
Determination of the content in the fermentation of the acerola
of ascorbic acid, carotenoids, by-product and increased in the
total flavonoids and total guava.
phenolics. There were no significant
Concentration: changes in the carotenoid
LAB: (10 log cfu/mL) content.
Mix of strains (1:1:1:1 ratio). Different phenolic compounds
(mainly Kaempferol and
quercetin) were found during the
fermentation of the by-products.
Yeasts strains Fresh fruits and seeds It isolated endophytic strains of Identification of Main genera identified were Barros et al.
of: yeasts present in the fruits of microorganisms Candida, Rhodotorula and (2019)

Achachairu (Garcinia
humilis),
Araca-boi (Eugenia

achachairu, araga-boi and
bacaba, and evaluated their
potential

Fermentation
Determination of total
phenolic compounds
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Ochrobactrum.
The largest number of strains
detected was in araga-boi (3),
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Microorganisms Isolation source Experiments Analysis performed Insightful findings References
stipitata) and in the production of bioactive Identification and followed by bacaba (2) and
Aacaba (Oenocarpus compounds and their quantification of phenolic and achachairu (1).
bacaba) fruits antioxidant activity. flavonoid compounds Rhodotorula glutinis produced the

by UHPLC-QqQ-MS/MS highest amount of total phenolics

Analysis of antioxidant among all 3 fruit residues and

activity. several species of isolated

Concentration: microorganisms.

Yeasts: (7 log cfu/mL) The use of bacaba waste as a
medium resulted in a higher
production of total phenolics.
Higher concentrations
were found for chlorogenic acid
(460.00%), catechin (94.75%)
and rutin (27.53%).

The antioxidant activity
increased [ORAC (118.62%),
FRAP (90.32%) and ABTS
(39.25%)] in fermented
products.

LAB strains Pickled white Identified and characterized Ability to produce 77 isolated strains belonging to Fessard and
cabbage (Brassica LAB strains isolated from fruits exopolysaccharides (EPS) the species Lactobacillus Remize (2019)
oleracea and vegetables, as well as Identification of species and plantarum (3), Lactobacillus spp.,
var, capitata), evaluated the ability of isolates typing (3), Lactococcus lactis (13),

Papaya (Carica to produce exopolysaccharides Analysis of tolerance to acid, Leuconostoc pseudomesenteroides
papaya) and (EPS), the influence of oxidative and osmotic stress (25), Leuconostoc lactis (1),
Tomatoes growth temperature and and bile salts Leuconostoc mesenteroides (7),
(Lycopersicon tolerance to acid, salt, bile salts Analysis of growth parameters  Leuconostoc citreum (14),
esculentum) or hydrogen peroxide. Weissella cibaria (4), Weissella
confusa (4), other Weissella
species (2) and Fructobacillus
tropaeoli (1).
Several isolates from Weissella
and Lactobacillus were
particularly tolerant to acid and
osmotic stress.
Lc. pseudomesenteroides 60 was
highly tolerant to oxidative
stress.
Weissella 30, 64 and 58,
Leuconostoc 60 and 12b,
Lactobacillus 75 and
Fructobacillus 77 were the
isolates that have the best
characteristics for their use as
starters or as preservatives.

Isolates of Saccharomyces Fresh fruit and Isolation and identification of Isolation and identification of 25 strains of epiphytic yeasts Habiba et al.
boulardii e vegetables surfaces: epiphytic yeasts from healthy epiphytic yeast were isolated, 20 of these (2019)
Saccharomyces Mango (Mangifera fruit and vegetables, and their In vitro antifungal assay showed maximum in vitro
cerevisiae indica L.) role in delaying the natural against Penicillium digitatum activity against P. digitatum.

Green chili (Capsicum  postharvest P. digitatum rot and Evaluation of yeast in delaying  Eight selected isolates showed
annuum L.) physiochemical properties in natural postharvest infection less infection of P. digitarum with
Orange (Citrus sinensis ~ kinnow at room temperature to of P. digitatum in kinnow fruits ~ minimal loss of quality compared
(L.) Osbeck cv. 15 days. Evaluation of yeast in delaying  to the control and positive
Valencia) post-harvest decomposition in  control (1% K sorbate).
Grape fruit (Citrus kinnow HAB-31 and HAB-53 isolates
paradise Macfad.) Physiochemical Analysis showed better characteristics.
Lemon (Citrus limon Concentration: Decreased weight loss (18.39%
(L.) Burm.) and Yeasts: (7 log cfu/mL) and 18.87%, respectively),
Tomato (Lycopersicon P. digitatum spores: (6 log c¢fu/  soluble solids and improved
esculentum Mill.) mL) phenolic content.

No effects on firmness.

S. cerevisiae CCMA 0200 Sugar cane Evaluated the performance of Microorganisms quantification  T. delbrueckii CCMA 0684 Martins et al.
(former UFLA CAl1) Coffea arabica L. var. yeasts Saccharomyces cerevisiae Analysis of acids and sugars showed better adaptation to the (2019)

T. delbrueckii CCMA
0684

Bourbon5

CCMA 0200 e Torulaspora
delbrueckii

CCMA 0684 as a starter in coffee
varieties processed by wet
method fermentation and the
impact on sensory quality and
compound profile

Volatile compounds
Sensory analysis
Concentration:
Yeasts: (7 log cfu/mL)
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process (72 h of drying).
Eighteen volatile compounds
were detected in green coffee
and 75 in roasted coffee.
2-Furanmethanol propanoate
and 2-ethyl-3,5-dimethylpyra-
zine were identified only in the
inoculated treatments.

All treatments received scores
greater than 80 in the sensory
analysis.

T. delbrueckii CCMA 0684
exhibited better results in

(continued on next page)
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Microorganisms

Isolation source

Experiments

Analysis performed

Insightful findings References

LAB strains

Sixteen LAB strains

Saccharomyces cerevisiae
IFST 062013

Twenty-eight LAB strains

Ripe wild fruits of
guava (pink and
yellow varieties),
Papaya,

Passion fruit,
Custard apple,
Medlar,

Mulberry,

Fig,

Khaki, and

Flowers of Medlar,
Passion fruit,
Custard apple,
Papaya

Pulp fruit of Malphigia
glabra L. and
Mangifera indica L. or
Byproducts of

M. glabra L., M. indica
L. and Annona
muricata L.

Fruit (non-specified)

Tomatoes
(Lycopersicon
esculantum),

Papaya (Carica
papaya) and

Sliced cabbage
(Brassica oleacera var.
capitata)

Evaluated the lactic microbiota
of these tropical fruits and wild
flowers and their technological
properties of metabolite
production.

Evaluated the antagonistic
activity of sixteen LAB strains
derived from fruits against food-
related bacteria and the effects
on the survival of

L. monacytogenes and

S. Enteritidis PT4 in fresh cheese
and ground chicken breast

Evaluated the antimicrobial and
antioxidant activities of whole
cells, culture supernatant and
cell lysate of the isolated
Saccharomyces cerevisiae TFST
062013

Evaluated the production of
exopolysaccharides (EPS) and
the acidification kinetics of LAB
isolated from fruit and its
potential as a starter for
fermentation in pineapple juice
(40 mL), teas (green and black)
(40 mL) or fruit puree (papaya
or mango) (40 g) with views for
technological use.

Microbiological Analyses and
Isolation of LAB

Analysis of metabolic
properties (mannitol and
organic acids production)
Analysis of aroma compounds
(diacetyl production)
Analysis of technological
properties (Acidifying capacity
and growth rate bacterial,
pectinolytic activity,
cinnamoyl esterase activity,
biogenic amine production)

Antagonistic activity assays
Assays with cell-free culture
supernatants

Analysis of organic acids
production

Bioconservation analyzes in
ground chicken and cheese
"Minas Frescal"

Analysis of production of
organic acids in the matrices,
Concentration:

LAB strains and indicators: (5
log cfu/mL)

Analysis of antibacterial and
anti-fungal activity

Analysis of antioxidant
activity.

Coneentration:
Saccharomyces cerevisiae IFST

062013: (9 log cfu/mL)

Microbiological analyses and
isolation of LAB

Analysis of EPS production
and acidification kinetics
Growth in apple juice
Production of fermented
Physico-chemical analyzes and
viability

Determination of sugar and
phenolic content

Sensory analysis

Analysis of antioxidant
activity

Concentration:

LAB: (5 log cfu/mL)
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sensory analysis, being
preferable for use as a starter.
Bacteria of the genera
Enterococcus, Fructobacillus,
Lactobacillus, Lactococcus,
Leuconostoc and Weissella were
observed, and 21 different
species were identified

Most of the strains found were
capable of preducing mannitol,
organic acids and aromatic
compounds; as well, some had
activities of cinnamoyl esterase,
pectinase and esterase.

Rodriguez et al.
(2019)

Costa et al.
(2018)

All LAB strains tested were able
to antagonize the growth of food-
related bacteria in vitro.

The highest production of
organic acids was detected for
L. plantarum 49, L. paracasei 108
and L. plantarum 201.

L. plantarum 49 and L. paracasei
108 decreased L. monocytogenes
counts in cheese.

L. paracasei 108 decreased the
count of S. Enteritidis PT4 in
chicken breast.

Saccharomyces cerevisiae IFST
062013 showed moderate
antibacterial and antifungal
activity when compared to the
control (doxycycline and
fluconazole)

Cell lysate showed more effective
antibacterial and antifungal
effects.

Antibacterial effect of the isolate
was better against gram negative
pathogens

Saccharomyces cerevisiae IFST
062013 showed strong
antioxidant activity, reducing
power, sequestering activity of
nitric oxide and hydroxyl radical,
significant cytotoxicity of
artemia and acute toxicity and
chelating activity of metal ions.
34 strains of the genera
Lactobacillus, Leuconostoc,
Weissella, Lactococcus and
Fructobacillus were isolated.
Among these, 13 species were
represented.

EPS formation was observed for
all strains of Leuconostoc spp.,

W. confusa and W. cibaria.

The kinetic parameters of
acidification showed different
behavior within the group of
strains. Fermented juices were
sensorially appreciated.

W. cibaria 64 produced little
grew in apple or

pineapple juice, however,
significantly increased the
phenolic content and antioxidant
activity.

Le. pseudomesenteroides 12b
increased antioxidant activity in
fermented papaya pulp,
however,

decreased phenolic content in
infusion of green tea and mango
pulp.

Fakruddin et al.
(2017)

Fessard et al.
(2017)

(continued on next page)
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Microorganisms Isolation source Experiments Analysis performed Insightful findings References
LAB strains Potato tocosh Evaluated the diversity of LAB Microbiological analyses and The genus Lactobacillus was Jiménez et al.
peruvian present in tocosh, in addition to  isolation of LAB (both culture-  predominant in LAB populations (2017)
(freshly harvested the safety aspects and the dependent and -independent at any stage of tocosh
potatoes, one-month biotechnological potential of approaches) fermentation
and eight-months these isolates for future Analysis of exopolysaccharides  Latilactobacillus sakei (former
production) commercial applications (EPS) production Lactobacillus sakei) and Lc.
Analysis of phytate mesenteroides were present in all
degradation activity tocosh samples.
and amylolytic activity Of the twenty-four LAB species
Analysis of group B vitamin detected, six were recovered by
production and biogenic culture.
amines production Lb. sakei and Ln. mesenteroides
Analysis of antimicrobial strains exhibited the ability to
activity break down amylase and
phytate, as well as the
production of EPS and B vitamins
(riboflavin and folate)
Tocosh LAB species showed
antibacterial activities, as well as
the ability to produce biogenic
amines.
Thirty-two yeasts strains Coffee and Evaluated the antagonistic Toxigenic fungi biocontrol in Yeasts showed greater inhibitory ~ Souza et al.
Cocoa beans potential of yeast isolates vitro assays effects (53%) on the mycelial (2017)
against Aspergillus carbonarius Evaluation of vegetative growth of the isolate A. ochraceus
(CCDCA 10608 and CCDCA growth (CCDCA10612).
10408) and Aspergillus ochraceus ~ Evaluation of Aspergillus spore  Pichia anomala CCMA0148 and
(CCDCA 10612) after cultivation ~ production Saccharomyces cerevisiae
at 28 °C for seven days. Antagonistic activity of CCMAO0159 provided the greatest
different water activity over growth inhibition of all fungal
ochratoxin (OTA) production strains.
Analysis of antagonistic Rhodotorula mucilaginosa was
activity by potential yeast effective in inhibiting the
strain at cellular level. production of OTA by the three
Concentration: isolates of Aspergillus.
Yeasts: (4-7 log cfu/mL) S. cerevisize CCMA0159 and
Aspergillus: (10° spores mL™") Pichia anomala CCMA0148
showed high potential as
biocontrol agents under the
conditions tested
Leuconostoc mesenteroides  Fresh fruits of Opuntia It evaluated the technological Isolation, identification and Strains showed ability to degrade ~ Di Cagno et al.
strains ficus-indica (L.) Mill., potential of autochthonous starter selection mucilage in vitro. (2016)
(genotype Sanguigna)  lactic acid bacteria isolated from  Fermentation of prickly pear Leuc. mesenteroides OP4, OP9,
prickly pear (Opuntia ficus-indica  fruit puree OP21, OP18 and OP23 showed
L.) fruits as a starter for Microbiological analysis the best growth and acidification
fermentation, as well as Quality parameters performance, and synthesis of
improvement in shelf life, Analysis of carbohydrates, exopolysaccharides (EPS) during
rheological, sensory and organic acids, volatile fermentation.
functional characteristics in components, and free amino Strains improved their shelf life,
prickly pear fruit puree acids color parameters, darkening
Antimicrobial assays index, sensory attributes,
Analysis of determination of antimicrobial activity, vitamin C
total phenols and DPPH and betaine levels.
radical scavenging activity The fruit puree initiated
Vitamin C and betalains significantly inhibited the
analysis inflammatory state of Caco-2
Functionality analysis using cells in addition to improving the
Caco-2/Tc7 cells immunomodulatory activity of
Sensory analysis the fruit puree.
Concentration:
(4%, v/v) (7 log cfu/g™")
LAB strains Coffee fruits Evaluated the potential use of Microbiological analyses for L. plantarum LPBRO1 showed Pereira et al.
lactic acid bacteria (LAB) LAB selection better performance as a starter (2016)

isolated from coffee fruits and
selected to conduct the moist
fermentation process of coffee
beans in order to improve the
quality attributes of the
beverages produced with these
beans

Fermentation assays
Analysis of determination of
sugars and organic acids by
HPLC

Headspace solid phase micro
extraction and gas
chromatography analysis
Coffee sensorial quality
evaluation

Concentration:

(7 log cfu/g™)
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for the fermentation of coffee
beans.

L. plantarum LPBRO1 had no
significant influence on yeast
growth.

L. plantarum LPBRO1 improved
the production of volatile
aromatic compounds during the
fermentation process.
Beverages produced with coffee
beans inoculated with

L. plantarum LPBRO1 presented
better aroma, flavor, acidity,
body, balance, aftertaste, and

(continued on next page)
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Microorganisms Isolation source Experiments Analysis performed Insightful findings References
overall quality in the quality test
compared with the conventional
process.

Lactiplantibacillus Industrially It evaluated the viability of Microbiological analyses Strains showed good survival Argyri et al.
pentosus B281 fermented olives potentially probiotic LAB during  Physicochemical analyses (pH,  rates. (2015)
(former Lactobacillus. the shelf life of fermented green water activity, colour, acidity, The initial and final LAB
pentosus B281) olives cv. Halkidiki stored (4 and salt content and firmness) population was 5.6-5.9 and

L. plantarum B282 20 °C for 12 months) in modified
atmosphere (70% N2-30%
€0O2), as

well as the quality attributes.

Evaluated the use of

P. fermentans YC5.2 as an initial
culture in controlled
fermentations of coffee beans of
varieties Mundo Novo and
Catuai Vermelho with or
without the addition of 2% (w/
v) sucrose during wet
processing, and its impact on the
metabolite profile.
Concentration:

(7 log cfu/mL)

Pichia fer YC5.2 Sp coffee

fermentation

Sensory Analyses
Concentration:

(~7-8 log cfu/mL)

Fermentation assays
Microbiological analyses
Metabolite target analysis
Determination of volatile
compounds and sugar
composition

Quality evaluation

5.8-6.4 log CFU/g respectively.
Both strains were recovered in
high percentages (64.7% for
B281 and 94.1% for B282) after
6 months and in lower survival
rates after one year (35.0% for
B281 and 13.3% for B282) at
4°C.

Lower survival rates were
observed after one year,

Olives showed better
acceptability after 6 months than
12 months of storage at both
temperatures.

Sucrose did not interfere with the
growth or frequency of P.
fermentans YC5.2

P. fermentans YC5.2 increased the
production of specific volatile
aroma compounds (e.g., ethanol,
acetaldehyde, ethyl acetate and

Pereira et al
(2015)

isoamyl acetate) and decreased
the production of lactic acid
during the fermentation proce.ss.
The strain improved the quality
of the coffee by intensifying the
*vanilla’ flavor and “floral’
aromas

compared to control and positive control (potassium sorbate at 1%)
(Habiba et al., 2019). Chemical fungicides are the cheapest approach to
minimize postharvest spoilage of fruits; however, they can result in the
development of chemical residues, pathogens resistance, phytotoxicity
to the environment or other microorganisms, and public health issues
(Chen et al., 2020). Therefore, the studies suggest that LAB and yeasts
isolated from fruits and vegetables could be used as potential alterna-
tives to synthetic fungicides, being eco-friendly, safe, and renewable,
and resulting in lower postharvest losses and products with improved
quality parameters,

The food industry is interested in low-cost processes for obtaining
ingredients and compounds of interest. LAB and yeasts can contribute
with food quality due to their fermentative activity, producing various
desirable compounds, such as organic acids, enzymes, bacteriocins, and
EPS (Peng et al., 2020). Enterococcus, Fructobacillus, Lactobacillus, Lac-
tococcus, Leuconostoc and Weissella were isolated from ripe fruits (pink
and yellow guava, papaya, passion fruit, pinecone, loquat, blackberry,
fig, khaki) and wildflowers (flower loquat, passion fruit flower, pine-
cone, papaya). Most of the strains showed good production capacity for
mannitol, organic acids, and aromatic compounds (Rodriguez et al,
2019). Lactilactobacillus sakei (former Lactobacillus sakei) and Leuconos-
toc mesenteroides isolated from Peruvian tocosh potato demonstrated
ability to metabolize starch and phytate, and produce EPS, as well as
synthesizing B vitamins (riboflavin and folate). Therefore, these LAB
could be used to improve the nutritional value of food products by
increasing the concentrations of important compounds (vitamins) and
decreasing antinutrients (phytate) (Jiménez et al., 2017).

The utilization of starter cultures of vegetal origin is important for
vegan products, as most of the starter cultures commercially available
are of dairy origin (Pimentel et al., 2021). Leuconostoc mesenteroides,
Enterococcus mundtii and Enterococcus faecium isolated from pepper
(chilaca and jalapeno), guava, green apple, corn, and orange presented
important characteristics to be used as starter cultures in food products,

such as the capacity to hydrolyze starch, proteins, lipids and metabolize
citrate (Linares-Morales et al., 2020). Enterococcus, Fructobacillus,
Lactobacillus, Lactococcus, Leuconostoc, and Weissella isolated from ripe
fruits and wildflowers presented enzymatic activity related to cinnamoyl
esterase, pectinase, and esterase enzymes (Rodriguez et al.,, 2019).
Therefore, these cultures may be used for producing enzymes. The
production of enzymes by microorganisms is more desired than those
from other sources because they can show improved catalytic activities,
increased yields, and be produced using culture media of low costs
(Linares-Morales et al., 2020).

The utilization of LAB from fruit and vegetables in food products
processing may improve their sensory properties and increase bioactive
compounds’ content. Lactobacillus, Leuconostoc, Weissella, Lactococcus,
and Fructobacillus isolated from tomato, papaya, and cabbage were able
to form EPS and showed good acidification properties. Therefore, they
were used as starter cultures (5 log cfu/mL) in fermentation of apple
juice, pineapple juice, and papaya pulp, improving the products’ anti-
oxidant activity and sensory profile (Fessard et al., 2017). Candida,
Rhodotorula and Ochrobactrum isolated from Brazilian fruits (araga-boi,
bacaba and achachairu) proved to be effective as starter cultures (7 log
cfu/mL) in fermentation of the residue of these fruits, increasing total
phenolic contents and antioxidant activity (Barros et al., 2019). A mix
(1:1:1:1 ratio) of the potentially probiotic strains L. plantarum 53,
L. paracasei 106, L. fermentum 56, and Lacticaseibacillus casei L-26
(former Lactobacillus casei L-26) (10 log cfu/mL) isolated from fruits
(mango and acerola) and fruit by-proeducts (mango, acerola, and sour-
sop) positively affected the physicochemical characteristics of
agro-industrial by-products of acerola (Malpighia emarginata DC) and
guava (Psidium guajava L.) during submerged fermentation for 120 h.
They improved brightness, titratable acidity, flavonoid content, bioac-
tive compounds content (ascorbic acid and phenolic compounds) and
antioxidant activity (Oliveira, Aratjo, et al., 2020). Finally, Leuconostoc
mesenteroides (OP4, OP9, OP21, OP18 and OP23) isolated from fresh
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fruits of Opuntia ficus-indica (L.) Mill. (Sanguigna genotype) showed in
vitro ability to degrade mucilage, and excellent performance of acidifi-
cation and synthesis of EPS during fermentation of mashed figs from
India (7 log cfu/g). Therefore, they increased shelf life, improved color
parameters, darkening index, sensory attributes, increased antimicro-
bial activity, and vitamin C and betaine (Di Cagno et al., 2016). Overall,
the studies demonstrate that the utilization of LAB and yeasts isolated
from fruit and vegetables as starter cultures may enhance safety, shelf
life, texture, sensory properties, and health-promoting characteristics of
the products.

Coffee fruit is commonly processed by fermentation using the
indigenous species, eliminating the mucilage of the beans and forming
volatile compounds (Pereira et al,, 2015),

It is of interest for the industry to obtain consistent quality products,
which may be achieved by controlling the fermentation step (Pereira
et al.,, 2015). LAB and yeasts isolated from fruit and vegetables may be
used in the processing of coffee. L. plantarum LPBRO1 (7 log cfu/g)
isolated from coffee fruits were used as starter culture for the wet
fermentation of coffee beans, resulting in improved production of vol-
atile aromatic compounds during fermentation process. The produced
beverages showed better aroma, flavor, acidity, body, balance, residual
flavor, and overall quality compared to that obtained by the sponta-
neous fermentation (Pereira et al., 2016). Saccharomyces cerevisiae
CCMA 0200 isolated from sugar cane and Torulaspora delbrueckii CCMA
0684 isolated from Coffea arabica L. var. Bourbon5 were used in the wet
fermentation of coffee varieties (Mundo Novo and Catuai Vermelho). It
was observed improvements on volatile compounds’ profile, resulting in
better sensory quality of the coffee beverages (Martins et al., 2019). In
another study, Pichia fermentans YC5.2 (7 log cfu/mL) isolated from
spontaneous coffee fermentation increased the production of
aroma-specific volatile compounds (e.g. ethanol, acetaldehyde, ethyl
acetate and isoamyl acetate) and decreased lactic acid production dur-
ing the coffee bean fermentation process, resulting in a coffee beverage
with improved sensory quality due to the more intense “vanilla” and
“floral” aromas (Pereira et al., 2015). The results indicate that the use of
starter cultures isolated from fruits and vegetables can reduce the
fermentation time and improve the aroma and flavor of the coffee
beverages, resulting in a product with a distinctive flavor and added
value (Martins et al., 2019; Pereira et al., 2016).

3.2. Ethnic fermented beverages

Fermented foods are good sources for the isolation of LAB and yeasts
with tecno-functional properties (Menezes et al., 2020; Taheur et al.,
2020). Fermented dairy products, such as fermented milks, yogurts, and
cheeses, have been the main source of microorganisms over the years, as
they are products produced on a large scale and with great commercial
appeal (Rezac et al., 2018). However, several studies have shown that
the behavior and efficacy of a strain is related to its source, which has
driven the interest in isolation of microorganisms from unconventional
sources, allowing their application in most diverse products and tech-
nological processes (Maidana et al., 2020; Wuyts et al., 2020). In this
context, the microbiota of plant origin’s fermented food still represents a
source to be explored and with great potential for new biotechnological
applications. Table 4 shows the main studies that evaluated the
techno-functional properties of strains isolated from ethnic fermented
beverages and other fermented foods.

Olives represent one of the most consumed fermented vegetables
around the world. They are produced through fermentation by their
native microbiota, which improves the sensory characteristics of the
products. In this way, studies have investigated the potential of LAB and
yeasts isolated from table olives for application and improvement of the
fermentation process (Benitez-Cabello et al., 2020; Torizzo et al., 2016),
L. plantarum (B3 and B11) and Lactiplantibacillus pentosus (B4) (former
Lactobacillus pentosus (B4)) isolated from fermented green olives cv.
"Nocellara del Belice" have shown positive in vitro results, such as high
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cell viability (even without glucose) for up to 15 days, good adaptability
to high concentrations of salt (up to 10% NaCl), low temperature (7 °C)
and low pH (about 3.6), good tolerance to phenolic content of common
olives (0.3% of total phenol), and high degradability of oleuropein and
B-glucosidase activity (lorizzo et al., 2016). In another study, the yeast
strain Wickerhamomyces anomalous Y12 and a combination of LAB
strains (L. pentosus LPG1, L. pentosus Lp13, L. plantarum) resulted in
lower pH values and higher acid production and sugar consumption,
LAB multiplication, biofilm formation, and production of auto-inducer-2
(AI-2) in Spanish green olives. Furthermore, the sensorial analysis did
not show differences between the inoculated treatments and uninocu-
lated (spontaneous) control (Benitez-Cabello et al., 2020). L. pentosus
B281 and L. plantarum B282 (~7-8 log cfu/mL) isolated from industrial
fermented olives showed good viability (64.7% and 94.1%, respectively)
after 6 months and 1 year (35.0% and 13.3% respectively) in fermented
green olives (cv. Halkidiki) stored (4 and 20 °C) in modified atmosphere
(70% N2-30% CO2). There were no significant changes in pH, acidity,
or salt content, but the olives treated with the strains showed better
results for color and firmness, reflecting better sensory acceptance
(Argyri et al., 2015). The results suggest that microorganisms isolated
from olives may be used as starter cultures in their fermentation,
resulting in an accelerated fermentation process and products with
similar or improved characteristics compared to those obtained by
spontaneous fermentation.

LAB and yeasts with technological potential have also been isolated
from different traditional fermented foods and beverages worldwide.
The main technological properties reported were efficacy as starter
cultures, antimicrobial and antifungal activity, capacity for degradation
of toxins, and production of desirable compounds (Aka et al., 2020; Pei
et al., 2020; Ramos et al., 2015; Taheur et al., 2020). Limosilactobacillus
fermentum S6 (former Lactobacillus fermentun S6) and Pediococcus acid-
ilactici S7 were isolated from fermentation of tchapalo (traditional
Ivoirian beverage produced from fermented sorghum) and showed good
ability to act as starter cultures in the production of sorghum-based
beverages and to produce bacteriocins (Aka et al., 2020). Torulaspora
delbrueckii, Pichia exigua and Bacillus spp. isolated from taruba (tradi-
tional fermented beverage from cassava) demonstrated ability to
degrade starch, proteolytic activity and thermotolerance. These char-
acteristics are desired for cassava fermented foods production; there-
fore, the isolated microorganisms could be used as starter culture
(Ramos et al., 2015). A diversity of microorganisms was isolated from
chichas (indigenous Andean beer) produced with rice, oats, grapes, and a
mixture of seven varieties of corn. Most microorganisms showed good
tolerance to stress conditions (concentrations of ethanol, low and high
temperature and osmotic stress). Cryptococcus sp. showed the highest
amylase activity, while Saccharomyces cerevisiae EYS5 presented the
highest invertase enzyme activity and tolerance to dehydration. The
results suggested that the isolated yeasts could be used as dry starters to
produce chichas or in other alcoholic fermentations (Grijalva-Vallejos
et al., 2020). Therefore, interesting results have been reported for the
isolation of microorganisms from ethnic beverages and application as
starter cultures in the production of the same beverages, aiming to
replace spontaneous fermentation. This is important, as a previous study
has observed that species of opportunistic pathogens (Candida tropicalis,
Candida inconspicua, and Kluyveromyces marxianus) could secrete hy-
drolytic enzymes (that contributed to their pathogenicity) in ethnic
fermented beverages such as tchapalo and bangui. Therefore, these re-
sults open discussion about safety of traditional spontaneously fer-
mented beverages (Egue et al., 2018).

LAB and yeasts from fermented beverages or their metabolites may
show antimicrobial activities. L. plantarum SLG10 isolated from kom-
bucha (traditional fermented beverage based on sugared tea) produced a
bacteriocin that was thermostable (storage at 37 °C for 14 days or 2
months at 4 °C), tolerant to a pH range of 2.0-7.0, and sensitive to most
proteases (except trypsin and pepsin). Furthermore, it showed good
antimicrobial activity against Gram-positive and Gram-negative
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Table 4
Main studies that evaluated the techno-functional properties of strains isolated from traditional fermented foods/beverages.
Strain Isolation source Experiments Analysis performed Insightful findings References
LAB strains Tchapalo Identified and Tchapalo Processing Dominant LAB species in Aka et al. (2020)
traditional Ivoirian characterized LAB involved ~ LAB isolation and tchapalo fermentation were
fermented beverage in the tchapalo enumeration L. fermentum (64%), followed
produced from sorghum fermentation process, in Analysis of antimicrobial by Pediococcus acidilactici
order to use them as activity (14%).
potential starter cultures, as Identification of LAB and Of the 465 isolates, 27 were
well as the production of lysis of ic and capable of producing
bacteriocins by these general phylogenetic bacteriocins.
bacteria characteristics No antibiotic resistance genes
Detection of antibiotic or any potential virulence
resistance genes and factors have been detected.
potential virulence factors L. fermentum S6 and
P. acidilactici S7, and two
potential bacteriocin
producers, Weissella confusa
AB3E41 and Enterococcus
faecium AT1E22, were
selected for characterization.
L. fermentum S6 and
P. acidilactici S7 proved to be
good candidates for starter
cultures
Lactiplantibacillus pentosus Fermented table olives Evaluated the use of strains  Inoculum treatment Wickerhanomyces anomalous

LPG1 (former Lactobacillus
pentosus LPG1), L. pentosus
Lp13, Lactiplantibacillus
plantarum Lp115 (former
Lactobacillus plantarum
Lpl15), and
Wickerhanomyces
anomalous Y12

Yeasts strains

Thirty-four LAB strains

biofilms

Ecuadorian Chichas
(indigenous Andean beer)
produced with:

Rice (RC),

Oats (0C),

Grape (GC) and

A mixture of seven varieties
of corn (yamor, YC)

Kimchi

(alone or in ion)

as multifunctional starters
for Manzanilla Spanish-
style green table olive
fermentations, as well as its

Physicochemical lysi:
Microbiological oty

etal.

Y12 followed by a
combination of the LAB

Observation of the
presence of biofilm in the
fruits

strains showed the best
results (faster drop in pH,
higher acid production, sugar

[ ion, LAB growth,
biofilm formation and AlI-2
production mainly in the first

impact on physical- Self-inducing bi 2 P
chemical, Genotyping of the LAB
microbiological and population and

sensory p i 1 weeks).

It isolated, identified and
characterized yeast strains
in order to select initi

Sensory analysis
Concentration:

LAB: (~7 log cfu/mL)
Y12: (~5 log cfu/mL)

Molecular yeast
identification
Stress tol;

1

for application in the
fermentation process of
Chicha or other fermented
foods, and biochemical and
molecular aspects during
fermentation were also
evaluated.

It selected LAB strains
isolated from kimchi with
anti-listeria capacity and
investigated the cell
surface properties (self-
aggregation and
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Y
Detection of amylase
activity

Growth in molasses and
tolerance to dehydration
Analysis of fermentative
capacity

Determination of invertase
activity

Identification of selected
anti-listerial LAB isolates
Analysis of cell surface
aggregation and
hydrophobicity activity
Inhibition evaluation of

LPG1 strain and, particularly
Lp13, were excellent biofilms
former

Besides Lactobacillus, high
proportions of sequences
from other genera such as
Marinilactobacillus,
Alkalibacterium,
Halolactobacillus and low
levels of Halomonas and
Aerococcus were observed.
There were no differences
between the inoculated
treatments and the non-
inoculated (spontaneous)
control in the sensory
analysis.

Eleven yeast genera and 16
species were identified
Stress tolerance varied
between species

One Cryptococcus sp. isolate
had the highest amylase
activity.

Ecuadorian strain of

S. cerevisiae EYS5 exhibited
excellent fermentative
performance, invertase
activity (1.33 times greater
than the control) and showed
high viability after
dehydration.

T. delbrueckii EGT1 also
showed high potential as
non-Saccharomyces yeast for
alcoholic fermentations.

Grijalva-Vallejos
et al. (2020)

Six BAL identified as Hossain et al.
L. plantarum (1.60, M.2 and (2020)
M.21), L. curvatus (B.67),
L. sakei (D.7) and Leuconostoc
mesenteroides
(J.27) have shown anti-
(continued on next page)
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Table 4 (continued)

Strain Isolation source Experiments Analysis performed Insightful findings References
hydrophobicity) as well as Listeria monocytogenes listerial capability.
the inhibitory effect of biofilm activity in vitro, in All isolates exhibited
isolates against biofilm stainless steel coupons remarkable auto-aggregation
formation of (SS), in lettuce and in the and hydrophobicity
L. monocytogenes in lettuce ~ MBEC ™ biofilm device. potential.
and MBEC™ biofilm Characterization analyzes LAB strains suppressed
device. of biofilm formation L. monocytogenes biofilms by
Concentration: up to 2.17 log cfu/em?, 1.62
LAB: (8 log cfu/mL) log cfu/em? and 1.09 log cfu/
L. monocytogenes: (5 log peg in S8, lettuce and MBEC
efu/mL) ™, respectively.
L. curvatus B.67 isolate was
the one with the highest
inhibition efficiency.

13 yeast strains: Kefir and Caxiri (indigenous It evaluated the Co-aggregation evaluation All strains were able to co- Menezes et al.
12 8. cerevisiae beverage) antimicrobial effect of Analysis of Scanning aggregate with the pathogens (2020)
P. kluyveri Cocoa fermentation potentially probiotic yeast electron microscopy (SEM)  tested, however, this activity

strains, previously isolated of yeasts co-aggregated was dependent on the strain.
from fermented foods, on with bacterial pathogens All yeasts were effective in
adhesion of foodborne Analysis of inhibition of reducing adhesion and
pathogens to Caco-2 cells. pathogenic bacteria bacterial infection (over
adhesion to Caco-2 50%) in caco-2 cells.
Analysis of Antimicrobial As observed for P. kluyveri
activity (CCMA 0615) for EPEC in an
Concentration: exclusion test; S. cerevisiae
Yeast: (7 log cfu/mL) (CCMA 0731, CCMA 0732)
L. monocytogenes, EPEC e S. and P. kluyveri (CCMA 0615)
Enteritidis: (9 log cfu/mL) for L. monocytogenes in
exclusion and competition
tests; and S. cerevisiae (CCMA
0731) in exclusion and
S. cerevisiae (CCMA 0731,
CCMA 0732), P. kluyveri
(CCMA 0615) in a
competition trial for
S. Enteritidis.
Yeast antimicrobial
compounds have not been
produced

L. plantarum 332, Spontaneously fermented It selected LAB isolates as Curly kale juice L. paraplantarum G2114, Lb. Michalak et al

Lactiplantibacillus curly kale starter cultures for the fermentation plantarum 332 and (2020)

paraplantarum G2114
(former Lactobacillus
paraplantarum G2114),
Levilactobacillus brevis R413
(former Lactobacillus brevis
R413), Latilactobacillus
curvatus 154 (former
Lactobacillus curvatus 154),
Weissella hellenica 152,

W. cibaria G44,
Pediococcus pentosaceus
2211, P. acidilactici 45AN,
Leuconostoc mesenteroides
153, and Lactococcus lactis
37BN

L. plantarum SLG10

Traditional kembucha of
South China

fermentation of kale juice,
evaluating the functional
and technological
characteristics of the
fermented juice from
multistrain formulations.

It isolated an antimicrobial
strain of Lactobacillus that
produces bacteriocin from
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Technological and
functional potential
analysis of fermented curly
kale juices (pH and total
acidity, determination of
viable cells, neutral sugar
and protein

content, antioxidant
activity (ABTS), gentisic
and

salicylic acid (HPLC)
content)

Antibacterial activity test
PCA analysis for starter
culture selection

Analysis of technological
and functional
characteristics of
fermented juice with
starter culture

Analysis of the total
phenolic content (TPC),
Cell viability in cold
storage (4 °C for 4 weeks)
Concentration:

LAB: (~7.5 log cfu/mL)
(5% v/v)

Salmonella enterica,
Staphylococcus aureus and
Escherichia coli: Briefly,
0.5 mL of inoculum
overnight (ODggg = 1.0)
Isolation and identification
of bacteriocinogenic LAB
Evaluation of bacteriocin

Pediococcus pentosaceus 2211
showed better performance
in the evaluation of
functional and technological
properties by PCA and were
selected as starter cultures.
Kale juice fermented by the
combined use of these strains
showed rapid acidification
with a high number of viable
cells, increased antioxidant
activity and antimicrobial
effects against some
pathogenic bacteria tested
(mainly Gram negative).

SLG10 strain was selected
because it is the only strain
capable of acting on both

(continued on next page)

Pei et al. (2020)
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Strain

Isolation source

Experiments

Analysis performed

Insightful findings References

Six-teen strains:
LAB (7) and Yeasts (9)

LAB strains

Kombucha (pellicle and
fermented tea)

Fruits and vegetables:

Tlama (Annona
macroprophyllata), papaya
(Carica papaya L.), mango
(Mangifera indica L. var.
Ataulfo), cocoa (Theobroma
cacao L.), cabbage (Brassica
oleracea var. Capitata),
melon (Cucumis melo L.),
sapodilla (Pouteria sapota L.)
and sabila (Aloe vera L.)
Fermented foods:

Pozol (traditional drink made
from

corn and ground cocoa mass)
Tepache (fermented drink
made with fimxi),

Tejuino (fermented corn
drink) and

Sauerkraut (fermented
cabbage).

kombucha, in addition to
tracking and purifying the
bacteriocin

produced, demonstrating
its mechanisms of action.

It evaluated the capacity of
bacteria and/or yeasts
isolated from Kombucha to
biodegrade Aflatoxin B1
(AFB1), as well, as the
cytotoxicity of the by-
products in Hep2 cells and
in brine shrimp (Artemia
salina).

It isolated and identified
LAB with antifungal
activity against
Colletotrichum
gloeosporioides from
vegetables and fermented
foods.

53

production by the SLG10
strain

Bacteriocin purification
analyzes

Structural ch ization

Gram-positive and Gram-
negative bacteria (S. aureus
CICC10384 and E. coli
CICC10302).

The i production of

analyzes of bacteriocin
Bacteriocin stability
analysis

Antimicrobial activity of
bacteriocin SLG10
Analysis of inhibition of
biofilm formation
Concentration:

Indicator bacteria: (6 log
cfu/mL)

S. aureus CICC 10384: (8
log cfu/mL)

Microbiological analysis

bacteriocin SLG10 was
recorded after 30 h of growth
in MRS broth.

Bacteriocin SLG10 showed
thermostability after storage
at 37 °C for 14 days or even
after 2 months at 4 °C, pH
tolerance characteristics in
the range of 2.0-7.0, and was
sensitive to most proteases,
but not to trypsin or pepsin.
Bacteriocin SLG10 proved to
be bactericidal, increased the
permeability of the cell
membrane, causing the
release of potassium ion and
was also able to inhibit the
formation of biofilms.

Kombucha showed a Taheur et al.

Ability of kombucha for
degrading and adsorbing
mycotoxin from
contaminated tea
Evaluation of AFB
biodegradation properties
of strains isolated from
kombucha

Identification of active
strains degrading AFB1
Mycotoxins contents
analysis (HPLC).
Cytotoxicity test for AFB1
on Hep2 cells and brine
shrimp.

Concentration:

LAB: (~9 log cfu/mL)
Yeasts: (~7 log cfu/mL)

Isolation of LAB
Antifungal assays
Identification of LAB
Concentration:

LAB: not specified

C. gloeosporioides Penz: (1
% 10° spores/mL.)

d ion capacity of 97%  (2020)
of AFB1 in black tea after 7
days of fermentation.

In vitro degradation tests
showed that LAB degraded
20-45% of AFB1, while
isolated yeasts showed no
degradation capacity.

In black tea, yeasts showed
better degradation potential
of AFB1 (37%).

Pichia occidentalis, Candida
sorboxylosa and
Hanseniaspora opuntiae have
been identified as yeasts
effective in degrading AFB1
P. occidentalis (59%) showed
the greatest degradation
capacity of AFB1 when grown
in black tea.

Biodegraded products were
less toxic than pure AFB1,
both in the cytotoxicity test in
Hep2 cells and in brine
shrimp.

54 strains of LAB were
isolated, of these, 50 were
from fermented foods.

18% of the isolates showed
strong antifungal activity
against C. gloeosporioides,
inhibiting both spore
germination and mycelial
growth.

The inhibition of spore
germination varied between
50 and 100% (inhibition
range between 30 and 40
mm)

All isolates presented were of
the genus Lactobacillus

The isolated strains

L. pentosus TEJ10, L. paracasei
TEP6 and L. plantarum TEP15
showed the greatest
inhibition of spore
germination of the
phytopathogen.

All strains inhibited the
growth of the mycelium of
C. gloeosporioides, surpassing
the

Barrios-Roblero
et al. (2019)

(continued on next page)
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Strain

Isolation source

Experiments

Analysis performed

Insightful findings

References

L. plantarum LUHS135 and
Lacticaseibacillus paracasei
LUHS244 (former
Lactobacillus. paracasei
LUHS244)

Candida strains

Komagataeibacter strains

L. plantarum (B3, B11) and
L. pentosus (B4)

Spontaneously fermented
Rye flour

Tchapalo and bangui (or palm
wine) traditional beverages

Kombucha beverages

Fermented Green Olives cv.
“Nocellara del
Belice”

It isolated strains of LAB
from spontaneous
fermentation of rye flour
and evaluated their
technological potential
regarding carbohydrate
metabolism, gas
production, low pH
survival, growth at
different temperatures,
antimicrobial properties,
antibiotic resistance,
mycotoxin reducing
properties, as well as
application in encapsulated
dairy by-products.

It evaluated the diversity of
Candida species in popular
alcoholic drinks from Cote
d'Ivoire, as well as the
enzymatic activity of these
strains.

Evaluated four different
commercial Kombucha for
isolating strains with the
potential to produce
bacterial cellulose (BC)
under static cultivation
conditions using different
sugars and sugar-alcohol
mannitol as carbon sources,
as well such as apple juice
and cheese whey as low-
cost substrates. In addition,
it also evaluated the
physical and mechanical
properties of the cellulose
produced.

It evaluated the
technological potential in
vitro of Lactobacillus strains
previously isolated from
fermented olives in terms of
multiplication,

54

Purification, isolation,
identification and
characterization analyzes
Analysis of antimicrobial
activity and antibiotic
resistance

Analysis of mycotoxin
reducing properties
Evaluation of growth and
encapsulation in whey
substrate

Concentration:

LAB: (~7-8 log cfu/mL)

Microbiological Analysis
Molecular identification
tests of yeast isolates
Analysis of enzyme
activity

Isolation analysis and
identification of cellulose-
producing strains
Characterization of BC
(FT-IR)

BC production and
quantification tests
Determination of sugars
and acidic organics
Determination of the
degree of cellulose
polymerization
Evaluation of the
mechanical properties of
BC

Determination of bacterial
viability and fermentative
metabolism
Determination of the
content of glucose, total
phenolies, Oleuropein and

positive controls (natamycin
and mancozebe)

L. plantarum LUHS135 and

L. paracasei LUHS244 were
able to metabolize a wide
spectrum of carbohydrates,
showed tolerance to acidity
(viable cells: 7.69 and 7.55
log! cfu/mL 1) and
susceptibility to antibiotics
(gentamycin, tetracycline,
erythromyein, amoxicillin
and trimethoprim).

L. plantarum LUHS135 and

L. paracasei LUHS24 inhibited
the growth of a wide range of
pathogenic bacteria and
showed no gas production.
The highest antimicrobial
activity was found for

L. plantarum LUHS135
against B. cereus

A total number of 136 yeasts
(64 of tchapalo 72 of bangui)
were identified, belonging to
seven species: Candida
tropicalis, Candida
inconspicua, Candida rugosa,
Saccharomyces

cerevisiae, Kluyveromyces
marxianus, Hanseniaspora
guilliermondii, Trichosporon
asahii (7 log cfu/mL).

Three species of Candida (C.
tropicalis, C. inconspicua and
C. rugosa). were isolated from
beverages.

C. rugesa was specific to
bangui while T. asahii was
specific to tchapalo.

Four species were found to be
opportunistic pathogens

(C. tropicalis, C. inconspicua
and K. marxianus).

The pathogens evaluated
showed a variable amount of
secreted hydrolytic enzymes,
such as esterase, esterase
lipase, valine and cystine
arylamidase, alpha
chymotrypsin, alkaline
phosphatase and naphthol
phosphohydrolase.

The best cellulose producers
were the B17 and B22 isolates
belonging to the genus
Komagataeibacter (former
Gluconacetobacter) and
classified as K. rhaeticus P
1463 and K. hansenii B22,
respectively.

K. rhaeticus P 1463 was more
effective with BC yield of
~25% in Hestrin and
Schramm (HS) medium and
~37% in fermented apple
Jjuice for 5 days.

Synthesized BC showed good
physical and mechanical
properties

All strains showed high cell
viability even with no glucose
up to 15 days.

Acidification capacity
(degradation of all glucose in
24 h, final pH: ~4.1),

(continued on next page)

Bartkiene et al.
(2018)

Egue et al. (2018)

Semjonovs et al.
(2017)

lorizzo et al.
(2016)
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Strain

Isolation source

Experiments

Analysis performed

Insightful findings References

Komagataeibacter intermedius
FST213-1

LAB and
yeasts strains

Fermented fruit juices of
pineapple, apple and guava

Taruba (traditional
fermented beverage
produced from cassava)

acidification capacity,
enzymatic activities and
oleuropein degradation
capacity under different
conditions.

It isolated and identified a
new strain producing
bacterial cellulose (BC) in
fermented fruit juices, still
evaluated the production of
BC at different pHs and
characterized the BC
produced.

Identified and
characterized the
microbiota present during
solid state fermentation in
the final stage of tarubd
production, as well as the
chemical characteristics
throughout and at the end
of the fermentation of
beverage.

hydroxytyrosol

Analysis of enzyme
activity

Analysis of oleuropein-
degrading capability and
p-Glucosidase

activity

Preparation of fermented
fruit juices

Isolation of BC producing
strain

Identification tests of BC
producing strain

Material property analysis

Microbial population and
characterization (by
culture-d lent and

L. plantarum B3 and B11
exhibited good adaptability
to high concentrations of salt
(up to 10% NacCl), low
temperature (7 °C) and pH
(about 3.6).

Good tolerance to the phenol
content of common olives
(0.3% of total phenol) and
high degradability of
oleuropein.

Lesser action of degradation
of oleuropein was observed in
a medium rich in nutrients
All strains evaluated
produced p-glucosidase
activity, but without esterase
The isolated strain was
identified as
Komagataeibacter intermedius
FST213-1.

K. intermedius FST213-1 was
able to produce BC at pH
values between 4 and 9,
exhibiting maximum BC
production (1.2 g/L) at pH 8
in short term cultivation (4
days).

BC produced from

K. intermedius FST213-1
exhibited higher water
content (99.5%), lower
thermostability (315 °C),
lower crystallinity (79.3%)
and similar mechanical
properties compared to the
producer BC,
Gluconacetobacter xylinus
23769.

LAB and Bacillus species such
as L. plantarum, L. brevis,

L oides and

Lin et al. (2016)

Ramos et al.
(2015)

-independent methods)
Analysis of amylolytic and
proteolytic activity
Thermotolerance analysis
Analysis of chemical
parameters

Determination of sugars,
organic acids and ethanol
by HPLC

Bacillus subtilis were
predominant during
fermentation.

Torulaspora delbrueckii
species was the dominant
yeast during fermentation,
Amylolytic, proteolytic and
thermotolerance properties
were observed for some
isolates.

T. delbrueckii, P. exigua and
Bacillus spp. exhibited all of
these properties.

bacteria (S. aureus CICC10384 and E. coli CICC10302) and inhibited the
formation of biofilms. Therefore, this bacteriocin could be used as an
antimicrobial compound in the food industry (Pei et al., 2020). Lacti-
plantibacillus pentosus TEJ10 (former Lactobacillus pentosus TEJ10),
L. paracasei TEP6 and L. plantarum TEP15 isolated from fermented
foods/beverages (pozol, tepache, tejuino and sauerkraut) showed in vitro
antifungal activity against phytopathogenic strain Colletotrichum gloeo-
sporioides Penz, being able to inhibit both spore germination (between
50 and 100%) and mycelial growth (surpassing the positive controls
natamycin and mancozebe) (Barrios-Roblero et al., 2019). LAB isolated
from “chicha” (a traditional maize-based fermented beverage) and
“tocosh” fermented potatoes exhibited antimicrobial capacity against
fungi (A. oryzae and M. guilliermondii) and food pathogens (E. coli 0157:
H7, L. innocua, and Salmonella Typhi) (Yépez et al., 2017), Therefore, the
antimicrobial activity of LAB and yeasts isolated from fermented foods
may increase the plant resistance to pathogens and food products’ shelf
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life.

The capacity of microorganisms isolated from traditional beverages
for degradation of toxins has also been reported. Kombucha culture and
isolates (Pichia occidentalis, Candida sorboxylosa and Hanseniaspora
opuntiae) could degrade aflatoxin B1 in black tea, decreasing its toxicity
in both Hep2 and artemia cells. Aflatoxin B1 is recognized as the most
harmful mycotoxin and its presence in tea makes it unsuitable for con-
sumption due to the risks to human health. Therefore, kombucha and its
strains can be applied in feed and food industries to detoxify aflatoxin B1
(Taheur et al., 2020).

LAB and yeasts from fermented beverages may also be used to pro-
duce desirable compounds. Four different commercial kombuchas and
the isolated strains (Komagataeibacter rhaeticus P 1463 and Komaga-
taeibacter hansenii B22) showed a strong capacity to produce cellulose
with good physical and mechanical properties both in vitro (~25%) and
in fermented apple juice for 5 days (~37%) (Semjonovs et al., 2017),
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Komagataeibacter intermedius FST213-1 isolated from fermented fruit
juices (pineapple, apple, and guava) exhibited ability to produce bac-
terial cellulose (BC) (at pH between 4 and 9) with desirable techno-
logical properties (water content capacity (99.5%), low thermostability
(315 °C), less crystallinity (79.3%) and good mechanical properties) (Lin
et al.,, 2016). Bacterial cellulose has many advantages compared to plant
cellulose, such as higher crystallinity, mechanical strength, biocompat-
ibility, biodegradability, and purity. It has many applications, such as
biosensor, paper production, and tissue engineering (Lin et al., 2016).

LAB and yeast from fermented foods may also be used to improve
food products’ nutritional value (Fekri et al., 2020). Yépez et al. (2019)
observed that LAB (L. plantarum MS5MA1-B2) isolated from Andean
improved riboflavin content in kefir-like cereal-based beverages (ob-
tained from maize, oat, and barley flours).

Previous studies also reported the isolation of microorganisms from
fermented foods that presented multiple functions. L. plantarum and
L. paracasei LUHS244 isolated from spontaneous fermentation of rye
flour were able to metabolize a wide spectrum of carbohydrates,
inhibited the growth of a wide range of pathogenic bacteria, and
reduced mycotoxins (3% of each inoculum) in in vitro tests. In addition,
they showed good stability and multiplication when encapsulated in
whey (enriched with 2.5% glucose, 2.0% yeast extract and 0.5% su-
crose) (Bartkiene et al., 2018). Lactiplantibacillus paraplantarum G2114
(former Lactobacillus paraplantarum G2114), L. plantarum 332 and Ped-
iococcus pentosaceus 2211 isolated from spontaneously fermented kale
showed rapid acidification, and high viability, antioxidant, and anti-
microbial activity (against Gram positive and Gram-negative bacteria).
These characteristics were maintained in fermented cabbage juice dur-
ing storage (4 °C) for 4 weeks when the combination of these strains was
used as starter cultures (~7.5 log cfu/mL) (5% v/v) for fermentation
(Michalak et al., 2020).

4. Conclusions and future perspectives

This was the first review to explore the added-value microorganisms
isolated from unconventional sources (fruit, raw vegetables, ethnic
fermented beverages, and flowers) and their associated techno-
functional and potentially probiotic properties. Fruits (strawberry,
guava, apple, peach, grape, and papaya), vegetables (peppers, corn,
zucchini, lettuce, cucumber, coffee beans, and olives), flowers
(narcissus, pink rose, red rose, yellow rose, and sunflower), and ethnic
fermented beverages (tchapalo, taruba, cauim, chicha, caxiri, kombucha,
and water kefir) presented lactic acid bacteria (Lactobacillus, Leuconos-
toc, Enterococcus, Pediococcus, Fructobacillus, and Weissella) and yeasts
(Saccharomyces, Candida, Pichia, Rhodotorula, Torulaspora, Cryptococcus,
Hansenula, and Debaromyces) with techno-functional properties, such as
antimicrobial capacity, production of compounds of interest, and tech-
nological properties as starter cultures. Furthermore, they showed
properties to be considered probiotic cultures, such as safety (non-he-
molytic activity and mucin degradation), good resistance to adverse
conditions (acid and bile salt tolerance, cell surface hydrophobicity,
auto-aggregation, co-aggregation with pathogens, antagonistic activity
against pathogens, and capability of surviving during exposure to
gastrointestinal conditions), and technological aspects (proteolytic and
lipolytic activity, and EPS and bioactive compounds production).
However, the resistance to antibiotics should be carefully evaluated,
mainly by demonstrating that no transference to pathogenic microor-
ganisms will occur. This is of paramount importance, and many studies
observed the antibiotic resistance but considered as an intrinsic char-
acteristic of the cultures, with no further assessment.

The probiotic cultures presented anti-hypertensive, antilipidemic,
immunomodulatory, and anti-diabetic properties and could reduce
weight gain. However, the health effects were studied using mainly rats,
denoting that clinical studies are necessary to prove humans’ health
effects. Furthermore, they were concentrated in LAB isolated from fruits
and fermented beverages and dislypidemic/obese or healthy
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individuals, suggesting that studies covering new probiotic species
(veasts and other LAB) from other sources (flowers, vegetables, and
ethnic beverages) and different types of hosts and diets (diabetics,
healthy, elderly) are also needed. This highlights the range of study
opportunities in the area. The probiotic efficacy was strain-specific,
emphasizing the importance of having a catalog of probiotic strains
with information about their health effects, which would assist the in-
dustries in developing new functional products aiming specific human
health promotion (Oliveira, Cavalcante, et al., 2020). Furthermore, it is
important to carry out the complete phenotypic and genotypic identi-
fication of the isolated probiotic cultures and not only demonstrate the
health effects (Mabeku et al., 2020).

In conclusion, fruits, vegetables, flowers, and ethnic fermented
beverages are important sources of techno-functional and probiotic
cultures with high potential for use in food processing to increase the
nutritional and sensory quality, acting as natural biopreservatives, and
promote health effects. The utilization of these cultures may enhance the
development of vegan probiotic products and non-dairy fermented
beverages, allowing processing at lower times and resulting in products
with more consistent characteristics. Furthermore, it opens opportu-
nities to isolate important microorganisms from available sources in
each country, such as ethnic beverages or traditionally fermented foods.
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2.2 Topicos complementares

2.2.1 Fermentacao natural

O processo de fermentagdo é constituido por diversos mecanismos tais como a
metabolizacdo de compostos presentes no substrato, acdo de enzimas e lise de células de
leveduras (CIOCH-SKONECZNY et al., 2021). Embora seja um dos meios mais antigos para
0 processamento de alimentos, a fermentacéo é utilizada até os dias atuais em grande variedade
de alimentos produzidos por grandes empresas (PEREIRA et al., 2020).

Alimentos fermentados podem ser preparados a partir de matrizes alimentares cruas ou
cozidas e adquirem suas caracteristicas de aroma e sabor a partir do metabolismo microbiano
(KAMDA et al., 2015). As técnicas mais antigas para a producdo de alimentos fermentados
baseavam-se na fermentacdo natural utilizando a microbiota autctone proveniente da matéria-
prima ou do meio ambiente (de utensilios, manipuladores e local de processamento), sendo eles
representados por variadas bactérias, leveduras e fungos filamentosos (RESENDE et al., 2018;
PEREIRA et al., 2020). Nesse sentido, diversos estudos tém apontado a coexisténcia de
leveduras e bactérias laticas (BAL) nesse tipo de fermentagdo (PUERARI; MAGALHAES-
GUEDES; SCHWAN, 2015; FREIRE et al., 2017).

As diversas atividades metabdlicas dos grupos de microrganismos, sejam eles de
leveduras ou BAL, envolvidos no processo de fermentacdo sdo determinantes para as
caracteristicas e estabilidade do produto fermentado (BONATSOU et al, 2018). Mudangas na
disponibilidade de nutrientes e oxigénio, assim como variagdes de pH, temperatura e acidos
organicos podem afetar a fermentacdo natural, alterando a dindmica de populacdes de
microrganismos envolvidos no processo e causando modificagdes na qualidade do produto
fermentado final (GREPPI et al., 2013; RIBEIRO et al., 2018).

Durante o processo de fermentacdo natural, algumas espécies de leveduras podem
desaparecer devido ao aumento na concentracao de acido latico proveniente do metabolismo de
BAL, ja outras espécies apresentam resisténcia, podendo se manter em altas contagens mesmo
apos acidificagdo do meio (GREPPI et al.,, 2013). Além disso, alguns microrganismos
conseguem coexistir durante um processo de fermentacdo sem causar interferéncia umas as
outras. No entanto, ao modificar as caracteristicas do processo de fermentacdo, alguns
microrganismos tornam-se dominantes inibindo outros por meio de seus metabdlitos
(RESENDE et al., 2018).
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Na literatura podem ser encontrados diversos estudos a respeito dos processos naturais
de fermentagdo em frutas e dos microrganismos isolados a partir desses processos. Durante a
fermentacao espontanea de mosto de uvas tintas e brancas, Cioch-Skoneczny et al. (2020) foi
capaz de isolar cepas de Hanseniaspora e Saccharomyces, além de Metschnikowia
pulcherrima, Candida railenensis, Torulaspora delbrueckii e Wickerhamomyces onychis, que
foram capazes de provocar alteragGes quimicas desejaveis nos vinhos produzidos. No estudo a
respeito do Khadi, uma bebida do Botswana feita de frutos de uma espécie de groselha selvagem
(Grewia flava), puderam ser identificadas bactérias e leveduras Saccharomyces e nao-
Saccharomyces nos fermentados (MOTLHANKA et al., 2020). Lu et al. (2021) avaliaram a
sucessdo de leveduras e bactérias durante a fermentacdo natural de caqui concluindo que
leveduras dos géneros Saccharomyces, Hanseniaspora, Rhodotorula, e bactérias dos géneros
Leuconostoc e Lactobacillus foram capazes de desempenhar importante papel no perfil de
volateis dos vinhos produzidos. Além disso, Ogodo et al. (2018) observaram que grande parte
das bactérias e fungos deteriorantes desapareceram apos trés semanas de fermentacao, enquanto
BAL e leveduras benéficas permaneceram até o final, sendo essa uma caracteristica desejavel
no que diz respeito ao perfil de seguranca desses fermentados.

Leveduras das espécies Aureobasidium pullulans, Dothichiza pithyophila, Dioszegia
zsoltii, Hanseniaspora uvarum e outras dos géneros Metschnikowia, Cryptococcus e
Rhodotorula foram identificados durante a producdo de uma bebida fermentada, muito
apreciada no sul da Europa, feita a partir de frutos de medronheiro (Arbutus unedo L.), sendo
possivel observar que ao final do processo de fermentacdo as espécies de Saccharomyces
cerevisiae e Pichia membranaefaciens dominaram 0 processo, substituindo as cepas
anteriormente presentes no mosto caracterizado entdo por alto teor de etanol (ESPIRITO
SANTO et al., 2012).

Assim sendo, o conhecimento sobre 0os microrganismos envolvidos em processos de
fermentacdo natural é de grande importancia, pois essas culturas ao serem isoladas podem ser
aplicadas em processos para a obtencdo de produtos funcionais, tendo em vista os beneficios
que podem ser obtidos por meio de seu metabolismo fermentativo (RESENDE et al., 2018).
Além disso, a dindmica populacional e os compostos responsaveis pelo sabor e aroma desses
alimentos fermentados podem ser mais adequadamente compreendidos quando se identificam
0s compostos produzidos durante esses processos (PUERARI; MAGALHAES-GUEDES;
SCHWAN, 2015). Portanto, a selecdo de cepas para a produgdo de produtos fermentados,
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utilizando cepas endogenas provenientes desse tipo de fermentacdo, pode tornar possivel a

obtencdo de produtos de maior qualidade e seguranca (EMER et al. 2021).

2.2.2 Leveduras em produtos fermentados de fruta

As leveduras sdo microrganismos eucarioticos unicelulares e podem ser encontradas de
modo natural na superficie de vegetais (EINSON et al., 2018), sendo capazes de transformar
carboidratos em etanol, agua, CO; além de produzirem outros compostos tais como
amino&cidos, purinas, vitaminas e alcoois superiores derivados do metabolismo secundario
(ARROYO-LOPEZ et al., 2012; CORDENTE et al., 2019).

Representadas pelos filos dos Ascomicetos e Basidiomicetos, as leveduras sdo um grupo
heterogéneo de microrganismos que se multiplicam por brotamento ou fissdo e que possuem
um potencial biotecnoldgico aplicavel na industria de alimentos (DE VUYST et al., 2016; RAI,
PANDEY; SAHOO, 2019).

O emprego de leveduras na industria de alimentos se deve principalmente as mudancas
nos aspectos sensoriais e nutricionais que elas provocam nos produtos fermentados. Entretanto,
grande parte dos estudos com frutas fermentadas é realizado utilizando BAL
(GUERGOLETTO et al., 2020, PALACHUM et al., 2020) e estudos com frutas naturalmente
fermentadas por leveduras ainda sdo escassos (NYANGA et al., 2013, FARINAZZO et al.,
2020). A utilizacdo de leveduras em detrimento das BAL em processos fermentativos pode ser
vantajosa devido ao fato de que, embora leveduras sejam normalmente resistentes a antibidticos
elas ndo transferem esses genes a outros microrganismos (RAI; PANDEY; SAHOO, 2019). As
leveduras podem ainda levar a melhora da salde e bem-estar do hospedeiro devido a sua
capacidade de produzir substancias antioxidantes tais como carotenoides, acidos citrico e
ascorbico, tocoferdis, entre outras que sdo capazes de combater o estresse oxidativo
(ARROYO-LOPEZ et al., 2012). Devido a isso, também tém sido amplamente empregadas na
indUstria farmacéutica para a producdo de vitaminais, particularmente as do complexo B (DE
VUYST et al., 2016).

Além disso, as leveduras podem contribuir para a seguranca e qualidade de alimentos e
bebidas exibindo atividade antagonista frente a microrganismos deteriorantes devido a
producdo de acetato de etila e outros metabdlitos, tais como as glicoproteinas, o que pode ser

conveniente tendo em vista que podem assim reduzir a necessidade de conservantes para a
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estabilizacdo do produto (ARROYO-LOPEZ et al., 2012; CODA et al., 2013; DE VUYST et
al., 2016).

Leveduras de origem autoctone podem fermentar o substrato com maior intensidade por
provavelmente estarem mais bem adaptadas as condi¢fes da matriz alimentar durante a
fermentacdo (APONTE et al., 2020), entretanto, 0 modo como elas se multiplicam e se sucedem
durante o processo deve ser bem conhecido (GREPPI et al., 2013). A populacdo de variadas
espeécies de leveduras observada durante a fermentacdo espontanea de alimentos e bebidas é
complexa e sua sucessao depende de varios fatores intrinsecos e extrinsecos relacionados a
matriz alimentar, tais como tolerancia a fatores de estresse microbiano como etanol e acidos
organicos, além de interacbes com outros microrganismos (JOHANSEN et al., 2019).

Bebidas fermentadas por leveduras podem apresentar altas concentracdes de glicose e
frutose em sua composicdo, baixas concentracdes de acido acético e alto valor de fenolicos
totais, apresentando boa aceitagdo sensorial (AMORIM; PICCOLI; DUARTE, 2018). Frutas
como o abacaxi foram utilizadas para a producdo de bebida fermentada com compostos volateis
distintos provenientes do metabolismo de leveduras e consideradas de qualidade e sabor
agradavel aos consumidores (DELLACASSA et al, 2017). Hu et al. (2020) também observaram
a melhora da qualidade sensorial do vinho de Ponkan obtido a partir da co-fermentagéo de cepas
selecionadas de leveduras ndo-Saccharomyces com Saccharomyces cerevisiae, que foram
capazes de levar a menor producéo de etanol e maior teor de compostos volateis aromaticos.

Os compostos volateis ocorrem naturalmente em frutas e em bebidas fermentadas e tém
uma origem muito diversa podendo ser provenientes da acdo de microrganismos durante a
fermentacdo ou envelhecimento e oxidacdo (JANUSZEK; SATORA, 2021). Estes compostos
sdo responsaveis por boa parte das caracteristicas sensoriais de um produto fermentado. No que
diz respeito a essas caracteristicas, por meio das fermentacdes, 0s vegetais sdo transformados
de modo que passam a fornecer diferentes sabores e texturas a depender do resultado desejado
(EINSON et al., 2018). Na producdo de vinhos, por exemplo, pesquisadores tém tido a
percepcdo de que a limitada variedade de cepas comerciais autorizadas para uso tem levado a
producdo de vinhos muito uniformes entre si, sem diversidade de aroma e sabor. Por essa razao,
muitos estudos tém tido como objetivo a busca por meios para aumentar a diversidade de
caracteristicas sensoriais que levem a diferenciagdo entre os fermentados e adicione valor
comercial a estes produtos (PUERTAS et al., 2018). Para tal, os estudos tém demonstrado que
0 uso de leveduras nativas, provenientes de fermentacdo natural, na producdo de vinhos tem

demonstrado a capacidade de melhorar tanto a qualidade como também as caracteristicas
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sensoriais do produto (MEDINA et al., 2013; XU et al., 2020). A cepa de Saccharomyces
cerevisiae selecionada a partir de uvas da variedade Pedro-Ximenes, parcialmente fermentadas,
foi utilizada para a fermentacdo de vinho misto de blueberry e uvas e os resultados
demonstraram maiores valores de fenolicos totais e atividade antioxidante nos vinhos obtidos
a partir da fermentac&o espontanea desse mosto misto (MARTIN-GOMEZ et al., 2021). Foram
encontradas maiores concentracdes de compostos fendlicos em vinhos Cabernet Sauvignon
fermentados espontaneamente em comparagdo com os vinhos inoculados (UZKUC; BAYHAN;
TOKLUCU, 2022). O estudo de Postigo et al. (2022) mostrou que as cepas ndo-Saccharomyces
também tém potencial para a producédo de bebida com baixo teor alcodlico, tendo em vista que,
tendem a produzir menos alcool que leveduras do género Saccharomyces.

Alguns estudos tém apontado que leveduras do grupo ndo-Saccharomyces predominam
nos estagios inicial e intermediario durante processos de fermentacéo espontanea, enquanto as
Saccharomyces predominam nos estagios posteriores (ESPIRITO SANTO et al., 2012; LI; HU;
XU, 2019). Skotniczny et al. (2020) observaram maior quantidade de leveduras das espécies
Hanseniaspora uvarum, Metschnikowia spp. e Pichia kudriavzevii no inicio da fermentacéo
natural de puré de ameixa, no entanto, nas fases intermediaria e final houve predominancia da
espécie S. cerevisiae. Também foram observadas a sucessdo de diferentes grupos de leveduras
em mostos de uvas tintas ‘Rondo’ e ‘Regent’, com prevaléncia de cepas de Hanseniaspora
uvarum e Candida railenensis, substituidas por cepas de Saccharomyces cerevisiae no decorrer
do processo fermentativo (CIOCH-SKONECZNY et al., 2018).

O uso de cepas de leveduras ndo-Saccharomyces como iniciadoras de fermentagdo em
vinhos apresentam a vantagem de produzir vinhos com maior complexidade e diversidade de
sabor e aroma em relacdo aos que utilizam cepas comerciais de Saccharomyces (MEDINA et
al., 2013). Nesse sentido, as co-inocula¢fes com leveduras ndo-Saccharomyces tém sido cada
vez mais utilizadas com o intuito de produzir vinhos de alta qualidade. Leveduras néo-
Saccharomyces das espécies H. uvarum, Lachancea thermotolerans e Metschnikowia
pulcherrima, isoladas de vinho do Porto, produzidos a partir de fermentagcdo natural,
demonstraram alto desempenho de crescimento em condic¢des de estresse peculiares a que 0s
vinhos sdo expostos (MATEUS et al., 2020). Vaquero et al. (2021) observaram que a co-
inoculacdo de L. thermotolerans e outras espécies nao-Saccharomyces tornou a acidificacéo
mais eficaz, protegendo a colora¢do destes vinhos e trazendo um perfil aroméatico mais
complexo em vinhos produzidos em regides quentes do planeta. Em outro estudo, observou-se

que a inoculacdo com M. pulcherrima resultou em vinhos rosés com perfil de ésteres
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melhorado, reducéo de acetaldeido e aumento de antocianinas e taninos (MUNOZ-REDONDO
etal., 2021).

Outras caracteristicas, que sdo importantes do ponto de vista da saude, podem ser
observadas durante os processos de fermentacdo por leveduras. Zullo e Ciafardini (2019)
observaram que as leveduras Wickerhamomyces anomalus reduziram em cerca de 50% o
colesterol presente em meio de fermentacdo (in vitro). Além disso, foi demonstrado que o
extrato metanolico do sobrenadante de leveduras da espécie Pichia kudriavzevii inibiu a
proliferacdo de células cancerigenas do c6lon humano (HT-29 e Caco-2) induzindo a apoptose
(SABER et al., 2017), trazendo diversos beneficios que necessitam de estudos mais

aprofundados para melhor compreenséo.

2.2.3 Frutas da caatinga com potencial para aplicacéo biotecnoldgica

Diversas frutas consideradas exdticas e ainda desconhecidas do publico em geral
possuem grande potencial para tornarem-se parte da alimentacdo cotidiana devido as suas
propriedades funcionais (VIDIGAL et al., 2011). O Brasil possui grande nimero de espécies
frutiferas nativas e exdticas subexploradas, com potencial de interesse para a industria
(SCHULZ et al., 2020). Sendo o pais detentor de uma regido geografica com condicgdes
climaticas adequadas, o cultivo dessas frutas nativas possui um excelente potencial
agroindustrial (PAZ et al., 2015). Muitas dessas frutas brasileiras ainda desconhecidas ou
subexploradas ndo estdo sendo produzidas ou consumidas provavelmente devido ao
desconhecimento dos consumidores, principalmente daqueles residentes em &reas urbanas
(BERNI et al., 2019).

Essas frutas sdo mais consumidas nos interiores do Brasil, em especial no bioma
Caatinga, que possui ampla variedade de frutas exoticas. Devido as suas propriedades sensoriais
atrativas e ao aumento do reconhecimento do valor nutricional e terapéutico, 0 consumo das
frutas exdticas e tropicais esta crescendo nos mercados nacional e internacional (RUFINO et
al., 2010; ALBUQUERQUE et al., 2016). Esse novo mercado tem sido o responsavel pela
demanda de estudos sobre os possiveis beneficios a saude associados ao consumo de frutas
exoticas e tropicais, fazendo com que ganhem cada vez mais importancia dentro da alimentagéo
humana (ALBUQUERQUE et al., 2016).

As frutas, além de suas caracteristicas de sabor e frescor, fornecem minerais (potassio,

zinco, cobre, magnésio, calcio, entre outros), vitaminas (especialmente vitamina C), fibras e
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outros compostos (flavonoides, fendlicos, carotenoides), sendo amplamente recomendadas para
prevencdo de doencas cardiovasculares, diabetes mellitus tipo 2 e alguns tipos de cancer (LIMA
etal., 2018).

Além disso, frutas do bioma Caatinga podem ser fontes de microrganismos com
potencial de aplicacdo em processos biotecnoldgicos (ASSIS et al., 2021). Dentre as espécies
frutiferas escassamente estudadas como fonte de microrganismos com potencial biotecnoldgico

destaca-se a graviola (Annona muricata L.) (Figura 1).

Figura 1 — Graviola in natura

Fonte: Embrapa. Disponivel em: < https://www.embrapa.br/bme_images/m/101160040m.jpg>.
Acesso em: 25 out. 2022.

Pertencente a familia Annonaceae, € originaria do Caribe e nativa dos tropicos
americanos. Nos Ultimos anos, a graviola tem recebido consideravel atencdo dos consumidores
devido ao seu valor nutricional. Estudos tém relatado que a graviola é fonte de carboidratos,
micronutrientes e minerais (AGU e OKOLIE, 2017; CHANG et al., 2018).

A graviola é uma fruta tropical que apresenta alto valor comercial no Brasil, com
grandes perspectivas econémicas para comercializacdo e exportacdo, apresentando
caracteristicas sensoriais e valor nutritivo significativo, sendo destinada a producédo de polpas,
sucos e néctares (LEMOS, 2014; WATANABE et al., 2014).

Além de possuir excelentes caracteristicas sensoriais, a graviola € rica em compostos
bioativos. Coria-Téllez et al. (2018) mencionaram que 212 compostos bioativos foram

observados na graviola, dos quais acetogeninas, alcaloides e fenois sdo prevalentes. Foram
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encontrados na polpa de graviola 37 compostos volateis, principalmente ésteres aromaticos e
alifaticos (CHEONG et al., 2011). Jiménez et al. (2014) observaram a prevaléncia de derivados
dos acidos cindmico e p-cumarico com outros compostos que podem contribuir para os efeitos
benéficos da graviola na saude.

Ainda no contexto de espécies subexploradas desse bioma, 0 umbu-caja é outra espécie
que tem se destacado. Pertencente a familia Anacardiaceae, 0 umbu-caja (Figura 2) originou-
se a partir do cruzamento natural entre umbu (Spondias tuberosa) e caja (Spondias mombin) no
Nordeste do Brasil (CARVALHO; SOARES FILHO; RITZINGER, 2010). Por ser
caracteristica da regido semiéarida ela € uma espécie tolerante a seca sendo a arvore de aspecto
similar ao umbuzeiro (NARAIN et al., 2007). As espécies do género Spondias (familia
Anacardiaceae) podem ser encontradas nas regides tropicais de quatro continentes (Américas,
Africa, Asia e Oceania). Os frutos sdo de formato, redondo, ovalado ou piriforme, de acidez
elevada, aroma agradavel, possuindo polpa suculenta, doce e fibrosa e apresentando também
sabor amargo (VIANA et al., 2015; PEREIRA et al., 2021). O umbu-cajd tem como
caracteristica relevante as elevadas concentragcdes de compostos bioativos, dentre eles vitamina
C, taninos e flavonoides (LIMA et al., 2002).

Figura 2 — Umbu-cajé in natura

Fonte: Empaer. Disponivel em: <https://empaer.pb.gov.br/noticias/extensionista-rural-representa-
empaer-em-simposio-sobre-umbu-caja-em-alagoas>. Acesso em: 25 out. 2022.
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O conhecimento cientifico sobre essas frutas aliadas a sua exploragdo comercial pode
estimular o desenvolvimento sustentavel, melhores habitos alimentares, protecdo contra a

biopirataria, além de inovacdo nos sistemas alimentares (BERNI et al., 2019).

2.2.4 Efeitos dos compostos fenolicos sobre a satde dos individuos

Os compostos fendlicos estdo entre as moléculas que exercem efeito sobre a satde dos
individuos e tém sido amplamente estudadas. Eles sdo metabdlitos secundarios das plantas e
podem influenciar varios processos que modulam a salde de érgdos e sistemas do corpo
humano (DOMINGUEZ-AVILA et al., 2021). Diversos estudos tém sido realizados para
melhor compreender as transformacdes que a microbiota intestinal ocasiona em tipos
especificos de polifenois derivados de frutas e vegetais e identificar quais os microrganismos
responsaveis pelas transformagcdes ocorridas (SELMA; ESPIN; TOMAS-BARBERAN, 2009).

Dentre os compostos bioativos transformados pela microbiota intestinal estd a
procianidina B2 que tem sido relatada por seus efeitos inibidores do estresse oxidativo, reducéo
da pressdo arterial e melhora da funcao renal em ratos (DING et al., 2018; YAO et al., 2021),
além de reduzir a calcificagdo vascular devido a sua potente acdo antioxidante (Liang et al.,
2021). O &cido gélico, por sua vez, também é um metabdlito secundario dos polifendis e é bem
conhecido por sua caracteristica antioxidante, possuindo ainda acdo anti-hiperlipidémica,
cardioprotetora, anti-hiperglicémica e anticarcinogénica (ZANWAR et al., 2014,
ASHRAFIZADEH et al., 2021). A catequina também tem sido reconhecida por seu efeito anti-
hipertensivo por promover a inibi¢cdo da ECA (HE, 2017). Lapi et al. (2020) relataram que a
administracdo de catequina em ratos foi capaz de induzir a recuperacdo endotelial e reduzir a
pressdo arterial.

Os diferentes efeitos dos compostos fendlicos sobre a satde de cada individuo resultam
variabilidade interindividual da microbiota intestinal que serdo determinantes para a absorgéo
desses compostos através do processo fermentativo que promovem (SELMA; ESPIN;
TOMAS-BARBERAN, 2009; DOMINGUEZ-AVILA et al., 2021). O c6lon é o principal local
de acdo dos compostos fendlicos, podendo levar a efeitos qualitativos e quantitativos na
microbiota intestinal, induzindo assim efeitos promotores da saude, tanto através da acdo desses
microrganismos, como também promovendo acgdes anti-inflamatoria, antioxidante e
antiproliferativa (DOMINGUEZ-AVILA et al., 2021).
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Apesar da numerosa quantidade de compostos fendlicos presentes na dieta, 0 numero
de metabdlitos ao final do processo € menor, podendo os beneficios de seu consumo serem
atribuidos aos metab6litos capazes de modular a microbiota intestinal (SELMA; ESPIN;
TOMAS-BARBERAN, 2009).

2.2.5 Modulagédo da microbiota intestinal na hipertenséo arterial

A hipertensdo arterial € uma doenca crbnica ndo-transmissivel, caracterizada por
pressao arterial sistolica igual ou superior a 140 mmHg e pressao arterial diastdlica igual ou
superior a 90 mmHg sem o uso de medicacéo anti-hipertensiva e avaliados por um profissional
treinado (BARROSO et al., 2021). Ela tem sido dada coma a principal causa de doencas
cardiovasculares e morte prematura em todo o mundo, e sua prevaléncia tem aumentado
especialmente nos paises de baixa e média renda (MILLS; STEFANESCU; HE, 2020).

Os processos inflamatérios crénicos tém sido associados a danos na barreira intestinal.
Por essa razdo, os efeitos dos compostos fendlicos na permeabilidade intestinal tém sido
relacionados com suas propriedades anti-inflamatérias (SELMA; ESPIN; TOMAS-
BARBERAN, 2009).

AlteragBes positivas na microbiota colonica demonstraram atuar prevenindo ou
atenuando problemas relacionados a saide como a obesidade (CHENG et al., 2018), doencas
inflamatdrias intestinais (SCHAUBECK et al., 2016) e outros disturbios tais como a doenca
hepética ndo-alcodlica (XUE et al., 2017), além da hipertensdo arterial (VERHAAR et al.,
2020), melhorando assim o bem-estar dos individuos.

Estudos também tém demonstrado que os microrganismos do grupo Lactobacillus séo
capazes de prevenir a disbiose e estresse oxidativo tratando a disfuncdo endotelial que ocorre
na hipertenséao arterial (ROBLES-VERA et al., 2018; PALMU; LAHTI; NIIRANEN, 2021).

Efeitos similares aos do Lactobacillus também tém sido relatados em relacdo as
populagdes de Bifidobacterium, com melhora do perfil da microbiota intestinal, assim como na
reducdo do estresse oxidativo, prevenindo inclusive leses da aorta e tratando a disfungéo
endotelial, principalmente devido a elevacao da producao de acetato causada por esse grupo de
microrganismos (ROBLES-VERA et al., 2018; LU et al., 2022).

Bactérias do género Bacteroides tém sido encontradas em quantidades elevadas em
individuos hipertensos (CALDERON-PEREZ et al., 2020; CALDERON-PEREZ et al., 2021).
O grupo de bactérias Eubacterium rectale - Clostridium coccoides esta relacionado a riscos
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elevados para eventos cardio e cerebrovasculares em pacientes com hipertenséo refrataria
(JIAO et al., 2022), portanto, reducdes nas populacdes desse grupo sdo desejaveis.
Considerando o exposto, 0 presente trabalho visou isolar leveduras a partir dos frutos
graviola e umbu-caja naturalmente fermentados e avalia-las quanto ao potencial biotecnologico
na producdo de polpas fermentadas, caracterizando-as quanto aos aspectos fisico-quimicos (pH,
solidos soluveis e acidez titulavel), perfil de agucares, acidos organicos, compostos volateis e
fenolicos (perfil e bioacessibilidade), além de avaliar in vitro seus efeitos na modulacdo da

microbiota intestinal humana de adultos hipertensos de meia-idade.
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3 MATERIAIS E METODOS

3.1  Tipo de estudo

Trata-se de uma pesquisa experimental em laboratorio (in vitro) realizada no
Laboratdrio de Processos Microbianos da Universidade Federal da Paraiba (UFPB) em parceria
com pesquisadores e laboratérios da Universidade Federal de Lavras (UFLA) e do Instituto

Federal do Sertdo Pernambucano (IFSertaoPE).

3.2 Amostras

Os frutos de graviola (Annona muricata L.) e umbu-caja (Spondias spp.) em estadio de
maturacdo em que comumente sdo consumidos foram adquiridos em propriedades locais. Os
frutos foram selecionados e padronizados com base na uniformidade de tamanho e forma,
firmeza, cor e auséncia de danos mecanicos e infec¢des visiveis. Em seguida, os frutos foram
transportados em caixas refrigeradas (5 + 1°C) e armazenados a 4 £ 1°C até o processamento

dos sucos que foi realizado no mesmo dia.

3.3 Delineamento experimental

As frutas foram adquiridas, processadas e 0s sucos resultantes foram utilizados na
execucao da fermentagdo natural. Antes e durante o processo de fermentacao as caracteristicas
fisico-quimicas dos sucos foram avaliadas, procedeu-se as contagens microbianas e 0
isolamento de leveduras a partir dos sucos fermentados. As leveduras isoladas foram
submetidas a identificacdo micro e macro morfoldgicas e posteriormente identificadas através
da técnica MALDI-TOF MS. Ap06s a identificacdo foram selecionadas cepas para ensaios de
seguranca in vitro e em seguida utilizadas na fermentacdo de polpas de frutas das quais foram
isoladas. As polpas foram analisadas para a determinacdo de acgucares, acidos organicos,
compostos fenolicos e alcool antes e ap6s o processo de fermentacdo. Também foram
analisados compostos volateis na polpa fermentada e ndo fermentada. As polpas fermentadas
foram submetidas a condi¢des simuladas do trato gastrointestinal e foi determinada a
bioacessibilidade dos fenolicos. As cepas selecionadas foram submetidas a sequenciamento

genético e a cepa Issatckenkia terricola isolada a partir da polpa de umbu-cajé foi utilizada para
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o0s ensaios de fermentacdo das polpas de graviola e umbu-caja com inoculo fecal in vitro. A
identificacdo da abundéncia relativa de populacGes microbianas especificas foi realizada
utilizando a técnica de fluorescéncia de hibridizagéo in situ (FISH) acoplada a citometria de
fluxo multiparamétrica (CFM). Durante a fermentacdo col6nica foram retiradas aliquotas para
a avaliacdo do pH, &cidos organicos, compostos fendlicos e agucares. A partir dos dados da
citometria foi realizada a determinacg&o do indice prebi6tico para cada processo de fermentacéo.

A Figura 3 expde o0 desenho de execucao do estudo.

Figura 3 — Desenho de execucdo do estudo do potencial biotecnolégico de leveduras
isoladas de frutas da caatinga fermentadas

Processamento Fermentagdo natural

das frutas dos sucos

|
[ \

Avaliagao do pH, sélidos Contagens microbianas e

sollveis e acidez titulavel isolamento de cepas de leveduras

Identificacdo preliminar via MALDI-TOF e selecao das cepas

I
Avaliacdo in vitro dos atributos Sequenciamento
de seguranca das leveduras  genético das leveduras
[
Fermentagdo de polpas de frutas
com as leveduras selecionadas

|
Condigoes
simuladas do TGl

|
I 1

Bioacessibilidade de Fermentagdo col6nica
compostos fendlicos in vitro
’ I 1 [ I 1
[ \ Anidlise de acgucares, FISH - CFM
Andlise de Analise de acidos organicos e |
volateis alcool compostos fendlicos indice prebidtico

Fonte: Autoral, 2022. Legenda: MALDI-TOF - Matrix Assisted Laser Desorption lonization Time-
of-Flight Mass Spectrometry; TGI - Trato gastrointestinal; FISH - Hibridizacdo por fluorescéncia in

vitro; CFM - Citometria de fluxo multiparamétrica.



69

3.4 Processamento das amostras e fermentagéo

A fermentacdo foi realizada conforme metodologia descrita por Amorim; Piccoli;
Duarte (2018) com algumas modificacBes. Os frutos foram higienizados com agua destilada
esteril e descascados assepticamente em cdmara de fluxo laminar. As cascas e sementes de
graviola foram desprezadas e do umbu-caja foram desprezadas apenas as sementes.

A polpa fresca de cada fruta foi triturada separadamente com o auxilio de almofariz e
pistilo e passadas por uma peneira de inox de uso domeéstico com abertura de malha (mesh) 18
para remover o excesso de fibra. Essas etapas foram realizadas em condi¢es assépticas.
Aproximadamente 400 mL de suco integral foram obtidos de cada tipo de fruta. As polpas
foram mantidas a temperatura ambiente (25 + 1 °C) por 48 h para fermentacdo natural.

Os valores de pH e sélidos soluveis totais (TSS) foram medidos nos tempos 0, 24 e 48
h de fermentag&o natural. O pH foi avaliado com um medidor de pH (Quimis, Sdo Paulo, Brasil)
e 0 TSS foi determinado com um refratdbmetro manual (Vodex, modelo VX032SG). A acidez
titulavel (AT) foi medida por titulacdo (0,1 N NaOH) e expressa como % de acido citrico. Todas

as medicOes seguiram os procedimentos da AOAC (AOAC, 2016).

3.5  Contagens microbianas e isolamento de leveduras

As contagens e isolamentos foram realizados com base em metodologia proposta por
(FREIRE et al., 2017), com algumas modificacdes. Aliquotas (1 mL) foram coletadas de cada
frasco de fermentacdo nos tempos 0, 24 e 48h para a realizacdo das contagens de levedura e
BAL e posterior isolamento de leveduras. Diluigdes seriadas de (10" a 10°) foram realizadas e
o plagueamento de aliquotas de 0,1 mL de cada dilui¢do foram realizadas em meios especificos
para leveduras e BAL (bactérias laticas).

Para a contagem e isolamento de leveduras foram utilizadas placas de Petri contendo o
meio de cultura Yeast Peptone Dextrose (YPD) formulado com 1% de extrato de levedura (p/v),
2% de peptona (p/v), 1,5% agar (p/v) (Acumedia, Michigan, USA), 2% de D-glicose (p/v)
(Dinamica Quimica Contemporanea, Sao Paulo, Brazil), e pH 3,5, suplementado com 100 mg/L
de cloranfenicol (Sigma-Aldrich, St. Louis, USA) para a inibicdo do crescimento bacteriano.

Para a contagem de BAL cada diluigdo foi inoculada em placas de Petri contendo agar
De Man Rogosa Sharpe (MRS) (HiMedia, Mumbai, india) suplementado com 50 mg/L de
nistatina 85+% (Acros Organics, New Jersey, USA) para inibicdo do crescimento de leveduras.
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Essas etapas foram realizadas sob condi¢des assépticas. As placas foram incubadas a 30°C por
72 h para leveduras e a 37°C por 48 h sob anaerobiose para BAL (Anaerogen, Oxoid Ltda.,
Wade Road, UK) com Oz <1%. Os resultados foram reportados como log de unidades
formadoras de coldnia por mililitro (log UFC/mL).

As unidades formadoras de col6nias (UFC) foram enumeradas em placas contendo de
30 a 300 colbnias, e a concentracdo de células foi expressa como log UFG/mL (SANTOS,
LIBECK; SCHWAN, 2014) (Figura 4). As leveduras isoladas foram submetidas a analises
macroscopicas e micro morfologicas e as caracteristicas de tamanho da colénia, tipo, estrutura
de borda, cor, textura, aparéncia, elevacdo, brilho e forma foram observadas. Assim, a
purificacdo das coldnias de leveduras foi feita com base na morfologia presente nas placas e a
raiz quadrada do total de isolados de cada morfotipo de coldnia foi calculada para subsequente
purificacdo (SENGUN et al., 2009).

Figura 4 — Placa de petri contendo leveduras

Fonte: Autoral, 2022.

Coloracéo simples com azul de metileno a partir de uma preparacéo a fresco e testes de
verificacdo da capacidade de fermentacdo de carboidratos (maltose, glicose e sacarose) foram
utilizados para a selecdo dos isolados submetidos a identificagcdo. Posteriormente, as culturas
puras foram mantidas e subcultivadas até a identificacdo preliminar via MALDI-TOF MS e

testes seguintes.
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Todos os isolados foram armazenados em meio especifico contendo 20% de glicerol e
armazenados a - 80 °C (MIGUEL et al., 2017; RESENDE et al., 2018).

3.6 Identificacdo preliminar via MALDI-TOF MS e selecdo das cepas

As leveduras selecionadas foram submetidas a identificacdo via Matrix Assisted Laser
Desorption lonization Time-of-Flight Mass Spectrometry (MALDI-TOF MS) (CARVALHO et
al., 2017). As medicdes foram realizadas com um ultrafleXtreme MALDI-TOF MS (Bruker
Daltonics, Bremen, Alemanha) equipado com um laser de granada de itrio aluminio dopado
com neodimio de 1000 Hz.

Culturas de leveduras foram cultivadas por 18 h em placas de Petri utilizando meio de
cultura especifico, conforme descrito acima. Aproximadamente 1 pg de biomassa da placa de
cultura foi adicionado a um microtubo contendo 6l de acido formico a 25% em agua (v/v). As
amostras foram agitadas por 60 segundos em vartice e, em seguida, centrifugadas por 60
segundos a 4000 g e temperatura ambiente.

O sobrenadante de cada amostra (1 ul) foi colocado na placa de aco inoxidavel MALDI-
TOF MS (aco polido alvo MSP 96; Bruker Daltonics). Quando a amostra estava quase seca na
placa de aco inoxidavel MALDI-TOF MS, 1 ul da solugdo de matriz de acido a-ciano-4-
hidroxicindmico (Fluka) saturado em uma solucdo organica foi adicionado e misturado
suavemente. Posteriormente, as amostras secas ao ar foram analisadas por MALDI-TOF MS.

Cada amostra de MALDI-TOF MS foi analisada em triplicata para testar a
reprodutibilidade. Antes das analises, a calibragdo foi realizada com um padréo de teste (Bruker
Daltonics) contendo um extrato de Escherichia coli DH5 alfa previamente preparado. Os
espectros de massa foram processados com o pacote de software MALDI Biotyper 3.0 (Bruker
Daltonics) para agrupamento estatistico e identificacdo microbiana.

O MALDI Biotyper System utiliza a espectrometria de massa MALDI-TOF para a
interpretacdo dos resultados. As pontuacdes de identificacdo foram determinadas da seguinte
forma (+++) representa a identificacdo da espécie altamente provavel (pontuagdes 2.300 a
3.000); (++) representa a identificacdo segura do género, provavel identificacdo da espécie
(pontuagdes 2.000 a 2.299); (+) representa a provavel identificacdo do género (escores 1.700 a
1.999); e (-), que representa a identificagcdo ndo confiavel (pontuacdes de 0,000 a 1,699).
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As cepas foram escolhidas segundo seus scores de identificacéo e suas potencialidades
de aplicacdo de acordo com a literatura consultada para serem aplicadas em testes de
fermentacdo (LUAN et al., 2018; SHI et al, 2019).

3.7 Avaliagéo in vitro dos atributos de seguranca das leveduras

A seguranca dos isolados foi investigada avaliando a hemolise, atividade de DNAse e a
hidrolise de gelatina, conforme descrito por Fonseca et al. (2021a), com algumas modificacdes.
Para todos os testes, a cepa Staphylococcus aureus ATCC 25923 incubadas a 37°C por 48 h foi

utilizada como controle positivo.

3.7.1 Hemolise

A atividade hemolitica foi determinada inoculando as cepas em placas de agar sangue
contendo 5% de sangue de ovelha apds 48 h de incubacdo a 37°C. A auséncia de efeito nas
placas sanguineas (y-hemdlise) foi considerada ndo hemolitica. As zonas verdes ao redor das
coldnias (a-hemolise) foram consideradas como atividade hemolitica parcial, e as cepas com
areas claras de hidrolise resultantes da lise das células sanguineas ao redor das colénias foram

classificadas como cepas hemoliticas (#-hemolise).

3.7.2 Atividade de DNAse

Para o teste de DNAse, as cepas foram semeadas no meio de agar teste DNAse (Difco,
EUA) e as placas foram incubadas a 30°C por 48 h. Apo6s este tempo, uma solucdo de HCI 1 M
foi adicionada a placa. Uma zona clara ao redor das colnias ap6s a incubacédo foi considerada
positiva para a producdo de DNAse.

3.7.3 Hidrdlise de gelatina

A producdo de gelatinase por cepas foi analisada usando agar triptona-neopeptonedextrose
(TND) (17,0 g triptona, 3,0 g neopeptona, 2,5 g dextrose, 5,0 g NaCl, 2,5 g K2HPOa4, 15 g agar
e 1 L de agua destilada) contendo 0,4% de gelatina. As culturas leveduras foram inoculadas

pontualmente em placas contendo o meio e incubadas a 30°C durante 48 horas. A producéo da
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enzima foi visualizada pela formagdo de um halo ao redor da coldnia ap6s a adi¢cdo de uma

solucdo saturada de sulfato de amoénio para confirmar a hidrolise da gelatina.

3.8  Aplicacdo tecnoldgica das leveduras na fermentacdo de polpas de frutas

3.8.1 Fermentacao das polpas de frutas

As polpas de graviola e umbu-caja foram obtidas de agricultores locais em estagio de
maturacdo comercial. As frutas foram processadas sem adicdo de dgua ou conservantes nas
plantas industriais da Fazenda Mangai (graviola) e Pé de Fruta (umbu-cajd) para obtencédo das
polpas.

As cepas selecionadas para o experimento, Hanseniaspora opuntiae 125, Issatchenkia
terricola 129 e Hanseniaspora opuntiae 148 foram inoculadas em 5 mL do meio de cultura
YPD (mesma composicao relatada na Secédo 3.5, sem a adi¢do de agar) e incubadasa 30 + 1 °C
por 24 h. Apo6s o periodo de incubacdo, as culturas de células de levedura foram centrifugadas
(3500 g, 15 min, 4°C), lavadas duas vezes com agua peptonada 0,1% estéril (HiMedia, Mumbai,
india) e ressuspensas em 5 mL da mesma solugio (FREIRE et al., 2017). Em seguida, 0,4 uL
do inéculo (6 log UFC/mL) foi adicionado a 40 mL de polpa previamente pasteurizada a 80 °C
por 5 min e resfriada em banho de gelo (FONSECA et al., 2021b).

As microfermentacdes foram realizadas em tubos de 50 mL com 40 mL de polpa de
fruta em incubadora BOD (Caltech Industria e Comércio LTDA, Séo Paulo, Brasil) a 14 °C por
72 h de fermentacédo estatica. Polpas sem adicdo de cepa de levedura foram utilizadas como
controle.

Os valores de pH foram avaliados nos tempos 0, 24, 48 e 72 h de fermentacdo conforme
metodologia descrita anteriormente na Se¢do 3.4. Apos o processo de fermentacgdo, as amostras
e controles foram submetidos a contagem de leveduras seguindo as metodologias relatadas na
Secdo 3.5. Apo6s o processo de fermentagdo as amostras e seus controles ndo fermentados foram

submetidos a condig¢des simuladas do trato gastrointestinal (TGI).

3.8.2 Condiges simuladas do TGI e bioacessibilidade de compostos fendlicos

A metodologia descrita por Minekus et al. (2014) foi utilizada para a realizacao da digestéo

in vitro das polpas de graviola e umbu-caja fermentadas.
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Para simular a fase oral o fluido salivar simulado (SSF) (3,5 mL) foi homogeneizado com
as polpas fermentadas (5 g) e a mistura foi incubada a 37 + 1°C por 2 min sob agitacdo (90 rpm)

em uma incubadora de agitacéo orbital (Thoth Equipamentos, modelo 6420, Brasil) (Figura 4).

Figura 5 — Frascos contendo amostras em incubadora orbital

i

Fonte: Autoral, 2022.

O SSF consistiu em uma solugao de 975 pL de agua e 25 uL de 0,3 M CaCl» contendo 0,5

mL de 1500 U/mL de a-amilase (Sigma-Aldrich, St. Louis, EUA). O fluido gastrico simulado
(SGF) (7,5 mL) foi adicionado em seguida para simular a digestdo gastrica. A SGF consistiu
numa mistura de 0,695 pL de agua, 5 pL de 0.3 M CaCl, e 1,6 mL de 2000 U/mL de pepsina
suina (Sigma- Aldrich, St. Louis, EUA). O pH foi ajustado (pH 3.0) usando HCI 1 M e a mistura
foi incubada por 2 h a 37 + 1°C com agitacdo. Ao final desse tempo a mistura gastrica (20 mL)
foi adicionada com fluido intestinal simulado (SIF) (11 mL) e 2,5 mL de bile fresca (Sigma-
Aldrich, St. Louis, EUA, 160 mM de bile fresca), 5,0 mL de solucdo de pancreatina 800 U/mL
(Sigma-Aldrich, St. Louis, EUA) em solucdo SIF, 1,31 mL de agua e 40 uL de CaCl, 0,3 M
foram adicionados para simular a fase intestinal. O pH foi ajustado (pH 7,0) com NaOH 1 M e

a mistura foi incubada a 37 £ 2°C por 2 h com agitacdo (90 rpm). Conforme a necessidade 0s
valores de pH foram controlados e ajustados em cada etapa da digestéo in vitro.



75

Os contetdos finais das digestdes foram dialisados de acordo com modificagdes nos
procedimentos descritos por Guergoletto et al. (2016). Aliquotas foram colocadas em tubos de
celulose regenerada para dialise (14 KDa cut-off, Sigma-Aldrich, St. Louis, EUA) por 18 h
contra NaCl 0,01 M a5 £ 0,5 °C. Os fluidos foram trocados e apds mais 2 h o processo foi
encerrado.

A bioacessibilidade dos fenolicos foi calculada de acordo com a Eq. (1) (RODRIGUEZ-
ROQUE et al., 2013). Aléem disso, contagens para monitorar a viabilidade das leveduras foram
realizadas antes da digest&o in vitro, apés a fase gastrica e ao final da digestdo conforme descrito

anteriormente na Segéo 3.5.

BC intestinal

Bioacessibilidade (%) = ( X 100) Eq. (1)

BC amostra
Onde BC intestinal refere-se a concentra¢do de compostos fendélicos no final da digestdo
in vitro (fracdo bioacessivel), e BC amostra refere-se a concentracéo fendlica do fruto antes da

digestdo in vitro.
3.8.3 Analise de acucares, acidos organicos, compostos fenolicos e alcool

As polpas de graviola e umbu-caja fermentadas, as fracGes bioacessiveis provenientes da
simulacdo do TGl e seus controles ndo-fermentados foram centrifugadas (3500 rpm/15 min) e
o0 sobrenadante foi filtrado em um filtro Millex-HA de 0,45 um (Millipore Co., Bedford, MA),
conforme metodologia descrita por Coelho et al. (2018).

Para a determinacdo de acUcares e acidos organicos os filtrados foram analisados por
Cromatografia Liquida de Alta Eficiéncia (CLAE), utilizando-se cromatografia Agilent
(modelo 1260 Infinity LC, Agilent Technologies, EUA) acoplada a detector de arranjo de
diodos (DAD) e detector de indice de refragdo (DIR). As condigdes analiticas foram coluna
Agilent Hi-Plex H (7,7 x 300 mm, 8 um) ¢ H2SO4 4 M em agua ultrapura como uma fase
movel (taxa de fluxo 0,5 mL / min).

Para quantificar os compostos fenoélicos, 20 uLL do extrato foram injetados no cromatografo
conforme descrito por Padilha et al. (2017). A separacdo cromatografica dos compostos
fenolicos foi realizada utilizando uma coluna Zorbax Eclipse Plus RP-C18 (100 x 4,6 mm, 3,5
um) e a pré-coluna Zorbax C18 (12,6 x 4,6 mm, 5 um). A temperatura da coluna foi ajustada

para 35°C e as fases mdveis foram compostas por dgua acidificada (pH 2) com acido fosforico
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0,1 mM/L (fase A) e metanol acidificado com &cido fosforico 0,5% (fase B). A taxa de fluxo
foi mantida a 0.8 mL/min. As aquisi¢es de dados do DAD foram processadas usando o
software OpenLAB CDS ChemStation EditionTM (Agilent Technologies).

Os picos de agUcares, acidos organicos e compostos fendlicos foram identificados pela
comparacédo de seus tempos de retencdo com os de padrdes externos (Sigma Aldrich, St. Louis,
EUA). Os seguintes padrdes foram utilizados para a analise dos compostos fendlicos: cis-
resveratrol e trans-resveratrol da Cayman Chemical Company (Ann Arbor, MI, EUA); acidos
clorogénico, galico, siringico, p-cumarico, cafeico e transcaftarico, catequina, epicatequina,
hesperidina, naringenina, procianidina B1 e B2, delfinidina 3-glucosideo, cianidina 3,5-
diglucosideo, cianidina 3-glucosideo, malvidina 3,5-diglucosideo, malvidina 3-glucosideo,
pelargonidina 3,5-diglucosideo da Sigma-Aldrich (St. Louis, EUA); e procianidina A2,
kaempferol 3-glicosideo, quercetina 3-glicosideo, quercetina 3-rutinosideo (rutina), miricetina,
epicatequina galato, epigalocatequina galato, pelargonidina 3-glicosideo, petunidina 3-
glicosideo, e peonidina 3-O -glicosideos da Extrasyntese (Genay, Franca).

Para identificacdo dos acidos organicos e acUcares os padrdes utilizados foram glicose e
frutose (Sigma-Aldrich, St. Louis, EUA); maltose e ramnose (Chem Service, West Chester,
EUA); e écidos citrico, tartarico, malico, succinico, latico, formico, acético, propidnico e
butirico (Quimica Vetec, Rio de Janeiro, Brasil). A quantificacdo foi feita por meio de curvas
de calibracdo do padrdo externo de acordo com os métodos validados descritos por Coelho et
al. (2018) para acUcares e acidos organicos, e Padilha et al. (2017) para fendlicos.

Todos os compostos analisados apresentaram curvas de calibragdo com R2 > 0,998. A
pureza espectral de pico foi verificada usando a ferramenta Limiar para garantir a precisdo da
identificacdo em comparacdo com o padrao externo.

Etanol foi analisado de acordo com Duarte et al. (2009). As andlises foram realizadas com
um sistema de CLAE (Shimadzu, modelo LC-10Ai, Shimadzu Corp., Toéquio, Japao), equipado
com um sistema de deteccao duplo composto por um detector de ultravioleta (SPD-10Al) e um
detector de indice de refracdo (10A). Uma coluna de troca catiénica Shimadzu (Shim-pack
SCR-101H, 7,9 mm x 30 cm) foi operada a 30 ° C utilizando &cido perclérico 100 mM (70%)
como eluente, a uma taxa de fluxo de 0,6 mL/min ¢ um volume de injegdo de 20 uL.

O etanol foi detectado por indice de refracéo e foi identificado comparando seus tempos de
retengdo com os de padrdes certificados, tendo sido quantificado por meio da aplicacdo de curva

de calibracdo obtida com o composto padrdo (Sigma-Aldrich, Steinheim, Alemanha).
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3.8.4 Analise de compostos volateis

A concentracdo de compostos organicos volateis nas polpas antes e depois de fermentadas
foram determinados por microextracdo em fase solida em modo headspace (HS-SPME)
utilizando um cromatégrafo gasoso acoplado a espectrometria de massa (GCMS) Shimadzu
QP-2010 SE de acordo com os métodos de Fonseca et al. (2021b).

Foi utilizada uma coluna Carbowax 20 M (pelicula de 30 m % 0,25 mm ID x 0,25 pm). A
aliquota da amostra (3,0 mL) foi adicionada a um frasco de 20 mL e equilibrada por 15 min a
60°C.

Os compostos Vvolateis foram capturados usando um suporte automéatico SPME (Supelco,
Bellafonte, PA, EUA) com uma fibra longa (2 cm) DVB/CAR/PDMS (50/30 um). A fibra
SPME foi introduzida na amostra por 30 min a uma profundidade constante. A temperatura foi
mantida em 60°C. Em seguida, os volateis foram dessorvidos diretamente no forro do
cromatografo a gas e mantidos a 230°C por 2 min. O hélio foi usado como gés de arraste a uma
taxa de fluxo de 1,0 mL/min. A temperatura foi de 60°C/5 min, aumentada para 230°C a
10°C/min e mantida nesta temperatura por 15 min.

Uma série de alcanos (C10-C40) (Sigma-Aldrich, St. Louis, EUA) foi usada para
determinar o indice linear de retencdo (LRI) para cada composto. Os dados foram analisados
utilizando o software GCMSsolution (versdo 4.4, Shimadzu Corporation, Japéo) e o banco de
dados NIST NIST/EPA/NIH 2014.

A identificacdo quimica de cada volatil foi realizada comparando os espectros de MS com
0 conjunto de dados. O 4-nonanol (Sigma-Aldrich, St. Louis, EUA) na concentragdo final de
6,250 ng/mL foi utilizado como padrdo interno para quantificar cada pico de acordo com a

concentracdo relativa (ng/g).

3.9 Sequenciamento genético das cepas selecionadas

As cepas utilizadas na fermentacéo das polpas de graviola e umbu-caja e preliminarmente
identificadas via MALDI-TOF MS como Hanseniaspora opuntiae (Hanseniaspora opuntiae
125), Issatckenkia terricola (Issatckenkia terricola 129) e Hanseniaspora opuntiae
(Hanseniaspora opuntiae 148) foram submetidas ao sequenciamento genético para a
confirmagéo das identificagdes.
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O DNA de cada isolado foi extraido utilizando o QIAamp DNA Mini Kit, seguindo o
protocolo “DNA Purification from Tissues” (Qiagen, Hilden, Germany). A regido ITS foi
amplificada utilizando os primers ITS1 e ITS4 (MANTER e VIVANCO, 2007).

Os produtos da PCR foram enviados para sequenciamento na empresa ACTgene. As
sequéncias foram comparadas com o banco de dados GenBank usando o programa Basic Local
Alignment Tool (BLAST) (National Center for Biotechnology Information, Bethesda, MD) para

a identificacdo dos isolados.

3.10 Avaliacgdo dos efeitos das polpas fermentadas na fermentacao coldnica in vitro

3.10.1 Indculo fecal humano de adultos hipertensos de meia-idade

O preparo do inéculo foi realizado a partir de amostras fecais frescas doadas por quatro
voluntarios adultos hipertensos (dois homens e duas mulheres, com idades entre 45 e 59 anos)
ap6s a aprovacdo do Comité Institucional de Etica em Pesquisa com Seres Humanos
(Universidade Federal da Paraiba, Jodo Pessoa, Paraiba, Brasil, parecer n® 5.315.511).

Os critérios de inclusdo estabelecidos foram pessoas sem doenga gastrointestinal ou do
célon, que seguissem dieta onivora regular, sem uso de alimentos probioticos ou prebiéticos
concentrados e que nao tivessem utilizado antibi6ticos durante os seis meses anteriores ao
estudo. Além disso, eles foram diagnosticados com hipertensdo, uma doenca crénica nao
transmissivel caracterizada por pressao arterial sistélica igual ou superior a 140 mm Hg e
pressao arterial diastolica igual ou superior a 90 mm Hg sem o uso de medicacdo anti-
hipertensiva e avaliados por um profissional treinado (Barroso et al., 2021).

Os doadores receberam instrucdes especificas para a coleta das amostras, além de um Kit
higiénico de coleta/ armazenamento adequado contendo mascara, luvas e frasco estéril. Apos
coletados, os frascos com as fezes foram dispostos em embalagem com sistema gerador de
anaerobiose (AnaeroGen, Oxoid, Basingstoke Inglaterra) e encaminhadas ao laboratorio. Em
seguida, as amostras fecais foram misturadas em igual propor¢do (1:1:1:1) e diluidas na
proporcido de 1:10 com solucéo salina fisiologica modificada autoclavada (NaCl 8,5 g L2,
cisteina-HCI 0,5 g L%, Sigma-Aldrich, St. Louis, EUA) para obter uma suspensao fecal.

A suspenséo fecal foi homogeneizada sob agitacao (200 rpm por 2 min) e filtrada utilizando

gaze de tripla camada para a remocao de particulas maiores, sendo em seguida armazenadas em
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frascos estéreis, sob condi¢cdes anaerdbias, a 37 + 1°C (AnaeroGen, Oxoid, Basingstoke
Inglaterra) (HU et al., 2013; ANDRADE et al., 2020; MENEZES et al., 2021).

3.10.2 Preparacdo de meios de cultura e fermentacéo colonica

O meio nutriente basal para a fermentacéo colonica foi composto de 4,5 g L™! de NaCl, 4,5
gL 'deKCl, 1,59 L de NaHCO3, 0,69 g L™! de MgSQ4, 0,8 g L™! de L-cisteina, 0,5g L' de
KH2PO4, 0,5 g L™ de K;HPO4, 0,4 g L™! de sal biliar, 0,08 g L™! CaCly, 0,005 g L™! de FeSOQs,
1 mL L' de Tween 80. Como indicador anaerdbio foi adicionado ao meio 4 mL L™! de solugéo
de resazurina (0.025%, v/v) e agua destilada foi utilizada para a diluicdo dos componentes. O
pH do meio basal foi ajustado para 6.8 com a adi¢do de HCI (1M) (BIANCHI et al., 2010;
ANDRADE et al., 2020).

Para a fermentacdo fecal foram utilizadas culturas descontinuas de 40 mL compostas por
40% de meio de crescimento (v/v), 40% do indculo fecal humano (v/v) e 20% da polpa
fermentada e digerida de graviola ou umbu-caja (v/v). Como controles do experimento outras
culturas descontinuas foram elaboradas com 20% de suspensdo de Saccharomyces boulardii
CNCM 1-745 (Floratil®, Merck) (com contagem padronizada conforme a contagem de 10°
UFC/mL, correspondente a contagem de Issatchenkia terricola 129 na polpa fermentada
digerida e dialisada) (v/v), ou sem adi¢do de substrato/ cepa para comparagdo. Os tratamentos
citados foram denominados respectivamente como: SOUR-IT129, UMB-IT129, SB(CNCM I-
745) e Controle. Em seguida ao preparo as culturas foram incubadas sob anaerobiose
(AnaeroGen) por 48 horas a 37 + 1 °C (HU et al., 2013; MENEZES et al., 2021).

Aliquotas das culturas descontinuas correspondentes aos tratamentos SOUR-IT129, UMB-
IT129, SB(CNCM 1-745) e Controle nos tempos 0, 24 e 48 horas foram coletadas para afericédo
do pH que foi realizada utilizando um pHmetro Testo 206-pH1 (Testo AG, Lenzkirch,
Germany) e para as andlises de acUcares, acidos organicos e compostos fenélicos conforme a

metodologia descrita na Se¢éo 3.8.3.

3.10.3 Abundancia relativa de grupos bacterianos avaliados por fluorescéncia de

hibridizacéo in situ acoplada com citometria de fluxo multiparamétrica

Os percentuais de grupos microbianos selecionados que se sucederam durante as 48 horas

de fermentacdo foram analisados por meio da técnica de FISH com sondas oligonucleotidicas
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selecionadas e projetadas para atingir regiGes especificas do gene 16S rRNA desses
microrganismos. Essa técnica foi combinada a CFM com o objetivo de avaliar a capacidade das
polpas fermentadas em modular a microbiota intestinal humana durante a fermentacéo colonica
in vitro (CONTERNO et al., 2019; MENEZES et al., 2021).

As sondas utilizadas no experimento foram: Bif 164, especifica para Bifidobacterium; Lab
158, especifica para Lactobacillus spp. — Enterococcus spp.; Bac 303, especifica para
Bacteroides spp. — Prevotella spp.; Erec 482, especifica para Eubacterium rectale - Clostridium
coccoides; e Chis 150, especifica para Clostridium histolyticum.

A selecéo dos grupos bacterianos foi baseada na sua representatividade na microbiota fecal
e sua associacdo com respostas metabodlicas positivas ou negativas (MEDEIROS et al., 2021).
Além disso, estes grupos tém sido utilizados como marcadores em estudos anteriores que
avaliam o impacto da administracdo de ingredientes funcionais na microbiota intestinal
(ALBUQUERQUE et al., 2021; MASSA et al., 2022; MEDEIROS et al., 2021; MENEZES et
al., 2021).

Para a execucdo do experimento as sondas foram marcadas com o corante fluorescente Cy3
(Sigma-Aldrich) (RODRIGUES et al., 2016; MENEZES et al., 2021) e o marcador SYBR
Green (Molecular Probes, Invitrogen, Carlsbad, CA, EUA) foi utilizado para a marcagéo da fita
dupla de DNA para enumeragdo da populacdo total de bactérias de cada grupo avaliado
(CONTERNO et al., 2019).

A estabilizacdo da estrutura celular das culturas foi realizada nos tempos 0, 24 e 48 horas
utilizando aliquotas de 375 pL que foram fixadas a 4 °C (overnight) com 1125 pL de solugao
de paraformaldeido filtrada (4%, p/v). Em seguida as aliquotas foram centrifugadas (10000 x
g, 5 minutos, 4 °C), lavadas duas vezes com PBS 1 M (10000 x g, 5 minutos, 4 °C), ressuspensas
em 300 pL de PBS:etanol 99% (1:1 v/v), filtradas com filtro de membrana com poro de tamanho
0,45 pm (Whatman®) e armazenadas a -20 °C.

A hibridizacéo in situ foi realizada por meio da dilui¢ao de 10 pL da suspensédo de células
fixadas em 190 pLL de PBS 1X (Gibco, Gaithersburg, EUA; pH 7,2) seguida de centrifugacéo a
4000 x g por 15 minutos a 4 °C e descarte do sobrenadante. A células foram entéo ressuspensas
em 200 pL de tampao Tris-EDTA (100 mM Tris-HCl e 50 mM EDTA,; pH 8,0) e centrifugadas
sob as mesmas condicdes anteriormente citadas.

As amostras foram tratadas com lisozima (1 mg/mL) diluida em 200 pL de Tris-EDTA e

incubadas por 10 minutos em temperatura ambiente (25 = 0,5 °C) em local escuro para
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promover a permeabilizacdo das células que entdo receberam as sondas Lab 158 e Bif 164, e
foram centrifugadas (4000 x g, 15 minutos, 4 °C).

As amostras foram entdo ressuspensas em 45 uLL de tampao de hibridizagdo composto por
0,9 M de NaCl, 20 mM de Tris-HCI (pH 7.5) e 0.1% de dodecil sulfato de sodio (DSS) (p/v) e
foram adicionadas 5 uLL de sonda oligonucleotidica fluorescente (50 ng/ul) sendo mantidas no
escuro e na temperatura de hibridizacdo apropriada para cada sonda (45°C para Bac 303 ou 50
°C para as demais sondas).

Apbs o periodo de 4 horas as amostras foram centrifugadas (4000 x g, 15 minutos, 25 °C),
ressuspensas em 200 uL. de tampao de hibridizagdo sem adi¢do de DSS e mantidas no escuro
por 30 minutos sob temperatura de lavagem apropriada para cada sonda (45 ou 50 °C, conforme
citado anteriormente) para a retirada das sondas nédo ligadas.

As amostras foram novamente centrifugadas (4000 x g, 15 minutos, 25 °C), ressuspensas
em 200 pL de PBS 1X e 20 uL de SYBR Green (1:1000 solugdo estoque diluida em dimetil
sulfoxido >99,9%, Sigma-Aldrich), incubadas por 10 minutos no escuro sob temperatura
ambiente (25 £ 0,5 °C), centrifugadas (4000 x g, 15 minutos, 25 °C) e ressuspensas com 200
pL de PBS 1X.

Para cada amostra preparada também foi elaborada uma amostra em branco (sem a sonda
oligonucleotidica e sem SYBR Green), e uma amostra marcada somente com SYBR Green
utilizando o mesmo método das amostras hibridizadas, com o objetivo de definir um limiar de
deteccdo para o citbmetro de fluxo (BD Accuri C6, New Jersey, EUA) permitindo revelar a
potencial autofluorescéncia das amostras e excluindo falsos positivos.

O principio da CFM consiste na passagem dos sinais fluorescentes das células individuais
através de uma zona de laser, sendo coletados como sinais logaritmicos (medidas da area de
pulso) pelos canais FL1 (SYBR Green) e FL2 (Lab 158, Bif 164, Bac 303, Chis 150 e Erec
482). A configuragdo foi realizada de modo que as amostras em baixo fluxo, com nivel limite
para dispersdo direta (FSC) ajustado para 30 000 e com total de 10 000 eventos coletados para
cada amostra.

O software BD Accuri C6 (Becton Dickinson and Company) foi utilizado para o registro
dos citogramas de emissdo de fluorescéncia. Os resultados foram expressos como abundéncia
(porcentagem relativa) de células de grupo bacteriano hibridizadas por cada sonda Cy3
especifica (registrados como eventos fluorescentes) comparados ao total de bactérias
enumeradas com a coloragdo SYBR Green (CONTERNO et al., 2019).
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3.10.4 Determinacdo do indice prebiotico

A determinacdo do indice prebidtico foi feita apds o calculo da abundéncia relativa
(porcentagem) de cada grupo bacteriano medido com base nos resultados do FISH-CFM

(ALBUQUERQUE et al., 2021) para o qual se utilizou a seguinte equacgéo:

indice prebidtico = %Lab + %Bif — %Bac — %Chis — %Erec Eq. (2)

onde %Lab = (Lactobacillus spp./Enterococcus spp. abundancia relativa em 24 ou 48 h) —
(abundancia relativa desse grupo bacteriano no tempo zero); %Bif = (abundancia relativa de
Bifidobacterium spp. em 24 ou 48 h) — (abundancia relativa desse grupo bacteriano no tempo
zero); %Bac = (abundéncia relativa de Bacteroides spp./Prevotella spp. em 24 ou 48 h) —
(abundancia relativa desse grupo bacteriano no tempo zero); %Chis = (abundancia relativa de
C. histolyticum em 24 ou 48 h) — (abundancia relativa desse grupo bacteriano no tempo zero);
e %Erec = (relative abundancia de E. rectale/C. coccoides em 24 ou 48 h) — (abundancia relativa
desse grupo bacteriano no tempo zero).

Resultados positivos para o indice prebidtico indicam uma modulacdo benéfica global da
microbiota intestinal, enquanto resultados negativos indicam uma modulacédo geral indesejavel
(ALBUQUERQUE et al., 2021, GUNATHILAKEA et al., 2018).

3.11 Anélises estatisticas

As analises foram realizadas em triplicata e em trés experimentos distintos. Os resultados
foram expressos como média + desvio padrdo. Os dados foram analisados por meio de analise
de variancia (ANAVA) e teste de Tukey ou teste-t de Student considerando p < 0.05. Os dados
obtidos também foram submetidos a anélise de componentes principais (ACP) utilizando a
correlacdo de Pearson. As analises estatisticas foram realizadas com o auxilio do software
XLSTAT® 2021.4.1 (Addinsoft™, Paris, Franga).
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4 RESULTADOS

Os resultados da tese sdo apresentados na forma de dois artigos originais, dispostos em
APENDICES. O primeiro artigo intitulado como “Yeasts from fermented Brazilian fruits as
biotechnological tools for increasing phenolics bioaccessibility and improving the volatile
profile in derived pulps” foi aceito para publicacéo na revista Food Chemistry, cujo fator de
impacto é de 9.231 (2022). O segundo artigo intitulado “Effects of fermented soursop and
umbu-caja pulps on the colonic microbiota of middle-aged hypertensive adults ” foi aceito para
publicacdo na revista Food Bioscience, cujo fator de impacto é de 5.318 (2022).

No apéndice A estdo descritos os resultados do primeiro artigo original desta tese, e
trata-se do uso de leveduras provenientes da fermentacdo de frutas da caatinga brasileira na
fermentacdo de polpa de graviola e umbu-caja, bem como sua caracterizacdo microbiologica,
quimica (agucares, acidos organicos, alcool, compostos volateis e fendlicos) e seus efeitos sobre
a bioacessibilidade de compostos fenolicos. Frutos do Bioma Caatinga tém sido pouco
explorados como fonte de leveduras biotecnoldgicas. Este estudo isolou leveduras de frutos da
Caatinga fermentados naturalmente e avaliou Hanseniaspora opuntiae 125, Issatchenkia
terricola 129 e Hanseniaspora opuntiae 148 na fermentacao de polpas de graviola e umbu-caja.
Todas as cepas foram capazes de fermentar as polpas (72 h), aumentando (p < 0,05) o &cido
acetico, a concentracdo de fenolicos e a bioacessibilidade, e mantendo contagens acima de 7
log UFC/mL ap6s fermentacdo e/ou digestdo in vitro. H. opuntiae 125 apresentou as maiores
contagens (8,43 — 8,76 log UFC/mL; p < 0,05) nas polpas e, maior producdo de acidos
organicos, maior sobrevivéncia a digestdo e maior bioacessibilidade de varios compostos
fenolicos (p < 0,05) no umbu- polpa de caixa. I. terricola 129 e H. opuntiae 148 apresentaram
maior atividade metabdlica, concentracdo e bioacessibilidade de fendlicos especificos nas
polpas de umbu-caja e graviola, respectivamente (p < 0,05). Os volateis variaram (p < 0,05)
com a cepa de levedura. De maneira geral, o desempenho biotecnoldgico da levedura para
fermentacdo da polpa foi melhor em sua fonte de fruta.

No apéndice B é apresentado o segundo artigo que teve por objetivo avaliar os efeitos
das polpas fermentadas de graviola e umbu-caja na modulacdo na microbiota intestinal humana
de adultos hipertensos de meia-idade abordando também a evolugdo do pH e o perfil de
metabdlitos (agUcares, acidos organicos e compostos fendlicos) durante o processo de
fermentagdo colbnica in vitro. Os efeitos das polpas de graviola e umbu-caja fermentadas pela

levedura Issatchenkia terricola 129 sobre a microbiota col6nica de adultos hipertensos de meia-
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idade foram avaliados durante 48 h de fermentagéo in vitro. A abundéncia relativa de grupos
bacterianos distintos, valores de pH e teores de acucares, acidos organicos e compostos
fenolicos foram avaliados em 0, 24 e 48 h de fermentacdo. Saccharomyces boulardii CNCM I-
745, uma levedura com reconhecidas propriedades probioticas, foi utilizada para fins de
comparagdo. Durante a fermentagédo colonica, maltose, glicose e frutose foram transformadas,
resultando em valores de pH reduzidos e uma menor abundancia relativa de Bacteroides spp./
Prevotella spp. Os efeitos sobre a microbiota coldnica foram menos pronunciados para S.
boulardii seguido pela polpa de umbu-caja com I. terricola 129. A polpa de graviola fermentada
com I. terricola 129 melhorou a microbiota por aumentar a abundancia relativa de Lactobacillus
spp. e Bifidobacterium spp. e reduzir a abundéncia relativa de Eubacterium rectale/Clostridium
coccoides e Clostridium histolyticum, resultando no maior indice prebiotico entre os produtos
testados. Ao mesmo tempo, observou-se 0 consumo de ramnose e acido galico e maiores teores
de &cidos acético e propidnico e procianidina B2.

Assim, nossos achados demonstram pela primeira vez que fenélicos derivados de frutas
da Caatinga brasileira podem ser biotransformados por leveduras isoladas de fermentagdo
natural transformando-os em fenolicos mais bioacessiveis. Além disso, as alteragdes positivas
ocorridas na abundancia dos grupos da microbiota intestinal indicam efeitos benéficos ao

publico hipertenso de meia-idade.
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Caatinga Biome fruits have been scarcely explored as a source of biotechnological yeasts. This study isolated
yeasts from naturally fermented Caatinga fruits and evaluated Hanseniaspora opuntise 125, Issatchenkia terri-
cola 129, and Hanseniaspora opuntiae 148 on fermentation of soursop and umbu-cajd pulps. All strains were able
to ferment the pulps (72 h), increasing (p < 0.05) acetic acid, phenolics concentration and bioaccessibility, and
maintaining counts above 7 log CFU/ml after fermentation and,/or in viro digestion. H. opuntize 125 showed the

highest counts (8.43-8.76 log CFU/mL; p < 0.05) in pulps and, higher organic acids production, increased
survival to digestion, and higher bioaccessibility of various phenolics (p < 0.05) in the umbu-cajd pulp. L ter-
ricola 129 and H. opuntiae 148 showed higher metabolic activity, concentration and hioaccessibility of specific
phenalics in umbuo-caja and soursop pulps, respectively (p < 0.05). Volatiles varied (p < 0.05) with the yeast
strain. Generally, the yeast biotechnological performance for pulp fermentation was better on its fruit source.

1. Introduction

The Caatinga Biome is in the Northeast region of Brazil. It has a high
diversity of fruits, and two of the most underexplored fruit are soursop
(Annona muricata L.) and umbu-caja (Spondias spp.). Soursop is a tropical
and exotic fruit with unique flavor and aroma characteristics, white
flesh, sour taste, and creamy texture (Ho et al. 2021). Umbu-caja
(Spondias spp) is a hybrid form of umbu (Spondias tuberosa Arruda
Camara) and caja (Spondias mombin L.). In addition, it has a juicy, sweet,
and fibrous pulp and shows a bitter aftertaste (Pereira, Pereira, Pessoa,
& Vasconcelos, 2021). Both umbu-caja and soursop fruits have an
interesting nutritional composition and have attracted attention because
of the concentration of bioactive compounds, primarily pelyphenols (Ho
et al., 2021). However, due to their high perishability, they are mainly
consumed locally.

The fermentation of fruit pulps may result in products with improved
aromatic profile and sensory characteristics, and extended shelf life

* Corresponding author.
E-muil address: magnani2@gmail.com (M. Magnani).

hetps:/ /doi_org /100101 6/j. foodchem. 2022 134200

(Sabidi, Koh, Shukor, Sharifudin, & Sew, 2020). Furthermore, many
microorganisms may  biotransform  phenolic  compounds  during
fermentation, resulting in greater bioactivity (Morais, Borges, Lima,
Martin-Belloso, & Magnani, 2019). The fermentation is commonly per-
formed using commercial starter cultures, mainly from dairy or animal-
derived products (Pimentel, Costa, Barao, Rosset, & Magnani, 2021).
The utilization of starter cultures derived from fruits may raise the
development of vegan and nondairy fermented products, reduce the
processing times, and improve the characteristics of the products
{Pimentel, Oliveira, et al., 2021).

Fruits from the Caatinga biome may be sources of microorganisms
with potential application in biotechnological processes (Assis el al,
2021). Among them, yeasts have been highlighted due to their higher
viability in fruits than lactic acid bacteria (LAB) and good performance
in fermentation processes (Pimentel, Oliveira, et al, 2021). Further-
more, yeasts usually are resistant to antibiotics and do not transfer
resistance genes to other microorganisms (Rai, Pandey, & Sahoo, 2019).
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In addition, they can also lead to improved host health and well-being by
producing bioactive substances such as citric acid, carotenoids, to-
copherols, and ascorbic acid, among others, that can combat oxidative
stress (Arroyo-Lopez et al., 2012)

Most studies with fermented fruit pulps were performed using LAB
(Guergoletto et al., 2020, Palachum, Choorit, Manurakchinakorn, &
Chisti, 2020). However, fermented fruit pulps processed with yeast are
still scarce (Nyvanga, Nout, Smid, Boekhout, & Zwietering, 2013, Far-
inazzo et al., 2020). Furthermore, no previous study isolated yeasts from
Caatinga biome fruits and applied them in the fermentation of fruit
pulps. Therefore, this study aimed to isolate yeasts from naturally fer-
mented soursop and umbu-cajd fruits and use them to produce fer-
mented pulps of these fruits.

2. Material and methods

21. Fruits for notural fermentation

Soursop (Annona muricata L) and umbu-caja (Spondias spp.) in the
commercial maturity stage were obtained from local farms (protected
identity), as they are commonly used to get frozen pulps regionally sold.
First, fruits were standardized and selected considering the uniformity of
shape and size, color, firmness, and lack of mechanical damage. Then,
the fruits were transported in refrigerated boxes (5 = 1 °C) and pro-
cessed for juice production and yeast isolation.

Fermentation was carried out following the methodology described
by Amorim, Piccoli, and Duarte (2018), with minor modifications, First,
the fruits were cleaned with sterile distilled water and peeled in a safety
cabinet under aseptic conditions. Soursop peels and seeds and umbu-
caja seeds were discarded. Next, the fresh pulp of each fruit was crushed
separately with a mortar and pestle and passed through an 18-mesh
stainless steel household sieve to remove excess fiber, These steps
were performed under aseptic conditions. Approximately 400 mL of
juice were obtained from each fruit type. Pulps were maintained at room
temperature (25 + 1 °C) for 48 h for natural fermentation.

pH values and total soluble solids (TSS) were measured at times 0,
24, and 48 h of natural fermentation. pH was evaluated using a pH meter
(Quimnis, Sa0 Paulo, Brazil), and TS5 was determined using a manual
refractometer (Vodex, model WVX0325G). Titratable acidity (TA) was
measured by titration (0.1 N NaOH) and expressed as % citric acid. All
measurements followed the ADAC procedures (ADAC, 2016)

22 Microbial counts and yeast isolation from noturally fermented fruits

The microbial counts and isolation were performed following the
methodology proposed by Freire, Ramos, Souza, Cardoso, and Schwan
[(2017), with minor modifications. Sampling (1 mL) was performed at
times 0, 24, and 48 h in each fermentation flask to perform the yeast and
LAB counts and subsequent yeast isolation. Serial dilutions were per-
formed {10"-10'6) and plated on yeast extract-peptone-dextrose agar
(YEPD) (2 % peptone (w/v), 1 % yeast extract (w/v), 1.5 % agar (w/v)
(Acumedia, Michigan, USA), 2 % p-glucase (w/v) (Dinamica Quimica
Contemporanea, Sao Paulo, Brazil), pH 3.5, 100 mg/L of chloram-
phenicol (Sigma-Aldrich, St. Louis, USA) (to bacterial growth inhibition)
for counting yeasts or De Man, Rogosa, and Sharpe agar (MRS) (HiMe-
dia, Mumbai, India) supplemented with 50 mg/L of nystatin 85+%
(Acros Organics, New Jersey, USA) (to inhibit yeast growth) for count-
ing LAB. The incubation was performed for 72 h at 30 “C for yeasts and
48 h at 37 “C and under anaerobiosis (02 < 1 %) for LAB (Anaerogen,
Oxoid Led., UK). Results were reported as log colony-forming unit per
milliliter (log CFU/mL).

The purification of yeast colonies was based on the morphology
present on the plates, and the square root of the total number of isolates
was calculated for subsequent purification using each colony morpho-
type (Sengun, Nielsen, Karapinar, & Jakobsen, 20049). The isolated
yeasts were submitted to macroscopic and micromorphological analysis,
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and the characteristics of colony type, size, border structure, texture,
color, elevation, appearance, shape, and shine were observed. Simple
staining with methylene blue from fresh preparation and fermentation
tests with carbohydrates were used to identify the isolates. Afterward,
pure cultures were maintained and sub-cultured until identification via
Matrix-Assisted Laser Desorption lonization Time-of-Flight Mass Spec-
trometry (MALDI-TOF MS). Finally, the isolates were frozen and stored
(-80 “C) in the corresponding medivm containing 20 % glycerol (Freire
et al, 2017

2.3 Identification of isolated yeasts by MALDI-TOF MS and strains
selecton

The yeasts were identified by MALDI-TOF MS (Carvalho et al, 2007).
The analyzes were performed in an ultrafleXtreme MALDI-TOF MS
(Bruker Daltonics, Bremen, Germany) containing a 1000 Hz
neodymium-doped aluminum yttrium gamet laser. Yeast cultures were
grown for 18 hat 28 °C on YEPD. Approximately 1 pg of culture biomass
was added to a tube (500 pl) containing 6 pL of formic acid (25 % v/v).
The samples were vortexed (60 £) and centrifuged (4000 g, 60 5, room
temperature). Each sample supemnatant (1 pl) was placed on the stain-
less steel MALDI-TOF MS plate (Bruker Daltonics, MSF 96 target pol-
ished steel). After sample drying, 1 pL of the matrix solution (a-cyano-4-
hydroxycinnamic acid (Fluka), saturated in an organic solution, was
added and lightly mixed. Afterward, the samples were analyzed by
MALDI-TOF MS. Each sample was analyzed in triplicates aiming
reproducibility test. A standard (Bruker Daltonics) test containing
Escherichin coli DHS alpha extract was used for calibration. Mass spectra
were evaluated using the MALDI Biotyper 3.0 software package (Bruker
Daltonics) for microbial identification and statistical clustering.

The MALDI Biotyper System uses MALDI-TOF mass spectrometry for
the interpretation of results. The identification scores were determined
as follows (+++) represents the highly probable species identification
(scores 2.300 to 3.000); (++) represents the secure identification of the
genus, probable identification of the species (scores 2,000 to 2.299); (+)
represents the likely identification of the genus (scores 1.700 to 1.999);
and (-), which represents the unreliable identification (scores 0.000 to
1.699).

Among the identified isolates, those selected for further assays were
chosen based on their identification scores and potential application in
fermentation tests (Pimentel, Oliveira, et al., 2021). The selected isolates
were subjected to safety tests, including hemolytic activity, gelatin hy-
drolysis, and DNAse activity (Singh et al., 2012). Hemolytic activity was
measured after strain inoculation anto blood agar plates with 5 % sheep
blood and incubation at 37 °C for 48 h. The strains’ gelatinase produc-
tion was determined using tryptone-neopeptonedextrose (TND) agar
(3.0 g neopeptone, 17.0 g tryptone, 5.0 g NaCl, 2.5 g dextrose, 15 g agar,
2.5 g KoHPO,, and 1 L distilled water) and 0.4 % gelatin. Yeast cultures
were spotted onto plates and incubated at 30 °C for 48 h. The DNAse test
was performed by seeding the strains on the DNAse test agar medium
(Difco, USA) and incubating the plates at 30 °C for 48 h. Then, an HC1
solution (1 M) was added. The Staphylococcus aureus ATCC 25,923 strain
was used as a positive control for all tests and incubated at 37 “C for 48
h.

2.4, Use of selected yeast strains in fruit pulps fermentation

Soursop and umbu-caja pulps were obtained from local farmers in
the commercial maturity stage (protected identity, Paraiba State,
Brazil). Fruits were processed without the addition of water or pre-
servatives at the industrial plants of Fazenda Mangai (soursop) and Pé de
Fruta (umbu-caja) to obtain the pulps.

The strains selected for the experiment, Hansenfaspora opuntioe 125,
Issatchenkia terricola 129, and Hanseniaspora opuntice 148 were inocu-
lated in 5 mL of YEPD broth (same compaosition reported in section 2.2)
and incubated at 30 + 1 °C for 24 h. After the incubation period, yeast
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cells were harvested by centrifugation (3500 g, 15 min, 4 °C), washed
twice with sterile 0.1 % peptone water (HiMedia, Mumbai, India), and
resuspended in 5 mL of the same solution (Freire et al., 2017). Then, 0.4
pL of the inoculum (6 log CFU/mL) was added to 40 mL of pulp previ-
ously pasteurized at 80 “C for 5 min and cooled in an ice bath (Fonseca,
Melo, Ramos, Dias, & Schwan, 2021). Microfermentations were per-
formed in 50 mL tubes with 40 mL of fruit pulp in a BOD incubator
(Caltech Indiistria e Comércio LTDA, Sao Paulo, Brazil) at 14 “Cfor 72 h
of static fermentation. Pulps without the addition of yeast strain were
used as controls,

The pH values were evaluated at times 0, 24, 48, and 72 h of
fermentation as previously described above. After the fermentation
process, the samples and controls were subjected to yeast counts
following the methodologies reported in section 2.2

2.5, Fermented fruit pulps in vitro digestion and bioaccessibility of
phenolic compounds

The in virro digestion was carried out following the methodology
described by Minekus et al. (2014). Fermented pulps (5 g) were added
with simulated salivary fluid ($5F) (3.5 mL) to simulate the oral phase.
SSF comprised 0.5 mL of 1500 U/mL a-amylase (Sigma-Aldrich, St.
Louis, USA) in a solution of 975 pL of water and 25 pL of 0.3 M CaCla.
The mixed sample was incubated at 37 £ 1 “C for 2 min under agitation
(90 rpm) in an orbital shaking incubator (Thoth Equipamentos, model
6420, Brazil). Then, simulated gastric fluid (SGF) (7.5 mL) was added to
simulate the gastric digestion, which was a mixture of 0.695 pL of water,
5 pL of 0.3 M CaCl; and 1.6 mL of 2000 U/mL porcine pepsin (Sigma-
Aldrich, St. Louis, USA). The pH was adjusted (pH 3.0) using 1 M HCI,
and the mixture was incubated for 2 h at 37 + 1 “C with agitation.
Finally, the gastric mixture (20 mL) was added with simulated intestinal
fluid (SIF) (11 mL), 2.5 mL of fresh bile (Sigma-Aldrich, St. Louis, USA,
160 mM in fresh bile), 5.0 mL of 800 U/mL pancreatin solution (Sigma-
Aldrich, St. Louis, USA) in SIF solution, 1.31 mL of water, and 40 pL of
0.3 M CaCly, to simulate the intestinal phase. The pH was adjusted (pH
7.0) with 1 M NaOH, and the mixture was incubated at 37 £+ 2°Cfor 2 h
with agitation (90 rpm). The pH values were controlled during the in
vitro digestion and adjusted when needed for each corresponding
digestive step.

The bicaccessibility of phenolics was determined according to Eq. (1)
(Rodriguez-Roque, Rojas-Gradi, Elez-Martinez, & Martin-Belloso, 2013).
In addition, counts to monitor yeast viability were performed before the
in vitro digestion, after the gastric phase, and at the end of the digestion.

Bivaccessibility( %) = (infestingl BC (BC sample) > 100 (1)

‘Where intestinal BC refers to the phenolic compound concentration at
the end of the in vitro digestion (bivaccessible fraction), and the BC
sample refers to the fruit phenolic concentration before in vitro
digestion.

26. Organic acids, sugars, phenolic compounds, and alcohol in fermented
it pulps

Fermented soursop and umbu-caja pulps, their bioaccessible frac-
tions, and unfermented controls were centrifuged (15 min; 3500 g)
(Centrifuge SL-701; Solab, Sao Paulo, Brazil), and the supernatant was
filtered using Millex-HA filter (0.45 pm, Millipore, Bedford, USA).

The organic acids and sugars were determined by High-Performance
Liguid Chromatography (HPLC) using an Agilent chromatography
(model 1260 Infinity LC, Agilent Technologies, USA) coupled with a
detector index of refraction (DIR) and a diode array detector (DAD). An
Agilent Hi-Plex H column (7.7 x 300 mm, 8 pm) and 4 M Ha80, in ul-
trapure water as the mobile phase (flow rate 0.5 mL/min) were used.

The phenolic compounds were determined by HPLC using the Zorbax
precolumn (C18; 12.6 = 4.6 mm, 5 pm) and a Zorbax column (Eclipse
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Plus RP-C18; 100 = 4.6 mm, 3.5 pm). The mobile phases comprised
acidified water (pH 2 using 0.1 mM/L phosphoric acid; A phase) and
acidified methanol using 0.5 % phosphoric acid (B phase). The injection
volume was 20 pL of the sample, previously diluted in phase A, and
filtered through 0.45 pm membrane. The gradient used for separation
was 0-5 min: 5 % B; 5-14 min: 23 % B; 14-30 min: 50 % B; 30-33 min:
80 % B. The column temperature was kept at 35 “C. The flow rate was
maintained at 0.8 mL/min.

Data acquisitions were processed using OpenlAB CDS ChemStation
EditionTM software (Agilent Technologies). Peaks of organic acids,
sugars, and phenolic compounds were identified by comparing their
retention times and external standards. The standards (purity level of
=98 %) used for the analysis of the phenolic compounds were chloro-
genic, gallic, syringic, p-coumarie, caffeic and trons-caftaric acids,
catechin, epicatechin, hesperidin, naringenin, procyanidin Bl and B2,
delphinidin 3-glucoside, cyanidin 3,5-diglucoside, cyanidin 3-glucoside,
malvidin 3,5-diglucoside, malvidin 3-glucoside, pelargonidin 3,5-dighs-
coside from Sigma-Aldrich (St. Louis, USA). Procyanidin A2, kaempferol
3-glucoside, quercetin 3-glucoside, quercetin 3-rutinoside (rutin), myr-
icetin, epicatechin gallate, epigallocatechin gallate, pelargonidin 3-
glucoside, petunidin 3-glucoside, malvidin 3-0-glucoside and peonidin
3-O-glucoside were from Extrasyntese (Genay, France). cis-Resveratrol
and trons-resveratral were from Cayman Chemical Company (Ann
Arbor, ML, USA). The standards used for organic acids and sugars were
glueose and fructose (Sigma-Aldrich, St Louis, USA); maltose and
rhamnose (Chem Service, West Chester, USA); and tartaric, malic, lactic,
citric, and acetic acids (Quimica Vetee, Rio de Janeiro, Brazil). The so-
lutions were prepared using ultrapure water obtained through the Milli-
Q system (Millipore, Bedford, USA). Quantification was performed using
external standard calibration curves following validated methods
(Coelho et al, 2008, Padilha et al., 2017, for sugar and organic acids and
phenolics, respectively). The calibration curves showed R2 > 0,998 for
all compounds. The spectral purity of the peaks was verified with the
Threshold tool to ensure identification accuracy compared to the
external standard.

Ethanol was analyzed according to procedures proposed by Duarte
et gl (20100 An HPLC system (Shimadzu, model LC-104Ai, Shimadzu
Corp., Tokyo, Japan) equipped with a dual detection system was used
(refractive index detector (RI; 10A) and ultraviolet detector (SPD-10A1).
The Shimadzu cation exchange column (Shim-pack SCR-101H, 7.9 mm
% 30 cm) was operated at 30 “C using 100 mM perchloric acid (70 %)
cluent. The flow rate was set as 0.6 mL/min, and the injection volume
was 20 pl. The quantification of ethanol was performed by applying
calibration curves obtained using the standard compound (Sigma-
Aldrich, Steinheim, Germany).

2.7, Fermented fruit puips volatile profile

The volatile organic compounds were determined by solid-phase
microextraction in headspace mode (HS-SPME) using a gas chromato-
graph coupled to mass spectrometry (GCMS) Shimadeu QP-2010 SE
according to the methods of Fonseca et al. (2021). A Carbowax 20 M
column (30 m = 0.25 mm ID x 0.25 pm film) was used. The sample
aliquot (3.0 mL) was added to a 20 mL vial and equilibrated for 15 min
at 60 “C. The volatile compounds were captured using an automatic
SPME holder (Supeleo, Bellafonte, PA, USA) with a DVB/CAR/PDMS
(50/30 pm) long fiber (2 cm). The SPME fiber was exposed to the upper
space of the sample for 30 min at a constant depth. The temperature was
maintained at 60 “C. Then, the volatiles were desorbed directly in the
gas chromatograph liner and kept at 230 “C for 2 min. Helium at a 1.0
mL/min flow rate was used as carrier gas, The temperature was 60 "C/5
min, increased to 230 “C at 10 “C/min, and kept at this temperature for
15 min. An alkanes series (C10-C40) (Sigma-Aldrich, St. Louis, USA) was
used to determine the linear index of retention (LRI) for each compound.
Data were analyzed using the GCMSsolution software (version 4.4,
Shimaden Corporation, Japan) and the NIST NIST/EPA/NIH 2014
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database. Chemical identification of each volatile was performed by
comparing the M8 spectra with the dataset. The 4-nonanol (Sigma-
Aldrich, St Louis, USA) at a final concentration of 6.250 ng/mL was
used as an internal standard to quantify each peak accordingly as rela-
tive concentration (ng/g).

2.8, Statistical analysis

The experiments were repeated three times, The analyzes were
performed in triplicates. Data were analyzed using analysis of variance
(ANOVA) and Tukey test or Student’s ttest considering p < 0.05.
Principal Component Analysis (PCA) was performed using the data of
wvolatile compound groups to show which ones predominated in each
formulation. The matrices consisted of 4 columns and 7 lines for each
pulp studied. PCA was also done using phenolic compounds (content
and bioaccessibility) to differentiate between soursop and umbu-caja
pulps. The matrix consisted of 8 lines (4 soursop and 4 umbu-caja pulp
formulations) and 35 columns. Finally, a PCA was performed with
phenolic compounds (content and bioaccessibility) and yeast counts for
each fruit pulp. The matrix consisted of 4 lines (pulp formulations) and
35 columns for umbu-caja, and 27 columns for soursop. Analyzes were
performed using XLSTAT® 2021.4.1 software (Addinsoft ™, Paris,
France).

3. Results and discussion

3.1. Natural fermentation of fruits, isolation of yeasts, and subsequent
identification

Soursop juice showed TSS values of 18.40 + 0.20, pH values of 3.88
= 0,05, TA of 0.77 = 0.03 %citric acid, and counts of 6.24 log CFU/mL
for yeast and 4.07 log CFU/mL for LAB. At the same time, umbu-cajd
juice had TSS values of 9.73 + 0,12, pH values of 2.60 + 0.03, TA of
1.49 + 0.02 %citric acid, and counts of 5.83 log CFU/mL for yeast and
3.82 log CFU/mL for LAB. Soursop pulp kept higher yeast counts at the
end of fermentation time (6.11 log CFU/mL, p < 0.05), while no dif-
ferences in LAB counts among fruit juices were observed (6.93-6.97 log
CFU/mL, p > 0.05). The low acidity and higher TSS values of the soursop
juice may have been the determining factor for the survival of yeasts in
this food matrix.

Yeasts were selected according to the square of the number of mor-
photypes observed on the plates. After simple staining using methylene
blue and fermentation tests (data not shown), 27 isolates presumably
classified as yeast were submitted for identification by MALDI-TOF.
Yeasts belonging to the genus Hanseniaspora were found in more sig-
nificant numbers among the identified isolates (n = 15). The second
most frequent genus of isolated veast was lisatchenkio (n = 4) and
Candide (n = 4). In their study, Okigbo and Obire (2009) also reported
Candida sp. strains in fresh and rotten soursop. Yeasts belonging to the
genera Kodamea (n = 1) and Saccharomyces (n = 1) were identified in a
smaller number. At this stage, only two of the isolates could not be
determined (score < 1.699). One of the isolates had a low identification
score (Candida carpophila — 1.732), and all the other isolates had scores
greater than 2.000.

The strains H. opuntine 125 and I terricola 129 isolated from umbu-
caja, and H. opuntice 148 from soursop, with scores of 2.313, 2.147, and
2288, respectively, were selected for technological application in
soursop and umbu-caja pulps. These strains showed the best identifi-
cation scores among the non-pathogenic species, had a history of use in
food, whether to produce compounds, aroma improvement, as biocon-
tral agents, among others (Pimentel, Oliveira, et al., 2021), and did not
produce excessive alcohol. Furthermore, none of the selected strains
showed gelatinase, hemolytie, or DNAse activity compared to 5. aureus
ATCC 25,923 (positive control strain), which are important safety
characteristics required for strains used in the food industry.
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3.2 Fermentation of soursop and umbu-caja pulps with selected yeosts

Soursop pulp showed pH values of 3.74 + 0.01, TSS of 1233 £ 0.12
and TA of 0.81 + 0.03 %citric acid, while umbu-caja pulp had pH values
of 2.50 = 0.02, TS5 of 12.33 = 0.12 and TA of 1.70 £ 0.01 %citric acid.
The fermentation process did not cause changes in the pH values of the
pulps (p = 0.05). The pH value maintenance may be associated with the
organic acid balance after fermentation. However, the TSS values
differed from the initial values (p < 0.05), with the highest reduction
occurring in pulps fermented by H. opuntice 148 and the lowest in pulps
fermented by L terricola 129 (data not shown). Differences in TSS re-
ductions suggest different metabolic activities of the yeasts in the fruit
pulps.

The initial counts (time 0) of H. opuntine 125, L terricola 129, and
H. apumtiae 148 ranged from 6.31 + 0,03 to 6.44 + 0.05 log CFU/mL for
soursop pulps and from 6.32 = 0.07 to 6.47 £ 0.03 log CFU/mL for
umbu-caja pulps (Table 51; p = 0.05). At the end of the fermentation, it
was possible to observe an increase in yeast counts in all fruit pulps (p <
0.05). H. opuntioe 125 was isolated from umbu-cajd, and it showed the
highest viability in umbu-caja pulp compared to the other yeast strains
(p < 0.05). At the same time, I terricola 129, also isolated from umbu-
caja, showed the lowest counts in soursop pulp, and H. opuntioe 148
isolated from soursop showed the lowest counts in umbu-caja pulp (p <
0.05) (Table 51). In this way, autochthonous microorganisms may be
more adapted to the matrix and perform better fermentation processes
(Pimentel, Oliveira, et al, 2021). H opuntice 125 also showed the
highest viability in soursop pulp (p < 0.05). This yeast strain showed a
higher ability to increase its viability during fermentation regardless of
the fruit pulp used.

3.3, Fermented fruit pulps profile of sugars, organic acids, and alcohol

Table 1 shows the values of sugar and aleohol concentrations before
and after the fermentation of each pulp, and Table 2 shows the values for
organic acids. The pulp fermentation with yeast strains did not change
the fructose, citric acid, malic acid, and lactic acid contents in both
fermented pulps (p = 0.05). At the same time, higher concentrations of
propionic acid were observed in the fermented umbu-caja pulps

Table 1
Concentrations of sugar and alcohol in fermented and non-fermented pulp fruits
pulps (72 h) by H. apunrige 125, I tarricola 129 or H. opuntige 148.

Sample Treatments Sugars (g/L) Aleshals
(g1}
Glucose Fructose Maltose Ethamed
Soursop  Control 4200 = 44.93 = 046 £ 0.37 +
3544 377 [ 0.0
H. opurtiae 3715 = 4036 = 0.53 £ 25.51 =
125 3314 1.374 oozt 000
L terricola 44,90 = 4068 = 0.58 £ 527
129 234" 285" oozt 000~
H. opuntiae 2664 = 3563 = 0.58 £ 30.32 &
148 2.38" 1.3z% oos* o.oo*
Umbu- Cantrol 30098 = 2002 = 1997 + 0.20 =
caja 124" 117t 123" 001"
H. opuntine 2045 = 2746 = 2396 + 2368 +
135 038" 236" 204 0.55*
L terricola 30010 = 27.06 = 2992 + 439 =
129 280" ozt o568 013"
H. opuntiae 26.20 = 26.22 = 2799 + 2363 +
148 1.23% 1.01* 048" Lo4*

Values are expressed as the mean + standard deviation; n = 9. Control: non-
fermented pulp; Fermented polps: H opntioe 125, L terricola 129 or
H. opunrige 148; A-D: different capital letiers in the same column denote dif-
ferences (p < (.05) among treatments for the same fruit pulp, according to the
Tukey test.
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Table 2
Concentrations of organics acids in fermented and non-fermented pulp froits pulps (72 h) by H. opemtioe 125, L rerricoln 129 or H. opuntiae 148,

Samnple Treatments Organic acids {g/1)

Citric Malic Tartaric Aretic Propionic Sucrinic Lactic
Soursop Contral 207 + 0.18% 5.90 + 0.55% 0.03 + 0.00" 0.08 + 0.00" <LOD 356 = 0.32% <LOD
H. apuntie 125 239 + 006" 6.38 + 0.21* 0.03 + 0.00"" 0.18 + 0.01* <LOD <LOD
L terricala 129 241 + 0154 669 + 0.41% 0.03 + 0.00™ 0.16 + 0.01* <LOD <LOn
H. apuntics 148 237 + 0174 6.20 + 0.17* 0.02 + 0.00" 0.23 & 004" <LOD <LOD
Umbi-caja Contral 0.14 + 0.0z 149 + 006" 0.02 + 0.00" <LOD 018 4 000" 0.37 = 0.01% 0.47 = 0.02"
H. apuntine 125 0.07 £ 0.01"° 1.33 & 0.16* 005 + 0.00" 0.28 + 0.01% 023+ 0ot 0,09 £ 0.01° 065 £ 004"
I terricala 129 017 £ 0020 0.2 £ D.06* 0.02 £ 0.00% 0.06 £ 0.01° 0.27 + 0010 007 + 0.00° 0.37 + 0.08%
H. apuntine 148 0.11 + 0.oo*" 1.29 + 020" 0.06 + 0.00" 0.23 + 0.01" 024 + 0om™ 0.19 = 0.00% 061 = 0.00™

Values are expressed as the mean = standard deviation; n = 9. < LOD: below detection limit; Control: non-fermented pulp; Fermented pulps: H. apuntice 125, 1. terricola
129 or H. opumtice 148; A-C: different capital letters in the same column denote differences (p < 0.05) among treatment for the same fruit pulp, according to the Tukey
test.

Table 3
Concentration of volatile compounds (ng/mL) detected by GC-MS in fruiis pulps before and after fermentation (72 h) by yeast cultures H. opunrige 125, L remricola 129
or H. opunidige 148 and their sensory attributes.

Valatile compounds  Sensory attributes* LRI Soursop pulp Umbu-cajd pulp
Contral M. opuntige L tericola I opuatioe Control ML opuntice Leeicola B opunsice
135 129 148 125 129 148
Higher alcohals
1, 6roctadien-3- Spicy, citrus, tasse, flocal, 1082 20817 26.97° 5966 52.58" 00.07° 17674 249.37*% 136.00%
al, 5, 7-dimethyl woody, sweet, with a
green, spicy tropical
nuAnee
Fmethyl-l-butanol  Malty 697 - 152.08° 220.36" 174.57" - oa.11" 183.66" 65.44"
cis-3,7-dimethyl- Floral, Fruit flavor 128 - - - - 72724 52600 55,089 53.83%
2 feoctadien- 1ol
1-phenylethansl 1136 - 45.50° 107324 365" - 31.33° b B
Z-methyl-1- Malty 507 - - o3.R0* 95.75" - - 1255
prapans
a-terpineol Lime, peach, focal 1137 La0* 1.35% 1.65 1.27® 109718 104.60° 131.62% 85.00°
flavor, swees, lime taste
Geraniol - 178 - - - - 7272% 52 60° s9.08" 53.83"
Phenol, 24-bis (1,1 - 1555 197" 5.05* 5.30* 3.17% 1.63° 449" 4645 5.89*%
dimethylethyl)
Total higher alcohols 33.37"  241.08° 488.11% 411.00% 456,865  520.49" 773.00* 453.97°
Aldetyde
Berzaldehyde Alenand odor 1208 37.18% - 1.45% - 133 - 4275 -
Total aldehyde azagt - L4s" - 104.33% - 427 -
Acids
Hexanaic scid Fatty-rancid odos, acrid- 974 99.82" 674" B5.18® 74.20% - - - -
acid
Z-propennic - 1267  85.31% 60.11% 64.26% 56,947 14.41" 15.75" 1047 7.86"
Acetic acid Strang odar of vinegar 576 9329 BR.O 30.24% a295" 477" &0.40" 22 665 114.86*
Benzaic acid - 1160 - - - - 21684 13490 3254 13.23%
Oectanaic acid Slightly sour taste 1173 3.50° 6.03* 3.33% 4.80% 273 6.8 215° &52%
n-hexadeanaic acid  Faint oily aroma 1978 - 1.54* - 1.18% 107 21z* - "
Isabutyric acid Sweat, bitter; cheese, 11 - - 1512 - - - 2252 -
rancid
Total acids 197.95" z2a3.31% 198.13% 220.074 44.660  98.63% 79.08° 143,574
Ester
Methyl salicylate Odor and taste of 1281 2.22% 0.86° 1.45% - 9334 £.93° 7728 5.890
wintergreen
Z-hexenaic acid, - BOZ 11450 25808 195.67" 268.76" - = - -
methyl ester
Total ester 116715 256.93% 197128 268.76" 933" 6.93° 772" 5.89"
Terpene
aaryophyllens 1494 604" 5.21° 3.75" 1.a* 13864  74.78° Bd.62" 74.87°
Total terpens 6.04" 5.21% 3.75" 121t 138.64" 74785 B4.62% 7487
Acetate
Z-phenylethyl Apple, honey, roses, 158 - 465,96 17.79% 463.52"% - F96.95" 454" 362.14*
avetate sweet; fowery
Total acetate - 465.96% 17.79% 463.52% - 396.95" 4.54% 362.14%

Values are expressed as the mean of concentration (ng/mL). Control: non-fermented pulp; Fermented pulps: H. opuntioe 125, L rerricoda 129 or H. opuntae 148; A-D:
different capital letters in the same row for the same volatile compound (or sum of the volatile group) denote difference (p < 0.05) among treatments for the same fruit,
based on the Tukey test. *Sensory atiributes are taken from hiips://pubchem.nchi.nlm.nih.govs; hitps/‘www . flavomnet.org; hitps://www.femaflavor.org/.
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compared to control, regardless of the yeast strain used (p < 0.05).
Propionic acid is an energy source for colon cells, and it is associated
with the inhibition of cholesterol and fat synthesis and gluconeogenesis
(Fonseca et al, 2021)., In this way, higher propionic acid concentrations
may represent a positive result in the fermented umbu-caja pulps.

The fermentation of umbu-caja pulp with H. opuntiae 125, isolated
from umbu-cajd, resulted in the highest consumption of succinic acid
and production of ethanol, acetic acid, and tartaric acid. L terricola 129
was the strain that produced the least ethanol in both pulps (p < 0.05).
At the same time, it produced maltose in the pulp of umbu-cajd, the fruit
from which it was isolated. Some yeasts can produce [i-amylase enzymes
that metabolize starch to produce maltose. Consumption of succinic acid
and ethanol and acetic acid production was also observed (p < 0.05).
The H. opunitiae 148 strain consumed the glucose and produced the most
ethanol in soursop pulp, the isolation source fruit. At the same time,
decreases in tartaric acid and succinic acid, and acetic acid production
were observed (p < 0.05). Yeasts may use sugars (mainly glucose)
during fermentation with the production of ethanol and acetic acid
(Rigo et al, 2020). Some organic acids may also be consumed during
fermentation, such as succinic acid (Qiu of al., 2021). Decreased succinic
acid content may be important from a sensory point of view. Its salty and
bitter taste is considered unpleasant (Vilela, 2019). Overall, the results
suggest higher metabolic activity of yeast strains in the isolated fruit
pulps.

3.4. Volatile organic compounds profile of fermented fruir pulps

The volatile compounds identified in the fermented soursop and
umbu-cajd pulps are shown in Table 3, Twenty volatile compounds were
identified by GC-MS, comprising alcohols, aldehydes, acids, esters,
terpenes, and acetates. Specific compounds were identified in all for-
mulations (1,6-octadien-3-0l,3,7-dimethyl, a-terpineol, phenol, 2,4-bis
(1,1-dimethylethyl), 2-propencic, acetic acid, octanoic acid, and p-car-
yophyllene), which are described as responsible for sweet, woody, fer-
mented fruit, and sour aromas (Freitas, Magalhaes, Alves Filho, &
Garruti, 2021, Buljeta, Pichler, Ivié, Simunovic, & Kopjar, 2021).

Umbu-caja pulp showed three exclusively compounds (cis-3,7-
dimethyl-2 6-octadien-1-ol, geraniol, and benzoic acid), which are
associated with floral and fruit aromas (Ginffrida er al., 20200 At the
same time, soursop pulp showed two exclusively compounds (hexanoic
acid, and 2-hexenoic acid, methyl ester), associated with sweet, sour,
and grassy aromas (Freitas et al., 2021, Buljeta et al., 2021).

Higher aleohols corresponded to major volatiles (p < 0.05) in both
fermented fruit pulps (Fig. 51), especially in umbu-caja pulps fermented
by I terricola (Table 3). These compounds are formed predominantly
from the degradation of amino acids by the Ehrlich pathway, which is
the most studied and discussed pathway. However, higher alcohols may
also be formed by de novo biosynthesis of amino acids from sugars,
mainly glucese (Yan, Xiangsong, & Xiang, 2019, Benucei et al., 2021).
Monaterpene alcohols such as a-terpineol and geraniol have also been
found in fruit wines. Specifically, a-terpineol was the major compound
in wine made from umbu (Duarte et al., 2010}, a fruit belonging to the
same family of umbu-caja. In our study, the major higher aleohol in
umbu-caja samples was 1,6-octadien-3-0,3,7-dimethyl, mainly in the
umbu-caja pulp fermented by L terricola 129 (Table 3). On the other
hand, the two Honseniaspora strains had reduced amounts of higher al-
cohaols (Table 5). These results can be explained by Hanseninspora yeast's
ability to convert higher alcohols into esters (Giorello et al,, 2018).

Following higher alcohaols, acetate was abundant in soursop samples
fermented by H. opuntioe 148 or H. opuntize 125 (p < 0.05), which had
similar effects on most volatiles, regardless of the fermented fruit pulp
(Table 2). On the other hand, acetate was among the minor volatiles in
soursop fermented with L terricola 129 and almost absent in fermented
umbu-cajd fermented with this yveast (Table 3). There was no acetate in
the control samples, either soursop or umbu-caja, demonstrating that
this compound was derived from yeast metabolism. High acetate esters
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contents have been related to enhanced aroma perception in fermented
beverages (Valera, Olivera, Boido, Dellacassa, & Carrau, 2021). There-
fore, the cbserved results may be considered for further sensory
evaluation.

Another volatile found mainly in pulps fermented by H. opuntioe 148
and H. opuntice 125 was the 2-phenylethyl acetate (Table 3). It is a
metabolite of phenylalanine’s amino acid and is responsible for the
desirable floral aroma, especially roses, in wines (Cordente et al, 2018).
The 2-phenylethyl acetate has been associated with fermentation by
non-Saccharomyces yeasts, including species of the genus Hanseniaspora
that produce large quantities given fruity aroma in wines (Mora-
Gutierrez, Barbosa-Pereira, Ferrocino, & Cocolin, 2019). Otherwise, 3-
methyl-1-butanal and 2-methyl-1-propanol, associated with malty
aroma were mainly produced during fermentation with L terricola 129
(p < 0.05) (Table 3).

Benzaldehyde and f-caryophyllene, the aldehyde and terpene iden-
tified in fermented pulps, respectively, decreased during fermentation
(p < 0.05, except for soursop pulp fermented with H. opuntice 148)
(Table 3), while volatile compounds (e.g. 1-phenylethanol) already
described in fermented cocoa (Mota-Gutierrez et al., 2019) and cocoa
and cupuagu wines (Duarte et al., 2010) were formed in the fermented
fruit pulps.

The PCA was able to explain 83.22 % of the volatiles data variability
in fermented soursop pulp by the yeast strains (D1: 55.26 % and D2:
27.96 %; Fig. 52) and 99.26 % in fermented umbu-cajd pulp (D1: 82.22
% and D2 17.04 %; Fig. 52). Considering the PCA, it is possible to
observe the opposite behavior of H. opuntine 148 or H. opuntioe 125 to
I terricola 129 concerning the values for acetate and higher aleohols.

The results indicate that fermentation of fruit pulps by the tested
yeasts, mainly from its fruit source, defines the volatile composition
contributing to unique characteristics in the derived fermented pulp.

3.5, Phenolic compounds in fermented and unfermented fruit pulps

The flavonoids and phenolic acids identified in the fermented sour-
sop and umbu-caja pulps are shown in Tables 4 and 5, respectively.
Better visualization of data may be observed in the PCA map. PCA was
able to explain the data with variability of 74.99 % (D1: 51.71 % and D2:
23.28 %, Fig. 53). The parameters with correlation coefficients higher
than 0.7 (absolute values) with each component were considered
important (Assis et al., 2021). Umbu-caja pulp, located on the right side
of the axis, was characterized by higher concentrations of cis-resveratrol,
procyanidin A2, quercetin 3-glucoside, kaempferol 3-glucoside, myr-
icetin, syringic acid, rutin, caftaric acid, and chlorogenic acid. Further-
more, it showed higher bivaccessibility of procyanidin A2, caffeic acid,
caftaric acid, and chlorogenic acid. On the other hand, soursop pulp,
located on the left side, was characterized by higher concentrations of
catechin, epicatechin, epigallocatechin gallate, procyanidin B1, caffeic
acid, and p-coumaric acid. The results suggest that umbu-caja pulp is a
matrix with higher concentration and types of phenolic compounds than
soursop pulp.

The fermentation of soursop pulp resulted in increased procyanidin
B1 content and decreased kaempferol 3-glucoside contents, regardless of
the yeast strain used (p < 0.05). The fermentation of soursop pulp using
H. opuntine 125 resulted in products with lower gallic acid content (p <
0.05). On the contrary, the fermentation with L ferricola 129 increased
the epicatechin and procyanidin B2 contents, and the fermentation with
H. opurtige 148 increased the cis-resveratrol and procyanidin A2 con-
tents (p < 0.05). cis-resveratrol is known for its antioxidant, anti-cancer,
anti-inflammatory, anti-aging, cardioprotective, and neuroprotective
effects (Ibrahim, Yan, Xu, Yang, & Yan, 2021), and procyanidin A2 has
an antidiabetic effect, especially in & type 2 diabetes, being able to in-
crease glucose uptake in hepatocytes and myoblasts (Shay et al., 2015).
The fermentation of umbu-caja pulp increased procyanidin A2 and B1,
caftaric acid and chlorogenic acid, regardless of the yeast strain used (p
< 0.05). The fermentation of umbu-caja pulp using H. gpuntige 125
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Table 4
Bisaccessibility of phenolic compounds in unfermented soursop pulp (control) and fermented by yeasts H. opumtice 125, L terricola 129 or H. opuntiae 148.
Sample Soursap pulp
Phenalics (mg/L) Treatments Concentration before digestion Concentration after digestion Bioacressibility (%)
Estilbenos
cis-resveratrol Contral 0,27 £ Qu04"™ 2.03 = 012" 771.62 + 83.87"
H. opurtiae 125 0.18 + 0.007 0.64 = 0.08" 350,05 + 48.58"
L terricola 129 0.19 £ 000" 0.56 = 0.05™ 31352 = 21.26°
H. opurtiae 148 0.33 £ 0.03% 0.71 = Q028 21812 + 15868
Flavonoids
Catechin Coatral 248 £ .20 0.94 = 0034 3895 + 4410
H. opurtine 125 267 +0.10™ 1.25 +0.13% 46.93 + 562
L terricola 129 2.68 + 007" 1.33 + Q22 49.67 + 795"
H. opurtine 148 318 + 048" 1.30 = 0.06" 4156 + 452"
Epécatechin Coatral 1.22 + 015 013 = 0™ 10.44 + 0.94%
H, opurtiae 125 0,95 £ (088 0.23 = Q.3 2451 & 44
L terricola 129 0.58 = 0.12% 3170 + S40°
H. opurtiae 148 0.31 = Q.04 2576 & 020
Epicatechin gallate Contral 0.20 = Q.02 D
H, opurtiae 125 <LOD ND
L terricola 129 <LOD D
H. opurtiae 148 <LOD ND
Epigallocatechin gallate Coatral <LOD ND
H. opurtine 125 0.32 + 005" 27.88 + 464"
L terricola 129 0.34 = 0™ 3151 + 435"
H. opurtiae 148 0.34 = 0™ 2373 + 212%
Pracyanidin AZ Coatral 1.42 = 004" 64.32 + 766"
H. opurtiae 125 0.59 = 0.00™ ND
L terricola 129 1.05 = 0.14™ D
H. opurtiae 148 318 £ 0.14% <LOD ND
Procyanidin B1 Contral 0,82 £ 014 <LOD D
H. opurtine 125 106 + 002" 0.32 + 003" 30.22 + 252*
L terricola 129 1.33 + 0.03™ 2R84 £ 4ET
H. opurtiae 148 1.25 + 017 27.16 + 598"
Procyanidin B2 Coatral 3.65 + 0.21% 591.23 + 26,898
H. opurtiae 125 2.39 + 0.03™ 1,126.67 + 162.90%
L terricola 129 572 £ 0.21% 337.92 = 26.61°
H. opurtiae 148 293 + 007 953.84 + 45.18%
Rutin Contral <LOD D
H. opimtiae 125 <LOD ND
L terricola 129 <LOD D
H. opurtiae 148 =LOD ND
Kaempéeral 3-ghecoside Contral 0.02 & Q.00 489.95 £ 111.10%
H. opumtiae 125 <LOD ND
L terricola 129 <LOD <LOD ND
H. opurtiae 148 <LOD <LOD ND
Quercetin S-glurnside Contral 017 +0.03" 4.28 = 0.0a™ 2.540.14 + 414.31%
H. opumtiae 125 0.16 + 0.00™ 0.15 = 0.01™ 93.20 + BOS®
L terricola 129 0.17 £ Q= 0.13 = 1™ 7636 + T66°
H. opumtiae 148 0.18 + 0.01* 013 = 0™ TLI6 + 440
Narigenin Contral <LOD 0.32 = Q02" D
H. opumtiae 125 <LOD <LOD ND
L terricola 129 <LOD 0.36 £ 0.03" KD
H, opurtiae 148 <LOD <LOD D
Myricetin Contral 0.22 + 0.02" 0.26 + 0.02" 12072 + 21.02"
H. opumtiae 125 0.24 £ .02 0.11 = Q.2 44.22 &+ 4458
L terricoln 129 0.22 + 0.o1™ 013 £ 0™ 59.70 + B.24°
H. opumtiae 148 0.24 + 0.01™ <LOD ND
Phenolic acids
Caftaric acid Contral <LOD 0.81 = 0™ D
H. opimtiae 125 <LOD <LOD ND
L terricola 129 <LOD <LOD D
H. opurtiae 148 =LOD <LOD ND
Caffeic acid Contral 0.72 £ 012" <LOD D
H. opurtiae 125 0.71 + 0.03% 0.33 + 005" 47.09 + BB
L terricola 129 0.86 + 0.02™ 0.42 £ Q.06 48.99 £ 574"
H. opurtiae 148 0.91 + 0.14™ 0.36 = 0.03% 40.28 + 310*
Chlarogenic acid Contral <LOD 0.21 = Q™ D
H. opumtiae 125 <LOD <LOD ND
L terricola 129 <LOD <LOD D
H. opumtiae 148 <LOD <LOD ND
Gallic acid Contral 313 £ 013" 15.537 + 0.24" 49267 £ 19.78°
H. opumtiae 125 213 + 0.35% 14.68 = 0.57* 703.46 + 115.28%
L terricola 129 2.83 + Q2™ 11LE4 = 0.87" 418,72 + 33.55°

[cantined on next page)
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Table 4 (continued)
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Sampde Saursap pulp
Phenalics (mg/L} Treatments Concentration before digestion Concentration after digestion Binaccessibility (%)
H. opurtiae 148 2.86 + 0.33" 16.74 = 0.68"" 581,06 + 41.14™
Syringic acid Contral 0.29 £ Q014 0.20 = 0014 68.00 + 3245
H. opurtiae 125 0.29 + Q.01 0.07 £ ™ 2340 £ 4.10°
L terricola 129 0.29 £ Q.01 0.05 = 0.01% 16.26 + 3.368
H. opurtiae 148 0.35 & 0.06™ 0.07 £ ™ 21.20 + 1A4E®
p Coumaric acid Coatral 6.85 + 0.55"% 0.26 = 0.02™ 360 + 049"
H. opurtine 125 6.48 + 0.20™ 5.61 = 0.63" 86,86 + 11.32"%
L terricola 129 852 + 0.20™ 5.81 = 066" 67.96 + 609"
H, opuriae 148 807 £ 1014 6.62 = 0.23% 83.02 + B30*

Values are expressed as the mean + standard deviation; n = 9. < LOD: below the detection limit; Control: non-fermented pulp; Fermented pulps: H. apuntiae 125,
I terricola 129 or H. opunticge 148; ND: not detected; A-Dr: different capital letters in the same column for the same compound denote difference (p < 0.05) among
treatments, based on the Tukey test. a-b: different lowercase letters superscript on the same row denotes difference (p < 0.05) between before digestion and intestinal

phase for the same treatments, based on the r-test.

resulted in products with higher contents of cis-resveratrol, epicatechin,
quercetin 3-glucoside, myricetin, caffeic acid, syringic acid, and p-cou-
maric acid, and lower concentrations of procyanidin B2, rutin, and gallic
acid (p < 0.05). The fermentation with I terricola 129 increased the
contents of epicatechin gallate, procyanidin B2, epigallocatechin
gallate, and caffeic acid and decreased catechin and quercetin contents
d-glucoside, and rutin (p < 0.05). Finally, the fermentation with
H. opuntige 148 increased the contents of quercetin 3-glucoside, epi-
catechin, myricetin, syringic acid, and p-coumaric acid, and decreased
the contents of procyanidin B2 and gallic acid.

The results suggest a behavior of increase in the concentration of
many phenolic compounds in the fruit pulps after fermentation with
yeasts, and the effect depends on the pulp type and yeast strain. Mi-
croorganisms may break down the fruit cell wall and release, synthesize,
convert, or depolymerize phenolic compounds (Assis et al, 2021).
Yeasts may produce f-glucosidase, transforming bound phenolic com-
pounds (glycosides) to free forms (aglycones), which is associated with
increased bioactivity (Hai et al., 2019). Differences in the yeast degra-
dation ability and metabolic pathways may explain differences in the
phenolic compounds impacted by fermentation. The decrease in the
concentration of some phenolic compounds may be related to their
consumption by yeasts during fermentation (Cheng, Liu, Chen, Zhang, &
Zhang, 2016).

The digestive process resulted in reduced content of most of the
phenolic compounds, such as epicatechin, catechin, procyanidin B1,
epigallocatechin gallate, caffeic acid, and syringic acid for soursop pulp
and catechin, cis-resveratrol, epigallocatechin gallate, epicatechin,
procyanidin A2 and B1, rutin, kaempferol 3-glucoside, quercetin 3-
glucoside, myricetin, caftaric acid, chlorogenic acid, and syringic acid
for umbu-caja pulps (p < 0.05). On the other hand, increased concen-
trations of procyanidin B2, cis-resveratrol, and gallic acid were observed
in soursop pulp, and increased concentrations of procyanidin B2, caffeic
acid, gallic acid, and p-coumaric acid in umbu-caja pulps (p < 0.05). The
high phenolic compound concentration in the intestinal fraction may
oceur due to enzymes in the gastrointestinal tract, such as pancreatin,
which can release phenolic compounds in the food matrix (Bouayed,
Hoffmann, & Bohn, 2011). On the other hand, decreases may be related
to the exposure of phenolic compounds to the adverse conditions of the
simulated gastrointestinal tract, decreasing their stability (Assis oo sl
2021).

3.6. Bioaccessibility of phenolic compounds in fermented frudt pulp and
viability of selected strains under gastrointestingl tract simulated
conditions

The bicaccessibility of phenolic compounds identified in fermented
and unfermented soursop and umbu-caja pulps are presented in Tables 4
and 5. The fermentation of soursop pulps resulted in increases in the
bivaccessibility of epicatechin, procyanidin B1, epigallocatechin gallate,

caffeic acid, and p-coumaric acid, regardless of the yeast used in the
fermentation (p < 0.05). Epicatechin is a compound that can neutralize
reactive oxygen species, modulating cell signaling, including pathways
involved in cell proliferation. Its action has been alleged to be promising
in improving results in patients undergoing chemotherapy and radio-
therapy (Shay et al, 2015). However, lower concentrations were
observed for cis-resveratrol, procyanidin A2, quercetin 3-glucoside,
kaempferol 3-glucoside, syringic acid, and myricetin in the fermented
pulps (p = 0.05). Although the concentrations of quercetin 3-glucoside,
kaempferol 3-glucoside, and myricetin were low compared to the other
components, there was an increase in their bioaccessibility, indicating
that there was the release of sugars through hydrolysis, The hydrolysis of
these glycosylated components and of other plant components such as
cellulose present in cell walls, probably due to the action of fi-glycosi-
dases enzymes, releases sugars and may explain the lack of changes in
sugar levels in some formulations. The f-glycosidases produced by
several non-Saccharomyces yeasts tolerate aleohol and are more active
than those produced by Sacchoromyces strains (Xu et al, 2022).

The fermentation of soursop pulp using H. opuntine 125 increased the
bivaccessibility of procyanidin B2 and gallic acid, while the fermenta-
tion using H. opuntine 148 increased the procyanidin B2 bioaccessibility
(p < 0.05). Procyanidin B2 is a compound recognized for its antioxidant
effect and benefits concerning the prevention of cognitive impairment
and the impact on the intestinal microbiota (Xiao et al., 2018).

The fermentation of umbu-caja pulps decreased the bioaccessibility
of procyanidin A2, caftaric acid, caffeic acid, chlorogenic acid, and
syringic acid, regardless of the yeast used in the fermentation (p < 0.05).
The fermentation of umbu-caja pulp using H. opuntice 125 increased the
bioaccessibility of procyanidin B2, gallic acid, and p-coumaric acid and
decreased the bioaccessibility of quercetin 3-glucoside (p < 0.05). The
fermentation using L terricola 129 increased the bioaccessibility of epi-
catechin, catechin, epigallocatechin gallate, and epicatechin gallate (p
< 0.05). Finally, the fermentation using H. opuntice 148 increased the
bioaccessibility of cis-resveratrol, procyanidin B2, gallic acid, and p-
coumaric acid (p < 0.05).

Fig. 1 shows the viability of the strains during and at the end of the in
vitro digestion. Before the simulation, all yeasts had counts above 7 log
CFU/mL in all fermented pulps. In this way, both fruit pulps were
suitable substrates for the growth of yeasts, originating fermented
products with high counts (Assis ef al., 2021). H. opuntoe 125 showed
the highest initial counts in fermented pulps. In contrast, L terricola 129
showed the lowest counts in soursop pulp and H. opuntice 148 the lowest
in umbu-caja pulp (p < 0.05). During simulated gastric conditions, the
yeast counts decreased in all formulations (p < 0.05), except for
I terricola 129 in soursop pulp (p > 0.05). Yeast viability was maintained
above 6 log CFU/mL for H. opuntiae 125 in both pulps and I terricola 129
in soursop pulp (p < 0.05), which is the recommended probiotic survival
in the gastrointestinal tract (Costa et al., 2019). On the other formula-
tions, yeast survival higher than 4.5 log CFU/mL was observed,
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Table 5

Food Chemisiry 401 (2023) 134200

Bioaccessibility of phenolic compounds in unfermented umbu-cajd pulp (control) and fermented by yeasts H. opuntiae 125, L rerricola 129 or H. opunriae 148,

Sample Umbu-cajd pulp
Phenolics (mg/L} Treatments Concentration before digestion Concentration after digestion Bioacressibdlity (%)
Estilbenas
cis-pesveratral Contral 4.75 £ 0.35™ 2.24 = 005" 4751 £ 4.76°
H. opimtiae 125 653 + 0.53% 1.64 = p23™* 24.99 + 252°
L terricola 129 4.26 + 0.76™ 1.38 £ Qua™ 3324 & 3E6E"
H. opimtiae 148 0.24 + Q01 1.91 £ 01748 799.12 £ 84,494
Flavonoids
Catechin Caatral 1.99 4 .31 0.98 = 0.01% S0.21 4 7208
H. cpimtiae 125 1.78 + 0u08™ 0.79 = 0.11% 44.07 + 476°
L terricola 129 1.21 £ 0.06™ 0.86 = 007" 7283 £ 383"
H. opimtiae 148 1.89 4 0uo1™ 0.8% = 003" 4372 + 1.52°
Epécatechin Contral 0.34 £ Qu03™ 013 = oM™ 3955 & 3RS
H. opimtiae 125 0.41 + Qo2 0.14 = Q1™ 3380 + 383%
L terricoln 129 0.21 + 1™ 0.26 = uoE™ 122.48 + 10.94"
H. opimtiae 148 0.44 + D02 0.10 = 001 2385 + 261%
Epécatechin galkate Cantral “LOD 0.21 £ 0™ XD
H. opuntiae 125 <LOD <LOD KD
L terricola 129 0.29 + 1™ <020 + 0.02°F 7024 + 10.05%
H. opumtiae 148 <LOD <LOD KD
Epigallocatechin gallate Cantral 0.03 + 0005 <LOD XD
H. opumtiae 125 0.06 £ 0.o1™ <LOD KD
L terricola 129 0.11 + g™ 0.40 = uo1™ 364.01 + 18.20%
H. opumtiae 148 0.07 + 0.00™ <LOD XD
Pracyanidin AZ Caatral 5.30 + 0.20 1.94 = 4™ 3655 + 134"
H. cpimtiae 125 653 + 0.20™ 1.37 = 13" 20095 + 1.27°
L terricola 129 642 £ 011" 1.12 = 00F™ 17.41 + 1.37°
H. opumtiae 148 672 £ Q16 1.43 & 02848 2142 £ 4.7E®
Pracyanidin Bl Contral 0.21 & 0.01™ 0.11 = om™ 54.55 + B57M
H. opumtiae 125 0.42 + 005" 01z = om™ 30046 + 5.25°
L terricola 129 0.37 + 0u01™ 0.27 = puoz™ 7403 £ 5507
H. opimtiae 148 0.49 + uo2™ <LOD XD
Procyanidin B2 Contral 389 £ 20" 16.70 = 0.75 430,55 + 37.46%
H. opimtiae 125 0.37 + 003 17.50 = 0.75% 4,800.89 + 140.51%
L terricola 129 6.36 £ D07 1581 = 0.894 249.93 £ 14118
H. opumtiae 148 0.42 + Quo2™ 1E76 = 1.78% 4,443.77 + 496.27"
Rutin Contral 0.03 + oo™ <LOD KD
H. opuntiae 125 0.03 £ 0.00™ <LOD KD
L terricola 129 “LOD <LOD XD
H. opimtiae 148 0.03 + .00 <LOD XD
Kaempferol 3-glucoside Caatral 0.24 + 001%™ 0.09 = g™ 36.24 + 306°
H. opuntiae 125 0.27 £ 0uO1* 0.07 = 001* 2441 £ 362*
L terricola 129 0.21 + quoa™ 0.08 = 001 37.12 + 655"
H. opumtiae 148 0.28 & Quo2™ .08 = 000" 29066 + 2070
Quercetin S-glucoside Contral 10.16 = 0.08™ 4.31 = 005" 4247 + 0EZ
H. opumtiae 125 12.09 £ 047" 3.22 = 3s™ 26.58 + 1.94%
L terricola 129 9.38 + 1.107 3.30 = 0.30% 3705 + 7RIS
H. opumtiae 148 1255 = 0.13% 3.94 = o30*™ 3141 + 257
Narigenin Caatral <LOD <LOD XD
H. opimtiae 125 “LOD <LOD XD
L terricola 129 <LOD <LOD KD
H. opimtiae 148 <LOD 0.34 = u00™ XD
Myricetin Contral 101 & Qu00™ 0.21 = oM™ 20.39 & 075"
H. opimtiae 125 1.34 £ 0.05% 0.29 = (06 2143 + 367
L terricoln 129 0.95 + 013" 0.23 = ™™ 2577 + 603
H. opimtiae 148 1.35 4 0u03™ 0.38 = 006" 2788 + 475"
Phenolic acids
Caftaric acid Contral 1.76 & 0.02™ 0.86 = 2™ 4872 £ 118"
H. opimtiae 125 2.20 + 007 0.62 = 007 2818 + 264°
L terricola 129 215 + Q7™ 0.68 = (u01™ 3151 £ 0717
H. opimtiae 148 2.30 + L06M 0.71 = Qs 089 + 2 RIS
Caffeic acid Contral 0.04 + 0uo1™ 016 = o™ 463.71 + 57.57"
H. opimtiae 125 0.08 + 0.01% 013 = g™ 17557 + 22.20%
L terricola 129 0.08 + 0uo1™ 0.25 = Q1™ 324.73 + 33,00%
H. opumtiae 148 0.06 + 0.00"™ 0.14 = 1™ 263.26 + 25.49™
Chlarogenic acid Caontral 0.56 £ (.03 0.22 £ Q1% 3048 £ AR
H. opumtiae 125 0.82 + 0.04™ 0.15 = g™ 18.68 + 1.79°
L terricola 129 0.71 + uOF* 0.16 = 001 2304 + 0LBOP
H. opumtiae 148 0.84 £ Quo2z™ 019 = g™ 2234 &£ 253°
Gallic acid Coatral 2.89 + 012 1063 = 0.14™ 368.29 + 12.53%
H. opumtiae 125 2.28 + 007" 1362 = 0.70% 598.67 + 31.55%
L terricola 129 2.53 + 017 1072 = 0.63™ 424832 + 4.48"

[cantinued on next page)
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Table 5 (continued )
Sample Umbu-cajid pulp
Phenolics (mg/L) Treatmenes Concentration before digestion Cancentratian after digestion Binacressibility (%)
H. opuraiae 148 2.08 £ 0.08 1202 = 120" 577.29 + 3202
Syringic acid Contral 0.55 + .03 0.17 = .= 31.37 + 060
H. opuraiae 125 0.85 + 0.05" 018 = 0.03" 2051 + 203"
L terricolr 129 0.58 £ 0045 0.11 = Q. 1845 + 2108
H. cpumtiae 148 0.71 & Q.4 0.15 £ .01 21.58 + 0RO
pCoumaric acid Caontral “LOD 0.31 = g.02™ ND
H. opumtiae 125 0.04 £ 000" 0.18 £ 0.03™ 419.02 4 48.62"
L terricolr 129 “LOD 0.21 = 0.02™ ND
H. opimtiae 148 0.04 + 0.0088 0.20 = 0.03% 563.65 + 83.08%

Values are expressed as the mean + standard deviation; n = 9. < LOI: below the detection limit; Control:

d pulp; Fe d pulps: H. 125,

L terricola 129 or H. opuntiae 148, ND: not detected; A-D: different capital letters in the same column for the same compound denote difference (p < 0.05) among
treatments, hased on the Tukey test. a-b: different lowercase letters superscript on the same row denotes difference (p < 0.05) between before digestion and intestinal

phase for the same treatments, based on the t-test.
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Fig 1. Viable cell counts of H. opumtioe 125, I rerricola 129 or H. gpuntioe 148 before simulated digestion (a), gastric phase (b) and intestinal phase (c). (A) soursop

pulp, (B) umbu-caja pulp.

demonstrating that veast had a limited gastrointestinal resistance (Costa
et al., 2019). The results indicate that the soursop pulp compaosition
(higher sugar content and lower acidity) protected the cultures during
the in vitro digestion, resulting in more remarkable survival of the mi-
croorganisms. Further studies focusing on the probiotic potential of
these strains should clarify their possible effects on gut microbiota.
Better visualization of the data may be observed in a PCA map. For
soursop, D1 explained 52.34 % of the variability contained in the orig-
inal variables, and principal D2 explained 26.45 %, totaling 78.79 % of
the total variability (Figure 53B). The fermented pulps, located on the
right side, were characterized by the higher concentration of procyani-
din Bl and bicaccessibility of catechin, epicatechin, procyanidin B1,
epigallocatechin gallate, pcoumaric, which was associated with the
presence of yeasts in the product. The control product, located at the left

side of the axis, was characterized by the highest kaempferol 3-glucoside
and bivaccessibility of cis-resveratrol, quercetin 3-glucoside, kaempferal
3-glucoside, myricetin, and syringic acid. The soursop pulp fermented
with H. opuntine 148, located above the D2 axis, showed higher con-
centrations of cis-resveratrol, epigallocatechin gallate, catechin, pro-
cvanidin A2, quercetin 3-glucoside, and syringic acid. For soursop pulp,
higher biotransformation of phenolic compounds was observed for
H. apuntice 148, isolated from soursop juice. These results corroborate
the higher metabolic activity considering organic acids, ethanol pro-
duction, and volatile organic compounds formation.

For umbu-cajd pulp, D1 explained 47.36 % of the variability con-
tained in the original variables, and D2 explained 43.96 %, totaling
91.32 % of the total variability (Figure 53C). The fermented pulps,
located on the right side, were characterized by a higher concentration

10
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of epigallocatechin gallate, procyanidin A2 and B1, caffeic acid, caftaric
acid, and chlorogenic acid, and bivaccessibility of gallic acid, which was
associated with the presence of yeasts in the product. The control
product, located at the left side of the axis, was characterized by the
highest concentration of gallic acid and bioaccessibility of procyanidin
B1, quercetin 3-glueoside, caffeic acid, syringic acid, caftaric acid, and
chlorogenic acid. The umbu-caja pulp fermented with I erricola 129,
located below the D2 axis, showed higher concentrations of procyanidin
Bl and bioaccessibility of epicatechin gallate, catechin, epicatechin,
procyanidin A2, epigallocatechin gallate, epicatechin gallate, and
kaempferol 3-glucoside. For umbu-cajd pulp, the higher biotransfor-
mation of phenolic compounds was observed for I terricola 129, isolated
fram umbu-cajd juice. These results corroborate the higher metabolic
activity considering organic acids, ethanol production, and volatile
organic compounds formation. H. opuntize 125 demonstrated great
adaptability in both fruit pulps and the ability to biotransform phenolic

compounds.

4. Conclusions

For the first time, soursop and umbu-cajd pulps from the Brazilian
Caatinga were fermented using veasts isolated from the natural
fermentation of these same fruit juices. Fruit pulps were suitable sub-
strates for yeasts, resulting in good metabolic activity, high viability,
and increased bioaccessibility of phenolic compounds, in parallel to
changes in the volatile contents. These results provide strong evidence
that fermentation can be a potential technology to develop fruit prod-
ucts with more significant amounts of bivaccessible phenolics, opening
opportunities for different applications in the food industry. We could
observe that the use of selected autochthonous yeasts in the elaboration
of fermented pulps enhanced the added value of the products.
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Supplementary table

Table S1. Viable cell counts of H. opuntiae 125, I. terricola 129 or H. opuntiae 148 in soursop and umbu-cajé fruit pulps before and after

fermentation.

Time (h)
Sample Treatments (log CFU/qg)
0 72
Soursop H. opuntiae 125 6.42 + 0.09° 8.76 +£ 0.03"
. terricola 129 6.31 £ 0.037° 7.31 +£0.05%
H. opuntiae 148 6.44 + 0.05"° 7.74 +0.0482
Umbu-caja H. opuntiae 125 6.40 + 0.05”° 8.43 £ 0.05"
I terricola 129 6.47 £ 0.03"° 8.08 +0.0182
H. opuntiae 148 6.32 £ 0.077° 7.70 £ 0.04%2

Values are expressed as the mean + standard deviation in Log CFU/g; Fermented pulps (H. opuntiae 125, I. terricola 129 or H. opuntiae 148); n=9. A-C:
different capital letters in the same column denote differences (p < 0.05) among treatments for the same fruit pulp, according to the Tukey test; a-b: different

lowercase letters on the same row denote differences (p< 0.05) in the same treatment for fermentation time, according to the t-test.
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Supplementary figures

Fig. S1. Area percentage of volatiles group identified by GC-MS in fermented pulps and

respective controls.
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Fig. S2. Principal component analysis (PCA) of groups of volatile compounds in fruit pulps:

volatile compound (circles) and formulations (vectors). (A) soursop pulp, (B) umbu-caja pulp.
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Fig. S3. Principal component analysis (PCA) of the phenolic compounds in fruit pulps after

Varimax transformation (D): phenolics compounds and bioaccessible phenolic compounds (B)

(vectors) and formulations (circles). (A) both fruits, (B) soursop pulp, (C) umbu-caja pulp.
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SOUR-HO125 (sousrop pulp, H. opuntiae 125).
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ARTICLE INFO ABSTRACT

Keywords: The effects of umbu-caja and soursop pulps fermented by the veast Issatchenkio rerricola 129 on the colonic
Colonic fermentation microbista of middle-aged hypertensive adults were evaluated in vitro fermentation during 48 h. The relative
Mi’m‘"i'_'" abundance of distinet bacterial groups, pH values, and contents of organic acids, sugars, and phenolic compounds
”""".‘”‘;‘p were determined at 0, 24, and 48 h of fermentation. Saccharomyces boulardii CNCM 1-745, a recognized probiotic

yeast, was used for comparison purposes. During colonic fermentation, maltese, glucose, and fructose were
metabolized, resulting in reduced pH values and decreased relative abundance of Bacteraides spp./Prevotella spp.
Fermented soursop pulp with I rerricola 129 improved the colonic microbiota by increasing the relative abun-
dance of Biftdebacterium spp. and Loctobacillus spp. and reducing the relative abundance of Eubacterium rectale/
Closridium coccoides and Closridium histolyticum, resulting in the highest prebiotic index. At the same time, the
consumption of rhamnose and gallic acid and higher contents of propionic and acetic acids and procyanidin B2
were observed. The effects on colonic microbiota were less pronounced for 8. bowlardii followed by umbu-cajd
pulp with L rerricola 129, The results indicate that fermented soursop pulp with L rerricola 129 may modulate the
colonic microbiota of middle-aged hypertensive adults.

Annona miricata L

1. Introduction umbu (Spondios tuberosa) and caja (Spondias mombin). It is explored

primarily in an extractive way and has attracted attention due to its

Exotic and tropical fruits have attractive sensory properties and
important nutritional and therapeutic value, increasing their demand in
domestic and intérnational markets (Albuquerque et al., 2016; Maia
et al., 20019 Sarkar et al., 2022). The Northeast region of Brazil, mainly
the Caatinga Biome, has a diversity of underexplored fruits. Soursop
(Annona murfeata L.) is a fruit from the Annonaceae family and native to
the Caribbean and American tropics. It is a source of carbohydrates,
micronutrients, and several bivactive compounds, such as acetogenins,
alkaloids, and phenoclic compounds, which may show health beneficial
effects (Agu & Okolie, 2017; Chang et al., 2018). Umbu-caja belongs to
the Anacardiaceae family and originates from the natural cross between

* Corresponding author.
E-mail address: magnani2@gmail.com (M. Magnani).
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cantents of bioactive compounds, primarily polyphenols (Pereira ot al.,
2021). However, research on these fruits is lacking, es Iy in
exploring them as raw materials for biotechnological applications and
developing new products.

Fermented pulps may add value to these fruits, generating attractive
beverages for a public demanding new functional fruit-based products
with beneficial effects on health (Amorim et al, 2018). Fermentation
may contribute to more desirable sensory properties and aromatic pro-
files and the starter culture may transform the phenolic compounds,
improving their bioactivity (Sabidi et al., 2020). The utilization of yeasts
as starter cultures may result in products of higher quality and health

tober 2022; Recelved in revised form 13 December 2022; Accepted 14 December 2022
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effects, mainly if they are endogenous to the fruits (Emer et al., 2021),

Saccharomyces boulardii CHNCM 1-745 was first isolated from fruits
and used as a probiotic culture (Wang et al., 2022). The ingestion of this
yeast showed numerous health effects, including regeneration and,/or
modulation of the intestinal microbiota after diarrhea (More & Swid-
sinski, 2015) and antibiotic administration (Kabbani et al., 2017), as
well as improving the lipidemic profile in hypercholesterolemic ham-
sters (Briand et al., 2019). However, there is a need for the isolation and
utilization of other yeasts with biotechnological and health effects
(Farinazzo et al., 2020).

In our previous study, we isolated yeasts from naturally fermented
soursop and umbu-cajd fruit juices (Issatchenkia terricola 129, Hanse-
niaspora opuntiae 125, and Hanseniaspora opuntiae 148). We used them
in the fermentation of their pulps. L terricola 129 presented higher
metabolic activity and production of volatiles capable of providing
desirable aromas in the fermented product and low ethanol production.
Furthermore, it increased the bioaccessibility and concentration of many
phenolic compounds (Macedo e al, 2022). Some of these phenolic
compounds may modulate the gut microbiota composition (Cal-
deron-Perez et al., 2021) and show hypotensive effects due to their ca-
pacity to inhibit the angiotensin-converting enzyme 1 (ACE) (Alu datt
et al., 2017).

We hypothesize that soursoup and umbu-caja pulps fermented with 1
terricola 129 could modulate the intestinal microbiota of hypertensive
individuals. To test this hypothesis, we used an in vitro colonic fermen-
tation experiment to evaluate the effects of umbu-caja and soursop pulps
fermented with 1. terricola 129 on specific intestinal microbial groups of
middle-aged hypertensive adults. The experiments were carried out for
48 h and the microbial metabolic activity was evaluated by quantifying
the contents of organic acids, sugars, and phenolic compounds. At the
same time, the probiotic yeast strain Socchoromyces boudardii CNCM 1-
745 was used for comparison reasons.

2. Material and methods
2.1, Genetic sequencing of the strain selected for the study

Issatckenkia terricola 129 was the yeast used in the fermentation of
umbu-caja and soursop pulps. This strain was isolated from naturally
fermented fruit juices and preliminarily identified via MALDI-TOF MS.
The safety was assessed by hemolytic, gelatinase, and DNAse activities
(Macedo et al., 2022), In this study, QlAamp DNA Mini Kit was used to
extract the DNA from the isolate following the “DNA Purification from
Tissues™ protocol (Qiagen, Hilden, Germany). The ITS region was
amplified using ITS1 and ITS4 primers (Manter & Vivanen, 2007). The
PCR products were sent for sequencing at the ACTgene company. The
sequences were compared with the GenBank database using the Basic
Local Alignment Tool (BLAST) program (National Center for Biotech-
nology Information, Bethesda, Maryland, USA) to identify the isolate.

2.2, Fermentation of fruit pulps

Fruit pulps (without preservatives) processed in the Pé de Fruta
{umbu-cajd) (PB, Brazil) and Fazenda Mangai (soursop) industrial plants
were obtained for the preparation of the fermented pulp. The yeast
L terricola 129 was inoculated into Yeast Extract Peptone Dextrose
(YEPD) broth (5 mL, containing 1% yeast extract (w/v), 2% peptone (w/
v), 1.5% agar (w,/v)) (Acumedia, Lansing, Michigan, USA), and 2% o-
glucose (w/v) (Dinamica Quimica Contemporanea, Indaiatuba, 5P,
Brazil), at pH 3.5, and incubated at 30 + 1 °C for 24 h. The culture was
centrifuged (3500 g, 4 “C, 15 min), washed twice with sterile peptone
water (0.1%, HiMedia, Mumbai, India), and resuspended in the same
solution (5 mL, Freire et al, 2017). Next, 0.4 uL of the resuspended
culture (6 log CFU/mL) was inoculated in 40 mL of soursop or
umbu-cajd pulp previously pasteurized (80 “C for 5 min) and cooled
using an ice bath. The inoculated tubes and their respective
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non-inoculated controls were incubated in BOD (Caltech Ind. Com.
Ltda., Franca, SP, Brazil) for 48 h at 14 °C using a static fermentation.
The physicochemical characteristics of the fruit pulps are presented in
Table 51, The fermented products have yeast counts higher than 7 log
CFU/mL (Macedo et al, 2022), Finally, the fermented and
non-fermented pulps were submitted to pH measurements at 0, 24, and
48 h of fermentation (Freire et al., 2017).

2.3, In vitro digestion of fermented fridr pulps

The in vitro digestion of fermented umbu-caja and soursop pulps was
carried out according to Minekus et al. (2014). The oral phase was
simulated using simulated salivary fluid (SSF) (3.5 mL), which was
homogenized with the fermented pulps (5 g), and the mixture was
incubated under stirring (90 rpm) at 37 £ 1 °C for 2 min in an incubator
of orbital agitation (Thoth Equipamentos, model 5420, Piracicaba, 5P,
Brazil). The S5F consisted of a solution of 25 pL of 0.3 M CaClz and 975
L of water containing 0.5 mL of 1500 U/mL a-amylase (Sigma-Aldrich,
St. Louis, Missouri, USA). Then, simulated gastric fluid (SGF) (7.5 mL),
consisting of a mixture of 5 pL of 0.3 M CaCly 0.695 pL of water, and 1.6
mL of 2000 Us/ml porcine pepsin (Sigma-Aldrich), was included to
simulate gastric digestion. In this step, the pH was adjusted to 3.0 using
HC1 (1 M) and the mixture was incubated with shaking at 37 + 1 “Cfor 2
h. At the end of this time, the gastric mixture (20 mL) was added with
2.5 mL of fresh bile (Sigma-Aldrich, 160 mM of fresh bile), simulated
intestinal fluid (SIF) (11 mL) and 5.0 mL of 800 U/mL pancreatin so-
lution (Sigma-Aldrich) in SIF solution, 40 pLof 0.3 M CaCly, and 1.31 mL
of water, aiming to simulate the intestinal phase. In this step, the pH was
adjusted to 7.0 with NaOH (1 M) and the mixture was incubated with
shaking (90 rpm) at 37 = 2 °C for 2 h. As needed, the pH values were
controlled and adjusted at each stage of the in vitro digestion. The final
contents of the digestions were dialyzed in regenerated cellulose dialysis
tubes (14 KDa cut-off, Sigma-Aldrich) for 18 h against 0.01 M NaCl at 5
+ 0.5 “C (Guergoletto et al., 2016). Afterward, the NaCl solution was
discarded and replaced by a new solution for another 2 h of dialysis. The
dialyzed samples were used in the colonic fermentation experiment.

2.4, Human fecal inoculim of middle-aged hypertensive adults

The inoculum preparation was performed using fresh fecal samples
donated by four hypertensive adult volunteers (two women and two
men, aged between 45 and 59 years) after approval by the Institutional
Committee for Ethics in Research with Human Beings (Federal Univer-
sity of Paraiba, Joao Pessoa, PB, Brazil, Opinion number 5.315.511). The
inclusion criteria established were people without gastrointestinal or
colon disease, who followed a regular omnivorous diet, did not use
probiotic foods or concentrated prebiotics, and had not used antibiotics
during the six months before the study. Furthermore, they were diag-
nosed with hypertension, a non-communicable chronic disease charac-
terized by systolic and diastolic blood pressures equal to or greater than
140 mm Hg and 90 mm Hg, respectively, without using antihypertensive
medication and assessed by a trained professional (Barroso et al, 2021).
Hypertensive adult feces were selected because the fermented fruit pulps
showed anti-hypertensive activity evaluated in preliminary in vitro tests
(data not shown).

Volunteers received specific instructions for sample collection and a
hygienic collection/storage kit containing gloves, a mask, and a sterile
bottle. After collection, the flasks with the feces were placed in pack-
aging with an anaerobic generator system (AnaeroGen, Oxoid, Basing-
stoke England) and sent to the laboratory. Then, the feeal samples were
mixed in an equal proportion for the donors (1:1:1:1) and diluted (1:10)
with autoclaved modified physiological saline solution (NaCl 8.5 g/L,
cysteine-HCI 0.5 g/L, Sigma-Aldrich) to obtain a fecal suspension. The
suspension was homogenized under agitation (200 rpm, 2 min) and
filtered using triple layer gauze to remove larger particles and stored in
sterile flasks under anaerobic conditions at 37 = 1 “C (AnaeroGen)
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(Massa et al., 2022).
2.5, Culrure medio and colonic fermentation

The basal nutrient medium for colonic fermentation was composed
of 4.5 g/L of KCl, 4.5 g/L of NaCl, 10.69 g/L of Mgs0y,, 0.5 g/L of
NaHCO4, 0.5 g/L KHzPO,, 0.8 g/L of L-cysteine, 0.4 g/L bile salt, 0.5 g/L
KaHPO,, 0.005 g/ FeS0,, 0.08 g/ CaCly, and 1 mL/L Tween 80. As an
anaerobic indicator, 4 mL/L of resazurin solution (0L025%, v/v) was
added to the medium, and distilled water was used to dilute the com-
ponents. The pH of the basal medium was adjusted to 6.8 with the
addition of HCl (1 M) (Andrade et al., 2020). The colonic fermentation
was performed using 40% of basal nutrient medium (v/v), 40% of
human fecal inoculum (v/v), and 2096 of the soursop or umbu-caja pulp
(v/v) in a final volume of 40 mL Colonic fermentation batches using
Saccharomyces boulardii CNCM 1-745 (7 log CFU/mL) and without add-
ing fruit pulps (control) were performed for comparison purposes. The
treatments mentioned were denoted as SOUR-IT129 (soursop pulp fer-
mented with L rericola 129), UMB-IT129 (umbi-caja pulp fermented
with L. terricola 129), SB (CNCM 1-745) (5. boulardii CNCM 1-745), and
control. After preparation, the cultures were incubated under anaero-
biosis (AnaeroGen) for 48 h at 37 £ 1 °C (Massa o al., 2022),

26, Insim hybridization fluorescence coupled with multiparametric flow
cytometry

The abundance of selected microbial groups was analyzed using the
fluorescence in situ hybridization (FISH) technique with selected
oligonuclentide probes designed to target specific regions of the 16 §
rRNA gene of these microorganisms combined with the multiparametric
flow cytometry (MFC) to evaluate the ability of fermented pulps to
modulate the human intestinal microbiota during in vitro colonic
fermentation (Conterno et al, 2019; Menezes et al, 2021). The probes
used in the experiment were Bif 164, specific for Bifidobacterium; Lab
158, specific for Lactobacillus spp./Enterococeus spp.; Bae 303, specific
for Bacteroides spp./Prevotelln spp.; Erec 482, specific for Eubacterium
rectale/Clostridinm coccoides; and Chis 150, specific for Clastridium his-
tolyticum. The selection of the bacterial groups was based on their
representativeness in the fecal microbiota and their association with
positive or negative metabolic responses (Medeiros et al, 2021).
Furthermore, these groups have been used as markers in previous
studies that evaluate the impact of functional ingredients administration
on the gut microbiota (Albuguerque et al., 2021; Massa et al., 2022;
Medeiros et al., 2021; Menezes et al., 2021).

The probes were labeled with the fluorescent dye Cy3 (Sigma-
Aldrich) (Menezes et al, 2021; Rodrigues et al., 2016) and the SYBR
Green marker (Molecular Probes, Invitrogen, Carlsbad, California, USA)
was used for double-stranded DNA labeling to enumerate the total
bacterial population in each evaluated group (Conterno et al., 2019).
Stabilization of the cell structure of the cultures was performed at 0, 24,
and 48 h using 375 pL aliquots that were fixed at 4 “C (overnight) with
1125 pl. of filtered paraformaldehyde solution (4%, w/v). The aliquots
were centrifuged (10,000:g, 5 min, 4 °C), washed twice with 1 M PBS
(10,000, 5 min, 4 °C), resuspended in 300 pL. of PBS:99% ethanal (1:1
w/v), filtered with a membrane filter with a pore size of 0.45 pm
(Whatman®) and stored at —20 “C.

In situ hybridization was performed by diluting 10 pL of the fixed cell
suspension in 190 pL of 1X PBS (Gibeo, Gaithersburg, Maryland, USA;
pH 7.2), followed by centrifugation at 4000xg for 15 min at 4 “C and
discarding of the supernatant. The cells were then resuspended in 200 pL
of Tris-EDTA buffer (100 mM Tris-HCl and 50 mM EDTA; pH 8) and
centrifuged under the same conditions as above. The samples were
treated with lysozyme (1 mg/mL) diluted in 200 pL of Tris-EDTA and
incubated for 10 min at room temperature (25 + 0.5 “C) in a dark place
to promote permeabilization of the cells that then received the Lab 158
and Bif 164 probes, and centrifiged (4000xg 15 min, 4 “C). The
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samples resuspended in 45 pL of hybridization buffer composed of 0.9 M
NaCl, 20 mM Tris-HCI (pH 7.5), and 0.1% sodium dodecyl sulfate (SDS)
(wyv) and added 5 pL of fluorescent oligonucleotide probe (50 ng/pL)
being kept in the dark and at the appropriate hybridization temperature
for each probe (45 °C for Bac 303 or 50 “C for the other probes). After 4
h, the samples were centrifuged (4000:g, 15 min, 25 “C), resuspended
in 200 pL of hybridization buffer without the addition of D83, and kept
in the dark for 30 min under the appropriate washing temperature for
each probe (45 or 50 °C, as mentioned above) to remove unconnected
probes. The samples were again centrifuged (4000xg, 15 min, 25 “C),
resuspended in 200 pL of 1X PBS and 20 pL of SYBR Green (1:1000 stock
solution diluted in dimethyl sulfoxide >99.9%, Sigma-Aldrich), incu-
bated for 10 min in the dark at room temperature (25 + 0.5 °C),
centrifuged (4000 <g, 15 min, 25 “C) and resuspended with 200 pL of 1X
PBS. For each prepared sample, a blank sample was also prepared
(without the oligonucleotide probe and SYBR Green). A sample labeled
only with SYBR Green, using the same method as the hybridized sam-
ples, defined the threshold of the gates of the flow cytometer (BD Accuri
C6, Mew York, MNew Jersey, USA), revealing the potential auto-
fluorescence of the samples and excluding false positives.

The MFC principle consists of passing fluorescent signals from indi-
vidual cells through a laser zone, being collected as logarithmic signals
(pulse area measurements) by channels FL1 (SYBR Green) and FL2 (Lab
158, Bif 164, Bac 303, Chis 150, and Erec 482). The configuration was
performed, so the samples were in low flow, with the threshold level for
direct dispersion (FSC) set to 30,000 and 10,000 events collected for
each sample. The BD Accuri™ C6 Plus Software (Becton Dickinson,
Biosciences) was used to record the fluorescence emission cytograms.
Results were expressed as the relative abundance (percentage) of bac-
terial group cells hybridized by each specific Cy3 probe (recorded as
fluorescent events) compared to the total number of bacteria enumer-
ated with the SYBR Green stain (Conterno et al., 2019).

2.7, Determination of the prebiotic index

The determination of the prebiotic index was performed after
caleulating the relative abundance (percentage) of each bacterial group
measured based on the results of the FISH-FC (Albuquerque et al., 2021),
for which the following equation was used:

Prebiotic index = %Lab + %Bif - %Bac — %Chis — %Erec Eg. (/).

Where %Lab = (Lactobacillus spp./Enterococcus spp. relative abundance
at 24 or 48 h) — (relative abundance of this bacterial group at time zero);
%Bif = (relative abundance of Bifidobacteriim spp. at 24 or 48 h) -
(relative abundance of this bacterial group at time zero); %Bac =
(relative abundance of Bacteroides spp./Prevotella spp. at 24 or 48 h) -
(relative abundance of this bacterial group at time zera); %Chis =
(relative abundance of C histolyticum at 24 or 48 h) — (relative abun-
dance of this bacterial group at time zero); and %Erec = (relative
abundance of E. rectale/C. coccoides in 24 or 48 h) - (relative abundance
of this bacterial group at time zero). Positive results for the prebiotic
index indicate an overall beneficial alteration of the gut microbiota,
while negative results indicate an undesirable overall alteration (Albu-
quergue et al., 2021; Gunathilakea et al, 2018)

2.8, Determination of pH and metabolites during colonic fermentation

Aliquots of batch cultures corresponding to treatments SOUR-IT129,
UMB-IT129, SB (CNCM 1-745), and control at 0, 24, and 48 h were
centrifuged (3500 g, 15 min) (Centrifuge SL-701; Solab, Sao Paulo, 5P,
Brazil). Then, the supernatant was filtered (Millex-HA membrane, 0.45
pm, Millipore, Bedford, Massachusetts, USA). The determination of
sugars and organic acids was performed by High-Performance Liquid
Chromatography (HPLC). An Agilent chromatograph (model 1260 In-
finity LC, Agilent Technologies, Santa Clara, California, USA) coupled to
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a diode array (DAD) and a refractive index detector (RID) was used.
Ultrapure water was used for the 4 M dilution of H2504 as the mobile
phase at a flow rate of 0.5 mL/min on an Agilent Hi-Plex H column (7.7
» 300 mm, 8 pm). Phenolic compounds were also determined by HPLC
by using a Zorbax pre-column (C18; 126 x 4.6 mm, 5 pm) and a Zorbax
column (Eclipse Plus RP-C18; 100 x 4.6 mm, 3.5 pm). Acidified water
(pH 2; 0.1 mol/L phosphoric acid; phase A) and acidified methanol
(99.5:05; phosphoric acid; phase B) were used as mobile phases. The
column temperature was kept at 35 °C, while the flow rate was kept at
0.8 mL/min. The OpenLAB CDS ChemStation Edition™ (Agilent Tech-
nologies) software was used to process the data acquisitions. The peaks
of sugars, organic acids, and phenclic compounds were identified by
comparing their retention times to external standards (Table 52, Sup-
plementary Table). External standard calibration curves following
validated methods were used to quantify sugars and organic acids
(Coelho et al, 2018) and phenolic acids (Padilha et al, 2017). The
threshold tool was used to verify the peaks spectral purity to ensure
identification accuracy compared to the external standards. All com-
pounds showed calibration curves with R® > 0.998.

2.9, Sratistical analysis

Analyzes were performed in triplicate on three independent ocea-
sions. Data were analyzed using analysis of variance (ANOVA) and
Student’s t-test or Tukey's test (p < 0.05). Principal component analysis
(PCA) and Pearson’s correlation were performed using the data of the
abundance of bacterial groups, short-chain fatty acids (SCFA), and
phenolic compounds to observe the influence of each compound on the
percentages recorded for each group, or intragroup influences. The
matrix consisted of 5 columns and 11 rows. Statistical analyzes were
performed using XLSTAT® 2021.4.1 software (Addinsoft™, Paris,
France).

3. Results and discussion
3.1. DNA sequencing of selected strain

The strain was identified as Issatchenkio terricolo (Isatchenkia terr-
colz 129) by DNA sequencing, showing 100% congruence with the
preliminary identification with MALDI-TOF MS technique (Macedo
et al, 2022). The sequence was deposited in the National Center for
Biotechnology Information (Access Number KP132531.1; Table 52) and
the strain was integrated into the Microorganisms Culture Collection of
Agricultural Microbiology at the Federal University of Lavras (MG,
Brazil) under the code CCMA 2040,

3.2, Changes in the relative abundance of bacterial populations during
colonic fermentation

The changes that occurred in the relative abundance of the measured
bacterial groups during the colonic fermentation are shown in Fig. 51,
and Table 1 and 54. Bactersides spp./Prevotella spp. (Bac) had the highest
relative abundance at time zero, followed by € histolyticumn (Chis),
Lactobacillus spp./Enterococcus spp. (Lab), E. recrole/C. coccoides (Erec)
and Bifidobacterium spp. (Bif). Bacteria belonging to the genus Bacter-
ofdes have been found in high abundance in gut microbiota of hyper-
tensive individuals (Calderon-Perez et al,, 2020, 2021). Both fruit pulps
and 5B (CNCM 1-745) caused a higher abundance of Bac than control
during fermentation (p < 0.05).

SOUR-IT129 significantly increased the relative abundances of
Lactobacillus spp. (+199.93%) and Bifobacterium spp. (+708.46%) and
decreased those of C. histolyticum (—60.48%), and E. recrale (—74.89%)
during colonic fermentation for 48 h (p < 0.05). The fungal and bacterial
populations of the gut are closely linked, influencing each other and,
consequently, the host metabolism (Shuai et al, 2022). The modulation
of lactobacilli and Bifidobacterium populations by veasts can benefit the
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Table 1

Hybridized bacterial groups in the wreatments SOUR-IT129, UMB-IT129, 5B
(CNCM 1-745), and Control at time zero, 24, and 48 h of in viro colonic
fermentation.

Bacterial group Samples Fermentation (time)
oh* 24 b* 4B h*
Loctobacillus spp./ SOUR- 412 .67 27.34
Enteracocens spp. (Lab m2e (0377 (o407 (0.54)™
158) UME- 412 15.69 16.67
T2 (054 (el (0.69)™
SBICHNCM 912 306 7.08
L745) (0311 (015 (0,31
Control 412 571 3.98
.03 (0.267> [0.16™
Bifidobocterium spp. (Lab  SOUR- 2.89 2773 23.37
164) mize .10y (oEsT™ [0.560"
UME- 289 855 11.22
129 .10y (o661 [0.38)™
SB{CHNCM 289 6.8 7.40
1.745) 011y (o.29™ [0.3m™
Control 2.89 366 9.11
0177 (0.167"" [0.3:~
Bacteroides spp./Prevotells SOUR- 25.05 1736 19.98
spp. (Bac 303) mize (0435 (0737 (.47
UME- 25.05 50.71 3241
129 (0607 (0.E4™ [0.697™
SBICNCM 25.05 18.97 6.11
1:745) 071y (0.53 [0.27%
Control 25.05 7.00 3.26
(050 (0.207™" [o.1m™
C. histolyticum (Chis 150)  SOUR- 1255 691 4.80
129 (035 (0.3177" 013~
UME- 1255 51.68 3462
129 (056 (0.E3™ (0,657
SBICNCM 1255 30.55 10.58
1:745) (036 (063 [0.52)™
Control 12.55 835 417
(0525 {0.6a1= (0.173%
E rectale/C. coccoides SOUR- 812 416 2.09
(Erec 482) T2 021y (o7 0.09™
UME- 812 2820 21.23
T2 (0.17Y (o3 (0.81)*
SB{CNCM 832 7.51 5.99
1.745) 026y {035 (0.30)™
Control 832 610 2.72
(0245 (o™ [0.09)™

Values are expressed as average of three independent experiments performed in
triplicate. Standard deviation expressed between bracts. *Resulis are expressed
as percentages. A-D: different superscript capital letters in the same fermenta-
tion time denote difference (p < 0.05) among treatments, based on Tukey's test.
a-cz different superscript lowercase letters for the same treatment at different
times denote difference (p < (L05), based on Tukey's test. SOUR-IT129 (soursop
pulp fermented with L ferricola 129), UMB-IT129 (umbu-caja pulp fermented
with L terricola 129), SB{CNCM 1-745) (8. bowlardii CNCM 1-745), and conirol.

organism. Studies have shown that Loctobacillus species can prevent
dyshiosis and oxidative stress by treating the endothelial dysfunction
that occurs in artérial hypertension (Palmu et al., 2021; Robles-Vera
et al, 2018). Similar effects were reported concerning Bifidobacterium
populations, which caused improvements in the intestinal microbiota
composition and the reduction of oxidative stress, preventing aortic
injuries and treating endothelial dysfunction mainly due to the increase
in acetic acid production (Lu et al., 2022; Robles-Vera et al., 2020), On
the contrary, the increased relative abundance of E. rectale was related to
increased risks for cardio and cerebrovascular events in patients with
refractory hypertension (Jizo et al., 2022). Finally, €. histolyticum is
recognized as an enteric pathogen and its lower abundance in
SOUR-IT129 treatment may be associated with the decreased pH values
in the medium, being a limiting factor for this microorganism (Albu-
quergue et al., 2021).

In the SB (CNCM 1-745) and conirol treatments, there was an in-
crease in the relative abundance of Bifidobacterium spp. (155.8% and
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220.19%, respectively, p < 0.05) and decrease in C. histolyticum and
E. rectale/C. coccoides abundance during fermentation (p < 0.05), which
are positive results. However, Lactobacillus spp. relative abundance was
also reduced (p < 0.05). In the UMB-IT129 treatment, there was a sig-
nificant increase in all measured bacterial populations (p < 0.05).
Considering these results, the effects caused mainly by the SOUR-IT129
treatment can benefit the health of hypertensive individuals due to the
increase in Lactobacillus spp. and Bifidobacterium spp. populations and
the reduction of C. histolyticum and E. rectale/C. coccoides populations.

3.3, Determination of prebiotic index

The prebiotic indexes calculated for the evaluated treatments are
shown in Table 2. The results recorded for the SOUR-IT129 treatment
were positive and increased over time (from 42.89 + 0.52 to 57.76 +
0.94) (p < 0.05), demonstrating a desirable modulation of the colonic
microbiota. This result may be associated with the highest impacts of
SOUR-IT129 causing increases in the populations of beneficial micro-
organisms (Lactobacillus spp. and  Bifidobacterium  spp.), besides
decreasing undesirable microorganisms (C. histolyticum and E. receale/C.
coccoides). Increases in the prebiotic index during fermentation were
also observed for the other treatments, such as control (from 21.85 +
0.17 to 38.86 + 0.96), SB (CNCM 1-745) (from —13.17 =+ 0.43 to 25.70
= 0.63), and UMB-IT129 (from —72.44 £ 0.27 to —26.46 = 0.37).
However, the prebiotic indexes of control and 5B (CNCM [-745) were
lower than the SOUR-IT129 (p < 0.05), primarily due to the decrease in
Lactobacillus spp. abundance in the former treatments. Finally, the pre-
biotic index of UMB-IT129 was negative, which may be associated with
its impacts on the modulation of all measured microbial groups,
including undesirable microorganisms.

3.4. Evolution of pH and metabolism of sugars and organic acids during
colonic fermentution

Results of the variation in pH values and contents of sugars and
organic acids are shown in Table 3. During colonic fermentation, there
was a decrease in pH values in all treatments and the lowest value was
recorded in the SB treatment (CNCM I- 745) (5.48 £ 0.07) (p < 0.05),
followed by the SOUR-IT129 treatment (5.93 + 0.03). There was a
decrease in glucose, fructose, maltose, citric acid, and tartaric acid
contents at the end of 48 h of fermentation (p < 0.05). Rhamnose was
only found in SOUR-IT129 treatment and it was transformed during
fermentation (p < 0.05). Gut bacteria, such as Enterococcus, Lactoba-
cillus, and Bifidobacterium spp. may metabolize complex carbohydrates
and, mainly, sugars, resulting in organic acid production and decreased
pH values (Medeiros et al, 2021).The highest prebiotic index of
SOUR-IT129 treatment may be partially related to the presence of
rhamnose in the medium, which was used by the beneficial microbiota

Table 2
Prebiotic indexes of the treatments SOUR-1T129, UMB-IT129, SB (CNCM 1-745),
and control at time 24 and 48 h of in virro colonic fermentation.

Samples

Fermentation {time)

2h 48 h
SOUR-IT1ZS 4285 = 052" 57.76 + 0.94™
UMB-IT129 ~72.44 + 027 ~26.46 + 0.37™
SBICNCM 1-745) ~13.17 & 0.437™ 25.70 + 0.63°
Contral 2185 £ 017 36,86 + 0.96™

Values are expressed as average + standard deviation, n = 3. A-D: different
superscript capital letters in the same fermentation time denote difference (p =
0.05) among treatments, based on Tukey's test. &b: different superseript
lowercase letiers for the same treatment at different times denote difference (p
< (L05), based on Student’s t-test. SOUR-IT129 (soursop pulp fermented with
I terricola 129), UME-IT129 (umbu-caja pulp fermented with I rerricola 129), 5B
(CNCM 1-745) (5. bowlardi CNCM 1-745), and control.
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Table 3

PH walues, sugar, and organic acid contents in the treatments SOUR-IT129,
UMEB-IT129, SB (CNCM I-745), and Control at time zero, 24 and 48 h of in
vitro colonic fermentation.

Parameters*  Samples Fermentation [time)
oh 24h 48h
pH SOUR-IT129 765 £ 741 £ 593 &
o™ Q06 o™
UME-IT129 765 £ 729 £ 005"  B23=
oo™ oa™
SB (CNCM - 765 £ 753+ 004" S4B =
745) o4 007
Contral 765 = 753+ 005" 699+
woE™ o1t
Maltose SOURIT129 <LOD <00 <LOD
UME-IT129 0ol = 012+ 001" <LOD
oot
SB (CNCM 1 <LOD 0.07 £ 001%™ <LOD
745)
Contral <LOD <LOD 005 =
oo™
Glucose SOUR-IT129 040 = 005+ 000"  <LOD
ooz
UME-IT129 0.26 £ 0.03%  <LOD <LOD
(CHCM 1- 001 £ 0007  <LOD <LOD
745)
Contral <LOD <L <LOD
Fructase SOUR-IT129 031 £ <LOD <LOD
o™
UME-IT129 016 £0.01™  <L0D <LOD
SB (CNCM I- <LOD <00 <LOD
745)
Contral <LOD <00 <LOD
Bhamnase SOUR-IT129 0LOB = <100 <LOD
o1
UME-IT129 <LOD <00 <LOD
(CHCM I <LOD <L <LOD
745)
Caontral <LOD <L <LOD
Citrie SOUR-IT129 003 = <00 <LOD
oo™
UME-IT129 00l £000" <L0D <LOD
(CHCM I <LOD <L <LOD
745)
Contral <LOD <L <LOD
Tartaric SOURIT129 0ol = <00 <LOD
oo™
UME-IT129 0ol = <00 <LOD
o™
SB (CNCM - 001 £ 0007 <LOD <LOD
745)
Contral <LOD 001 + 000" <LOD
Sucrinie SOUR-IT129 OB £ 000™ 005+ 000™ 007+
oo™
UME-IT129 006 £ 0.01% 003+ 0007 006 =
oo™
SB (CHCM - 006 = 009 £ 0O 007 =
745) o.oo™ ooo™
Caontral 013 & 015 £001" 024 =
oo™ ooz
Farmic SOUR-IT129 005 = 001 + 0.0  <LOD
0.0
UME-IT129 003 = 005+ 000" 002=
oo™ oo™
SB (CNCM 1 002 £ 0007 <LOD <LOD
745)
Contral <LOD <100 002 =
oo™
Acetic SOUR-IT129 0.27 £ 075+ 003" 071 =
ooz™ ooz
UME-IT129 022+ 078+ 003" 079 =
woz™ o™
SB (CNCM 1 021 = 044 £ 002 0S50 =
745) woz™ woz™
Contral 054 = 049 £ 002 020 =
o3 o>
Propionic SOUR-IT129 122 + 0.06™

[cantinied on next page)
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Table 3 (contnued )
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Table 4
Phenolic compounds contents (mg/L) in the treatments SOUR-IT129 and UMB-

Parameters® Samples Fermentation {Hme) L R
IT129 at 24 and 48 h of in viro colonic fermentation.
Oh 24k 48 h
F; Samples® Fermentation (time)
0.90 + 084 +
0.088% 004 0k 24h 48k
UMB-IT129 093+ 1.17 £ 0.05™ 087 + Citreoveratrol SOUR. 066 L <LOD 0D
007 e 129 no4™
SB [CNCM I 082 + 0™ 029 = 0.02" 1117; UMB- 148 = SLOD SLOD
745) 0.01 129 noF
Cantrol 017 +001% 032 = 0.02" 0.66: Catechin SOUR- 140 = 043 + 042 =
0.04 129 01 .02 0oz
Values are expressed as average + standard deviation, n = 3. *Results of sugars 1]:]_"‘1'; &g: gﬁ: ;;;:
and organic acids are expressed as g/l <LOD: lower than the detection limit. A- Epicatechin SOUR- p— LOD ALOD
D different superscript capital letters in the same fermentation time denote P 129 006 h
difference (p < 0.05) among treatments, based on Tukey's test. a-c: different UME- 02 = SLOD ~LOD
superscript lowercase letters for the same treatment at different times denote 1T120 L™=
difference (p < 0.05), based on Tukey's test. SOUR-IT129 (soursop pulp fer- Epigallocatechin SOUR- 037 = < L0 <LOD
mented with L rerricoda 129), UMB-IT129 {umbu-cajd pulp fermented with gallate e 006
I tervicola 129), SB (CNCM [-745) (S. boulardii CNCM 1-745), and contral. LME- 044 = <LOD =Lom
mize 0.o3™
Procyanidin A2 SOUR- 0es = < L0 <LOID
during fermentation. T2 007
Control treatment showed a different behavior for short-chain fatty UMB- 123 <LOD <LOD
acids (SCFA) during colonic fermentation, with increases in succinic, o T129 ot
formic, and propionic acids and decreases in acetic acid content (p < Frocyanidin BL snnlg &;: ~top oo
0.05). On the other hand, fermented pulps and 5B (CNCM 1-745) showed UME- 033 = LOD SLOD
stability of succinic acid (p > 0.05), decreases in formic acid, and in- mze o3
creases in acetic acid (p < 0.05). At the end of fermentation, control Procyanidin B2 SOUR- 19.70 = 0.88 & 101 =
) P . mize n.Eg™ 005" 0.05*
treatment showed higher succinic acid content, while SOUR-IT129 and UME. 1614 058 074
UMB-IT129 treatments presented higher propionic and acetic acid 129 1 w..* D.Dl"* D.DS’:
contents (p < 0.05). Increased succinic acid contents in the fecal samples Kaemplero] 3. SOUR- <LOD <LOD <LOD
have been linked to adverse effects, such as stimulating increased pro- gharoside mize
duction of free radicals and interleukins, aggravating the inflammatory B 010 = <LOD <Loo
P ) 29 0ol
response (Liu et al, .2[]&.2)_ .It.has also been ﬂm.md elevated in I&Gl Quercetin-glocoside  SOUR- 014 LoD Lom
samples from overweight individuals (Wan et al,, 2020) and associated T129 n.o1%
with metabolism-related cardiovascular disorders (Serena et al, 2018). UME- 379 = <LOD <LOD
This SCFA is a metabolism of the microorganisms of the phylum Bac- Tize 0314
teroidetes, which include the genera Bacteroides spp. and Prevatella spp. Marigenin ;_nlg &g: <10o <LoD
and the succinate pathway is the primary means for propionate forma- UME- <LOD <L0D <LOD
tion. In this pathway, deoxy sugars, such as fucose and rhamnose, are m29
used (Sharon et al., 2014). The higher abundance of Bacreriidetes spp. in Myricetin SOUR- 0.16 = <LOD <LOD
the fermented pulps may have resulted in a higher propionic acid for- mas oo™
mation, while succinic acid was maintained in control. Propionic acid u]_::; i;: <Lap “Lon
may regulate intestinal barrier function and homeostasis (Massa ef al., Caftaric acid ZouR- LOD <100 LOD
2022). At the same time, acetic acid production may be related to mize
enteropathogens inhibition and a higher abundance of Lactobacillus spp. UME- 0.76 = <LOD <LOD
and Bifidobacterium spp. (Medeiros et al., 2021). Acetic acid is a source Caffiie acid glﬁ Eﬁh LoD Lo
of energy for the liver and peripheral tissues (Pravasi, 2014).These re- e i ey b h
sults demonstrate that fermented pulps and SB (CNCM 1- 745) induced a UME- 0.26 £ “LOD ~LOD
more desired metabolic profile during colonic fermentation than mize oo™
control. Chlorogenic acid SOUR- =LOD <LDD =LOD
miae
UMB- 0Llg = <LDD =LOD
. - . ; : mize ooz
25, Changes in the quemtities of phenolic campounds during colorc Gallic acid SOUR- 10.65 + 135+ 071 =
fermentation 28 B0 a.0s™ 005>
UMB- 957 = 172+ 1.0B =
Stilbenes, phenolic acids, and flavonoids were detected in SOUR- mzs 0.E3™ 0.0 (R L
IT129 and/or UMB-IT129 treatments at time zero (Table 4). However, Syringic acid ?lg' &;: <100 <00
only three phenolic compounds were identified after 24 and 48 h of UME. 014 - LoD LoD
colonic fermentation. Phenolic compounds show poor absorption in the m129 0.0l
small intestine and may be metabolized by the gut microbiota, modu- p Coumaric acid SouR- 614 £ <LOD <LOD
lating the abundance of beneficial microorganisms (Massa el al., 2022), mzs 027
They may have been used as a substrate by Lactobacillus spp. and Bifi- un-":; “Lop <Lap “Lon

dobacterium spp. in SOUR-IT129 and UMB-IT129 treatment (Medeiros
et al., 2021), demonstrating the potential prebiotic effect of the phenolic
compounds.

Catechin, procyanidin B2, and gallic acid decreased in SOUR-IT129
and UMB-IT129 treatment (p < 0.05) but were detected up to the end

Values are expressed as average + standard deviation, n = 3. <LOD: lower than
the detection limit. Treatment SB (CNCM 1-745) had no phenolic compounds
detected over the fermentation. A-C: different superscript capital letters in the
same fermentation time denote difference (p < 0.05) among treatments, based
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an Tukey's test. a-cz different superscript lowercase letters for the same treat-
ment at different times denoie difference (p < 0.05), based on Tukey's tesi.

of the fermentation. It probably occurred because catechin and gallic
acid can be released from polymeric flavonoids due to microbial
metabolization, while procyanidin B2 can be formed by the polymeri-
zation of catechin and epicatechin (Medeiros et al., 2022).
Procyanidin B2 has been reported for its inhibitory effects on
oxidative stress, lowering blood pressure and improving renal function
in rats (Yao et al, 2021), in addition to reducing vascular caleification
due to its potent antioxidant action (Liang ot al, 2021). Gallic acid is a
secondary metabolite of polyphenols and is well known for its antioxi-
dant  characteristic  and  anti-hyperlipidemic,  cardioprotective,
anti-hyperglycemic, and anticancer actions (Ashrafizadeh et al., 2021;

— Bac 1 {m:_ s
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Zanwar et al., 2014). Catechin can exert an antihypertensive effect due
to its angiotensin-converting enzyme inhibitory property, as well to
induce endothelial recovery and reduce blood pressure (Lapi et al,
20:20). Considering that phenolic compounds are mainly absorbed in the
colon, their during colonic fermentation may be beneficial for hyper-
tensive consumers. Further in vivo studies with hypertensive individuals
can focus on the benefit of the phenolic compounds in fermented sour-
sop and umbu-cajd pulps through the intestine axis.

3.6. Colonic fermentation and the correlation of the relative abundance of
the evaluated microbial groups with the SCEA contents and phenolic

compounds

A PCA map was used to assess the relationship between the relative
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Fig. 1. Variables of the principal component analysis (PCA) with relative abundance of hybridized bacterial groups, short chain fatty acids, and phenolic compounds

analyzed during in vifro colonic fermentation in the treatments SOUR-IT129, UMB-IT129 at time zero, 24, and 48 h. SOUR-IT12%: soursop pulp fermented with
L terricole 129; UMB-IT12%: umbu-caja pulp fermented with L terricole 129; Control: only with the addition of fecal inoculum. Lab: Locrobacillus spp./Enterococous

spp., Bif: Bififobacrerium spp., Bac: group of Bocteroides spp_/Prevotella spp., Chis: Clostridium hisolyticum, and Erec: Eubacterium rectall/ Clestridiiom coccoides.
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abundance of each bacterial group with the values recorded for SCFA
and phenolic compounds (Fig. 1). The analysis explained the data witha
total variance of 79.94% (F1: 48.16% and F2: 31.77%). The SOUR-IT129
treatment showed higher concentrations of procyanidin B2, catechin,
and acetic acid and higher abundances of Lacrobacillis spp. and Bifido-
bacterium spp. In contrast, propionic acid stood out in the UMB-IT129
treatment along with the abundance of Bocterioides, C. histolyticum,
and E. rectale/C. coccoides at both 24 and 48 h of fermentation. PCA map
evidenced the positive effect of SOUR-IT129 on the modulation of
beneficial gut microbial groups (Lactobacillus spp. and Bifidobacterium
e
spp’l'h: increase in acetic acid was positively correlated with the con-
tents of catechin (0.82), procyanidin B2 (0.90), and the abundance of
Lacobacillus spp. (0.54) and Bifidobacterium spp. (0.67) (Table 55). The
results indicate that a higher metabolic activity due to the higher
abundance of microbiota resulted in the production of SCFA and higher

contents of phenolic compounds.
4. Conclusions

This study was the first to evaluate the effects of soursop and umbu-
caja pulps fermented by yeast on the microbiota of middle-aged hy-
pertensive adults during in vitro colonic fermentation. Fermented sour-
sop pulps with L terricoln 129 improved the microbiota by increasing the
populations of Lactobacillus spp. and Bifidobacterium spp. and reducing
the populations of E rectale/C. coccoides and C. histolyticum, resulting in
the highest prebiotic index among the tested products. Fermented
soursop pulp increased the metabolic activity of the colonic microbiota,
with the consumption of thamnose and gallic acid and increasing the
concentrations of acetic and propionic acids and procyanidin B2. The
results indicate that fermented soursop pulp with yveast L terricola 129
may modulate the colonic microbiota of middle-aged hypertensive
adults. Clinical studies are needed to confirm the modulatory effects of
these fermented pulps on human gut microbiota and their health
impacts.
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Table S1. Physicochemical parameters of fruit pulps fermented by I. terricola 129.

Total soluble Titratable acidity
Sample Treatment pH _ _ o
solids (°Brix) (% citric acid)
Soursop Control 3.74+0.017 12.33+0.124 0.81+0.03%
l. terricola 129 3.69+0.024 12.33+0.12% 0.81+0.02%
Umbu-caja  Control 2.50+0.024 12.33+0.12% 1.70+0.01%
l. terricola 129 2.53+0.024 12.40+0.004 1.69+0.034

Control - non-fermented pulp; Values are expressed as the mean * standard deviation; n=9.
A: different capital letters in the same column denote differences (p < 0.05) between different treatments

for the same fruit pulp, based on Tukey’s test.
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Table S2 External standard used to quantify phenolic compounds, sugars, and organic acids.

Compound

Brand

Phenolic compounds

cis-resveratrol and trans-resveratrol

chlorogenic, gallic, syringic, p-coumaric,
caffeic and caftaric acids, catechin,
epicatechin, hesperidin, naringenin,
procyanidin B1 and B2, delphinidin 3-
glucoside, cyanidin 3,5-diglucoside,
cyanidin 3-glucoside, malvidin 3,5-
diglucoside, malvidin 3-glucoside, and
pelargonidin 3,5-diglucoside

procyanidin A2, kaempferol 3-glycoside,
quercetin 3-glycoside, quercetin 3-rutinoside
(rutin), myricetin, epicatechin gallate,
epigallocatechin gallate, pelargonidin 3-
glycoside, petunidin 3-glycoside, and
peonidine 3-O-glycosides

Cayman Chemical Company (Ann Arbor,
MI, USA)

Sigma-Aldrich (St. Louis, MA, USA)

Extrasynthesis (Genay, France)

Sugars

glucose and fructose

maltose and rhamnose

Sigma-Aldrich (St. Louis, MA, USA)

Chem Service (West Chester, PA, USA)

Organic acids

citric, tartaric, malic, succinic, lactic, formic,
acetic, propionic, and butyric acids

Quimica Vetec (Rio de Janeiro, RJ, Brazil)

All standards had a purity level of > 98%.
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Table S3. Identification code of yeast isolate, partial sequence, species identified, and accession
number in the corresponding GenBank.

Species Access
Code Sequence identified number*
129 AAACTTTCAACAACGGATCTCTTG Issatchenkia KP132531.1

GTTCTCGCATCGATGAAGAGCGC terricola
AGCGAAATGCGATACCTAGTGTG
AATTGCAGCCATCGTGAATCATC
GAGTTCTTGAACGCACATTGCGC
CCCCTGGTATTCCGGGGGGCATG
CCTGTTTGAGCGTCGTTTCTATCT
CACGCAAGTGGAGCTGGCCCGGC
CTTGGCCCCGCCGAAAAGAAACG
AGGGCGAAGCGAACTATGTTGTG
CGCCGACCCCAGCTATCAAGCTC
GACCTCAAATCAGGTAGGAATAC
CCGCTGAACTTAAGCATATCAAT
AAGCGGAGGA
*Database access number of Blast (https://blast.ncbi.nlm.nih.gov/Blast.cqi)



https://www.ncbi.nlm.nih.gov/nucleotide/KP132531.1?report=genbank&log$=nucltop&blast_rank=8&RID=FD0GU2HA016
https://blast.ncbi.nlm.nih.gov/Blast.cgi
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Table S4. Alterations (increase or decrease) in the relative abundance of distinct bacterial
groups in the treatments SOUR-IT129, UMB-1T129, SB (CNCM I-745), and control at time 24

and 48 h of in vitro colonic fermentation.

Fermentation (time)

Bacterial group Samples e 18
Lactobacillus spp./ SOUR-IT129 6.07 (1.24) 199.93 (1.53)
Enterococcus spp. UMB-1T129 72.09 (1.39) 82.86 (1.53)
(Lab 158) SB(CNCM 1[-745) -66.40 (0.61) -22.39 (0.62)
Control -37.33 (0.78) -56.38 (0.61)
SOUR-IT129 859.58 (9.45)  708.46 (7.65)
Bifidobacterium spp. UMB-1T129 195.82 (4.15)  288.15 (4.61)
(Lab 164) SB(CNCM [-745) 138.28 (3.04)  155.88 (5.84)
Control 26.72 (2.45) 215.31 (4.83)
Bacteroides spp./ SOUR-IT129 -30.69 (0.06) -20.25 (0.26)
Prevotella spp. UMB-I1T129 102.47 (0.10)  29.41 (0.08)
(Bac 303) SB(CNCM [-745) -24.25 (0.03) -75.60 (0.28)
Control -71.67 (0.21) -87.35 (0.05)
SOUR-IT129 -44.98 (£0.49) -60.48 (0.74)
C. histolyticum UMB-IT129 311.72 (1.35)  175.81 (0.55)
(Chis 150) SB(CNCM 1[-745) 143.40 (1.11)  -15.73 (0.08)
Control -33.47 (£0.59) -66.77 (£0.04)
SOUR-IT129 -50.03 (0.37) -74.89 (0.86)
E. rectale/ C. coccoides UMB-IT129 238.78 (1.02)  155.05 (0.64)
(Erec 482) SB(CNCM [-745) -9.80 (1.18) -28.01 (0.18)
Control -26.76 (0.12) -67.37 (0.34)

Values are expressed as average of three independent experiments performed in triplicate. Standard
deviation expressed between bracts. *Results are expressed in percentage and are relative to the
comparison between the abundances at time 24 or 48 with time zero. SOUR-IT129 (soursop pulp
fermented with I. terricola 129), UMB-IT129 (umbu-caja pulp fermented with I. terricola 129), SB

(CNCM 1-745) (S. boulardii CNCM 1-745), and control.



Table S5. Correlation matrix (Pearson) between different SCFA values, phenolic compounds, and relative abundances of bacterial groups during

in vitro colonic fermentation.

Variables acéit(rjlc ;I'sétarlc iggcmlc :éJirdmlc ,:(\:(;(ejtlc :;)dplonlc Catechin  Procyanidin B2 aGCa;g'C Lab  Bif Bac Chis Erec
Citric acid 100  0.94 0.58 0.60 -0.88 -0.29 -0.51 -0.87 063 -055 -067 -020 -0.30 -0.26
Tartaric acid 094  1.00 0.49 0.51 -0.98 -0.31 -0.77 -0.94 073 -059 -0.73 -021 -033 -0.28
Succinicacid o058 (.49 1.00 -0.18 -0.48 -0.69 -0.08 -0.23 018 015 -011 -063 -065 -061
Formic acid 060 051 -0.18 1.00 -0.40 0.25 -0.32 -0.70 076 -055 -0.75 060 050 051
Acetic acid -0.88  -0.98 -0.48 -0.40 1.00 0.37 0.82 0.90 -0.69 054 0.67 0.29 0.41 0.36
Propionicacid 929 031 -0.69 0.25 0.37 1.00 0.24 0.20 026 -034 031 028 028 024
Catechin 051  -0.77 -0.08 -0.32 0.82 0.24 1.00 0.81 -0.74 049 0.72 -0.02  0.07 0.03
ProcyanidinB2 g7  .0.04 -0.23 -0.70 0.90 0.20 0.81 1.00 086 069 088 -008 002 -0.03
Gallic acid 063 073 -0.18 0.76 -0.69 0.26 -0.74 -0.86 100 -079 -073 027 017 020
Lab 055  -0.59 0.15 -0.55 0.54 -0.34 0.49 0.69 079 1.00 044 004 003 -003
Bif 067 -0.73 -0.11 -0.75 0.67 0.31 0.72 0.88 073 044 100 -045 -037 -043
Bac 020 -0.21 -0.63 0.60 0.29 0.28 -0.02 -0.08 027 004 -045 100 097 0095
Chis 030 -0.33 -0.65 0.50 0.41 0.28 0.07 0.02 017 003 -037 097 100 0099

Values in bold are different from 0 with a significance level a=0.05. SCFA = short-chain fatty acid. Bif: Bifidobacterium spp.; Lab: Lactobacillus

spp./Enterococcus spp.; Bac: Bacteroides spp./Prevotella spp.; Erec: Eubacterium rectale/Clostridium coccoides; and Chis: Clostridium histolyticum.
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Supplementary figure

Fig S1. Relative abundance within the measured bacterial groups during in vitro human
colonic fermentation in in the treatments SOUR-1T129, UMB-1T129, SB (CNCM 1-745), and

Control at time zero, 24 and 48 h.
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Treatments

SOUR-1T129: soursop pulp fermented with I. terricola 129; UMB-IT129: umbu-cajé pulp fermented
with I. terricola 129; SB (CNCM 1-745): S. boulardii CNCM 1-745; Control: only with the addition of
fecal inoculum. Lab: group of Lactobacillus spp./Enterococcus spp., Bif: Bifidobacterium spp., Bac:
Bacteroides spp./Prevotella spp., Chis: Clostridium histolyticum, and Erec:  Eubacterium
rectall/Clostridium coccoides.
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ANEXO A — PARECER CONSUBSTANCIADO DO COMITE DE ETICA

CENTRO DE CIENCIAS DA
SAUDE DA UNIVERSIDADE -im Ew"f,"lﬂ
FEDERAL DA PARAIBA - asil
CCS/UFPB

PARECER CONSUBSTANCIADO DO CEP

DADOS DO PROJETO DE PESQUISA

Titulo da Pesquisa: POTENCIAL BIOTECNOLOGICO DE MICRORGANISMOS ISOLADOS DE FRUTAS
DA CAATINGA FERMENTADAS

Pesquisador: ELVIRA DE LOURDES CHAVES MACEDO

Area Tematica:

Versao: 1

CAAE: 55854822.5.0000.5188

Instituigdo Proponente: Centro De Ciéncias da Saude

Patrocinador Principal: Financiamento Proprio

DADOS DO PARECER

Niamero do Parecer: 5.315.511

Apresentagao do Projeto:

Trata-se de analisar o projeto de pesquisa da doutoranda Elvira de Lourdes Chaves Macedo, do Programa
de Pds-graduagdo em Ciéncias da NutricBo do Centro de Ciéncias da Saude da Universidade Federal da
Paraiba, sob a orientagde da Professora Dra. Marciane Magnani.

Objetivo da Pesquisa:

Os objetivos serdo: i) o isolamento e identificagao da microbiota dominante em fermentagao espontanea de
graviocla e umbu-caja; ii) a avaliagdo do potencial biotecnolodgico de leveduras isoladas selecionadas para
producdo de polpas fermentadas; iii) caracterizagao das polpas fermentadas obtidas quanto aos aspectos
fisico-quimicos (ph, sdlidos soliveis e acidez titulavel), perfil de aglcares, dcidos organicos, compostos
volateis e fendlicos (perfil e bicacessibilidade); iv) avaliar atividade antidiabética e anti-hipertensiva in vitro e
v) avaliar os efeitos das polpas de frutas fermentadas na modulagio na microbiota intestinal humana de

hipertensos e diabéticos in vitro.

Avaliacao dos Riscos e Beneficios:

Riscos: os voluntarios podem sentir-se constrangidos durante o momento da coleta do material fecal.
Beneficios: A pesguisa apresenta abordagem inovadora considerando os aspectos tecnoldgicos e
econdmicos, por utilizar frutas do bioma Caatinga ainda pouco exploradas. Ela podera definir

Enderege: Prédic da Reitoria da UFPB 4 1° Andar

Bairro: Cidade Universitiria CEP: 58.051-800
UF: PB Munileiplo: JOAO PESSOA
Telefone: (83)3216-7791 Fax: (B3)3216-7791 E-mall: comitedestica@ccs.ufpb.br
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beneficios da fermentagdo dessas frutas com leveduras autéctones como meio para melhoria do perfil
nutricional, principalmente no que diz respeito a bicacessibilidade de compostos fendlicos. Além disso,
avaliara os efeitos desses produtos fermentados na modulagdo na microbiota intestinal humana in vitro
tendo potencial de gerar produtos derivados com maior valor agregado. A execugio deste projeto de tese
apresenta a possibilidade de gerar informagbes gue subsidiem a elaboragao de produtos com caracteristicas

funcionais.

Comentarios e Consideragoes sobre a Pesquisa:

Trata-se de uma pesquisa experimental em laboratorio (in vitro) realizada no Laboratdrio de Processos
Microbianos da Universidade Federal da Paraiba (UFPB) em parceria com pesquisadores e laboratdrios da
Universidade Federal de Lavras (UFLA) e do Instituto Federal do Sertdo Pernambucano (IFSertaoPE). Os
frutos de gravicla (Annona muricata L.), umbu-caja (Spondias spp.) em estadic de maturagdo horticultural
foram adquiridos em comércio local (Jodo Pessoa — Paraiba, Brasil. As analises laboratoriais ja foram
realizadas e o encaminhamento dessa pesquisa ao comité de ética em pesquisa se enguadra no
envolvimento de algumas analises serem realizadas com a doagdo de material fecal, o qual sera colhido no
referido dia e armazenado em frasco anaerdbio, em pacientes diabéticos e hipertensos, adultos, com idades
entre 20 e 59 anos, de ambos os sexos, em numero de quatro voluntarios adultos hipertensos (dois homens
e duas mulheres) e quatro voluntarios adultos diabéticos (dois homens e duas mulheres). Os critérios de
inclusdo estabelecidos serdo pessoas que ndo sofram de nenhuma doenga do gastrointestinal ou do colon,
sigam dieta onivora regular sem o uso de alimentos probidticos ou prebidticos concentrados e que nao
tenham utilizado antibidticos durante os seis meses anteriores ao estudo. As fezes serdo coletadas em
tubos estéreis dispostos em frasco com sistema gerador de anaerobiose (AnaeroGen, Oxoid, Basingstoke
Inglaterra). A polpa ndo fermentada de cada fruta sera utilizada como controle. A suspensio fecal sera
considerada como grupo de origem. O grupo de origem, controle e polpa fermentada serdo registrados
como ORI, CTRL e PF.

Consideragoes sobre os Termos de apresentagao obrigatoria:
O projeto em tela se encontra bem instruido de acordo com a Resolugio 466/12 que rege as pesquisas

envolvendo seres humanos.

Recomendacgoes:
Recomenda-se manter a metodologia proposta e acrescentar a pagina da plataforma Brasil os beneficios
que constam no Termo de Consentimento Livre e Esclarecido.
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Conclusdes ou Pendéncias e Lista de Inadequacgdes:

Sem pendéncias.

Consideragdes Finais a critério do CEP:
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mo

Certifico que o Comité de Etica em Pesquisa do Centro de Ciéncias da Saide da Universidade Federal da

Paraiba — CEP/CCS aprovou a execugao do referido projeto de pesquisa. Outrossim, informo que a

autorizagdo para posterior publicagio fica condicionada & submissio do Relatdrio Final na Plataforma Brasil,

via Notificagdo, para fins de apreciagdo e aprovagao por este egrégio Comité.

Este parecer foi elaborado baseado nos documentos abaixo relacionados:

Tipo Documento Arguivo Postagem Autor Situacao
Informagdes Basicas | PB_INFORMACOES_BASICAS_DO_P | 15/02/2022 Aceito
do Projeto ROJETO 1896295.pdf 16:00:55
Folha de Rosto folha_rosto_elvira.pdf 15/02/2022 |ELVIRA DE Aceito

16:00:12 |LOURDES CHAVES
MACEDO
Declaragdo de certidao. pdf 10/02/2022 |ELVIRA DE Aceito
Instituido e 14:45:47 |LOURDES CHAVES
Infraestrutura MACEDO
Declaragao de anuencia_marciane.pdf 10/02/2022 |ELVIRA DE Aceito
Instituicao e 14:44:44 |LOURDES CHAVES
Infraestrutura MACEDO
Projeto Detalhado / |tese_elvira.docx 10/02/2022 |ELVIRA DE Aceito
Brochura 14:37:45 |LOURDES CHAVES
Investigador MACEDO
Orgamento orcamento_elvira.docx 10/02/2022 |ELVIRA DE Aceito
14:35:56 |LOURDES CHAVES
MACEDO
TCLE / Termos de [ TCLE_elvira.doc 10/02/2022 |ELVIRA DE Aceito
Assentimento / 14:35:36 |LOURDES CHAVES
Justificativa de MACEDO
Auséncia
Cronograma cronograma_elvira.docx 10/02/2022 |ELVIRA DE Aceito
14:34:42 |LOURDES CHAVES
MACEDO

Situacao do Parecer:

Aprovado

Endereco: Prédio da Reitoria da UFPB 4 1% Andar
Bairro: Cidade Universitaria

UF: PB Municipio: JOAD PESSOA
Telefone: (83)3216-7791 Fax: (83)3216-7791

CEP: 58.051-900

E-mail:

comitedeeticaf@ces. ufpb.br
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(Coordenador(a))
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ANEXO B - TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO

TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO

Prezado (a) Senhor (a)

Esta pesquisa é sobre a avaliacdo do potencial biotecnoldgico de leveduras isoladas a partir
graviola e umbu-caja naturalmente fermentadas e esta sendo desenvolvida pela pesquisadora Elvira de
Lourdes Chaves Macédo, aluna do Programa de PoOs-Graduagdo em Ciéncias da Nutricdo, da
Universidade Federal da Paraiba (UFPB), sob a orientacdo da Profa. Dra. Marciane Magnani, professora
do Programa de Pds-Graduagdo em Ciéncias da Nutrigdo do Departamento de Nutri¢do (UFPB).

Os objetivos do estudo sdo avaliar o potencial biotecnoldgico de leveduras isoladas a partir
graviola e umbu-cajad naturalmente fermentadas. A realizacdo desta pesquisa trard informagoes
cientificas atualmente escassas no campo de estudo acerca do potencial biotecnolégico de leveduras
isoladas a partir de fontes autdctones. A pesquisa apresenta abordagem inovadora considerando 0s
aspectos tecnoldgicos e econdmicos, por utilizar frutas do bioma Caatinga ainda pouco exploradas. Ela
podera definir beneficios da fermentagdo dessas frutas com leveduras autdctones como meio para
melhoria do perfil nutricional, principalmente no que diz respeito a bioacessibilidade de compostos
fendlicos. Além disso, avaliara os efeitos desses produtos fermentados na modulacdo na microbiota
intestinal humana in vitro tendo potencial de gerar produtos derivados com maior valor agregado. A
execucdo deste projeto de tese apresenta a possibilidade de gerar informacGes que subsidiem a
elaboracdo de produtos com caracteristicas funcionais.

Os conhecimentos obtidos neste estudo fornecerdo conceitos fundamentais sobre uso de
leveduras para a fermentacdo aumentando a bioacessibilidade de compostos especificos. Além disso, a
realizacdo da pesquisa possibilitara identificar efeitos benéficos promotores de saude a partir do
consumo dos fermentados de fruta, gerando informagdes de interesse para elaboracdo de novos produtos
funcionais, aspecto de corrente interesse a industria alimenticia e a comunidade que busca por consumo
de uma alimentacdo com efeitos benéficos para a satde.

Em virtude que este TCLE se encontra em mais de uma pégina, as demais serdo rubricadas pelo
pesquisador e sujeito da pesquisa.

Solicitamos a sua colaboragéo para realizar a doacdo de material fecal, o qual sera colhido no
referido dia e armazenado em frasco anaerdbio cedido pelos envolvidos na pesquisa, como também sua
autorizacdo para apresentar os resultados deste estudo em eventos da area de salde e, eventualmente,

publicacdo em revista cientifica. Por ocasido da publicacdo dos resultados, seu nome sera mantido em
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sigilo. Informamos que essa pesquisa ndo oferece riscos, previsiveis, para a sua salde, uma vez que 0s
resultados obtidos servirdo de base para definir os efeitos da interacdo dos fermentados de graviola e
umbu-caja com a microbiota colénica.

Esclarecemos que sua participacdo no estudo é voluntaria e, portanto, o(a) senhor(a) ndo é
obrigado(a) a fornecer as informagdes e/ou colaborar com as atividades solicitadas pela Pesquisadora.
Caso decida ndo participar do estudo, ou resolver a qualquer momento desistir do mesmo, ndo sofrera
nenhum dano.

Os pesquisadores estardo a sua disposicdo para qualquer esclarecimento que considere
necessario em qualquer etapa da pesquisa.

Diante do exposto, declaro que fui devidamente esclarecido(a) e dou 0 meu consentimento para
participar da pesquisa e para publicacdo dos resultados. Estou ciente que receberei uma copia desse

documento.

Assinatura do Participante da Pesquisa

Assinatura da Testemunha
Contato do Pesquisador (a) Responsavel:
Caso necessite de maiores informages sobre o presente estudo, favor ligar para a pesquisadora: Elvira
de Lourdes Chaves Macédo.
Endereco (Setor de Pesquisa): Laboratério de Processos Microbianos em Alimentos, Departamento de
Engenharia de Alimentos da Universidade Federal da Paraiba (UFPB), Campus I, - Cidade
Universitaria — CEP 58051-900 — Jodo Pessoa — PB Telefone: (83) 3216-7576

Comité de Etica em Pesquisa do Centro de Ciéncias da Salde da Universidade Federal da Paraiba
Campus | - Cidade Universitaria - 1° Andar — CEP 58051-900 — Jodo Pessoa/PB

(83) 3216-7791 — E-mail: comitedeetica@ccs.ufpb.br

Atenciosamente,

Assinatura do Pesquisador Responsavel



