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ABSTRACT

New scientific data are opening to the exploration of new candidate probidte®nging tchuman
microbial niches such dsuman milk and healthy vaginatesystem In this framework,my PhD
project was intended, throughouthe selection ofnew candidate probiotis from these human
microbial niches, for the development of tailored fermented fopas food strategy to increase the
well-being ofspecific consumers. According toigfaim, during my PhDrpject several activities
were investigated The first one concerning the isolation oEactobacillusand Bifidobacterium
strainsfrom human milkto find new probiotic candidates to be included in food prodwsitewed
promising resultsMoreover,probiotics have been also proposed to imprdeenalegenital health,
and microbial strains isolated and connected with healthy vagicabystemcould be used to
prevent or treat vaginal dysbiosik this context as second activitywaginallactobacillipreviousy
characterizedor their technological featureand antagonistic activity againseveralfemale uro-
genital pathogensvere investigated for their metabolic aptitude and additiopabbiotic features,
showing interesting results hypothesizitigeir inclusion in foodsin addition,in order to preserve
vaginal strainsviability during food processing/digestion it was also evaluated the potemtial
microencapsulation by spragryingon thesestrains.In this frameworkthe results obtainedvere
highly promising from the perspective of using encapsulated powders in food formulations to obtain
novel functional foodsMoreover, another activity connected with the main idea to develop a food
strategyfor the administration of these selected vaginal strains was carried out.dDtlee most
promisingvaginalstrainsLactobacillus crispatBC4was supplemented in a Squacquerone cheese,
and its digestive fate was evaluated adopting SHIME® systdraresults showed thaduring
colonic digestion / fermentationL. crispatu88C4was metabolically activeAdditionally, although
probiotic delivery to humans has traditionally been associated with fermented dairy foeaks)tly
the demand for nordairy-alternatives as potentialprobiotics carrier is increasingln this
framework my latest PhD activity was connected with the developn@ntermented soymilks
supplemented withencapsulated andon-encapsulated selected functionahginal strainsuch as

L. crispatu8C4 and.. gasseBC9The same formulatetermented soymilkswere also investigated
for their nutritional qualities andafter in vitro digestionfor their specific functionality on post
menopausal fecalmicrobiota and protein bioaccessibilityThe results showedthe great
potentialities for L. crispatu®8C4 and.. gasserlBC9 as cetarter cultures and thauitability of soy

milk as a potential vehicle for their delivery
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CHAPTER

Introduction
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I OO2NRAY3 (2 (GKS yOASyd DNBS] fly3ddz IS GKS
substance or organism that promote an health condition for the host. More in deep, several
beneficial effects have been associated to probiotic bacteria; fraproving the nutritional value

of food products to reducing the serum cholesterol, from enhancing the functionality of the host
immune system and gut to reducing lactose intolerance symptoms or colon cancer risk, etc.
(Zommiti et al., 2020) 2 Y A A RSNAYy3I GKS&S NBO23aYyAT SR Fdzy Ol A 7
are paying attention in consuming produatsade with probiotics. In recent years, among the
products with health claims developed and publicized by the media, products supplied with
probiotics stand out, also underling different types of delivery systems, including food products
(e.g., dairy prodats, processed meat, vegetable products, juices, and cehbemed products),

nutritional supplements (liquid, tablet, capsule, and powder) or dii@gndeboodi et al., 2020)

1. History of terms associated to probiotic

In this context, probiotics have been-defined several timesln fact, during the 1908 the first
probiotic definition was provided by Metchnikoff, who suggested how the intake of fermented milk
products was connected with longevity effe¢Metchnikoff, 1908 Zendeboodi et al., 2020Then

in 1965, Lilly and Stillwell proposed that a microorganism could provide growth stimulators for
another microorganism, connectintpis positive effect with a potential application of the term

G LINE 0 (hilg é@nd Sdilbwell 1965 ¢CKS FANBRG dzaSNJ 2F GKS GSNY
for the description of substances and organisms connected with the microbial balance in the
gastrointestinal tract(Parker, 1974)The use of the word substances in this definition led to a
connotation that inclued antibiotics.The Parker's definition was improved by Fu(feuller, 1989)

whA OK ARSYUAFASR LINPOA2GAO & Gt ADS YhiooNa 2 NH |
animal health by reestablishing the natural gut microbiota, emphasizingakégive effects around

Iy A Y Whilé @ndther definition was proposed by Havenadwene for probiotics were intended

a Y 2 ranixed cultures of live microorganisms which, when applied to animal or man, beneficially
FFFSOG GKS K2ad o0& AYLINE DAY APaikdt, 3974)BtRabiSrdIhas 2 F
expanded this last definition and for probiotiegre intended viable microorganisms that exercise
health effects on the host, if ingested in adequate numbers, more than the intrinsic basic nutrition
(Schaafsma, 1996In addition, in relation to food according to Salminen's definition, for jortits

were also intended viablmicroorganisms inoculated into products, such as dairy products, able to

improvehost health and nutritior{fSalminen, 1996)Consequently, based on tHesst definition the
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relationship betweenfood matrixand microorganismsespecially wherclaimed asprobiotics is
considered a crucialspect andsfrequentlyinvestigated. However, it's necessary to underline how,
considering the presence of viable probiotics in w@iry products,the identification of dairy
products as only matrix gbrobiotics was not acceptable. In 2001, Schrezenmeir an¥/rdse
(Schrezenmeir & de Vrese, 20@Kpanded the meaning of probiotics to viable microorganism able

to exert health effects independent of the site of action. During the same year, according to WHO
FYR C!h F2NJ LINROA 20 A QidroorgaBistdS whizB yheh RISWNEdRed ind f A
adequatel Y2dzyia O2y FTSNJ I KSI f (i K2084SteSriteindtional BeiedticS K 2
Association for Probioticand Prebiotics (ISAPP) modified the last proposed definition, defining for
LINEOA2GAOA af AtdaSwhenladitiBsradd ladédudteyambunts, confer laealth
0SYSTAlL 2(Hil d & 2014aSIndedhen, the IFP definition has been widely used by
scientific communityalso as criteria selection for drugs, foods, and supplements as probiotic
products in most of governmentaistitutions. In this sense, according to this definition, viability is

one of the key coditions T2 NJ O2y aARSNAY 3 YAONR2NHFIYyAaYa 2N
Despite of this, new insights, especially during more recent years, have showed that dead/
inactivated cells (intact cells or ruptured cells/cell extracts) as well as the celbol¢s could

provide significant benefits on human healtbi Lena et al., 2015Thus, the reference to the term
GOAlIOATAGEE NBEFGSR G2 |t LINIDDthetothdr Bad,mSamey A G A
specific cases the use of living cells could have an undesirable effect on the health. For example, it
has been observed that probiotics can modulate the immune system; however, the administration

of living probiotic cells to host with weak inume system could increase inflammatory responses

(Kothari et al., 2019)n such cases, inclusion of dead cells could represent a good alternative.

1.1 Sources of Probiotic Strains

The main sources of probiotic strains may emanate from human origins like humarntegiae,

small intestine, or even breast milk. In addition, other potential sources could be of animal origin,
such as various food biges including raw milk or fermented food products. In this framework,
probiotic strains isolated from humamicrobiome are potentially characterized by high adhesive
levels to the human intestinal epithelial barrier than others, and more likely to be safe. Nevertheless,
several probiotic dietary foods and supplements may carry different bacteria and microltesovit
history of human or animal origins. More in general, the functional bacterial strains used in the

supplements and/or probiotic foods should play a central role for human health in: cholesterol
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lowering and its metabolism, colonization in the intestineespiratory and urogenital tracts,
inhibition of the carcinogenesis, directly or/and indirectly, via the stimulation of the immune
system, the metabolism of lactose, the absorption of calcium and the potential of vitamin synthesis,
alleviating the rateof constipation and diarrheal disorders, mitigating gastritis and ulcers, helping
to reduce acne, rash face and skin problems; and also for the treatment ejamtal infections
(Zommiti et al., 2020)In this sense according to a wide literature déEalonghi et al., 2017; fiahui
Palomino et al., 207; Parolin et al., 2015; Reid et al., 200&pnlthy vaginakcosystemrecently
emerging as an interesting source of candidate probiotics, espeftiallye management of vaginal
infections but also for their potential antagonistic activity againstirgamtestinal and foodborne
pathogengSirolietal.,201® LYy GKAA& FNIYSE2N]l>X AdGQa ySoSaal n
strains, especially when claimed as probiotics cannot avoid teafety, functional, and
technological characterization according to World Health Organization (WHO), Food and Drug
Organization (FAO), and EFSA (the European Food Safety Authority) requirgtiibetsl., 2014b)

1.2 Selection Criteria of Probiotics

According to the WHO, FAO, and EFSA safety, functionality, and technological utility represent the
key criteria for the selection of probiotic microorganisms. In addition, as recently established by the
International Scientific Association for ProbiotiasdaPrebiotics(Hill et al., 2014ajhe probiotic
potential is directly connected to particular atns, not to the genus or species of a microorganism.

In this sense, selectad vitro experiments are available and performed to investigatestherthe
selected microbial strains fulfill the above criteria. Consequently, on the basis of studies cogcernin
these validatedin vitto SELISNA YSy (Gaz AGQa Ll2aaroftsS (2 &St ¢
potential as probiotic strains. Many initro tests can beollowed for these microbial strains with
animal and human trials. The first step in the selectiba probiotic strain is the determination of

its taxonomic classification, which may give an indication of the origin, habitat and physiology of the
strain. Concerning the safety of a bacterial strain, its origin, its antibiotic resistance and the total
absence of virulence factors associated with pathogenic cultures are the main basis of the safety
characterization. Regarding the functional features, viability is a prerequisite for probiotic
functionality, promoting several mechanisms, such as adhereacagpithelial cells, reduction of
mucosal gut permeability, immunamodulatory effects, and this could represent also an important
industrial challengéGaldeano & Perdigon, 2004 fact as reported bizee (2009 strains should

address several requirements, also directly associated with the technology of their manufacture,

8



showing their ability to survive and maintain their biotechnological propertiespughout the
storage and distribution processes. As there is an evident lack of common standards for the entire
probiotic applications, the most relevant approach to verify the properties of a microbial strain is to
target populations, in particular, eugting specific physiologic functions by specific investigations
(Saarela et al., 2000n addition, about the final product, their probiotic dose levels should be based
considering their effectivenesa human clinical trials. This aspect is also directly connected with
the detected colonyforming units per gram (CFU/g) of product, considering all the product
processing and storage. In this sense, concerning the minimum effective values, it is generall
accepted that probiotic products should have a minimum concentration &f OFU per milliliter

or gram of product. Moreover, for the probiotic benefits in order to be transferred to the consumer,
a total amount from 18to 10° CFU of their microbiatell load must be consumed each day
(Kechagia et al., 2013Ylore in general, the investigation of the following selected criteria (Table 1)
could be considered as a useful starting point for the selection of the probiotics stedsts,

considering their commercial applications.

Table 1. Key and desirable criteria for the selection of probiotics in commercial applications

General Property
Origin
Pathogenicity and infectivity
Safety criteria Virulence Factorg toxicity, metabolic activity and

intrinsic properties, i.e., antibiotic resistance
GRAS status
Genetically stable strains
Desired viability during processing and storage
Technological criteria Good sensory properties
Oxygen and hedblerance
Largescale production
Documented health benefits
Human gastric juice tolerance
Immunostimulation without proinflammatory effect
Cholesterol and lactose metabolisms
Anticarcinogenic properties
Antagonistic activity against gastrointestinal, uro
Functional criteria genital, foodborne pathogens
Ability to reduce pathogen adhesion to surfaces
Retain viability following consumption

Desired metabolic activity, considering the interactio
with the gastrointestinamicrobiota, following
consumption and digestion




1.3 Probiotics health benefits

Over the past decades, scientific research directed on probiotics and their health benefits has risen
sharply. In fact, in the last decades, a wide number of scientific works have highlighted the potential
key role of probiotic microorganisms to preventaure various disbyosis and disorders; based on
the promising insightemergingfrom severalin vitro and in vivoinvestigations and suggesting a
powerful connection by these stalled probiotics and the human immumoodulatory responses
(Floch et al., 2015; Hill et al., 2014b; Ritchie & Romanuk, 2CH2)cening their potential use and

their direct and/or indirect impact on human health improvement, probiotics are responsible for
the development of the microiota present in the gastrointestinal tract (GIT) in order to assure an
appropriate microbial balancdined by pathogens and the good bacteria, also recognized as
homeostasigOelschlaeger, 2010; Schachtsiek et al., 2004¢se functional microorganisms, due

to this equilibrium, could, for examg) reestablish the natural microbiota after an antibiotic therapy
(Cremonini et al., 2002; Johnston et al., 2006)addition, according to several studies (also based
on clinicalkeviden@s) directed on these functional microbes for their application on several fields of
research, their high efféiveness and wideange application is reported ifable 1.1.More
specifically this report, concerning several consistent studies, applies on patients suffering from
various disordergdiabetes, obesity, dyslipidemia, hypertension, antibi@ssociateddiarrhea,
inflammatory bowel disease, constipation, irritable bowel syndroaetose intolerance food
hypersensitivity, allergic rhinitisancer and side effects associated with canbacterial vaginosis,
infections of the respiratory and urinary tracanxiety and depressive disordersd;could be
considered as useful to provide significant extrapolations on their potential health benefits in view
of novel prospects and future outlooks.

Table 1.1 Report on clinical studies focused on the probiotiggake on patients suffering from various
disorders and the observed specific benefits.

Probiotic Microorganisms Reported Specific Benefits in Indicated References
References

Overweight and Obesity

Enterococcus faecium, Streptococq Reduction in body weight, systolic Blood
thermophilus Pressure LDC (LowDensity Lipoprotein
Cholesterol) and increase in fibrinogen level
Lactobacillus gassefiBT2055 Significant decrease in body mass index (BM
waist, abdominaVisceral Fat Area (VFA) an¢ (Yd Kadooka et al., 201(
hip circumference.

(AgerholmLarsen et al.,
2000)

10



Ligilactobacillus salivariuss33

Increase in the ratios
of BacteroidesPrevotellasand Porphyromonas

(Larsen et al., 2013)

Lactobacillus gasse®BT2055

Decrease in BMI and arterial blood pressurg

(Yukio Kadooka et al.,

values. 2013)
Lactiplantibacillus plantarum Reduction in BMI and arterial blood pressur{ (Sharafedtinov et al.,
levels. 2013)

Lactobacillus
acidophilud_a5,Bifidobacterium
lactisBb12,Lacticaseibacillus
caseiDNO01

Drastic modifications in gene expression in
PBMCs as well as BMI, fat percentage andg
leptin values.

(Zarrat et al., 2014;
Zarrati, Salehi, et al.,
2013; Zarrati, Shidfar, ef
al., 2013)

Bifidobacterium, Streptococcus
thermophilus

Improvement in lipid profile, insulin sensitivity
and decrease in CRP-@ctive protein).

(Rajkumar et al., 2014)

Lacticaseibacillus paracag¢i9

No effects have been noticed.

(Brahe et al., 2015)

Lactobacillus
acidophilud_a5,Bifidobacterium
animalisBb12

Significant drop in fasting glucose
concentration and increase in HOMR
(Homeostasis Model Assessment of Insulin
Resistance).

(Ivey et al., 2015)

Type2 diabetes and Dyslipidemia

Lactobacillus
acidophilud_a5,Bifidobacterium
lactisBb12

Total cholesterol (TC) and L-Dlimprovement.

(Hanie S Ejtahed et al.,
2012)

Lactobacillus
acidophilud_a5,Bifidobacterium
lactisBb12

Decreased fasting blood glucose and
antioxidant status.

(H S Ejtahed et al., 2011

Bifidobacterium animalis DSMZ
23733, Bifidobacterium breve DSM
23732

Reduction of total cholesterol (TC).

(Bordoni et al., 2013)

Bifidobacterium animali®SMZ
23733 Bifidobacterium brev®SMZ
23732

Reduction of total cholesterol (TC).

(Mohamadshahi et al.,
2014)

Lactobacillugcidophiluda
5, Bifidobacterium animaliBB12

Improved HDAC levels and reduced LIOIHDE
C ratio.

(Hariri et al., 2015)

Lactiplantibacillus plantarum7

Decreased methylation process, SOD
(superoxide dismutase).

(Tonucci et al., 2017)

Lactobacillus acidophilus
5, Ligilactobacillus animaliBB12

Significant difference between groups
concerning mean changes of HbAlc, TC, a
LDLC.

(Shimizu et al., 2015)

Lactobacillus acidophilus,
Limosilactobacillus reuteNCIMB

Reduced LDC (LowDensity Lipoprotein
Cholesterol) levels.

(J. Sun & Buys, 2015)

Limosilactobacillus reuteNCIMB
30242

Reduced lowdensity lipoproteincholesterol by
11.64% and total cholesterol by 9.14% in
hypercholesterolemic adults

(Jones et al., 2012)

Various strains of LAB

Control of blood cholesterel
Hypocholesterolemigffect and hyperlipidemig

(S. C. Wang et al., 2014

Weissella koreensis

Significant antbbesity effect

(Le & Yang, 2018)

Constipation

Bifidobacterium animali®N-173
010, Escherichia colissle
1917Lacticaseibacillus cadetr35

Treatment of functional constipation in adults

(Chnielewska &
Szajewska, 2010)

Bifidobacterium lactis

Improvement of the whole gut transit time,
stool frequency, and stool consistency.

(Dimidi et al., 2014)
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Bifidobacterium
animalissubsp lactis BB12(R)

Manage symptoms afccasional constipation

(Eskesen et al., 2015)

Antibiotic-Associated Diarrhea, Diarrheas, Colidlcerative colitis

Saccharomyces
cerevisiagSaccharomyces boulard

Reduction of diarrhea rates in children
receiving probiotic yeast (7.5%) compared t
those receiving placebo (23%).

(Kotowska et al., 2005)

Limosilactobacillus reuteATCC
55730

Elimination of pain and symptoms dlirect
association with intestinal colic.

(Niv et al., 2005)

Probiotic VSL#3

Remission in 42.9% of patients in the probiot
group versus 15.7% in the placebo group.

(Sood et al., 2009)

Escherichia coMissle 1917

Treatment of inflammatory bowel disease.

(Behnsen et al., 2013)

Bifidobacterium longun€MCC
P0O001

Treatment of gastrantestinal disorders.

(Yu et al., 2013)

Lactobacillus, Bifidobacterium

Reduction of the incidence of severe
necrotizing enterocolitis by 57% and the risk
mortality by 35%.

(AlFaleh &Anabrees,
2014)

Lacticaseibacillus rhamnosus,
Saccharomyces boulardii

A protective role in preventing antibiotic
associated diarrhea after intake of
50 CFU/day.

(Hayes & Vargas, 2016

Lacticaseibacillus rhamnos@G

Probiotics may decrease duration of acute
diarrhea in infants and children by ~1 day

(Szajewskat al,, 2013

Bacillus licheniformis

Reduce the effect of antibiotics use in
treatment of diarrhea and can detoxify
aflatoxin B1lup to 94.7% in food matrixes.

(Rao et al., 2017)

Bacillus clausii

Treatment of acute diarrhea in children

(laniro et al., 2018)

Limosilactobacillus reuteri

Reduced crying time by an average of 25.4 n
per day and Treat colic in breastfed infants

(Sung et al., 2018)

Bacillus clausliBB@07

Reduced severity of diarrhea in children und

5 years of age

(Sudha et al., 2019)

Alleviation of lactose intolerance

Streptococcus lactis, Streptococcy
plantarum, Streptococcus cremoris
Streptococcus casei, Streptococc
diacetylactis, Streptococcus
florentinus, Streptococcus cremori

Improved lactose digestion and tolerance.

(Hertzler & Clancy2003)

Lactobacillus delbrueckii subsp.
bulgaricusand Streptococcus
thermophilus

Consumption of live yogurt cultures in yogur,

improves the digestion of lactose present in

yogurt in individuals with lactose maldigestiol

Yogurt should contain a¢ast 1§ CFU live
probiotic strains per gram

(EFSA Panel on Dieteti
Products, 2010)

Bifidobacterium animali®SM
26137 and_actiplantibacillus

plantarumDSM 26329

Significant reduction of diarrhefaequency and
flatulence.

ow201F NJ Si

Allergic Rhinitis

Streptococcuparacasei3d3

Clinical improvements in nasal blockage,
rhinorrhea, and nasal itching.

(Y. Peng et al., 2015)

Lacticaseibacillus paracasa3

Significant evidence of beneficial clinical an
immunologic effects of probiotics in the
treatment of seasonal Allergic Rhinitis.

(Guvenc et al., 2016)

12




Blood Pressure

Various strains afactobacillusp.

Regulation of blood pressure.

(Khalesi et al., 2014)

Lactobacillus
helveticusand Saccharomyces
cerevisiae

Reduction of hypertension effects

(Hendijani & Akbari,
2018)

Atopic Dermatitis

LimosilactobacillugermentumVRI
033 PCRz

Reduction in SCORAD (SCORIing Atopic
Dermatitis).

(Westonet al., 2005;)

Bifidobacterium
animalissubsplactis

Important decrease in the sternness of atopi
dermatitis with an improvement in the ration g
IFN-and IL:10.

(Ggbel et al., 2010)

Lacticaseibacillus rhamnosH§NO001

Substantially reduced the cumulative
prevalence of eczema in infants

(Wickens et al., 2013)

Cancer and side effects associated with cancer

Lacticaseibacillus rhamnosbtg3

Patients had less abdominal discomfort, witl
less hospital care and fewer chemo dose
reductions.

(Osterlund et al., 2007)

Lactobacillus acidophilus,
Bifidobacterium bifidum

Reduction in incidence of diarrhea and bette
stool consistency.

(Chitapanarux et al.,
2010)

Lactiplantibabillus
plantarumCGMCC
1258, Lactobacillus acidophilusA
11, Bifidobacterium longunBl-88

Significant improvement in the integrity of gu
mucosal barrier andeduction in infections
complications.

(Z. M. Liu et al., 2011)

Lacticaseibacillus casghirota (LcS

Significant evidence of cancer preventing
particularly colorectal cancer.

(Shida & Nomoto, 2013

Lacticaseibacillus cas&lrCC 393

Significant in vivo anfproliferative effects
accompaned by apoptotic cell death in colon
carcinoma cells.

(Tiptiri-Kourpeti et al.,
2016)

Lactobacillus
acidophilusand Bifidobacteriunmspp.

Inhibit growth of tumor cell, produce anti
carcinogens and reduces cancer risks

(Vasiljevic & Shah, 2008

Lacticaseibacillugaracasei

Anticancer activity

(Tarrah et al., 2019)

Bacterial Vaginosis

Lacticaseibacillushamnosus

The vaginal administration of the probiotic
strain leads to stabilization of the vaginal flor
with obvious reduction of bacterial vaginosis

recurrence.

(Marcone et al., 2010)

Lactobacillus
gasseriLN40,Lactobacillus
fermentumLN99,Lacticaseibacillus
caseiLN113Pediococcus
acidilacticiLN23

Strain LN is characterized by a high colonial
in the vagina bacterial vaginosis, patients an
women teceiving LN strain were totally cureq

2¢3 days after administration.

(Ehrstrom et al., 2010)

Lactobacillus acidophilus
14®and Lacticaseibacillus
rhamnosuHNOOP

The addition of @ombination of the probiotic
strains Lal4®and HNOO%®alongside bovine
lactoferrin to antibiotic treatment, was shown
to significantly improve symptoms of BV. It al
decreased the recurrence rate, as compare

with antibiotic treatment alone.

(Russo et al., 2019)

Lactobacillus crispatuSTV05

The administration of 2 billion CFUlaf
crispatusCTVO5 to 228 premenopausal wome
with recurrent BV using a vaginal applicato

daily for 24 weeks led to 30% of recurrence

(Cohen et al., 2020)
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BV in the intervention group compared with
45% of the placebo group

Depression, Anxiety and Mental disorders

Lactobacillus Probioticsupplementation reduced aggressiv
helveticusR0052Bifidobacterium and ruminative thoughts in response to sad| (Messaoudi et al., 2011
longumR0175 mood.
Lactobacillus, Bifidobacterium Beneficial effects on mental health and moo¢  (Mayer et al., 2015)

1.4 Mechanisms of action of probiotics

Inside a human organisnprobiotics are a current strategy to treat dysbiosis, restoring microbial
diversity and modifying the perturbedtestinal microbiota, with specific mechanisms of action that
are still investigated. For this reason, the considered mechanisms of action of probiotics were
concerningl) colonization and normalization of perturbed intestinal microbial communities in
children and adults?2) competitive exclusion of pathogens and bacteriocin production, if able to
produce;3) enzymatic activity and production of volatile fatty acidlscell adhesion) modulation

of the immune system; an@) interaction with the brairgut axis.

1.4.1 Colonization and Normalization of Intestinal Microbial Communities in Children and Adults

A crucial factor in the creation of the gut microbiomedtultlife is directly connected with the early
colonization of the infant gastrointestinal tract, which begins before childbirth and continues into
childhood(Yang et al., 201650me factors are influencing the early intestinal colonization, such as
the genetic constitution of the newborn, method of childbirth, use of antibiotics, type of feeding,
YR GKS Y2GiKSNNa O2yRAGAZY dHedazeNd., 3@ 4)rvaddfitién, A y T
bacteria isolated from the placenta, umbilical cord blood, and meconianefococcus faecium
Propionibacterium acne$taphylococcus epidermsdiandEscherichia cglias well as the bacteria
present in the vagina and in human milk seem to be important for infant gut colonizéfiagaard

et al., 2014; Jimenekruque et al., 2012012) In this sense, adhesion of bacteria to host surfaces

is a crucial aspect of host colonization because it prevents the mechanical clearing of pathogens
(Ribet & Cossart, 2015Foncerning preclinical studies in children, the use of probiotics have found
positive results such as normalizatiof perturbed microbiota composition, intestinal maturation,
decreased pathogenic load and infectiarsd improved immune response; however, only a few of
these studies documented specific changes in the composition of the micrqldentgewska et al.,

2013) In clinical studies in children, specific administered probiotic strains have shown potentialities
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in attenuation of the severity of different pathologies such as necrotizing enterocolitis (NEC),
Inflammatory Bowel Diseas@BD, nosocomial and antibiotiassociated diarrhea, colic, and
allergies(Hashemi et al., 2016; Hojsak et al., 2018; Szajewska et al., Rdr&over, breastfeeding

or formula feeding could modify microbial diversity and succession in the infant gut. Although
commercially available formulas are supplemented with bacteria considered to be probiotics, little
is known about the ability of these bacteria formulas to have a-eng impact on infant gut
microbial composition and functio(Bazanellaet al., 2017) As well, significant differences in the
composition of the microbiota and in metabolite amounts have been reported between infants
birthed vaginally and those birthed by cesarean delivdBgzanella et al., 2017Accordng to
selected studiegAlFaleh & Aabrees, 2014; Olsen et al., 201p)eventative therapy with probiotics

for premature newborns has been indicated as a strategy to reduce the risk of {&E@). In fact,
probiotic formulations made withactobacilluslone or in combination witlBifidobacteriumhave

led to decreased mortality, days of hospitalization, and days after which exclusive enteral nutrition
is reached. Concerning infant colic, it was observe@lguet al. (2015); Xeetalo HAMpPp O T | ND |
DASNHzAT OT | { m. A O $that thefuRe of abtobaclus eedtdimpioves aning spell,

but only after 2,3 weeks of treatment, at the same time with the natural progress of this illness.
With regard to astudy concerning the consumption difidobacterium breveshowed beneficial
health effects for infants after probiotic therapy compared to those replaced with placebo at the
end of the study (Partty et al., 2013egarding the treatment of pediatric diarrhea and antibiotic
associated diarrhea, probiotics can restore microbial balance and thus inhibit the proliferation of
pathogens such adostridiumdifficile, acting as both preventive and treatment; however,shof

the studies mainly provided clinical effects and tolerance and safety data but did not provide
potential mechanisms of actioGit/ I YLJ32& SO I f ®X WwanmuHT D2f RSYyoSN
HnwMmc T | aNdSkaedskd, 2014n addition,Hajare and Bekele (201 have tested the effect

of Lactobacillus acidophilustrain LBKA3 on fecal residual lactase activity in undernourished
children <10 years, undarg how lactase activity increased with the progress of the treatment. In
this sense some evidence suggesting the clinical potential of probiotics against lactose intolerance
are reported, and. animalishas been recognized among the most studied andatife species
(Oak & Jha, 2019; West et al., 2015; Zhang et al., 2@&®ther common disease of infancy and
early childhood is theeow-milk allergy (CMA). According tafschitz and Szajewska (2016
majority of affected children have symptoms mainly connected with the gastrointestinal tract

and/or skin. In this sensBunyavaniclet al. (2016)have reported how seems the a connection

15



between dysbiosis in the intestinal microbiota and the pathogenesis of CMA. The administration of
probiotics such aslacticaseibacillus rhamnosusG (Lactobacillus rhamnosusin an highly
hydrolyzed formula resulted in increased tolerance for CMA for infants, comparing with the formula

alone( Canani et al., 2016)

With regard to healthy adults, probiotic administration increases the production of short chain fatty
acids (SCFA), fecal moisture, frequency of defecation, and volume of @dokres et al., 2006)

As for insted subjects in overweight conditions, the administration of De Simone formulation®
reduced the concentrations of lipids and inflammatory markers such asdeigsitivity Greactive
protein, enhanced insulin sensitivity, and produced changes in the compositi the gut
microbiota(Rajkumar et al., 2014Loncerning patients living with obesity and hypertension, it was
observed bySharafedtinowet al. ( 2013)that LactiplantibacillugplantarumTENSIALactobacillus
plantarum) reduced BMI and blood pressure. Concerning IBD condition, intended as a group of
systemic pathologies related to the gastrointestinal tract, generally the work of the epithelial barrier
is affected with further complicationPlazaDiaz et al., 2018)n this sense IBD initiatate and
progress could be correlated with an altered gut microbiota. Concerning relative treatments,
probiotic administration trials in patients living with Crohn disease (CD) showed no remission effect.
Despite of this, probiotic treatment by patientgth ulcerative colitis give the impression to be
more successful in the remission of the pathology, in particular with De Simone fornm®eadicd a
combination ofLactobacillusind prebioticso DI y2A m! NBSYyl 1 A 9. InvatdEidnS A | y 1
the use of butyratgproducing bacterial strains for patients with CD have increased butyrate
production and have enhanced the integrity of the epithelial bar(@eirnaert et al., 2017)As
reported by Goldenberget al. (2017) probiotic administration for the treatment ofClostridium

difficilegassociated diarrhea resulted in efficient mitigation of this condition.

1.4.2 Competitive Exclusion of Pathogens

Competitive exclusion is intended as the condition where a single species of bacteria competes for
receptor sites in the intestinal tract e strongly than other specigBermudezBrito et al., 2012)

The specific pathways and key regulatory mechanisms underlying #ftsses of probiotics are
largely unknown. The proposed main mechanisms for competitive exclusion of pathogens are
reduction in luminal pH, competition for nutritional sources, and production of bacteriocin or
bacteriocinlike substances, if the employetran are able. Several scientific investigations have

focused on the reduction ofhuman pathogens such &salmonella typhiandEscherichia
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coli(MufiozQuezada et al., 2013n addition, selected probiotic metabolites seem to play a role in
the modulation of diverse signaling and metabolic padlys in cells. More specifically, organic acids,
bacteriocins, hydrogen peroxide, amines, as components of the probiotic metabolome, have been
reported byKumaret al, (2012)to interact with multiple targets in some metabolic pathways that
regulate cellular poliferation, differentiation, apoptosis, inflammation, angiogenesis, and
metastasis. In this sense, antimicrobial peptides known as bacteriocins, which prevent the
proliferation of selected pathogens could be produced by bacteria, such as some lacdtobacill
(Garcha, 2018Carasset al., 2013; Pinto et al., 201 Iactococc{Bukvicki et al., 2020a; Siroli et al.,
HaMmcT {ANRBEAZ t I GNRIYIaid difidobacxerib(Maitiadz EtRaN2O13) S G |
Bacteriocins are ribosomally synthesized peptides with antibacterial activity compo&e80Ga60

amino acids. These molecules act at bacterial cytoplasmic membranegtitg energized
membrane vesicles to disrupt the protenotive force (Umu et al.,2017) Bacteriocins were
classifiedconsidering their primary structures, molecular weights, gioatslational modifications,

and genetic characteristiqgfokoena, 2017)In particular, some of these compounds have been
shown to inhibit the growth oHelicobacter,Clostridum difficile, rotaviruses, and multidrug
resistantShigellaspp. ande.coliin some gastrointestinal condins (Kumar et al., 201&nd have

activity against selected uspathogens (Mokoena, 2017)

1.4.3 Enzymatic activities and production of volatile fatty acids

In the gut lumen, the enzymatic activities of probiotics can perforkeyrole for their biological

effects. Lactobacilli and bifidobacteria exhibit more than 20 different enzymatic activities. For
SEI YLX S 02y O SN/ ded &NEPoy AR Sidiiakel widlely present i intéstinal
microbiota, has been reported to influence metabolism and detoxification in mammals. During
detoxification in the liver, xenobiotic and harmful substances are conjugated with glucuronides by
dzNJA R Xligh8sphmglucuonosyltransferase to become more hydrophilic metabolites which can

be secreted into the intestine in bile and then eliminated from the body. However, the glucuronides
FNB OFGFfedAaolrffe KeRNEBHeretah ROLDAS a rksylijtiSeanétabylites o6 |
are converted back into the hydrophobic and toxic form, causing intestinal damage. According to
Kulkarni and Reddy, (1994jfidobacterium longumwhen added to the diet, it contributes to
OKIFy3aSa Ay (KS AydSadAayl f ghdrhddask, diich is asgocidte?l 5 S N.
with the inhibition of aberrant crypt formation. Moreover, in a systematic review of randomized

clinical trials (RCTs) testing probiotics, prebiotics, or both (synbiotics) for the treatment of

17



nonalcoholic fatty liver disease (NAFLD) in adult patientgdaation in liver aminotransferase
activity was documente(Buss et al., 2014)n another RCT coarning 30 healthy adults to evaluate

the effects of a fermented product containing 2 probiotic straibactobacillus gasseGECT5714

and Loigolactobacillus coryniformBECT5711), compared with standard yogurt, on host intestinal
function, 19 enzymatiactivities were detected in the feces of volunteers. The pattern of enzymatic
activity exhibited by the control and the probioticeated groups was very stable throughout the
study. However, the naphtheASBFphosphohydrolase activity, a typical featwelactobacilli, was
augmented in the feces of the probioticeated group. In addition, probiotics interact with bile acids

in the gut lumen, changing bile acid metabolism and influencing cholesterol absorption. In this
context, bile salt hydrolase (BSK)an enzyme produced by bacterial species especially when
associated with the gastrointestinal tract and by most of the known probiotics; this enzyme may
participate in the first reaction of the deconjugation of biliary salts | @f 2 A5 . S0 |
Considering these dmeficial effects related to BSt¢bntaining bacteria, BSH activity has been
included in FAO/WHO guidelines for the evaluation of probiotics for food use. In fact, enzymatic
deconjugation of bile acids by BSH from probiotics has been considered to be tme mfin
mechanisms of the hypocholestrolemic effect attributed to probiofigaimaretaly nmmT t | G 2
et al., 2012)

Among all the metabolites produced by gutcrobiota SCFAave received lots of attention from
scientists due to their physiological characteristics, having a significant correlation between
inflammatory response and guaticrobiota. The main health effects attributed with SCFA production
are associated with the decrease in luminal pH, which further results in the inhibition of pathogenic
microbes and elevates nutrient absorptiGMacfarlane & Macfarlane, 2012Acetic acidpropionic

acid, and butyric acid are the most abundant, representingf806 of the SCFA present in the colon.
The main sources of SCFA are carbohydrates (CHO) but amino acids valine, leucine, and isoleucine
obtained from protein breakdown can be converté@do isobutyrate, isovalerate, and-2ethyl
butyrate, known as branchecdhain SC&(BSCFA), which contribute very little (5%) to total SCFA
production. Acetate production has been reported dsegmetabolite responsible to enhance the
capability ofBifiddbacteriumin inhibiting enteropathogens(Fukuda et al., 2011)Moreover,
butyrate fuels the intestinal epithelial cells and increases mucin production, whaghresult in
changes on bacterial adhesi@ung et al., 201%nd improved tighjunctions integrityPeng et al.,

2009) Thus, the production of SCFA seems to play an important role in the maintenance of the gut
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barrier function. In addition, the absorption of butyeaby colonocytes significantly affects energy
homeostasis. The involvement of 20/ energy and lipid metabolism attracted the attention of
researchers toward the potential role of SCFA in the control of metabolic syndrome. A reduction in
obesity and inslin resistance, in experimental studies on animals with fiegtdiet after dietary
supplementation with butyrate has been observglao et al., 2009)This protective effect of SCFA

on the highfat diet-induced metabolic alterations, seems to be dependent on doggulation of

the peroxisome proliferatoactivated receptor gamma (PPARherefore promoting a chamgfrom

lipid synthesis to lipids oxidatiofpen Besten et al., 2015nterestingly, although the three main
intestinal SCFA have a protective effect on -iheluced obesity, butyrate and propionate seem to
exert larger effects than acetatgin et al., 2012)Different mechanisms have been proposed to
explain these effects, the activation of signaling pathways mediated by protein kinases, such as
AMPactivated protein kinas€Den Besten et al., 2015; Gao et al., 2009; L. Peng et al., @009)
mitogenactivated proteinkinases (MAPKJung et al., 2015)being a common observation.
Butyrate and propionate, but not acetate, have been reported to induce the production of gut
hormones, thus reducing food intaKkin et al., 2012)Acetate has also been fodro reduce the
appetite, in this case through the interaction with the central nervous sy<terost et al., 2014)
Additionally, the production of SCFAs also modulates the immune system functionality in host
organisms. Significantlybutyrate and propionatehave also been reported to induce the
differentiation of Fregulatory cells, assisting to control intestinal inflammation; this effect seems to
be mediated via inhibition of histone deacetylati@Donohoe et al., 2014; Louis et al., 2Q1%his
control of intestinal inflammation may result beneficial in terms of gut barrier maintenance,
reducing the risk of inflammatory bowel disease or colorectal ca(@RBfL In fact, it has also been
observed that SCFA protect against the development of CRC, with most studies focusing on butyrate
(Canani et al., 2011; Keku et al., 201B)tyrate promotes colon motility, reduces inflammation,
increases visceral irrigation, induces apoptosis, and inhibits tumor cell progré€aoani et al.,
2011; Keku et al., 2®; Leonel & Alvarekeite, 2012; Y. Zhang et al., 2014l) of these properties
being useful in CRC prevention. In cancerous colonocytes, due to the Warburg effect, butyrate
accumulates, which increases its activity as inhibitor of histone deacety/giromoting apoptosis

of CRC cells. Interestingly, a recent animal study suggests that the protective effect of dietary fiber
upon CRC is dependent on the production of butyrate by the microlfdtenohoe et al., 2014)
Moreove, in order to investigate the effects of probiotics intake to SCFA production, according to

a systematic review of RCT with adult volunteers, production of propionic and acetic acid was higher
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in the probiotictreated group after 2 weeks of treatment. Ate end of the washout period, the
production of butyrate in the probiotitreated group was still higher than that in the control group
(Macfarlane & Macfarlane, 2012; Olivares et al., 208@)pther RCT study, conductedverify the

effect after 4 weeks of daily consumption lofparacaseDG on the intestinal microbial ecology of
healthy volunteers, reported that participants with a butyrate concentration of >100 mmol/kg of
wet feces had a butyrate reduction of 4%21% (mearx SD) and a concomitant decrease in the
total abundance of 6 geera of Clostridiales, after the probiotic intervention. However, in subjects
with initial butyrate concentrations of <25 mmol/kg of wet feces, the probiotic contributed to a very
high increase in Dbutyrate concentrations concomitantly with B55% decrease

in Ruminococcusbundance and a 150% increase in an abundantly represented unclassified
Bacteroidales genus. Therefore, the authors concluded that the impact of the intake
of LacticaséacillusparacaseDG (Lactobacillus paracagesn the microbiota and 0 SCFA seems

to depend on the initial characteristics of the intestinal microbial ecosystem, and specifically, fecal
butyrate content might represent an important biomarker for identifying subjects who may benefit
from probiotic treatment(Ferrario et al., 2014)Another RCT study enrolled 33 healthy subjects,
including young (mean age of 26 y), middtped (mean age of 51 y), and elderly (mean age of 76 y)
volunteers, who were given a single daily oral doseamttiplantibacillusplantarumLp-8. The
concentrations of acetate and propionate, but not butyrate, increased significantly and peaked at
week 5 in all 3 age groups. After-8onsumption was terminated, the concentrations of both
acetate and propionate gradually decreased but e@med higher than the baseline concentrations
(Wanget al, 2014) Thus, the production of fecal butyrate by different probiotics appears to strictly
depend on the specific bacteria useédagata et al(2016)conducted an RCT in 77 eldefdeople
(mean age of 84 years) to study the effect of the intake of probfetimented milk
containingLacticaseibacillusaseistrain Shirota on norovirus gastroenteritis, which occurs in the
winter season, during the intake period. While the duratidnnorovirus gastroenteritis related
processes decreasedifidobacteriumand Lactobacillusvere found to be the dominant genera;

the abundance oEnterobacteriaceadecreased in the fecal samples of the probidtEated group
(Nagata et al., 2016)

1.4.4 Cell adhesion

There are specific requisites that need to be evaluated when a microbial strain is indicated as a

probiotic. One of these is adhesion to the intestinal mucosa for colonization and further interactions
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between the administered probiotic strains and the hq&ermudezBrito et al., 2012) This
interactionis specific and necessary for the modulation of antagonistic activity against pathogens
and for the expression of probiotic functionalities in the immune system. More specifically, in order
to avoid the adhesion of pathogenic bacteria, intestinal epithetells secrete mucin. Several
Lactobacillugroteins revealing surface adhesins that facilitate attachment to the mucous layer
(Buck et al., 2005have been investigated for their capability to promote this adhesion. To
determine the adhesion capacity ofgiioticsin vitrothe Cace2 cell line has been extensively used
over the last 30 years. These cells form a homogeneous monolayer that resembles that of mature
enterocytes in the small intestines of humans and form crypts, which are typical structures of t
epithelial monolayefHuang et al., 2009Also, mucus may plagn important role in adhesion and
invasion of pathogens. In this sense with regardCtxe2 cell lineit is important to highlight how,
despite being widely diffused, it is not capable of producing mucus, compared to, for example, HT
29 or HT2aMTX(Gagnon et al., 20130 addition, compared to the common human colderived

lines such as and Ca2oHTF29, T84, the porcine intestinal IPHZ cell line has also been employed

in some probiotic studies, in which the cells have been used as an initial screening tool for
adhesiveness and  antnflammatory  properties of the  potential probiotic
microorganismsAccording toZhanget al., 2015 LacticaseibacillughamnosusATCC 7469 was
tested in the presence of an fekpressinge. colistrain (serotype 0149: K91, K88ac) in intestinal
porcine epithelial J2 cells. The expression of-lital receptor (TLR} and nucleotide binding
oligomerizdion domain containing protein (NOD) 2 was augmented by the presen€e adli and

these increases were attenuated hyhamnosudreatment( Zhang et al., 2015Pretreatment with

L. rhamnosusnhanced Akt phosphorylation and increased zonula occludearsd occludimprotein
expression. The probiotic maintained the epithelial barrier and promoted intestinal epithelial cell
activation in response to bacterial infectigzhang et al., 2015)n fact, at the more systemic level

of gut health modulation, probiotic microorganisms exchange signals with the epithelial cells.
According toMujagicet al. (2017, the effects of thred.actiplantibacillus plantarurstrains were
evaluated onin vivosmall intestinal barriefunction and gut mucosal gene transcription in human
subjects.L. plantarumTIFN101 modulated gene transcription pathways; notably, this probiotic
upregulated the matrix metalloproteinase 2, tissue inhibitors of metalloproteinase 1 and 3, and

muc2 genesind downregulated genes involved in the tricarboxylic acid cycle Il pathway.
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1.4.5 Modulation of the Immune System

The gut microbiota modulates the immune system by the production of molecules with
immunomodulatory and ardinflammatory functions that are capable of stimulating immune cells.
These immunomodulatory effects are due to the interaction of probiotic bazteith epithelial

cells and dendritic cells (DCs) and with monocytes/macrophages and lymphocyt€s! YSt A 2 3
2018) One of the major mechanisms of action of probiotics is the regulation of host immune
response. Thus, the immune system is divided into the innate and adaptive systems. The adaptive
immune response depends on B and T lymphocytes, which bind to specijeramtin contrast, the
innate system responds to common structures, called pathemgsociated molecular patterns
(PAMPs), shared by a majority of pathogens. The primary response to pathogens is produced by
pattern recognition receptors (PRRs), which bindPAMPs. Consequently, PRRs comprise TLRs,
which are transmembrane proteins that are expressed on various immune and nonimmune cells,
such as, natural killer cells, DCs, macrophages, fibroblast cells, epithelial cells, and endothelial cells.
Furthermore PRRs comprise nucleotibdnding oligomerization domains, adhesion molecules, and
lectins (GomezLlorente et al., 200). In addition to TLRs, PRRs include N intracellular
receptors (NODLRSs), which guard the cytoplasmic sf@ees et al., 2015Dther PRRs have also
been described, such astype lectin receptors, formylated peptide receptors, retinoic acid
induciblelike helicases, and intracellular1gconverting enzyme prteaseactivating factor(Hevia

et al., 2015) In general, the T cell subset, which is involved in regulating the immuaedeslis

finely tuned by the host and the microbes with which the host interacts, and disequilibrium between
the effector Fhelper (Th) cells and regulatory T cellg€ds) leads to impaired immune response
(Yousefi et al., 2015Probiotics help to preserve intestinal homeostasis by modulating the immune

response and indting the development of-fegs(Giorgetti et al., 2015)

1.4.6 Interaction with the braingut axis

In social groups, more similar communities of gut bacteria were detected for individuals who
interacted physically through social groomiigung et al., 2015)This degree of social interaction
cold represents an explanation regarding the variation in the gut microbiota even after monitoring
diet, host genetics, and shared environment. Selected evidence propose that a soaiaipitted
microbiota could confer beneficial effects to the host communities, as well for microbes this social
transmission may be useful for their propagatidfuong et al., 2017)'he intestinal microbiota, as
well the brairgut signaling system, and the inteteon of the microbiota with genetic receptors
22



have been indicated to be related with the health of children and with the development of-short
and longterm behavior(Tillisch et al., 2013)he role of the gut microbiota in health and disease in
the first years of life has become very relevant, because of evidence that the gut microbiota can
influence many aspects of human behavi@ong et al., 2016Preterm infants differ from term
infants, in fact preterm infants are, generally, particularly vulnerable to the effects of stress and
pain. Stress activates the hypothalamic pituitary adrenal axis and the sympathetic nervous system,
which increases imstinal permeability and allows bacteria and bacterial antigens to cross the
epithelial barrier, activate the mucosal immune response, and alter the composition of the
microbiome(Bonaz & Bernsteir2013) In addition, oxidative stress in the intestine modulates the
process of microbiome establishment in preterm infafégboleya et al., 2013)Children with
neurodevelopmental disorders such as autism spectrum disord&SD), a severe
neurodevelopmental disorder that impairs a child's ability to communicate and interact with others,
are regularly affected by gastrointestinal problems and dysbiosis of the gut micrdbiatag et al.,
2018) For exampleBifidobacterium fragilisnay play a role in the improvement in A8Bsociated
behaviors according téisiaoet al. (2013) Moreover, recently published data have linked the
incidence of ASD with maternal obesity and diab&tdsLi et al., 2016; Nahum Sacks et al., 2016)

A highfat maternal diet was administered to mice with the objective of inducing decreased social
behavior in the offspring, and subsequently for the progeny were administenedsilactobacillus
reuteri. Administration ol reuterifailed to mitigate anxiety but was able to restore oxytocin
concentrations, the mesolimbic dopamine reward system, and social behaviors in the offspring that
were fed a higkat maternal diet(Buffington et al., 2016Dinanet al. (2006)revealed that stress
caused by physical or psychological factors might be directly associated with the imbalance of the
microbiotabraingut axis. In additionMessaoudiet al. (2011) showed that the consumption

of Lactobacillus helveticl®0052 andifidobacterium longunR0175 reduced symptoms of
depression in healthy human voluntedde la FuenteNunez et al., 2018Recently, changes in brain
structure were found to be associated with digépendent changes in gut microbiome populations
throughout the use of a machine learning classifier to quantitatively assess the concentration of
microbiomegbrain region associatior{(Ong et al., 2018 More in generalthe mechanisms inherent

to the effects of the gut intestinal microbiota on the central nervous system are multifactorial
(neural, endocrine, and immunologic), but these effects are believed to principally occur by the
production of bacterial metabolitesOng et al., 2018)n fact, SCFA could alter neuronal excitability,

and gut bacteria produce a wide spectrum of neuroactive compounds, including dopamine,
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aminobutyric acid, histamine, acetylcholine, and trypban, which is a precursor in the

biosynthesis of serotonin.

1.5 Vaginal health care

According tazommiti, Feuilloley and Connil, (202@n-sexually transmitted wgenital infections,

such as bacterial vaginosis (BV), urinary tract infection (UTI), and various other yeast infections are
affecting more than one billion women around the worMore specifically a study conducted by
Hansoret al. (2016)has observed the direct association betwegardnerella vaginalj$Jreaplasma
urealyticum andMycoplasma hominisand BV. Another significant caused$easeworldwide is
represented by sexually transmitted diseases (STDs), tigaailed sexually transmitted infections
(STIs). Gonorrhea and Chlamydia are the two most commonly documented bacterial STDs,
respectively caused b\eisseria gonorrhoea@and Chlamydia trachomatisin this sensethe
recognized association between abnorimaginal microbial flora and its increased risk in the
frequency of uregenital infections underlines the importance of understanding the crocial role of
this specific microbial flora and the efforts needed to preserve it.

The vaginal composition of thmajority of women is characterized Hyactobacillusbacterial
species, able to act as protective agents in the reproductive tract by realizing hydrogen peroxide
and also several compounds like bacteriocins in order to avoid the colonization of harmful bacteria.
Nevertheless, the vaginal microbiota of arsigant number of asymptomatic or healthy women,
holding a selection of strictly and facultative anaerobic microorganisms, is not provide by a sufficient
number ofLactobacillusp.(Ma et al., 2012)In this sense for the human vagina there are multiple
core microbiomes instead of a single core microbigRavel et a] 2011) In addition several studies
have reported a significantly higher levels lafctobacilliin  Asian/Caucasian women than
Black/Hispanic women, underling how, ethnicity could be considered as a major factor affecting the
vaginal compositionGuptaet al., 2019; Mitra et al., 2016)Concerningactobacillilevels, this
difference could be due to genetic factors or the adopted hygiene pra@¥eetino & Vermund,

2002; McKee et al., 2009piven that the vaginal environment of all females issane, according

to Gupta, Kakkar and Bhushan, (208@¥e observed five kinds of microbial communities, known

as Community State types (CST), as per wipiehiss ofLactobacilluglominates (Figure 1 (A). The
CST | is dominated Wyactobacillus crispatu@.. crispatuy CST Il is dominated lhactobacillus
gasseri CST 1l is dominated byctobacillusnersand CST V is dominated bgctobacillus jensenli

CST IV lackd.actobacillussp. and contains huge amounts of strict anaerobic bacteria like
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MegaspheraPrevotella Gardenellaand Sneathiavhich are generally associated with BMupta et

al., 2019) Transitions penomena from one CST state to another is common for many women in
their lifetime, where in the majority of cases the most frequent transition detected is from CST llI
to CST IV. According to recent studies, focused on the vaginal microbiome compadsitiore®
vaginal sites such as cervix, avialgina, and introitus, the female vagina contains of over 200
phylotypes where the most predominant belong to the phyla Firmicutes, Bacteroidetes,
Actinobacteria, and Fusobacterigettweis et al., 2012; Ravel et al., 2011; Romero et al., 2014)
order to describe the taxonomic distribution, abundance and prevalence of these microbial taxa
detected in the female vagina as investigated by several human microbiome pr@jettesnhower

et al., 2012; Methé et al2012)is reported ( Figure 1 (B). Vaginal microbiome environment is also
agedependent, such as the reprodueti status and physiology of female changes, the vital
functions and microflora in the reproductive tract also chaf@estello et al., 2009)Compared to
normal situations where the female vagina has low pH value for the presence of hydrogen peroxide
and lactic acid secreted lyactobacillusp.; in several conditions such as menstruation, hormonal
contraceptives antibiotics or the prolonged use of antibiotiésptostreptococcus anaerobiaad
Gardnerella vaginaljsAtopobium vaginagMobiluncussp. Sneathia Prevotellasp., Mycoplasma
Ureaplasmabecome more active and cold cause BV and other assoctiseniders due to the
decrease in the levels ofactobacillus(Delaney & @derdonk, 2001; Kenyon et al., 2013)
Additionally, thesaobust pathogens, among others, are concomitantly becoming highly resistant
to the present medicinegZommiti et al., 202Q)therefore, instead of developing new medicines,
the development of new live supplements, like beneficial microbes could represent an useful
strategyin order to improve the urognital health.Therefore, monitoring the composition of the

vaginal microbiome could be useful to predict the female health status.
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1.5.1 Vaginal microbiome of healthy women

The connections between health, disease and the human microbiota are surely moving, contentious
and complex research area. In contrast to several human body sites, generally associated with
health states when characterized by higher levels in terms of microbial commufktass et al.,

2014; Turnbaugh et al., 20Q7he female uregenital tract is considered as healthy in low microbial
diversity cases with only one or fdvactobacillusp. dominate(Liu et al., 2013; Mitra et al., 2016)
TheseLactobacillussp. are able to release lactic acid and hydrogen peroxide which helps in
maintaining the low pH environment reqed for protection from disastrous pathogens. In addition,
also the mucous membrane surface is provided by several immune mechanisms in normal
conditions(Ley et al., 2006)The vaginal microbiome composition and their changes in different

conditions from birth to menopause are reported in Figure (Glipta et al., 2019)
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Figure 1.1 Vaginal microbiome composition in different female conditions from birth to menopause
according toGupta, Kakkar and Bhushan, (2019)

1.5.2 Vaginal microbiome of reproductivage women.

Women in their reproductive age are potentially prone to acquire urogenital diseases, when
involved in specific situations associated with vaginal microbiome imba(@uaeders et al.2000;

Martin et al., 1999; Noyes et al., 2018; Pybus & Onderdonk, 188®&k specifically, after puberty

and before menopause, when the possibilities of pregnancies for women are highly probable, large
amounts of lactobacilli are generally presentvaginal microbiome (Figure 1.1). More in general,
large amounts of glycogen get deposited in the vaginal walls, as lactobacilli's main food source, due
for to the augmented estrogen levels. Thus, the whole vaginal microbiome is affected by estrogen
levels In fact, during the premenopausal period, during and after puberty till the menopause,
estrogen promotes vaginal colonization by lactobacilli that metabolize glycogen, produce lactic acid,
and maintain intravaginal health by lowering the intravaginalgtél which could contribute to the

restore of useful vaginal lactobacilli and acidic pH environnjéim & Park, 2017)
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1.5.3 Menopause and the vaginal microbiome

On the overall quality of mimenopausal female's lifeincluding genital symptoms, vaginal
infections and climacteric syndromes such as insomnia, hot flushes, depression etc., vaginal
microbiome has a deep impact especially in terms of sexual health, vaginal dryness, vulvovaginal
atrophy (VVA). According toegent studiefMuhleisen & HerbsKralovetz, 2016)a large number

of postmenopausal females (ZD %) were involved in several vulvovaginal symptoms of painful
sexual intercourse, bleedirgfter intercourse, burning on urination, soreness, itching, and untimely
vaginal discharge with foul odors. Due to the reduction in the levels of estrogen, vaginal microbiota
is highly affected when a woman approaches menopause, potentially leading tdrV¥s sense,

the reduction of estrogen influences the predominant connection between the menopause and the
modified vaginal microbiota. Reduced estrogen secretion during and post menopause causes the
reduction of lactobacilli and increase in the intagynal pH, which is, potentially connected with an
increased colonization of vaginal environment by harmful microbes (sucBsebkerichia coli
CandidaEnterobacterGardnerelleetc. as reported in Figure 1.4jain causes dBacterial vaginosis

(BV) and emplicated vulvovaginal candidiasis (VV&m & Park, 2017Although these vaginal
infections are generally treated with antibiotics, repeated exposure to antibiotics is associated with
a highprobability of complications, recurrence, and antibiotic resistance. The use of probiotics alone
or in combination with antimicrobials positively alters the vaginal microflora and prevents vaginal

infections in postmenopausal women with absent or decrelsstrogen(Abdi et al., 2016)

1.5.4 Effect of probiotics on vaginal communities

In the majority of healthy women, adiscussed in the previous paragraphss(11.5.3), vaginal
microbiome with lactobacilli abundance is a sign of health. However, in the cases where the
beneficial lactobacilli are in lower amounts, generally associated with imbalanced vaginal
microbiota, he probabilities of acquiring the vaginal diseases or infections get increased. In such
situations, the adoption of additional dietary supplements known as probiotics could be considered
as a useful strategy in order to maintain the healthy vaginal miotatbhalance(Sanders, 2008)
Prabiotics could help in preserving the healthy vaginal microbiome environment by modifying the
intravaginal microbe composition, by promoting the increase of beneficial microbial communities,
and by preventing the vaginal infections also in postmenopausaitgns. In fact, for the treatment
of vaginaldysbiosis there is an increased interest in the development of potential probiotic therapy
also represented biiealthy vaginalactobacilli as active functional microorganisms active against
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several uregenital pathogengor many yeargDover et al., 2008; Fosicét al., 2017; Gupta et al.,
2019; Aahui Palomino et al., 2017; Nardini et al., 2016; Parolin et al.,.2015)

According toMuhleisenand HerbstKralovetz (2016)several studies are employing probiotics to
reinstateLactobacilluspp. in the vaginal microbiome. Current research has demonstrated that for
the most of these cases oral probiotic formulatipas well as vaginal instillatipexhibited potential

to restore the healthy vaginal microbiome also for postmenopausal women. In this framework
concerning a clinicatudy as reported byPetricevicet al. (2008)in the group receiving probiotics,
GKS fS@Sta 2F GKS LI G Avaghal Qunptdids higreNfbusSdRo be Yiigiye @S
statistically significant compared to those women receiving the plac@lith regards to another
study investigating the composition of the vaginal microbiota in premenopausal women before, and
after, vaginal prolmtic instillation, it was observed after six months a change in their bacterial
microbiota to aLactobacilluslominant state compared witkheir pre-study situationgBurton et

al., 2003)

1.6 Roles and applications of probiotic lactic acid bacteria

Lactic acid bacteria (LAB) together with bifidobacteria are classified as generally recognized as safe
(GRAS) and have become widely used worldwide as probiotics to improve health. In this sense,
species of the generhactobacillusand Bifidobacteriumare some of the most important taxa
involved in foodmicrobiology and human nutrition, due to their role fimod and feed production

and preservation, and also the probiotic properties exhibited by some strains. Thatiebutes

are of rising importance ah collect consideratiofrom the consumers and market. The genus
Lactobacillusoelongs to the Lactic AciBacteria (LAB), a definition which groups Giawmsitive,
catalasenegative bacterial species able to produtactic acid as main enrproduct of the
fermentation of carbohydratesAs concerns tdifidobacteriumgenus, although it is only poorly
phylogenetically related to genuine LAB, is traditionally connected tqE&B & Dellaglio, 2007)

Since lactic acid bacteria are involved in numerous food applications, the food industry is always in
search of strains with bettequality characteristics and properties to improve sensory and overall
product quality. In fact, lactic acid bacteria are doygd in many food fermentations also as one of

the most conventional and recognized arts of food preservation. More specifically, throughout the
fermentation, lactic acid bacteria producing organic acids and other metabolites are able to develop
flavor in food and also prevent spoilage, resulting as tool to ensure the quality and safety of food

products(Ayivi et al., 2020)
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1.7 Lactic Acid Bacteria in BiBreservation

Recently, consumer food demand is directed on choices in terms of nutrition and health effects that
are trending and more towals the sustainable use of natural ingredients as preservatives instead
of chemicals(Asioli et al., 2017)Consequently, as a result of this change in preferences, the use of
lactic acid bacteria in food applications has become more important. Lactic acid bacteria have thus
been employed significantly in food processing and many fermented foods obtainedheitise

lactic acid bacteria are recognized for their preservative capacity, combined with their potential
health benefitsMore specifically, concerning their preservative capacity, lactic acid bacteria, acting
as biocontrol agents are able to synthessmeall proteins called bacteriocins from ribosomes. These
bacteriocins, as inhibitory compounds against foodborne pathogens, are able to ensure safe food
(Bukvidi et al., 2020; Siroli et al., 2016; Siatlal., 2020)Furthermore, bacteriocinogenic lactic acid
bacteria as potential food starter cultures could play a crucial role in food application processes
(Perez et al., 2014According taVMlokoena (2017pacteriocins have been grouped into four major
classes. Group one, is characterized by bacteriocins, generally known as lantibiotics, and contain
nisin, an important and one of the most studied bacteriocins. As regards to nisin, considered as one
of the mast intensively used bacteriocin has significant commercial value as an ingredient to several
food products such as milk, daibased products, mayonnaise, canned foods, and most infant and
baby foods(Quinto et al.,2019) Group two, is characterized by large groups of small {séatle
proteins that are subdivides into three groug#lokoena, 207%). (i) subgroup (2a), these
bacteriocins inhibitListeria monocytogenesmportant members of this group are Pediocin-BA
Lactococcin A and B, Leucocin A, Sakacins A and P, Curvacin A, and Bavaricin MN; (ii) subgroup (2b
these bacteriocins are actted by two different peptides. Lactococcins G and M, and lactacin F are
examples in this group, and (iii) subgroup (2c), contains of circular cationic peptides that have an
important antimicrobial property compared to other lineahaped bacteriocins. Egiococin ASI8

is an example of a circular bacteriocin. Group three bacteriocins are represented biabiat
proteins such as lactacins A and B, and helveticins J and V as members. Group four bacteriocins are
considered complex due to their carbohydratnd lipid moieties. Based on their lipid or
carbohydrate moieties Leuconocin S, lactocin 27, and pedioeinadd part of this last group.
Another study conducted byanget al. (2014)have classified Graipositive bacteriocins into three
distinct classes: Clags (modified peptides, also identified as lantibiotics), Class B (unmodified
peptides, also identified as ndanthionine), and Class C (large proteins, that are heat unstable).

According to Kumar et al. (2016) some of these compounds have been showibiotimd growth
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of Helicobacter dostridium difficile, rotaviruses, and multidrugesistant Shigella spp. and
Escherichiaoliin some gastrointestinal conditions and have activity against selectegatimgens

(Mokoena, 2017).

1.8 Lactic Acid Bacteria in Fermented Foods

Lactic acid bacteria are the imperative groups of microbes in food fermentation and processing.
Many traditonal foods have been developed using lactic acid bacteria, which improve product
characteristics and impart certain properties, that enhance consumer acceptance and appeal. Some
of the fermented food products from lactic acid bacteria include fermente# amd yogur{Aryana

& Olson, 2017; Minervini et al., 2009; Patrignani et al., 2018; Patrignani et al., 2016, @tE8e
(Burns et al., 2008; Burns et al., 2015; Di Cagno et al., 2006; Minervini et al,, 201 (Ewe &

Loo, 2016)egetablegBreidtetal., 20iH T 5Q! yidz2y2 SG [t ®X Hamy T 5A
2003) fermented meat(Favaro & Todorov, 2017; Laranjo et al., 20E5@urdough(Arora et al.,

2021; De Angelis et al., 2009; Gobbetti et al., 2014, 2020; Rizzello et al.,a2@lMany others.
Moreover, fermentation processes generally increase the nutr@idnterest of many foods and
improve the bioavailability of nutrients. The fermentation action of specific lactic acid bacteria (LAB)
strains may direct to removal toxic or antinutritional factors, for example as lactose and galactose,
from fermented mills to prevent lactose intolerance and accumulation of galac{8séy & Mishra,

2013) Generally, during food product fermentation LAB produces lactic acid and some other organic
acid, which resulten the reduction of pH of the environment and thereby inhibiting the growth of
undesired microbial agents. They also contribute for the preservation of the food by producing
various metabolites like lactic acid, fatty acid, and potentially bacteriocimtopiting the growth

of spoilage and pathogenic bacteria. The transformation of lactose into lactic acid is one the most
important fact, in addition to other bioactive components such as the release amino acids and
peptides. Furthermore, bacterial enzymesme able transform the milk carbohydrates into
oligosaccharides, some of which potentially could have prebiotic propdé@iesiier et al., 2013)

In addition to the production of lactic acid, the production of other compounds produced by LAB
depends on the bacterial strains, the conditsoaf the fermentation process and the fermentation
medium. Bacterial members associated with fermented dairy products belong to several genera of
Lactobacillus Lactococcus, Leuconostoc, Pediococcus, Bacillus, Propionibacteangn
Bifidobacterium(Granier et al., 2013) Different LAB prodte different fermentation products,

although they have in common that they can interact with gasttestinal microbiota during
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intestinal transit and the intestinal cell&Granier et al., 2013)In this framework , fermented
products could be considered an excellent solution for expandiegvariety of innovative health

promoting products and functional food&arciaBurgos et al., 2020)

1.8.1 Role of Probiotic LAB in Fermented Food

Fermented foods are the main vehislef administration of probiotic microorganisms and, among

them; dairy products are by far the most importacarriers for the delivery of LAB probiotics.
Recently, a remarkable increase in the number of dairy products including LAB probiotics (e.qg.,
pasteuized milk, fermented milks, ice cream, and several cheese varieties) has been reported
(Burns et al., 2015; Minervini et al., 2012; Minervini et al., 2009; Patrignani et al., 2018; Patrignani

et al., 2013, 2016, 2017; Wedajo, 2018pwever,during the last decadethere is an increasing
consumer demand for nedairy-basedprobiotic products In this context,several raw materials

have been extensively investigated for their suitability to carry and deliver probiotics. In particular,
cereals seem good substrates to develop new probiotic $§BiveraEspinoza & Gallardsavarro,

2010) Infact, although several probiotic foods available today sti# milk basedA G Q& A Y LJ2 NI |
underline howO2 y & dzZY SN A LINB F S NB y Odairy foéds. This drenoRehddsO i S R
related toseveral reasons such 8KS NA &Ay 3 SYSNHSYyOS 27F 1 Ol24a¢

allergy, problems due to diets rich in cholesterol, changing lifestyles towaginism and negative

environmental impacts of dairy productidgihieenan et al., 2004; Yocet al., 2006)
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Although probiotics are widely consumed as dietary supplements, the focus of the present chapter
is directed on fermented probiotic foods, also considering their emergent popularity in the past 20

years in functional foods sect@karco et al., 2021)

2. History of functonal fermented foods

Fermented foods and beverages accompanied and facilitated the transition from hyaieerer
communities to sessile agricultural communities in the Neolithic revolution about 14,000 years ago
(ArranzOtaegui et al., 2018)They have represented basic staples of human diets for centuries and
are recently an increasingly populéood category(Marco et al., 2021) More specifically, the
consumption of fermented foods containing bacterial cultures has long been associated with
beneficial health effects, and probiotic cultures have had a long association especially with dairy
food products. Moran general food fermentation has been the most common way of preserving
perishable foods, thereby maintaining and in some cases even improving the nutritional value of
these foods. Genesis 18:8 refers to how Abraham serves curds and milk to his gudsts. No
surprisingly, some of these fermented foods were perceived to be inherently healthy. In addition,
also during the 76 B.C., the Roman historian Plinio suggested the administration of fermented milk
products for treating gastrointestinal infection. Moreayewhile the mechanism behind
fermentation as an unique technique of food preservation was not clarified until 1857, when Louis
t  AG§SdzNJ ARSYGATASR aflFOGAO &SIadté a GKS a2 dzN
of the positive role on halth of some bacteria can be attributed to the Russian scientist
Metchnikoff. In this sense the works of Metchnikoff are recognized as the birth of probiotic, in fact
in 1907, he suggested that the consumption of foods such as yogurt, kefir, and socoméking

lactic acid bacteria (LAB) was associated with good health and lon{detghnikoff, 2004)More
specifically according to his bodke Prolongation of Lifee reported that Bulgarian farmers who
consumed large amounts of Bulgarian sour milk lived longer. The microorg@algarican bacillys

later renamed asLactobacillus bulgaricuswas contained in the bulgarian sour milk and
consequently Metchnikoff hypbiesized, for these microorganisms, their potential activity against
putrefactive bacteria in the gastrointestinal tract (§H9Qoks et al., 1999)n a similar way Tissier,

at the beginning of the 20th centuryuggested that bifidobacteria might play a crocial role in
potential prevention of infections among infants, as they were detected as dominant in the GIT

microflora, especially for breased infants(Ishibashi & Shimamura, 1993)
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Moreover, in 1926, the use of an intestinal isoldtactobacillus acidophilugjas reconmended by

| SYYySoSNH F2NJ I FT22R LRNRROOLE O2F NIt ERS F ANM | OA Rd
introduced, around the 1980s in Germany and in other western European countries, becoming a
strategy to usé.actobacilluspecies to develop fermenie LIN2 RdzOi oO0AYyUSYRSR | &
their selection of their technological properti€éslelle, 2001) Furthermore in the 1930s, Minoru
Shirota specifically isolated a healphomoting microorganism and introduced the oldest still
existing probiotic food, YakulHolzapfel, 2014)n the present probiotics, as functional ingredients,

have been broaly and deeply investigated for theseveral beneficial effects on human health, as
previously discussed in Chapterld.addition, ecent literature shows some evidersgeoncerning

of the role of probiotics during fermentation. In fact, probiotic lactmdabacteria (LAB) during
fermentation are able to release a number of beneficial peptides, which include many -ealth
promoting protein hydrolysates bgroducts or bioactive peptidegGobbetti et al., 2007)or
ribosomally synthesized bacteriocins, which can serve as nutraceuticals aipebervatives,

respectivelyo { I RAIj =S HAaumMT =SPSIFanhNLISII SG FEd®Z wn

2.1 Overview on functional food products

Increasing perception otioods that affect specific functions or systems in the human body,
providing health benefits beyond energy and nutrients, has directed their market growth in recent
years. This expesion is stimulated by technological innovations, development of new products, and
the increasing number of heaktonscious consumers interested in products that improve life
quality. { AYOS GKS GSNY TFdzyOlA2ylf F22R rapleskenting A N& (
processed foods including ingredients that aid specific body functions in addition to being nutritious,
various countries have adopted different concepts of functional foods. Consequently in 1991,
functional foods were given legal status apadn, where they are described as foods for specific
human use (FOSH3panders, 1998According toMaedaYamamoto (2017x modified table of
FOSHU criteria is reported in Table 2.
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Table 2.Inclusion criteria for Foods with Specified Health Uses (FOSHU); Japan accordiiMpéola
Yamamoto (2017)

Inclusioncriteria for foods for specified health uses (FOSHU)

1: Improvement in dietary habit and health maintenance from consumption of product

21 @FAf1L0fS yR NBOASESR AO0OASYiGATAO SO

3: Established clinical and nutritional information of functional ingredients

4: The product and functional ingredients are safe for human consumption

5: The functional ingredients are well defined in terms of:
a)Physical, chemical and biological characteristics

b)Methods of qualitative and quantitative analytical determination are recognized

6: No significant changes in nutrient characteristics withdfgoocessing or extended shdifie

7: The food is intended to be consumed daily for maximum health benefit

8: The product or its functional ingredient is not considered a pharmaceutical

Functional food can be further classified as natural produfts éxample fruit and vegetables);

altered products (for example whole grains and fibers); fortified prodwete(efortification refers

to the practice of deliberately increasing the content of an essential micronutrient, i.e. vitamins and

mineral9; enhanced products or enriched productshereas enrichment refers to the addition of

micronutrients to a food whiclkeould belost during procesag).

2.2 Additional clarifications for the use of probiotics

As already mentioned itine first chapter, also reporting the opinion expressedtig International
Scientific Association for Probiotiaad Prebiotics (ISAPPQaygl viability and activity of probiotics

are considered prerequisites for optimal functional(#ill et al., 2014a)However, according to

36



recent studiesuch as\atarajet al. (2020)in some cases the focus is gradually shifting from viable
probiotic bacteria towards nowiable paraprobiotics and/or probiotics derived biomolecules, so
called postbiotics. Paraprobiotics and postbiotics are the emerging concepts in the hal¢bods

field because they impart an array of heafthomoting properties. Therefore, various postbiotic
molecules have drawn attention due to their known chemical structure, long storage stability, and
the ability to trigger the various mechanisms imtwolling inflammation, adhesion of pathogens to
gastrointestinal tract, obesity, hypertension, coronary artery diseas@®{Ccancer, and oxidative

stress (Figure 2).
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Figure 2.Schematic representation of various health benefits of postbiotic molezsibccording tdNataraj
et al. (2020)

Interestingly, postbiotic preparations have also granted patents ashiei@peutics for a specific
KSIFftdK Of kYRR dif A(Mohedy@&adeh et al., 2017; Rescigno et al., 2038pilarly,
metabolites of lactic acid bacteria (postbiotics) have granted patents asuantr agents and feed
additives for monogastric animalBoo et al., 2016; Loh & Foo, 20IR)erefore, for some probiotic
strains it could be mough that they grow well during first production steps (to achieve high enough
cell amounts in the product) but they do not necessarily have to maintain good viability during
storage. Important factors influencing probiotic functionality, also considehag use in foods are

described in Figure 2.1.
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Figure 2.1Factors influencing the functionality of probiotics for foaabplication (Mattila-Sandholm et
al., 2002)

2.3 Overview on probiotic foods

Since the global market of functional foods isr@asing annually, food product development is a
key research priority and a challenge for both the industry and science séCtonsinghanet al.,

2021) For consumers unfamiliar with the concept of functional foods, a kind of products that has
in recent years become ubiquitous in the marketplace is represented by probiBtiasiotics are

the fastest growing group of dietary functional food supplementsld+wide, whichcan be included

in many different foods, fermented and unfermenté@hampagne et al., 2020)

All over the world, dairy probiotics are being commercialized in many different fddowever,

RdzS G2 GKS NARaAy3a SYSNHSyOS 27F I 0G2asS Ayaz2t S
rich in cholesterol, changing lifestyles towards veganism and negative environmental impacts of
dairy production have created a growing demdondnon-dairy-probiotic products. More in general
according toForssten, Sindelar and Ouweha(@D11)the food matrix is recognized to have an
important role in the stability of probiotics. However, which role the matrix plays in efficacy is still
investigated. For some straing does not seem to play a role, while it does for others.

In this context, a usefutlassification of several types of probiotic foods is repoitedrigure 2.2

according tovijaya Kumar, Vijayendra and Reddy (2015)

38



Acidophilus milk, Acido-whey.

Ice-cream, Lassi, Cheese, Curd, l l

Nonfermented goat's milk beverage Fermented Unfermented

Frozen synbiotic dessert. products products

Yoghurt, etc. i, l

Cereals Fruit Vegetables Meat & Fish Soy

Bread & bakery products Juices Tuices Dry sausages Frozen desserts
b ™ 5o £ o ey < - g

Health drinks/beverages Puree Puree Sausages Sausages
Pulp Beverages Soy curd

3 H _

Puddings Beverages Soy yoghurt

Edible film on pan bread Whole fruits Soy milk drink
Powdered fruits

Figure 2.2Classification and types of probiotic foods according Wgaya Kumar, Vijayendra and Reddy,
(2015)

2.4 Probiotic dairy products

According to Zion Market Research Inc, the global market value for probiotic foods in 2017 was
40.09 billion USD and is expected to reach 65.87 billion by 2024. Dairy products represent for 69%
this market value. In this sense, the ABacific region domiates the market, while in Europe the
probiotic market is experiencing a low growth rate due to health claim regulations of Europe
(YilmazErsan et al., 2020)As already mentioned, fermented dairy foods are the most widely used
carriers of probiotics, in particular fermented milk prads. This may have historic reasons as well

as practical reasons. In fact, most commercially available probiotics belong to the genera
Bifidobacteriumand Lactobacillusnd these genera are generally able to survive in milk, and it may
even be one of theimost common habitat. In fermented probiotic dairy products, probiotics are
usually accompanied by starter cultures such.astobacillus delbrueclsubsp.bulgaricusand/or
Staphylococcuthermophilus There are two main reasons for the inclusion of telacultures in a

probiotic product. The first is technological: starter cultures provide structure and flavour to the
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product. In addition, starter cultures support functionality; some probiotics do not grow well as a
pure culture in milk and grow betten symbiosis with a starter culturén fact, the interactions
between probiotic and starter might have an impact on the product quality. It has been shown that
it is possible to produce fermented dairy products, with excellent sensory properties and good
survival of the bacteria, by using starter and probiotic microorganisms togethevas also
demonstrated that for some strains and manufacturing conditions it is possible to use only the
probiotic strain if it is an acid producing strain. However, in yngases the use of a supporter starter

is preferable(Fenster et al., 2019Besides fermented milks products, according to several studies
(Alampreseet al.,2005; Passott al.,2015; Gaeet al.,2021) there are a number of other products

in whichprobiotics are incorporated because of their widespread benefits such as cheese, butter
and cream,de cream and infant formula which seems suitable for delivering probiotics in the human

diet (Figure 2.3).

i l l l l |
e [ o
Figure 2.Xlassification and commercial exgtation of probiotics in different industries including the food

industry where probioticbased fermented milk, yogurt, infant formula, cheese, butter and cream, and ice
cream are popula{Gaoet al.,2021)

More specifically, an overview concerning many commercial probiotic dairy products available in
different parts of the world is reported in Table Z@aoet al.,2021)
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Table 2.1 Commercial probiotic dairy products available in different parts of the wé@aoet al.,2021)

Name of the Type of . i Country of Producing
brand the Main probiotics oriqin compan
product 9 pany
vakult Milk Lactlcaselbg0|llus Japan Yakult
beverage paracasefShirota
Actimel Milk Lactlcgselba0|llus France Danone
beverage caseicultures
. Milk
DanActive L. caseDN-114 001 France Danone
beverage
Bifidobacterium animalis
Activia yogurt Yogurt lactisDN-173010/CNCM-| France Danone
2494
LIBERTE Kefir  Kefir milk | &" Probiotic strains (not . -, LIBERTE
known)
Filmjsik PI‘O[?IO'[IC 15 probiotic strains (not Australia Rokeby Farms
milk known)
Nancy's probiotic Organic Lacticaseibacillus
ysp whole milk USA Nancy's
kefir : . rhamnosusGG
kefir plain
Bifidobacterium
: bifidumBb12,Lactobacillus .
Greek yogurt plain  Yogurt acidophilus A5, L. casei USA Nancy's
andL. rhamnosu&B3
Laura Chenel
Probiotic Goat Yogurt B. bifidumBb12 USA LauraChenel
Milk Yogurt
BioK plus Fermented L. acidophilu€11285] .
fermented dairy , . caseiLbc80r, and.. Canada BioK plus
o dairy milk
probiotic rhamnosusCIr2
Lactobacillus delbrueckii
tured subsp.lactis, L.
(I:U tufrc—‘:: rhamnosusStreptococcus
Lifeway kefir OW,'"? DiacetylactisLactiplantibac USA Lifeway
mi illus plantarumL.
smoothe

casej Leuconostoc
cremoris Bifidobacterium
longum Bifidobacterium
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breve L.
acidophilugBifidobacteriu

m lactis
and Limosilactobacillus
reuteri
Sahara kefir Kefir L.acidophilusandL. casei Singapore Little Farms
L. acidophilug_actobacillus
bifidus L. paracaseiS.
Brown cow voaurt Whole milk thermophilus UK Brown Cow
yod yogurt andLactobacillus Farms
delbrueckisubsp.
bulgaricus
. ~ Greekstyle . : .
FAGE plain yogur L. acidophiluandL. casei UK FAGE
yogurts
Chobani yogurt Greekstyle L. acidophilusL. casei USA Chobani
yogurts andL. rhamnosus
Yoplait yogurt Yogurt L. acidophilus USA Yoplait
Siggi's Icelandic . : —
Skyr Yogurt Yogurt L. acidophilus USA Siggis
Stonviield oraanic B. bifidumBb12,L.
yne g Yogurt acidophilusL. paracasei USA Stonyfield
probiotic yogurt
andL. rhamnosus
L. rhamnosud..
: . casej Lactococcus
Maple hill kefir Fermented lactissubsp.lactisbiovardi .
cultured whole . . USA Maple Hill
) milk acetylactis Leuconostoc
milk e :
cremoris Bifidobacterium
lactis, andL. acidophilus
Wallaby organic Yogurt L. acidophilus Australia The Nibble
yogurt
Noosa yogurt Yogurt L. acidophilus Australia Noosa
Yili LGG yogurt Yogurt L.rhamnosusGG China Yili
Babushka . . .
Probiotic Kefir Yogurt L. aCIdOph'“.JS" casel Australia Babushka
andB. bifidum
Honey
Vaalia yogurt Yogurt L. rhamnosusG Australia Parmqlat
Professional
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Meng Niu Guan Y Oat

Milk flavored B. bifidumBb12 China Mengniu
yogurt
YoyiC yogurt Yogurt L. casei Indonesia Yoyic
L. rhamnosus$G L. .
Yoba Yogurt rhamnosusYoba 2012) Uganda Yoba for Life
Culture Republick .PrObIOt'C Not known UK Unilever
ice cream
L. acidophilud_.

plantarum L. salivariusL.

rhamnosusB. lactis andB. USA Foxys Ice Cream

Foxys Ice Cream Ice cream

bifidum
Yovation ice GanedenBC3{Bacillus Pierre's Ice Crear
cream Ice cream coagulangGB+30, 6086) USA
Cricketer's new
Probiotic Half Fat Cheese B. bifidumBb12 UK Cricketer Farm
Cheese
: L. acidophilud_.
Pasti Enak Soft bulgaricusL. caseiL. Indonesia Pasti Enak

probiotic cheese  cheese plantarum andB. lactis

Nancy's probiotic

organic cottage Cheese L. acidophiluandB. lactis USA Nancy's
cheese
Neocaté Syned | Infant B. breve USA Nutricia .North
nfant formula America
GerbefGood Infant
Star®Gentle formula B. longumBL USA Gerber (Nestle)
Opti Gold Infant Infant Limosilactobacillus : .
Formula formula fermentum(CECT5716) Australia Opti Gold
Greekyogurt GanedenB&®(Bacillus o
(Greek Pro+) Yogurt coagulansGB+30, 6086) USA Norman's dairy
Probiotic . .
fermented milk Ferm.ented L. aC.IdOp.hI|U$L.A5) andB. India Mother Dairy
drink milk animalis lactigBB12)
Nestle[,;-LiActhlus Yogurt L.acidophilugLAb), India Nestle
ng?r‘;rtofg’iggt" L. acidophilugLAS), B. The
Blended LowFat Yogurt animalis IacUs(BBlZ), and Netherlan Goisco
L. casei ds
Yogurt
Bifidobacterium infantisB.
lactis, L. fermentumL.
. rhamnosusL.
Yeo valley organic Yogurt acidophilusLeuconostoc UK Yeo VaI_Iey
yogurt Organic

pseudomesenteroides
Lactococcus lactigndL.
paracasei
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2.4.1 Fermented milks

One of the largest carrier of probiotics in the dairy industry is represented by fermented milk. In
literature data are reported several studies in which probiotic strains, apart from inducing health
promoting effects, have been positively used in milkrfentation where they induced desirable
organoleptic and textural characteristic. Thanks to their high nutritional value and their widespread
availability, milkbased probiotic products are among the most widely used probiotic foods in the
world. In fact, dready during 20th century beneficial bacteria such.astobacillus acidophilwsere
investigated for their beneficial role in correcting disorders of human digestive tiSicice then,
products containing-. acidophilusave become gradually more populand widely used for milk
fermentation, considering their therapeutic applications, i.e. tuberculosis treatment. Later, Dr.
Minoru Shirota, a Japanese microbiologist, discovératticaseibacillusaseistrain Shirota in 1930

and introduced into global nrtket the commercial probiotic milk beverage, named Yakult. Later,
many dairy products supplemented with probiotic strains were launched into the global markets.
In this sense as reported in Tal@2e, according tdurkmen, Akal and Ozer (2019) large number

of commercial examples dérmented milkscontaining probiotic microorganisms were reported.

Table 2.2 Commercial examples of fermented milks containing probiotic microorganisms according to
Turkmen, Aal and Ozer (2019)

Single or multiple strains of probiotic Products Manufacturer

* Acidophilus milk (generic produc Various companie:

* Sweet acidophilus milk (generic Various companie:
product)

* Acidophilusbuttermilk (generic ~ Various companie:
product)

L. acidophilus
* A38 and Afil fermented milk Arla Foods

* Oh My Goodness! drinking yogu Shoprite Checkers

(strain Lab)
* Namyang Jayeonui flavored Namyang Dairy
probiotic yogurt drink Product
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L. plantarum

* ProViva, ProViva shot, ProViva Danone

Active (strain 299v)

LacticaseibacillushamnosuscG

* Aktifit

* b-Aktiv

*Yomo

* Biola

* Kaiku Actif

* Onaka He GG

*GG

* Gefilus

* Gefilus G Natural Kefir drink
* Gefilus G Yogurt Powershot
*Verum

* Simple Love fermented drink

* Toni Yogurt Drink

* Toni Nutri Mix with Muesli

* Toni Benecol

* Mr Probiotic

Emmi

Dukat
Granarolo

Tine

Kaiku

Milk Takanashi
Milk Takanashi
Valio

Valio

Valio
Normejerier

Pu Cheng Dairy

Industrias Lacteas

Toni

Industrias Lacteas

Toni

Industrias Lacteas

Toni

Pu Cheng Dairy

Lacticaseibacillus

caseior Lacticaseibacillusaracasei

* Actimel (strain Danone® also
knownL. caseCNCM-1518 orL.
caseiDN 114 001)

* Yakult (strain Shirota)
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Bifidobacteriumanimalissubsp lactis

* CHAMYTO Nestle
* Yoplait flavored probiotic drink  Yoplait
(strain Bb12)

* BB-12 Active (strain Bi2) Stuffer

* Centrale del Latte (strain B1?)

Centrale del Latte

di Salerno
* Enfant Plugstrain Bh12) Seoul Milk
Bifidobacterium * Caldus Milk (Bifidus milkB( Morinaga Milk

bifidumor Bifidobacterium longum

bifidum strain BB536)

Bifidobacteriunspp.

* Bifighurt® B. longumstrain CKL
1969 orB. longumstrain DSM
2054a slimeforming strain)

* Procult 8. longunstrain BB536)

* Mengniu/Ménmilk Guan Yi Ru
Original BEL2 (strain BHL2)

Various companie:

Various companie:

Mengniu Dairy

L. acidophilu® Bifidobacteriunspp.

* Biomild

* Cultura®orA/B milk (.
acidophilusstrain La5 andB.
animalisstrain Bb12)

* Diphilus milk

* Dreaming probiotic yogurt drink
(B. animalisstrain Bb12)

* Doline Bifi B. animalisstrain Bb
12)

* Delight flavored yogurtl(.
acidophilusstrain La5 andB.
animalisstrain Bb12)

* Krasnystaw Jogus probiotic
drinking yogurt (.
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Dreaming Cow

Plodine
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acidophilusstrain La5 andB.
animalisstrain Bb12)

* Namyang Jayeonui Sijak plain
probiotic yogurt drink B.
animalisstrain Bb12)

* Taeq Drinking yogur®(
animalisstrain Bb12)

Mleczarska w
Krasnystawie

Namyang Dairy
Product

Almacenes Excito

L. acidophilu®L. casei

* Zuzu Bifidusl(. acidophilustrain Albalact
La5 andB. animalisstrain B-12)
* Vitagen (. acidophilustrain La  Vitagen

5, Lb. casestrain 0n)

[ ® | OAR2 LKA d

* Acidophilusyeast milk (generic
product) Saccharomyces lac}is

* Acidophilin(generic product)
(kefir yeasts)

Various companie:

Various companie:

B. bifidumor
B. brevebLb. acidophilus

* Yakult MiruMiru (in alternative
productionsB. bifidumis replaced
by L. paracasesubsp paracasei

Yakult

L. acidophilus-

Bifidobacteriuma LJLId.casei

* Dofilus yogurt shot (previously
known as Arla Cultura)

(L. acidophilustrain La5, B.
animalisstrain Bb12 andL.
caseistrain L19)

* Joggind.-. casedrink (L. caseilLb.

acidophilusstrain La5 andB.
animalisstrain Bb12)

* Vital Actiplus
(L. acidophilustrain La5 andB.

animalisstrain Bb12)

* La YogurtB. animalisstrain Bb
12)

a7

Arla Foods

Aldi

Spar

Johanna Foods



* Vivitadrinking yogurt (. Stuffer
acidophilusstrain La5 andB.
animalisstrain Bb12)

* Milfina Fitness DrinkL(, Aldi
acidophilusstrain La5 andB.
animalisstrain Bb12)

* VaaliaKids drinking probiotic Parmalat
yogurt L. rhamnosustrain GG)
L. acidophilu® Bifidobacteriuma LJLJ
L. rhamnosus * Biola (. acidophilustrain La5,B. Tine
animalisstrain Bh12 andL.
rhamnosusGG)

Moreover,there are a number of reports on the healitomoting benefits of milk fermented by
probiotic strains.In fact, as reported in literature data Manget al.(2012) a naturally fermented

milk integratedBifidobacterium lacti8+07 andL. acidophiluBlCFM were able to improve intestinal
health and celmediated immunity of host. In this sense in another more recent s{i@hntiage
Lopez et al., 2018nilk fermented by specificactobacillustrains isolated from artisanal Cocido
Mexican cheese modulated the immune system of the rats following consumption, which was
evidencedrom the upregulation of immunoglobulin A (IgA) and interleu&ifil-6) levels, and the
increase in H10 level. In addition, according toBogsanet al. (2014) milk fermented

by Bifidobacterium animalisubsp.lactisHNO19 and DN73 010 has been reported to enhance
mucosal cellular immunity. Another interesting stutieiga et al., 2010)as highlighted in a mouse
model, after the administration of milk fermented By animalis subsp. lactisDN-173 010 in
combinaion with Lactobacillus delbrueckgsubsp.bulgaricus Lactococcus lactisubsp.cremoris

and Streptococcus thermophilua decrease in cecal pH, a change in short chain fatty acid profile,
and an increase in the abundance of lactatmsuming and butate-producing bacteria, thus
creating an unfavorable environment for Enterobacteriaceafjch could be responsible for
ulcerative colitis. Furthermore a clinical trial concerning the ingestion of fermented milk
containingBifidobacterium bifidunYIT 1034 attenuated the prevalence of gastric and lower
abdominal symptoms in adul{&omi et al., 2015)Similarly in another random clinical trial on 76
patients, was investigated the potentialities of a synbiotic fermented milk (witcidophilugab

andB. bifidumBB12 and containing Beneo dietary fibers as a prebiotic) to decrease symptoms of
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irritable bowel syndrome (IBS) in adufis~ YA R S (i. Piolfioticzfernsentad omilk was also
indicated as effective in children , for their digestive and mas$pry disorders. In fact as reported

by a recent studyMai et al., 2021)when probiotic milk containingacticaseibacillusaseiShirota

(1 CFU/mL) was given to 1003 children (3 to 5 years old) favekks, a significant reduction,
compared to the control group memberns constipation, diarrhea, and respiratory acute infections
was observed.Moreover, a number of clinical trials concerning liquid or powdered fermented milk
has indicated the potential of fermented milks containing different probiotic strains to normalize

hypertension or mild blood pressure (Table 2.8&ao et al., 2021)

Table 2.3Evidence from clinical trials on antihypertensive effects of probiotic fermented milks

Types of
yp. . Probiotic Medical
the clinical . Control Key outcomes References
. products conditions
trial
Daily consumption
of the fermented
milk for 5 weeks
A double : resulted in a
: Fermented milk . N . .
blind Artificially significant reduction  (Beltran
. by Lactococcus . g ; . .
randomized . Hypertension acidified in systolic blood  Barrientos et
lactisNRRL B :
controlled milk pressure (SBP) anc al., 2018)
. : 50571 . :
clinical trial diastolic blood
pressure (DBP) by ¢
and4.2mm Hg,

respectively.

A significant
reduction in SBP
(3.10mm Hg) and
A meta DBP (1.09nm Hg),

analysis of Enzymatic compared to the

ySh A probiotic High blood ally P (Dong et al.,
randomized fermented milk ressure hydrolyze control group, was 2013)
controlled P ydroly observed after daily

: d milk .
trials consumption of

fermented milk
(450¢g/day) for 8
weeks
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A significant

Milk fermented reduction in SBP (4.
A by Lactobacillus + 0.9mm Hg) and
randomized helveticus DBP (1.8 £.0mm
LBK16H with Artificially ~ Hg), compared to .
placebe . . . g (Jauhiainen
tripeptides Hypertension acidified  the control group,
controlled ) et al., 2005)
(lle-Pro-Pro milk was observed after
double- . )
blind study 7.5mg/100g daily consumption
and ValPro-Pro (300mL) of
10mg/100qg) fermented milk for 4
weeks
A significant
A decrease in SBP
(12.2mm Hg) and
randomized
Powdered . DBP (6.5nm Hg) '
placebo Mild Placebo (Aihara et al.,
fermented milk _ after 4 weeks of
controlled _ hypertension  tablets _ _ _ 2005)
byL. kelveticus ingestion of six
double- blets (120)
tablets (12g) per
blind study .
day containing
fermented milk
A significant
A reduction in SBP (6.
. . + 3mm Hg) and DBF
randomized Milk fermented Artificially (3.6 % 1.9nm Hg)
placebo byL. Hypertension acidified  was observed after (Seppo etal,
controlled, helveticud.BK yp . . . 2003)
milk daily consumption
double- 16H
blind stud (150mL) of
y fermented milk for 2
weeks
Sour m”k. SBP was decreasel
fermented with
. by 14.1 + 3.Inm
A placebo astarter Artificially
. . g Hgafter 8 weeks  (Hata et al.,
controlled containingL. Hypertension acidified )
. . after a daily 1996)
study helveticusand milk : .
ingestion of 95mL
Saccharomyces milk
cerevisiae

In addition,apart from inducing healtipromoting effectsaccording taKakisuet al. (2011)

selected probiotic bacteria have been reported to be used for milk fermentation in
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combination with traditional starter cultures to improve flavor profile and physiological
attributes of the fermented milk. According Earebaet al. (2014) milk fermented by. casei
DN114001 had higher contents of acetic acid, acetoubufanone, caproic acid, butyric
acid, and Zpentanone,compared with thenon-fermented milk In this contet, milk is not
always considered as an ideal medium for the growth a of selected probiotic bacteria, and
thus during the production of probiotibased fermented milk it is important to ensure
probiotic bacteria growth and viability during the fermentatiprocess and the successive
refrigerated storage. In this sense, accordingDan et al. (2019) many international
legislations require a probiotic product to maintain a probiotic level of at lea%td.Q.0’

CFW or CFU/mL in the food, 100 g or 100 mL of which is advisable to be consumed on daily
basis.The probiotic generadactobacillusndBifidobacteriumas also demonstrated in Table

2.1, have a long tradition in fermented milk/yogurt production, generally exhibiting good
survivability in fermented milks ( Patrignani et al., 2007, 2018; Patrignani

et al., 2006, 2009, 2017; Patrignani & Serrazanetti, 20dl@)ough verjlow-pH products

can represent an environment too acid for certain strains. Thus, finttie right balance
between clinical dose, shelf life, and cost efficiency will in many cases be a function
of strain type and pH. Other parameters that influence the successful incorporation of
probiotics include fermentation teperature (affecting probiotic growth), storage
temperature, packaging type (oxygen transmissibility), processing steps such as heat
treatment and homogenization, and interaction with potentsipporter starter andther
ingredients(Massoud et al., 2015)herefore, prescreening the compatibility of a given
probiotic strain with the adopted food system is a recommended approach to prototype
development(Turkmen et al., 2019)There are several ways to confront with the challenges
related to probiotic viability for instance, selection of oxygesistant probiotic strains,
removal of molecular oxygen through oxygeravenging compounds, the use of passive
barriers (e.g., multilayer structures containing aluminum foils), and packaging materials that
are impermeable to oxygen. In addition, encapsulation and addition of nutrients and pre
biotics in dairy products can enhance the viability of probiofMshammadi et al., 2011,

Patrignani et al., 2017)
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2.4.2 Yogurt

Probably recognized, in many societies globally, as the-krestn traditional probiotic foods,
yogurts and similar fermented milk products, have also a positive correlation with human -gastro
intestinal health. Fermented milk products stand out as a unityme of matrix for carrying
probiotic health benefits, in fact in some cases they could increase the probiotic population during
the fermentation step, also supporting cesfficient cell countgFenster et al., 2019Among these
products,yogurt a type ofermented milkobtained by lactic adi bacteria fermentation of bovine

milk is very popular throughout the world amas evolved over time. The industrial production of
yogurt incorporating microorganisms was started by Isaac Carasso in T9d48during the 1920s

and 1930s, yogurt was de#lwed as having poor flavor because of its high aci@ityana & Olson,
2017) while before the 1960s, yogurt was only found in a few grocery or health food gttreger

& Weaver, 1973)Today, many forms of yogurt can be found including plain yogurt, fruit flavored
yogurt (including fruion-the-bottom and blended forms), whipped yogurt, grandétgoped yogurt,
drinkable yogurt, frozen yogurt, and Greek yogurt with varying fat contents (regular, low fat, and
nonfat). According to the US Code of Federal Regulatiogsiri; lowfat yogurt, and nonfat yogurt
contain at least 3.25% milkfat, between 0.5% and 2% milkfat, and less than 0.5% milkfat,
respectively, and each of these products contain at least 8.25% milk-golidat before addition

of bulky flavorsDairy ingredients, including cream, milk, partially skim milk, or skim milk, used alone
or in combination, are cultured withactobacillus delbrueclsubsp.bulgaricusand Streptococcus
thermophilusand result in a titratable acidity of at least 0.9% expressed as lactic acid. Pasteurization
or ultra-pasteurization must be performed before adding the cultures. These yogurt products may
contain certain other dainpased ingredients, nutritive carbohyate sweeteners, flavoring
ingredients, color additives, stabilizers, and vitamins A aifdripana & Olson, 2017an addition

up until now, many attempts have been made to give traditional yogurt supplementary beneficial
properties by adding value added ingredients such as prokigtiebiotics or plant extracts
(Champagne et al., 2020Among such valuadded fermented products, probiotic yogurt has
reached a great market success during the last two decades or more. More specificallyding

to their related benefits on human healtim a randomized doublelind controlled trial conducted

by Ejtahedet al. (2011) consumption of yogurt containing probioti@ctobacillus acidophilusab

and Bifidobacterium lacti8b12 (6 weeks by 60 tygediabetic people) led to a 4.5% reduction in
total cholesterol and a 7.5% reduction in lalgnsity lipoprotein cholesterol as compared to

traditional yogurt. In addition, when the same probiotic yogurt contairiingcidophiluga5 andB.
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lactisBb12 was given to 64 diabetes patients for 6 weeks, it significantly enhanced antioxidant status
and fasting blood glucos@Hanie S Ejtahed et al., 201Brobiotic yogurt containing these two
probiotics (Bb12 and La5) has also been described to reptebsobacter pylorinfection (K-Y.
Wang et al., 2004and reduce theStreptococcus mutans salilevels in humangBafna et al., 2018)
Apart from inducing healtfpromoting effects yogurts produced by many probiotic strains alone or

in combination with standard yogurt starter culturbave been positively used in milk fermentation
where they induced desirable organoleptic and textural charactertefait are comparable with
traditionally produced yogurts, and in many cases, are better.

According taMani-L6pez, Palou and Lopé&falo (2014) probioticbased fermentation of yogurt(
bulgaricusand Limosilactdacillusreuterior L. acidophilushas been reported to increase firmness
and adhesiveness of yogurt. In addition, a study conducte8idnyet al.(2020)have demonstrated

how a knd of yogurt fermented withLactiplantibacillugplantarum alone or in combination with
Lacticaseibacillus cas@sulted in significantly higher calcium, phosphorous, protein, and ash levels
with low syneresis, as compared to standard yogurt. Alggina, Saygili and Yerlikaya ( 202@)e
highlighted promising results for a yogurt produced byterococcus faeciurand Enterococcus
durans(as adjunct starter cultures), which could be compared with standard yogurt in terms of
physicochemical, rheologibaand sensory properties. Probiotics supplementation in yogurts often
leads to higher syneresis due to low proteolytic activity and slow growth rate, which affects the
texture of yogurts as well, although addition of certain functional ingredients camowepthe
textural characteristics of yogurts. Probiotic supplementation has also been reported to significantly
have an effect on yogurt flavor by increasing the production of acetic acid and other organic acids,
acetoin, 2butanone and Zthyl-1-hexanol(Dimitrellou et al., 2019)For example fermentation by

L. plantarumP-8 in combination with yogurt starter culture§. thermophilusand L bulgaricus
improved the favor profile of yogurt by producingr@ethylbutanal, acetoin, nonanal;lZeptanone,
hexanal, (ER-octenal, and zZhonanone, compared with the contrgDan et al., 2019) All these
abovementioned compounds impart desirable flavor to yogurt. In anostady(Zhou et al., 2019)
Lactobacillus helveticud9 supplementation in yogurt during fermentation as an adjunct culture
resulted in increaed production of aldehydes, alcohols, and nitrogenous compounds such as
benzaldehyde and acetoin, compared to the control yogurt, over a period of 28 days of storage at
n / o0%K2dz Si I f ¢3plastanudg@MBU7I0095stpRiénentell foglrt attained
2,3-pentanedione, acetate, and acetaldehyde, which were not found in the control yogurt

fermented by only a traditional starter cultur@i etal., 2017) Similarly, a yogurt produced hy

53



bulgaricusin combination withBacillus coagulan$3002 produced more organic acids, compared

to the yogurt produced by a traditional starter cultuf&hao et al., 2021)

2.4.3 Cheese

The most common and traditional foods for delivery of probiotic bacteria are fermemite and
yoghurts. There are, however, different food conditions promoting variability in probiotics levels, in
this context cheese has been shown to be an appropriate carrier for selected strains of probiotics.
In some case, cheese can be considered adetter carrier of probiotics compared to many dairy
products, due to storage temperature ranging between 4 and 8°C, relatively higher pH (compared
for example with fermented milk and yogurt), textural characteristics and high fat content, which
protects probiotics during gastrointestinal transiProbiotic bacteria can be incorporated into
cheese during production in two ways: as a starter, depending on their capability to produce
satisfactory lactic acid in milk, or as adjunct to the starter culturectvis considered in many cases

as a more appropriate option to incorporate probiotic during cheese making. To improve the
survival of probiotic in cheeses selected attempts have been applied. For example accofdimyy to
and Shah (2008he use of different combination of starter and probiotic could represent a suitable
strategy. At the same time, the development of probiotic cheesesearery strain dependent, and
some probiotic strains could show poor performance in the cheese environment. In this sense,
strain selection could play a crocial role in successful development of probiotic cheese. In addition,
processing conditions, the e@bic environment, temperatures of ripening and storage could affect
the viability of probiotic bacteria a well as thelldensityof these bacteria in the final producOfg

and Shah, 2008More specifically there are two important considerations concerning the addition
of probiotics to cheese: the first is to guarantee the survival of probiotics during salting, ripening,
and storageand the second is to ensure they do not produce any sensory abnormalities in cheese.
In general, probiotics in cheese are usually added to confer nutritive value to the product and
increase consumer attention rather than improve the technological andiplygical characteristics

of the obtained product. Nevertheless, the addition of probiotics to dairy products including cheese
has been demonstrated beneficial for the product quality in many studieGao et al., 2021)

As regards the potential limitations, probiotics suchBidobacteriumdo not grow well under
aerobic conditions that prevail during cheese making. In addition, cooking and the presence of

metabolically active LAB competing with probiotics affect their growth. Therefore, later stages of
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cheesemaking (salting and milling) an®re appropriate for probiotic supplementation in cheese
(Dinakar & Mistry, 1994; Gao et al., 202Many studies related to probiotic cheese have focused
on the survivabilityof probiotics during the ripening process. One of the earliest studies aiming to
development probiotic cheese was the useRifidobacterium bifidum{ATCC15696) in Cheddar
cheeseafter salting and milling steps of the curd (prepared from milk using frek®sl mesophilic
lactic starter culture). No significant difference in cheese composition, texture, and appearance was
reported between the control cheese samples and the cheese Buithifidum However B. bifidum
remained viable following 6 months opening (16CFU/g)Dinakar & Mistry, 1994 )Another study
conducted by Ganesa and others reported the survival of acidophilus L paracasei
Lacticaseibacillus caseindBifidobacterium animalisubsplactisin Cheddar cheese in combination
with the normal cheese starter culturé.(lactisDVS850) after 270 days of ripenifiganesan et al.,
2014) In addition as reported biinervini et al.(2012)in many cases, probiotics in cheese have
been reported to promote the growth of cheese starter culture. Moreover, several studies
concerning the applications of praitic bacteria in different types of cheeseere reported in Table
2.4.

Table 2.4 Applications of probiotics in cheesgGao et al.2021; Shori, 2015)

Probiotics Cheese type References

(Dinakar & Mistry,
1994)
(Gardiner et al.,

Bifidobacterium bifidunfATCC 15696) Cheddar cheese

Lactiplantibacillus Cheddar cheese

plantarum 2000)
Bifidobacteriumanimalissubp. lactisBb-12 and Cheddar cheese (Mc Brearty et al.,
BifidobacteriumongumBB536 2001)

Lactobacillus acidophilus Turkishwhite cheese oY l'zgoz)y 2 el

Lacticaseibacillusaracaseand Lactococcus spf Minas cheese (Buriti, da Rocha, el

al., 2005)
L. acidophilusab, Lactococcus lactsubsp lactis _ (Buriti, Da Rocha, e
. : Minas cheese f '
andLactococcus lactsubsp. cemoris al., 2005)
L. acidophilua5, B.lactisBb-12and _ (Buriti, Komatsu, et
Streptococcuthermonhilus Minas cheese al., 2007; Buriti,
P P Okazaki, et al., 2007
L. acidophiluga5 andS. thermophilus Minas cheese (Souzzgog)Saad,
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L. delbruecksubsp bulgaricusL. acidophilug..

rhamnosusB. animalisubsp. &ctisandS.
thermophilus

Minas frescal chees:  (Almeida et al.,
whey 2008)

B.lactisBb-12

(FritzenFreire et al.,

Minas frescal chees: 2010)

Limosilactobacillus
fermentum L. plantarumL. lactissubsp.
cremorisandL. lactissubsp.lactis

Turkish beyaz

OYPEt Poe Si
cheeses

B. longuml5708

(Amine et al., 2014;

Cheddar cheese ' .o al., 2011)

L. acidophilug962,L. acidophilu§ 10,
Lacticaseibacillus cas2r9,L. casel26,B.
longuml941,B lactisB94

(L Ong et al., 2006;
Cheddar cheese  Lydia Ong & Slima
2009)

B. lactisB94,B. lactisBb12, Bifidobacterium sp.

DR10L. acidophilu€10 and La8g,. paracasei

L26,L. caselLcl and.acticaseibacillushamnosus

DR20

Cheddar cheese (Phillips et al., 2006

Lactobacillus helveticd4100 and.. acidophilus

L10

(Lydia Ong & Shah
2008)

Cheddar cheese

L. paracaseA13 andL. acidophilu$i5

Crescenza cheese (Burns et al., 2008)

L. bulgaricusandL. paracaseBGP1

(F. Minervini et al.,

2012)

Fior di latte cheese

B. bifidum

Edam cheese (Sabikhi et al., 2014

L. acidphilus L. paracaseL. caseiandB.
animalissubsp lactis

(Ganesan et al.,

2014)

Cheddar cheese

L. paracaseA13

Caciotta cheese  ( Burns et al., 2015)

L. rhamnosu&G

Pasta filata cheese (Cuffia et al., 2017)

L casel1

Minas Frescal

(Sperry et al., 2018
cheese

L. casei and L.gotarum

Cheddar cheese  (Chen et al., 2019)

L. rhamnosus

(Ningtyas et al.,
2019)

Cream cheese

Bifidobacterium pseudolonguiNIAPZB. longum Spanish pasteurizec

INIA P678and Bifidobacterium brev®&lIA P734

(Langa et al., 2020)
sheep milk cheese
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2.4.4 Additional clarifications ofnealth benefits and physiological effects of probiotics in dairy

products:Bioactive peptides

As already mentioned at the begging of this chapter (paragraph 2.), probiotic lactic acid bacteria

during fermentation are able to release a number of beneficial peptides, which include many-health

promoting protein hydrolysates bgroducts or bioactive patides or ribosomally synthesized

bacteriocins, which can serve as nutraceuticals andpbéservatives, respectivelfSadiq, 2021,
+ Sy S3 I & mh RO1S) Mithis Bamework,dnilk fermented with different probiotics has been

reported to contain various bioactive peptides (for instance,-A@H&tioxidative, and various other
peptides) in different types of dairy produdt§obbetti et al., 2004, 2007; Rizzello et al., 20@8)

reported in Table.5.

Table 2.5 Functional peptides that have been reported to be generated in fermented milk, cheese, and
yogurt by probiotics during fermentationGaoet al., 2021).

Name of the Dairv product Biological activity of  Origin of the References
probiotic yp the peptide peptide
hsrCasein§ -

. o caseinj - .
Lactiplantibacillus . . . (Xia et al.,
plantarumQS670 Fermented milk ACEH peptides lactoglobulin, or 2020)

serum albumin
fraction
Lentilactobacillus
Fermented milk ACEI peptides Casein (Rugggoet al,
kefiri YK4 )
Limosilactobacillus Fermented bovine Antidiabetic
fermentum milk peptides S (Kinariwala et
al., 2020)
Lactobacillus . .
helveticud HBO? Yogurt ACEH peptides Casein (Cavalheiro et
al., 2020)
Lactobacillus
delbrueckisubp Yogurt
. " containingSiraitia . . . (AbdetHamid
bulgaricusand e ACH peptides Milk proteins
grosvenoriifruit et al., 2020)
Streptococcus
) (SGF) extract
thermophilus
L. Fermented milk ACH peptides Casein (J.2I6|1%al.,
helveticusKLDS.31 )
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and Lacticaseibacill
us caseKLDS.105

ACH,
Lacticaseibacillus Camembertype |mmu2rc:(rjn§gtlilatory, i -Casein (Galli et al.,
rhamnosuscG cheese ) . 2019)
carcinogenic
peptides
L rhamnosust89  Dutchtype cheese ACEH peptides Casein (Garbowska et
al., 2019)
Lactobacillus Antioxidative
aC|doph1|IEl)Jsi\|CD€ Fermented milk peptides I -casein (Padghan et
al., 2018)
Antioxidative and
L. rhamnosu€6 Fermented milk antimicrobial Casein (Rana et al
peptide 2018)
Multifunctions (anti
inflammatory,
. antimicrobial, (AguilarToald
L. plantarum Fermented milk antioxidative. C et al., 2017)
antihemolytic, and
antimutagenic)
L.
acidophilu20552 Yoaurt Antioxidative i .Casein (Taha et al.,
ATCC (T2) dr. 9 peptides 2017)
helveticusCH 5
L. caseATCC 746¢ Fermented milk ACEH peptides Casein (Elkhtab et al
2017)
L.
helveticudMAUB0  Fermented milk ACH peptides Casein (Y. Chen et al
872 2015)
Bifidobacterium Yogurt ACH peptides Casein

animalisBB12

(Shakerian et
al., 2015)
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Bifidobacterium

(Gonzalez

bifidumME 20/5 Fermented milk ACEH peptides Casein Gonzalez et al.
2013)
Bifidobacterium Fermented milk Antioxidative Casein
longumKACC91565 peptides (Chang et al.,
2013)
Enterococcus Mexican Fresco : hs-Casein and
faecium cheese ACH peptides i -casein (TorresLlanez
et al., 2011)
: , hs;-Casein and .
L casei279 Cheddar cheese ACEH peptides : : (Lydia Ong et
i -casein
al., 2007)
L.
acidophilud_10,L. hsi-Casein -
caseiL26, and Yogurt ACEH peptides casein, and- (Donkor et al.,
o : : 2007)
Bifidobacterium casein
lactisB94
. . Antimutagenigepti (Matar et al.,
L. helveticu£.89 Fermented milk des C 1997)
. ACEH peptides (Val
L. helveticubSM Calpig sour milk  Pro-Pro and llePro- Casein (Nakamura et

13137

Pro)

al., 1995)

2.4.5 Probiotics in butter and cream

The use of probiotic strains has not been limited to fermented milk, yogurt and cheese, but there
are other products in which probiotics could be incorporated such as butter or c(@a@eao et al.,
2021) However, it is necessary to underline that this kind of product is characterized by a high
content of fatty acids generally related to many cardiovascular diseases and diéBwtgd et al.,

2016) In this framework a study conducted by 2 € £ dz | y Rhave YiighNghtédithe abdity

of some probiotic bacteria such akacticaseibaillus caseisubsp. casei !
Ay
butter. In addition, in another studf. bifidum, L acidophilus S thermophilus andL delbrueckii

. Mcbcp

Ly
Carnobacteriunmaltaromaticus! / obcn Mc 0§KS NBRdzOGAZ2Y 27F
subsp.bulgaricuswere applied for the fermentation of cream samples fortified with 2% (each)
sunflower oil, hazelnut oil, soybean oil, and then high contents of capric, butyric, and caproic acids
were observed in cultured creafikinci et al., 2008)n this sense, als@ilmazErsan (2013has
20 aSNISR |y Ay ONiBdleaicacids yontenisyhprotoic@redmy de@mpared to the
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control cream, as a result of the fermentation wiBifidobacterium lactisProbiotics wee also
investigated in nondairpased butters such as peanut butter and butters produced from sunflower,

coconut, and flaxseed oi(sGao et al., 2021)

2.4.6 Ice cream

Ice creamis another interesting matrix for carrying probioti€¥urkmen et al., 2019)While for
fermented dairy probiotics cell viability is assessed in weeks or, in ideal cases, months, according to
Alampreseet al.(2005) ice cream is a carrier able to maintain probiotic strains viability at high levels
for more thanoneyear. In fact, ice cream, due to its frozen format and when stored appropriately
Obmy c¢c/ 2N fSa3a0X YIe& LINBaSNWS LINE oOtheriiakt@dss T2 N
such as neutral (or closer to neutral) pH, high total solids, and,céspe fat content, which are
typically associated with ice cream could aid probiotics stability. However, several obstacles to
overcome, before successful inclusion of probiotics in this matrix, were underlined. For example,
overrun, which exposes torahe ice cream mix prior to packaging, may cause a drop in viable cell
counts due to augmented oxygen incorporation. This problem could be compensated by adding
overage or by culturing the probiotic population during a potential fermentation step pridin¢o
definite ice cream manufacture. Additionally, concerning the potential toxic activity of oxttggen

use of aerotolerant species such as lactobacilli, instead of strictly anaerobic specidsepresent

an useful alternative. Also the freezing stegs a specific challenge associated with probiotic ice
cream production, could compromise the bacterial cell envelope and thus impose a decrease in cell
count (Passot et al., 2015)n this framework in order to reduce this hazard, it may be advisable to
employ a rapid freezing step to contrigke crystal formation in both the product and the bacterial
cells within. In addition, fermentation of ice cream mixed with probiotics has been recommend as a
method better than incorporating probiotics into ice cream mix without any subsequent
fermentation. As reported byArslanet al. (2016) when ice cream mix waseffmented with
Lactobacillus acidophilusTCC 4356, required count f0FU/g) of the probiotic strain was achieved
following 90 days of storage aR0°C, compared to ice cream in which probiotics were incorporated
after fermentation. In this framework prabtics supplementation in ice cream could impart better
quality characteristics compared to ngmobiotic ice cream. As reported [§enanayakest al.

(2013) integration of L. acidophilusLa5 in ice cream mix before fermentation led to higher

concentration of total solids (42%), titratable acidity (2.2%) and proteins (16.5%), compared to the
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non-probiotic ice cream. Table 2t6ported several studies concerning the applications of probiotic

bacteria into ice creams.

Table 2.6 Use of probiotic strains in ice cream with methods of incorporation atability ( Gao et al.,
2021)

Types of ice

creams

Methods of probiotic References
Probiotics added

supplementation

Standard ice

cream

Probiotic encapsulated with

calcium alginate microgel) (Afzaal et al., 2020)
Lacticaseibacillus
_ was added after
casei
homogenization and heatinc

of the ice cream mix

Standard ice

cream

Lactiplantibacillus

plantarum Fermented milk

(Zaeim et al., 2020)

Standard ice

cream

Encapsulated probiotic strai
Lactobacillus
was added into the ice crear (Afzaal et al., 2020)
acidophilus _
mix

Standard ice

cream

Encapsulated probiotic
(alginategstarch
Bifidobacterium
longumCFR 815j

microgel)strain was added _
_ _ _ (Kataria et al., 2018
into the ice cream mix after

homogenization and

pasteurization

Standard ice

cream

Ice cream mix was fermente
L. acidophilus\TCC

4356

(S. Arslan et al.,

with L. acidophilugefore
2015)

freezing

Yogice cream

Encapsulated probiotic strail
L. acidophiluga5 (alginatebased) was added (Ahmadi et al., 2014

into the ice cream mix
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L. acidophilusvas added into

Fermented ice _ _ unaged ice cream mix and (Senanayake et al.,
L. acidophiluga5 _
cream then incubated for 3 h at 2013)
no /

L. acidophiluga5b
Bifidobacterium A portion of milk (15% of the

A chocolate o _ _
_ animalissubsp. ice cream mix) was (Senaka Ranadheer
flavored ice ' _ o
lactisBb12 and fermented with probiotics et al., 2013)
cream
Propionibacterium and added into ice cream mi
jensenii702
_ _ The probiotic strain was
Low fat, high fat, Lactobacillus o ~ (dos Santos Leandr
B added into ice cream mix
fat free debrueckilUFV et al., 2013)
(10°CFU/mL)
H2b20
Ice cream mix was fermente _
Fermented . o (Carmen Silvia
_ B. longumandB. with probiotics and _
acerola ice _ N FavareTrindade et
lactis traditional yogurt starter
creams al., 2006
cultures
L. acidophilusB.
bifidum,
Limosilactobacillus
reuteri, Fortified milk fermented with
Standard ice . o . .
Lactobacillus probiotic strains was mixed (Salem et al., 2005)
cream
gasserj and with an ice cream mix
Lacticaseibacillus
rhamnosus
The strain was added after
Standard ice pasteurization of ice cream (Alampreseet al,
L. rhamnosus&G - i
cream YAE | UBCHU/gY 2005)

F2f{t26SR o0& ¢
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2.4.7 Infant formulae supplemented with probiotics

Infant formulae supplemented with probioti@nd prebiotics are increasir{gsao et al., 2021)he

main aim of introducing probiotics tafant formulae is to head a positive modification in the
balance of intestinal microflora of infants, which plays an important role in the development of an
efficient immune system. As stated by the European Society for Pediatric Gastroenterology,
Hepatobgy, and Nutrition probiotic/prebiotisupplemented infant formulae do not increase any
health concern regarding growtliBraegger et al.,, 2011)in this sense, in neonatology the
administration of probiotics such as bifidatteria and lactobacilli straineas become more
widespread As reported byWatkins et al. (2018) Bifidobacterium bifidumand Lactobacillus
acidophilug10° CFU/250 mg tablet) dispersed in infant formula can remain more stable, compared
to expressed breast milk and sterile water, after storage (4 °C for 6 h). As an effeetivednto
preserve probiotics viability, spray drying of skimmed milk has been reported. A study conducted by
Gardiner and others has highlighted the potentialities of spray drying (20% wi/v skim milk) for the
preservation of human deriveldacticaseibacillugaracaseNFBC 338 andgilactobacillusalivarius

UCC 118. The presence of lactobacilli in powdered milk particles was confirmed by confocal scanning
laser microscopy , where NFBC 338 remained stable (1GF10/g) during a-Bhonth storage period

at 4 C, although a 1 log reduction in the cell load of UCOnMABobservedGardiner et al., 2000)

For the stability of probiotics durindghé spray drying procesencapsulation material also plays a
key role. Starches, gums, maltodextrin, whey proteins, and reconstituted skimmed milk, as different
wall materials, are generally used. For example the addition of inulin or polydextrose (1D%sitl/v
skimmed milk has been reported not to enhance viability during spray df@oigoran et al., 2004)
While as reportd by Desmondet al. (2002) whenL. paracaseNFBC 338 was grown in skim milk
(10% wv) and gum acacia (10%) followed by spray drying process, gum-tested cells showed
10-fold greater survival than control celsubjected to identical environmental strgsSoukoulis

et al. (2014)analyzed the efficacy of different milk proteins (as secondary wall material), such as
skim milk powder, whey protein concentrate, and sodium caseinate, for their abilityatulize
microencapsulated.. acidophilugells produced through spray drying using maltodextrin (primary
wall material) and Eylucose and trehalose (tertiary wall material). Viabilityofacidophilugells

was improved by 70%, 59%, and 6% as a resufing whey protein concentrate, skim milk powder,
and sodium caseinate, respectively. As reported Bradford et al. (2019) Lactiplantibacillus
plantarumNCIMB 8826 cells encapsulated with maize starch resulted as more viable in powdered

milk, compared to free cells, after 15 days of storage and during simulated gastric and intestinal
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transit. Until now most strains added to formula have been isolated frermented food or fecal

infant microbiota, while strains isolated from breast milk are still investigated. Administration of
bacteria, isolated from breast milk to the neonate or to the brefegtding mother provides
opportunities for controllingundesiral microbiota establishment and reducing the risk of disease.
Bifidobacteriumand Lactobacillusa G N} Aya Aaz2flF SR FNRBY Y230KSNRa
probiotic candidates for addition to infant formu(&hassard et al., 2014)lowever, other breast

milk bacteria could also be targeted. For example, strain¥eaflonella as noncarbohydrate
fermenting lactateutilizers (in combination witfPropionbacteriumspp.), found both in breast milk

and corresponding infant feces, may have an important function by metabolizing lactate resulting

from lactose fermentation to propionate and acetgfeuncan et al., 2004; Jost et al., 2Q13)

2.5 Plantbased probiotic fermented milk products

At present, there is an increasing demand for probiotic enriched glased milk productgRasika

et al., 2021) In fact,although some plant milk products contain low protein and calcium, plant milk
adzoadAGdziSa | NB dza SR (0 2causdoflow alleRyy ad@idtdeéancy issties, A Yy
lactosefree, cholestercfree, and lowcalorie. These health issues in combination with the growing

trend of vegetarianism and the lingitl use of dairy products in the diet of several countries,
especially in sia and Africa, make the development of rdairy substrates for the delivery of
probiotics a necessityn addition, as reported bBernatet al. (2014) a therapeutic relationship
between vegetable milk wh a good source of antioxidants and diseases such as cancer,
atherosclerosis, and inflammatory diseases is emerging. Moreover, the fermentation obplsed
products, as one of the most traditional methods for food preservation, could improve the sensor
characteristics of the final products as well as nutritional quality by lowering the content of sugars
and increasing the levels of thiamine, niacin, lys{deske et al., 2018; Rasika et al., 2021)
Fermentation also enhances the nutritional value of milk by increasing aaaius, vitamins as well

as therapeutic values such as amticrobial, antitumor, anticarcinogenic, and immunomodutaty

activity (Grom et al., 2020)Currently , also the demand for probiotic plamased milk products is

ANRB gAY RdzS (G2 02y adzYSNDa 2LIAYA2Y thdrébiolidd TSy G A |
guarantee the health benefits of fermented plabased milk products, probiotics should achieve

the minimum level requirement between $@nd 10 cfu /mL until the expiry datgShori, 2015)
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2.5.1 Probiotic fermented soymilk products

Recent studies showed that many pldrased milk substitutes support probiotic growth and
maintain satisfactory viability throughout the fermentation process and sto(Rgeika et al., 2021)

In this framework, soymilk represents one of the main carrier matrix used for probiotic-ipiidgkat
based food development.Soymilk, a growing trend that can serve as a-tmst nondairy
alternative with improved functional and nutritional properties, could represent a good nutrition
media for the growth of the microorganism as well as for their bioaatwitlowever even though
soymilk is an exceptional nutrient supplement, its acceptance by consumers could be limited due to
disagreeable beany flavour, antinutritional factor that compromises mineral natural availability and
its salts, and indigestible glbsaccharides such as raffinose and stachyose, which cause flatulence
(Theodoropoulos et al., 2018 order toaddress these limitations, fermentation of soyrdi&sed

foods has been selected as an useful method for improving nutritional bioavailability, enhancing
physicochemical and sensory properties, and supplying health benefits. In fact, the fermentation of
soymilk is related to the reduction of levels of beany flavour, antinutritional factor and- non
digestible galactooligosaccharides, but also to the increase of the quality and acceptability of soy
products (improving flavours and /or textures and enhancingitional value and digestibility),
which increase its demand among consumers. Apentn the nutritional value, fermentation
improves isoflavone bioavailability, provides bioactive peptides and enhances several health
benefits(Kumari et al., 2022)T'he predominantnicroorganismaised for the fementation of soy
products wereBacillus subtiliand Aspergilluseven though different strains of lactic acid bacteria
(LAB) have been, also, proposed as a starter culture for the fermentation of sdinitiari et al.,
2022; Qian et al.2020) As reported byDonkoret al. (2005)a soy yogurt fermented with strains

of Lacticaseibacillus casd@ifidobacteriumlLactobacillus acidophilugas characterized by
improved organoleptic and physicochemical properties due to the productiorgificosidase and
h-galactosidase enzymes by the cultures. Thgalactosidase activity of LAB is connected to a
reductions in the undesirable flavour anthtiilence, whilei -glucosidase activity transforms soy
isoflavones into bioactive aglycon@idndhad Trupti et al., 2021n thisframework, according td.i

et al. (2012); Truptiet al. (2021)species of LAB have been reported to increase the contents of
bioactive substances, including aglycone isoflavones, saponins, totablphepeptide and free
amino acid in the fermented soymilk. Similarly a study conducte8&ibgh Bhushan and Vij (2020)
showed how fermentation improves the bioavailability of soy minerals, isoflavones, vitamins and

proteins.
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Also, the ability of certain LAB to produce phytase, a phytisigrading enzyme, during
fermentation, resulting in phyta dephosphorylation improved mineral bioavailability and
absorption (Figure 2.4). In this sense phytate is a-lwelwn antinutrient factor that forms insoluble
complexes with multivalent positive cations such ag*Cart*, Fe*and Mg*and amino group
derivatives at physiological pH values, reducing their solubility, bioavailability and absorption. As
reported bySaraniya and Jeevaratnam (2016 fermentation of soymilk with different strains of
Lactobacilluseduced phytate content as compared to unfermented soymilk. In this framework the
decreased content of phytate and improved solubility of Baand Zn by the action of phytase was
observed byTrheodoropoubs et al.(2018)to enhance the availability of minerals and nutritional

value of soy drink
.“ --
| =T |
: - Fermented
Soymilk

soymilk
/ {

|
|

o Phytase .
Antllf’nhumttlonal ______ . Improve mineral
(Phytate) bioavailability
S
Ingctiye isofl'av.ones pB-glucosidase Biologically active
(daidzin, genistin and - 5 aglycones (daidzein,
giycitin genistein and glycitein)
Indigcstible oligosaccharidas a-galactosidase
such as raffinoseand = - emee- > Reduce flatulence
stachyose

Unpleasant flavor causing Reduce unpleasant beany and
enzymes (Lipoxygenase, grassy flavors and bitter
hydroperoxide lyase) compounds

Incativate

Figure 2.4Improved nutrition value of fermented soymilk according tumariet al. (2022)
In addition in a study conducted b§henget al. (2005) the ingestion of fermented soymilk
modulated the intestinal bacterial ecosystem by increasing the populations of beneficial bacteria

while decreasing the populations of pathogens.

66



In this framework LAB could be used as a starter as well as a probiotic culture in the production of
health promoting fermented soymilk products. As reportedLbet al (2012) soymilk products
fermented by probiotic cultures were characterized by an increase in the contents of bioactive
substances, including-aminobutyric acid, vitamin B6 and total isoflavone aglycone compared to
the control samples. The bioactive compoundduding phenolic contents and peptides have been
indicated to have various beneficial health effects such as antihypertensive, antioxidant,
antiobesity, immunomodulatory, antidiabetic, hypocholesterolemic and anticancer effgctgh et

al., 2020; Trupti et al., 2021n additon as reported byeo and Liong (201,ahe supplementation

of prebiotics and probiotics in soymilk enhanced the production of bioactive aglycones, which
reduces the risk of hypertension and hormedependent diseases such as breast cancer, prostate
cancer and osteoporosis. Accordingdbao and Shah (2014)e proteolytic activity of LAB was
observa to contribute higher phenolic and isoflavone contents as well as an increase in the
antioxidant capacity in soymilk fermented with LAB. Furthermore, the high content of isoflavones
resembling the estrogen structure has the potential of reducing the aofkosteoporosis,
menopausal symptoms, and breast cancer. Moreover, another study on the effect of the ingestion
of a soy milk beverage fermented witlacticaseibacillus cas8hirota on gut microbiota in sixty
healthy premenopausal women for 8 weeks, rejgorthat there was an increase of Lactobacillaceae
and Bifidobacteriaceae levels and a decrease of Enterobacteriaceae and Porphyromonadaceae
levels during the intake period. The results suggested that a daily intake of fermented soy milk
beverage beeficially contributes to modulation of the gut microbiota in premenopausal healthy
(Nagino et al., 2018)

2.6 Technological challenges for the viability of probiotics in food products

The viability of probiotics is very important for ensure the high efficacy of probiotic products. As
reported byMbyeet al.(2020) a number of stress conditions are encountered by probiotics in food
products, such as food processing, storage, and the gastrointestinal transit. For example, many
probiotic strains are sensitive to oxygen and thaability is affected by the presence of oxygen in
dairy products. In this sense an important technological hurdle in the development of
probioticfermented foods could be represented lxygentoxicity. Oxygen toxicity has been
reported as a possibleau® of a significant decrease in bifidobacteria levels, due to their anaerobic
metabolism, for example in yogurt during storage in various parts of the wtstdhim & Carr,

2006) In fact, as reported by Talwalkar and Kailasapathy (2004) xpesiion of probiotics to
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dissolved oxygen, eventually present in the food product, results in the intracellular accumulation
of toxic oxygenic metabolites, such as superoxide anion, which eventually can reduce their viability
In this sense several pragging steps, involved in the manufacturing of many food product such as
agitation or mixing stepsnevitably influence the incorporation of high amount of oxygen in the
product. Also, some packaging materials during the storage period could facilitate the transfer of
atmospheric oxygen into the product. The highpact polystyrene packaging matesalfor
example,iswidely usedaspackaging material for foods throughout the world because of its visual
appearance, qualities of strength, and hygiene Igller et al., 2003) Among several ways to
address the challenges related to prob®triability in food products, the selection of oxygen
resistant probiotic strains or the remotion of molecular oxygen through oxyggpawvenging
compounds (e.g., natural antioxidants or synthetic antioxidants), the use of passive barriers (e.g.,
multilayer structures containing aluminum foils) and packaging materials impermeable to oxygen
could represent suitable strategies. In this sense, accordinlyletbammadiet al. (2011) was
reported the applicabn of oxygerbarrier packaging in combination with an oxyegsravenging
material as one the most effective system for the viability of probiotics iatyget yogurts.In
addition, many studies have described the use of oxygen scavengers or antioxid&fitscige
compounds for enhancing the viability of probiotics. As reportedDlaye and Shah (1997%he
survival ofLactobacillus acidophilus yogurt was increased ascorbicacid (vitamin C). In addition
enzymebased oxygen scavengers based on glucose oxidase have been tested in yogurt before
fermentation resuling in 69.02% to 86.03% reduction of oxygen and up to 40.32% increase
in Bifidobacterium longunsount compared withthe control (Cruz et al., 2010)Antioxidants
including fruit pulps (soursop, custard apple, and sweetsop) have also been reporEsthagieera

et al. (2018)to significantly increase the survival Bifidobacterium animalissp.lactisBB12 in

yogurts, compared to control yogurts, after 28 days of storage.

2.7 Microencapsulation of probiotics

In addition, encapsulation can enhance the viabilitypbiotics in food product§Mohammadi et

al., 2011) More specificallymicroencapsulation could represent and economically sustainable
technology for protecting probiotics from several processing steps and to ensure their delivery in a
required number to the human body. Many studies have described the improved survivalfrate o
probiotics when encapsulated, using several encapsulation methods, such as extrusion, emulsion,

and freeze and spray dryir{gashidinejad et al., 2022)n this framework some of the most widely
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used techniques used for the microencapsulation of probiotics with prebiotics include high
temperature processes (spray drying) and#®mperature processes (freezirying, spray chihg,
extrusion, emulsification, electrbydrodynamic atomization, gelatioiiRashidinejad et al., 2022)

In addition, the lierature data have pointed out the use of polymers such as pectin, alginate,
carrageenan, chitosan, whey, gelatin and lipids for microencapsulation of bacteria with positive
effects in protection of probiotic cells during storage condition and GIT envieon(Islam et al.,
2010) Although the most used entrapping techniques are the extrusion, freeze and spray
drying,Ding and Shah (200P)joposed the use of a microfluidizer device with four different settings,
based on all possible combinations between number of passes (10 or 20) and pressuirRa(69
138MPa) for the encapsulation of probiotic bacteria, starting from an emulsion ofisodiginate

and vegetable oil. These process conditions gave microcapsules having a dicf@@em,
contrarily to the emulsions obtained by some stirrer conditiépsg & Shah, 2009However, the

final microcapsule dimensions are related to the pressure applied and to the cell surface properties
of bacteria(Burgain et al., 2014)n this sense, a study conducted Pgtrignaniet al. (2017)have
investigated the potential of microencapsulation, by high pressure homogenization (HPH) with a
sodium alginatevegetable oil solution for two probiotic bacterial.actiplantibacilluparacaseA1l3

and Ligilactobacillus salivarilBET 4063, for the production of functional fermented milks, which

were characteized by high viability of the functional strains.

2.8 Microencapsulation of probiotics by spragrying

Microencapsulation of probiotics by sprayying ould represent a suitable strategy for the
maintance of high cell vitality, also considering the high costs and long drying times of alternative
microencapsulation techniques, such as fredegng process etc. A great focus in literature data is
regardirg the spray drying technique for probiotics, as a continuous process with high throughput,
common in the food industry, particularly in the dairy industry. Furthermore, spray drying is
considered as a sensitive drying technique, in fact the maximum praeongerature always stays
below the air outlet temperature and the residence time is shigiti & Chen, 2011During the
spraydrying process, the cell suspension is pumped as liquid concentrate to the dryer and separated
in small droplets by means of a pressure nozzle (one or two fluid nozzles) or a rotary disodehe

of particle formation in the drier also influences the viability of the bacteria after dif@tgndi et

al., 2013)A schematic spray drier ghown in Figure 2.5.
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Figure 2.5Schematic drawing of a eourrent spray(Holzapfel, 2011

The obtained droplets are mixed with a large amount of hot and dry air (inlet temperatures between
150 and 200 °C) and the water at the surface immediately evapsaatd the surface temperature
cools down to wet bulb temperature due to evaporatiauring the constant rate period of drying.

The wet bulb temperature is considerably lower than the inlet tempera{ireighambardoust et

al., 2011) At the end of drying, the temperature of the particle depends on the outlet air
temperature. The outlet air temperature is the key factor foicrobial survival after drying, and a

low outlet air temperature correlates with high survival. However, the final water content of the
particles is also connected with the outlet air temperature, and consequently a low outlet
temperature indicates highesidual water content. This aspect, however, is associated with low
storage stability(Holzapfel, 2014)in addition, the outlet air temperature depends on the inlet air
temperature, airflow rate, product feed rate, medium composition, and atomizexplét size. As

the outlet temperature is dependent on many factors and is not an independent variable, it is
difficult to control. To overcome the disadvantages of the spray drying process, such as the high
inactivation in the falling rate period due tagh temperatures and the long residence time, several
attempts have been done. In this sense, the vacuum dryulngn is carried out as second drying
stage can be able to prevent thermal and oxidative stress@dolzapfel, 2014) | 2 6 SO S NE
important to underline how an optimized process could resadta suitable approach to increase
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the cell viability of probiotics in foods after food processing, storage and consumptiortbis
sense as reported by a recent study conducted.bylaket al. (2021)Lactobacillus acidophilusi
5, when encapsulated with whey powder and Aradpicn mixtures using spray drying, was more

stable in probiotic yogurt during the shelf life, compared to free cells.
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Ceneral objectives



In recent times, probiotics have received rising attention from scientific to public perspectives.
a2NB20SNE | fa2 GKS YSRAIFIGAO az2dzyR lo2dzi GKS
public perception to a more rational view on the beneficiallerof probiotic products on human
KSIfGKed LYy ftAYS gAGK (GKSaAaS FROIyOSa FyR GKS
not surprising that the growth of probiotic industry is estimated at 7% ann(@lyningham et al.,
2021) However, while there is a common opinion on the fact that probiotics are beneficial, maybe
there is still a gap, especially from general audiermreknowing or understanding their precise
definition. In the scientific field, as recently established by the International Scientific Association
for Probiotics and PrebiotigdHill et al., 2014hQ)for probiotics the evidence of a health benefit is
required as a preliminary critem of selection, also consideringrget sites, target populations,
different way of administration, and certainly all probiotics must be safe for their intended use. At
this time, multiple spheres of influence are acting on the probiotic field. For example, the
technological progress as Waew scientific data are opening to the exploration of new candidate
probiotics, also providing new informati@bouttheir interactions with the microbiome and host.

In this sense, besides gut and fermented foosksveralhuman microbial niches are engng as
source of candidate probiotics such as, oral cavity ,skin, human milk and healthy vaginal
environment. More specifically, species and strains related with health in these two specific niches
are being investigated as potential strategies to restorerobial populations and to prevent or
treat specific disease statéBrance et al., 2022; Oddi et al., 2028pwever, the selected probiotic
strains are generally proposed as oral formdikis PhD project is in livath these advancesalso
considering the recent impact of tailored nutrition studies, which come thgetvith customized
health needs of nowadays consumers. In particular,rttegn aim ofthis PhD projecis directed to

the selection of candidate probiotic strains from human microbial niches, to be used for the
development of tailored fermented foods designed thfferent types ofconsumersAccording to

the proposed main aim, during my PhD project several activities costhegith more specific
objectives were carried outThe first one is concerning the isolation bactobacillusand
Bifidobacteriumstrains from human milk and their investigation as probiotic candidates, also
including their technological features, assugpitineir inclusion for the development of functional
fermented food productsin this contexthumanmilk, considered as one of the best example of a
natural functional food, contains not only nutrients, hormones, growth factors, immunoglobulins,
cytokines,and enzymes, which contribute to immune maturation and child dweihg, but also a

significant number of microorganisms, that are responsible for the gastrointestinal colonization of
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the newborn and for the adequate maturation of the gut mucosal immuwstesn(Zacarias et al.,
2011) Thus, it is not without reason that selected straind.a€tobacillusand Bifidobacteriumspp.

also isolated from human milk, are the most studied microorganisms worldwide and used in foods
FYR LIKIFNYI a4 LINPOA2GAOCA® LY GKA& ARumanmyjkOS> ¢
can be considered as an important source of potential pbibacteria, but the technological
aptitude of isolates obtained from this matrix is not always guaranteed and have to be deeply
investigated, especiallyn perspective to include them in food products;cording to EFSA /FDA
safety requirements

Moreove, in recent yeargprobiotics have been also proposed to improve genital health of women,
and microbial strains isolated and connected with healthy vagaeakystemcould be used to
prevent or treat vaginal dysbiosis and genital infections. In particuéginal.actobacillus crispatus
Lactobacillusgasseri and Limosilactobacillus vagifia strains isolated byParolinet al. (2015,
characterized also for their technological features (Siroli et al., 2017), exhibited activity towards
several genital pathogens, includiGgndidaChlamydia trachomati@Parolin et al., 2018)leisseria
gonorrhoeae(Foschi et al., 201group-B StreptococcugMarziali et al., 2019and HIV1. Such
beneficial strains can be administeraa situ or orally, given their capability to pass from the
intestine to the vagina because of spatial proximity of the two apparati. Moreover, although these
functional strains could be available as oral preparations, it would be very challenging to use them
in foods as a dietary strategy to prevent specific diseases, after their technological, functional and
metabolic characterization. In this framewotke second activity of my PhD is inser@iching to
characterizing, from a metabolic and probiotic point ofwithese selected vaginal lactobacilli
isolated from healthy vagin@cosystemfor their potential inclusion in foods.

InadditonA 0 Qa4 AYLRZ2NIFYG G2 dzyRSNIAYS K2g GKS YIF Ay
in food and their functional propgies for the full sheHife of food is highly challenging, also
considering their fate during the digestive process. When included in a food product, probiotic
strains and their viability are affected by several factors, such as sensitivity to processons

(low pH, oxygen, fermentation temperature), the effect of the food matrix (water activity, pH,
presence of natural antimicrobials), and storage conditions, which can affect their performance and
viability ( Patrignani et al., 2017aMoreover,during the digestion, the low pH of the stomach or
presence obile saltsin the small intestine can further contribute to the lossmicrobialviability
(Barbosa & Teixeira, 2017)Therefore, the development of suitable technologies for the

maintenance of an adequate number of viable probiotic bacteria (>7 log céwmyng units, cfu/g

74


https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/lactobacillus-crispatus
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/lactobacillus-gasseri
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/chlamydia-trachomatis
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/neisseria-gonorrhoeae
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/neisseria-gonorrhoeae
https://www.sciencedirect.com/topics/chemistry/bile-salt

of product) is &ey stepln this sense, microencapsulatiosing a sprayiryer is one of the most
widely used techniques, which offers a valuable option for encapsulatingdegeitive nutrients

and probiotic microorganisms. Several studies have demonstrated the pakehthis technique in
developing probiotic powders with different carriers that can preserve their functionalities
(Muzaffar et al.,, 2016; Paim et al., 2016; Patrignani et al., 20@@hsequently, in order to
preserve/maximize vaginal strains functionality during food processing/digediiiaing the PhD
project the potential of microencapsulationybspray drying was evaluateosh some of these
selected vaginal lactobacilli, already characterized for their technological and functional properties,
using soy milk as carrier. Moreover, another activity of research connected with the main idea to
developa food strategy for the administration of these selected vaginal strains was carried out.
More specifically, one of the most promising strains belonging to this pool of functional vaginal
lactobacilli, namely Lactobacillus crispatuBC4 was supplemented in a Squacquerone cheese
consequently their digestive fate was evaluated throughout a simulation of the human intestinal
microbial ecosystem, adopting SHIME® systdavertheless, while probiotic delivery to humans
has traditionally beemssociated with fermented dairy foods, mostly of bovine origin, recently due
G2 GKS NAaAy3a SYSNHSYyOS 2F I 0G24aS Ayiaz2f SNIy
towards veganism and negative environmental impacts of dairy production, the défeamon
dairy-alternatives as potentigbrobioticscarrier is increasing. At present, also the viability levels of
probiotics in plartbased milk substitutes (PBMS), such as soy milk, during product storage have
been reported as highly satisfactafiasika eal., 2021) and consequently potentially promising as

an alternative carrier for probioticén addition, several studies have also proved that fermentation

of soymilk by lactic acid bacteria overcomes the problem of beany flavor, increasesithigonal
features of soymilk by reduction of oligosaccharidé®tieno & Shah, 2007gnd improves the
bioavailability of isoflavones, the digestion of proteins, provides more soluble calcium, enhances
intestinal health, improves antioxidant activity and supports immune sygt&ang et al., 2003)

In this ©ntext, the latest PhD activity was connected with the development of fermentedhsitks

using commercial starter cultures and supplemented weincapsulated anchon-encapsulated
selected functional vaginal strains, suchLastobacillus crispatuBC4 andLactobacillus gasselsiC9
Additionally, the adopted vaginal strains were used individually or in combination, trying to
understandwhether there was any evidence of a potential synergistic effect between these two
strains in the food productsCmsequently, in order to investigate their specifimctionality, also

after the digestion of these formulated products, their effects on ttimalepostmenopausafecal
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microbiome were evaluated. In fact, these kind of women are potentially more pronvagmal
dysbiosis and could represent an interesting target considettiegphysiological change of this
microbiome following postnenopause.

Ly GKAA FNIYSEg2N] AGQE AYLERNIUIYG (G2 dzy RSNI Ay S
(LAB), also inombination with probiotic strains, could be considered as suitable vehicle to deliver
probiotics, also improving the organoleptic properties and the nutritional valtiesoy milk.
Consequently, the formulated products were evaluated in termaufients with a specific focus

on fatty acids, minerals and vitamins contents and amino acids compositions. Additionally, the
products submitted toin vitro digestion at several timepoints such as end of the gastric phase
(G120), after 60 min (D60), amad the end of the duodenal phase (D12Qyere investigated for

their resulting protein bioaccessibility.
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CHAPTER

Human breast milk:

a source of potential probiotic
candidates

This chaptewasbased on

5Q! f Saal Fdol? G, Patdgiani, S., Sottile, G., Antonazzo, P., Vitali, B., Lanciotti, R. &
Patrignani, F. (2022). Human Breast Milk: A Source of Potential Probiotic
CandidatesMicroorganisms10(7), 1279Doi: https://doi.org/10.3390/microorganisms10071279
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Abstract: This tiapter focuses on the isolation of lactobacilli/bifidobacteria from human breast milk
and their first characterization, in the perspective to find new probiotic candidates to be included
in food products. More specifically, breasilk-isolated strains dewnstrated a very good aptitude

to adhere to intestinal cells, in comparison withrhamnosu&G strain, taken as reference. The
same behavior has been found for hydrophobicity/aaiggregation properties. A remarkable
antagonistic activity wasletected for these isolates not only against spoilage and pathogenic
species of food interest, but also against the principal etiological agents of intestinal infections.
Indeed, isolated strains impaired spoilage and pathogenic species growth, as watfilm
formation by gut pathogendn addition, all 16 supernatants of breast milk strains showed prebiotic
activity against recognized commensal bifidobactefiia. addition, breast milk strains were
characterized for their antibiotic susceptibility, diaping speciespecific and strahspecific
susceptibility patternskFinally, to assess their technological potential, the fermentation kinetics and
viability of breast milk strains in pasteurized milk were investigadégh) includingheir resistance

to simulated GIT conditions and tlstudy of the volatile molecule profiles. In this regard, all the
strains pointed out the release of aroma compounds frequently associated with the sensory quality
of several dairy products such as acetic acid, diacetytpageacetaldehyde. Data here reported

point up the high potential of breasnilk-isolated strains as probiotics.

1. Introduction

Human breast milk, generally recognized as a unique and complex food matrix, could be qualified
as an ideal example of a nasfunctional food Zacarias & Vinderola, 201®) fact, it contains not

only nutrients, hormones, growth factors, immunoglobulins, cytokines, and enzymes, which
contribute towards ciid wellbeing, but also a significant number of microorganisms. It has been
estimated that human breast milk bears 2LGFU/mL of bacterigTed Jost et al., 2014nd
represents an important inoculum for the development of the infant gut microbiota, along with skin,
mouth, and vaginal tract of the mothéBiagi et al., 2017)ndeed, it has been well established that

the human milk microbiota drives the colonization of the tgaistestinal tract for the newborns,

also contributing to the maturation of the immune syst¢8hen, 2022y ¢ KS 2 NAIAYy 2 7F
bacteria is still comoversial; both facultative anaerobic and aerobic species have been retrieved by
molecular and cultural methods. Several auth@@abrerarubio et al., 2012; Zacarias et al., 2011)
have highlighted up to 700 bacterial species in human breast milk, although for an individual, a

smaller range (@18) of cultivable species was reportestreptooccusand Staphylococcusgvere
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reported not only as the bacterial genera most frequently isolated by human milk, but also as the
most abundant, along withBifidobacteriumand Lactobacillus the latter mainly shape the
developing of gut microbiotéBiagi et al., 2017Yhus, it is not without reason that selected strains

of lactic acid bacteria and bifidobacteria, also isolated from breast milk, are worldwide the most
investigated microbial species and besides the most used in food and pharma as probiotics. In this
instance, however, it is important to underline how breast milk can be considered an important
biological niche for the isolation of potential probiotic bacteria, although the technological aptitude
of isolates obtained from this matrix is not always guarantaed needs to be deeply investigated.
Therefore, the aim of this work is directed to the isolation of lactobacilli and bifidobacteria from
breast milk samples collected in Italy, focusing on isolates with functional, antimicrobial, and
technological poterial as probiotics, also in perspective to include them in functional food
products. More specifically, specific functional parameters such as hydrophobicity and auto
aggregation and adhesion to a human intestinal cell line were studied for these istfeaeklition,

they were evaluated for their antagonistic activity against the pathogenic and spoilage species
frequently associated with food products and against the principal etiological agents of intestinal
infections. Moreover, these strains were chaexized for their antibiofilm activity and antibiotic
susceptibility. In additionwere also evaluated the prebiotic activity of cell free supernatant
obtained by these investigated breast milk bacteda Bifidobacteriumstrains, as common
residents in mfant microbiota.Finally, the fermentation kinetics and viability of these lactobacilli
during the refrigerated storage in milk were characterizedso including their resistance to

simulated GIT conditionas well as the volatile molecule profiles of the obtained fermented milks.

2. Materials and Methods
2.1. Isolation of bacteria from breast milk

As regards to the collection of human breast milk, 30 mothers attending M. Bufalini Hospital in
Cesendltaly) have donated the samples, with full knowledge and written consent about their use.
All volunteers provided a written informed consent in accordance with the Ethics Committee of the
University of BolognaPfot. n. 16617, 26 January 2024nd the Etics Committee of the hospital
Maurizio Bufalini (Prot. n. 15232 May 202) and the institutional review board approved the
study. The mothers were interviewed on the kind of delivery (vaginal or by caesarean section, full
term or premature) and on the esumption habits of probiotics. Mothers who received antibiotics

or consumed probiotic products during pregnancy or after delivery were exclu8adiple
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collection and plating were performed according @acarias et al. (2011More specificallyto
assure the quality of sample collection, all the samples were aseptically collected in sterile tubes
and stored on ice until delivery to the laboratory. Breastknsamples were obtained by manual
expression after cleaning the nipples and areola with sterile water and discarding the first drops.
Colonies presenting typical lactobacilli or bifidobacteria morphology were isolated and purified.
Presumptive lactobadilor bifidobacteria isolates were stored frozen in MRS broth (Oxoid Ltd.,

Basingstoke, UK) with 0.05%02 a G SAYy S Ay 3Ift @O0SNRBt G byn c/ 7Tz
2.2. Identification of isolates

Total DNA of the isolates was obtained from cultures grown in overnight using the commercial
GenElute.  OGSNA Lt DSYy2YAO 5b! (1AG o{A3IYlLIZT {04 [ 2dz
AYaiNdzOGA2yad £ (GKS &l YLI Séluse TheliddoNdnie déhiRy 5 b !
of isolates was investigated by amplifying, sequencing and comparing their 16S rRNA gene. Primer
forward 27 and primer reverse 1392 were chosen to obtain an amplified fragment of 16S rRNA.
According to the following conddns: 5 min in at 95 °C, 25 cycles of 1 min at 95 °C, 1 min at 55°C
and 1.30 min at 72 °C, and a final step of 5 min at 72 °C the amplifications were performed using a
PCR System (Applied Biosystems, Foster City, CA, USA). The PCR products were sep&%ed on
(w/v) agarose gels in TAE buffer, stained with GelRed (Biotium, Hayward, CA, USA) and visualised
under UV light (Sambrook and Russell 2001). Amplicons were purified and then their nucleotide
sequences were determined by an external service (Eur@arsomics, Ebersberg, Germany). The
identity of the isolates was checked by nucleotiugcleotide BLAST of the NCBI database

(www.ncbi.nlm.nhi.gov/blast (accessed on 3 Nov 2021)).
2.3. Microbial strains

For the present study, 1l0actiplantibacillus4 Lactdacillusand 2Bifidobacteriunstrains were used

(Table 1). All these strains are part of the microbial culture collection of DISTAL (Department of Food
science and Biotechnology, University of Bologna, Italy). Each strain was isolated from a breast milk
sample different from the other samples. These strains were also compared_atiicaseibacillus
rhamnosusGG ATC3103 andBifidobacterium animalisubsplactisBB12®used as references.
Lactobacilli and bifidobacteria were cultured in MRS broth {@ktd., Basingstoke, UK) with 0.05%
L-cysteine and incubated at 37 °C for 24 h in anaerobiosis (GasPak System; Oxoid Ltd., Basingstoke,
UK). Moreover, in order to evaluate the potential antagonistic activity of the breast milk isolates,

selected food sptage strains, such ddsteria monocytogeneATCC 13932 and Scott lAsteria
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innocuaATCC 5174Enterococcus faeciuBIC104Escherichia cdii55,Staphylococcus auresSM
20231,Salmonella enteritidi&5 and MB1409, and the intestinal pathogens entexajenicE. coli
H10407,Salmonella choleraesutserovar typhimurium Yersinia enterocolitic§Giordani et al.,
2018) were chosen as target bacterial strains. The pathogenic and spoilage strains were cultured in
Brain Heart Infusion (BHI) broth (Oxoid Ltd.) at 37 °C for B#dddition,Bifidobacteriumstrains,
purchased from the DSMZ Leibniz Institute, were used fertialuation of the prebiotic activity of

cell free supernatant obtained by these investigated breast milk bacteria.

Table 1 .Lactiplantibacillus Lactobacillusand Bifidobacteriumstrains isolated from human breast milk and
used in the present study.

Strains Species Isolation Source Collection
3.6D L. plantarum Breast milk DISTAL
11.3C L. plantarum Breast milk DISTAL
M6C L. plantarum Breast milk DISTAL
29TOL L.plantarum Breast milk DISTAL
31T0C L. plantarum Breast milk DISTAL
32T0C L. plantarum Breast milk DISTAL
331G L. plantarum Breast milk DISTAL
34T0B L. plantarum Breast milk DISTAL

35 TO B.bis L. plantarum Breast milk DISTAL
30b6 A L.plantarum Breast milk DISTAL
32TOA L. gasseri Breast milk DISTAL
34T0C L. gasseri Breast milk DISTAL

g.1 L. gasseri Breast milk DISTAL
CFIl11 L. gasseri Breast milk DISTAL
32 TO B.bis B. longum Breast milk DISTAL
BL6 B. animalis Breast milk DISTAL

2.4. Hydrophobicity

The bacterial hydrophobicity, as the ability to adhere to hydrocarbons, was evaluated in agreement
with Vinderola & Reinheimer (2003ach fresh strain (grown in 24 h of incubation at 37 °C in MRS
broth with 0.05% {cysteine adopting anaerobic conditions) weavested in the stationary phase
after centrifugation at 6000 rpm for 10 miAfter removing the supernatant, an isotonic solution of

NaCl 0.9% were used to resuspend the microbial pellet and to subsequently dilute the absorbance
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value to 1, measuring &60 nm using a spectrophotometer (model 6705, Jenway, Stone, UK). Then,

3 mL of the microbial suspension were vortexed with 0.6 ml-texadecane (Sigmaldrich, Milan,

Italy) for 4 min. The two phases were left to separate for 1 h at 37 °C. The aqueass was
removed, and then the absorbance at 560 nm was measured. The hydrophobicity percentage was
OF t Odzf  GSR | OO2NRAY3I (2 GKS TF2fft2¢Ay3a T2Nydz

absorbance at time 0 and At represents the absorbance afterflificobation at 37 °C.
2.5. Auto-Aggregation assay

According to the method proposed el Re et al. (200@nd modified byMathara et al. (2008)

the microbialauto-aggregation for each strain was investigated. Each fresh bacterial culture (grown

for 24 h) was centrifuged at 6000 rpm for 10 min. After removing the supernasantsotonic

solution of NaCl 0.9% was used to resuspend the microbial pellet to th@arvolume. The auto
aggregation assay was determined during 5 h of incubation at room temperature. More specifically,
every hour, 0.1 mL of the upper suspension was taken and placed in a 0.9 mL NaCl 0.9% isotonic
solution, and the absorbance (A) wasaeided at 600 nm using a spectrophotometer (model 6705,
WSygles {(i2yST !YOd CAylfftes I OO02NRAYy3A (G2 (KSE
mean of absorbance values attime t=1, 2, 3, 4, or 5 h, and AO the absorbance at t = O; the obtained

auto-aggregation value was expressed as a percentage.
2.6. Adhesion to differentiated Caca cells

The capability of breast milk strains to adhere to differentiated €attestinal cells was evaluated.
Briefly, Cace cells were grown on glassverslip in DMEM supplemented with 10% fetal bovine
serum, 1% {glutamine in 5% Cat 37 °C for 21 days to allow differentiation. Breastk-isolated
lactobacilli/bifidobacteria were cultured overnight, then subcultured for an additional 18 h.-Zaco
cells were incubated with lactobacilli/bifidobacteria cells by applying a 1:400 ratio at 37 °C with 5%
CQ for 3 h, then washed twice with PBS to remove +aatherent lactobacilli. Samples were fixed
with methanol and stained with Giemsa, bacterial cells amfigeto Cace? were counted by at a

light-microscope (1000x%), considering at least 200 €acells.
2.7. Antibiotic susceptibility

The antibiotic susceptibility of the lactobacilli and bifidobacteria isolated from breast milk was
determined in Sensititr@ antibiotic plates (Thermo Fisher Scientific AG, Basel, Switzerland) in
agreement with the recommendations made by EFSA following the official ISO 10932 method.
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L-cysteine agar plates and incubated for 48 h at 37 °C in anaerobiosis. Colonies obtained were then
resuspended to reach a turbidity of 1 McFarland. Bacterial suspensions were diluted in MRS with
0.05% tcysteine in order to reach a concentration®10RJ/mL for the inoculum. A volume of
inoculum of 100 pL was then transferred in each well of precoated Ser&#ittibiotic plates and

later the plates were incubated for 48 h, at 37 °C, adopting anaerobic conditions. After the
incubation time, it was podsle to define the minimal inhibitory concentration (MIC), defined as the
concentration of the agent that completely prevented visible microbial growth. The tested
antibiotics and the relative ranges of concentrations are the followings: Gentamici.8p@/mL,
Kanamycin 1022 pg/mL, Streptomycin 256.5 pug/mL, Neomycin 6@.12ug/mL, Tetracycline 64

0.12 pg/mL, Erytromycin-8.015 pg/mL, Clindamycin 4603 pg/mL, Chloramphenicol 412

pg/mL, Ampicillin 16.03 pg/mL, Penicillin 26.03 pg/mL, Vancomyt 1280.25 pg/mL, Synercid
8-0.015 pg/mL, Linezolid 1®03 pg/mL, Trimethoprim 60.12 pg/mL, Ciprofloxacin 1ZB25
pg/mL, Rifampicin 68.12 pg/mL.

2.8. Antagonistic activity against spoilage and pathogenic species

In order to evaluate the antagonistability of lactobacilli and bifidobacteria strains towards the
target strains reported in Section 2.3, the methodLlafcke & Schillinger (198%)as performed,
adopting some modifications. Fresh cultures of the lactobacilli/bifidobacteria (5 pL) were poured
over the surface of MRS +clsteine plates (with 1.2% of agar) and let to grow adopting anaerobic
conditions at 37 °C for 24 h. Then, 0.1 (oarresponding to approx. 7 log CFU) of an overnight
culture of the target strain was inoculated into 10 mL of BHI soft agar (with 0.7% of agar) and poured
on the plates where the lactobacilli/bifidobacteria had grown. After the incubation time (37 °C, 24
h) the plates were checked for the potential presence of the inhibition zone. Then, the inhibition
halos were measured from the outer perimeter of the spots in four directions, considering the
average diameters. According to the diameters of inhibitioe, dantagonistic activity showed by all
GKS (GSaitSR aiGNIXAya sla SELINBaaSR FayY b3 y2 AY
between 3 and 6 mm; + + +, diameter between 6 and 10 mm; + + ++, diameter >10 mm.

2.9. Inhibition of development of itestinal pathogens biofilms

Anti-biofilm activity of lactobacilli/bifidobacteria was evaluated as previously desc(Baadani et
al., 2019) with some modifications. Lactobacilli/bifidobacteria were cultured in MRS medium

overnight, then inoculated at a concentration of 6 log CFU/mL and allowed tofgrd®4 h. Then,
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culture supernatant was recovered by centrifugation (275040 min) and filtered through a 0.22

mm membrane filter to obtain ceffee supernatantsS. choleraesuignterotoxigenick. coli Y.

enterocoliticapathogenic strains were growin BHI broth at 37 °C overnight, then diluted in the
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Negatve control wells were added with MRS only. The plates were incubated at 37 °C for 72 h.

Afterwards, biofilms were quantified by crystal violet staining. Adherent pathogen cells were

washed twice with PBS, fixed with ethanol, and stained with 0.41% cnjislat (v/v) in 12%

ethanol. After further washing, crystal violet was solubilized in ethanol and the absorbance was

measured at 595 nm (EnSpire Multimode Plate Reader, PerkinElmer Inc., Waltham, MA, USA).

Inhibition of pathogen biofilm formation was exgssed in percentage relative to the control wells,

FOO2NRAY3I (2 GKS FT2NXdZ Y M

of the sample wells and Ac the absorbance of the control wells.

2.10. Evaluation of the prebiotic activityfccell free supernatant

L 6! ak! Ou 8
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To evaluate the prebiotic activity of the cell free supernatants (CFS) of the investigated breast milk

bacteria different strains of bifidobacteria were used, purchased from the DSMZ Leibniz Institute

(Braunshweig, Germany), commigmesident in the neonatal intestine, as reported in Table 2.

Table 2. Bifidobacterium strains, purchased from the DSMZ Leibniz Institute, used for the evaluation of
prebiotic activity of cell free supernatanof the investigated breast millbacteria.

Species Strains
Bifidobacterium breve DSM 20456
DSM 20091
Bifidobacterium angulaturm DSM 20098
Bifidobacterium bifidum DSM 20082
DSM 20215
DSM 20213
Bifidobacterium adolescentis DSM 20086
DSM20083
Bifidobacterium longum subsgongum DSM20219
Bifidobacterium longum subsp. infantis DSM20088
DSM 20090
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The CFS were obtained by centrifugation of each bacterial suspe@3i60 X g for 10 mirih order

to separate the supernatant by the microbial pellet. Then the supernatant was brought to 6.2 as pH
value and filtered with a 0,22 um filter. In a microtiter plate 100 pL of the CFS obtained by the tested
breast milk bacteria were added to the AL of each bifidobacteria suspension, except for positive
control, in which 100 pL of MR8th 0.05% tcysteine wereadded. As regards to theell-intended

for negative control, 200 uL of only growth media were inserted. The plate was then placed in an
incubator at 37 ° C for 24 hours in anaerobic conditions. In addition, the prebiotic activity of CFS of
breast milk strains was compared with that of the supernatant obtained ftomrhamnosu$G,
usedfor a comparisonfor their recognized probiotic actties. Following overnight growth, the
plate was read on the spectrophotometer to evaluate the OD600 and was calculated each
percentage induction, intended as prebiotic activity, stimulated by CFS treatments on

bifidobacteria
2.11. Fermentation kinetics imilk and viability at refrigerated storage

Fresh cultures of lactobacilli and bifidobacteria were inoculated in 50 mL of pasteurized whole milk,
in order to reach, as initial concentration, at least 7 log CFU on mL of food matrix. After the inoculum,
the milk was incubated at 37 °C for 48 h and in the meantime the acidification kinetics were assessed
using a pH meter basic 20 (CRIASON, Modena, Italy). Moreover, the viability of each strain in the
fermented milk was performedfter 24 h at 37 °C by plating on MRS + 0.0%%steine. In addition,

the viability of these strain in the same food matrix was evaluated also considering the adoption of
refrigerated conditions (4 °C), that are required during the commercial storagmdfdroducts. In

this case, the viability of each strain was evaluated by plate counting on MRS + 6c§S8éine

until the 21st day of refrigerated storage.
2.12. Analysis of volatile molecule profiles in fermented milk

The volatile molecule profiles dfe tested lactobacilli and bifidobacteria in pasteurized whole milk

were investigated. More specifically, the samples of fermented milks were collected after 48 h of
AyOdzo GA2Y 4G o1 ¢/ X FR2LINAY3I (GKS &l YiSin®iky RA G ;
FYR *AFoAfAGe G WSFNARAIASNIGSR {(i2NI3IAS¢€d ¢KS |
solid phase microextraction technique combined with gas chromatography and mass spectrometry
(GCMS/SPME), according to the method proposeitbys et al. (2015)rhe compounds were then
identified by using the Agilent Hewlette Packard NIST 98 mass spectral database.
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2.13. Strain survival under simulated GIT conditions idkmi

In order to evaluate the resistance of the breast milk isolates to a simulated passage through the
stomach and duodenum, the method proposed\ipderola et al. (201ith certain modifications

was performed. More precisely, a sample containing UHT bovine milk with a microbial inoculum of
8 23 /ClkY[ 6la LINBLINBR® ¢KS &l YLXS éla i
31 a0 NRO¢ a2 todsirid Dhioh coht&ired CGag(®. 2R gil), NaCl (16.2 g/L), KCI (2.2 g/L),
NaHCO3 (1.2 g/L), and 0.3¢4\{) porcine pepsin (Sigma). The sample was quickly brought to pH
values of 2.§3 with HCI 1 M and then was moved to a thermostatic bath for 90 min at 37 °€ (WB
MF, Falc Instruments, Treviglio, Italy). Afterwards, a specific volume was taken to proceed with the
FANBO alFYLXAy3a 2F (GKS OSttaQ GAlLoAfAGE o3 adN
were centrifuged (12,000 rpm, 4 min and 4 °C), the olatdimicrobial pellet was washed with 2 mL

of NaCl 0.9% isotonic solution and then resuspended in 2 mL of bile extract porcine solution (Sigma)
at a concentration of 1% in PBS, which simulated the hepatic bile. Then, the sample was moved to
a thermostatic béh at 37 °C for 10 min in order to simulate the duodenal shock phase of the bile.
Then, 100 pL of the sample was taken for the second sampling in order to verify how this duodenal
shock could affect cell viability. The remaining sample was subjected tofagation (12,000 rpm

for 4 min at 4 °C), the microbial pellet was then resuspended to the initial volume with NaCl 0.9%
isotonic solution. After that, a third solution, representing enteric stress (0.3% bile and 0.1%
pancreatin from porcine pancreas d@ved in PBS) was added. The last incubation time in the
thermostatic bath was 90 min at 37 °C. Then, 100 pL was taken from the sample for the last sampling
(intestinal digestion). Samples were plated on MRS agar plates with 0-6%8teine and incubated

at 37 °C for 2d48 h in anaerobic conditions.
2.14. Statistical analysis

The microbiological and chemiegalhysical data are the mean of 3 repetitions. The obtained data
were analyzed by Statistica software (version 8.0; StatSoft, Tulsa, OK, USA) atiepdimgjysis of
GFNRAFYOS 6! bhx! 03X FYyR ¢dzl SeQa GSad F2NJ RIFEGF O
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3. Results and Discussion
3.1. Hydrophobicity and auteaggregation

Hydrophobicity and aut@ggregation results are reported in Figures 1 and 2, respectively.
Hydrophobidty and auteaggregation were evaluated also for rhamnosusGG andB. animalis
subsp.lactis BB12, that are recognized probiotics and used here as a reference strains. It was
observed that breast milk strains showed a different behavior in terms of hydrophobicity (Figure 1).
The highest values were detected for gasserB2TOA (85.11%),. plartarum 30b6a (78.40%)B.
longum32TOB.bis (77.87%). As regards to the other stilaiqdantarum32TOCL. plantarum3.6D,

L. plantarum11.3C,L. plantarum31TOC,L. plantarum?29TOL,L. plantarum34TOB showed,
respectively, hydrophobicity values of 77.599%.47%, 72.18%, 70.73%, 69.28%, 65.82%. The
remaining strains expressed hydrophobicity levels below 60%h regard to the auteaggregation
results, in this case each strain has also expressed a specific behavior (Figure 2). The most promising
values wee 89.77%, 85.65%, 84.67%, 80.73%, recorded.ftwongum32TO B.bisl.. gasserg.1,L.
plantarum31 TO CB. animaliBL6. In additior,. plantarunB.6D L. plantarun80b6A L. plantarum
34TOBL. gasserCFI11]. plantarumM6C,L. plantarun33.1G L. gantarum29TOLL. gasser82 TO

A, L. plantarum35 TO B.bis showed a rate of ataggregation of 67.80%, 67.25%, 65.82%, 65.24%,
64.01%, 63.15%, 54.40%, 53.40%, 50.50%, whereas the remaining strains indicated percentages
0St26 prrd Ly O ffe@sting kl uvidedire NubwE the AhydRo@hobicity and
autoaggregation data observed for the majority of the investigated strains are even more relevant
than those showed by GG ATE&1031 (52.29% hydrophobicity and 34.05% autoaggregation) BB
12°(45.14% hyobphobicity and 37.92% autoaggregation). In this context, the recorded data are
useful in order to understand the potential functionality of the different strains. As reported by
several authorgSchillinger et al., 2005; Tabanelli et al., 2018 hydrophobic nature dhe surface

of a microorganism could be associated with a better attachment of the strain to host cells and
consequently represents an advantage for its permanence in the gastrointestinal tract. Other
studies(Abdulla, 2014; Boris et al998)have discussed about the hydrophilic behavior of bacteria,
that occurs with values similar or less than 40% whereas the hydrophobic nature is highlighted for
those bacteria with average of more than 40%. According to these considerations, alinoft a
these strains showed ranges up than 40%, with the only exception for CFI11 with 34.90%. As an
addition factor to describe the potential ability of these strains to adhere to the gastrointestinal

tract, a high autoaggregation capability was detectedthe majority of the strains under study.
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Moreover, an interesting correlation between hydrophobicity and aatgregation data was
highlighted for selected strains such Bslongum32TOB.bisL. plantarum31 TO CL. plantarum

3.6D, which showed highealues for these two investigated parameters.
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Figure 1. Cell hydrophobicity df. plantarum3.6D, 11.3C,M6 C,29T0L,31TOC,32T0C, 33.1G, 34 TO B,
35 TO B.Bis, 30 b6 A, gasserB2TOA, 34 TOC, g.1, C F IB1,longum32TOB.BisB. animalisBL6and L.
rhamnosusGG andB. animalissubsp.lactisBB12. Results are reported as average + SD. Samples equipped
with different letters are significantly different § < 0.05).
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Figure 2. Cell autoaggregation bf plantarum3.6D, 11.3C, M C, 29 TOL,31TO0C,32T0C, 33.1G, 34 T0
B, 35 TO B.Bis, 30 b6 A, gasserB2TOA, 34 TOC, g.1, C F IB1Jongum32TOB.BisB. animalisBL6and L.
rhamnosusGG and. animalissubsp.lactisBB12. Results are reported as average + SD. Samplepeeadi

with different letters are significantly different § < 0.05).

3.2. Adhesion of breast milk strains to intestinal cells

As already stated, the ability of a candidate probiotic to adhere to gut mucosal surface is a desired
important characteristic, since adhesion process represents the first step of microbial colonization
and high adhesiveness ensures for microbial perse#an a given environment. In order to assess
the adhesiveness of breast milk lactobacilli/bifidobacteria, differentiated Qaaemlls were
employed, as they resemble significant features of human enterocytes with a brush border layer as
found in the smalintestine. In this sense, in Table 3, the data related to the adhesive properties of
the strains, expressed as the num. of lactobacilli/bifidobacteria cells on-Zaells, are reported.
Adhesion values varied between 4.4 and 34.2 bacterial cells/Zaeb, being.. plantarum29TOL,

L. plantarum34TOBand L. gasser84TOC the most adhesive straindost breastmilk-isolated
strains showed a very good aptitude to adhere to intestinal cells, even highetthhamnosu&G

(15.6 + 3.2). This behavior witespect toL. rhamnosu&G, a welknown probiotic strain endowed

with remarkable beneficial features, has been already underlined for hydrophobicity and auto
aggregation properties, pointing up the high potential of breamsik-isolated strains as probiics.

As mentioned beforehydrophobic nature of the surface of microorganisms influences their
adhesion to intestinal cells, indeed lactobacilli/bifidobacterial strains herein analyzed are
characterized by valuable hydrophobicity and ability to adher€&ae2 cells. Notablyl.. gasseri
CFI11 strain showed the lowektydrophobicity and the lowest adhesiveneds gasseriCFI11
together withL. gassenjl strain showed high level of auémgregation but low adhesion to Caco

2 cells, suggesting that theteraction of microbial cells with different biotic surfaces (i.e., other

bacteria or human epithelium) can involve different surface molec(ilebeer et al., 2008)
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Table 3. Adhesion of breast milk lactobacilli/bifidobacteria strains on differentiated G&ocells. Data are
expressed as number of adherent microbial cells/Cdzoell andshown as average + SD. Samples equipped
with different letters are significantly different § < 0.05).

Strain Adhesion (n. Adherent Microbes/Caed Cell)
L. plantarum3.6D 22.9 + 8.6¢!
L. plantarum11.3C 14.3 + 8.4Nm
L. plantarumM6C 25.7 +11.29
L. plantarum29TOL 34.2 +13.4
L. plantarum31TOC 24.7 + 8.5
L. plantarum32T0C 21.2 +6.8'
L. plantarum33.1 G 202+ 7.F
L. plantarum34TOB 28.7+11.3
L. plantarum35TOBbis 17.1 + 7.9f
L. plantarun30b6A 24.8 + 9.0v9!
L. gasser82TOA 14.7 £ 4.0
L. gasserB84T0C 27.7+£12.F9
L. gasseny.1 13.9+6.9"m
L. gasserCFI11 4.4 +37
B. longum32TOBbis 225+ 6.0
B. animalisBL6 13.7 £5.4m
L. rhamnosu&G 156 £3.2"

3.3. Antibiotic susceptibility

In order to better assess the safety of these strains, their antibiotic susceptibility was investigated
considering a wide spectrum of antibiotics (Table 4). In fact, also for EFSA, during the selection of
starter, costarter or functional microorganismshé determination of their antibiogram is
considered as an important prerequisif¢/edajo, 2015)The antibiogram (Table 4) of breast milk
lactobacilli and bifidobacteria showed a specific behavior that is related to the species and the strain
considered. This behavior is also confirmed by several st(iliago et al.2007) More specifically

as regards tour data,the obtained results have reported that among all the considered antibiotics,
Clindamycin, Ampicillin, Penicillin, Linezolid, Rifampicin exhibited the highest bactericidal effect

against all the selectedtrains. Otherwise, Gentamicin, Kanamycin, Streptomycin, Neomycin,
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Vancomycin, Trimethoprim showed lower antibacterial activities, especially foLaatbacillus
strains. In this framework, literature data has clearly indicated the natural resistandiéferient

lactic acid bacteria and bifidobacteria strains to several antibioftgégeimonde et al., 2013)
Lactobacll, pediococci andLeuconostocspp. have been reported to express a high natural
resistance to Vancomycin. This behaviour could be useful to discern them from otheipGsaiae
bacteria (Shah, 1998)Other studiegDanielsen & Wind, 2003; Temmerman et al., 2008)e
conducted in order to establish the levels of susceptibility Laictobadius spp. to various
antimicrobial agents such as Vancomycin, Kanamycin, Tetracycline, Penicillin, Erythromycin and
Chloramphenicol and this sensitivity was shown to be species dependent. Additionally, during our
investigation, not only a specielependentsensitivity to antibiotics was observed for plantarum

and L. gasseribut also a different behaviour for different strains belonging to the same species.
More generally, as regards the variability of susceptibility to antibiotics within the speciesgam
the strains belonging td. plantarum variability was observed only for gentamicin; whereas the
strains belonging td.. gassershowed considerable variability for most of the antibiotics usksl.
regards to bifidobacteria, as reported Masco et al. (2006); Sanchez et al. (2017y are usuly

very susceptible to Grafpositive spectrum antibiotics (Erythromycin, Lincomycin, Novobiocin,
Teicoplanin and Vancomycin), breagectrum antibiotics (Rifampicin, and Chloramphenicol) and
betalactams (Penicillin, Ampicillin, Amoxicillin, Piperacillicarcillin and Imipenem). In contrast,
most Bifidobacteriumspecies are generally resistant to Neomycin, Gentamicin, Kanamycin and
Streptomycin(Delgado et al., 2005; Masco et al., 2008 shown also in the present study (Teab

4). Furthermore, considering the potential inclusion of these strains in food products, further

insightsare necessary to deeply characterize the resistance mechanism.
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Table 4. Evaluation of minimum inhibitory concentrations (MI@g/mL) of selected antibiotics against
Lactobacillusand Bifidobacteriumstrains isolated from breast milk and used in the present study.
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L. pg"gtgr”m 128 612 128 >64 16 1 4 8 025 025 >128 8 4 >64 64 1
L. pl'i”;ag”m 256 1024 >256 >64 16 1 4 4 012 05 >128 4 4 >4 64 1
L. p:\j‘ég”m 128 1024 >256 >64 16 1 2 4 025 05 >128 4 4 >64 64 1
L. pz'g‘%a[”m 256 >1024 >256 >64 16 2 4 8 012 05 >128 4 4 >64 64 2
L. F;'TTtng“m >256 1024 >256 >64 16 2 4 8 012 05 >128 4 4 >64 64 2
Loplavaum g, 1024 256 s64 16 2 8 8 012 05 >128 2 2 64 32 1
32T0C
L. %'g‘tlagjm 256 >1024 >256 >64 16 2 4 8 012 05 >128 4 4 >64 64 8
L. %'Z%aé”m 256 >1024 >256 >64 16 2 8 8 012 05 >128 2 2 64 32 2
L. plantarum
deronp. 256 >1024 >256 >64 16 2 4 8 012 1 >128 4 2 >4 32 1
L. %Iglbtg/r‘;m 64 1024 >256 >64 16 1 4 4 01 05 >128 4 2 >4 64 1
L. gasse82TOA 64 1024 >256 >64 16 1 4 8 025 006 2 1 2 8 32 012
L Oassel o5 1024 >256 >64 32 2 8 8 012 05 >128 2 2 >64 64 1
34T0C
L %afe” 128 1024 128 >64 4 05 1 4 025 006 2 1 1 16 32 0.2
BOaseN 3 256 8 >4 2 012 06 4 012 006 2 1 1 16 32 012
B.longum 35 1024 128 >64 1 003 003 05 012 006 05 006 012 4 4 012
32TOBbis
B.animaliBL6 256 1024 128 >64 32 042 006 1 006 012 1 025 05 0.2 0.25

3.4. Antagonistic activity against spoilage and pathogenic species of food interest

The antagonist activities of the breastilk-isolated strains against several spoilage species were

evaluated. As shown in Table 5, all tested strains showed a remarkable inhibitory activity against

pathogens of food interest such &s monocytogeneATCC13932,L. monocytogeneSCOTT A..
innocuaATCC 5174%. enteritidisMB1409,S. enteritidisES, E. faeciumnBC104E. coli555 andS.

aureusDSM 20231. More specifically half of the lactobacilli determined inhibition zones ranging

between 6 and 10 mm towd L. monocytogeneSCOTT A,. innocuaATCC 51742%. enteritidis
MB1409,S. enteritidi€5,E. faeciunBC104E. colb55 andS. aureu®SM 20231. Moreover, almost

all lactobacilli/bifidobacteria showed an antagonist activity, with inhibition zones ngnigetween

1 and 6 mm, also againist monocytogene&TCC 13932. In this framework, although most of these
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strains have shown a strong antagonist activity, among all the better results were recorded for
plantarum 3.6D, that also againdt. monocytogene®TCC 13932 produced an inhibition zone
ranging between 6 and 10 mm. In contrast, Barlongum32TOBbis an®. animaliBL6, the lowest
antagonistic activity against almost all the target microorganisms under study were recorded. In this
framework, B. lorgum 32TOBbisvas the only strain that showed no activity towards a pathogen
(i.e.,S. aureuPSM 20231).

Table 5. Evaluation of the antagonistic activity of thectobacillusand Bifidobacteriumstrains isolated

from breast milk and used in the present study against selected pathogenic or spoilage microorganisms
related to foods.

monocLio enes monocLio enes innlt;cua S, S, E. E. S
Strain A')Ifcg N SgO'IgT N ATCC enteritidis enteritidis  faecium coli aureusDSM
13932 A 51742 MB1409 E5 BC104 555 20231
L. plantarum
3.6D +++ +++ +++ +++ +++ +++ ++++ +++
L. pjljngtgum ++ +++ +++ +++ +++ +++ +++ +++
L. p:\f;llgtélrum ++ ++ +++ +++ +++ +++ +++ +++
L. pzlgrlrtgl[um ++ ++ ++++ +++ +++ +++ +++ +++
L. [:))’li_rll_gacl’:um ++ ++ +++ +++ +++ +++ +++ +++
L. pslg_rll_gaéum ++ ++ ++++ ++++ +++ +++ ++ ++++
L. plantarum
331 G ++ +++ +++ +++ +++ +++ +++ +++
L. F;Z'T't)aéum ++ +++ +++ +++ +++ +++ +++ +++
L'Srél_?gtélgijsm ++ + +++ +++ +++ +++ +++ +++
L. %Iggéa';um ++ +++ ++ +++ ++++ +++ +++ +++
L. gasser82T0A ++ +++ ++ +++ +++ ++ ++ +++
L.Si?ll'zsceri ++ +++ +++ +++ +++ +++ +++ +++
L. gasseri
9.1 ++ ++ + ++ ++ ++ +++ +++
L.gslslsleri ++ ++ ++ ++ ++ ++ +++ ++
22[:_)831;:2 + + + ++ + + + -
B. animalis + ++ + + ++ ++ ++ +
BL6

[ SISYRY L3I y2 AY KAInA+AnRIRION 86 Bm; A ¥ K, MGbGNGED yhm:m + ++, >10 mm. The diameter of
inhibition, for each strain, was the average of three replicates.

3.5. Antagonistic activity against intestinal pathogenic species

Enterotoxigenic E. coli S. choleraesuisand Y. enterocoliticawere employed as strains
representative of the major pathogens responsible for intestinal infections. The antagonistic activity

of breast milk lactobacilli/bifidobacteria was evaluated as described in par 2.6, and results are
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reported in Table 6. All thesolated strains turned to be highly effective towards intestinal
pathogens, with inhibition zones above 6 mm. Most strains showed inhibition zones above 10 mm
againstY. enterocoliticawith the only exception of.. plantarum29TOL and.. plantarum30b6A.

The best antpathogen profile was recorded fdr. plantarum3.6D, confirming the remarkable
antimicrobial activity previously observed towards spoilage strains. The antimicrobial activity was
also analyzed in terms of a#iiofilm effect since the sessil@ode of growth of microorganisms
contribute to their persistence and resistance to biotic and abiotic factors. From the clinical
viewpoint, the establishment of a biofilm by a pathogenic species on human mucosae generally
increases resistance to antibiot as well as the persistence over time of the pathogen itself,
challenging its eradication. In this perspective, the ability of a beneficial strain to interfere not only
with pathogen growth, but also to its adherence and biofilm formation, representsdaantage.
Breastmilk-isolated strains all showed the ability to inhibit pathogen biofilm formation, as reported
in Figure 3. Overall,. plantarumstrains were highly effective towards the three tested pathogens
(52.95100% biofilm inhibition), particulfr towardsY. enterocoliticg79.8;96% biofilm inhibition).

L. gasserstrains strongly inhibited enterotoxigeni€. colibiofilm formation (5297.6% biofilm
inhibition) but were less active towards. choleraesui®8.%66.7% biofilm inhibition). The best
anti-profile was registered fok. plantarun33.1G and.. plantarum34TOB (>80% inhibition against

all pathogens), followed bly. plantarun32TOC andl.. plantarum35TOBBIs.

Table 6. Evaluation of the antagonistic activity of theactobacillusand Bifidobacterium strains isolated
from breast milk and used in the present study against intestinal pathogenic species.

S. choleraesuis serov:

Strain E. coliH10407 Y. enterocolitica
typhimurium
L. plantarum3.6D ++++ +4+++ 4+
L. plantaruml1.3C ++++ +++ F+++
L. plantarumM6C +++ +++ ++++
L. plantarum29TOL +++ +++ +++
L. plantarum31TOC +++ +++ +++4+
L. plantarum32T0C +++ +++ +++4+
L. plantarum33.1 G ++++ +++ 4
L. plantarum34TOB ++++ +++ +++4+
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L. plantarum35TOBbis +++ +++ +4++

L. plantarum30b6A ++++ +++ +++
L. gasser82TOA ++++ +++ ++++
L. gasser84T0C ++++ +++ I

L. gasseny.1 +++ +++ ++++
L. gasserCFI11 +++ +++ 4+

B. longun32TOBbis +++ ++++ ++++

B. animaliBL6 +++ +++ I

[ S 3 Sy RMhibich; +yihibition 1¢3 mm; ++, inhibition 86 mm; + + +, inhibition 610 mm; + + ++,
>10 mm. The diameter of inhibition, for each strain, was the average of three replicates
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B E. coliH10407 m S. choleraesuis serovar typhimurium mY. enterocolitica

Figure 3. Inhibition of pathogen biofilm formation bl. plantarum3.6D, 11.3C, M6 C,29 TOL, 31 TOC, 32
TO C, 33.1 G, 34 TO B, 35 TO B.Bis, 30 h6 dgsserB2T0A, 34 TOC, g.1, C F IB1Jongum32TOB.BisB.
animalis BL6 All samples except thosenarked with the red asterisk are statistically different from the
control, intended as the uninhibited pathogen strain.

3.6.Evaluation of the prebiotic activity of cell free supernatant (CFS)

Below are reported the graphs (Figures4L10) obtained by the tests carried out to evaluate the
activity of cell free supernatant (CFS) on 11 strains of bifidobacteria, purchased from the DSMZ
Leibniz Institute (Braunshweig, Germany), commonly resigetite neonatal intestine. In addition

to the study treatmentsl.. rhamnosu§&G was used as a reference.
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B. breve DSM 20456
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Figure 4Effect of CFS from breast milk strains dndhamnosu$G (LGG) on the growth Bifidobacterium
breve DSM 20456; this value was reportesis a percentage (in the ordinate axis) * relative standard
deviation normalized for the mean of the positive controls. The red asterisks (*) indicate the significance
of the reported data (significant for gralue <0.05) compared to the control.

B. breve DSM 20091
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Figure 41 Effect of CFS from breast milk strains and rhamnosusGG (LGG) on the growth of
Bifidobacterium breveDSM 20091; this value was reported as a percentage (in the ordinate axis) + relative
standard deviation normalized for the mean of the positive coots. The red asterisks (*) indicate the
significance of the reported data (significant foryalue <0.05) compared to the control.
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B. angulatum DSM 20098
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Figure 4.2Effect of CFS from breast milk strains and rhamnosusGG (LGG) on the growth of
Bifidobacterium angulatumDSM20098; this value was reported as a percentage (in the ordinate axis) +
relative standard deviation normalized for the mean of the positive controls. The red asterisks (*) indicate
the significance of the reported data (significant foryalue <0.05) comared to the control.

B. bifidum DSM 20082
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Figure 4.3Effect of CFS from breast milk strains and rhamnosusGG (LGG) on the growth of
Bifidobacterium bifidumDSM 20082; this value was reported as a percentage (in the ordinate axis) +
relative standard deviation normalized for the mean of the positive controls. The red asterisks (*) indicate
the significance of the reported data (significant foryalue <0.05tompared to the control.
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B. bifidumDSM 20215
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Figure 4.4Effect of CFS from breast milk strains and rhamnosusGG (LGG) on the growth of
Bifidobacterium bifidumDSM 20215; this value was reported as a percentage (in the ordinate axis) +
relative standard deviation normalied for the mean of the positive controls. The red asterisks (*) indicate

the significance of the reported data (significant foryalue <0.05) compared to the control.

B. bifidumDSM 20213

100.00
90.00
80.00
70.00
60.00
50.00
40.00
30.00
20.00 — =
10.00 . . i

000 O £ & YRR RN E RN
-30.00

-40.00

-50.00

% of inductive effect on microbial growth

Figure 4.5Effect of CFS from breast milk strains and rhamnosusGG (LGG) on the gmth of
Bifidobacterium bifidumDSM 20213; this value was reported as a percentage (in the ordinate axis) +
relative standard deviation normalized for the mean of the positive controls. The red asterisks (*) indicate

the significance of the reported data ignificant for pvalue <0.05) compared to the control.
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B. adolescenti®SM 20086
100.00

90.00
80.00
70.00
60.00
50.00
40.00 o, %

3000 * * * CE—
20.00 * *
10.00 I ' I I
0.00
¥ ¢ L O ® @) o A o

% of inductive effect on microbial growth

; o o &
PO e M S M e I R
-30.00 = =

-40.00

-50.00

Figure 4.6Effect of CFS from breast milk strains and rhamnosusGG (LGG) on the growth of
Bifidobacterium adolescenti®SM 20086; this value was reported as a percentage (in the ordinate axis)
relative standard deviation normalized for the mean of the positive controls. The red asterisks (*) indicate

the significance of the reported data (significant foryalue <0.05) compared to the control.

B. adolescenti®SM 20083
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Figure 4.7Effect of CFS from breast milk straingdaL. rhamnosusGG (LGG) on the growth of
Bifidobacterium adolescenti®SM 20083; this value was reported as a percentage (in the ordinate axis) £
relative standard deviation normalized for the mean of the positive controls. The red asterisks (*) indicate

the significance of the reported data (significant foryalue <0.05) compared to the control.
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B. longum subsp. longuBSM 20219
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Figure 4.8Effect of CFS from breast milk strains and rhamnosusGG (LGG) on the growth of
Bifidobacterium longumsubsp. longum DSM 20219; this value was repged as a percentage (in the
ordinate axis) * relative standard deviation normalized for the mean of the positive controls. The red
asterisks (*) indicate the significance of the reported data (significant fevgdue <0.05) compared to the

control.

B. longum subsp. infanti3SM 20088
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Figure 4.9 Effect of CFS from breast milk strains and rhamnosusGG (LGG) on the growth of
Bifidobacterium longumsubsp. infantis DSM 20088; this value was reported as a percentage (in the
ordinate axis) + relative standard deviation normalized for thmean of the positive controls. The red
asterisks (*) indicate the significance of the reported data (significant fevgdue <0.05) compared to the

control.
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B. longum subsp. infanti3SM 20090
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Figure 4.10Effect of CFS from breast milk strains and rhamnosusGG (LGG) on the growth of
Bifidobacterium longumsubsp. infantis DSM 20090; this value was reported as a percentage (in the
ordinate axis) * relative standard deviation normalized for the mean of the positive controls. The red
asterisks (*) indicate the significance of the reported tda(significant for pvalue <0.05) compared to the

control.

From the data obtained, it is possible to deduce how CFS obtained from bacteria isolated from
breast milk possess a stragpecific prebiotic activity against tHgfidobacteriumstrainstested. h
particular, considering the 11 bifidobacteria tested, on 7 of them an increase in growth was
observed compared to the untreated control, on 2 no effect was observed and on the other 2 a
decrease in growth was observed following treatment with some suggants. On some strain8(
infantis DSM 20088B. angulatumDSM 20098 and. bifidumDSM 20082) the most intense
prebiotic effects were recorded: induction percentages equal to or greater than 50% were reported;
on others B. adolescenti®SM 20086B. adolescenti®SM 20083, Breve DSM 20456 and.
infantisDSM 20090) an increase in pferation was noted but of lesser intensity. The supernatants
were found to be ineffective oB. longumDSM 20219 and oB. bifidumDSM 20215: there were

no changes, either positive or negative, in terms of growth. As regards, howgvereveDSM
20091andB. bifidumDSM 20213, the effect of the treatments was found, for some supernatants,
to inhibit the proliferation of these microorganisms, although not excessive. Among the breast milk
strains tested, the supernatants obtained from theplantarun85TOBBIs strain proved to be almost

always very effective in inducing the growth of almost all bifidobacteria, except onB. fmfidum
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DSM 20213, for which it was experienced a decline in proliferation following treatment. In
particular, on 6 bifidobacteai tested, the CFS df. plantarum35TOBBis was among the most
effective in terms of prebiotic activity. On the other 4 bifidobacteria, it still induced an increase in
growth, but it did so with less intensity, comparable to that induced by the other sapanis. The
greatest increase in microbial growth occurredBrinfantisDSM 20088: the supernatants obtained
from breast milk bacteria showed a very strong bifidogenic activity on this strain, such as to
guadruple its growth, recording even higher inrgitnduction percentage@00% compared to the
control). This species mentioned above is recognized as one of the main colonizers of the intestinal
microbiota of breastfed infants and, like all the other members of the geBifisobacterium
possesses numeus beneficial and protective properties towards the host, especially crucial in the
first life times(Arboleya et al., 2011Al in this case, it is suggested that this effect is due to one
or more specific metabolites present in the supernatant produced by LAB bacteria. The increase and
/ or reduction in the growth of bifidobacteria is, therefore, most likely attributable to the
intervention of one of these molecules. It would be interesting, therefore, to investigate this aspect,
looking for which are, specifically, the metabolites produced by the breast milk strains most active
in the phenomenon of bifidogenic induction. In geak a widespread bifidogenic behavior of CFS
was observed. Taking up what has already been said, we recall th&ifidebacteriumgenus
appears to be the most prevalent in the first months of life, in particular in the period corresponding
to a diet stictly based on human milkArboleya et al., 2011)A bifidogenic activity towardB.
infantis and, in general, also towards otheifidobacteria and an antibacterial activity manifested

by some of the supernatants of human milk bacteria tested is very interesting for preserving a
correct balance of the neonatal intestinal flora. These properties are able to support the "good"
population residing in the enteric compartment and at the same time hinder the adhesion and
proliferation of pathogenic microbes. For example, in infants fed with formula milk, there was a
greater colonization of the intestine by enterobacteria, including any ag¢ins, and a reduction in
bifidobacteria(Rautava, 2016)These CFS have shown a double activity, capable of correcting both
of these imbalances. Thanks to the antimicrobmkbiotic dualism demonstrated by these
supernatants, they could be useful to administer to newborns in order to intervene in both aspects

with a single treatment.
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3.7. Fermentation kinetics in pasteurized milk anhbility at refrigerated storage

In order to better understand the technological potential of these selected breast milk strains, their
kinetics of fermentation and viability in milk were studied. As shown in Table 7, the results have
indicated for mostof these strains slow fermentation kinetics that are not acceptable for dairy
industries. These data are useful to underline their unsuitability as fermentation starters. In sight of
this, several authors have also highlighted that the probiotic bactezlartying toBifidobacterium

and Lactobacillusspp. are generally used as additional cultu(€astro et al., 2015; Settanni &
Moschetti, 2010) Nevertheless, as reported in Table 8, for most of these strains the maintenance
of high viability after 24 h of incubation at 37 °C in pasteurized whole milk was observed. After these
considerations, in order to better understand their potential use &iry products, the viability of
these strains in pasteurized milk in refrigeration conditions for 21 days was also investigated (Table
9). In this framework, some of the strains, sucl gglantarun8.6D L. plantarumM6C L. plantarum
31TOCL. plantarum32TOC, showed the maintenance of the highest cells viability until 21 days at
4°C (>6.5 log CFU/q), indicating their potential suitability as adjunct cultures in a dairy product such
as a fermented milk. In fact, from an applicative point of view, asnteddoyPatrignani et al. (207);
Patrignani & Lanciotti (2016)n order to developsatisfactoryfermented probiotic products, the
viable cell count at the moment of consumption should be above 6 log CFU/g in order to fulfill
standards proposed by the International Dairy Federa(iDF 1992) and to provide the intake of a
AdzZFFAOASYU aRIFIAf&@ R2aS¢ 2F OAILo6fS ol OGSNALI o
Table 7. Kinetics of acidifications (reported as changes of pH values) of lactobacilli and bifidobacteria

inoculated in pasteurized whole milk. The sampling pointeaxpressed as hourdhe pH values are the
average of three replicates with a variability <5%.

Strain t0 t3 t6 t11 t14 t16 t20 t24 t29 t31 t34 t37 t42 t48

L. plantarum3.6D  6.53 6.45 6.39 6.28 6.21 6.15 6.11 6.07 581 5.67 558 529 528 517
L. plantaruml1.3C 6.50 6.42 6.27 6.17 6.11 6.03 597 595 588 578 5.69 561 535 5.04
L. plantarumM6C  6.60 6.51 6.28 6.23 6.21 6.08 6.13 591 578 5.35 5.13 4.82 4.63 4.09
L. plantarum29TOL 6.57 6.40 6.25 6.22 6.02 587 5.77 568 562 551 544 531 5.25 5.02
L. plantarun31TOC 6.57 6.54 6.44 6.35 6.16 6.04 5.87 579 5.76 5.64 553 530 5.26 5.14
L. plantarum32T0C 6.56 6.51 6.36 6.31 6.06 5.95 5.79 5.72 5.61 559 551 527 5.25 5.10
L. plantarum33.1 G 6.55 6.49 6.34 6.27 6.10 6.01 584 567 568 560 550 531 5.30 5.13
L. plantarum34TOB 6.56 6.48 6.39 6.32 6.26 6.16 6.11 6.05 6.25 6.24 6.03 5.91 5.40 5.19
L. plantarum35TOBbi 6.59 6.53 6.47 6.39 6.36 6.34 6.30 596 5.78 5.31 524 522 5.13 5.05
L. plantarum30b6A 6.59 6.52 6.41 6.34 6.23 6.21 6.09 6.07 6.05 6.02 592 5.76 5.68 5.80
L. gasser82TOA 6.55 6.51 643 6.36 6.18 6.05 5.89 578 577 5.63 545 533 5.26 5.05
L. gasser84T0OC 6.62 6.54 6.39 6.32 6.23 6.09 6.11 6.07 6.04 6.01 597 594 592 5.88
L. gasseny.1 6.56 6.50 6.35 6.33 6.27 6.13 6.02 591 584 579 567 545 526 5.24

L. gasserCFI11 6.63 6.55 6.39 6.31 6.24 6.11 6.07 6.02 598 5.94 589 5.84 577 571
B. longum32TOBbis 6.58 6.40 6.16 6.21 6.04 596 588 579 568 567 555 548 5.46 5.38
B. animaliBL6 6.48 6.43 6.39 6.31 6.27 6.18 6.12 6.03 5.98 5.92 588 5.81 5.76 5.69
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Table 8. Microbial viability of the lactobacilli and bifidobacteria under study in pasteurized whole milk (log
CFU/mL) after inoculation (t0) and after 24 h (t24)iotubation at 37 °C. The cell counts are expressed as
the average of three replicates; the values are reported + standard deviations (SD).

Strain t0 t24

L. plantarun3.6D 7.32+0.23 7.49+0.13
L. plantarum11.3C 6.12 +0.13 7.32+0.15
L. plantarumM6C 7.89+0.19 8.77+0.18
L. plantarum29TOL 6.70 £ 0.17 7.76 £0.18
L. plantarum31TOC 7.15+0.23 8.6 £0.16
L. plantarum32TOC 7.2+0.16 9.25+£0.25
L. plantarum33.1 G 6.95+0.13 9.3+0.25
L. plantarun34TOB 75+0.23 7.88 +0.19
L. plantarum35TOBbis 6.69 +0.17 7.39+0.21
L. plantarum30b6A 6.93+0.21 7.55+0.24
L. gasserB2TOA 7.12+0.13 7.98 +0.19
L. gasser84T0C 6.99 + 0.17 7.39+0.21
L. gasserny.1 6.94 +0.21 7.95+0.24

L. gasserCFI11 6.74 +0.21 7.97 £0.22
B. longunB32TOBbis 7.23+0.19 8.18 +0.19
B. animaliBL6 7.17 +0.18 8.88 + 0.09

Table 9. Microbial viability of the lactobacilli and bifidobacteria under study inoculated in pasteurized
whole milk (log CFU/mL) after 14 (t14), 2121) days of refrigerated storage (4 °C). The cell counts are
expressed as the average of three replicates; the values are reported + standard deviations (SD).

Strain t7 t14 t21
L. plantarun3.6D 7.53+0.13 7.14 £ 0.15 6.89 +0.16
L. plantaruml1.3C 7.22+0.11 7.08 +£0.23 6.32+0.17
L. plantarumM6C 7.57 £0.29 7.16 £ 0.08 6.69 + 0.15
L. plantarum29TOL 7.60+0.12 7.24+0.12 6.06 + 0.14
L. plantarum31TOC 7.75+0.13 7.48 +0.17 6.93 +0.15
L. plantarum32TOC 7.92+0.14 7.25+0.15 6.85+0.24
L. plantarum33.1 G 7.95+0.33 7.43 +0.15 6.32 +0.45
L. plantarum34TOB 7.41+0.23 6.97 +£0.19 5.88 +£0.29
L. plantarum35TOBbis 7.29 +0.16 7.08 £0.11 5.69 +0.12
L. plantarum30b6A 6.99 £0.11 7.15+0.14 6.05 +0.24
L. gasserB2TOA 7.64£0.13 6.48 £0.19 6.07 £0.19
L. gasser84T0OC 8.02+0.17 6.88 + 0.21 6.39+0.11
L. gasseny.1 7.84+0.11 6.15+0.21 5.25+0.27
L. gasserCFI11 7.27+0.21 5.92+0.12 5.47 +0.12
B. longum32TOBbis 7.94+0.21 5.95 +0.14 5.45+0.14
B. animaliBL6 7.89+0.11 6.9 +0.22 6.17 +0.12

3.8. Volatile molecules profiles of inoculated pasteurized milks

The analysis of the volatilome ofilks inoculated with lactobacilli/bifidobacteria isolated from

human breast milk and collected after 48 h of incubation at 37 °C showed a specific pattern of
molecules, generally belonging to the chemical classes of ketones, alcohols, aldehydes aial acids.
relation to the strain considered, the relative percentages of the detected molecules are reported

in Table 10. More specificalli, longum32TOBbis and. animalisBL6 were characterized by the
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highest abundances of acids, in particular of acetid.dai this sense, the high levels of acetic acid
and hexanoic acid identified, especially in the volatilome profiles offifidobacteriumspecies,
could be involved in their antagonistic activity towards the selected target microorganisms. In fact,
sevenl studies have investigated the strong antimicrobial activity against ¢asitive and Gram
negative microorganisms showed by selected slobidin organic acids, such as acetic, butanoic and
hexanoic due to the release of the acids through the cell meménf microorganismiSiroli et al.,
2017; Varalakshmi et al., 20184)ore precisely, the undissociated organic acidsaie to function

as protonophores, inducing the acidification of the cytoplasm and the accumulation of toxic anions.
¢tKS RSONBFasS Ay (GKS OStftQa AyiSNyrt LI FFFSOG
dissipates the protommotive force, educing cellular energy (ATP) and affecting substrate uptake in
the cell(Diezgonzalez & Russell, 1997; Poppi et al., 2015)

Table 10. Volatile compounds (reported as relative percentages) of pasteurized whole milk samples,

inoculated with lactobacilli/bifidobacteria isolated from humarbreast milk and collected after 48 h of
incubation at 37 °C; detected by @@S-SPME technique.

L. plantarum L. gasseri B.longum B.animali
3.6D 11.3C M6C 29T0L 31TOC 32T0C 331G 34TOB 35T®bis 30b6A 32TOA 34TOC G.1 CFI11 32TOBbis BL6

Acetone 9.90 11.1512.07 15.11 11.18 12.28 9.96 12.34 11.41 10.74 10.46 8.00 10.83 8.91 3.08 2.71
Cyclopentanone 2.40 3.03 2.53 4.05 204 252 232 237 224 198 227 148 167 273 0.81 0.73
2-Butanone 581 6.15 6.33 738 583 651 641 656 641 6.02 6.17 3.70 586 4.98 1.44 1.34
Diacetyl 0.87 0.26 0.29 046 0.18 0.12 023 081 033 022 050 091 197 1.78 0.70 1.84
2-Pentanone  9.49 10.36 11.30 12.38 9.57 11.55 12.09 12.71 8.65 11.42 11.03 6.07 9.92 9.23 2.76 2.63
Isobutenyl ketone 3.19 297 3.88 6.98 333 276 262 154 330 253 256 336 259 249 1.59 1.82
2-Hexanone 211 2.48 181 1192 135 1.69 4.77 141 157 468 187 355 1.82 1.17 0.77 0.92
2 Heptanone 32.39 37.3238.98 3.19 33.14 35.16 38.39 38.23 25.95 37.74 35.70 28.72 31.90 34.97 12.12 10.44
Acetoin 0.31 0.22 0.22 066 040 029 047 032 131 048 173 021 0.27 1.64 0.11 0.16
2-Nonanone  7.51 8.36 9.10 11.67 7.11 7.84 824 824 755 935 7.76 9.37 651 8.80 3.82 3.00
Totalketones 73.98 82.31 86.50 73.80 74.13 80.71 85.5084.53 68.73 85.17 80.06 65.39 73.3476.72 27.21 25.59

1-Butanol 0.48 091 0.42 108 0.08 0.22 044 048 041 065 025 059 037 1.15 0.57 0.39
3-Hexanol 3.53 356 3.86 288 346 290 389 3.02 436 283 317 379 3.78 3.22 1.76 1.75
1-Pentanol 0.39 291 039 104 403 430 081 344 486 401 440 0.33 030 6.77 2.58 0.22

1-Octanol 0.38 0.33 0.34 0.80 0.27 0.28 039 036 034 046 046 0.36 0.25 0.52 0.18 0.16
Ethanol 0.67 2.25 042 189 053 081 040 0.78 483 046 0.38 0.84 0.66 0.69 0.60 0.46
Total alcohols  5.46 9.96 543 7.69 837 850 593 8.09 1481 842 8.66 592 536 1236 5.69 2.98
Acetatlehyde 4.86 3.80 4.33 5.25 11.89 2.78 3.64 3.49 537 1.06 565 292 436 2.97 3.83 17.08
Total aldehydes 4.86 3.80 4.33 525 11.89 2.78 3.64 349 537 106 565 292 436 297 3.83 17.08
Aceticacid 9.64 229 152 6.66 330 4.21 238 157 562 249 286 14.7510.19 3.73 51.18 47.59

Hexanoic acid 3.12 1.18 0.82 341 124 221 107 093 249 109 123 575 247 135 6.45 4.00
Butanoic acid 0.29 0.28 0.51 0.71 0.29 0.25 052 052 032 065 056 0.58 140 0.59 0.64 0.30
Octanoic acid 2.65 0.18 0.89 247 0.79 133 0.97 0.88 266 1.12 0.98 4.70 2.87 2.28 4.99 2.46

Total acids  15.70 3.94 3.74 1325 561 8.01 493 389 1109 535 5.63 2577 16.93 7.96 63.27 54.36

Differently, the strains belonging ta plantarumandL. gasseproduced a limited number of acids,
including acetic acid ranging between 3.74% and 15.70%lgntarum and 5.63% and 25.77%. (
gassel). As regards to the production of ethanol, only plantarum 35TOBbis produced a

significative amount of this compound. In addition, all the tested strains revealed the production of
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diacetyl, acetoin, and also acetaldehyde, considered as molecules that could play a crucial role for
the sensory characterion of several dairy produc{®atrignani et al., 2007; Patrignani et al., 2006;
Siroli et al., 2017)in this context, several authors have reported how the microbial ability tasele
diacetyl and acetoin could be considered as an important feature for the selection of lactic acid
bacteria as starter¢Cruciata et a] 2014) Moreover, it is important to underline that all of these
strains, especially the lactic acid bacteria, showed a remarkable production of acetald@hysle.
molecule is desired and appreciated, as well describd@atgignani et al. (2007); Siroli et al. (2017)

since its presence could contribute to specific flavour in yogurt and fermented milks.
3.9. Strain survival under simulated G¢dnditions in milk

In order to deeply investigate the overall resistance of the selected breast milk stramgdated in

milk (&9 log CFU/ml }heir survival rate after a simulated digestive process was assessed (Figures
5¢7). Regarding their resistance during and after the simulated digestion process, the decrease in
viability was slight for all straironsidered, especially far. plantarumstrains. In fact, the majority

of these strains showed a survival rate at the enthefsimulated process of at least 7 log CFU/mL.

In particular, the highest cell viability rates were recorded.fgplantarun29 TO L, M6C, 30b&#ith

a final survival level of approx. 8 log CFU/mL. A different behaviour was detected orly for
plantarum11.3Cwhich reached the lowest survival rate (6.53 log CFU/mL) at the end of simulated
intestinal phase. As regards ko gasserstrains, a good survival rate was detected especially.for
gasseri34TOC and 32 TOA, as demonstrated by the recordediiedlility of approx. 7og CFU/mL

after the simulated GIT conditions. Regarding instead the bifidobacteria sti&iiengumB.Bis

showed a final survival rate (approx. 7 log CFU/mL) higher ofdolngared withB. animaliBL6.
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Figure 5. Cell loads &f. plantarum3.6D, 29 TOL,M6 C,11.3C,31T0C,32T0C, 33.1G, 34 TO B, 35 TO B.Bis,
30 b6 A after the simulated stomagduodenum passage, performed immediately after the inoculation in
milk. Samples with differentetters are significant different < 0.05).

10

bc b b

log CFU/mI
(6]

L. gasseri C Fl 11 L. gasseri 34 TOC L. gasserig.1 L. gasseri 32 TO A
Einitial inoculum O gastric digestion O duodenum shock  Ointestinal digestion

Figure 6. Cell loads df. gasserCFI11]. gasserB4TOCL. gasserg.1,L. gasserB2TOA after the
simulated stomacltduodenum passage, performed immediately after the inoculation in milk.
Samples with diferent letters are significantly different |y < 0.05).
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Figure 7. Cell loads of B. animalis BL6 and B.longum B.Bis after the simulated stqothexenum passage,
performed immediately after the inoculation in milk. Samples with different letters are sijgantly
different (p < 0.05).

4. Conclusions

In recent years, human breast milk has proved to be an interesting source for obtaining new and
specific probiotic strains, including lactic acid bacteria and bifidobacteria, also for infants, with the
aim of promoting their correct immunological and intiesl microbiota developmenfArboleya et

al, 2011; Zimmermann & Curtis, 2020) fact,these bacterial groups have been suggested to play
an important role in the reduction in the incidence and severity of infections in breastfed infants
(PorrasSaavedra et al., 2015; Reis et al., 201%)ddition, a recent studZimmermann & Curtis,
2020)evaluated the probiotic potential of several bacteria isolated from human breast milk and
belonging to lactic acid bacteria e bifidobacteria groups. More in general, some probiotic strains of
the generalLactobacillusand Bifidobacteriumhave been widelynvestigated for their potential
resistance to acidic environments, competition against pathogens and immunological projerties
vitro and in vivo. Furthermore, these genera, especibdgtobacillusare commonly used as <o
starters in the production ofesveral dairy products, exhibiting good viability in low pH products such
as fermented milk during both the fermentation process and the refrigerated storage of the product
(Fensteret al., 2019)
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In this context, our data clearly highlight the functional potential of straaktedfrom breast milk.

In fact, the majority of the strains employed in the present stuidgvged a remarkable aptitude to
adhere to intestinal cells, even higher thanrhamnosu&G, a recognized probiotic strain. In this
sense, it is important to report how the ability of a candidate probiotic to adhere to gut mucosal
surface contributes to the microbial persistence in a specific environment. This behavior resembles
hydrophobiciy and auteaggregation features of breast milk strains herein analyzed, underlining
their high potential as probiotics. In addition, all tested strains showed a remarkable inhibitory
activity against pathogens of food interest as well as intestinal pathagklore specifically, the
majority of the lactobacilli produced halos of inhibitions ranging between 6 and 10 mm tdward
monocytogeneSCOTT A, innocudATCC 51743&. enteritididMB1409,S. enteritidi€5,E. faecium
BC104E. coli555 andS. aureuPSM 20231. All the isolated strains turned to be highly effective
also towards intestinal pathogens, especially agawhsinterocoliticaThe antimicrobial activity was

also analyzed in terms of adiiofilm effect, since, from a clinical point of vievgtestablishment

of a biofilm by a pathogenic species increases antibiotic resistance and makes its eradication
challenging. Thus, the ability of a beneficial strain to interfere with pathogen adherence and biofilm
formation represents an advantage. In @eal, all 16 supernatants of breast milk strains showed
both anti-biofilm activity against enteropathogens and prebiotic activity against some commensal
bifidobacteria.Thanks to the antimicrobigirebiotic dualism demonstrated by these supernatants,
they could be useful to administer to newborns in order to intervene in both aspects with a single
treatment. Moreover, in order to also investigate their technological potential, the strain
fermentation kinetics and viability in pasteurized whole milk weressgtigated, along with the
analysis of the volatile molecule profiles of the fermented milks. The results clearly indicated the
unsuitability as fermentation starters for the majority of the strains, due to their slow fermentation
kinetics. Nevertheless, pscially for some strains, the maintenance of high viability in pasteurized
milk has been highlighted, also during the refrigerated storag® simulated GIT conditionk this
framework,L. plantarum3.6D,L. plantarumM6C L. plantarunB1TOCL. plantaum 32TOC showed

the best cell viability profile until 21 days at 4°C (>6.5 log CFU/qg), indicating their potential suitability
as adjunct cultures in a dairy product such as a fermented milk. Their potential rolesteriars

was confirmed looking at thevolatilome of milks inoculated with these selected
lactobacilli/bifidobacteria which showed a release of diacetyl, acetoin, and acetaldehyde, that could
positively contribute to the specific flavour of dairy products. Moreover, with regard to antibiotic

susceptibility, our results are in agreement with literature data reporting intrinsic resistance to a
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wide range of antibiotics, especially for lactic acid bacteria. In these cases, further studies are
needed to better characterize mechanisms responsibleafttibiotic resistance, before including
these strains in food products. In conclusidhe attained data could represent an important
contribution to better understanding the proper application of the studied strains, also considering
their final use. Irthis context, the selection of the most promising strains is strongly connected with

the final objective to achieve and the relative purposes.
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CHAPTER 5

Probiotic andnetabolic
characterization ovaginal

lactobacilli for aotentialuse In
functionalfoods

This chapterwasbased on

D'Alessandro M Parolin C.; Bukvicki C5jroli L.; Vitali B.; De Angelis M.; Lanciotti R.; Patrignani
F.(2021)Probiotic and metabolic characterization of vaginal lactobacilli for a potential use in
functional foodsMicroorganisms9(4), 833 Doi: https://doi.org/10.3390/microorganisms9040833
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Abstract: The main aim of this work was to verify the metabolic and functional aptitude of 15 vaginal
strains belonging td.actobacillus crispatysactobacillus gasseiand Limosilactobacillus vaginalis
(previouslyLactobacillus vaginalisalready characterizeaf their technological and antimicrobial
properties. In order to evaluate the metabolic profid these vaginal strains, a phenotype
microarray analysis was performed on thelrunctional parameters such as hydrophobicity, auto
aggregation, deconjugatiorf dile salts, adhesion to an intestinal cell line (Caxcand a simulated
digestion process were evaluated for these strains. A good number of these strains showed
hydrophobicity values higher than 70%. Regarding the -agigregation assay, the most praimg
strains werelL. crispatu8C9 and BCL, gasseBC10 and8C14, and.. vaginali8C17. Moreovel,.
crispatusBC4, BC6, BC7, and BC8 were characterized by strong bile salts hydrolase activity (BHS). In
addition, L. crispatu8C8 and.. vaginali8CT were characterized by a medium ability to adhere to
Caca2 cells. Data related to digestion process showed a strong ability of vaginal lactobacilli to
withstand this stress. In conclusion, the data collected show the metabolic versatility and several

expoitable functional properties of the investigated vaginal lactobacilli.

1. Introduction

Traditionally, probiotics, defined as functional microorganisms with a positive impact on human
health, have been isolated from the gut. Nevertheless, in recent y&agdjterature has pointed

out the functional role of microorganisms isolated also from other human sources such as the skin,
oral cavity, and genital tract, especially for their use as pharmaceutical prepar@#etrsva et al.,
2015) In particular, some authors have hitiphted the important role of the vaginal microbiome
020K T2NJ GKS LINBaAaSNBIGA2y 2F ¢2YSyQa KSIf (K
conception and the development of healthy pregnanci@®unes et al., 2018)The vaginal
microbiome of healthy women consists of a variety of anaerobic and aerobic bacteria with an
emphasis orLactobacillussuch ad.. crispatusL. jensenjiL. gasseriLimosilactobacillus vaginalis

and L. iners(Mirmonsef et al., 2014; Vitali et al., 201Z2jhese bacteria act against urogenital
pathogens by producing antimicrobial compounds or through competition for adherence to the
vaginal epitheliun{Borgeset al., 2014; Parolin et al., 2015; Reid et al., 20ljhe last decade, the

use of bacterial strains characterized by probiotic features in order to prevent vaginal disbyosis or
restore normal vaginal microbiome has been propof@drges et al., 20145ut beneficial strains

can be administered in situ or orally, given their capability to pass from the intestine to the vagina

because of spatial proximity of the two appar@tieczko et al., 2015; Strus et 2012; Vitali et al.,
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2012; Vujic et al., 2013¥ome strains belonging to the spediesrispatusl.. gasseriandL. vaginalis

were isolated byParolin et al., 2015jom the vagina of healthy women and later characterized for
their anti-CandidaCalonghi et al., 2017; Vitat al., 2015)antiChlamydia trachomati@Nardini et

al., 2016; Parolin et al., 2018antiNeiseria gonorrhoeagFoschi et al., 2017)antiGroup B
StreptococcugMarziali et al., 2019)and antiHIV1 activitiegNahui Palomino et al., 2018ahui
Palomino et al., 2017)n addition, some important technological and safety features were observed
on the same collection of lactobacilli.(crispatus, L. gasseaind L. vaginab)(Siroli et al., 2017)
pinpointing their significant antimicrobial properties also against foodborne pathogens. Moreover,
these strains showed also the aptitude to grow in milk and to produce in thisrfaaidx specific
volatile molecule profiles allowing the selection of some strains for their potential future application
as functional additional cultures in the dairy sector. In fact, although already available as oral
preparations, it would be very chaliging to use them in foods as a dietary strategy to prevent
human diseases. However, the use of selected microbial strains claimed as probiotics, also in food
preparations, cannot regardless of their deep functional and metabolic characterization. Tieerefo
the main aim of this research was to investigate the metabolic and some functional aptitudes of 15
vaginalLactobacillustrains, already characterized for their antimicrol@atl technological features

of interest for food sector. For this, some prapies such as fermentation ability in different
substrates, and the ability to maintain high viability in food matrix during refrigerated storage were
also tested for their further application as functional cultures in food products. Consequently, in
order to dissect their metabolic potential, a Biolog phenotype microarray analysis was applied.
Furthermore, the strains were studied for their hydrophobicity, aaggregation, the ability to
deconjugate bile salts, and the ability to adhere to a human imastell line. Indeed, the ability to

survive a simulated digestion process when inoculated in milk and stored at 4 °C was observed.

2. Materials and Methods

2.1. Strains

For the present study, 15 Lactobacillus strains belonging to the collection of FABIT (Department of
Pharmacy and Biotechnology, University of Bologna, Italy) were used (Table 1). The strains were
isolated from the vagina of prmenopausal Caucasian womeagéd 1845 years), with no
symptoms of vaginal or urinary tract infections, in accordance with the Ethics Committee of the
University of Bologna (52/2014/U/Tess). These vaginal strains were also compared with

Lacticaseibacillus rhamnos@®&G ATCC® 53M)3used as a probiotic reference strain. Lactobacilli
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were cultured in MRS broth (Oxoid Ltd., Basingstoke, UK) with 0:@§%tdine and incubated at 37
°C for 24 h in anaerobiosis (GasPak System; Oxoid Ltd., Basingstoke, UK).

Table 1. Vaginal lactobacilli udan the present study.

Strains Species Isolation Source Collection

_ . Female genital trac
BC1 Lactobacillus crispatus _ FABIT
(Parolin et al., 2018

) _ Female genital trac
BC3 Lactobacillus crispatus . FABIT
(Parolin et al., 2018

_ _ Female genital trac
BC4 Lactobacillus crispatus _ FABIT
(Parolin et al., 2018

) , Female genital trac
BC5 Lactobacillus crispatus . FABIT
(Parolin et al., 2018

_ _ Female genital trac
BC6 Lactobacillus crispatus _ FABIT
(Parolin et al., 2018

_ . Female genital trac
BC7 Lactobacillus crispatus . FABIT
(Parolin et al., 2018

_ _ Female genital trac
BC8 Lactobacillus crispatus . FABIT
(Parolin et al., 2018

) ~ Female genital trac
BC9 Lactobacillus gasseri _ FABIT
(Parolin et al., 2018

_ ~ Female genital trac
BC10 Lactobacillus gasseri . FABIT
(Parolin et al., 2018

Famale genital tract
BC11 Lactobacillus gasseri _ FABIT
(Parolin et al., 2018

_ _ Female genital trac
BC12 Lactobacillugasseri FABIT
(Parolin et al., 2018
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) _ Female genital trac
BC13 Lactobacillus gsseri . FABIT
(Parolin et al., 2018

) ~ Female genital trac
BC14 Lactobacillus gasseri . FABIT
(Parolin et al., 2018

. _ ' ~Female genital trac
BC16 Limosilactobacillus vaginali _ FABIT
(Parolin et al., 2018

. . . ~_Female genital trac
BC17 Limosilactobacillus vaginali . FABIT
(Parolin et al., 2018

2.2. Biolog Phenotype Microarray Analysis

Biolog AN plates (Biolog Inc., Hayward, CA, USA) were used to evaluate the catabolic piaofiles of
crispatusBC3, BC4, BC6, BC7, BC8asseBC9, BC11, BC13, BC14,landhginali8C16 according

G2 GKS YIFydzZFlF O0dzNENBEQ AyadNdzOGA2yad / Stt-a &SN
cysteine for 24 h, then Biolog AN plates were inoculated with 150 mL of bacterial suspensions
adjusted to 65% transmittance as recommended bg thanufacturer. Positive reactions were
automatically recorded using a microplate reader with a 590 nm wavelength filter. Negative control

measurement was obtained from a well containing wgtee Angelis et al., 20Q7)
2.3. Hydrophobicity

The hydrophobicity, i.e. the ability to adhere to hydrocarbomas assessed according\fcnderola

& Reinheimer(2003)with some modifications. Fresh cultures of the strains (24 h of incubation at

37 °C in MRS broth with 0.05%\steine) in anaerobic conditions (GasPak System; Oxoid Ltd.,
Basingstoke, UK) were harvested in the stationary phase by centrifuget@®00 rpm for 10 min.

The pellet was resuspended in NaCl 0.9% isotonic solution and was subsequently diluted to the
absorbance value of 1 at 560 nm using a spectrophotometer (model 6705, Jenway, Stone, UK). Then,
3 mL of the bacterial suspension was exetd with 0.6 mL of-+hexadecane (Sigmaldrich, Milan,

Italy) for 4 min. The two phases were allowed to separate for 1 h at 37 °C. The agueous phase was
removed, and the absorbance (A) at 560 nm was measured. Finally, the hydrophobicity percentage
wascaDdzf F i SR gAGK (GKS F2ft2¢gAy3a F2NXdz Y 6! n b

at time 0 and At represents the absorbance at 560 nm after 1 h of incubation at 37 °C.
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Hydrophobicity was also evaluated for rhamnosu$GG ATCC® 53M03a commeral probiotic

strain used as reference strain.
2.4. Auto-Aggregationassay

An auteaggregation assay was performed accordin®&b Re et al2000) modified byMathara et

al. (2008) Fresh cultures of the strains (24 h of incubation at 37 °C in MRS broth with 0.05% L
cysteine) were centrifuged (6000 rprhQ min). After removing the supernatant, the pellet was
resuspended by NaCl 0.9% isotonic solution to the original volume, using the vortex for 10 s. This
assay was determined during 5 h of incubation at room temperature. Every hour, 0.1 mL of the
upper sspension was taken and placed in a 0.9 mL NaCl 0.9% isotonic solution, and the absorbance
(A) was measured at 600 nm using a spectrophotometer (model 6705, Jenway, Stone, UK).-The auto

' 33NB3ILGA2Yy 61 & SELINB&EASR | & | (AONKISo wiheraA | OC
represents the mean of absorbance values attime t=1, 2, 3, 4, or 5 h, and AO the absorbance att =

0. Additionally,L. rhamnosu&G ATCC® 53W@as used as reference strain.
2.5. Bile Saltsleconjugation

The ability of lactoballi to deconjugate bile salts was investigated by modifying the procedure of
(Mathara et al., 2008)Cultures were screened for bile salt hydrolase (BSH) activipdiying 10

>S[ 2F I Odzf GdzZNB 3INRBgy 2ya2 {1 FT3AFN LXIGdSao
Basingstoke, UK) with 0.05%ysteine added with 16 g/L of Agar Technical (Oxoid Ltd., Basingstoke,
UK), combined with 0.5% (w/v) sodium salt of tauroxlgcholic acid (Sigma, Milan, Italy) and 0.37

g/L of CaCl2 (Sigma, Milan, Italy). Plates were incubated in anaerobic conditions (GasPak System;
Oxoid Ltd., Basingtoke, UK) at 37 °C for 48 h; after this time, BSH activity of each strain was

evaluated by reasuring the diameter of precipitation on screening medium.
2.6. Cace cell adhesiontests

In order to describe the ability dfactobacillusstrains to adhere to the intestinal epithelium, the
Cace2 cell line was used. This cell line is derived from human colorectal adenocarcinoma and
presents the ability to differentiate into cells with many properties typical of enterocytes,

2015) Cace2 cells were routinely grown in DMEM high glucose medium (SAjadréch, Milan,

Italy) with the addition of 2 mM-glutamine (Sigm&ldrich, Milan, Italy) and 20% v/v Bovine Fetal
Serum(SigmaAldrich, Milan, Italy), in flasks for cell cultures (Corning, Corning, NY, USA), at 37 °C
with 5% CO2. To obtain differentiated Catoultures, the cells were inoculated at a density of 10
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cells/cm2 and kept in culture for 21 days, changing thieuce medium every &4 days. For adhesion
tests, Cace cells were inoculated on sterile glass coverslips-mel plates and grown until
differentiated. Cells were then incubated with exponentially growing lactobacilli cells by applying a
1:400 ratio, & 37 °C with 5% CO2 for 1 h, and washed twice with PBS to removadhenent
lactobacilli. Samples were then fixed with methanol for 10 min and stained with Giemsa 10% (Sigma
Aldrich, Milan, Italy) for 8 min. Afterwards, samples were washed three timigsRBS and then

dried in air and observed by an optical microscope (1000 X magnification). The adhesion-of lacto
bacilli to Cace cells was evaluated by counting the number of adhetatobacillugells to Caco

2 cells, considering at least 200 Ca&ceells. L. rhamnosussG ATCC® 53103vas used as the

reference strain.
2.7. Strain tolerance to simulated digestion process in milk

In order to evaluate the resistance of the vaginal strainslamthamnosu§&G ATCC® 53103used

as reference strain, to the passage through the stomach and duodenum, the method proposed by
Vinderola et al(2011)with certain modifications was performed. Briefly, to test each strain, two
identical samples were prepared containing UHT bovine milk with an inoculuq®ddg§ CFU/mL.

The first one was used to perform the simulatgaistrecduodenal digestion test immediately; the
second one was incubated at 4 °C for 7 days and then subjected to the same test. The first sample
gl & YAESR gAGK (KScHIAUSNIMRE dayStgdaifia splytidn adhtifed | £ A
CaCl2 (@2 g/L), NaCl (16.2 g/L), KCI (2.2 g/L), NaHCO3 (1.2 g/L), and 0.3% (w/v) porcine pepsin
(Sigma, Milan, Italy). The sample was quickly brought to pH valuesc@f &ith HCI 1 M and then

was moved into a thermostatic bath for 90 min at 37 °C {MiB Falcristruments, Treviglio, Italy).

' FGSNI OKAaASE m Y[ 2F alyYLiXtsS gla 1Sy FT2N G4KS
addition, 2 mL of the sample were centrifuged (12000 rpm, 4 min and 4 °C). After removing the
supernatant, the microial pellet was washed with 2 mL of NaCl 0.9% isotonic solution (12000 rpm,

4 min and 4° C). The microbial pellet was resuspended in 2 mL of solution of bile extract porcine
(SigmaAldrich, Milan, Italy) at a concentration of 1% in PBS, which simulateleibatic bile. The

sample was placed in a thermostatic bath at 37 °C for 10 min in order to simulate the duodenal
aK201 LKIFIasS 2F GKS oAfSe® ¢KSyx mnn > 2F GKS
GSNAFe (GKS OStftaQ delrémiibing (part ob samgReRay subjectédki@ O\ (¢
centrifugation at 12,000 rpm for 4 min at 4 °C. Once the supernatant was removed, the microbial

pellet was resugpended in 1.9 mL of NaCl 0.9% isotonic solution and centrifuged under the same
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conditions. Aftetthat, a third solution, representing enteric stress, was added. This solution consists
of 0.3% bile and 0.1% pancreatin from porcine pancreas (Sfddrech, Milan, Italy) dissolved in

PBS. The incubation time in the thermostatic bath was 90 minat 7RSSy > mnn >[ &1 a
the sample for the last sampling (intestinalglistion). Samples were plated on MRS agar plates
with 0.05% tcysteine and incubated at 37 °C for¢28 h in anaerobiosis (GasPak System; Oxoid
Ltd., Basingstoke, UK). Cell vidpivas assessed by the plate count method, and the results were

expressed as log CFU/mL.
2.8. Statistical analysis

In order to show the metabolic differences amohngcrispatu8C3, BC4, BC6, BC7, BC@asseri

BC9, BC11, BC13, BC14,langhginali8CB, a heat map analysis was performed using the software
found at http://www.heatmapper.ca/, accessed on 7 Jan. 2QRahcki et al., 2016)The average

linkage clustering specifying the distance between two clusters was computed as the average
distance between objects from the first cluster and objects from the second cluster. All the
experimental data are expressed as the mean value afegigtitions. The data were statistically
analyzed by Statistica software (version 8.0; StatSoft, Tulsa, OK, USA) and subjected to the analysis
2F GFENARIFYOS 6!'bhx! 03X FYR GKS G4Sad 2% YSIy O:
difference (LSD), as applied on all obtained data. The level of significancepxa8.05.

3. Results and Discussion
3.1. Phenotype Microarray Analysis

Biolog phenotype microarray analysis was performed.oarispatu8C3, BC4, BC6, BC7gasseri

BC9, BC11, BC13, BCI la vaginaliBC16 strains in order to evaluate their metabolic profiles in
relation to different carbon sources. Raw data were analyzed by a heatmap reported in Figure 1.
According to the obtained heatmap, the analyzed strains were grouped into twteu®ne
includingL. gasseBC11 and BC14 strajris vaginali8C16, and.. crispatu€8C3 and another one
including mosL. crispatustrains and.. gasserBC9 and BC13. In particular, the two clusters were
created for the different metabolic behav®against pyruvic acid, pyruvic acid methyl estéactic

I OA RS 2 0 dzii @ NdydtbxyButgxic Rcid, Hrehalose, sucrose, stachyose réifinose,
palatinose, and Bnannitol. The data obtained lead to considerations about some features showed
by these strains. First of all, all the strains were characterized by a strong catabolic activity against

h-D-glucose, Efructose, maltose, and ihannose. Furthermore, the majority of the strains were
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also able to use gentiobiose, maltotriose;réifinose, stabhyose, and sucrose. This phenotypic
approach could be considered a useful starting point to characterize several strains and to
individuate their specific metabolic properties to be considered for their inclusion in a food matrix.
In fact, the preliminarymetabolic data, in addition to highlighting the potential of the strains as
starters, cestarters, or adjuncts, can give important information regarding the characteristics that
they can impart to the final products. On the other hand, in relation to thetahbolic profiles
characterizing a specific microbial strain, a proper and tailored use in relation to the characteristic
of the food matrix can be exploited. As regards the ability to uaeetytD-glucosamine, shown by

all the strains, this quality isf @otential interest as this compound is the monomer unit of chitin,
the second most abundant carbohydrate after celluloseaddtytD-glucosamine is also a basic
component of hyaluronic acid and keratin sulfate on the cell sur{faCéen et al., 20100n the

other hand, most of these selected vaginal lactobacilli were also able to catabaizliéobiose and
h-ketobutyric acid. The use of cellobiose is remarkable considering that interest in new potential
prebiotics such as ceHoligosaccharides haacreased( Yeo & Liong, 2010k this sense, a study
conducted byPokusaeveet al. (2011) investigated the effect of cellobiose on growth rates of
probiotics such aBifidobacteriunspp. According to these reports, cellobiose has a higher prebiotic
index than FO8M. L. Sanz et al., 2009)hus, the data obtained in this research suggest that some
strains could be exploited for the formulatiai symbiotic functional foods in which probiotics and
prebiotics (deriving from the metabolic activities of added probiotics) are simultaneously present.
Other disaccharides such as amygdalim@&libiose, and Brehalose as unique carbon sources were
usdl in a strairdependent way, with the exception of arbutin that was used by all the tested strains.
However, the utilization of these disaccharides implies the presence of various hydrolytic enzymes
GKFdG SyrotS GKSY (2 0NEBidg dzR2% N RidSBadddaesall ( S =
al., 2019) Additionally, the ability to catabt A lkedobutyric acid is significant because this
compound is the precursor of-Bydroxy4,5-dimethyt2(5H}uranone, an aromatic compound
responsible for the burnt, sugar, and curry flavor in dairy prodyétsrpetuini et al., 2018)
wS3FNRAY3I (KS 3IBdadsek Bgdldetgss, landCiiehaldsg, almost all strains

showed low efficiency of use.
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Figure 1. Heat map showing the metabolic differences amdngcrispatusBC3, BC4, BC6, BC7, BIC8,
gasseriBC9, BC11, BC13, BCandL. vaginaliBC16 with green referring to high catabolic activity and red
to low activity.

3.2. Hydrophobicity andAuto-Aggregation

The results of hydrophobicity and auémgregation assays are reported in Figure 2 and Figure 3,
respectively. Cell surface hydrophobicity and autoaggregation were evaluated alsgli@amnosus

GG ATCC® 53M03a recognized probiotic strain used as aerehce. As shown, it was observed
that the vaginal strains exhibited a different degree of hydrophobicity (Figure 2). The highest values
were obtained forL. gasserBC9 (96.23%),. crispatu88C3 (92.8%]},. vaginaliBC17 (89.08%l,.
vaginalisBC16 (783%), and.. gasseiBC14 (79.32%). The stralnscrispatu8C4 L. gasserBC11,

and L. gasserBC12 showed hydrophobicity values of 74.57%, 73.70%, and 64.63%, respectively,
while the remaining strains expressed levels below 60%. Regarding thaggemgation assay, the

most promising strains werk. gasserBC9 (98.49%),. crispatuBC1 (90.86%),. gasserBC10
(82.43%)). gasserBC14 (74.87%),. vaginaliBC17 (71.74%),. vaginaliBC16 (70.14%), and
crispatusBC7 (69.17%) (Figure B)cripatusBC3 and BC4 strains showed a rate of aaggregation

of 62.4% and 56.72%, respectively, while the remaining strains indicated percentages below 40%.
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These considerations are even more relevant when considering that the hydrophobicity and auto
aggre@tion values reported for many of the vaginal strains are better than those recorded for GG
ATCC® 53123(64% hydrophobicity and 23% autoaggregation), which is a commercial probiotic
strain. The data obtained lead to considerations about the functionapgnttes of these strains
since the hydrophobic nature of the surface of microorganisms can be related to the attachment of
bacteria to host tissue€ampaniello et al., 2018; Del Re et al., 2000; Mathara et al., 2ap8n@lli

et al., 2013)conceding to the microorganisms a competitive advantage, important for their
permanence in the human gastrointestinal trg&chillinger et al., 2005; Tabanelliat, 2013) In

this context the hydrophobicity percentages for the tested strains ranged between 20% and 96%,
and among all the strains, only four showed levels of hydrophobicity below 40%. This achievement
is even more remarkable with respect to thiendies conducted byAbdulla(2014)and Boris et al.
(1998) which underlined that lactobacilli were much more hydrophilic, showing values of 40% or
less; consegently, all the tested strains with hydrophobicity values more than 40% could be
considered as hydrophobic. In addition, the high aaggregation capacity detected for many of
the tested strains is another key factor for the determination of the abilitthe probiotic strain to
adhere to the gastrointestinal and urogenital tract. Furthermore, during this study, a strong
correlation between these two parameters (hydrophobicity and aagmregation) was observed.

In fact, similar trends for some strains keerecorded, especially fdr. gasserBC9, which showed

the highest values in terms of hydrophobicity (96.23%) and -agigregation (98.49%). According

to these positive results, lead to better adhesion to intestinal cells.
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Figure 2. Cell hydrophobicitgf L. crispatu€8C3, BC4, BC5, BC6, BC7, BAfasserBC9, BC10, BC11, BC12,

BC13, BC14.,. vaginalisBC16, BC17, and rhamnosu$sG ATCC® 531203The hydrophobicity percentage
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At represents the absorbance at 560 nm after 1 h of incubation at 37 °C. Results are shown as average +
SD. Samples with different letters are significantly different (p < 0.05).
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Figure 3. Cell autaggregation oL. cris@tusBC1, BC3, BC4, BC5, BC6, BC7| B@serBC9, BC10, BC11,

BC12, BC13, BC14vaginalisBC16, BC17, arid rhamnosu$sG ATCC® 53203The auteaggregation was
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absorbance values attime t=1, 2, 3, 4, or 5 h and AO the absorbance at t = 0. Samples with diffetenst let

are significantly different (p < 0.05).

3.3. Bile salts Deconjugation

Regarding the ability of vaginal strains to deconjugate bile salts by bile salt hydrolase (BSH) enzyme
activity, the assay was performed accordingvathara et al(2008) This feature is very important

for the selection of functional strains since it can permit the reduction of bile toxicity by the
dewnjugation of bile salts into bile acigsloriega et al., 2006; Shehata et al., 201&)cording to
Kumar et al(2012) deconjugated bile salts are less soluble and less efficiently reabsorbed from the
intestinal lumen than their conjugated compounds. Within this experimental research, the
functional attribute of bile salt deconjugation was observedlfocrispatisBC4 L. crispatu8C6 L.
crispatusBC7, and.. crispatuBC8. Moreover, our results are not in agreement végley et al.
(2006) which reported that BSH activity has not been detected in bacteria isolated from
environments from which bile salts are absent. On the other side, a more recent stiuslyetnata

et al. (2016)identified BSkpositive LAB isolates not associated with the intestinal environment.
With regard to the tested strains not able to deconjugate bile salts, the most widely used LAB in
food are not gifted with this functiondéature, without excluding their important role as probiotics

(Begley et al., 2006)
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3.4. Adhesion to Caec@ Cells

In order to assess the ability bactobacillustrains to adhere to the intestinal epithelium, akey
indicator of adhesion to epithelial cells and to gut mucosal surfaces,-Zaslls were used.
According to several authof€andela et al2005; Lea, 2015 ace2 cells show significant features

of human intestinal cells, including the ability to spontaneously differentiate into a cell monolayer
with typical properties of enterocytes with a brush border layer as found in the small imeest
Therefore, human cell line Cagoriginally derived from a colon adenocarcinoma, has been widely
used as a model of the intestinal epithelial barrjeea, 2015)In this contextthe data related to

the adhesive properties of the strains, expressed as the number of lactobacilli cells 68 Gzt

are shown in Table 2. Vaginal lactobacilli were characterized by values of adhesiveness ranging
between 0.15 and 5.14 (bacterial I#Cace2 cell). Onl\L. crispatu€8C8 showed an adhesiveness
value of 5.14, whild.. vaginaliBC17 indicated an adhesion value equal to 2.32. According to the
criteria proposed byCandela et al(2005) these two strains can be defined by having a medium
ability to adhere to the Cae® epithelial monolayer, while the remaining strains can be considered
strains with low ability. On the other hand, the two strainghvmedium aptitude were also
characterized by high autaggregation and hydrophobicity properties. Moreoverrhamnosu&G
ATCC® 53183 used as reference strain, showed a higher value of adhesion (8.90) but not
significant different froni. crispatu€C8. In detail, images tf crispatu8C8 and.. rhamnosu&G
ATCC® 531030 epithelial cells, obtained by optical microscope are shown in Figures 4 and 5. In
this context,Kim & BaiK2019)also highlighted foL.. rhamnosu§&G ATCC® 53102 similar trend

of adhesiveness t€aca2 cells. Although the studied strains, with the exceptioh.afrispatu8C8

and L. vaginalisBC17, showed an overall low ability to adhere to Caawlls, it is necessary to
consider that the gut environment is characterized by a high level of Eaty, which includes the
presence of factors such as mucus that could furtherly promote the adhesion mechanism in vivo.
On the other hand, these vaginal strains were already evaluated for their ability to adhere to HeLa
cells, a cell line that originatetom a human carcinoma of the cerv{arolin et al., 2015)

demonstrating that this functional property is strain specific rather than species specific.
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Table 2. Adhesion capacity of the vaginal strains andhamnosu$sG ATCC® 53108n Cace2 cells. Data
are expressed as lactobacilli cells/Cacébcell and shown as average + SD. Samples with different letters

are significant different (p < 0.05).

Strains

Adhesion(Lactobacilli Cells/Cac@ Cell)

Lactobacillus crispatus
BC1

0.632 (+ 0.21)

Lactobacillus crispatus
BC3

0.4524 (+ 0.19)

Lactobacillus crispatus
BC4

0.24" (+ 0.09)

Lactobacillus crispatus
BC5

0.43% (+ 0.17)

Lactobacillus crispatus
BC6

0.742(+ 0.21)

Lactobacillus crispatus
BC8

5.14¢ (+ 2.29)

Lactobacillus gasseBiC9

0.269 (+ 0.10)

Lactobacillus gasseri
BC11

0.279 (+ 0.11)

Lactobacillus gasseri
BC12

0.75? (+ 0.23)

Lactobacillus gasseri
BC14

0.15€ (+ 0.06)

Limosilactobacillus
vaginalisBC16

0.342d (+ 0.16)

Limosilactobacillus
vaginalisBC17

2.321 (+ 1.17)

Lacticaseibacillus
rhamnosusGG

8.909 (+ 1.24)
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Figure 4. Caca@ cells with no bacteria (a), adhesion bf crispatuBC8 to Cac@ cells (b). Images obtained
under the optical microscope at 1000 X magnification, in evidence the adherent bacteria.

Figure 5. Cac@ cells with no bacteria (a), adhesion bf rhamnosus$sG ATC®%31031 to Cace2 cells (b).
Images obtained under the optical microscope at 1000 X magnification, in evidence the adherent bacteria.

3.5. Straintolerance tosimulated digestionprocess inmilk

Strains selected on the basis of previous reslltcisptus BC3L. crispatu8C4 L. gasseBCIL.
gasseriBC14]. vaginaliBC16, and.. vaginaliBC17) were studied during the simulated digestion

in milk in comparison witt.. rhamnosu&G ATCX31034, considered a reference strain. Strains
were inoculated in milk @ log CFU/mL) and subjected to gastric digestion and duodenal and
intestinal shock. The ability of these vaginal lactobacilli to resist this type of stress after inoculation

in milkand after 7 days of storage at 4 °C was also assessed (FigBjesnégenerall.. crispatus
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BC3L. crispatu8C4L. gasseBC14, andl. vaginali8C16 showed a significant maintenance of cell
viability after the application of simulated stress andridg refrigerated storage. In particuldr,
vaginalisBC16 showed, following exposure to acid stress (simulating human stomach) immediately
after the inoculum, a decrease from 8 log CFU/mL to 7 log CFU/mL, highlighting how gastric stress
affects the decrase in cell viability compared to duodenal/intestinal stress. On the conttary,
rhamnosusGG ATC%31031, although remaining at high level of cell loads, was more significantly
affected by the duodenum and intestinal steps where bile salts are presasnghown in Figure 7,
althoughL. gasseBC9 showed a significant maintenance of cell viability during all digestion steps
at time 0O, after one week of refrigerated storage, a reduction in cell load from 7 log CFU/mL to 6 log
CFU/mL was observed, pointiogt the greater sensitivity of this strain to the storage conditions
adopted rather than to gastric shock. On the other handjaginali8C17 showed a great resistance
during the simulation of the digestion process at time 0, while after 7 days at #4sighificant
reduction in cell loads (from 7 log CFU/mL to 5 log CFU/mL) was highlighted following simulated
gastric stress, without further loss in terms of viability. In general, the decrease in viability following
the applied gastric stress was comtad in each caséHowever, the application of acid shock has
certainly induced better resistance in vaginal lactobacilli to the following stress conditions. In
addition, the milk matrix in which the vaginal strains were carried in certainly had a pra&edtect
against the loss of cell viability, offsetting the negative effects of refrigerated stohagfeis sense
anotherstudyreported inChapter 7showed thatlL. crispatu8C4 inoculated as adjunctive culture

in the Squacquerone cheese (stored at 40118 days) demonstrated a good rate of survival during
the refrigerated storage and after the simulation of digestion process perforimedro. Although
onlyin vivotests can confirm the effective functionality of the food, in terms of prevention/@and
treatment of vaginal dysbiosis, these vaginal strains were also evaluated for their ability to adhere
to Hela cells, a cell line that originated from a human carcinoma of the ¢Basiglin et al., 2015)
Regarding this, our data set up initial results for thestf functional and technological
characterization of selected vaginal strains and conditions for their use in functional foods for

LINSASNIAY I 2N NFoang2 NAy 3 62YSyQa ¢St
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4. Conclusions

The results obtained in this work highlight the functional potentidl.ofrispatusL. gasseriandL.
vaginalisfor their further application in food. According to their metabolic profiles, they could be
exploited for the formulation of sytnotic foods. The lack of ability to promptly use carbon source

as lactose or galactose make them good candidates as adjuncts probiotic cultures in dairy products.
The data obtained underlined high values of hydrophobicity and -aggregation (over 70%if

most of the vaginal lactobacilli considered in this study. Even comparkedrtmamnosu§&G ATCC®
531031, a commercial probiotic strain used as reference, all vaginal strains showed higher values
of hydrophobicity and aut@aggregation. In this contexthe connection between these two
parameters is positively recognized; in fact, the lactobacilli gifted with a hydrophobic cell surface
and strong auteaggregation ability could have a greater chance for adhesion to human cells. In
addition, L. crispatud3@l, BC6, BC7, and BC8 showed significantly strong BHS enzyme activity. This
feature is related to the microbial ability to modulate lipid metabolism and allow the improvement

of the survival of these bacteria under the stringent conditions typical of thesiimal tract.
However, most of the vaginal lactobacilli herein considered were characterized by low adhesion to
a model of intestinal epithelial cells, except for thecrispatud8C8 and.. vaginaliBC17 strains,

which were characterized by a mediumwaof adhesion, also compared to L. rhamnosus GG ATCC®
53103« which showed a higher level of adhesion but not significantly different from that. of
crispatusBC8. Regarding the resistance of vaginal strains during the simulated digestion process and
tested immediately after inoculation in milk and after 7 days of storage at +4 °C, the decrease in
viability was limited for all the strains, showing therefore a good resistance even after exposure to

gastric acidity (pH 3).

In conclusion, the attained datapresent an important contribution to better understanding the

proper use of the studied strains in food formulations in order to further use food as dietary strategy

to enhance humanweb SAyYy 3 ® Ly LJ NI AOdzZ I NE (KSaSvagnaNI Ay &
O2dzf R 6S GK2dAKG G2 06S dzaASR a4 LINRPOoOA2GAOA AY

wellbeing.
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CHAPTER 6

Unravelling the functional and
technological potential of soy
milk based microencapsulated
Lactobacillus crispatusnd
Lactobacillus gasser!

This chaptewasbased on

D'Alessandro M Pisanu, F., Baldo, D., Parolin, C., Filippini, G., Vitali, B., Lanciotti, R. & Patrignani, F.
(2021).Unravelling the functional and technological potential of soymilk based microencapsulated
Lactobacillugrispatusand LactobacillugiasseriJournal of Functional Foad&7, 104745.

Doi: https://doi.org/10.1016/j.jff.2021.104745

129


https://doi.org/10.1016/j.jff.2021.104745

Abstract: The main aim of this chapter was to evaluate the potential of microencapsulation with soy
milk as a carrier, conducted by sprdgying, on three mixed cultures of functional vaginal
lactobacilliLactobacillus crispaty8C1, BGand BC4) andactobacills gasserBC9that could be
further exploited asan adjunct in health foodsThe i) physicochemical properties (using scanning
electronic microscopy), ii) viability of encapsulated bacteria over,tand iii) functional features of
powders containing theencapsulated bacteria were characterised considering different storage
conditions. All microbial mixtures exhibited high viability for 90 d of storage, regardless of the
storage conditions. All microencapsulated microbial combinations, excludingsp&us BC3 ..
gasseri BC9, exhibited hydrophobicity values exceeding 60%. Moreover, regardless of the
considered combination, than vitro digestion results exhibited a more significant decrease in cell

viability for norencapsulated microbial combinatiotisan that of the encapsulated strains.

1. Introduction

Members of the FAO/WHO Expert Panel and FAO/WHO Working Group, together with the
International Scientific Association for Probiotics and Prebiotics (ISAPP), have agreed to define
probiotico  OG SNA I | a af A@S YAONRB2NHlIyAayYa GKFIGZI 6K
KSIFf GdK o6 Sy SN étal230148)dWhg th tdincrieasing awareness of the importance

of food on human health, consumer demand for delivering bioactive ingredients through everyday
foods has rapidly increase@he dobal functional food industry is estated to exceed USD 260
billion, andis predicted toreach USD 380 billion in sales by 2(Rrhtte et al., 2018However, the
maintenance of adequate levels of probiotic cultures in food and their functiomogierties for the

full shelflife of food is highly challenging, considering their fate during the digestive process. When
included in a food product, probiotic strains and their viability are affected by several factors, such
as their sensitivity to proess conditions (low pH, oxygen, fermentation temperatuiteg,effect of

the food matrix (water activity, pH, presence of natural antimicrobials), and storage conditions,
which can affect their performance and viabilifyPatrignani et al., 2017aMoreover, duing
digestion, the low pH of the stomach or presence of bile salthensmall intestine can further
contribute to the loss of viabilityof the strains(Barbosa & Teixeira, 2017Therefore, the
development of suitable technologies for the maintenance of an adequate number of viable

probiotic bacteria (> 7 log colofgrming units [CFU] /g of produc(Espitia et al., 2016% a key
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step (Sarao & Arora, 2017Microencapsulation using a sprdyyer is one of the most promising
and widely used techniques, which offers a valuable option for encapsulatingskesitive
nutrients and probiotic microornisms(Vivek et al., 2021)Several studies have demonstrated the
potential of this technique in developing probiotic powders with different carrjérekella & Orsat,
2013; Mestry et al., 2011; Muzaffar et al., 2016; Paim et al., 2016; Pereira et al.,tRatldan
preserve the functionalities.

In recent years, probiotics have been proposed to improve genital hekltloimen,and microbial
strains with beneficial properties can be used to prevent or treat vaginal dysbiosis and genital
infections. In particular, members of tHeactobacilluggenus, which are generally healthy human
vaginal microbiota, can be administerddcally or orally, as probiotics can reach the genital
apparatus because of anatomic proximity once they colonise thgkletzko et al., 2015; Reid et

al., 2001) Recent studies have highlighted the potential role of some vagawbbacillustrains in
promoting weltbeing of women, as they possess antimicrobial and functional features. In particular,
vaginalLactobacillus crispatuand Lactobacillus gassestrains exhibited activity towards several
genital pathogens, includingandida(Calonghi et al., 2017; Parolin et al., 2Q16hlamydia
trachomatis(Nardini et al., 2016; Parolin et al., 2018isseria gonorrhoea@-oschi et al., 2017)
GroupB StreptococcugMarziali et al., 2019)and HIVI(Nahui Palomino et al., 2019; R.A. et al.,
2017) The safety and technological properties of the same strains have also been tested, yand the
exhibited a good ability to grow in milk and produce specific volatile molecptemoting their
potential application as functional additional cultures in the dairy se¢firoli et al., 2017)
5Q! f Saal y RNXChaptar 5letnonstrated sihatasdme of these straihsve interesting
functional features including high hydrophobicity and ausmgregationvalues (over 70%#gven

when compared td_actobacillus rhamnosUsG ATCC® 53103 commercial probiotic strain used

as referenceln this context, the connection between these two parameters is positive; lactobacilli
with a hydrophobic cell surface antt@ang autoaggregation ability could have a greater chance of
adhering to human cells. Therefore, the addition of an appropriate combination of such
Lactobacillusstrains to food matrices couldid in using food as a dietary strategy to improve the
well-being of women However, these strains could be particularly sensitive to different stresses
encountered during food processing, as mentioned above. Therefore, microencapsulation could
offer an advantage for théactobacillustrains under the different stieses encountered by food

products throughout their shellife and digestion when used in combination.
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Therefore, the main aim of this study was to evaluate the potential of microencapsulation by spray
drying, using laiscale equipment on three mixedultures of functional vaginal lactobacill. (
crispatusBC1 +. gasseBCIL. crispatu8C3 +. gasseBC9 andL. crispatu8C4 +. gassefBC9)

for their further use as adjunctive cultures in functional fermented food, with soy mi¢kiasque

carrier exploiting its natural composition in total solid and its functional featuresrispatu€8C1,
BC3and BC4 strains arld gasseBC9 were selected based on previous investigations in which the
strains exhibited good technologid@iroli et al., 20173nd functional feature$ 5 Q! f S&al Yy RNE
2021) The strain viability of three powders containitige encapsulatedLactobacillusstrain
combinations was characterised immediately after spdaying and during storage at different
temperatures (25, 4and-20°C). Moreoverthe water activity and moisture content of thmixtures

were tested immediatelafter spraydrying and after one year of storage at different temperatures.

The obtained powders were also analysed by scanning electron microscopy (SEM). Some functional
features of the encapsulated strain mixtures were also tesseth as hydrophobicignd resistance

to asimulated stomacklduodenum passage.

2. Material and Methods

2.1Strains

In this study, four vaginal lactobac{lli. crispatu8C1,.L. crispatudBC3 L. crispatu88C4 L. gasseri

BC9) strains belonging to the FABIT (Department of Pharmacy and Biotechnology of Bologna
University) collection were used. The strains were isolated from the vaginas -ohgrepausal
Caucasian women (agedd4b years old), with no symptoms of vaginaloinary tract infection in
accordance with the Ethics Committee of the University of Bologna (52/2014/U/Tess). The
lactobacilli were cultured in de Man, Rogosa, Sharpe (MRS) broth (Oxoid Ltd., Basingstaki, UK)
0.05% Lcysteineand incubated at 37 °@if 24 h under anaerobiosis (GasPak System; Oxoid Ltd.,
Basingstoke, UKWorking stocks of cultures were maintainedair20% glycerol suspension frozen

at -18 °CThe experimental study was conducted using three bacteudklire mixtures to evaluate

the gynergistic and functional interactions between the selectedrispatusndL. gasserstrains.
2.2 Cell culture preparation and spragrying process

L. crispatuBC1,L. crispatuBC3.L. crispatuBC4,andL. gasserBC9 were individuallgultivated
overnight at 37 °C in 1 L of MRS broth + 0.058gsteineunder anaerobiosis to obtain a final
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concentration of at least TOCFU/mL for each strain. The strain cell loads were determined after
serial dilutions in0.9% NaCisotonic solutionby plating on MRS agar with 0.05%yisteine and
incubating at 37 °C for 48 h under anaerobiosis. One litre of each strain was centrifuged at 8200 rpm
for 15 min at 4 °GAvanti 326 XP with Ja -AO rotor, Beckman Coulterfter removing the
supernatant, the microbial pellet was washed with 1 L of 0.9% NacCl isotonic solution and then
resuspended in 500 mL of commercial soy milk. The conditions were then set for the creation of
mixtures 1, 2, and 3, which were composed_otrispatusBC1+ L. gasseBC9(ratio 1:1 v/v) L.
crispatusBC3+ L. gasseBC9(ratio 1:1 v/v) andL. crispatuBC4+ L. gasseBC9(ratio 1:1 v/v),
respectively.Commercial soy milk with 9.04% total solids, 9.8 °Brix, pH 6.64, 1.8% fats, 2.8%
carbotydrates, 3% proteinsand 0.4% fibre was used. Sprdyying was conducted using a mini
spraydryer (B191, BuchiLabortechnik AG, Switzerland), which was a laborasoaje spraylryer
equipped with a single fluid nozzl€&or the formulation of each maij inlet and outlet air
temperatures of 11@&nd 70 °Qvere selected, respectively. The pump rate was maintained between
19% and36% aspirationwhile thefeed flow rate was 10 mL/min. For each mixed culfurd. of
suspension was sprajried to produce araverage of 5.2 g of powd&00 mL of suspension. Spray

dried powder samples were collected from the cyclone, mixed gently, and vapacked in high

OF NNASNI L FaGAO ol 3a o6yef2yklLRteSGiKSySs mnu x

an S10@Trecnovac device The samples were then stored at 25, 4.26ntC.

2.3 Determination of powder moisture content and water activity

The moisture content was determined from the weight loss after drying®2pgpwder at 103 °C for

3 h, as described by the International Dairy Federation standard (IDF, 2004)afeactivities of

the samples were measured using a water activity meter (Aqualab 4TE, Decagon Devices, Pullman,
Washington, USA) at 25 °C.

2.4 Enapsulation yield after spraydrying

The encapsulation yield dhe spraydried samples was determined following the plate count
method. The sprayried powder was rehydrated with.9% NacCl isotonic solution to reach the same
solid content as that of the & solution.Suitably diluted feed solution and rehydrated samples (1
mL each) were plated on MRS agar with 0.05€gsteine and incubated at 37 °C for 48 h under
anaerobiosis. The encapsulation yield (%) of the sdragd sample was calculated as 100l/&o,
where N is the number of viable cells (CFU/mL) released tinemehydrated sample andoNs the

number of viable cells (CFU/mL) in the cell concentrate befpraydrying

133



2.5 Scanning electron microscopy

The morphologies of the powdenaterial wall and encapsulate were observed using a scanning
electron microscope (Hitachi&=.0) with an accelerated voltage of B8.The samples were sputter
coated with gold prior to SEMnalysis Microencapsulated powders were collected with a spatula
and fixed to a sample holder using conductive scotch (3MScotch Tape 465KP). Exaetizenent
powders were removedlhe samples were metallised with gold fam at 40 mA usingn EMITEC
Sputter Coater K500. Finalipages were acquired using a DISS5 system from Point Electronics.
SEM was alsoonducted using aoy milk sample as a control. The average particle diameter was
determined by measuring 120 randomly selected microcapsules directly from the SEM images

(Acord Menezes et al., 2018). The analysis was conducted using the ImageJ software.
2.6 Cell viability over time

To evaluate the resistance of the encapsulated strains stored at 25 °C, + 4 20 a@dover time,
several samplings were conducteafter 7, 1430, 90, and 365,dL g of the microcapsules from each
sample was resuspended in 9 mL of 0.9% NacCl isotonic solution, followed by stirring for 1 min. The
cell load of each sample was determined by plating on MRS agar with 0:8§%teine and

incubating at37 °C for 48 h under anaerobiosis.
2.7 Hydrophobicity

Hydrophobicity, defined as the ability of microbes to adhere to hydrocarbons, was assessed
following the method reported byinderola and Reinheimer (200@k- and postspraydrying with

some modifications. The prgpraydrying hydrophobicity tests were conducted on the three
selected vaginal lactobacilli mixtures resuspended in soy, aslklescribed ineStion 2.2. For this,

0.1 mL of each functional mixture was resuspended in 3 mL of 0.9% NaCl isotonic solution and then
centrifuged at 6000pm for 10 min at 4 °C (Avant2® XP with 250 rotor, Beckman Coulter). The
pellet was resuspended in 0.9% NaCl isotonic solution and was subsequently diluted t@ameach
absorbance value of 1 at 560 nm using a spectrophotometer (model 6705, Jenway) SA168K).

To evaluatethe hydrophobicity after spraydrying, 0.1 g) of each encapsulated mixture was
resuspended as described previously. Three millilitres of each bacterial suspension obtained before
and after spraydrying was then vortexed with 0.6 mif whexadecane (Sigma, Milan, Italy) for 4

min. The two phases were then allowed to separate for 1 h at 37 °C. The aqueous phese=iudly
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removed, and the absorbance (A) at 560 nm was measured. Finally, the hydrophobicity percentage
was calculatedising the following formula: (ABt)/A0 x100, where AO is the absorbance at time 0

and At is the absorbance at 560 nm after 1 h of incubation/st@G
2.8 Post spraydrying tolerance to simulated digestion

To evaluate the resistance of the encapsulated strains to passage thrbweglstomach and
duodenum,also considering the potential effect of the food matrix to vehiculate the encapsulated
bacteia, the method proposed byinderola et al. (2013yas followed, with certain modifications.
Briefly,for each microbial combinatigra sample containing 1 g of microbial powadter spray

drying and 9 mL of commercial soy milk was prepared as the initial inoculum with at least 9 log
CFU/gand 0.1 mL of the sample was collected for cell counting. Tihept&awas mixed with the
aFYS @2f dzy S AT NR ORa laf2 X @41(8.22\/L) O (16. AgyL) KCH (2.2 ¢/L)), €
NaHCO3 (1.2 g/L) and 0.3% (w/v) porcine pepsin (Sigma, Milan, Italy). The pH of the sample was
quickly adjusted to 28 with 1-M HCI and then transferred ta thermostatic bath for 90 min at 37

°C (WBMF, Falc Instruments, Treviglio, Italy). Following thispfl.Jof the sample was collected for

the second cell viability sampling. Additionally, 2 mL of the sample was centrifad@d@0 rpm

for 4 min at 4 °QHimac CT 15RE, VWRIter removing the supernatant, the microbial pellet was
centrifuged with 2 mL of 0.9% NacCl isotonic solution (12000 rpm, 4anth 4°C). The microbial
pellet was then resuspended in 2 mL of keldrad porcine solution (Sigma, Milan, Italy) &
concentration of 1% in saline phosphate buffer, which simulated hepatic bile. The sample was
placed ina thermostatic bath at 37 °C for b@in to simulate the duodenal shock phase of bile. Then
0.1 mL of the ample was collected for theicrobiologicakampling to verify the cell viability. The
remainder ofthe sample wasentrifuged at 12000 rpm for 4 min at 4 °C. Once the supernatant was
removed, the microbial pellet was resuspended in 1.9 mL of 0.9% iSl@iGhic solution and
centrifuged under the same conditions. Subsequently, a third solution representing enteric stress
was added, which consisted of 0.3% bile and 0.1% pancreatin from the porcine pancreas (Sigma,
Milan, Italy) dissolved in saline phospediuffer. The sample was incubated in the thermostatic
bath for 90 min at 37 °C. Theb.1mL of the sample was collected for the final sampling. The number
of CFU/g of the sample was determined by plating on MRS agar with 0-6ftelneand incubating

at 37 °C for 48 h under anaerobiosifieresults are expressed in log CFWg.assay to determine

the tolerance tothe simulated digestion processsay was alsconducted and includethe same

unencapsulated mixebacterialcultures used as control&.. crispatusBC1,BC3,and BC4and L.
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gasseriBC9 were individually cultivated overnight at 37° C in MRS broth + 0:8§%teine under
anaerobiosis to obtain a final concentration of at leas? C6U/mL for each strain. The strain cell
loads wereevaluated after serial dilutions in 0.9% NaCl isotonic solution by plating on MRS agar
with 0.05% tcysteine and incubating at 37 °C for 48 h under anaerobiosis. Briefly, for each microbial
combination a sample containing mL of each strain and 9 mL ohemercial soy milk was prepared

with at least 89 log CFU/mL athe initial inoculum All unencapsulated mixed cultures used as
controls were tested in the same manner as the encapsulated strainsansimulated digestion

process.

2.9 Statistical analysis

All experimental data were expressed as the mean of three replicates. The data were statistically
analysed using Statistica software (version 8.0; StatSoft, Tulsa, Oklahoma, USA) and underwent
analysis of variance (ANOVA) and mean comparison tests accoadifighter's least significant

difference (LSD)rhesignificance level waset atp < 0.05.
3. Results and Discussion

3.1 Moisture content, water activity, and encapsulation yield of the three strain mixtures

The three mixtures df. crispatugsindL. gasseristrains (BC1+BC9, BC3+BC9, BC4+BC9) underwent
spraydrying at inlet and outlet temperatures of 110 and 70 °Gpestively. The strains were

encapsulated together since according to previous data (data not reported) the yields of the single
cultures were lower with respect those of the mixture. The resulting physicochemical properties

and encapsulation yield of tharee mixtures are listed in Table 1.
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Table 1.Physicochemical properties and encapsulation yielfithe three selected encapsulated mixtures
obtained in relation to adoptedinlet and outlet temperatures (110 and 70 °ClResults are shown as
average * SDConsidering the columnsasnples with different letters are significant differenty(< 0.05).

i Water activity
Strain Inlet  Outlet '\ggftt;:te (after spray No* N** Encapsulation
Mixture T (°C) T (°C) (%) drying) (CFU/mI) (CFU/mI) yield (%)***
BC1 + o o 4.45 0.227 0
BCO 110°C 70°C (£0.01) (£ 0.001) 5.25 x 18 1.78 x 16 33.90 %
BC3 + o o 4.46 0.227 0
BCY 110°C 70°C (£0.01) (+ 0.001) 3.02 x 18 1.13 x 16 37.42 %
BC4+
4.45 0.22F
B 110° 70° . 1 1. 1 24.69%
C9 0°C 0°C (£0.01) (+ 0.001) 5.63 x 18 38 x 18 69%

* Np was the number of viable cells in the cell concentrate before spdaying process
** N was the number of viable cells released from rehydrated sample
*** The encapsulation yield was expressed as a percentage according to the form@ax N/N

The seleted process parameters resulted in powder water activity values of 0.221. These data are
consistent with those o€Corcoran et al. (2004 who recommended water activity values ranging
between 0.150 and 0.300 for sprayied microcapsules to ensure microbiological stability. Some
researchers have suggested that the moisture content of sdragd powders must be below 5% to
ensure storagestability (BehboudiJobbehdar et al., 2013; Chavez & Ledeboer, 200ty dita
indicate moisture content values of approximately 4.4% for all of the encapsulated mixtures
obtained which complies witthe standard acceptable moisture levels for sptaied powdersLow

water activity values and residual moisture contents are gisgrequisites for the commercial
production of spraydried powders with good handling characteristics, such as high flow ability, low
stickiness and agglomeration, and maximum probiotic viability. Table 1 also shows the cell load
values obtained before andfter spraydrying and the relativeencapsulation yield of the three
mixtures ofL. crispatusndL. gasseriThe highest encapsulation yield was obtained for the mixture

of L. crispatusBC1 +.. gasserBC9. In contrast, the other tested combinations \sied lower
encapsulation yields and viabilitie3he loss of probiotic viability during convective thermal
processing is related to cellular injuries caused by the combined effects of heat and mechanical
stress. The selection of an inlet temperature of TIin this study was based on literature data
suggesting that a lower inlet air temperature could increase the viability of lactobacilli. According to

BehboudiJobbehdar et al. (2013a lower inlet air temperature (tested between 120 and 160 °C)
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could enhance the viability afactobacillus acidophilug\dditionally, theoutlet temperature of 70

°C was selected asdhsame authors reported significant changes in the viabilitly. gicidophilus
viability when the outlet temperature was reduced from 91050 °C.Nunes et al. (2018gported

that the viability of microparticles containing acidophilusa5 (ML) andifidobacterium lacti8b-

12 (MB) produced at different drying temperatures {1820 °C) was higlseat 110 °C and negatively
affected by an increase in temperaturBustamante etal., 2017also reported an optimal inlet
temperature of 110 C, who used chia seed mucilage extraci@gpraydrying to encapsulate
Lactobacillus plantarunand Bifidobacterium infantisand observed a decrease in viability with
increasing temperaturddowever,Arslan et al. (20105reported thatan inlet temperature of 128C
resulted in reduced viability and lower survival ratesSaiccharomyces cerevisigar. boulardii.
FavareTrindade and Grosso (200&ported that different microbial strains could have different
temperature tolerance thresholds for spralyying and reported that the number of viabBe lactis

cells remained almost the same with inlet and outlet air temperatures of 130 and 75 °C, respectively,
while the population ot.. acidophilusvas reduced by two logarithmic cycles. Regarding the species
used in this studypnly a few examples of thencapsulation of. crispatusandL. gasserby spray
drying have been reported in the literaturéhang et al(2013) reported that the efficiency of.
crispatusencapsulation in polymethacrylate salt intended for vaginal delivery ranged between
45.7% and 95.5% under different parameters, such as the polymer concentration, polymer and drug
ratio, and inlettemperature.Lavari et al. (2014¥gported significant reductions in cell courttsfore

and after spraydrying for L. gasseri37 resuspended in skim milland wheystarch at inlet
temperatures ranging between 130 and 160 °C. However, the literature data regarding the viability
of bacteria after sprayrying are conflicting, suggesting stralependent behaviour regarding the
tolerance thresholds for spragrying in relation to the carrier usedlthough spraydrying has a
lower cost than freezelrying and allows the production of large amounts of dried cells in a
continuous procesgGardiner et al., 2000)cell dehydration by spragrying requires harsher
conditions than frezedrying, which may cause membrane damage and inactivation, depending on
the technological conditions applied and intrinsic resistance of the strain used. The effibet of
carrier wall material on probiotic survival through spidrying has been studiepreviously(Shori,
2017; Ying et al., 2012) he total solids concentration of the carrier aliquas well as the presence

of ingredients that can induce a significant decrease in the melting temperature of the
microparticles,critically affect the structural integrity of the cytoplasmic membranes and control

the osmotic pressure that leads to membrane rupture. Therefore, materials with good
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encapsulation capacity and impart acceptable functional characteristics for powdersif{pohes-
flowing ability, anticaking, and good wetting and dispersal properties) are often selected as the
carrier wall material, in addition to other ingredients that exhibit thermoprotective features, such
as disaccharides (lactose, sucrose, or trelglodextrose, or polyols (mannitol, sorbitol), or act as
probiotic growth stimulants (fructoand galacteoligosaccharidesf{BehboudiJobbehdar et al.,
2013) In thisstudy, soy milk was used agarrieras soy is considered the best substitute for animal
proteins as a wall material due to its renewability, low cost, high nutritional vaioe,functional
properties, such as its gelation and emulsification abilitielsli®onally, soy protein is an alternative

for vegan individualsr those with milk protein allergies. Moreover, the prevalence of soy protein
allergies is fivdold lower than that of milk protein allergigPunlop & Keet, 2018; Kattan et al.,
2011; Nesterenko et al., 2013; Tang & Li, 20138bd all components of soy contain functional
compounds, such as isoflavones and oligosacchar{d\asfer-Erdil et al., 2012) that play
stimulating and prebiotic roles for encapsulated microorganisms. However, in this study, soy milk
was used aa singlecarrier to utilise its natural composition (9.8% total solids), although previous
studies have used soy products in combination with maltodextrins to further decrease the glass
transition temperature (Tg) of the mixturAcordi Menezest al., 2018) However, the use of
carriers such as maltodextrins, starfcRavareTrindade et al., 2010puttermilkd 2 dzZNRI  SG | f d
and cocoa power (Ricci et al., 2011ip formulations for encapsulation may result in positive or
negative interactions between the carriers, food matricesd foodorganoleptic and nutritional
features (Frenzel et al., 2035 For example, the exclusion of maltodextrins would allow these
powders to be available for the formulation of food products for individuals with ¥pkabetes.
However, maltodextrins or starch could enharthe physical properties of the powders atied

cell viability after drying and resistance to simulated gastrointestinal digestidfrom this
perspective further initial formulationoptimisation could be considered to further increase the cell
loads of lactobacilli strains after encapsulation. However, the final purpose of the obtained
encapsulated bacteria is their use as adjuncts in functional foods (cheese or fermented milk
products) at a level of at leagtlogCFU/gwhich is achievable with the level of viability obtained in

this study.
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3.2 Scanning electronic microscopy of the selected strain mixtures

Latte YO 31209

03.12.2019

Figure 1. Scanning electron microscopy (SEM) images of micropartidiesop milk: 1a) at x 1000
magnification, 1b) at x 2000 magnification, 1c) at x 5000 magnification and microparticlés ofispatus
BC1 4. gasserBC9 L. crispatuBC3 .. gasserBC9 and.. crispatuBC4 4. gasserBC9 carried bgoy

milk at x 1000magnification (2a, 2b, 2c) at x 5000 magnification (2d, 2 e, 2f).




Figure 1 presents micrographs of the three selected mixtures obtained with inlet and outlet
temperatures of 110 and 70 ;@spectively andoy milk without bacteria under the sanspray

drying conditions. No free cells were obseniadany of the considered mixtures, confirming the
microencapsulation of the bacteria.

In all cases, the obtained capsules exhibited a rounded shape and an uneven surface with
concavities, which are chaeteristic of products subjected to sprayying(C. S. Favardrindade et

al., 2010)and attributed to the type of encapsulating agent (flat ball effect) and shrinkage of the
particles during dryingLian ¢ al., 2002; Saénz et al., 2009he average Feret diameter obtained
using ImageJ software was 5.44 um. These results agree with those repoifedrbgSaavedra et

al. (2015who obtained microcapsules with diameters between 2 anpoivi/ andAcordi Menezes et

al. (2018)(Acordi Menezes et al., 2018)ho obtained capsules witbiameters rangig between

4.97 and 8.82 pum.

The surface of the particles was not particularly rough, which could be related to the soy protein
content, as reported byang and L2013 who found that an increase in the protein ratio could
minimise shrinkage and, consequently, the concavities of the particle surfaces, in addition to
preventing structural disruption.

No significant differences among the three mixtures were observed. Meryé¢he limitations of
roughness and particle features are highly important as they can affect consumer perception when
using encapsulated bacteria in food formulatiorPatrignani et al., 2017garticularly in dairy

products(Ding & Shah, 2009; Iravani et al., 2015)

3.3 Cell viability of the strain mixtures over time

The bacterial viability of the three encapsulated mixtures was analysed basece @tottage time

and different storage conditions, that is, room temperature (25 °C), refrigeration (4@ frozen
storage conditions €20 °C), to understand their technological features. Regardless of the
combination and storage conditions, the vialyilof the encapsulated strain mixtures remained

stable for 90 d of storage.
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Figure 2.Cell loads (log CFU/qg) af crispatusBC1 .. gasserBC9 (a)L. crispatuBC3 4. gasserBC9 (b)
andL. crispatuBC4 4. gasserBC9 (c) powders after 7, 130, 90, 365 days of storage (25 °C, + 4 ° C and
-20 ° C)Results are shown as average + SD. Samples with different letters are significantly diffepent (
0.05).

As shown in Figure 2, after 365 d of storatie cell viability for mixture 1L(. crispats BC1 and..
gasseriBC9) significantly decreased (5 log for the sample stored at 25 °C). Moreover, as shown in
Fig. 3, a decrease in cell viability was observed after 365 d of storage for mixturesi2uatu8C3

andL. gassefBC9) and 3( crispatgs BC4 and.. gasseBC9) when stored at room temperature (25

°C), with reductions of 3 log (mixture 2) and 5 log (mixture 3). These data agree with literature data

reporting a decline in the viability of lactobacilli species stored at 25 °C comparedose th
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refrigerated at 4 °C(BehboudiJobbehdar et al., 2013)This could be because the higher
temperature increased the metabolic rate of cells and other chemical or enzymatic reactions that
may also occuisuch as lipid oxidatigrand also due to the molecular mobility of water. In addition
to the intrinsic resignce of the strain to heat, the used carrier, presence (or absenddeajlass
transition state,water activity and residual moisturef the powders could be principal factors
affecting the viability during storage. Moreover, tipeesence of oxygen anlght can affect the
encapsulated strange viabilifzavari et al., 2014However, as shown in Table 2, the water activity
and moisture ontent of the three mixtures after 365 d of storage were higher in the samples stored
at 25 °C, confirming the decrease in viability.

Table 2 Physicochemical properties (moisture content (%) and water activiayxhe three selected
encapsulated mixtureobserved at 365 days in relation tdifferent storage conditions Results are

shown as average + SBonsidering the columnsasnples of the same mixture with different letters
are significant different p < 0.05).

Strain Mixture Storageconditions Moisture content Water activity
(%)
L. crispatu8C1 4. gasserBC9 25°C 4.75(+ 0.01) 0.33F (+ 0.001)
L. crispatu8C1 4. gasserBC9 4°C 4.74 (+0.01) 0.28% (+ 0.001)
L. crispatu8C14.. gasserBC9 -20°C 4.61°(+ 0.02) 0.22% (+ 0.001)
L. crispatu8C3 4. gasserBC9 25°C 4.72(+x0.01) 0.316' (+ 0.001)
L. crispatu8C3 +.. gasseBC9 4°C 4.68 (+0.01) 0.26% (£ 0.001)
L. crispatu8C3+L. gasserBC9 -20°C 4.56°(+ 0.01) 0.223 (£ 0.001)
L. crispatu8C4 4. gasserBC9 25°C 4.95' (£ 0.01) 0.347 (+ 0.001)
L. crispatu8C4 4. gasserBC9 4°C 4.67° (+0.01) 0.27% (+ 0.001)
L. crispatu8C4+.. gasserBC9 -20°C 4.58 (+ 0.01) 0.220¢ (+ 0.001)

3.4 Strain mixture hydrophobicity

The threemixtures, pre and postspraydrying, were subjected to hydrophobicity tests to evaluate

the maintenance of some probiotic criteria (Figure 3).
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L. crispatus BC1 + L. gasseri BC9 L. crispatus BC3 + L. gasseri BCY9 L. crispatus BC4 + L. gasseri BC9

@ pre spray-drying @ post spray-drying

Figure 3. Cell hydrophobicity of pre and post sprdsying samples. The hydrophobicity % was calculated
with the following formula: (AGAt)/A0 x100, AO represents the absorbance at time 0 and At represents
the absorbance at 560 nm after 1 h at 37 °C. Results are shown as average + SD. Samples with different
letters are significantly differentj < 0.05).

The hydophobicity of all considered mixtures decreased significaiptky (.05) afterspraydrying,

even if theL. crispatusBC4 +L. gasseriBC9 mixture exhibited fewer changes, which was
characterised by the lowest initial values. Interactions between the #kytomposition and high
temperatures applied during the process may lead to important variations in bacterial
hydrophobicity, resulting in different exposure of sulphydrylic groups in thewall proteins
(Braschi et al., 202The data obtained allow the functional properties of these strain combinations
as the hydrophobic nature of the surface of microorganisms can be related to the attachment of
bacteria to host tissueel Re et al., 2000; Mathara et al., 2008; Tabanelli et al., 2ab&)h offers
them a competitive advantage and is important for its permanence in the human gastrointestinal
tract (Schillinger et al., 2005; Tabanelli et 2D13) Interaction with the carrier also appears to affect
this probiotic index. Hydrophobicity is causedtbg complex interactions between negatively and
positively chargechydrophobic and hydrophilic components on the surfaces of microbial cells.
Excluding mixture 3 after sprairying, all microbial combinations exhibited hydrophobicity values

exceeding 60%, which can be considered a threshold for this paraitttemg et al., 2020)
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3.5 Viability of strain combinations after simulated digestion

The diferent mixtures were subjected to stomacluodenum simulated passage before and after
spraydrying considering the effect of a potential food matrix as the encapsulated bacteria produced
in this study are intended to be delivered as functional adjunctsh Bwtcapsulated and nen

encapsulated bacteria were tested in soymilk.
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Figure 4 Cell loads (log CFU/g) bf crispatuBC1 4. gasserBC9 (a)l.. crispatuBC3 L. gasserBC9 (b)
and L. crispatusBC4 +.. gasseriBC9 (chot encapsulated (control) and powders aftahe simulated
stomachduodenum passageResults are shown as average + SD. Samples with different letters are
significantly different p < 0.05).

Regardless of the considered combination, Fig. 4 shows thatheiability significantly decreased

for the unencapsulated combinationsshile that of the encapsulated strain mixtures remained
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stable throughout the simulated digestion process. In particular, the mixture composed of
crispatusBC3,L. gasserBC9O L. crispatuBC4 andL. gasserBC9 was more sensitive to duodenal
shock using bile salts when nemcapsulated. Generally, the low sensitivity of the encapsulated
strains to bile salts, which are selective agents against gragitive bacteria, is likekelated to the
protective effect of the encapsulating material, which acts as a barrier. However, the ability of the
non-encapsulated bacteria to overcome this stress was related to their ability to deconjugate bile
salts by bile salt hydrolase (BSH) eneyactivity, which is vital for the selection of functional strains
as it can facilitate the reduction of bile toxicity via the deconjugation of bile salts into bile acids
65Q! f S&al y R.MRditichalyMarhamB(204yreporeaa significant reductions in different
Lactic Acid Bacteria (LAB) strains in the presence of enzymes and bile salts related to small intestine
stress when testing their viability usitige GIS1 simulatoFurthermore,Bianchi et al. (2024used
SHIME® to evaluate the fate lohctobacillus caséic0l1 inoculated in beverages and observed a
significant reduction in the viability of the strain under stomach angddk&num conditions.
According toXanthopoulos et al. (20Q0bile salt resistance varies significantly among different
lactic acid bacterial speciesd strains of the same species. Accordinaarela et al. (200Mile

salts are toxic to microbial cells as they disrupt the cellular membrane structuneftne, bile salt

tolerance is one of the required characteristics for probiotic cultures.

4. Conclusions

The results of this study have highlighteéd technological and functional features of the powders
obtained by sprayrying different mixtures ofaginalL. crispatusand L. gasserstrains using soy

milk as an encapsulating agent at the laboratory scalkhe powders obtained produced
microcapsules witlsuitable morphology, good technological features in terms of water activity and
moisture content and good strain viability, although the encapsulation yield needsetéurther
optimised also taking into consideration additional protective encapsulatiagenal such as skim
milk. The mixture with the highest viability consisted_otrispatu8C1 +. gasseriBC9, although it

is difficult to understand the singlstrain behaviour in relation to the sprairying process.
Therefore, for upscaling, the press conditionsshould be further optimised and some gPCR
methods should be set up to understand the specific strain viability. However, the results obtained
here are highly promising from the perspective of using encapsulated powders in food formulations

to obtain novel functional foods.
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CHAPTER 7

Evaluation of the fate of
Lactobacillus crispatiaC4,
carried in Squacguerone

cheese, throughout the
simulator of the human
Intestinal microbial

ecosystem (SHIME)

This chaptewasbased on
Patrignani F., Parolin @;Alessandro M, Siroli L., Vitali B., & Lanciotti R. (20E)aluation of the
fate of Lactobacillus crispatu8C4, carried in Squacquerone cheese, throughout the simulator of the

human intestinal microbial ecosystem (SHIMEod Research InternationdB7, 109580.
Doi: https://doi.org/10.1016/|.foodres.2020.109580
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Abstract: Lactobacius crispatusstrain BC4, isolated from the human healthy vaginal environment
and characterised by a strong antimicrobial activity against urogenital pathogens and foodborne
microorganisms, was employed as a probiotic culture in the cheesemaking of thehsafse
{ljdzl Olj dzZSNRBYyS® { dzOK OKSSaS$S that&ould peluSed RsSaFhedbnistic I &
dietary strategy to reduce the incidence of woman vaginal dysbiosis and infections, given the
evidence that a probiotic strain able to survive to the emtiligestive process once ingested, can
pass from intestine to vagind his work was aimed to evaluate the resistancé.afrispatuBC4,
carried in Squacquerone cheese, to different challenges of the human gastrointestinal tract,
including the colon stage. The digestion process was tested using a Simulator of the Human
Intestinal Microbial Ecosystem (SHI®IEThe viability and metabial activity ofL. crispatusBC4
during the colon simulation were monitored by gPCR and gas chromatography, respectively, also in
the presence of a complex microbiota. The results showed lthatrispatusBC4 survival was not
affected by the gastric condan, while it was significantly affected by bile salts and pancreatic juice

in small intestine conditionsyhere it decreased of approx. 0.6 log (colgdoyming units) CFU/g
Differently, during colon simulatiob. crispatu88C4 was able to grow in sterdelon conditions and

to maintain viability in the presence of a complex microbiota. Moreover, during colon simuliation,
crispatusBC4 was metabolically active as demonstrated by the higher production of short chain
fatty acids (SCFA) and lactate. In gresence of a complex gut microbiota, a decrease of lactate
was observed, due to its conversion into propionate (&hiblesterol activity) and butyrate (anti
inflammatory activity) by crosteeding. However, no differences in propionate and butyrate
production could be observed between control cheese and cheese contalnimgispatusBC4.
Despite this may appear as a negative outcome, it must be taken into account that, in this setup,
only a single dose of the cheese was tested and the outcome of thaizatmn and impact of the

gut microbiota might be different when daily repeated doses are tested

1. Introduction

The impact of dairy foods, especially containing probiotic bacteria, on human health has been
investigated for many yea(sleller, 2001,)highlighting scientific evidence for their beneficial effects
(Ouwehand, Salminen, & Isolauri, 2002; Tuomola et al., 2001; Burns et al., 2015; Patrignani et al.,
2019) Particularly, the search for strains gifted of good resistance to the biological barfidrs o

human gastrointestinal tract (GIT) and suitable technological and functional features can result into
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new probiotics for tailored functional food producfggarte,Guglielmotti, Giraffa, Reinheimer, &
Hynes, 2006) However, the fate of probiotic bacteria, when carried in foods, depends on several
factors, including food matrix composition, since proteins, fats and carbohydrates can significantly
influence microkal growth and survival in the food and in the GIT during digegDammels et al.,
2009) Also, physichemical treatments applied during food processiagy(,heat treatment, High
pressure HomogenizatieHPH; Pulsed Electric FieldEF, antimicrobiaktc,) are reported to affect
viability and functionality oprobiotics during storages and simulated digestion (Tabanelli et al.,
2013; Patrignani et al., 2018). Recently, the literature data also highlighted the use of polymers such
as alginate, pectin, chitosan, carrageenan, whey, gelatin and lipids for micpsernaaon of
bacteria with positive effects in protection of probiotic cells during storage condition and GIT
environment (Patrignani et al., 2017). On the other hand, the survival and functionality of a
probiotic, besides being strictly stradependent,is reported to vary also in relation to its
physiological stat€Sumeri, Arike, Adamberg, & Paalni2008) Among dairy products, cheese has
been reported to be a good vehicle to deliver viable probiotic bacieglBarns et al., 2008Burns et

al., 2015)since, if compared with fermented milks, it has lower acidity, high buffering capacity,
protein matrix and high fat content which could also protect bacteria against environmental
changes during production, ripening and ingesti@obbetti, Corsetti, Smacchi, Zocchetti, & de
Angelis, 1998; Kailasapathy & Chin, 2000; Phillips, Kailasapathy, & Tran, 2006; Vinderola, Costa,
Regenhardt, & Reinheimer, 200Nloreover, some current exciting papers underline how foods,
with their components and microbial communities and probiotics as adjuncts, can modulate the
human symbiotic microbe@atrignani et al., 201%®rakash, TomardDuchesneau, Saha, & Cantor,
2011, Sanz, 2011in relation also to the gender differences. In fact, diet and probiotic foods are
expected to differently influence the male and female health through the modulation of their
symbiotic microbes. However, in order to exert a positive effect, it is mangdtat a probiotic

strain arrive aliven situ surviving, thus, to the digestion process. Among probiotiesfobacillus
strains have been used for decades as both food ingredients and supplements, for their ability to
treat human dysbiosis and restore&lthy conditions. Indeed, lactobacilli are commonly resident in
the human gut, and even dominate the vaginal microbiome of premenopausal healthy women,
O2yUNROGdzIAY3a G2 GKS YIAYGSylFryOS 2F GKS SO2aeéa
includng sexually transmitted agents (Foschi et al., 2017; Nahui Palomino et al. 2019). In the
cervicovaginal niche, the presencelotcrispatufias been recognised as a hallmark of a healthy and

stable status, such role has been related to its capability éalpce antimicrobial compounds, such
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as hydrogen peroxide and lactate, responsible for maintaining a low vaginal pH, and to positively
interact with the mucosae and modulate the immune response (Petrova et al. 2015; Calonghi et al
2018; ).L. crispatusstrain BC4 was isolated from the vagina of a healthy premenopausal woman
(Parolin et al 2015) and widely characterized for its antimicrobial properties and for its metabolic
and technological featureChapter 5)Indeed.L. crispatu8C4 was proved to possemstagonistic
activity towards vaginal pathogens includif@andida albicangParolin et al 2015)Neisseria
gonorrhoeae (Foschi et al. 2017)Chlamydia trachomatisNardini et al. 2016),Group B
StreptococcudMarziali,Foschi, Parolin, Vitali, & Marangpf019), foodborne and gut pathogenic
species includingysteriaspp., enterococci and coliform bacteria (Siroli et al., 2017). In addltion,
crispatusBC4 was characterised for antibiotic susceptibility and tested for technological properties
in pasteuized whole milk, before being included in a probiotic che&moli et al., 2017, Patrignani

et al., 2019) In particularL. crispatu8C4 has been employed as adjunct in Squacquerone cheese
production, enabling the chance for the production of highfgiati @ G 3ISYRSNJ OKSSas$s
used, after propein-vivotrials, as potential hedonistic dietary strategy to reduce the incidence of
woman vaginal dysbiosis and infectio(Ratrignani et al., 2019)The rationale of including a
0SYSTFAOAILIE @FIAAYylLEf &GNIAY Ay | a3SYRSN T22R¢
survive to the entire digestive process once ingested, can pass from intestine to vagina, given to the
anatomic proximity dthe two apparatugVitali et al., 2012y ujic,et al., 2013) Thus, the principal

aim of the present research was to demonstrate the ability.o€rispatudBC4, used as probiotic
adjunct and carried in Squacquerone cheese, to survive to differenilaied biological stresses,

from gastric to colon scenario. The simulation was performed by using the Simulator of the Human
Intestinal Microbial Ecosystem (SHI®IEDuring colon phase, the viability and metabolic activity of

L. crispatusBC4 were studiedlso in the presence of a complex microbiota simulating human gut
conditions, in order to explore the potential interactions betwelencrispatusand the other gut

microbes.
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2. Materials and Methods

2.1 Lactobacillus crispatuBC4 culture conditions and Squacquerone cheesemaking

L crispatusBC4, a vaginal strain isolated from healthy woman vagina, gifted of good technological
(Siroli et al., 2017and antmicrobial propertiegParolin et al. 2015)as used in this study for the
production of Squacqueroneheese, according to the protocol described in Patrignani ¢2@l.9).

Briefly, L crispatusBC4 was grown overnight in de M&wogosaSharpe (MRS) broth (Oxoid,
Basingstoke, UK), at 37°C, in anaerobic jars supplemented witlg&3Ogenerating kit (Oxoid).
{dzaLISyaArzya 6SNB OSYGNARFdASR 4 yZnnn P 3 F2N
with sterile saline (0.9% NaCl in distilled water) and resuspended in commercial milk for the
inoculums in the industrial envirmnent. In the present research, two kinds of Squacquerone cheese
were produced: i) one supplemented with crispatus BC4 as adjunct and ii) one without
supplementation oL crispatusBC4, used as control cheese. The cheesemaking was carried out in

a pila-scale plant of a local dairy farm (Mambelli, Bertinoro, Italy). A commercial heeze

culture of Streptococcus thermophil& 0.20 (Sacco S.R.L., Como, Italy) was used as starter at 6 log
CFU/mIL crispatusBC4 was added in cheese at level of 70édJ/g (Patrignani et al., 2019). The
OKSS&aSa 6SNB LI O1SR AY Y2RAFASR FGY24LKSNB Iy
2dzi 2y {ljdz Olj dzZSNRPYyS OKSS&aSa NALISYSR G ne/ F2

is commercially readfor the consumption.

2.2 Evaluation of the fate oL. crispatusBC4 in Simulator of the Human Intestinal Microbial
Ecosystem (SHIME®)

The survival of the vaginal strdincrispatusBC4 was evaluated in an adapted SHitoDigest
Ghent University, GhenBelgium)Van den Abbeele et al., 2012; Van Den Abbeelal.e2013)
following SHIME® patent conditions updated based on the Infogest consensus riidihellus et

al., 2014; Van de Wiele et al., 2019his system, composed of a reactor used in a sequential setup
to simulate over time first the stomach and then the small intestine and colon, was used for the
accuratein vitro simulation of theability of the probiotic bacterium to merge into the intestinal
environment(Govender et al., 2014Jor this, appropriate retention time and pH were chosen in
order to resemblén vivoconditions in the different parts of the gastrointestinal tract in fedtsta
Control and test cheeses were incubated to simulate gastric, upper intestinal phases, and colon
environments. All the experiments were performed in triplicate to account for biological variability.

Along the simulation, samples were collected and useelvaluate viable contents dfactobacillus
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and L crispatusspeciesThe applied conditions used in the simulator are reported in detail in Van

de Wiele et al. (2015) and summarized below.

2.2.1 Gastric phase (fed state)

¢tKS (g2 (GelLlSa 2F OKSSAS oudp IV 6SNB AyOdzml GS|
with pepsin (final concentration 1,000 U/mL, with the activity being standardized by measuring
absorbance increase at 280 nm of T&uble products upouwligestion of hemoglobin (reference
protein) while mixing via stirring, with sigmoidal decrease of the pH profile up to pH=2.
Phosphatidylcholine was also added, followed by the addition of SEllddErplex nutritional

medium; the salt (NaCl and KCI) leveisavimplemented according tlackie and Rigby (2015)

2.2.2 Small intestinal phase (fed state)

The small intestine phase was characterized by an irtcubaf the cheese matrices, after gastric

LK AS> Fd otve/ F2NJ o K Ay { AWadfringl I8 tRis stey, pHdvias A y |
increased to 7.4. Pancreatic extract (pancreatin, final concentration 100 U/mL) and bovine bile
extract (final concentration 10 mM) were supplemented. Along the simulation, the samples
resulting from the two different types of Squacquerone cheese were collected at time O (initial part

of stomach), end of stomach, small intestine after 1, 2 and 3h.

2.2.3 Céon simulation

A subsequent simulation of the proximal part of the colon was then coupled to the upper GIT. After
transit in the upper GIT, the test samples entered a sterile (without the inoculum of a complex gut
microbiota) simulated proximal colon. Acding to the SHIME®, the mixing of the digestive slurry

in the compartment is obtained with magnetic stir bars. The entire SHIME® system was kept
anaerobic by flushing the headspace of the respective compartments witladl or a 90/10 %
No/CQO: gas mixture. The incubation took place at 37°C for 48 h.

Moreover, a final test has been conducted with a colon simulation in presence of a complex
microbiota (control vs. treatment) according to the SHIME® proposed by Van de Wiele et al (2015).
During te colonic phase, three samples were considered: i) Vaginal strain alone: the cheese
containing the vaginal strair(crispatusBC4) enters a colonic simulation under sterile conditions
(without inoculum of a complex gut microbiota); ii) Control + miootdnithe blank/standard cheese
enters a full colonic simulation with a complex microbiota; iii) Vaginal strain + microbiota: the cheese

containing the vaginal strain enters a full colonic simulation with a complex microbiota.
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Along the colorsimulation, in presence or not of a complex microbiota, samples were collected
after 24 and 48h. At each end point Short Chain Fatty Acids (SCFA), lactate production and colon

acidification were also measured.

2.3 Short chain fatty acid production and piHeasurement

The SCFA in the lumen samples of the SHIME were extracted with diethyl ether and analyzed using
a gas chromatograph as describedy Weirdt et al. (2010)The sample concentration in mM of
acetate, propionate, butyrate, was determined. pH measurements were carried out by a Mettler

MP200 pH mete(Mettler Toledo, Columbus, OH, USA).

2.4 Determination of total Lactobacillus and L. crispatus species survival by g°PCR

In order to selectively detect the alive fraction lofictobacillusand L. crispatusells, Propidium
Monoazide (PMA) treatments, followed by bacterial DNA extraction combined with a molecular
detection method (gPCR), were us&hmples were collected during SHIME® simulation for control

andL. crispatu8C4added cheeses.

2.4.1 BacteriaDNA extraction from viable cells of SHIME samples

Samples collected during SHI®tmulation were firstly subjected BMAtreatment following the
protocol described irMoens et al., (2019)PMA is a photoreactive DNAnding dye that enters

only dead cells and binds to dsDNA. A photoreaction of the chemical is then induced to covalently
bond PMA to dsDNA, thus rendering DNA of dead cellsamoplifiable by PCR. Living cells do not
react with PMA as they have intact cell membranes, so their DNA can be amplificated by PCR.
Briefly, the sample were diluted id50 ul of sterile anaerobic peptone water, and adding PMA
(Biotium, Hayward, CA, USA) to reach a final concentration of 50 uM. Sampéesha&en at room
temperature in the dark for 5 min, then placed in a t&dlive Blue system (Ingenia Biosystems,
Barcelona, Spain) for 15 min followed by centrifugation for 5 min at 7,690xg. Cell pellets were stored
at -20°C.Afterwards, DNA was extractedm PMAtreated cells by using the DNeasy UltraClean
aAONBOAIT YAOG oOovL!D9bX +Syf2> ¢KS bSGKSNILIYRa

eluted in a volume of 100 pL.
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2.4.2 Quantitative PCR fdractobacillusand L. crispatuspecies

Realtime PCR was used to quantify totadctobacillusand L. crispatuspecies, according tditali

et al. (2015) by using a LightCycler instrument (Roche, Mannheim, Germany) and SYBR Green
fluorophore. Primer sets targeted to 16S rRNA genkauftobacilluggenus orlL. crispatuspecies

and thermal cycling conditions were used as désaibyVitali et al. (2015)PCR was carried out in

- FAYLE @2f dz\y63 25 0k INK V@NIGH R yAdp >a> n >[ 2
{..w DNBSY L 6w20KSO YR u >[ 2F G(SYLX I dLSd 54
crispatusDSM 20584 were used as standards for PCR quantification; melting curve analysis wa
carried out to confirm that the PCR products from SH&M&mples and standards had identical
melting points.

Data were expressed as log copies of target DNA for samples obtained from stomach and small
intestine simulation steps, and as log copies of éarPNA per mL of colon liquid for samples

obtained from colon simulation.

2.5 Statistical analysis

Three independent trials were set up in SHIMEIl the experimental data are expressed as the
mean of six repetitions (2 repetitions x the 3 trials in SEAM: standard deviation. For each kind of
determination, the data were statistically analyzed by Statistica software (version 8.0; StatSoft,
Tulsa, Oklahoma, USA) and subjected to the analysis of variance (ANOVA) and the test of mean
comparison, accordin@ Fisher's least significant difference (LSD), was applied on all obtained data.

Level of significance was p < 0.05.

3. Results and Discussion

The study of the fate ofLactobacillus crispatuBC4, when carried in Squacquerone cheese, was
performed by SHIME®. According to regulation ofl[BH (International Dairy Federation), it is
necessary that probiotics maintain in food at least a cell loads of 6 log CFU/g throughout foed shelf
life in orcer to assure the optimal intake level, ranging between 8 and 11 CFU/day, in relation to the
probiotic strain, and to exert positive effect on the hq§il-IDF, 2008; Burns et al., 2015; Patrignani

et al., 2019) According to our previous results performed iqu&cquerone cheese at the same
conditions of the present research, crispatu88C4 maintained levels of about 7 log CFU/g up to 13
days of cheese refrigerated storage, allowing the intake of 9 CFU/day, consuming a cheese portion

of 100g. However, it wasegessary to investigate in deep the fate of this strain when carried in
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Squacquerone cheese in order to prove its viability and metabolic activity during digestion process.
The figuresl-2 show, respectively, the log counts of total lactobacilli &nccrspatusafter the
control and test cheese passage in SHIME® at the gastric and small intestine steps.

The results were obtained by means of PIMER using specific primers Eactobacillugenus and

L. crispatuspecies and enabling to detect viable cells.

=
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B L. crispatus supplemented cheesem control cheese

Figure 1. Total viable Lactobacilli in upper GIT analyzed by RER data with primers specific for
Lactobacillugenus. Results for the. crispatusupplemented cheese and the control cheese are shown as
average + standard deviations. The collected samples are relative to time 0 (STO), end of stomach (ST2),
Small intestine after 60 min (S160), 120 min (S1120) and 180 min (S1180). Caluthrdifferent letters are
significant different (p < 0.05).
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Figure 2. Viability of_. crispatusn upper GlTanalyzed by PMAIPCR data with primers specispecific for
L.crispatus Results for the.. crispatusupplemented cheese and the control cheese are sh@graverage

+ standard deviations. The collected samples are relative to time 0 (STO), end of stomach (ST2), Small
intestine after 60 min (S160), 120 min (S1120) and 180 min (SI180). Calwith different letters are
significant different (p < 0.05).

The results related toLactobacillusspp. show that control and supplemented cheeses were
characterized by initial cell loads of 7.6 and 8.7 log (16S rRNA copy number), respectively. However,
comparing the data with Fig. 2, crispatuBC4 counted for 6.6 log order in the supplemented
cheese, while it was absent in the control cheese. This result it is not surprising since the main
Lactobacillugpopulation in mature cheese is represented byplantarum, L. casei, L. paracasei
which areable to survive to the initial thermal treatment and they can represent the-siamter

lactic acid bacteria (NSLAB) populat{@obbetti,De Angelis, Di Cagno, Mancini, & F4X15) At

the end of gastric stehe Lactobacillupopulation characterizing the control cheese decreased at
6.2 log order while thé.actobacillupopulation of the supplemented cheese remained quite stable

at level of 8.4 log. Regardirg crispatuBC4 carried in Squacquerone cheese tfansit in the
stomach led to a decrease of approx. 0.3 log units, and a further decrease of 0.5 log units was
observed after the exposure to simulated small intestine conditions for 60 min. Afterwards,
crispatusBC4 loads remained quite constant betlevel of 5.6 log. In the present research, the data
showed that the vaginal strain used is weakly affected by the low pH at the end of the gastric
condition while it is significantly affected by the presence of bile salts and pancreatic juice in the
first 60 min of small intestine (SI) stress condition. On the other handVals@anu (20173howed
significant reductions for different LAB strains in the presesfafie enzymes and bile salts related

to small intestine stress when their viability was tested in GIS1 simulator.Bitswghi et al. (2014)
adopted SHIME® to evaluate the fatd.otaselLc01 inoculatedn beverage, showing a significant
reduction in the viability of the strain under stomach and duodenum conditions. According to
Xanthopoulos, Litopoulolizanetaki, and Tzanetakis (200@he bile salt resistance varies in
significant way among different lactic acid bacteria species and among strains of the same species.
According toSaarela, Mogensen, Fondén, Matté and Matflandholm(2000) bile salts are toxic

to microbial cells because they disrupt the cellular membrane structuck drerefore, bile salt
tolerance is considered one of the required characteristics for the survival of lactic acid bacteria in
the duodenum. The results obtained in the present research showedL.thatispatu8C4 viability

was affected by the passagetime duodenum, and it entered the colon at level of about 5.6 log,
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which corresponds to about 4 log (16S rRNA copy number) per mL of colon liquid in our simulated
conditions. Howeverl.. crispatu€8C4 was able to multiply in the colon environment or astda

remain stable in presence of a complex microbiota. In fact, following the passage in the upper GIT
of the supplemented Squacquerone cheese (containind-theispatu8C4) and of the control one,

the contents of thaleumwere used to perform a cotoc inoculum under sterile conditions and in

presence of a complex background microbiota resembling the human gut microbiota.
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Figure 3. Total viable Lactobacilli in complex gut microbiota analyzed by RBR&R data with primers
specific forLactobacillusgenus. Results are shown as average + standard deviations fol_therispatus
supplemented cheese in the presence or absence of complex gut microbiota , and control cheese in
complex gut microbiota. 0, 24 and 48h represent the sampling psiat the beginning and after 24 and 48

of incubation. Columns with different letters are significant different (p < 0.05).

Fig. 3 shows the total viable lactobacilli detected by RARER in the three samples corresponding

to the supplemented cheese inoaiéd in colon without a complex microbiota, the control cheese
inoculated in colon with a complex microbiota, and the supplemented cheese inoculated in colon
with a complex microbiota. It is possible to observe that the concentration of viable lactobacilli
samples containingd.. crispatusBC4 at the beginning of the colon simulation is approx. 4.5 log
units/mL while the background community is below the detection limit. Along the 48h of incubation
under sterile conditionsl.actobacilluspp. can grow anéhcrease the concentration up to 6.7 log
(16S rRNA copies/mL). The same behaviour was registered for the control sample, in which
Lactobacilluspp. reached a final concentration of 6.3 log (16S rRNA copies/mL). On the contrary,
in the sample representedytthe cheese containing the vaginal strain and a background microbiota,
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it was possible to observe an initial increasd_attobacilluspp. of 0.5 log (16S rRNA copies/mL)
followed by a decrease at 4.0 log after 48 h. The data obtained by species sgie€Rcconfirmed

that L. crispatu8C4 had a good survival rate, and it was able to grow in colon sterile conditions (Fig.
4). In fact, at the end of the colon simulation, after 48 h, 5.1 log out of 6.75 were represented by

crispatusBC4 while it was akst in the control samples without complex microbiota.
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Figure 4. Viability ofL. crispatusin simulated colon analyzed by PM&PCR data with primers species
specific for L. crispatus Results are shown as average * standard deviations for thecrispatis
supplemented cheese in the presence or absence of complex gut microbiota, and control cheese in
complex gut microbiota. 0, 24 and 48h represent the sampling points at the beginning and after 24 and 48
of incubation. Columns with different letters are ghificant different (p < 0.05).

Differently, when the simulation was performed in the presence of a complex microHiota,
crispatusrepresented initially 4.1 log out of 4.4 log of lactobacilli detected, and it slightly decreased
over time reaching 3.9 tpout of 4.0 log of lactobacilli detected at the end of the simulation (Fig. 4).
These data confirmed the ability bf crispatu®C4, although with significant reduction with respect

to the initial inoculum level in cheese, to survive to simulated gutid@mns also in the presence of

a complex microbiota, challenging the hypothesises that this strain, gifted with goo€Cantida

and antifoodborne pathogen features (Parolin et al., 2015, Siroli et al., 2017), can be used to reduce
vaginal dysbiosis tbughout a dietary strategy. Moreover, samples collected from the colon
simulation were analysed for changes in pH (Table 1), total and main SCFA (Fig. 5) and lactate
production (Fig. 6), to assess the potential metabolic activity of the test product smzpiact on

the metabolism of the gut microbiota.
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Table 1. pH quantification during the 48h of colonic simulation for the 3 conditions of the study. Results
are shown as average + standard deviations. Means followed by different superscript letters agb a
significant different (p < 0.05).

pH during colonic simulation

Oh 24h 48h

L. crispatusupplemented cheese without comple  6.41+0.08 5.68+0.08 5.68+0.07
microbiota
control cheese in complex gut microbiota 6.35+0.08 5.60+0.08 5.71+0.08

L. crlspatusupplemgnteq cheese in complex gu 6.36+0.07 5 61+0.08 5 67+0.08
microbiota

Table 1 shows that a colonic acidification occurred independently on the presence of a complex
microbiota, with no differences among the different conditions of the study. This drop in pH is linked

to a saccharolytic activity of the gut microbiota, as shawFig. 5 which reports the total SCFA and

main SCFA, such as acetic acid, propionic acid, and butyric acid, and Fig. 6 describing the production
of lactate, in the presence of a very low proteolytic activities, as shown in Fig. 7 reporting the

branchedSCFAs, usually considered marker for proteolysis.
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Figure 5. Total SCFA and main SCFA, namely acetic acid, propionic acid, and butyric acid concentration
(mmol/L) occurring along the 48h of colonic simulation. Results are shown as average = standard
dewviations. For each detected compound columns with different letters are significant different (p < 0.05).
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Figure 6. Total lactate concentration (mmol/L) occurring along the 48h of colonic simulation. Results are
shown as average + standard deviations. @ohns with different letters are significant different (p < 0.05).
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Figure 7. Branched SCFA concentration (mmol/L) occurring along the 48h of colonic simulation. Results are
shown as average + standard deviations. Columns with different letterssigmificant different (p < 0.05).
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During all colonic incubations the concentration of SCFA increased, reaching the highest
concentrations in the presence of a complex microbiota (Fig. 5). Moreover, a very mild increase of
SCFA occurred between 24 and 48 h in the presence of a complebioiardrhe production of
SCFA due to the LAB could be due to the proteolytic and peptidase or esterase activities since they
are scarcely gifted of lipolytic potenti@/annini et al., 2008All the tested cheeses led to a strong
production of lactate in the first 24 h of colonic simulation and laciat#ease was higher fdr.
crispatusBC4 supplemented cheeses (Fig. 6). After 48 h of colonic simulation, lactate concentration
remained constant under conditions characterized by the absence of microbiota, while it decreased
in the presence of a complexionobiota, for both the control cheese and the crispatus
supplemented one. Interestingly, the decrease in lactate concentration was correlated to an
increase in propionate and butyrate indicating that a crfessding reaction occurred between 24

48 h inpresence of a complex microbiota (Fig. 5). This is of relevance since also bacteria metabolic
activity can represent an important feature for the selectionlLofcrispatusBC4 as a probiotic
candidate. In fact, according toouillard and de Vos (2019%he criteria for probiotic selection
include the presence of genes associated to the survival in the GIT, but also the ability to interact
with hostbacteria. Our data demonstrated that, when entering t@on, the vaginal. crispatus

BC4 strain led to strong lactate production (clear indication that the strain is still metabolically
active). In presence of a complex microbiota, lactate is further converted by-i@edsg into
propionate and butyratehaving potentially a significant biological role (R@msvian et al 2016).
Propionate and butyrate metabolisms have received much attention during the last years, mainly
due to their role in diseases and inflammatory processes in which they are invobreskdmple, a
reduction in obesity and insulin resistance in experimental animals onfhtgiliet after dietary
supplementation with butyrate has been observé@ao et al., 2009)Moreover, butyrate and
propionate have been reported to induce the production of gut hormones, such as glutikgon
peptide 1 (GLR) and glucoselependent insulinotropicpolypeptide (GIP), which are key
modulators of energy homeostasis and glucose metabolism,rathacing food intake (Lin et al.,
2012). It has also been observed that SCFA protect against the development of colorectal cancer
(CRC), with most studies foaogion butyrateg(Keku et al., 2015Butyrate promotes colon motility,
reduces inflammation, increases visceral irrigation, induces apoptosis,irdmiloits tumor cell
progression (Louis et al., 201#) addition, butyrate and propionate have also been reported to
induce the differentiation of Fegulatory cells, assisting to control intestinal inflammatfbouis et

al., 2014) As reported byDouillard and de Vos (2019lso the immunomodulation properties
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represent a criterion for selection of probiotic strains. Hewe no differences in propionate and
butyrate production could be observed between control cheese and cheese containimigpatus

BC4. Notably, the results obtained in the present research are related to a single dose of product,
but the outcome of thecolonization and impact of the gut microbiota might be different when daily
repeated doses are tested. In fact, as reported by many auttideslison & KiecolGlaser, 2019;
Salonen & de Vos, 2014; Sonnenburg & Backhed, 20i8)is one of the most important drivers

on the microbiota composition and activity that in turn may have an important systemic impact on

the host.

4. Conclusion

The PMAgQPCR analysis, using specific primers for the target species, showed that the izaginal
crispatusBC4 strain, when vehiculated in cheese carrier, could well withstand the acidic conditions
of the stomach with a slight decrease in viable cellfatt, a cell decrease was observed in the
transition between stomach and duodenum indicating that bile salts are, anyway, a source of stress
for L. crispatu8C4. When entering the colon, the vagibatrispatu8C4 demonstrated to increase

its cell loadsluring incubation time in the absence of other microorganisms and to remain stable in
presence of a complex microbiota. However, it led to strong lactate production (clear indication that
the strain is still metabolically active). In presence of a compiexobiota, lactate was further
converted by crosfeeding into propionate and butyrate, demonstrating a potential positive effect
on the host. However, no differences in propionate and butyrate production could be observed
between control cheese and chee containing.. crispatusDespite this may appear as a negative
outcome, it must be taken into account that, in this setup, only a single dose of the cheese was
tested and the outcome of the colonization and impact of the gut microbiota might be ditferen
when daily repeated doses are testddoreover, also the initial inoculum level of the target strain

in cheese could be a little bit increased in order to guarantee a higher level of survive during all the
GIT passage. However, even if human trials shtwal setup to confirm the effective role of.
crispatusBC4 to positively interact with the host, these data suggest its potential use to obtain a

functional cheese as potential dietary strategy to guarantee the womarniveag.
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CHAPTER 8

Develpmentand
characterizatiorof fermented
soymilks containing
encapsulated or nen
encapsulatedraginal probiotic
bacteria
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Abstract:Besides gut and fermented foods, human microbial niches such as the healthy vagina, are
NEOSyiGufe SYSNRAAY3 la adzyO2y @Sy A2yl fé az2dz2NOSa
different diseases, including recurrent urinary infections, bacteriagjinosis, and vaginal
candidiasis. These functional microorganisms could be provided as oral preparations since they can
translocate from the gut to the vagina. However, their use in food would be very challenging.
Considering the recent interest towarde®rsumption of nordairy plantbased alternatives as
probiotic vehiclesthe aim of this work was to develop fermented soy milks supplemented with
encapsulated and neencapsulated vaginal lactobacilli, namélgctobacillus crispatuBC4 and
Lactobacillus gsseriBC9,as future dietary strategies to reduce/prevent vaginal dysbioBmese
formulated products were followed for 28 days and analyzed for the microbial cell loads, pH, sensory
characteristics, aromatic compounds and rheological propertiésteover, the survival of the
supplementedvaginalstrainsin simulated gastrantestinal juices and their antagonistic activity
against intestinal pathogens were evaluatédds demonstrated by sensory evaluations and volatile
compound detectionL. crispatu€8C4andL. gasserBC9 were promising as-starter cultures for

the fermentation of soy milk since they imparted characteristic flaptergsant smell and tasjeind

aroma (reductionsn undesiredvolatile compounds associated withbeare &lavor) to the find
products. Eventually, these strains survived the simulated GIT conditions and showed a remarkable
antagonistic activity against selected enteropathogens sudbsaserichia coli10407 Salmonella

choleraesuiserovartyphimuriumand Yersinia enterocolita

1. Introduction

Research related to thenicrobiome has broadened the public perception of microorganissis
agents that can causdiseass but that, at the same time, haveleneficial rolein human health.

The resultingawareness and acceptancepybbioticsin consumers will expand the probiotic market

of 8 %between2023 and2032 (Cunningham et al., 202Global Market Insight222). However,

while there is a common opinion on the beneficial effect of probioticsrehe still a common
misunderstanding on their definition. In the scientific field, as recently established by the
International Scientific Association for Probiotics and Prebiotics, safety and evidence of a health
benefit are required as preliminary criia for the selection of probiotics, also considering target
sites, target populations, and way of administratigill et al., 2014)Besides gut and fermented
F22RAa4X KdzYly YAONROAIfT yAOKSa I NB Nbmdbigtiat &8 S
candidates. For instancegveral studies conducted on vaginal microbiota of healthy women have
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reported Lactobacillusasthe main genus present in this niche, indicating it as an excellent source
of beneficial microbegAnahtar & al., 2018)Di Cerbo et al., 2016Among the isolated lactobacilli,

the most dominant species arkactobacillus crispatyd.. iners L. jenseniiand L. gasseri The
beneficial effect olLactobacilluspp. in the vaginal ecosystem is based on a mutualistic relationship
between the vaginal microbiota and the human host. More specifically, these species can produce
several antimicrobial compounds (e.g. hydrogen peroxaigid acid) and they can compete against
pathogens for adhesion sites in the vaginal epithel{@Barges et al., 2014protecting the host from
different diseases, including recurrent urinary infections, bacterial vaginosis, and vaginal
candidiasisIn this senseyaginalL. crispatusandL. gasserstrains isolated byParolin et al. (2015),
exhibited activity towards several genital pathogens, includdandida(Calongh et al., 2017;
Parolin et al., 2015, 202 hlamydia trachomati@Nardini et al., 2016; Parolin et al., 20Ngisseria
gonorrhoeae(Foschi et al., 201 roup-B StreptococcugMarziali et al., 2019xnd HIV1(Nahui
Palomino et al., 2019T heir metabolic aptitud® Z\€ssandro et al., 20213) as well asheir safety

and technological properties as fational adjunct cultures in the food sectaere also testedSiroli

et al., 2017) The digestive fate ane of the most promising vaginal strains, nanielgrispatu8C4,
carried in a soft cheese was also evaluated by using the SHIME® @yategnani et al., 2020The

strain was able to survive the stomach and small intestine simulated conditions, arriving in the gut
with a minor reduction of living cells. This aspect is important since oral administered vaginal strains,
once they have colonized the gut, can translocatef the large intestine to the vagina because of
the spatial proximity of the two organs. However, although they could be provided as oral
preparations, it would be very challenging to use them in foods as a dietary strategy to prevent
eventually woman dysosis. In fact, from one hand they should be kept alive and functional during
the entire shelflife of the food. On the other hand, the food should be consumed constantly in
proper amount so that the probiotics can reach and colonize the human gut. Nedogenent of
suitable technologies for the maintenance of an adequate number of viable probiotic cells (>7 log
colonyforming units [CFU] /g of product) is for sure a key s@p this regard, microencapsulation

is one of the most widely used techniquesttoffers protection for heasensitive nutrients and
probiotic microorganisms. In order to maximize the vaginal strains viability, assuming their potential
use as functional adjunct cultures in the food sector, the use of sprgng for microencapsulain

was also evaluate(D'Alessandro et al., 202()). Traditionallyprobiotics have been csumed by
humans through fermented dairy foods, mostly of bovine origin. However, due to the emergences
2F t1Fr0024aS Ayidz2ft SNIyOSs 026 Qa -NCh dict, veigBril d y |
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negative environmental impacts of dairy productiotisere is a growing demand for nedairy-
alternatives. Nowadays, the viability of probiotics in ptaased milk substitutes (PBMS), such as
soy milk, during product storage has been reported as highly satisfa(Ragika et al., 2021)
Therefore, these milk substitutes may represent promising carriers for prohi@esgeral studies
have also pointed out that fermentation of soy milk by lactic acid bacteria can: overcome the
problem of beany flavor, increase the acceptability of soy milk by reducing the oligosaccharides
(Otieno & Shah, 2007)mprove te bioavailability of isoflavones, favor the digestion of proteins
andintestinal health, enhance the antioxidant activity of the product, provide more soluble calcium,
and supports immune systefWang et al., 2003)'he aim of this study was to develop functional
fermented soy milk products using commercial starter cultures together withemaapsulated and
non-encapsulated vaginal probiotick.(crispatusBC4 and.. gasserBC9. The two strains were
applied individially or in combination to assess their potential synergistic effect on the final food
product. The fermented soy milks were then stored for 28 days at@di( al., 202)1 and analyzed

for microbial cell loads and pH over time. Moreovegithantagonistic activity against intestinal
pathogens and the survival of the vaginal strains through simulated ge@stinal juices were
evaluated. Eventuallysensory characteristics (panel), aromatic compounds-NMI&SPME), and

rheological measureents were determined on the final products at the end of storage.

2. Materials andMethods

2.1 Bacterial strains

The functional strains used in this experimental work werecrispatudBC4 and.. gasserBC9,
belonging to the collection of FABIT (Department of Pharmacy and Biotechnology, University of
Bologna, Italy), isolated accordingRarolin et al(2015) Lactobacillus delbruecldubsp bulgaricus
andStreptococcuthermophilusvere provided by Sacco srl (Italy). Fresh cultures of each strain were
obtained from frozen stocks by two consecutive refreshments in MRS broth (Oxoid, Basingstoke,
United Kingdom) using a 1% (v/v) inoculum and incubated at 37 °C in anaeosigtions

overnight.

2.2 Production of microcapsules
L. crispatuB8C4 and.. gassefBC9 were individually cultivated overnight at 37 °C in 1 L of MRS broth
supplemented with 0.05%-tysteine under anaerobiosis to obtain a final concentration of adtlea

10° CFU/mL for each strain. The strain cell loads were determined after serial dilutions in 0.9% NacCl
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isotonic solution by plating on MRS agar with 0.058gdteine and incubating at 37 °C for 48 h under
anaerobiosis. One liter of each strain culturesnentrifuged at 8200 rpm for 15 min at 4 °C (Avanti
J26 XP with Ja-AO rotor, Beckman Coulter). After removing the supernatant, the microbial pellet
was washed with 1 L of 0.9% NaCl isotonic solution and then resuspended in 500 mL of commercial
soy milk Commercial soy milk composition was as follow: 9.04% total solids, 9.8 °Brix, pH 6.64, 1.8%
fats, 2.8% carbohydrates, 3% proteins, and 0.4% fibers. Spyayg was conducted using a mini
spraydryer (B191, BuchiLabortechnik AG, Switzerland), whichsaalaboratoryscale spraydryer
equipped with a single fluid nozzle. Regarding the process conditions, inlet and outlet air
temperatures were 110 and 70 °C, respectively. The pump rate was maintained between 19% and
36% aspiration, while the feed flow mtvas 10 mL/min. For each culture, 100 mL of suspension
was spraydried to produce an average of 5.2 g of powder/100 mL of suspension. -SGpealy
powder samples were collected from the cyclone, mixed gently, and va@aoked in
nylon/polyethene, 102m high6  NNA SNJ LJX F aGA O o6F3&a 0¢SOy20F 03

using an S160ecnovac device.

2.3 Preparation of fermented sognilks

The production of fermented soy milks was carried out in lab conditions. Commercial UHT soy milk
was split in 100nL containers and each one was inoculated with starter culturesl€lbrueckii
subsp. bulgaricusand S. thermophilus at level of 6 log CFU/g while the functional strains,
encapsulated or not, were inoculated at level of at least 7 log CFU/gndbelated soy milks were
incubated at 42 °C until reaching pH 4A5the end of fermentation, the samples were stored at 4
°C up to 28 days. The arsdg wereperformedafter 1 the day after productioh 7, 14 and 28 days
of refrigerated storageSeventypes of experimental fermented soy milks were produced and
defined as follows:

Control: fermented soy milk containing starter cultures only;

BC4 fermented soy milk containing starter cultures dndcrispatu8C4;

BC9 fermented soy milk containing stant cultures and.. gasserBC9;

BC4+BC%ermented soy milk containing starter cultures and the mik.afrispatu8C4+. gasseri
BC9;

EBC4 fermented soy milk containing starter cultures and encapsulatedispatu8C4;

EBC9 fermented soy milk containg starter cultures and encapsulatedgasseBC9;
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EBC4+BCYermented soy milk containing starter cultures and the encapsulated mixafspatus

BC4+. gassenBC9.

2.4 Starter cultures and probiotic strain viability in fermentesbymilks

The viability of starters cultures and vaginal strains was assessed after 1, 14 and 28 days of storage.
Five grams of fermented soy milk were placed into 45 mL of PBS and homogenized in a stomacher
(Labblender 80, Pbi International, Milan, Itefly) 3 min. Decimal dilutions of the homogenates were
made in 0.9 % NaCl and 0.1 mL of appropriate dilutions was spread onto the surface of different
agar mediaS. thermophilugvas counted on M17 agar (Oxoid, Basingstoke, Hampshire, UK)L.while
delbrueckisubsp.bulgaricuswas counted anaerobically on MRS agar (Oxoid) acidified with glacial
acetic acid (Merck, Darmstadt, Germany) at pH 5.4. Both M17 and MRS plates were incubated at 45
°C to preclude the growth of the two vaginal strains. On the other handrispatuBC4 and..
gasserBC9 were anaerobically counted onto ME&Im Propionate (LP) with 0.05%ysteine and

MRS with 0.05%-tysteine, respectively, incubated at 30 °C to preclude the growth ofLthe
delbrueckiisubsp.bulgaricus The be suw that the proper bacteria were counted, the morphology

of each strain was checked.

2.5 Decrease of pH
The reduction of pH during fermentation and its evolution during the storage at 4°C for 28 days was

monitored using pH meter Basic 20 (Crison InstruteglModena, Italy).

2.6 Survival to simulated gastric and intestinal juices of the vaginal strains present in the
fermented soy milk

To evaluate the resistance of the vaginal strains, encapsulated or not, to simulated gastric and
intestinal juices when carried in the fermented soy milks, the method describ&d®y f S & & I y R NJ
al. (2021)b) was performed with some modifications after 14 days of refrigerated storage. Briefly,
GKS FANRG al YLX S 61 a YAESRKIHEAGNR Giek Sa 2aldgisific 20324 d
solution containedCaCl (0.22 g/L), NaCl (16.2 g/L), KCI (2.2 g/L), NaKICDg/L), and 0.3% (w/v)

porcine pepsin (Sigmaldrich, Milan, Italy). The sample was quickly brought to pH 3 with HCl 1 M

and then incubated for 90 min at 37 °C in a water bath {(MiB Falc Instruments, Treviglio, Italy).

After this, 1 mL of sample was collected to assess microbial cell viability (acidisségad, 2 mL of

the sample were centrifuged (12,000 rpm, 4 min and 4 °C) and the resulting pellet was washed with
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2 ml of NaCl 0.9% isotonic solution (12,000 rpm, 4 min and 4 °C) before resuspending it in 2 mL of
simulated intestinal juice (PBS solutivith 0.3% bile and 0.1% pancreatin from porcine pancreas).
¢KS AyOdzolidAzy GAYS Ay GKS (GKSN¥Yz2adldadAO ol GK

sample in order to assess the resulting cell viability by microbiological sampling.

2.7 Antagorstic activity against intestinal pathogens

All the investigated fermented soy milks were tested for their antagonistic activity towards the
intestinal pathogens enterotoxigeniEscherichia colH10407,Salmonella choleraesuiserovar
typhimurium Yersiniaenterocolitica (Giordani et al., 2018py overlay assay, as described in
05Q! f S&al y RMEmiSimotlificatohs. Pathegenit strains were routinely grown in BHI
broth, at 37°C with gentle agitation, pathogens were subcultures twice before being used in the
experiments. Five pl of each fermented soy milk were spotted over the surface of MRS plates
(containing 0.6% Lcysteine and 1.2% agar) and incubated in anaerobic conditions at 37°C for 24 h.
Then 100 pl (corresponding to approximately8 7og CFU) of overnight subcultures of the
pathogenic strains were inoculated into 10 mL of BHI 0.7% agar and poured oviyatse The
plates were further incubated at 37°C for additional 24 h, then checked to evaluate the presence of
a growth inhibition zone. The inhibition halos were measured from the outer perimeter of the spots
in four directions and the average was comsil. The antagonistic activity was expressed in
relation to the observed zone of inhibition: +, inhibition <10 mm; ++, inhibition between 10 and 13

mm; + + +, inhibition between 13 and 16 mm; + + ++, inhibition > 16 mm.

2.8 Panel test

The sensory evaluations of all the fermented soy milks weneechout by ten untrained panelists
according to the Likert scale (from 1: strongly agree to 5: strongly disagree) considering color, smell,
taste, texture and body, overall acceptability, general appearance, at the beginning (1 day) and at

the end of degyned sheHiife (28 days).

2.9 Aroma profiles

Volatile compounds of fermented soy milk products were monitored after 24 h from coagulation
and after 28 days of refrigerated storage using gas chromatograpdss spectrometry (GMS)
coupled with solid phse micro extraction (SPME) using the method describe@dbggnani et al.,
2017a)
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2.10 Rheological measurements

Rheological measurements ggrmented samples were carried out at 4°C using a controlled stress
strain rheometer mod. MCR 300 (Physica/ Anton Paar, Ostfildern, Germany) equipped with a bob
and cup geometry (CC27) and a Peltier system. The rheological behavior was analysed in steady
state conditions. After a prehearing of 500 s at 0.}!sviscosity was measured increasing shear

rate from 0.1 to 1004 within 500 s, taking 50 measurements points. The maximum shear was
chosen in order to avoid considerable loss of viscdBéycanbe observed wheihigh shear values

are usedLucey et al. (2004T.obetter highlight differences between samples, viscosity curves were
fitted according with the Casson model (Ramasamawy et al., 1991; Lee and Lucey, 2006; Glicerina
et al., 2015) (1)

Cassonmode); 8 , 8- 1 8 (1)

where:, is the yield stress and istheseOl f f SR WWLIX I aGA 0 GAao2aArie

2.11. Statistical analysis

The microbiological anghysicechemicaldata are the mean of Bepetitions. The obtained data
were analyzed by Statistica software (version 8.0; StatSoft, Tulsa, OK, USA) adopting the analysis of
G NAFYOS 6!'bhx! 0 YR ¢dzl SeQa G4Sad F2NJ RHGIF 02

3.Results and Discussion

3.1 Viability of the bacteria in fermentd soy milk and pH profile during the refrigerated storage
Concerning starters viability, the microbial cell loadsLofdelbrueckisubsp.bulgaricusand S.

thermophilusmeasured in fermented soy milks during refrigerated storage are reported in Figure 1.
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log CFU/g

L. delbrueckii S. thermophilus L. delbrueckii S. thermophilus L. delbrueckii S. thermophilus
subsp. bulgaricus subsp. bulgaricus subsp. bulgaricus

T-1 day T-14 days T-28 days
EControl @ BC4 M BCS9 MW BC4+BC9 HEE-BC4 ME-BCY9 ME-BCA+BCI
Figure 1. Cell load viability (log CFU/g) of starter culturés @elbrueckiisubsp. bulgaricus and S.
thermophilug in fermented soymilks considering the presence of probiotic strains, the use of
microencapsulation and refrigerated shelife. Control: fermented soy milk; BC4: fermented soy milk with
L. crispatusBC4; BC9: fermented soy milk with gasserBC9; BC4+BC9: fermented soy milk with the mix
of L. crispatusBC4+. gasserBC9; BBC4: fermented soy milk with encapsulatdd crispatusBC4; EBC9:
fermented soy milk with encapsulated.. gasseriBC9; EBC4+BC9: fermented soy milk with the

encapsulated mix ok. crispatuBC4+. gasserBCIWithin the same group, data with the same superscript
letter must be considered not statistically differer{p > 0.05).

The data clearly showed that delbrueckisubsp.bulgaricusdecreased significantly after 14 days

of storage and particularly when neancapsulated.. gasseBC9 was added alone or mixed with
crispatusBC4. This behavior was confirmed at the end of the storage period (28 days). According to
Patrignani et al. (2017Ylecrease oL. delbrueckisubsp.bulgaricuscould be due to the interaction

with the vaginal strains. On the contrary, with respect to the cont®lthermophilusiability was

not affected by the presence of the probiotitans, either encapsulated or not, during the entire
sheltlife of the product. Actually, an increase # thermophilusvas observed, especially in
presence ofL. gasserBC9, and it was confirmed in the samples collected during the-kieelA
similar behavior was reported by other studies. In fact, accordingviinervini et al. (2012)the
addition of probiotic lactobacilli increased the survivalSofthermophilugn a Fior di Latte cheese.

AlsoPatrignani et al. (201 #eported a higher concentration &. thermophilugn fermented milks
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supplemented with encapsulated probiotic lactobacilli, even after 56 days of storage at 4°C. In a
more recent studyCui et al. (20213howed a significantly higher amount 8f thermophilugn soy

milk fermented by starter cultures and probioticsmpared to the same product not supplemented
with adjunct culturesSeveal aspects should be considered when discussing the survival of probiotic
strains in foods. The most important one is for sure the probiotic survival during food production
and storage process. In fact, many factors can impact the viability of these ilaaotévod products,

such as intrinsic parameters (like pH, titratable acidity, oxygen, water activity, presence of salt,
sugar, hydrogen peroxide, bacteriocins, artificial flavoring and coloring agents etc.), processing
parameters (e.g. incubation tempdtae, heat treatment, cooling and storage conditions of the
product, packaging materials, scale of production), and microbiological parameters (strain of
probiotics employed, rate and proportion of inoculatigfalanivelu et al., 2022; Putta et al., 2018)
Therefore, the number of viable cells lof crispatu€8C4 and.. gasserBC9per gram offermented

soy milkwere determined in all the products during the 28 days of storage at#aklg 1).

Table 1. Cell load viability (log CFU/g) of vaginal straibacfobacillus crispatu8C4 andLactobacillus
gasseri BC9) in fermented soymilks considering the presence abhiotic strains, the use of
microencapsulation and refrigerated shelife (observed after 1, 14 and 28 days of storage). BC4 and E
BC4: respectively fermented soy milk with crispatusBC4 unencapsulated and encapsulated; BC9 and E
BC9: respectively fenented soy milk withL. gasserBC9 unencapsulated and encapsulated; BC4+BC9 and
E-BC4+BC9: respectively fermented soy milk with the mix ofrispatu8C4+. gasserBC9 unencapsulated

and encapsulated. Withinhe same columrdata with the same supersapi letter must be considered not
statistically different @ > 0.05).

Target bacterium

Fermented soy milk

Cell load viability (log CFU/q)

lday 1l4day 28day
L. crispatu8C4 BC4 7.172+0.3 7.25*+04 6.81°+0.4
EBC4 7.492+0.2 7.382+0.3 6.99+0.3
BC4 + BC9 7.082+0.4 6.972+£ 0.3 6.72°+x0.4
EBC4 + BC9 7.242+0.3 7.31*+ 0.3 6.712+£0.3
L. gasserBC9 BC9 6.95%+ 0.5 6.882+ 0.5 6.782+0.3
EBC9 7.122+0.4 6.95°+0.4 6.84*+0.3
BC4 + BC9 7.232+0.3 7.162+ 0.2 7.14°+0.2
EBC4 + BC9 7.392+ 0.3 7.072+ 0.3 6.95°+0.3

The viability of vaginal strains remained at around 7 log CFU/mI of product from the beginning of
the refrigerated storage till the end, despite the useeotcapsulated or noencapsulated bacteria
with no significant differences, also considering the type of vaginal stragrispatu8C4L. gasseri

BC9). This is in line with the requirements for probiotic functional foods concettmengiinimum
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recommenckd level of probiotic¢D 6-7 log CFU/ ml or g of produdXumari et al., 2022; Roobab

et al., 2020) Some authors reported that lactic acid bacteria (LAB), also probiotics, can reach up to
89 log CFU/@® T ceA £ R0O1% (iLi et al., 2012 viable cells in soy milk without the need of
additional carbohydratesAccording toKumari et al. (2022 soy milk is commonly used as a cheap
and appropriate medium for the growth of several LAB, also intended as alsuttelivery carrier

for various probiotic strainfKumari et al., 2021)

5dzNAyYy 3 (GKS LINRPRdAzOGAZ2Y 2F GKS FSNXYSYGSR &az2eée Y
YR GKS LINPOA20GAO | RadzyOla o6SyOl LladAg I iERRENI y
AK2gAY3 | FSNXYSyildlFrdGA2y GAYS O2YLINY¥ofS ALK |
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Figure 2. pH values recorded during the refrigerated sHé# (1,7,14 and 28 days) of all the investigated
fermented soymilk products. Control: fermented soy milk; BC4: fermented soy milk WitbrispatuBC4;
BC9: fermented soy milk with.. gasserBC9; BC4+BC9: fermented soy milk with the mix_otcrispatus
BC4+. gasserBC9; EBC4: fermented soy milk with encapsulatdd crispatuBC4; EBC9: fermented soy
milk with encapsulatedL. gasserBC9; EBC4+BC9: fermented soy milk with the encapsulat®adk of L.
crispatusBC4+. gasserBC9. Within the same timepoint, samples with the same superscript letter must
be considered not statistically differenty(> 0.05).
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3.2 Survival to simulated gastric and intestinal juices of the vaginal strains present in the
fermented soy milk

To achieve the highest beneficial effects, probiotics must survive during food processing, storage,
and consumption, as well throughout the GIT, retaining their bioactivity at their target’d#e, for

the present study this aspect is fundamental. Irctfaeven if the final target is the vaginal
environment, these orally administered vaginal strains need firstdimnize the gut Then, from

there they can transfer to the vagina due to the spatial proximity of the two organs. According to
several studyBasu et al., 2018; Putta et al., 2018; Roobab et al., 2020; Shori, @0 fBportant

role in the stability of probiotics and resistance to GIT conditions could be provided by the food
matrix. However, which role the matrix plays is still not clear. In addition, microencapsutatitoh
improve the survival rate of probioticsising several encapsulation methods, such as extrusion,
emulsion, and freeze or sprajrying (Rashidinejad et al., 2022)in this framework, the
performances of both fermented soy milk and microencapsulation in maintaining strain viability
were tested after 14 days of refrigerated storage and subsequent passage through simulated gastric

and intestinal phase (Figure 3).
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@ L.crispatus BC4 in BC4
fermented soy milk

B L. gasseri BC9 in BC9
fermented soymilk

B L.crispatus BC4 and L.
gasseri BC9 in BC4+BC9
fermented soymilk

log CFU/g

B L.crispatus BC4 in E-BC4
fermented soymilk

B L. gasseri BC9 in E-BC9
fermented soymilk

B L.crispatus BC4 and L.
gasseri BC9 in E- BC4+BC9

initial inoculum gastric juice intestinal juice fermented soymilk

Figue 3. Cell load viability (log CFU/g) of vaginal straihsictobacillus crispatu8C4 and_actobacillus
gasseriBC9) in fermented soymilks when subjected to a gasitntestinal juices simulation, considering the
use of microencapsulation and refrigerated shi-life (T14). Within the sampling point (initial inoculum,
gastric juice or intestinal juice), data with the same superscript letter must be considered not statistically
different (p > 0.05).

The presence of the microcapsule protected the vaginal rsdrdrom the different simulated
digestive steps. In fact, at the end of the intestinal incubation bacteria &efeast 6 log CFU/mI,
compared to the cell load of 5 log CFU/mI for the strain -eocapsulatedOn this regard the
fermented soy milks containing encapsulated probiotics met the requirements for probiotic
functional foods(Kumari et al., 2022)n fact, spraydrying provided a greater protection from the
natural physiological barriers present in the GIT compared to the use of the foodkrabitne The

good performances of this kind of microencapsulation for these specific vaginal strains were
recently observed byp'Alessandro et al. (2021). More specifically, the authors studied the
production of soy milkmicrocapsules oL. crispatuBC4 and.. gasserBC9 which resultedwith
suitable morphology, good technological featuregerms of water activity and moisture content.
Moreover, the encapsulated bacteria demonstrated a better viability over time (1 year of storage)
and uponsimulated GIT conditionsAs already mentioned, fermented soy milks produced with
encapsulated vaginatrains were able to withstand the simulated conditions of the GIT, meeting
the minimum requirements for probiotic food® -7 log CFU/mI or g of product), even though the
initial inoculation of vaginal strains into the food product was lower than Wld3sandro et al.

(2021) (b). It is also important to mention that the viability was assessed through plate counting.
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Sublethal injuries may turn cells into a viable but roufturable state (Vinderola et al., 2019).
Therefore, the encapsulation may haveofected the cells also from this event and at the same

time a higher number of metabolic active cells may be present in the final product.

3.3 Antagonistic activity of fermented soy milks against intestinal pathogens

Fermented soy milks were tested for their antagonistic activity towards the intestinal pathogens
enterotoxigenice. colH10407 S. choleraesuandY. enterocoliticédy overlay assay (Tables 2, 3 and
4).

Table 2. Evaluation of the antagonistic activiof fermented soymilk products against enterotoxigente.
coliH10407 over refrigerated storage. T1, dayl; T7, day 7; T14, day 14; T21, day21. +, inhibition halo <10
mm; ++, inhibition between 10 and 13 mm; + + +, inhibition between 13 and 16 mm; + + Hibjtion > 16

mm. The diameter of inhibition, for each strain, was the average of three replicates. Control: fermented
soy milk; BC4: fermented soy milk with. crispatusBC4; BC9: fermented soy milk with gasserBC9;
BC4+BC9: fermented soy milk withahmix ofL. crispatuBC4+. gasserBC9; EBC4: fermented soy milk

with encapsulatedL. crispatusBC4; EBC9: fermented soy milk with encapsulateld gasseriBC9; E
BC4+BC9: fermented soy milk with the encapsulated mix ofrispatuBC4+. gasserBC9.

Sample T1 T7 T14 T21
Control ++ ++ ++ ++
BC4 ++ ++ +++ ++
BC9 ++ ++ +++ +++
BC4+9 ++ ++ ++ +++
EBC4 ++ ++ ++++ +++
EBC9 + ++ ++++ ++
EBC4+9 + ++ +++ ++++

Table 3. Evaluation of the antagonistic activity of fermented soymilk products aga$stholeraesuisver
refrigerated storage. T1, dayl; T7, day 7; T14, day 14; T21, day21. +, inhibition halo <10 mm; ++, inhibition
between 10 and 13 mm; + + +, inhibifidoetween 13 and 16 mm; + + ++, inhibition > 16 mm. The diameter

of inhibition, for each strain, was the average of three replicates. Control: fermented soy milk; BC4:
fermented soy milk withL. crispatu®8C4; BC9: fermented soy milk with gasseBC9; B4+BC9: fermented

soy milk with the mix ofL. crispatusBC4+. gasserBC9; EBC4: fermented soy milk with encapsulatdd
crispatusBC4; BBC9: fermented soy milk with encapsulatéd gasserBC9; EBBC4+BC9: fermented soy milk

with the encapsulated mix of.. crispatuBC4+. gasserBC9.

Sample T1 T7 T14 T21

Control ++ ++ ++ ++
BC4 +++ +++ ++++ +++
BC9 +++ +++ +++ ++
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BC4+9 +++ ++ ++++ ++

EBC4 +++ +++ ++++ ++
EBC9 ++ ++ +4+++ ++++
EBC4+9 ++ +++ ++++ ++++

Table 4. Evaluation of the antagonistic activity of fermented soymilk products agath&nterocoliticaover
refrigerated storage. T1, dayl; T7, day 7; T14, day 14; T21, day21. +, inhibition halo <10 mm; ++, inhibition
between 10 and 13 mm; + + +, inhilmh between 13 and 16 mm; + + ++, inhibition > 16 mm. The diameter

of inhibition, for each strain, was the average of three replicates. Control: fermented soy milk; BC4:
fermented soy milk withL. crispatu€8C4; BC9: fermented soy milk with gasserBC9B8C4+BC9: fermented

soy milk with the mix ofL. crispatuBC4 4. gasserBC9; EBC4: fermented soy milk with encapsulated
crispatusBC4; BBC9: fermented soy milk with encapsulatéd gasserBC9; EBBC4+BC9: fermented soy milk
with the encapsulated mi of L. crispatuBC4+. gasserBC9.

Sample T1 T7 T14 T21
Control + + ++ ++
BC4 + + +++ ++
BC9 + ++ ++
BC4+9 + ++ ++ ++
EBC4 + + ++ ++
EBC9 + + ++ ++

EBC4+9 ++ ++ +++ +++

All samples reduced enteropathogens growth, especiallycoliH10407 andS. choleraesuisas
indicated by the formation of inhibition halos. Fermented soy milks containing starter cultures only
(control) displayed a moderate antagonistic activity towattus three enteropathogens, and such
activity was kept stable over 21 days of refrigerated storage. For fermented products containing
non-encapsulated.. crispatu8C4L. gassefBC9 or their mixture, the activity agairistcolH10407
andY. enterocolitawas maintained and showed a slight increase after 14 and 21 days of storage.
The addition of norencapsulated vaginal lactobaciiito soy milk enhanced the antagonistic
activity againstS. choleraesuj®specially for samples at 14 days of storage. Interestingly, samples
added with encapsulated vaginal lactobacilli displayed the best profile of pathogen growth
inhibition, especially after 14 and 21 days of refrigeration. The overall better performanices
fermented soy milks containing vaginal probiotics may depend on the metabolites that bacteria can
produce and accumulate in the product, such as lactic acid, hydrogen peroxide or even bacteriocin.
In addition, previous literature data had clearly indexhthat the vaginal lactobacilli considered in

this study, especially. crispatusstrains, were characterized by production of organic acids as
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demonstrated by the pH values of their cell free supernatants, and the volatile molecule profiles
when inoculded in milks, registering the highest abundances of acetic acid and short chain fatty
acids(Siroli et al., 2017)Also in this study, the observed reduction in pH of the samples containing
vaginal probiotis with respect to the control suggest a higher production of acids. However, the
lower pH measured cannot explain alone the superior properties of the fermented soy milks
containing encapsulated bacteria. According to Siroli et al. 2017, these bacteuia siod produce
bacteriocins. Therefore, the superior activity observed in samples containing encapsulated bacteria
could derive from the protection exerted by the capsule on the bacterial cells. In fact, encapsulation
can enhance, or allow to maintain, tber fermentation performances (production of more
metabolites) compared to neencapsulated cells which, on the contrary, are more sensitive to
environmental stressors (Simo et al., 2017).

3.4 Sensory analysis

The results of the sensory evaluation of all the investigated samples carried dw& beginning (1

day) and at the end of the designed sHédl (28 days) are shown in Figure 4 and 5, respectively.

General appearance

Overall acceptability _~#
Control

Texture and body

Figure 4. Sensory analysis of all the investigated formulated soy milks performed at 1 day of refrigerated
storage considering six descriptors such as color, smell, taste, texture and body, overall acceptability, and
general appearance. Control: fermentexby milk; 4: fermented soy milk with.. crispatu®8C4; 9: fermented

soy milk withL. gasserBC9; 4+9: fermented soy milk with the mix bf crispatuBC4+. gasserBC9; K-
fermented soy milk with encapsulated.. crispatusBC4; B: fermented soy milk with encapsulated.
gasseriBC9; E4+9: fermented soy milk with the encapsulated mix bf crispatuBC4+. gasserBC9.
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General appearance

Overall acceptability Color

Control

L —— e

¢ LT

Texture and body Z Smell

Figure 5. Sensory analysis of all the éstigated formulated soy milks performed after 28 days of
refrigerated storage considering six descriptors such as color, smell, taste, texture and body, overall
acceptability, and general appearance. Control: fermented soy milk; 4: fermented soy milk withispatus
BC4; 9: fermented soy milk with. gasserBC9; 4+9: fermented soy milk with the mix bf crispatu88C4+.
gasseriBC9; H: fermented soy milk with encapsulated. crispatusBC4; E9: fermented soy milk with
encapsulatedL. gasserBC9; E4+9: fermented soy milk with the encapsulated mix bf crispatuBC4+.
gasseriBC9.

In the first test performed after 1 day of storage, fermented soy milks containing encapsulated
probiotics showed significant lower scores in terms of texture and bodiheAend of storage (28

days) the same samples received lower marks for more descriptors (such as taste, texture and body,
overall acceptability, and general appearance), especially for those made with the encapsulated
mixed probiotics. On the contraryehier evaluations were provided for samples containing non
encapsulated bacteria after 28 days of storalyetably, although in terms of overall acceptability

and texture and body, the preferred sample was the control, the differences with the remaining
samples containing the noencapsulated vaginal strains were limited. Furthermore, if in terms of
general appearance, no differences were highlighted between the control and the samples
mentioned above (BC4, BC9 and BC4 + BC9) in terms of taste, the prsfemple was BC9 while

in terms of smell it was BC4. Even in terms of colour, no differences emerged between control, BC4
and BC9, while the sample containing the mix of the two-anoapsulated vaginal strains differed
more, scoring a lower value than tlsamples mentioned above. More in geneffarmentation of

soy milk or soypased foods significant could impact the sensory featurglefinal products in a
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positive way.In fact, even though soy milk is a great nutrient supplementadseptance by

consumers could be limited due to disagreeable beany flavour, the presence of antinutritional

factor, that compromises mineral natural availability, and indigestible oligosaccharides, such as

raffinose and stachyose, which cause flatulendee@doropoulos et al., 2018). In order to address

these limitations, fermentation of soy milkased foods by LAB, especially when probiotics, has been

selected as an useful method for improving nutritional bioavailability, supplying health benefits and

enhancing physicochemical and sensory propertiadact, soy natural flavor is generally described

as beany and astringent and it is not well accepted by consumers. Fermentation provides

characteristic aroma and the use of probiotics to ferment soy millbleas reported to significantly
increase the final odor and flavor of the prodéra et al., 2002)Their key role could be related to
the production of organic acids and flavoring agents, as well as through the metabolishexdnal

which is generally associated with the bean flavor in soy milk.

3.5 Volatile compounds

¢KS aSya2NER LINRPLISNIe& 2F az2e& YAf]l LINRRdJzOGa
Identifying volatile compounds can aid in understanding their flavor cleratcs and the impact
of fermentation on the final product¢de Ovalle et al., 2018; Madjirebaye et al., 2022)latile
compounds of fermented soy milks measured adentified after 1 and 28 days of refrigerated

storage are presented in Table 5 and 6, respectively.

Table 5. Volatile compounds (reported as ppm) in soy milk and in all the investigated fermented soymilks,

after 1 day of refrigerated storage detected by G@S coupled with a solid phase micro extraction (SPME).
Control: fermented soy milk; BC4: fermentesby milk withL. crispatuBC4; BC9: fermented soy milk with
L. gasseriBC9; BC4+BC9: fermented soy milk with the mixLofcrispatusBC4+. gasseriBC9; EBC4:
fermented soy milk with encapsulated.. crispatusBC4; EBC9: fermented soy milk with encapsué L.
gasseriBC9; EBC4+BC9: fermented soy milk with the encapsulated mix ofrispatuBC4+. gasserBC9.

Molecules Sov milk Control BC4 EBC4 BC9 EBCY9 BC4+BC! EBC4+BC!
expressed in ppn y Tlday Tlday Tlday Tlday Tlday Tlday T1day
Diacetyl n.d. 1547 1.792 1.048 2.911 1.144 1514 0.627

Isobutyl ketone 0.248 0.217 0.088 0.175 0.137 0.140 0.152 0.149
2,3 Pentanedion¢ n.d. 0.168 0.249 0.200 0.356 0.273 0.232 0.148
Acetoin n.d. 0.253 0.202 0.279 0.342 0.573 0.275 0.227

2 Hexanone 0.390 0.144 0.071 0.102 0.102 0.100 0.136 0.321

4 Heptanone n.d. 0.189 0.063 0.192 0.107 0.332 0.260 0.157

2 Heptanone n.d. 0.056 0.041 0.082 0.069 0.127 0.077 0.068

2 Nonanone n.d. 0.029 0.014 0.027 0.023 0.061 0.021 0.038
Ethanol 1.134 1190 0.998 1.035 1.313 1.554 1.023 1.047

1 Pentanol n.d 0.302 0.327 0.365 0.365 0.566 0.295 0.352
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1 Hexanol 0.537 1.094 1.262 2.263 1.508 4.786 1.371 2.872
2 Hexanol 0.089 0.063 0.041 0.074 0.063 0.060 0.074 0.112
Ciclohexanol ~ 0.866 0.900 0.899 0.682 0.892 1.191 0.905 1.034

1-Octanol 0.118 0.089 0.149 0.134 0.126 0.239 0.128 0.301
Hexanal 1.468 0.109 0.067 0.024 0.113 0.053 0.100 0.206
Nonanal 0.885 0.119 0.048 0.092 0.081 0.138 0.115 0.151

Acetic acid 0.317 0.723 0.409 1.019 1.243 1.404 2.035 2.354
Hexanoic acid n.d. 0.039 0.031 0.041 0.046 0.086 0.070 0.035
Benzaldeide 0.865 0.624 0.458 1.449 0.700 0.975 0.812 1.211
Benzene 0.476 n.d. n.d. n.d. n.d. n.d. n.d. n.d.
Xylene 0.070 n.d. nd. nd. nd nd n.d. n.d.
Furan Zpentyl 0.223 0.021 0.009 0.008 0.008 0.011 0.008 0.010

b2GSY ayo®R¢ YSIyada y2 RSIGSN¥AYSR
Table 6. Volatile compounds (reported as ppm) in all the investigated fermented soymilks, after 28 days of
refrigerated storage, detected by G®IS coupled with a solid phase micro extraction (SPME). Control:
fermented soy milk; BC4: fermented soy milk with crispatu€8C4; BC9: fermented soy milk with gasseri
BC9; BC4+BC9: fermented soy milk with the mix_otrispatuBC4+. gasserBC9; EBC4: fermented soy
milk with encapsulatedL. crispatusBC4; EBC9: fermented soy milk with encapsulatdd gasserBC9; E
BC4+BC9: fermented soy milk with the encapsulated mix ofrispatuBC4+. gasserBC9.

Molecules Control BC4 EBC4 BC9 EBC9 BC4+BC! EBC4+BC!
expressed in ppn T28days T28 days T28 days T28 days T28 days T28 days T28 days

Diacetyl 0.335 0.382 0.226 0.391 0.055 0.342 0.032
Isobutyl ketone 0.029  0.031 0.042 0.028 0.054 0.039 0.051
2,3 Pentanedione¢ 0.114  0.066 0.084 0.118 0.028 0.068 0.026
Acetoin 0.231 0.534 0.253 0.267 0.118 0.243 0.281

2 Hexanone 0.054 0.026 0.049 0.023 0.071  0.029 0.027
4 Heptanone  0.139  0.287 0.415 0.123 1.072 0.141 0.035
2 Heptanone  0.058  0.025 0.079 0.025 0.056 0.022 0.043
2 Nonanone 0.046  0.020 0.055 0.028 0.069 0.082 0.028
Ethanol 0.156  0.252 0.177 0.180 0.487 0.222 0.166

1 Pentanol 0.418 0.418 0.473 0.370 0.176  0.062 0.151

1 Hexanol 0.359 0.291 0.436 0.376  0.525 0.485 0.975

2 Hexanol 0.045 0.024 0.086 0.026  0.023  0.030 0.048
Ciclohexanol  0.034 0.144 0.023 0.017 0.026  0.486 0.024
1-Octanol 0.053 0.136 0.058 0.063 0.112  0.965 0.094
Hexanal 0.066  0.007 0.045 0.034 0.020 0.049 0.032
Nonanal 0.049 0.035 0.068 0.032 0.066 0.050 0.061
Acetic acid 1.752 1.688 3.494 1271  4.286 1.436 5.711
Hexanoic acid 0.024  0.046 0.054 0.084 0.044 0.030 0.046
Benzaldeide  3.295 2.159 2.142 0.632 1502 0.952 2.394
Furan 2 pentyl 0.021  0.010 0.047 0.010 0.042 0.042 0.033

Even if each fermented soy milk was characterized by a specific aroma profile, molecules belonging
to alcohols, aldehydes, ketones, and organic acids were detected in all the samples. Based on our
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results (Table 5) there were apparent changes in flavoistsuizes after fermentation. In fact,
hexanal, the main volatile compound in soy milk and responsible for the characteristic beany flavor
was remarkably reduced not only by the starters, but also by the presence of vaginal strains. In fact,
the highest heanal reduction was observed in BC4 fermented soy milk (Table 5). After
fermentation, a similar reduction was observed in the above mentioned sample (BC4) for other
aldehydic compounds, such as benzaldehyde and man&equently associated with this beany
unwanted flavor,l f 82 1y26y & bHbaAN}raae Fil d2Nh | yR b2l
products fermented by starters or mixed cultures with vaginal strains contained desirable aroma
compounds, including dcetyl, 2,3pentanedione, acetoin an@-heptanone, as recently reported

by other studies on these food produciBhese compounds have suitable buttery, creamy or fruity
aromas and are mainly derived from the biotransformation of linoleic éealiseliScopel et al.,

2013) According toYuan & Chang(2007)furans are associated with an unpleasant flavor and
indicate color changes in soy milk products. Fermentation probably affects their contents, which is
why the furan compounds have drastically decreased after fermentation (Table 5). Our sgsults

in line with what observed bWadjirebaye et al. (2022) and Yi et al. (20&hp found a decrease in
furans compounds (furan-gentyl) upn LAB fermentation. Besides this, acetic acid contents
detected increased significantly, especially with the progress of the-bfeelfTable 6) for the
samples containing encapsulated vaginal strains. At the same time, after 28 days of storage (Table
6), slight increases in terms of diacetyl and acetoin in samples containing BC4 and BC9 non
encapsulated strains were detected. These two compounds are the most abundant and desirable in
dairy products.To better understand the effects of the variables auded (presence of probiotic,
encapsulation), on the aroma profiles of the fermented products, a principal component analysis
(PCA) was performed with the volatilome data. The projection of the samples and the related
molecules, analyzed after 1 and 28 daystorage (Figure 6 and 7), were able to explain respectively
72.39% and 58.41% of the total variance among the samples. As reported above, the main volatile
compounds in soy milk were hexanal, moal and furan Zoentyl while molecules such as diacetyl

or 2,3pentanedione, recognized as desirable aroma compounds in fermenteeypékproducts,

were characterizing control and products with rencapsulated strains (Figure 6). Encapsulation
influenced the distribution of the samples in the space more ttrentype of vaginal strain both at

the beginning and at the end of the shéife (Figure 6 and 7).
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Figure 6. Plot of cases (a) and variables (b) obtained by PCA elaboration of the total volatile molecules
characterizing the fermented soymilks after day of refrigerated storage. Control: fermented soy milk;
BC4: fermented soy milk with.. crispatusBC4; BC9: fermented soy milk with gasserBC9; BC4+BC09:
fermented soy milk with the mix ofL. crispatusBC4+. gasseriBC9; EBC4: fermented soy milk with
encapsulatedL. crispatusBC4; EBC9: fermented soy milk with encapsulatdd gasserBC9; EBC4+BC?9:
fermented soy milk with the encapsulated mix &f. crispatuBC4+. gasserBC9.
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Figure 7. Plot of cases (a) andriables (b) obtained by PCA elaboration of the total volatile molecules
characterizing the fermented soymilks after 28 days of refrigerated storage. Control: fermented soy milk;
BC4: fermented soy milk with.. crispatusBC4; BC9: fermented soy milk with gasserBC9; BC4+BC09:
fermented soy milk with the mix ofL. crispatusBC4+. gasseriBC9; EBC4: fermented soy milk with
encapsulatedL. crispatusBC4; EBC9: fermented soy milk with encapsulatdd gasserBC9; EBC4+BC9:
fermented soy milk with the eeapsulated mix ot. crispatuBC4+. gasserBC9.
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3.6 Rheological properties of fermented soy milks

Flow properties could be useful to better understand the structure of soy milk gels such as
fermented soy milk or yogurfKumari et al., 2022)in Figure 8 the viscosity curves of different
samples at different time of storage are shown. To reduce the number of variables, it was decided
to analyze only the control sample and the fermented soy milk made with the mix of vaginal

probiotics (BC4+BCand EBC4+BC9).
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Figure 8. Viscosity curves of control;BEEZ4+BC9, BC4+BC9 samples during the refrigerated storage (T1
means 1 day of storage at 4°C, T14 means 14 days of storage at 4°C, T28 means 28 days of storage).

All samples exhibit a typical néNewtonian behaviorghear thinning, characterized by a decrease

of viscosity with the shear rate increase in agreement with the studies of Lee and Lucey, (2006); Li
et al., (2014) and Zhu et al., (2020). This behavior can be explained by the stroaiaown of

the molecules due to the hydrodynamic forces generated and to the increased alignment of the
constituent molecules (Glicerina et al., 2013). Moreover, to better explain results obtained from the
curves, the yield stresslassically defineds the minimum shear stress that must be applied to the
material to initiate flow (Sun & Gunasekaran, 2009), and Casson plastic viscosity, expressed as the
force required to maintain a constant flow in the product, are showed in Figures 9 and 10,
respectvely. All samples were well fitted by the Casson model, providing high correlation

coefficients (R that ranged from 0.85 to 0.99.
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Figure 9. Yield stress (Pa) values reported for contreBE&4+BC9, BC4+BC9 during the refrigerated storage
(T1 means May of storage at 4°C, T14 means 14 days of storage at 4°C, T28 means 28 days of storage .
Within the same timepoint, data with the same superscript letter must be considered not statistically
different (p > 0.05).

35
30
25

20

mPa*s

15

10

T1 T14 T28

@ Control ME-BC4+E-BC9 HE BC4+BC9

Figure 10. Viscosity (mPa*sjalues reported for control, BC4+BC9, BC4+BC9 during the refrigerated
storage (T1 means 1 day of storage at 4°C, T14 means 14 days of storage at 4°C, T28 means 28 days of
storage. Within the same timepoint, data with the same superscript letter must bensidered not
statistically different @ > 0.05).

As shown in Figures 9 and 10, both rheological parameters seem to show a similar trend when
comparing the various samples and considering the dlielprogress. The sample containing the
encapsulated vginal strains showed the highest values in terms of yield stress and viscosity after 1
day of storage (T1) which was followed by a decrease with the progress of thdifeh@if the final

time (T28), no significant differences were observed among tingptess considered for both the
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parameters. More in general, as reported Blgu et al., (2020ermentation has a significant effect

on the rheological properties of soy milk, converting itfra Newtonian fluid into a neihewtonian

fluid. In the same study, significantly higher viscosity values were reported for soy milk fermented
by riboflavin producing lactobacilli compared to the A@mmented soy milk. Moreover, the
reduction observed inigld stress and plastic viscosity during storage can be related to a partial
whey separation, however not perceived on the sensory test, or a decreased charge, which weakens
colloidal stability caused by the post acidification phenomenon. According tan&/atsal., (2006)

and Han et al., (2012), this involves also a strong acid taste, as highlighted indeed by volatile and
sensory analysis. However, other studies reported a decrease in fermented soy milk viscosity
increasing the shear rate, showingmblewtonian fluid behaviofLi et al., 2014; Zhu et al., 2020)

On the basis of these considerations, the resulting rheological properties of féetheasoy milk
products could be influenced by many factors such as composition of soymilk, strains of lactic acid

bacteria and fermentation conditions.

4. Conclusions

The results obtained in this work showed that the two probiotic vaginal strhingjspatu8C4 and

L. gasseBC9, are promising candidates asstarters for soy milk fermentation. In fact, they were
able to grow in soy milk, also enhanci@gthermopHhusviable cell counts. In addition, the vaginal
strains, especially when encapsulated, were able to preserve their viability during simulated GIT
conditions, meeting the desirable criteria related to probiotic functional foods. Samples added with
encapslated vaginaldctobacill displayed the best profile of intestinal pathogen inhibition. On the
contrary, only fermented soy milk containing nencapsulated vaginal bacteriaspecially those

with L.crispatusBC4 and..gasserBC90btained promising m&ks on the sensory tesin terms of

smell and taste. Although each fermented soy milk was characterized by a specific aroma profile,
molecules such as diacetyl or acetoin, recognized as main aroma compounds of fermented milk
type products, were more repeEntative in samples containing n@mcapsulated vaginal strains.

On the other hand, the products with encapsulated bacteria were notably characterized by a
progressive increase in acetic acid accumulation, as also demonstrated by sensorial analysis and pH
In addition,aldehydic compounds, such hexanal benzaldehyde and nomal, responsible for the
characteristic beany flavomwere remarkably reduced not only by the starters, but also by the
presence of vaginal strainespecially. crispatu8C4
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Rheological parameters in terms of yield stress and plastic viscosity showed highest values for soy
milk realized with encapsulated vaginal bacteria compared to-@mmcapsulated and control ones

at first days of storage, highlighting a decrease duringfdtielenough to present no differences
between the other samples at the end of theal.

These results suggest the potential uselofcrispatudBC4 and.. gasserBC9 as cagtarters for
fermented soy milk and at the same time may suggest soy milkpesnaising vehicle for their
delivery. Of course, further researeliming to also evaluate the functionality of the product after

digestion is required.
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CHAPTER 9

Evaluation on the effects of
fermented soymilk products
supplemented with
vaginalprobiotic
Lactobacillus crispati®C4 and
Lactobacillus gassé8iC9 on

postmenopausal fecal
microbiota
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Abstract: The composition of gut microbiome is considered relatively stable during adult life.
However, the gut microbiome displays sexumhdrphism, suggesting influence of sex hormones,
and also has been shown to change with aging andreigeed states like menopause and post
menopause. In this scenario, the aim of thisrk was directedto determine the potentialitiesof
fermented soymilk products, formulated withencapsulated anchon-encapsulated functional
vaginal Lactobacillusstrains on a specific microbiota represent by postnopausal women.
Therefore, fecal cultures with fecal mabiota of postmenopausal women, supplemented with pre
digested fermented soy m#k containingL. crispatu8BC4 and.. gasserBC9 as probiotic strains,
were set up. These fecal fermentations were assessed for 48 h by pH analysis, monitoring gas
production, evaluating the metabolic activit$ CFAby gas chromatography) and the changes in the
fecal microbiota composition (QPCR determinationB)e obtained data, also considering the
variability between the various donors, have highlighted interesting behaviour for selected samples

made with the vaginal strains especially in terms of productioB@FA.

1. Introduction

The human intestinal miclmome, intended as a symbiotic community that acts as an organ fully
AYGSaANIGSR Ay (GKS K2aiQa YSGlFoz2ftAaYTrenaBILANS &Sy
Backhed, 2012Moreover,the composition ofjut microbiomeis considered relatively stabtkiring

adult life. However, the gut microbiome displays sexual dimorphism, suggesting influence of sex
hormones, and also has been shown to change with aging andetaged states like menopause

and postmenopause(Aumeistere et al., 2022)In this framework, according a recent report
conducted byPeters et al. (2022)little is known regarding the influence of menopause on the gut
microbiome, and the considered works gglest that menopause is associated with lower gut
microbiome diversity and a shift compared to preenopause. However, further investigations are
needed, related to large study populations, to find replicable patterns in taxa impacted by
menopause. In this sense,Zhao et al. (2019reported bwer gut microbiome diversity and
differences in gut microbiome composition for pesenopausal (n = 24) compared to pre
menopausal (n = 24) womemmatched on age and BMI, including lower abundance of
Firmicutes RuminococcysandAbiotrophiain postmenopausal women. In addition a large number

of postmenopausal women (250 %) were involved in several vulvovaginal sympt@ihshleisen

& HerbstKralovetz, 2016)in fact, reduceastrogen secretion during and pestenopause causes

the decrease of lactobacilli and increase in the intravaginal pH, which is, potentially connected with
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an increased colonization of vaginal environment by harmful microbes (suBlscerichia coli
Candda, Enterobacter Gardnerellaetc.), the main causes of bacterial vaginosis (BV) and
complicated vulvovaginal candidiasis (Vin & Park, 2017)Consequently, in order to ensure
healthy vaginal environmetror treat specific vaginal dysbiosis, there is an increased interest in the
development of probiotic therapy, also represented by healthy vadiaatobacilli as active
functional microorganisms against several-gemital pathogengDover et al., 2008; Foschi et al.,
2017; Gupta et al., 2018lahui Palomino et al2017; Nardini et al., 2016; Parolin et al., 2018)

this sensePetricevicet al (2008)has demonstrated that also oral probiotic formulations, as well as
vaginal instillation, exhibited potential to restore the healthy vaginal microbiome also for post
menopausal womenin this sense, vaginabctobacillus crispatusnd Lactobacillus gassestraing
isolated byParolin et al., 2015exhibited activity towards several genital pathogens, including
Candida(Calonghi et al., 2017; Parolin et al., 2QXGhlamydia trachomatigNardini et al., 2016;
Parolin et al., 2018)eisseria gonorrhoea@oschi et al., 201G roupB StreptococcugMarziali et

al., 2019)and HIV1(Nahui Palomino et al., 2019Moreover, although these strains could be
available as oral preparations, it would be very challenging to use them in foods as a dietary strategy.
Therefore, the same strainsolated byParolin et al., 2015, have also been tested as functional
additionalcultures in the food secto(Siroli et al., 2017)Consequently, the digestive fate of one of
these selected vaginal strains, suchlascrispatusBC4when carried in a soft cheese, was also
investigated adpting SHIME® systefRatrignani et al., 2020Moreover, in growing demand for
non-dairyfood alternatives as probiotic carrigrsoyhas become of special interest in the food area.
Soy isoflavonesare recognized adietary phytoestrogensnd arewidely used as food additives to
prevent menopauseelated disorders. However, it is important to underline that their
bioavailability stongly depends on the activity of intestinal bacteria and their ability to metabolize
these compoundsierein,the main aim of the presergtudywas to determine the potentialitiesf
fermented soymilk products, obtained by fermentation of soylk with commercial starter cultures
and supplemented wittencapsulated andhon-encapsulated selected functional vaginal strains,
used individually or in combination3o this end, a simulatedigestion andfermentation bythe
fecal microbial communityvas assessed umg in vitro cultures with fecal microbiota from pest
menopausal donorLCultures were supplemented with paigested fermented soynilk products.
Their impact on the gut microbiota was assessed by monitoring gas production and evaluating the
metabolic acivity (short chain fatty acids by gas chromatography) and the changes in the fecal

microbiota composition (QPCR determinatipns
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2. Materials andVethods
2.1 Bacterial strains

The functional strains used in this work weractobacillus crispatu8C4 andLactobacillus gasseri

BC9 , belonging to the collection of FABIT (Department of Pharmacy and Biotechnology, University
of Bologna, Italy) and isolated from the vagina of-prenopausal Caucasian women (aged;4%8

years), with no symptoms of vaginal or urinary tract infections, in accordance with the Ethics
Committee of the University of Bologna (52/2014/U/Tess). These beneficial strains were deeply
characterized for their antagastic activity against urgenital pathogengParolin et al., 2018&nd

other sdety, functional and technological featurés5 4! f Sdal yRNR SG |t ®X wun
2021; Siroli et al., 201M)actobacillus delbruecldgubsp bulgaricusand Streptococcus thermophilus

were provided by Sacco srl (Italy). Fresh cultures of each strain were obtained from frozen stocks by
two consecutive transfers in MRS broth (Oxoid, Basingstoke, United Kingdom) using a 1% (v/v)

inoculum and incubated at 37 °C in aerobic conditions feright.
2.2 Production of microcapsules by sprayying

L. crispatu@C4 and..gasseri / @ 6 SNB AYRAODGARdz & OdzZ G§GADI GSR

+ 0.05% 4{cysteine under anaerobiosis to obtain a final concentration of at leaSICEU/mL dr

each strain. The strain cell loads were determined after serial dilutions in 0.9% NaCl isotonic solution
by plating on MRS agar with 0.05%B 38 1§ SAYS | YR Ay Odzo I GAy3 4G or
One liter of each strain was centrifuged at 8200 T2 NJ mp YA y26 XRiwitnJa-A0 0! @
rotor, Beckman Coulter). After removing the supernatant, the microbial pellet was washed with 1 L

of 0.9% NaCl isotonic solution and then resuspended in 500 mL of commercial soy milk. Commercial
soymilkwk 6 K cddnm: (20Kt a2f ARaAX dody .NRAESZ LI ¢ dc
0.4% fibers was used. Sprdgying was conducted using a maspraydryer (B191, Buchi
Labortechnik AG, Switzerland), which was a laborasegle sprayryer equpped with a single fluid

y2i T tSo® wSIFNRAY3I GKS LINRPOS&da O2yRAGAZ2Y A AYyf S
selected, respectively. The pump rate was maintained between 19% and 36% aspiration, while the
feed flow rate was 10 mL/min. For eachlture, 1 L of suspension was spidyed to produce an

average of 5.2 g of powder/100 mL of suspension. Sgreeg powder samples were collected from

the cyclone, mixed gently, and vacutpacked in nylon/polyethene, 102m highbarrier plastic

bags (TOY 2 @ O { Iy tl 2f2 5Q! NH2TchovacSaviBe: Y2 LGl f &0
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2.3 Preparation of fermented soymilks

The production of fermented soymilks was carried out in lab conditions. Commercial UHT soymilk
(Alpro Soya Drink; Alpro NV, Wevelgem, Belgmwas splitted in 100 mL containers and each one
was inoculated with starter cultureg éctobacillus delbrueclgubsp.bulgaricusand Streptococcus
thermophilug at level of 6 log CFU/mL while the functional strains, encapsulated or not, were
inoculated atlevel of at least 7 log CFU/mL. The inoculated soymilks were incubated at 42 °C until
the reaching of pH 4.5. Seven types of experimental fermented milks were produced and defined as

follows:

Fermented MilkControl (FMC) fermented soy milk containing star cultures only:
BC4 fermented soy milk containing starter cultures dndcrispatu8C4

BC9 fermented soy milk containing starter cultures dndyasserBC9

BC4+BC%ermented soy milk containing starter cultures and the mik.ofrispatu8C4+. gasseri

BC9
E-BC4 fermented soy milk containing starter cultures and encapsulatectispatu8C4
EBC9 fermented soy milk containing starter cultures and encapsulateghsseBC9

E-BC4+BCYermented soy milk containing starter cultures and the encidgted mix ofl. crispatus

BC4+t. gasserBC9

2.4 Starter cultures and probiotic strain viability in fermented soymilks
At the end of fermentation, the different soymilk products were subjected to microbiological

sampling according to the methogsoposed in Chapter 8.

2.51In Vitro Digestion

All the formulatedsoymilk productswere subjected ton vitrosimulated digestio according to the
INFOGEST protoc(Brodkorb et al., 2019)In vitro digestion lasted for 242 min (2 min of oral
digestion, 120 min of gastric digestion, and 120 min of intestinal digestion) at 37 °C. During the
process, several consecutive enzymatic reactions took place by theasdditisimulated saliva,

simulated gastric juice (containing 2000 U/mL pepsin) at pH 3, and simulated pancreatic juice
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(containing 10 mM bile and 100 U/mL pancreatin) at pHAfler digestion the samples were

immediately frozen at80°C, andhen lyophilized.
2.6 Volunteers and Fecal Sample Collection

Fecal samples were obtained from 3 pos¢nopausal womels5+ 2 years of agednd collectecht
IPLACSIC (Spaiill participants followed an unrestricted diet and had not taken antibiotics during
the previous 6 months. An informed written consent was obtained from each voluate®ithe

study was approved by the Regional Committee of Ethics on Research of the Principality of.Asturias
Samples were collected and immediately introduced into anaer@® (Anaerocult A System,

Merck, Darmstadt, Germany) for transportation to the laboratory within 1 h and directly use.
2.7 Fecal Batch Cultures

Predigested soymilk products obtained after INFOGESgdestion protocal were then added into

a faecal cultue model systemlndependent pHuncontrolled fecal batch fermentations were
performed in a basal medium (BM) for cultivation of feces accordiidpigacka et al. (203Qvith

minor modifications. Briefly, BM arsterile PBS solutiowere prepared and reduced overnight in

an anaerobic chamber one day before the sample procesSinghe day of the assay, the stocks of

fecal samples were thawed in anaerobic conditions, centrifuged, washed, asuspended in pre

reduced sterile PBS to a concentration of 1/4@). Prereduced BM was inoculated (10#4) with

the fecal homogenate and distributed into bottles of the ANKOM RF system (Ankom Technology,
Macedon, NY, USA) to a final volume of 80 mL per bdtti@vernght stabilization undeanaerobic
O2yRAGAZ2Y & g1 & LISNF2NXYSR | i a asolutibn coddikiggNI1lRgF  § K
of lyophilizeddigestedproduct dissolved in 5 mL of wateBottles with the different digested soy

milk productsas wél asa negative control (water) were incubated under anaerobiosis at 37 °C for

48 h. Samples (2 mL) were taken in duplicate at time O before incubation (basal conditions: baseline)
after 24 h and 48 h of incubation. The samples were centrifuged at feidsfor 15 min, and pellets

FYR &dzLISNYyFdFyida oSNB aG2NBR aSLINraGSte 0 bH
2.8 pH and Gas Monitoring in Fecal Cultures

The pH of fecal cultures was determined at time 0O, after 24 h and after 48 h of incubation with a
pHmeter SenslION +H3 (HACH, Barcelona, Spain). The cumulative gas produced during the
different fermentation conditions was monitored in ret@ine by using the ANKOM RF system as

indicated by Nogacka et ak2020) This system provides the increases in pressure (psi) that can be
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converted to mlof gas produced, using the Ideal Gas Equation: V=VjxPpsix0.068004084 where: V =
gas volume at 39 °C in mL, Vj = headspace of digestion gas bottle in mL, Ppsi = cumulative pressure

recorded by the Gas Monitor System software.
2.9 Short Chain Fatty Aci®&CRs) Quantification

The analysis d8CFAwas performed by Gas Chromatography (GC) in the fecal culture supernatants
(CS) in order to determine the molar concentrations of three main compounds: acetic, propionic
and butyric acids. Briefly, 0.25 mL of thdtate supernatants were mixed with 0.3 mL methanol,
0.05 mL of an internal standard solutionthylbutyric 1.05 mg/mL), and 0.05 mL of 20% formic
acid. This mixture was centrifuged, and the supernatant was used for quantificat®aFrfby GC

as desched previously Nogacka et al., 20203amples were analyzed in triplicate. Absoleteels

in molar concentration oSCFAwere calculated for each fermentation batch with the different

digested product tested.
2.10 Microbiota Composition

DNA was extracted from the bacterial pellets by using the QIAamp DNA Stool Mini kit (Qiagen
GmbH, Hden, Germany) according tdogacka et al. (202@nd the isolated DNA was stored-at
20°Cuntil use forgPCR analyseébsolute levels of some relevant intestinal microbial groups such
as Lactobacillus, Bifidobacteriumnd Enterobacteriaceaewere determined at 0, 24 and 48 h of

fermentation by qPCR using primers and conditions accordibatn& Clément (218)

2.11 Statistical Analysis

All experimental data are reported as mean + standard deviation. The obtained data were analyzed
by Statistica software (version 8.0; StatSoft, Tulsa, OK, USA) adopting the analysis of variance
(ANOVA),and¢ dz] SeQa GSad F2NIRFGF O2YLI NRARaz2yaod

3. Results andDiscussion
3.1 Gas production and pH variations during fermentation

In order to evaluate thén vitrofermentative dynamics, the variations in pH and gas production by

the fecal microbiotas of poshenopausl women were monitored during 48 h of incubation, as
reported in Table 1 and Figure respectively¢ KS @I NA | 6 Af AGe& 20aSNISR |
precluded us to combine the data and instead the data were analyzed on an individualdsnar
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menopausal microbiotaof donor 1, 2 and 3Differences are shown for eaationor (1,2,3) betweenall the

samples, after 24 o¥t8 h of incubatim. The values not sharing the same superscript letters indicate

significant differences-value < 0.05).

As far as the pH values acencerned, considering the different donors, slight differences were
observed between selected samples after 24 or 48 hours of faecal fermentation. More specifically

for the majority of the fecal samples considered small increases in pH were detectechati®3

k LIK k LI kK LI k LIK k LIK k LI
after 24 h after 48h after 24 h after 48h after 24 h after 48 h
donor 1 donor 1 donor 2 donor 2 donor 3 donor 3

Samples
Water 0.02+0.02 0.12+0.02 -0.02+0.02 -0.03#+0.01 0.07+0.01 0.17+0.02
FMC 0.10+0.02 0.2%+0.03 -0.1#+0.01 -0.09+0.03 -0.05%+0.03 -0.03+0.03
BC4 0.11°+0.02 0.24+0.04 -0.12+0.02 -0.1¢%0.03 -0.12+0.02 0.042+0.04
BC9 0.10+0.01 0.24+0.01 -0.1+0.03 -0.12+0.04 -0.14+0.01 -0.03+0.02
BC4+BC9 0.13+0.02 0.27+0.02 -0.12+0.02 -0.11°+0.01 -0.0660+ 0.03 0.06¢+0.03
EBC4 0.09+0.02 0.20+0.02 -0.18+0.04 -0.18+0.03 -0.12+0.03 -0.05%+0.01
EBC9 0.1°+0.02 0.12+0.04 -0.16#+0.02 -0.09+0.03 -0.1*+0.03 0.02+0.03
EBC4+BCS 0.082+0.03 0.29+0.02 -0.29+0.02 -0.12+0.03 -0.12+0.03 0.02+0.03

compared to 24 hours for donor 1 and donor 3. In addition, considexaniy donoy for the same

timepoint

presence of soy products digested with the vaginal strainsmpared to FMC (soy product digested

with commercial starter cultures only).
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Figure 1. Cumulative gas produced (mL) after 24 and 48 h of incubation in fecal cultures with female post
menopausal microbiotaof donor 1, 2 and 3.

Regarding gas productiotie considered fecal cultures postmenopausal womersupplemented

with the digested soy milk products or water, showed peculiar behaviorsq24th and at 248 h
(Figure 1). More specificallgifferent values were recorded by the fecal samples in presence of the
different digested soy productslso umlerling a strong variability among the recruited dondrs

fact the variability detected among the donors is linked to a physiological variability among
individuals and in the range reported in previous studiddogacka et al., 2020Among all the
samples the highest values were observed for donor 1 #BC& and BBC4+BC9, during the first

24h of fermentationNeverthelessA (10 Qa Yy SOS a al NJe riapritykoh tBekKsbmipBK (I K
supplemented with the different fermented soy nslishowed contained valugbhowever, higher

than the gas production observed in the negative control cultlifese results, taken together with
those observed for the pH suggest that the addition of the probiotics, either as encapsulated cells

or naked, daot affect the fermentability of the soy product by the colonic microbiota
3.2 Production of ShodChain Fatty AcidsSCF4

As reported by a large literature datMilani et al., 2017; RieSovian et al., 2016; Sanchez et al.,
2017; Tojo et al., 2014jhe gut microbiome plays a key rabe human health with the bacteria
metabolites short chain fatty acidsSCF4 having an important role in this microbictzealth

interaction. In fact,SCFAcontribute to shaping the gut environment, influence the physiology of
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the colon, they can be used as energy sources by hostatelighe intestinal microbiota, and they
also participate in different hostignaling mechanisms (RiGsvian et al., 2016Most commonly
only the data related to the main shechain fatty acids (acetic, propionic, and butyric acids)
intended as the mostepresentative ofSCF&production arereportedin the literature(Nogacka et

al., 2020; Rie€ovian et al., 2016Acetate production has been reported as aaal metabolite
responsiblgor the capability ofintestinalBifidobacteriumin inhibiting enteropathogen@ukuda et

al., 2011) Moreover, butyrate fuels the intestinal epithelial cells and increases mucin production,
which may result in changes on bacterial adhegihmg et al., 2015nd improved tighjunctions
integrity (Peng et al., 2009)Thus, the production BBCFAseems to play an important @ in the
maintenance of the gut barrier function. In addition, the absorption of butyrate by colonocytes
significantly affects energy homeostasis. Interestingly, although the three main inteSiCiaé
have a protective effect on diehduced obesity, biyrate and propionate seem to exert larger
effects than acetatéLin et al., 2012)Butyrate and propionate, but not acetate, have been reported
to induce the production of gut hormones, thus reducing food intélkia et al., 2012)Acetate has
also been found to reduce the appetite, in this case through the interactitnthe central nervous
system(Frost et al., 2014 )Additionally, the production dCF4&also modulates the immune system
functionality in host organisms. Significantly, butyrate and propionate have also been reported to
induce the differentiation of Fegultory cells, assisting to control intestinal inflammation; this
effect seems to be mediated via inhibition of histone deacetylafidanohoe et al., 2014; L@uet

al., 2014) This control of intestinal inflammation may result beneficial in terms of gut barrier
maintenance, reducing the risk of inflammatory bowel disease or colorectal cancer.
Theconcentration (mM) of the total dfCF&and the main shorthain fatty acids (acetic, propionic
and butyric) for the investigated fecal cultures wergtainedfor the different donors are reported

in Figures 2, 3 and 4 respectively
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Figure 2 Absolute levels in the concentration (mM) of the main shashain fatty acids: total (a), acetic (b),
propionic (c) and butyric (d) after 0, 24 and 48 h of incubation with the different digested soy milk products
in presence of fecal cultures of donor liffg2rences are shown for each sample between 0, 24 and 48 h of
incubation; columns that do not share the same letter are significantly different (p < 0.05).

As reported in Figure &, with regard to the total production of the main sheshain fatty acid
observed for the fecal cultures of donor 1, different trends, also depending on the samples tested
were observedCertainly, for most of the samples an increase was observed starting from the 24h
of incubation. In this regard, while for the control arfeetwater upon reaching 48 hours a decrease
was observed compared to 24 hours, for some samples containing vaginal bacteria, such as BC4 and
BC4+BC9, increases were recorded compared to 24 hours. More generally, the most interesting
increases, not only ireference to their own time 0, but also considering the other samples, were
observed for two samples containing vaginal strains such as BC4 + BC9 at 48BGthd BC9 at

24 h, underlining a potential synergistic effect between the 2 strains. With reigatde single
production of the main shorthain fatty acids, observed for the fecal cultures of donor 1 (Figure
b,c,d), trends similar to those highlighted by observing the total production of the i8&lRAwere
evidenced. Not surprisgly the higher amountgor the three main SCkAacetate, propionate and
butyrate)were evidencedfor BC4 + BC9 at 48 h an@BE4 + BC9 at 24 h in donor 1.
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Figure3. Absolute levels in the concentration (mM) of the main sharhain fatty acids: total (a), acetic
(b), propionic (c) and butyric (d) after 0, 24 and 48 h of incubation with the different digested soy milk
products in presence of fecal cultures of don®r Differences are shown for each sample between 0, 24
and 48 h of incubation; columns that do not share the same letter are significantly different (p < 0.05).

With regard to donor 2 and the related total production of the principal stubrdin fatty ads
(Figure3 @ , different considerations can be done compared to dondfifstly, in comparison to

the previous donor, in general SGEAncentrations were more similar between 24 hours and the
end of incubation (48 hours). Nile for donor 1 the highest values in termsEFAwere recorded

for sample BC4 + BC9, for donor 2 considering the same sample no significant differences were
highlighted in the 48 h of incubation. In the same way, also for the sample BC9 after 24 h with
respect to its time 0 and for-BC4 after 48 h with respect to the value recorded after 24 h, no
significant differences were highlighted. In addition, for this aiothe most significant increases
were observed in samples BC4 after 24 h aARACE + BC9 after 48 h. At this juncture also in donor

1 interesting increases were highlighted for this befarentioned sample BC4 + BC9). With
regard to the single produitin of the main shorthain fatty acids (Figui@b,c,d, not surprisengly

in terms of aceticpropionic and butyric acid productions the higher amounts were reported in the
samples BC4 after 24 h aneBE4 + BC9 after 48 h, underlinitrgnds similar © those highlighted

by observing the total production of the ma8CFA
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Figure4 . Absolute levels in the concentration (mM) of the main sharhain fatty acids: total (a), acetic
(b), propionic (c) and butyric (d) after 0, 24 and 48 h of incubation with the different digested soy milk
products in presence of fecal cultures of don8r Differences are shown for each sample between 0, 24
and 48 h of incubation; columns that do not share the same letter are significantly different (p < 0.05).

Donor 3showed a different SCFAs beha\ieigured) with some noticeabl@ifferences with regard

to donor 1 and 2. In fact for this donor all the samples, apart from the water, showed after 48 h
values higher than time 0 and similar or higher than 2probably suggesting a slower metabolic
capability of the microbiota from i donor While both donor 1 and 2 had recorded interesting
values for sample-BC4 + BC9, the same sample seems to be slightly less performing in donor 3,
where it showed significant differences compared to time 0, but not between 24 and 48 h of
incubatian. In addition, also for sample BC4 no significant differences were highlighted between 24
and 48 h of incubation. More generally, the highest value in terms of total production was recorded
for sample EBC9 after 48 h of incubation. Also in this casehwaigard to the single production of

the three main SCFA(Figure4 b,c,d, trends similar to those highlighted by observing the total
production of SCFAwere detectedIn addition, while considering the variability detected between
the various donors,salready highlighted for different fecal fermentationsMggacka et al. (2020)

in the presentstudy we found thatn terms of metabolic activityevaluated through the production

of SCFAthe encapsulation and the association betwdercrispatu8C4 and.. gasseBC9had a

greaterinfluence than the single strain.

3.3 Microbiota Composition

Among the commensal bacteria that are resident in the human gastrointestinal tract (GIT),
bifidobacteria represent one of the mosequently consideredt LINR 6 dr BetiekiodEmicrobes,
although theyconstitute less than 10% of the humanicrobiota, although thi levels seems to be
dependent on age diefTurroni et al., 2008nd sex(Zhao et al., 2019Members of the genus
Lactobaillusare alsoamong the most relevant microorganisms in the human $ii€e, although
less numerous that bifidobacteria, they amsidely associated with good health.Human
intervention studies frequently show a benefit with probiotic administrati(lRusso et al., 2019;
Sung et al., 2018; Tarrah et al., 2019; Tonucci et al., 2017; Zommiti et al.,l2@2B¢ importance
and roleof intestinalLactobacillust is stillbeinginvestigated.Nevertheless, although we do not
fully understand the role of the different microbial groups, the relationship whhn health and
disease with fecahicrobiotacomposition is widely recognized Intestinal bacterizare also

frequently correléed with numerous other host (genetics, age, sex) and environmental (diet,
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medication) factors. Moreover, strain and / or speesgecific differences amongactobacillus
might be useful to explain variations in the involvement of this genus, either ipréeention or
mitigation of disease or, alternatively, as a contributing factor to disease outc§Rreraandez
Navarro et al., 2017; Ivey et al., 2015; Nogacka et al., 2021; Zarrati et al.,. Fatthermore, the
notable variation in intestinal abundance of this genus between healthy and diseased, or-health
compromised, individuals indicates thaactobacillusor at least certain species or genotypes of
Lactobacillusmight be useful gut biomarke(Heeney et al., 2018pn the contrary, other microbes
such asthe Enterobacteriaeaefamily are often related to disease and/or disease risk situations.
These facultative anaerobes show a higher tolerancexggenand reactiveoxygen species often
produced in the context of inflammatiomicrobiota dysbiosis in response to inflammation has been
described, with a large relative increaselnterobacteriacea¢Zeng et al., 2017Moreover, an
increment inEnterobacteriaceawas also associatiewith chronic UC inflammation compared to an
acute status, showing a positive correlation of this bacterial family with a severe disease stage
(Walujkar et al., 2014)These studies support the notion th&nterobacteriaceaseem to have a
growth advantage over other members of the gut microbiota commensals in the inflamed GIT
mucosaSome species of thfamily show pathogenicity traits allowing them to act as opportunistic
or true pathogens. These data prompted us to determine the levels of these microbial groups by
gPCR in order to understand the response of these intestinal populations, part of thebroter of
postmenopausalvomen, when supplementedavith soy milkfermented products Absolutelevels

(log num copies/mL fecal culture) @ifidobacterium, Lactobacillus, Enterobactgenus were
determinedat O, 24 and 48 h of incubatioof the fecal culturedrom donor 1 (Figures), donor 2
(Figure6) anddonor 3 (Figure).
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digested soy milk products in presence fefcal cultures ofdonor 1.

In fecal cultures ofdonor 1 (Figure5), no significant changes and / or decreases he t
Bifidobacteriumlevelswere detectedbetween the various samples and with respect to their own
time 0 points. On the contrarfor Lactobacillusaand Enterobacteiaceaesome differences emerge,
especially for the samples containing the vaginal strains compared control. More specifically, for
some samples containing vaginal strains, such as BC4+HTC3, BEBC9, BBC4+BC9, an initial
increase (T0) was shown with regdadthe levels ofLactobacillusompared to the other samples
which corresponded to a decrease in the following 48 h. Among these above mentioned samples,
especially BC4+BC9BE4, EBC4+BC9 , a reduction in the detectedterobacteiaceaeload was

also hghlighted after 48 h of fermentation compared to the initial time (T0), that could be due to
the presence of these vaginal strains, especially when in combination (also independently if

encapsulated or not).
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digested soy milk products in presence of fecal cultures of doBor

With regard to donor 2 (Figur6), on the other hand, various anomalies emerge between the

different sampes, already starting from time 0, that make it really difficult to understand the

different trends referring to thdevels ofBifidobacterium, Lactobacillus, Enterobacgenus. With

regard to the samples containing the vaginal strains, it appears evidlahwith the proceeding of

fermentation, generally, the loads difidobacterium, Lactobacillus, Enterobactacrease.

206



25

20

8.35
8.29 7.40 8.42 8.25 8.29 7.97
6.87

6.94 :
7.97 8.38 7.77 657 084 ol 633594 | 696 086 551 6.38
15 6.32 6.01 B

6.045.84 _ 1530 6.13 5.90 6.35 6.31
10 424 395 4.1 420 419 ] 5.41 4.96

4 5305691 520349 1 533274 = 58155

m Bifidobacterium m Lactobacillus m Enterobacter

Log num copies/mL fecal cuture

[é)]

0

Water TO
Water T 24
FCM T24
FCM T48
BC4 T24
BC4 T48
BC9 T24
BC9 T48
BC4+BCO T
BC4+BC9 T2
E-BCO9T
E-BC9 T2

Water T48

BC4+BC9 T4

E-BC4+E-BC9
E-BC4+E-BC9 T
E-BC4+E-BC9 T

DONOR 3
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Concerning the data obtained by thiecal cultures ofdonor 3 and the relatedlievels of
Bifidobacterium, Lactobacillus, Enterobackeeae (Figure 7), some interesting considerations
emerge. As regards the valuesBifidobacteriunfor all samples, a decrease was detected in the 48
h of fermentation comparedo the initial time.More specifically for the samples containing vaginal
strains it was shown that after 48 h on incubation the detected loadsaofobacillus,were higher

than the remaining sampleg\lso, with regard to the samples containing the wagistrains, a
decrease in th&nterobacteiaceaeload with respect to TO was also highlighted after 48 hours of
incubation. With reference to this aspect, unlike donor 1, no particular trends were highlighted, for

example relating to the type of straimyé combination of the two vaginal strains or encapsulation.

4. Conclusions

The data obtained in this study, withe aim to determine the potentialitiesf the formulated
fermented soymilks, formulated witrencapsulated andon-encapsulatedunctional vaginal strains

on a specific microbiota represent by peaenopausal women, open to several consideratidns.
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the present study fecal cultures with fecal microbiota of posnopausal women, supplemented
with pre-digested fermented sownilk products, were assessed for 48 h by pH analysis, monitoring
gas production, evaluating the metabolic activiBQFAS8yY gas chromatography) and the changes

in the fecal microbiota composition (QPCR determinatioAs).regards the pH values, for all the
tested samples, not major differences were evidenced between 24 and 48 h of fecal fermentation.
With regard to gas production, similar values with no significant differences were recorded by the
fecal samples in presence of the digested soy products with #iggnal strains, compared to the
control (digested soy product with only commercial starter coltuseg)gesting that the addition of

the lactobacilli do not affect the fermentability of the fermented soy matrix by the microbiata
addition, while consideng the variability between the various donors, as already highlighted for
different fecal fermentations byNogacka et al. (2020)in the present experimentation it was
observed how in terms of production 8iCF4A interesting behaviour were highlighted for selected
samples made with the vaginal strains, also when compared to control. Looking at the trends
recorded and comparing the samples containing vaginal strains, had a greater influence, as variable
under congeration, the encapsulation and the association betwéerrispatu8C4 and.. gasseri
BC9than the single strain. An increased variability was also detdotettie microbiota assessment
evaluated by gPCR for the quantification of representative ime@stmicrobial groups such as
Bifidobacterium, Lactobacillus, Enterobact®egarding this aspect it is more difficult to make

considerations that are relevant for all the considered donors.
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CHAPTER 10

Nutritional qualities and protein
bioaccessibility, aftan vitro
digestion, of fermented savyilks
made with vaginal probiotic
Lactobacillus crispati®C4 and

Lactobacillus gassé8C9
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Abstract Fermentation of soy milk by lactic acid bacteria (LAB), also in combination with probiotic
strains, could be considered as suitable vehiclgeiver probiotics, also improving the organoleptic
properties and the nutritional value of sayilk. In this framework, in the present chapter was
investigatedthe potentialities offermented soymilkslike products, formulated witlencapsulated

and non-encapsulated functional vaginal bactergych ad.. crispatu8C4 and.. gasserBC9, in

terms of nutrients with a specific focus on fatty acids, minerals and vitamins contents and amino
acids compositions. Additionally, the products submittedriitro digestion at several timepoints

such as end of the gastric phase (G120), after 60 min (D60), and at the end of the duodenal phase
(D120) were investigated for their resulting protein bioaccessibility. In this sense, it was possible to
highlight an increas in the nutrional value of the obtained fermented milks, also due to the
presence of the vaginal strains. Moreover, for all the samples digestion determines a release of
proteins from the food matrix into the digestive fluids. More in general, it is iptss$o highlight

how the protein fraction of the digested products is highly digestible.

1. Introduction

Soymilk is a traditional proteifrich beverage made from soybearss a plantbased beverage, soy

milk is low in saturated fats antholesterol and it contains proteins, dietary fiber and polyphenols
that may be beneficial for the human healfiu et al., 2021)In this sense, according to a meta
analysis performed biooper et al., (2009%0y proteins and isoflavones can potentially reduce the
risk of hormoneassociated health disorders in pamd postmenopausal women. In addition, soy
milk contaya y2 fIF0024aSs IyR AG Aa 2F0Sy dzaSR | a
allergenicity, lower fats, selection of specific lifestyles (i.e. veganism) and reduced environmental
impacts(SinghPovel et al., 2022; Wu el., 2022) However, soy milk is less preferred by some
consumers due to its beany flavor, flatulence factors, and high content of indigestible- alpha
galactosyl oligosaccharides, such as raffinose and stachyose, which limit the consumption of
soybeansas a raw food matrix. A wide literatu(&honeem et al., 2018; Ho et al., 2022; Wu et al.,
2022) suggests that fermentation of soy milk with lactic acid bacteria (LAB) strains not only
overcomes the abovenentioned limitations but increases the nutritional value of soybeanved
products.In this context he global fermented planbased alternatives market is expected to have

a compound annual growth rate of 5% from 2021 to 2026. Fhased substitutes of milk, such as

soy milk, can preserve very well the viability of LAB during their staiRgsika et al., 202 and
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therefore, they can be considered as promising carriers for probiotics. Probiotics are defined as
living microorganisms that, when administered in sufficient quantity, provide a health benefit to the
host, starting from the intestinal tract andelgond (Sanders, 2008)n fact,Petricevic et al(2008)

has demonstratedHhat oral probiotic formulations, as well as vaginal instillation, can restore the
healthy vaginal microbiome. On this regafdarolin et al. (2015)solated vaginal strains with
functional features. For instanckactobacius crispatu€8C4 and.actobacillus gasseliC9 showed

an antagonistic activity towards several tgenital pathogenssuch asCandida(Calonghi et al.,
2017; Parolin et al., 2015¢Chlamydia trachomati@ardini et al., 2016; Parolin et al., 20Ngisseria
gonorrhoeae(Foschi et a).2017)GroupB StreptococcugMarziali et al., 2019xnd HIV1(Nahui
Palomino et al., 2019)At the same time, other wrks evaluated their safety, functional and
technological feature$ 5 Q! f Saal yRNR SiG Ff ®X HnumMT 5.Qhef Saal
same strains were applied as functional cultures in food prod&itsli et al., 2017and the fate of

L. crispatuBC4, incorporated in a soft cheese, was investigated using the Simulator of the Human
Intestinal Microbial Ecosystem (SHIME®grignani et al., 2020) Apart from supplying extra
probiotic functions, LAB can degrade soy proteins into smaller peptides and amino acids, increasing
protein bioavailability(Ghoneemet al., 2018; Wu et al., 2022Moreover, processing (including
formulation and fermentation) deeply modifies both the content and bioaccessibility of nutrients.
In particular, bioaccessibility (meaning the fraction of the total amount of a substarateig
released from the food matrix during digestion and potentially becomes available for absorption)
can be modified by changes in the supramolecular architecture, in the network of interactions
between molecules, as well as in nutrient location witbampartments. This aspect has an impact

on the nutritional value of foosl(Di Nunzio et al., 2022)

Considering the growing demand for ndairy-alternatives as probiotic carriers, the main aim of
this study was to characterize different types of fermented soy milks, obtained with the addition of
commercial starter cultures and gplemented with encapsulated or neencapsulated functional
vaginal strains. In particular, the vaginal strainscrispatusBC4 andL. gasserBC9 were used
individually or in combination, either encapsulated or not, to evaluate a possible synergistit eff
between them. The nutritional profiles of the formulated products were also evaluated with a
specific focus on minerals, vitamins, fatty acids, and amino acids content. Eventually, the different
fermented products were digested following the INFOGESD@ol (Brodkorb et al., 2019nd the
protein bioaccessibility was evaluated at the end of the gastric phase (lasting for 120min, G120),

and in the middle (60 min, D60) and at the end of the duodenal phase (120 min, D120).
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2. Materials and Methods

2.1 Bacterial strains

Thefunctional strains used in this workdctobacillus crispatu8C4 and.actobacillus gasselBC9)

belong to the collection of FABIT (Department of Pharmacy and Biotechnology, University of
Bologna, Italy) and were isolated from the vagina ofmenopausalCaucasian women (agedd8

45 years), with no symptoms of vaginal or urinary tract infections, in accordance with the Ethics
Committee of the University of Bologna (52/2014/U/Teskactobacillus delbrueckisubsp
bulgaricusand Streptococcus thermophilugere provided by Sacco srl (Italy). Fresh cultures of each
strain were obtained from frozen stocks by two consecutive transfers in MRS broth (Oxoid,
Basingstoke, United Kingdom) using a 1% (v/v) inoculum and incubated overnight at 37 °C in aerobic

conditions.

2.2 Production of microcapsules by spralyying

L. crispatuB8C4 and.. gasseBC9 were individually cultivated overnight at 37 °C in 1 L of MRS broth

+ 0.05% {cysteine under anaerobiosis to obtain a final concentration of at least 9 log CRal/mL

each strain. After serial dilutions in saline solution (0.9% NaCl), the bacterial cell load was
determined by plating the strains on MRS agar with 0.05%steine and incubating at 37 °C for 48

h under anaerobiosis. One liter of each strain was ckrged at 8200 rpm for 15 min at 4 °C (Avanti

J26 XP with Ja-AO rotor, Beckman Coulter). After removing the supernatant, the microbial pellet
was washed with 1 L of saline solution (0.9% NaCl) and then resuspended in 500 mL of commercial
soy milk (AlprdDriginal) with the following characteristics per 100g of produehergy: 170 kJ / 40

kcal; Fats: 1.8 g (of which saturated ones: 0.3 g); Carbohydrates: 2.8 g (of which sugars: 2.8 g), Fiber:
0.4 g; Proteins: 3.0 g; Salt: 0.09 g; Vitamin D: 0.75 ug;|l&iba (B2): 0.21 mg; Vitamin B12: 0.38

Mg; Calcium: 160 mg. Sprdyying was conducted using a mspraydryer (B191, Bucht
Labortechnik AG, Switzerland), which was a laborasegle sprayryer equipped with a single fluid
nozzle. Regarding the prag® conditions inlet and outlet air temperatures were set at 110 and 70

°C, respectively. The pump rate was maintained between 19% and 36% aspiration, while the feed
flow rate was 10 mL/min. For each culture, 1 L of suspension was-@dpealyto produce amaverage

of 5.2 g of powder/100 mL of suspension. The sghagd powder was collected from the cyclone,
mixed gently, and vacuwpacked in nylon/polyethene, 102 highbarrier plastic bags (Tecnovac,
{Fy tlF2t2 5Q! NH2Yy > . SétHoaddevice. LGt &0 dzaAy3a +y {
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2.3 Preparation of fermented soymilks

The production of fermented soy milks was carried out in lab conditions. Commercial UHT soy milk
was split in 100 mL containers and inoculated with starter culturastpbacillus delbrueclgubsp.
bulgaricusand Streptococcus thermophiluat the level of 6 log CFU/mL while the functional strains,
encapsulated or not and combined or not, were inoculated at level of at least 7 log CFU/mL. The
inoculated soymilks were incubated at 42 °C until reaching pHSESen types of experimental
fermented milks were produced and defined as follows:

Control: fermented soy milk containing starter cultures only;

BC4: fermented soy milk containing starter cultures andrispatu8C4;

BC9: fermented soy milk containingger cultures and.. gasserBC9;

BC4+BC9: fermented soy milk containing starter culturestispatu8C4+. gassersC9;

EBC4: fermented soy milk containing starter cultures and encapsulatedspatu$8C4;

E-BC9: fermented soy milk containing g&rcultures and encapsulatdd gasserBC9;

EBC4+BC9: fermented soy milk containing starter cultures and an encapsulatedLmotispatus
BC4+. gasserBC9.

2.4 Starter cultures and probiotic strain viability in fermented soymilks
At the end offermentation, the different soymilk products were subjected to microbiological

sampling according to the methods proposed in Chapter 8.

2.5 Nutritional and fatty acids composition

Samples of fermented soymilks were analyzed for the following parametaesgy values, fat,
carbohydrates, proteins, dietary fibers, salt, moisture, ashes, using the methods of the Association
of Official Analytical Chemists (200@pbadina et al., 2013)The carbohydrate content was
determined by difference between 100 and totwlm of the percentage of moisture, protein, fat

and ash(Chemists, 1990)The quality and quantity of total fatty acids (FAs) were determined
according tdSuzzi et a[2015) Analyses were performed using an Agilent 7890A gas chromatograph
(Agilent Technologies, Palo Alto, CA, USA) coupled to an Agilent 5975C mass spectrometer (Agilent
Technologies, Palo Alto, CA, USA) apeg in electron impact mode (ionization voltage 70 eV). To
AaSLI NI GS aryLitsS Cclas | Fdz2aSR aAaAftAOlF OFLAEEI NE
(Supelco, Bellefonte, PA, USA) as stationary phase was used. The GC/MS parameters were the

~ A s oA =7

folog Ay3Y Aye2SOiuAzy GSYLISNI GdzZNBEX wHn ¢/ T RSGSOU
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the retention time of a known FAs standard (SigAldrich, Schnelldorf, Germany) and by

comparing their mass spectra with those present in the available database (NIST version 2011).

2.5.1 Minerals and vitamins content

Minerals (Calcium, Iron, Potassium, Magnesium, Sodium) were determined in fermented samples
using the induced coupled plasma optical emission spectroscopyOES? ICAP 6500 Duo ICP,
Thermo Scientific, UK) method. The results are expressed as mg of hpeei®0 g of fermented

soy milk. Determination otelected vitamins such as B12 (as Cyanocobalamin), B2 (Riboflavin), and

D (D2+D3), was carried out following the methotizhao & Shah,(2014)ith some modifications,

dza Ay 3 KAIK LISNF2NXI YOS tAljdzZAR OKNRYIl 0423INFLKEC
per 100 g of fermented soy milk.

2.5.2 Amino acids compositions

Thequantitative analysis of total amino acids in fermented soy milk was carried out according to
the method of Wu et al. (2022)Briefly, fermented soy milk (0.5 g) wiagdrolyzed in hydrochloric

acid (6 M, 6 mL) at 110 °C for 24 h. Subsequently, the hydrolysate was vacuum dried at 50 °C to
remove the hydrochloric acid, and then redissolved in loading buffer (0.01 M HCI). The sample
solution was filtrated (0.22m) and aalyzed with an amino acid analyzer8@00, Hitachi High

Technologies Corpatian, Tokyo, Japan).

2.6 In vitro digestion

Fermented soy milk was subjected ito vitro digestion according to the INFOGEST protocol. The
analysis was performed in triplicate=3).In vitrodigestion lasted for 242 min consisting in 2 min

of oral digestion, 120 min of gastric digestion, and 120 min of intestinal digestion, at 37 °C. During
the process, several consecutive enzymatic reactions took place by the addition citsoiredliva,
simulated gastric juice (at pH 3, containing 2000 U/mL pepsin), and simulated pancreatic juice (at
pH 7, containing 10 mM bile and 100 U/mL pancreatin). Samples were taken at the end of the gastric
phase (G120), after 60 min (D60) and 120 (@ih20) of the duodenal phase. In G120 samples, the

pH was increased to 7 with 35% NaOH to stop the pepsin hydrolytic action and reported to 3 with
37% HCI. Samples at D60 and D120 were acidified to pH 3 with 37% HCI to stop pancreatic hydrolysis
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and repored to 7 with 35% NaOKDi Nunzio et al., 2022Pigested samples were centrifuged at

50,000 g for 15 min and the supernatants were storeeBat°C until further analysis.

2.7 SDPAGE

Sodium dodecyl sulfagpolyacrylamide gel electrophoresis analysis was performed using handcast
16% polyacrylamidgels prepared according teerranti et al(2014) Gel preparation and vertical
electrophoresis were carried out using Bad (BieRad Laboratories, California) equipment (Mini
PRAOEANW system). To evaluate the molecular weight of proteins and/or peptides of the samples,

p >t 2F | Y2t SOdzt I NJ 6SA3IAKAG YIFNJSNI o6a.L CSNXSy
consisted of a mix of several standard proteins ranging from ED@kDa. Gels were stained in a
solution containing 0.05% w/v Coomassie Blue, 50% v/v methanol, 10% v/v acetic acid and water at
around 50 °C. Finally, the gels were destained in water at 50 °C and images were acquired using a

benchtop scanner.

2.8 Proten hydrolysis

Peptide and protein concentration of the digested samples were determined
spectrophotometrically by @hthaldialdehydg(OPA) reagent, Coomassie assay, and by measuring
the absorbance at 280 nm according R Nunzio et a| 2013) Protein content from enzymes added
duringin vitro digestion was subtracted and values were normalized for the dilution factor due to

the addition of digestive fluids.

2.9 Statistical Analysis
The obtained data, intended as the meartlofee repetitions, were analyzed by Statistica software
OOBSNEAZ2Y yonT {dGFd{2F4G% ¢dzZf a1 hyx !'{!'0 | R2LIN

for data comparisons.

3. Results and Discussion

3.1 Nutritional valuesof the different fermented ®y milks

Soy milk was supplemented with two functional vaginal strains, namebyrispatusBC4 and..

gasseriBC9, alone or combination (BC4+BC9), encapsulated or not, and then fermented by
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commercial starter culturesL( delbrueckiisubsp.bulgaricus S thermophilu3. The centesimal

compositions of the different fermented soy milks are reportedaile 1.

Talle 1.Centesimaktompositionsof the different samples of fermented soy milk in terms of energy values
(kJ/100g of product), Fat (g/100g of product), carbohydrates (g/100g of product), proteins (g/100g of
product), dietary fibers (g/100g of product), safy/100g of product), humidity (g/100g of product), ashes
(9/100g of product). Control: soy milk fermented with starter cultures; BC4: soy milk fermented with
starter cultures and supplemented with BC4; BC9: soy milk fermented with starter cultures and
suppemented with BC9; BC4+BC9: soy milk fermented with starter cultures and supplemented with BC4
and BC9. Differences reported as lower case letters are significant within each paramete0(05)

Nutritional Unit Soy milk Control BC4 BC9 BC4+BC¢
values
Energy values  kJ/100g 170 150 147 149 155
Energy values  kcal/100¢ 40 36 35 35 37
Fat g/100g 1.8 1.5+0.1 1.6+01 15+01 15+0.1

of which saturated FA g/100g 0.3 0.2+0.01 0.2+0.01 0.2+0.01 0.2+£0.01
Carbohydrates  g/100g 2.8 2.83+0.1 2.38+0.1 251°+0.1 258 +0.1
of which sugars g/100g 2.8 2.05+0.1 1.82°+0.2 2.02+0.1 1.7+0.1

Proteins g/100g 3.0 2.76+0.022.79+0.012.96’+ 0.07 2.9+ 0.07
Dietary fibers 0/100g 04 <0.F+0.01<0.P+0.00.P+0.0<0.P+0.0]
Salt g/100g 0.09 0.14+0.010.1°+ 0.020.08+ 0.010.09+ 0.01
Moisture 0/100g - 91.93+0.192.44+0.292.23+0.191.89+ 0.1
Ashes g/100g - 0.99+0.01 0.7+ 0.01 0.79 + 0.010.78 + 0.01

GdY S5FGF y24 F@FAflFofS

With respect to the original soy milk, fermented control product showed a reduction in fats, sugars,
proteins, and dietary fibers. The addition of probiotic vaginal strains beflenmentation also
reduced the content of fats and fibers, but also enhanced the consumption of carbohydrates,
particularly sugars, independently from the probiotic applied, either alone or in combination. On
the contrary, the addition of strain BC9, alomemixed with BC4, maintain the protein level at the
same concentration present in the original soy milk (around 3 g/100g). Concerrsngriposition
(Table 2), the saturation was lower in samples supplemented witnispatu8C4 (BC4) compared

to the control while it was higher in those containing the mix_o€rispatu8C4 and.. gasserBC9
(BC4+BC9). Differences were observed witimsaturated FAs. In fact, although total unsaturation
was not different among the samples, the presence of BC9 alone determined a higher amount of
monounsaturated FAs, due to an increase in the percentage of oleic acid (16.5 vs 15.1%), and a

reduction in he percentage of the polyunsaturated linoleic acid. On the other hand, fermented
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linolenic acid (8.3 vs 7.9%3eduction in fats, carbohydrates, and an increaseratgins and total

solids was reported b@badina et al(2013)during 24h spontaneous fermentation of soy milk. The
improvement reported in protein content of fermenting soy milk as compared to soymilk might be
due to ®me anabolic processes leading to polymer buitdor due to microbial cell proliferation.

The carbohydrate content recorded in this study decreased significantly (p < 0.05) from 1.52% at O
h to 0.60% at 72 h of fermentation. The decrease observed in #ubobydrate content of
fermenting soymilk as fermentation period increased could be explained by the activities of the
fermenting microorganisms which utilized and transformed them into energy for growth and other
cellular activities. Osundahunsi et &007) also reported a decrease in carbohydrate content of
soyyoghurt fermented with starter cultures-at content as reported in this study varied from 2.18

¢ 0.87%. Fat content of sayilk was found to decrease as fermentation time increased and this
might be attributed to the increased activities of the lipolytic enzymes during fermentation which
hydrolyses fat components (triacylglycerol) into fatty acid and glycerol. The fatty acids were
reported by Astuti et al. (2000) to be used as sources of engyggome microorganisms such as
moulds resulting in lower fat content in fermenting soylk at the end of fermentation

Table 2. Fatty acids composition and respective profile of the different samples of fermented soy milk
reported as relative percentage¢’). Control: soy milk fermented with starter cultures; BC4: soy milk
fermented with starter cultures and supplemented with BC4; BC9: soy milk fermented with starter cultures

and supplemented with BC9; BC4+BC9: soy milk fermented with starter culturessapglemented with
BC4 and BC9. Differences reported as lower case letters are significant within each parameter (p < 0.05).

Fatty acids composition  Control BC4 BC9 BC4+BC¢

Saturated FAs 14.9+0.114.32+0.214.9+0.1 15.5+0.3
Unsaturated FAs 85.1%+0.1 85.7+0. 0.. 85.°+0.1 84.5+04
Monounsatered FAs 15.9+0.2 16.3+0.217.1°+ 0.2 15.8+ 0.2
Polyunsatured FAs  69.3+ 0.2 69.4+ 0.2 68.1’+ 0.4 68.7°+ 0.2
Transunsaturated FAs <0.1*+0.01<0.2+ 0.01<0.2+ 0.01<0.7+ 0.01
FAs Profile
C16:0 (Palmitic acid) 10.8*+0.210.78'+ 0.210.76'+ 0.211.42 + 0.2
C18:0 (Stearic acid) 4.1+ 0.3 3.52+0.2 4.14+0.3 4.14+0.3
C18:1 n9 (Oleic acid) 15.22+ 0.615.68'+ 0.216.9 + 0.415.05+ 0.5
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C18:1 (n7) (ci¥accenic acit 0.8+ 0.3 0.65+0.1 0.63+£0.1 0.68+0.1
C18:2n6¢ (Linoleic acid)61.35 + 0.261.04 + 0.260.0% + 0.260.37 + 0.Z
/ My Y oliholenit Acid) 7.93+ 0.2 8.36°+ 0.28.03°+ 0.18.34 + 0.2

Toassess more in dept the nutritional value of the different samples of fermented soy milks, the
content of selected minerals (like Ca, K, Fe, Mg, Na,) and vitamins (such as B12, B2, and D) was

determined (Table 3).

Table 3. Minerals and vitaminsompositions of the different samples of fermented soy milk: calcium
(mg/100g of product), iron (mg/100g of product), potassium (mg/100g of product), magnesium (mg/100g

of product), sodium (mg/100g of product), B12 vitamin (as Cyanocobalamin) (mg/100graduct), B2
GAUGILYAY OWAO2Ff I @AY0OD 6Y3akmnnd 2F LINBRdAZOGOLE 5 GAG
fermented with starter cultures; BC4: soy milk fermented with starter cultures and supplemented with

BC4; BC9: soy milk fermented with starteultures and supplemented with BC9; BC4+BC9: soy milk
fermented with starter cultures and supplemented with BC4 and BC9. Differences reported as lower case
letters are significant within each parameter (p < 0.05).

Minerals and vitamins  Unit ~ Soy milk Cortrol BC4 BC9 BC4 + BC9

Calcium (Ca) mg/100g 160 133.22+0.1 143.32+0.1 132.92+0.1 132.62+0.1

Iron (Fe) mg/100g - 0.32+0.01 0.4C+001 036+001 0.37+0.01
Potassium (K)  mg/100g - 309.12+0.1 269.30+0.1 255.09+0.1 256.07+0.1
Magnesium (Mg) mg/100g - 12.24+0.1 13.8%+0.1 12.9¥+0.1 13.07+0.1

Sodium (Na) mg/100g 60 55.65+0.1 45.12+0.1 33.14+0.1 34.16%0.1

B12 Vitamin (as

: ug/100g 0.38 <0.016+0.01 <0.016+0.01<0.010*+0.01<0.016+£0.01
Cyanocobalamin)

B2 Vitamin (Riboflavit mg/100g 0.21  0.180+0.02 0.155+0.01 0.202°+0.01 0.193'+0.01
D Vitamins (D2+D3) ug/100g 0.75 < 0.20°+ 0.02 < 0.010*+ 0.01 < 0.20°+ 0.01 < 0.20°+ 0.01

GG Y 5 | avdilablg 2 {

Based on the results shown in Table 3, it can be stated that potassium was the most represented
mineral, especially in the control sample, followed by calcium, sodium, magnesium, and iron.

Compared to the control sample, those containing vagimabiotics presented a higher amount of

iron (0.37 vs 0.32mg/100g) and magnesium (13.28 vs 12.24 mg/100g) while they had lower
potassium (260.15 vs 309.12 mg/100g) and sodium (average 37.4 vs 55.6 mgALSidg)ar trend
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was reported in previous studidsy Etiosa et al(2019T ~ S NIi 22dPR)&Regardinglcdlciem, all

the fermented samples presented a lower concentration of this mineral (< 160 mg/100g) with
respect to the original amount present in soy milk. Interestingly, addition of strain BC4 determined
the lowest reduction in calcium conterit43.32 vs 133.24 mg/100dh this sense calcium gives
bone strength, while its ions play an important role in many metabolic processes. Lack of calcium in
the body can lead to some diseases such as osteopayosi§ NIi 2 A 6. M&dover, thedsameH N H H
samplepresented the highest concentration of magnesium and iron. Fermentation with starter
cultures (. delbrueckisubsp bulgaricusand S. thermophilusdetermined a broad reduction of all

the vitamins, particularly B12 and D2+Dhile theaddition of the vagnal strain BC9, alone or in a

mix with BC4, prevented the reduction of vitamin BRis is not surprising since recenligu et al.
(2020)reported the use of riboflaviproducing lactobacilli to enrich fermented soy milk. Thigyma

then depend on LAB production or less consumption

3.2. Total amino acids content

To better assess the changes of amino acids in the different samples of fermented soy milk, their
amino acids composition was determined (& 1). The sample supplemented with both vaginal
strains (BC4+BC9) showed an increase in Glutamiclecréported in literature, Glutamic acid is a
multifunctional amino acid involved in taste perception, excitatory neurotransmission and
intermediary metababm (Kondoh et al., 2009]t plays an important role in gastric phase digestion

with multiplicity effects in the gastrointestinal tract when consumed with nutrients by enhancing
gastric exocrine secretiofzZolotarev et al., 2009)n addition, Glutamic acid is a specific precursor
F2NJ 20KSNJ FYAYy2 | OAR&asz adzOK | & | NBAAaminglsityricy R LJI
acid (GABA) and glutathionRegarding esséial amino acids, no differences were observed among

the samples analyzed for Isoleucine, Histidine, Leucine, Lysine while Methionine was not detected

in any sample. On the contrary Phenylalanine and Tryptophan were significantly higher in samples
containng BC4 (alone or in mix), when compared to the control. Threonine increased in all the
samples supplemented with the vaginal strains (BC4, BC9, BC4+BC9) and Valine was higher in sample
supplemented with the probiotic mix (BC4+B0O®similar behavior waslsb described in a study
conducted byLi et al.(2012) in which higher essential amino acids contevds reported for

fermented soy milk produced with probiotic lactobacilli.
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Figure 1. Total amino acids content (mg/100g of product) of the different samples of fermented soy milk
(control, BC4, BC9 and BC4+BC?9). Differences reported as lower case letters are significant within each
parameter (p < 0.05).

3.3. SDSAGE of undigesd and digested fermented soymilk products

Protein profiles of all the fermented soy milks, produced with encapsulated ofencapsulated

vaginal bacteria (BC4 and BC9), were evaluated byP3I3%& (Figure 2). According to their
sedimentation coefficienti 2 @ 0 Sy LINRPGSAya OFy 0S Fely@inRieR Ay
YIAY LRtELSLIWARS 2F 17{ YR GKS YIlI22NJ IffSNBSY
1502 h 6dcy 1 %Peny etlaly F22)11S 6afl perdivided inta acidic subunit A (~35
1500 YR FE1FfAYS &ddzmdzyAld . oO0dY9un {5F0d CIKS a&d
S) were observed in Figure 2, examining the different bands ranging from 9 to 76 kDa. According to
the profiles generated, no significant differences were observed among the band intensities of the

samples, except from those of theBE4+BC9 sample.
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Figure 2. SDBAGE of the different samples of fermented soy milk containing encapsulated or
nonencapsulated vaginal probiotics. Control: soy milk fermented with starter cultures; BC4: soy milk
fermented with starter cultures and supplemented with BC4; 8Goy milk fermented with starter cultures

and supplemented with BC9; BC4+BC9: soy milk fermented with starter cultures and supplemented with
BC4 and BC9-EBamples contained encapsulated vaginal bacteria (BC4 and BC9). Lane 1: marker, lane 2:
control, lane 3: BC4, lane 4: BC9, lane 5: BC4+BC9, lanBG4Hane 7:4BC9 , lane 8:-BC4+BC?9.

Protein profiles of the samples were also evaluated uponitro digestion. In particular, all the
samples were run on SBFRAGE after 120 min of simulated gastric phase (G120), and 60 (D60) or
120 min (D120) of simulated duodenal phase (Figure 3 and 4).
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Figure 3. SDBAGE of the different samples of fermented soy kpisupplemented with nonencapsulated

vaginal probiotics, obtained after in vitro digestion at selected time points: end of the gastric phase (G120),

after 60 (D60) and 120 min (D120) of duodenal phase. Lane 1: marker, lane 2: control G120, lane 3: control
D60, lane 4: control D120, 5: BC4 G120, lane 6: BC4 D60, lane 7: BC4 D120, 8: BC9 G120, lane 9: BC9 D60
lane 10: BC9 D120, 11: BC4+BC9 G120, lane 12: BC4+BC9 D60, lane 13: BC4+BC9 D120.

- —

Figure 4. SDBAGE of the different samples of fermented soy miflypplemented with encapsulated
vaginal probiotics, obtained after in vitro digestion at selected time points: end of the gastric phase (G120),
after 60 (D60) and 120 min (D120) of duodenal phdsane 1: marker, lane 2: control G120, lane 3: control
D60,lane 4: control D120, 5:-BC4 G120, lane 6:EFC4 D60, lane 7-BC4 D120, 8:-BC9 G120, lane 9: E
BC9 D60, lane 10:BC9 D120, 11:-BC4+BC9 G120, lane 12BE4+BC9 D60, lane 13BE4+BC9 D120.
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