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Chapter 1

INTRODUCTION

The term probiotic is a relatively new word meaning “for life”, used to designate
microorganisms that are associated with the beneficial effects for humans and animals. These
microorganisms contribute to intestinal microbial balance and play an important role in
maintaining health. Several definitions of “probiotic” have been used over the years but the
one derived by the Food and Agriculture Organization of the United Nations/World Health
Organization (2001) (29), endorsed by the International Scientific Association for Probiotics
and Prebiotics, best exemplifies the breadth and scope of probiotics. The latest are known
today as “live microorganisms which, when administered in adequate amounts, confer a
health benefit on the host”. Following the FAO/WHO definition, the International Life Science
Institute (ILSI) and the European Food and Feed Cultures Association (EFFCA) released similar
definitions for probiotics: “a live microbial food ingredient that, when consumed in adequate
amounts, confers health bene-fits on the consumers’” and “live microorganisms that, when
ingested or locally applied in sufficient numbers, provide the consumer with one or more

proven health benefits” .

Probiotics used in food, delivered as dietary supplement or as active components of a
registered medication, should not only be able to survive passage through the digestive tract
by exhibiting acid and bile survival, but should also have the capability to proliferate in the
gastrointestinal tract (GIT). Probiotics must be able to exert their benefits on the host through
growth and/or activity in the human body. Topical or local application of probiotics is also
proposed in view of the recent evolution of scientific data (87). Therefore, the ability to remain
viable and effective at the target site should be studied and confirmed for each strain, or even

better, for each commercialized product.
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Moreover, clinical studies should be performed with the commercialized product and not with

the isolated strain.

MECHANISM OF ACTION ON THE HOST

The probiotic potential of bacterial strains, even within the same species, is different. Indeed,
various strains of the same species are always unique and may have different sites of
adherence, specificimmunological effects and actions. The mechanisms of action of probiotics
include: receptor competition, mucin secretion and/or gut immune-modulation associated to
lymphoid tissue, increase immunosuppressive and decrease pro-inflammatory mediators (39).
Probiotic agents exert a beneficial effect via a wide array of actions (figure 1.1). These include
resistance to colonization, production of antimicrobial substances, inhibition of pathogens
adhesion, degradation of toxins, stimulation of local and peripheral immunity, stimulation of
brush border enzyme activity, stimulation of secretory-IgA, prevention of microbial
translocation (6, 120). The list of health benefit accredited to the probiotics continues to
increase and up to now, several scientific studies have demonstrated therapeutic and
preventive evidences. Regarding to the therapeutic applications it has been shown that
probiotics are able to help the regulation of intestinal microbiota, to flaunt
immunomodulatory properties, to reduce lactose intolerance symptoms and to enhance
nutrients bioavailability. They also decrease the prevalence of allergies in susceptible
individuals, inhibit the inflammatory responses in the gut and have antagonistic effects against
intestinal and food borne pathogens. Probiotic strains typically colonize the intestinal tract
then reinforce the host defence systems by inducing the mucosal immune responses. Reports

indicate that some of this, particularly lactobacilli and bifidobacteria, are effective to enhance
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the innate and the adaptive immunity, to prevent the gastric mucosal lesion development, to

alleviate allergies and to put up defence against intestinal pathogen infections.

Figure 1.1 Probiotic modes of action.
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Probiotics are assumed to exert their health-beneficial effects through different mechanisms
of action. First of all, by pathogen exclusion through competition for adhesion places and
nutrients and by the production of antimicrobial substances. Second, by enhancing the
epithelial barrier function, for instance via the production of defensins and mucins. Finally, by
modulation of host immune responses (34).



General intoduction

THE MAIN PROBIOTIC STRAINS

The most popular probiotic strains are represented by the genera Lactobacillus and
Bifidobacterium but other organisms including enterococci and yeasts have also been used as
probiotics. Lactobacillus is a bacterial genus comprised of Gram-positive, rod-shaped bacteria
with a low percentage of guanine and cytosine bases in their genome, and they are typically
aerotolerant anaerobes. Taxonomically, the Lactobacillus genus is diverse and it contains at
least twelve different phylogenetic groups (26). More than 150 species have been named
within the Lactobacillus genus, which were isolated, e.g., from human and animal
gastrointestinal tracts (GITs) and mucous membranes and from plant surfaces. Several
Lactobacillus strains are used in the preparation of fermented dairy products and in the
production of sauerkraut, pickles, and silage. Certain Lactobacillus strains have been found to
have beneficial effects on human health, some of which are, therefore, used as probiotics.
One of the most important probiotic Lactobacillus strain is L. rhamnosus GG (LGG), which is

probably the most intensively studied probiotic bacterium worldwide.

Lactobacillus rhamnosus GG

The probiotic strain L. rhamnosus GG (ATCC 53103) was originally isolated by Goldin and
Gorbach in 1985 (20). Strain GG was selected from a collection of Lactobacillus strains isolated
from stool samples from healthy human volunteers, using the criteria for an ideal probiotic
strain (20). The first report of positive health effects of LGG was published in 1987 (38), and
more than 500 scientific articles on this probiotic strain have since been published. The health

effects of LGG are based on several mechanisms. LGG colonizes the GIT efficiently and
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competes for adhesion sites and nutrients, such as monosaccharides, with pathogens. It also
modulates the microecology of the GIT, e.g., by producing short-chain fatty acids, which
favour the growth of non-pathogenic organisms. In addition, LGG has numerous effects on the
host immune system (20). Recently, pili were identified on the cell surface of LGG. Studies
have demonstrated that the main function of LGG pili is to mediate adherence to mucus
glycoproteins and to human intestinal epithelial cells (49, 53, 21). In this case, adhesion does
not result in infection but in a prolonged and stable persistence in the GIT, which is an
important requirement to exert health benefits. Adhesion occurs through the zipper-like
mechanism as in Gram-positive pathogens, described above (53). Besides the SpaC adhesin,
also the MabA protein of LGG plays an important modulating role for the interaction with the
host (114). Based on the genome sequence, it was predicted that LGG possesses two pilus
gene clusters, spaCBA and spaFED, which are located distantly from each other as individual
islands in the GG genome (49). Reunanen and co-workers (88) used Western blotting and
immunogold transmission electron microscopy (TEM) in combination with antibodies against
recombinant SpaCBA and SpaFED pilins to determine the presence of these two putative pili
of LGG. Based on their findings, only SpaCBA pili were present. A possible explanation for the
absence of SpaFED pili could be the lack of appropriate environmental stimuli to activate the
associated gene cluster of SpaFED, so these pili might still be produced in the GIT. LGG cells
contain multiple SpaCBA pili, on average 10-50 per cell with a length of up to 1 um. These pili
are heterotrimeric, composed by three subunits: SpaA, SpaB and SpaC, and all participate in
the assembly of the pilus fibre (Figure 1.2). SpaCBA pili are assembled through the sortase
system, as described for Gram-positive bacteria. SpaA is again the major subunit that builds

up the pilus backbone, while SpaB and SpaC are the minor accessory subunits. In particular,
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SpaC is the adhesin pili subunit responsible for the binding to human mucus and to Caco-2
intestinal epithelial cell line and it is located not only at the pilus tip but also along the length
of the pilus shaft (53). SpaB is thought to have dualistic characteristics: (i) acting as a molecular
switch that terminates pilus polymerization and predesignates mature pili to be covalently
attached to the peptidoglycan by the housekeeping sortase and (ii) having a role as an
adhesion allowing its binding to human intestinal mucus; this ability, however, cannot be

compared to that of the SpaC subunit (118, 88).

Figure 1.2 Schematic presentation of the SpaCBA pili.
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SpaCBA pili are composed of three different subunits. The SpaA subunit builds up the
backbone of the pilus fibre, SpaC is an important adhesin, located at the tip and along the
length of the fibre and SpaB is located at the base (figure adapted from Reunanen et al., 2012
(88)).
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The immunomodulatory capacity of LGG-pili was also studied. Lebeer and co-workers (53)
compared the cytokine expression profiles in a Caco-2 cell line stimulated with LGG wild type
and two mutants, a pilus mutant strain CMPG5357 (spaCBA mutant) and an EPS-deficient
mutant CMPG5351 (welE mutant) with an enhanced exposure of the pili. Results showed an
up regulation of pro-inflammatory cytokines such as interleukine-8 (IL-8) and tumor necrosis
factor a (TNF-a) and a down regulation of anti-inflammatory IL-10 when cells were treated
with the spaCBA mutant without pili. In contrast, an inverse tendency was observed when
cells were stimulated with the welE mutant, indicating that pili of LGG might play a key role in
immunomodulatory interactions with intestinal epithelial cells (IECs). Nevertheless, future
studies are necessary to gain more insight in this pilus-mediated immunomodulatory activity.
LGG is up to now one of the few probiotics that are known to produce mucus-binding pili,
providing the ability to adhere to human IECs. Pilus-like structures were also reported in some
different Bifidobacterium species as Bifidobacterium bifidum, B. longum subsp. longum and B.
animalis subsp. lactis but the function of these structures still needs to be elucidated (30). In
B. breve UCC2003, the presence of tight adherence (Tad) pili was demonstrated to be required
for colonization and persistence of the strain in the murine gut (68). Furthermore, genes for
sortase dependent pili were also discovered in B. bifidum PRL2010. Expression of the coding
sequences in non piliated L. lactis increased the adherence of this strain to human
enterocytes, indicating an important role for these pili in adhesion (113). Recently, a natural
isolate of L. lactis (TIL448 strain) with high adhesion capacity to Caco-2 cells, compared to
other L. lactis strains, was characterized. Proteomic analysis revealed the presence of pilins at
the cell surface of L. lactis TIL448, that might be responsible for this increased adhesion

capacity (62). The production of adherent pili might contribute to the competitive advantage
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of LGG- and some other probiotic strains- over other species in the mucosal environment and

also to exert their health benefit effects.

PROBIOTIC IN FOOD APPLICATIONS

Modern consumers are increasingly interested in their personal health, and expect the food
that they eat to be healthy or even capable of preventing illness. The list of health benefits
accredited to functional foods continues to increase and the probiotics are one of the fastest
growing categories within food for which scientific researchers have demonstrated
therapeutic evidences. In this context, probiotic cultures are increasingly being added to foods
in order to develop products with health-promoting properties. The probiotic foods market
has been very promising and it is expected to reach USS 8.6 billions by 2015, representing an
increase of 21% compared to 2009 (107). The majority of foods containing probiotics are
currently dairy based and in particular yogurt and cheese. Probiotic yogurts are subjected to
several regulatory requirements related in particular to the number of viable bacteria
contained and pH value. In fact, it is crucial that probiotics are alive at the time of use and the
viable colony forming unit (CFU) count must be at the level proven to confer a health benefit
in humans or animals. Studies showed that probiotic microorganisms generally grow slowly in
milk (69, 58, 17) and often the probiotic survival and viability in yogurts are lower than needed
for the daily recommended intake (57). Low numbers of Lactobacillus acidophilus and
especially bifidobacteria have been found in commercial yogurts (100). Among probiotic dairy
foods, cheeses are advantageous as a delivery system for viable probiotics due to their
intrinsic properties. Important is the pH value, higher than pH of fermented milks, that

provides a more stable and favourable environment during ripening. Moreover, the high fat
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content of cheeses protects the probiotic bacteria during their passage though the peptic
system (77). The most difficult task in the production of probiotic cheese is not the growth of
the probiotic bacteria but their survival. This is due to the fact that there is a long period of
ripening, commonly several weeks or even months, in which the bacteria have not only to
survive but also to survive in significant numbers to beneficially affect human health. There is
a minimum concentration of microorganisms in these foods, which is variable. The most
widely accepted concentration of probiotic microorganisms is 10 CFU per milliliter or gram,
which is also set as industrial standard. Several types of cheeses are prepared by the
incorporation of probiotic bacteria (Table 1.1) and up to now new products are being
introduced in the international market, such as milk-based desserts, powdered milk for new-

born infants, ice-creams, butter, mayonnaise, etc. (10, 51, 94).

Even if fermented dairy products generally provide good carrier matrices of probiotic
microorganisms, the increasing number of individuals with lactose intolerance, dyslipidemia,
and vegetarian or vegan diet reinforce the importance of development of non-dairy probiotic
products such as fruit and vegetables (75, 81). Application of probiotic cultures in non-dairy
products represents now a great challenge. Several studies reported that beverages such as
fruit and vegetable juices may be the next category of food matrices to serve as carriers of
probiotic bacteria, as supported by published studies (66, 67, 74, 104, 80, 46). Besides,
probiotic foods containing fruit ingredients are increasingly preferred by consumers (24) and
in addition to fruits, raw and fermented vegetables and cereals have been used as substrates
for probiotic bacteria once these foods contain nutrients easily assimilated by probiotics (52,
75, 105). Strains of Lactobacillus acidophilus, L. casei, L. plantarum, L. rhamnosus and

Bifidobacterium lactis are the most utilized in the formulation of new vegetable probiotic
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products. Products made from fruits and vegetables, such as drinks, purées, fermented
vegetables, table olives (75) and minimally processed fruit (90, 91) have also been used. Thus,
the development of non-dairy probiotic products, including food matrices from fruit,
vegetables and cereals (Table 1.2), has a promising future. Besides, several studies have
reported the use of probiotic bacteria with high amount of cells in fruit juices, fruit smoothies,
minimally processed fruit, fermented vegetables, snack products, olive, and cereal beverage
to provide probiotic food free of cholesterol, lactose and allergens present in dairy products
(Table 1.3). However, future studies should be done to assess probiotic adherence and

viability in the human intestine by means of in vivo clinical trials.
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Table 1.1 Cheeses with incorporated probiotic bacteria.

Cheese type Incorporated probiotic bacteria References
Minas fresh cheese  Lactobacillus acidophilus 18
L. acidophilus, S. thermophilus 106
B. bifidum 31
Fresh cheese L. acidophilus 60
Crescenza Bifidobacteria 35
Cottage Bifidobacteria 5,92
Soft cheese Lattobacillus spp. 14
Petit Suisse cheese  B. animalis subsp. lactis, L. acidophilus 7
L. acidophilus, B. animalis 73
Argentinean fresco  Bifidobacterium, L. acidophilus,L. casei 116
L. paracasei 117
Kariesh cheese Bifidobacterium 65
Cremoso cheese L. casei, L. plantarum, L. rhamnosus 63
Mascarpone cheese Streptococcus thermophilus 8
Gouda L. acidophilus, B. lactis 36
L. paracasei 43
Pategras cheese L. acidophilus, L. paracasei, B. lactis 3
L. casei, L. plantarum, L. rhamnosus 63
Probiotic goat’s Lactobacillus delbrueckii 27
cheese ) ] )
L. acidophilus, B. lactis 37
Festivo cheese L. acidophilus, Bifidobacterium 93
Cangstrato B. longum, B. bifidum 16
Pugliese
Tallaga cheese L. acidophilus, B. B. lactis 23
Cheddar L. acidophilus, Bifidobacterium sp., L. casei, 76
L. paracasei, L. rhamnosus
L. casei 102
L. paracasei 33
B. lactis, B. longum 61
B. longum, B. lactis,L. paracasei, L. 70, 71

acidophilus, L. casei

11
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Table 1.2 Recent studies to the use of vegetable food matrices for carrying probiotic bacteria.

Food matrix Probiotic microorganism Food product Reference
L. rhamnosus GG Minimally 1,90, 91
Apple
processed product
L. casei 22
Cocoa B. longum Chocolate 79
L. helveticus
Cashew L. jonsonii Juice 115
Orange, grapefruit, black currant, L. plantarum Juice 67
pineapple, pomegranate, cranberry and
lemon
Yam L. acidophilus Fermented yam 55
Pomegranate L. plantarum, L. delbrueckii, Juice 64
L. acidophilus and L. paracasei
Shalgam L. plantarum Drink 111
Pear L. acidophilus Juice 2
Plum L. kefiranofaciens, C. kefir, S. boluradii Juice 104
Soybean L. acidophilus Soybean bar 12
Barley, tomato pulp and whey powder L. acidophilus Food mixture 48
Cabbage L. plantarum Sauerkraut 123

Adapted from Furtado Martins et al., 2013 (32).
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Table 1.3 Viability of probiotic cultures in fruit and vegetable products.

Food product Probiotic microorganism Viability of the probiotic in the product Reference
Tomato juice L. acidophilus LA39, L. casei A4, 10%-108 CFU mL™ 120
L. delbrueckii D7 and L. plantarum C3
Beet juice L. acidophilus LA39, L. casei A4, L. 10°-10% CFU mL™%, except for L. 121
delbrueckii D7 and L. plantarum C3 acidophilus
Cabbage juice L. casei A4, L. delbrueckii D7 and L. 107 CFU mL™ of L. plantarum and 10° 122
plantarum C3 CFU mL™ of L. delbrueckii. L. casei
did not survive
Fruit smoothies L. acidophilus LA-5 and B. animalis ssp. 10’ CFU g* 89
lactis BB-12
Orange, pineapple and L. casei DN 114 001, L. rhamnosus Above 107 CFUmL™ of L. casei, L. 103
cranberry juice GG, L. paracasei NFBC 43338, rhamnosus and L. paracasei in orange
and B. lactis Bb-12 juice and above 10° CFU mL™? in
pineapple juice. B. lactis showed
concentrations above 10° CFU mL-1 in
both juices
Olive L. paracasei IMPC2.1 10’ CFU g* 19
Cataloupe juice L. casei NRRL B-442 Above 108 CFU mL™ 28
Minimally processed apple B. lactis BB-12 Above 108 CFU g* 112

and papaya

13
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Food product Probiotic microorganism Viability of the probiotic in the product Reference
Fruit cocktail from carrot, L. acidophilus LA-5 Above 107 CFU mL™ 66
celery and apple
Minimally processed symbiotic L. rhamnosus GG 10’-108 CFU g™* 91
apples
Honeydew melon juice L. casei NCIMB 4114 Above 108 CFU mL™ 99
Cashew juice L. casei NRRL B 442 Above 108 CFU mL™ 74
Tursu L. plantarum BC 7321 Above 107 CFU mL™ 9
Defatted soy flour L. paracasei BCRC 14023 and Above 10° CFU g? 11
Bifidobacterium longum BCRC
14661
Snack product from apple, L. salivarius spp. salivarius Above 107 CFU g™? 4
mandarin and pineapple grape CETC4063 and L. acidophilus
juice CECT903
Beverage from rice, barley, oats, L. plantarum 6E and M6 Above 108 CFU g? 13
wheat, soy flour and red grape
juice
Malt beverage L. plantarum NCIMB 8826 and Above 108 CFU mL™ 82

L. acidophilus NCIMB 8821

Table adapted from Furtado Martins et al., 2013 (32)
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PROBIOTICS IN HUMAN APPLICATION

Clinical trials conducted on infants, child and adult have demonstrated the usefulness of
probiotic supplementation for treat gut, lung, skin, vaginal and overall diseases (figure 1.3).

Beneficial effects of probiotic strains, turned out and proposed, include the following:

e improvement nutritional value of the food by increasing absorption of vitamins and

minerals and better digestibility;

e promotion of intestinal lactose digestion by increasing tolerance of lactose due to

microbial hydrolysis (56);

e positive influence on intestinal microbiota combating aberrant microbiota (47);

e positive influence on urogenital tract. In fact, in urinary tract infections probiotics are
able to inhibit E. coli growth moreover, in bacterial vaginitis and vaginal candidosis the
probiotic administration is capable to restore vaginal lactobacilli microbiota. Probiotic
supplementation is able to inhibit the growth of pathogenic bacteria and Candida spp.

(85, 86, 25);

e prevention and reduction of intestinal tract infections such as: acute gastroenteritis
and antibiotic-associated diarrhea by reducing duration of infections (44, 42, 110);
inflammatory bowel diseases by enhancing of mucosal immune responses, by
improving of intestinal permeability, by lowering disease activity and by reducing

relapse rates (101);

e regulation of gut motility associated particularly to constipation by shortening of

intestinal transit time through modulation of colonic microbiota (40);

15
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improvement of immune system;

prevention of colorectal cancer by down-regulation of intestinal microbial enzyme

activities and by conversion of pre-carcinogens to carcinogens (15);

alleviation of symptoms and reduction of risk of atopic eczema (83, 84);

regulation of the inflammatory status in the Inflammatory Bowel Diseases (Crohn’s

disease and Ulcerative Colitis);

Other innovative benefits that are attributed to probiotics are:

hypocholesterolemic activity: mediated either by Bile Salts Hydrolases (BSH) enzymes
secreted by some probiotics able to de-conjugate bile acids in the gut lumen or by
direct cholesterol absorption (72). Both mechanisms of action decrease the plasmatic
concentration of cholesterol, particularly beneficial in case of mild to severe

hypercholesterolemia;

inhibition of nitrate reduction: the organic acids produced by bifidobacteria and
lactobacilli are able to inhibit the development of many intestinal nitrate reducing
bacteria (e.g. Escherichia coli, Proteus, Pseudomonas) (50). The nitrite ions oxidize
hemoglobin ferrous ions to ferric ions transforming it into methaemoglobin, typically
unable to bind oxygen. This is a particular risk in infants, for which it is important to

avoid taking water rich in nitrates (45);

synthesis of group B vitamins: certain strains, especially belonging to Bifidobacterium

genus and Lactobacillus reuteri species, have the capability to synthesize water-soluble

16



Chapter 1

vitamins such as those included in the B group as folates (vitamin B9), biotin (vitamin

B7), cobalamin (vitamin B12) and riboflavin (vitamin B2) (78, 108, 54);

reduction of oxidative stress: specific microorganisms are able to produce antioxidant
molecules, primarily glutathione and superoxide dismutase (SOD), which could be
absorbed through the intestinal wall and exert a systemic positive impact on the

average level of oxidative stress (41, 59);

treatment of gaseous colic in infants: it is well-known that many new-borns and infants
suffer from gaseous colic, often responsible for prolonged crying spells and severe
discomfort. Differences in gut microbiota were found among colicky and non-colicky
infants: colicky infants were less frequently colonized by Lactobacillus spp. and more
frequently by anaerobic Gram-negative bacteria. Many of these, belonging to the
genera Enterobacter and Klebsiella, have been isolated from colicky infants and they
are thought to be directly involved in colic onset and maintenance. In fact, gas forming
coliforms may be involved in determining colonic fermentation and consequently
excessive intra-intestinal gas load, aerophagia, and pain, characteristic symptoms of
colic crying. Only some very specific probiotic microorganisms, many of them isolated
from infants, have the ability to directly inhibit such Gram-negative bacteria, thus

offering a significant relief to colicky babies (96-98, 109).
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Figure 1.3 Major benefits of probiotics for human nutrition and health.
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RESEARCH AIMS AND THESIS OUTLINE

The research described in this thesis aims to study the versatility of probiotic strains belonging
to the Lactobacillus rhamnosus species in order to make renewed probiotic foods and to
formulate clinical strategy to restore homeostasis condition in different human ecosystems.
To these ends L. rhamnosus H25 strains, belonged to the D3A collection and previously
isolated from Pecorino Crotonese cheese, was studied in order to evaluate functional foods
feasibility. In addition, to study the usefulness of probiotic administration in human, the ability
of L. rhamnosus GG strain to restore vaginal and intestinal ecosystems homeostasis was

studied.

Actually, the demand for probiotic foods is increasing in Europe, Japan and the U.S. reflecting
the heightened awareness among the public of the relationship between diet and health.
Traditionally, the most popular food delivery system for probiotics have been freshly
fermented dairy foods, such as yogurts, fermented milks and fresh cheeses. Most studies on
probiotic strains are based on functional properties and less knowledge is available concerning
their capacity to withstand stress related to food manufacturing and storage. Cheese as a
probiotic food carrier represents a good choice showing potential advantages over other dairy
fermented products but it is also a technological challenge at the same time. The technological
suitability of probiotic strains poses a serious challenge since their survival and viability may
be adversely affected by processing conditions as well as by the product environment, the
storage conditions and the ripening time. To date few information are available concerning
the ability of probiotic strains to survive during prolonged ripening time and no information is
available about the possibility to use the Pecorino Siciliano cheese as carrier of probiotic

strains. According to that, two promising probiotic strains, Lactobacillus rhamnosus H25 and
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Lactobacillus paracasei N24, were used for the development of probiotic Pecorino Siciliano
cheese (chapter 2) and their viability and influence on sensory properties, during the ripening
time, were monitored. Moreover, the ability of H25 and N24 strains to survive throughout the
gastro intestinal tract was also studied performing an in vivo test with 10 healthy volunteers.
Recently, vegetarian fermented foods have reached an increasing attention as working base
alternative to milk-based foods for the development of probiotic-type functional foods. In fact,
lactose intolerance, cholesterol content, and allergenic milk proteins are the major drawbacks
related to the intake of dairy products, which require the development of new non-dairy
probiotic foods. In this contest table olives can be considered an excellent food carrier suitable
for delivering probiotics. According to that, we investigate the ability of the potential probiotic
Lactobacillus rhamnosus H25 and the probiotic LGG strains to survive during the olive
fermentation. Moreover, the effect of starters and probiotic strains on the microbiota of green
table olives, the volatile compound formation and the sensory profile were also studied
(chapter 3).

It is worldwide established that probiotic own healthy promoting properties when assumed
as food or pharmaceutical supplements. Several clinical study have demonstrated the
usefulness of probiotic supplementation for treat gastrointestinal and vaginal diseases.
Concerning vaginal microbiota imbalance there are important issue to which great attention
must be paid regarding the effect of probiotics on bacterial vaginosis treatment and
prevention. In fact, even antibiotic administration is effective in the majority of the cases, a
high number of patients have relapses when the assumption is stopped. Therefore, an
alternative treatment is desirable. According to that even if the usefulness of probiotic

administration, both on BV treatment and prevention, is largely demonstrated no study are
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available concerning the effectiveness of L. rhamnosus GG (LGG) administration. In the light
of the evidence above, the usefulness of LGG, alone or in combination with lactoferrin, to
modify the composition and dynamics of vaginal microbiota in bacterial vaginosis patients and
to restore the vaginal microbiota homeostasis condition were investigated (chapter 4).
Lactobacillus rhamnosus GG is considered a helpful probiotic strains for gastrointestinal
disbiosis treatment. So, we presumed its ability to reduce gastrointestinal and cutaneous
symptoms in Systemic Nickel Allergy Syndrome (SNAS) patients and to increase patient’s
quality of life. Up to now, no information is available concerning the intestinal microbiota
composition in SNAS patients and its relation with gastrointestinal symptoms. According to
that, the intestinal microbiota of Systemic Nickel Allergy Syndrome patients was
characterized, in order to assess the possible existence of a potential syndrome specific
microbiota, and the effect of LGG administration in association with the desensitization

treatment were studied (chapter 5).
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Chapter 2

Lactobacillus rhamnosus H25 and Lactobacillus paracasei N24 for probiotic Pecorino
Siciliano cheese production: study of probiotics survival during production, ripening and

through the human gastrointestinal tract.

INTRODUCTION

The profound changes in the society lifestyles of the last decades have made consumers more
conscious regard connection among health, longevity and diet, orienting their choices towards
new food models, called functional foods (33, 34, 13, 49). The major development in
functional foods is related to food containing probiotic cultures, mainly lactic acid bacteria or
bifidobacteria. According to FAO/WHO which defined probiotics as “Live microorganisms
which when administered in adequate amounts confer a health benefit on the host”
(FAO/WHO, 2001), a probiotic food is a processed product which contains viable probiotic
microorganisms in a suitable matrix and in sufficient cell density (39). The matrix has a large
impact on the probiotic viability. For instance, a minimum of 10’ CFU/mL or g and even higher
numbers per daily portion of probiotic bacteria must be present in a product to obtain a
proper delivery in the gastrointestinal (Gl) tract and to retain their health benefits (18, 2, 22).
It is already well established that cheese represents an excellent food probiotic carrier, able
to support bacterial viability and stability during storage (8). Cheese creates a buffer against
the high acidic conditions in the Gl tract, establishing a more favorable environment for
probiotic delivery throughout the gastric transit. Moreover, the dense matrix and relatively
high fat content of cheese may offer additional protection to probiotic bacteria in the stomach
(18, 1, 35, 41). Nevertheless, during manufacturing and cheese ripening several hurdles, such
as the amount of inoculum, redox potential, pH, salting, ripening, packaging, and microbiota

competition directly influence the maintenance of the functional activities of probiotic
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bacteria. In particular, the fall of water activity throughout ripening and microbiota
competition create a hostile and stressful environment for probiotic cultures (20). Hence, due
to its manufacturing process, fresh cheese appears to be ideally suited to serve as a carrier for
probiotic bacteria (21, 18). Numerous scientific papers, which report the development of fresh
cheeses containing potentially probiotic strains have been already published (11, 43, 15, 24,
17,50, 51, 6). Differently, only few data are available on the viability of probiotic strains during
cheese ripening. The aim of the present work was to study the viability of two promising
probiotic lactobacilli (Lactobacillus rhamnosus H25 and Lactobacillus casei N24) strains, used
in mixed culture, during the ripening of Pecorino Siciliano cheese, made from pasteurized
ewe’s milk with the addition of commercial starter cultures, through a combination of culture-
dependent and independent approaches. Moreover, a pilot human trial was carried out in
order to evaluate the H25 and N24 ability to survive passage through the Gl tract and to

maintain their persistence.

MATERIAL AND METHODS

Bacterial strains and growth conditions
The potential probiotic strains Lactobacillus rhamnosus (H25) and Lactobacillus paracasei
(N24), previously isolated from Pecorino Crotonese cheese (31), identified for phenotypical
and genotypical features (29) and analyzed for their probiotic properties (32) were selected
and used for Pecorino Siciliano cheese making. The strains kept at -80°C in glycerol, were sub-
cultured twice consecutively at 37°C overnight in 12% reconstituted skim milk supplemented

with 0.25% (w/v) of yeast powder and 0.20% (w/v) of glucose.
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Heat resistance
Lactobacillus rhamnosus (H25) and Lactobacillus paracasei (N24) were studied, separately, for
heat resistance following the protocol of Minervini et al., 2012 (25). In detail, each strain was
cultivated in MRS broth at the optimum temperature until it reached the stationary phase of
growth (18 h; optical density at 620 nm=2.44). Cells were harvested by centrifugation at 9,000
x g for 10 min at 4°C, washed twice with 50 mM sterile potassium phosphate buffer (pH 7.0),
and re-suspended in sterile distilled water. The suspension was centrifuged (9,000 x g for 10
min at 4°C) and the cells re-suspended in reconstituted skim milk (Oxoid, Milan, Italy) to a final
cell density of 9.8 logio CFU/ml. Aliquots (0.5 ml) were transferred to capillary glass tubes and
heated in a water bath at 55°C for 10 minutes. After heat treatment, the samples were put on
ice for 5 min, diluted, plated on MRS agar and incubated at 37°C for 48-96 h. For each strain,
the heat resistance test was carried out in duplicate and the average and standard deviation

were calculated.

Heat adaptation
Heat adaptation was performed for each strain following the protocol of Minervini et al., 2012
(25). The strains were harvested at stationary phase (18 h), washed and re-suspended in
reconstituted skim milk at the final density of 9.8 logi1o CFU/ml. To induce heat adaptation, cell
suspensions, for each strain, were incubated for 20, 30, 40, and 60 min at 42°C. Control cells
were incubated for 20, 30, 40, and 60 min at 37°C. After incubation, control and adapted cells
were treated at 55°C for 10 min then the cultivable cells were enumerated on MRS agar. Two
separate experiment were performed and the average value was calculated. The decimal

reduction time (D-value, the time taken to reduce the cell numbers by 1 logio cycle) was

39



Pecorino Sicliano probiotic cheese

evaluated after heat treatment. In detail, the adapted cells (42°C for 30 min) were treated at
55°C for 5 to 120 min and their survival rate after planting was calculated as average of three

separate experiments performed for each strain.

Coagulant and acidifying ability

The strains H25 and N24 were tested for coagulant and acidifying ability singularly and in
mixture.

Three different mixtures of the potential probiotic strains (M1, ratiol:1; M2, ratio 1:2 and M3
ratio 2:1) were performed. In detail, adequate amounts of each overnight culture were
inoculated into both skim and UHT milk to reach the cell density of 108-10° CFU/ml then
incubated for 18 h at room temperature (22°C). After incubation, coagulant ability was
evaluated by visualizing the clot formation, and acidifying ability was estimated by calculation
the pH using a pHmeter (Instrument XSPH 510). Moreover, the mixture that exhibited the
better performance was tested in combination with commercial starter cultures usually used
for the Pecorino Siciliano cheese making. Three different combinations between probiotic
strains and starter cultures (C1 ratio 1:1, C2 ratio 1:2, and C3 ratio 2:1) were performed. In
detail, the starter strains, from lyophilized stock cultures, were activated by growing at least
twice consecutively for 24 h at 32°C, reaching the 102 CFU/ml cell density, and inoculated with
the probiotics mixture both in skim and in UHT milk then incubated and tested as previously
reported. The starter culture (Sacco srl, Milan, Italy) contained the followed strains:
Lactococcus lactis ssp. lactis biovar diacetilactis, Lactococcus lactis ssp. lactis, Lactococcus
lactis ssp. cremoris and Streptococcus thermophilus.

The analysis were carried out in duplicate.
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Experimental probiotic strains culture and cheese making
Aliquots of the overnight cultures of both H25 and N24 strains, enough to attain cell density
of 10° CFU/ml in the milk used for probiotic cheese manufacture, were centrifuged for 20 min
at 8000 g under refrigeration (4°C). The pellets were washed twice with 0.1 M sodium
phosphate buffer (pH 7), re-suspended on 50 ml of UHT milk and then incubated at 32°C for
16-18 h. Adequate amounts of each pre-culture were transferred, in a ratio 1:1, into 5 | of UHT
milk and incubated under the same condition previously reported. Pecorino Siciliano cheese
making was carried out at La Cava srl dairy factory (Randazzo, Catania, Italy), according to the
procedure illustrated in Figure 2.1. Overall, two separated cheese making were performed
and two different types of Pecorino Siciliano were manufactured: probiotic cheese (PC) and
control cheese (CC). 250 | of milk, for each production, were pasteurized at 72°C for 15 s,
cooled to 38°C and inoculated with lyophilized starter cultures alone (CC) or in association

with experimental probiotic strains culture (PC).
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Figure 2.1 Flow chart of Pecorino Siciliano cheese making.
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Microbiological analysis
Microbial counts
Probiotic and control cheeses (20 g) were analyzed at 0, 30, 60, 90, 120 and 180 days of
ripening. Two diametrically opposed samples including the cheese core and surface were
putted in a stomacher bag, blended for 3-5 min with a Stomacher Lab Blender 400
(International PBI S.p.A Milan, Italy) then serially diluted using sterile quarter-strength Ringer’s
solution (QRS), and plated in duplicate. Microbiological counts were performed on the
following agar media and conditions: Plate Count Agar (PCA) (Sigma,Milan, Italy), incubated
at 30°C for 72 h, to determine the viable mesophilic counts; MRS, anaerobically incubated at
37 °C for 48 h, for LAB counts; SL-Rogosa agar incubated at 37°C for 3 days anaerobically;
Sabouraud Dextrose Agar (SDA, Oxoid) supplemented with chloramphenicol (0.05 g I-1) and
incubated at 25 °C for 4 days for yeast counts; LM17 agar (Oxoid), added to 0.17 g/L of
cycloheximide (Oxoid), incubated at 32°C and 45°C for mesophilic and thermophilic lactococci
respectively; Kanamycin Aesculin Agar (KAA) incubated at 32°C for 48 h for enterococci; and
Violet Red Bile Glucose Agar (VRBGA, Difco, Italy), aerobically incubated at 37 °C for 24 h, for
total Enterobacteriaceae counts. The analysis were carried out in duplicate and the results

were expressed as logio CFU per g (log CFU g™).

Isolation and identification of Lactobacilli
From each SL-Rogosa plate of Probiotic cheese (PC) samples at 60, 120, and 180 days of
ripening, 20 colonies were randomly selected, purified, checked for catalase activity and Gram
reaction, and microscopically examined prior storing in liquid culture using 20% glycerol

at-80°C. Total genomic DNA was extracted from overnight cultures following the method
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described by Gala et al. (2008) (16). DNA concentration and DNA quality were assessed by
measuring optical density using Fluorometer Qubit (Invitrogen, Carlsbad, CA, USA).
Lactobacilli isolates were identified at species level by tuf gene multiplex PCR (48). PCR
reactions were carried out in a final volume of 50 ul containing 25 ng of template DNA, 2.5 U
of Tag DNA polymerase (Invitrogen, Italy), 10 mM Tris-HCI (pH 8.4), 50 mM KCl, 1.5 mM MgCl2,
200 uM each dNTPs, 10 pmol of each primer PAR (5-GACGGTTAAGATTGGTGAC-3), CAS (5-
ACTGAAGGCGACA AGGA-3), and RHA (5-GCGTCAGGTTGGTGTTG-3), 50 pmol of primer CPR
(5-CAANTGGATNGAACCTGGCTTT-3). Amplification reactions were performed by using a
GeneAmp PCR System 2400 (Applied Biosystems, Norwalk, CT, USA), with the following
temperature profiles: 1 cycle at 5 °C for 5 min; 30 cycles at 95 °C for 30 s, 54 °C for 1 min, and
72 °Cfor 1.5 min; 1 cycle at 72 °Cfor 7 min. The PCR products were resolved by electrophoresis
using 1% agarose gel in TBE buffer (89mMTris—borate, 89 mMboric acid, 2mMEDTA; pH 8.0)

and visualized after staining with Gel Red Nucleic Acid Stain (Biotium, Italy).

Total DNA extraction from cheeses and PCR amplification
Cheese samples, taken during cheese ripening (0-180 days), were collected for direct DNA
extraction, as previously reported by Randazzo et al., 2002 (30). DNA concentration and DNA
quality were assessed by measuring optical density using Fluorometer Qubit (Invitrogen,
Carlsbad, CA, USA). The universal primers HDA1-GC (CGC CCG GGG CGC GCC CCG GGC GGG
GCG GGG GCA CGG GGG GAC TCC TAC GGG AGG CAG CAG T-3’) and HDA2 (5’-GTA TTA CCG
CGG CTG CTG GCA C-3’), amplifying the V2 to V3 region of 16S rDNA, were used. PCR
amplification was performed with the KIT 5-PRIME MasterMix (Eppendorf, Italy). Reaction

mixtures consisted of 75 mM Tris-HCl (pH 8.4), 50 mM KCl, 1.5 mM Mg2+, 10 mM each of the
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four deoxynucleoside triphosphates (dNTP), 1.255 U/mL of Taqg polymerase, 10 pMol of each
primer, and 1 ul of appropriately diluted template DNA in a final volume of 50ul. The
thermocycle program consisted of the following time and temperature profile: 94°C for 2 min;
30 cycles of 93°C for 30 s, 57°C for 30 s, 72°C for 30 s; and 72°C for 2 min. The 40-nucleotide
GC-rich sequence at the 5’ end of primers HDA1 improves the detection of sequence variations
of amplified DNA fragments by subsequent DGGE (30). PCR products were visualized by UV

transillumination and photographed by Mitsubishi Digital P91 video coy processor.

DGGE analysis of PCR amplicons
To investigate the dominant bacterial communities DGGE analysis of PCR amplicons was
performed on the Dcode System apparatus (BioRad, Hercules, CA, USA) as previously
described (26). Samples were applied to an 8% (w/v) polyacrylamide gel
(acrylamide/bisacrylamide 37.5:1) in 0.5X TAE buffer (2 M Tris-base, 1 M glacial acetic acid, 50
M EDTA; pH 8.0). Optimal separation was achieved with 30-60% urea—formamide denaturant
gradient, increasing in the direction of electrophoresis. A 100% denaturant corresponds to 7
M urea and 40% (v/v) formamide. Electrophoresis was performed at a constant voltage of 85
V and at a temperature of 60 -C for 16 h. The DNA bands were visualized by silver staining and

were developed as previously described (38).

Cloning and sequencing of 16S rRNA gene in plasmid inserts
Clone libraries of the 16S rRNA gene amplicons from PC and CC cheeses 60, 120, and 180 days
old were constructed. Amplicons derived from PCR of the 16S rRNA gene using primer pairs

7-f and 1510-r were purified and cloned in Escherichia coli IM109 using the pGEM-T plasmid
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vector system (Promega, Madison, USA) in accordance with the manufacturer's instructions.
Appropriate regions of the 16S rRNA gene of the transformants were amplified using the
primers pair U968-GC and L1401 and their mobility was compared to the rDNA-derived
patterns of cheese samples by DGGE (data not shown). The clones that produced a single
DGGE amplicon with a melting position identical to that one of the dominant bands in the
cheese DNA patterns were selected for sequence analysis. To determine the closest known
relatives of the isolates, partial 16S rRNA gene sequences were compared to those in the
GenBank database (http://ncbi.nlm.nih.gov/BLAST/) and those of the Ribosomal Database
Project (http://rdp.cme.msu.edu/index.jsp) using the BLAST program. Sequences with a

percentage identity of 98% or greater were considered to belong to the same species.

SmartNose analysis
Probiotic and control cheeses at 30, 60, 120 and 180 days of ripening were subjected to the
volatile organic components (VOCs) detection performed with an electronic nose. The
SMartNose system (from LDZ, CH-2074 Marin-Epagnier) used incorporates the Combi Pal auto
sampler CTC Analytics AG (CTC Combi Pal with the Cycle Composer software), a high-sensitivity
guadrupole mass spectrometer (Inficon AG) with a ionic mass detection ranging from 1 to 200
amu, and a user-friendly multivariate analysis software (SMart Nose 1.51) for data acquisition
and analysis. Five gr of each cheese samples were put into 20-mL vials (adapted for the Combi
Pal autosampler) closed with a butyl/PTFE septum and a cap. The cheese samples were
randomly placed in the auto sampler trays to avoid biases due to external factors and the so-
called “memory effect”. Three replicates were measured for each sample. The main operating

conditions were as follow: incubation temperature at 45° C; incubation time of 30 min;
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injection volume of 2.5 mL; syringe temperature at 100° C; injector temperature at 160° C;
nitrogen as purge gas, with a purge flow of 200 mL/min; El ionization mode at 70 eV; mass
spectrometer scan speed of 0.5 s/mass; mass range of 10—160 amu; SEM voltage at 1540. The
total acquisition time was set to 170 s so that 3 cycles were measured for each injection (7).
All data set transformations were carried out using the software supplied with the SMartNose.
The mean value of the three cycles was calculated, and the processed data set was normalised
using the atomic ion of argon (m/z = 40) from air. This mass-to-charge ratio is subjected to no
contamination from other compounds and the concentration of the gas in the headspace can
be considered as constant. Such a normalization makes it possible to correct the drift both
within a single series of measurements and between different series. Then, a Principal

Components Analysis (PCA) was performed.

Sensory analysis
In order to evaluate the sensory differences among PC and CC cheeses, the sensory profile
method UNI, 10957- 2003 (45), the triangle test and the test of preference were performed
on cheeses samples at 60, 120 and 180 days of ripening. A panel of 12 judges (7 females and
5 males, aged between 24 and 40 years) was trained in preliminary sessions in order to
develop a common vocabulary for the description of the sensory attributes of cheeses and to
familiarize themselves with scales and procedures. For the sensory profile, each attribute term
was explained to avoid any doubt about the relevant meaning. On the basis of the frequency
of citation (N>60%), twenty descriptors were selected to be inserted in the card: colour, holes,
greasiness, compactness, acid, bitter, salt (taste), spicy, odour and taste of: milk, butter,

hazelnut, fruits, cheese, off-odour, off-flavour. Random samples were evaluated by assigning
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a score between 1 (absence of the sensation) and 9 (extremely intense). Data were acquired
by a direct computerized registration system (FIZZ Biosystemes. ver. 2.00 M, Couternon,
France). The sensory data for each attribute were submitted to one-way ANOVA by the
software package Statgraphics® Centurion XVI (Statpoint Technologies, INC.) using samples as
factors. The significance was tested by means of the F-test. To differentiate the samples, the
mean values were submitted to the multiple comparison test using the least significant
difference (LSD) procedure.

According to the triangle test method three products were presented, two of which were
identical and one was different. Panellists had to pick the odd one. Sensory analyses were
replicated four times. No information was given to the panellists about the origin of the
samples. Results of sensory evaluation were analyzed according to UNI ISO 4120:2004 (46)
(p=1/3; pa=2/3; a = 0.05; B = 0.10; pa= 40 %; N=30). Test of preference was carried out
according to the ISO 5495: 2005 (47) and unilateral binomial test (m=0.50) was applied on
preferences expressed on correct answers of the triangle test. The random and equalized
distribution of the samples was applied by using the Compusense software in order to obtain

the right balance of samples combination.

Statistical analysis
All experiments were performed in duplicate and the experimental data were reported as
average values and provided with Standard Deviation. Statistical ANOVA (P < 0.05) and Duncan
tests were performed using XLSTAT PRO 5.7 (Addinsoft, New York, USA). Statistical ANOVA
was carried out to evaluate significant differences on bacterial growth on different media

during the whole cheese ripening. Moreover, GLM repeated measures procedures, which
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provides analysis of variance when the same measurement is made several times on each
subject or case, were applied. Specifically, GLM repeated measures analysis was performed in

order to evaluate significant differences between control (CC) and probiotic (PC) cheeses.

Human intervention study
Trial design and participant’s selection

Ten healthy volunteers (4 men and 6 female, age from 25 to 60 years old, average 42.5)
participated to the study. Information on the healthy status as well as about current diet and
lifestyle were obtained at the enrollment. Exclusion criteria were: BMI outside the range 20-
29 Km/m2, hypertension, diabetes, hypercholesterolemia, hypertriglyceridemia, lactose
allergy and intolerance, diagnosed chronic intestinal diseases, systemic and endocrine
pathologies. Informed consent was obtained from all volunteers and they were asked to no
take antibiotics, probiotics, prebiotics, anti-inflammatory or prokinetic drugs 1 month prior to
the study and for the whole duration of the study.

The trial had a duration of 4 weeks and it consisted of four phases: baseline (T1), 1-week
probiotic cheese administration (T2), 2-weeks probiotic cheese administration (T3), and 2-
weeks follow-up period (T4). Participants integrated their usual lifestyle and dietary intake
with Pecorino Siciliano probiotic cheese 180 days-old. Twenty gram of cheese, vacuum packed
to obtain a ready-to-eat-product, were daily ingested during the administration periods. Fecal
samples were collected during each phase of the study (T1, T2, T3, and T4) and were subjected

to microbiological and molecular analysis as followed reported.
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Lactobacilli counts
Fresh fecal samples (about 20 gram) were collected in sterile plastic box previously filled with
Amies transport medium (1:10 w/v) (BD lItalia; Milan, Italy), stored at 4°C in the volunteer’s
home and delivered to the laboratory within 24 hours after collection. Microbiological analysis
were performed, in duplicate, as soon as the fecal samples were received. Serially dilution
were made in reduced peptone water (0.1% w/v peptone with 0.05% w/v cysteine-HCl) and
decimal dilution were planted in duplicate on SL-Rogosa agar (Oxoid). Plates were incubated
in anaerobic jars for 48 h at 37°C; colonies count were obtained and expressed as log1o of the

colony-forming units per gram (CFU g!) of fresh faeces.

Genetic identification of L. rhamnosus H25 and L. paracasei N24 strains
From each plate and each sampling time, the 20% of the total colonies was randomly selected,
purified and checked for catalase activity, Gram reaction and cell morphology. A total of 400
colonies were selected. Total genomic DNA was extracted from Lactobacilli overnight cultures
following the method described by Gala et al. (2008). DNA concentration and DNA quality
were assessed by measuring optical density using Fluorometer Qubit (Invitrogen, Carlsbad,
CA, USA). Lactobacilli isolates were subjected to genetic identification throughout multiplex-
PCR, using species-specific primers targeting a conserved region of the tuf gene (Ventura et
al., 2003). Isolates ascribed to the species L. rhamnosus and L. paracasei, were subjected to
the PCR fingerprinting technique using the (GTG)s primer. Amplification was performed in a
GeneAmp PCR System 9600 (Applied Biosystems) with the following temperature-time profile:
7 min 95 °C, 30 cycles of 94 °C for 1 min, 40 °C for 1 min and 65 °C for 8 min, and a final step

of 16 min at 65 °C. Electrophoresis was performed in 1xTAE buffer (40 mM Tris, 20 mM acetic
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acid and 1 mM EDTA) on a 1.5% agarose gel (w/v) under highly standardized conditions (55 V,
400 mA, 960 min, 4 °C). Fourteen samples were loaded per gel. Four reference markers, 6 pl
eachcomposed of 1.10 plMolecular Ruler 500 bp (Bio-Rad), 1.40 ul Molecular Ruler 100 bp
(Bio-Rad), 2 ul TE buffer (ImM EDTA, 10 mM Tris—HCI (pH 8.0)) and 1.50 pl loading dye, were
included on every gel. Profiles were visualized under ultraviolet light after staining with
ethidium bromide. Digitized images of gels were normalized and analyzed with the
BioNumerics 5.1 software (Applied Maths, Belgium). Similarity matrices of densitometric
curves of the gel tracks were calculated with Pearson's product-moment correlation
coefficient. Cluster analyses of similarity matrices were performed by unweighted pair group
method with arithmetic averages (UPGMA).To match genetic linkage the strains H25 and N24

were used as reference strains.

RESULTS
Heat resistance of probiotic strains

Probiotic lactobacilli were subjected to heat treatment (55°C for 10 minutes), that mimic
condition used during Pecorino cheese production. Overall, both strains L. rhamnosus H25 and
L. paracasei N24, showed high thermal resistance. Cell survival of the probiotic strain after
treatment at 55°C for 10 min was similar between the H25 and N24 strains, showing a slight
decrease in cell density (from 9.33+0.04 to 8.82+0.02 and from 9.14+0.02 to 8.72+0.01 log
CFU/ml, respectively) (data not shown). When we induced heat adaptation of the cells at 42°C
for different times (20, 30, 40, and 60 min), H25 and N24 strains exhibited an increase in cell
density till 60 min, showing the greatest survival at 42°C for 30 min (from initial values of 9.33

and 9.14 to0 10.08 and 9.86, respectively) (Figure 2.2). The cell density of both strains remained
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quite stable till 40 min, when cells were heat adapted at 37°C of incubation, and showed a
slight decrease after 60 min, registering a value of approximately 8.0 (Figure 2.2). For the
promising probiotic strains H25 and N24 was, subsequently, calculated the D-value.
Representative thermal death curves are illustrated in Figure 2.3. Both strains exhibited

similar trend with a decrease of about 2 log cycle after treatment at 55°C for 120 min.

Figure 2.2 Survival (logi0 CFU/g) of L. rhamnosus H25 and L. paracasei N24 strains. Cells were
suspended in reconstituted skim milk at the cell density of 9.8 logio CFU/ml and subjected to
the following heat treatments: 55°C for 10 min after adaptation of the cells at 42°C for
different times (20, 30, 40, and 60 min) (green rectangles) and after adaptation at 37°C for

the same times (blue rectangles).
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Figure 2.3 Representative rate of the decimal reduction time (D-value) of L. rhamnosus H25
and L. paracasei N24 strains. Cells were suspended in reconstituted skim milk, subjected to

adaptation at 42°C for 30 min and heat treatment at 55°C for 2 hours.
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Coagulant and acidifying abilities of potential probiotic strains
In Table 2.1 are reported coagulant and acidifying activities, both in skim and UHT milk, of the
potential probiotic H25 and N24 strains, alone, in mixture between them and in combination
with the commercial starter cultures used in the Pecorino Siciliano cheese making. Overall,
when analyzed singularly, both strains exhibited good coagulant activities and good clot
formation in UHT milk at 37°C for 18 h of incubation. Evaluating mixtures, the best coagulant
ability and acidifying activity both in skim milk and in UHT milk were exhibited by the mixture
M1 (H25 and N24 strains mixed at 1:1 ratio). The latter, showed the best coagulant and
acidifying properties also when evaluated in combination with starter cultures (combination

C1). For this reason, the mixture M1 was chosen to be used for the PC cheese production.
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Table 2.1 Coagulant and acidifying activities of the H25 and N24 strains singly, in mixture each
other and in combination with commercial starter cultures after 18h of incubation at room
temperature. The coagulant and acidifying activities were also determined for the commercial

starter cultures.

Coagulation A pH
Single / Mixtures
Skim milk UHT milk Skim milk UHT milk

o g2 H25 +/- + 034 1.05
g
v 7 N24 +/- + 0.22 1.01
Commercial starter o/ " Loa 0.99
cultures
Mixture M1
£ 1:1 (v/v) (H25&N24) H e 2.18 2.34
©
7
S Mixture M2 :
3 1:2 (v/v) (H25&N24) + + 1.03 1.15
3
X
= Mixture M3
2:1 (v/v) (H25&N24) +- + 1.14 1.40
Combination C1
. 1:1 (v/w) (M1&starter) * + 0.91 1.17
z &
O w®
" @ Combination C2
: -
) 2 1:2 (v/w) (M1&starter) +/ + 0.80 1.00
£ £
© 3z o
Combination C3 . " 081 o7

2:1 (v/w) (M1&starter)

++: very good coagulant activity; +: good coagulant activity; +/-: low coagulant activity
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Microbiological analysis

Results of microbiological analysis of control (CC) and probiotic (PC) cheeses at 0, 30, 60, 90,
120 and 180 days of ripening were expressed as average of two replicates with standard
deviation and were depicted in Table 2.2. Regarding control cheese (CC) the total aerobic
mesophilic population showed a significant increase up to 90 days of ripening, reaching a value
of 8,33 log CFU/g, followed by a decrease till 180 days of ripening (6.12 log CFU/g). Lactic acid
bacteria and Lactobacilli showed the same trend, recording an increase of 1 log cycle at the
end of ripening. Lactococci increased up to 90 days and significantly decreased till the 180
days of ripening. Streptococci presented trend almost constant up to 90 days, and decreased
of about 2 log cycle at 120 days of ripening and after. Enterococci exhibited similar trend to
those depicted from streptococci. Yeasts and Enterobacteriaceae revealed a constant cell
density during all ripening time (average about 4 log CFU/ml).

Regarding probiotic cheese (PC), total aerobic mesophilic bacteria showed a quite constant
value till 90 days of ripening, decreasing of about 2 log cycle at 180 days of ripening.
Lactobacilli, as expected, achieved a high cell density at the beginning of the ripening, which
significantly increased till 60 days, achieving a final value of 8.64 log CFU/ml. Lactococci were
quite stable till 60 days and decreased slowly reaching the value of 7.90 CFU/ml at 180 days.
Streptococci showed similar trend, achieving at the end of the ripening a significant decrease
of 3 log cycle. Enterococci exhibited a constant trend till 60 days and decreased slowly,
registering a final value of 7.34 CFU/ml. Yeasts showed a slight increase during ripening,
recording a value of 4,84 CFU/ml at the end of ripening, while Enterobcteriaceae maintained

a constant value for all ripening time.
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Evaluating differences between probiotic and control cheeses statistical data revealed that
the cheeses were significantly different only for mesophilic bacteria, LAB, and Lactobacilli

groups (PCA, MRS and SL-ROGOSA media, respectively) (data not shown).
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Table 2.2 Microbial counts and standard deviation (SD) of control (CC) and probiotic (PC) cheeses of the main microbial groups at different days

of ripening (0-180).

Microbial counts (log UFC/g) and SD

Samples Days Mae::opt:‘i::hc LAB Lactobacilli Lactococci Streptococci Enterococci  Yeasts Enterobacteriaceae
bacteria
0 7.00£0.01° 6.74+0.06° 6.15+0.05* 8.95+0.01° 8.36x0.08°> 8.07x0.08"> 4.35+0.06° 4.13+0.182
30 8.22+0.38"¢ 8.11+0.22°¢ 7.33+0.14°¢ 9.04£0.11° 9.03+0.05¢ 9.14+0.05¢ 4.30%0.43? 4.54+0.09°
CC 60 8.33£0.04° 8.19%0.27°¢ 7.12+0.18°¢ 8.50%0.03°° 8.38+0.11° 8.27x0.11° 5.170.25° 4.3210.54°
90 8.3310.07° 8.60+0.03° 7.80+0.05°¢ 9.03x0.12°>  8.78+0.02° 8.38x0.02° 3.98+0.03° 3.95+0.06°
120  7.09£0.12° 7.32#0.03°> 7.18+0.05°> 7.09+0.12° 6.38x0.11° 6.22#0.11* 3.9740.03° 3.9710.04°
180 6.12+0.05° 7.78£0.00°¢ 7.24+0.08°° 7.25+0.15° 6.2620.20° 6.16:£0.20° 4.26+0.17° 3.9610.04°
0 8.96+0.30°¢ 8.97+0.04° 9.02+0.06% 9.110.15¢ 8.860.02°¢ 8.97£0.02° 3.12+0.752 3.98+0.03°
30 9.11+0.18¢ 9.37+0.09° 9.11+0.08° 8.87x0.03*° 8.80£0.03°° 8.71+0.03° 3.35+0.07° 4.49+0.10°
PC 60 9.05+0.07°¢  9.09£0.14® 9.26+0.10% 9.03£0.06° 9.33+0.09¢ 9.41+0.09¢ 3.97x0.03¢ 3.98+0.03°
90 8.32+0.48> 8.81+0.04° 8.81+0.092% 8.62+0.03> 8.37+0.13°¢ 8.21+0.13°¢ 3.69+0.02% 3.93+0.03°
120  7.06:£0.68°> 8.95+0.07° 8.54+0.05° 8.69+0.01° 7.00£0.01%* 7.05£0.01® 3.90+0.01°° 3.9710.02°
180 6.81+0.10° 8.97+0.28% 8.64+0.09% 7.90+0.08% 5.89+0.83* 7.34+0.83% 4.84+0.02¢ 3.2010.28?

Mean values of two independent samples; lowercase (a, b, etc) letters in the same column indicate different statistical significances

according to Duncan test at p value of p < 0.01.
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Viability of probiotic strains during ripening
In order to evaluate the viability of potential probiotic H25 and N24 strains in PC samples
during ripening time, DNA of the colonies selected on SL-Rogosa plates at 60, 120 and 180
days of ripening were submitted to tuf gene multiplex PCR. As reported in Figure 2.4, L.
paracasei N24 showed the same percentage of occurrence at 60 and 120 days of ripening with
a slight decrease at 180 days of ripening. L. rhamnosus showed a similar percentage of

occurrence in all the cheese samples analyzed.

Figure 2.4 Occurrence (%) of Lactobacillus species in probiotic cheese (PC) at 60, 120 and 180 days of
ripening.
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DGGE analysis of bacterial population and identification of the dominant species
The diversity and the dynamics of the dominant microbial communities during Pecorino
cheeses ripening without and with the addition of probiotic strains (CC and PC respectively),
were analyzed by PCR-DGGE using primers HDA1 and HDA2, targeting the V2-V3 region of
16S rDNA. Results are shown in Figure 2.5. The appearance and disappearance of amplicons
in the DGGE patterns indicate important shifts in the microbial community structure. Overall,
microbial community of both CC and PC cheeses were quite stable during the ripening (0-180
days) with several bands in common. Comparison of profiles generated from L. rhamnosus
H25 (line 7) and L. paracasei N24 (line 8) with those generated from CC and PC cheese samples,
showed the presence of both species only in PC samples till 180 days of ripening. Clone
libraries of the 16S rDNA amplicons from the 60, 120 and 180 days old CC and PC samples
were constructed in order to identify some of the dominant bands in the rDNA-derived
patterns. In detail, the dominant band a, which corresponded to Streptococcus macedonicus
species, the dominant bands b, ¢ and d corresponded to Streptococcus termophilus species
and the band e corresponded to Lactococcus lactis were detected in all samples investigated
and throughout the ripening. In addition, in the PC cheese was recorded the dominance of
Lactoacillus casei/rhamnosus species (bands f and h) and of Lactobacillus fermentum (band g)

during the ripening time.
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Figure 2.5 DGGE profiles of the V2-V3 16S rRNA gene of control and probiotic samples at 0,
30, 60, 90, 120 and 180 days of ripening.

(L PC

1 2 3 4 5 6 7 8 9 10 11 12 13 14

Lines 1-6, control cheese (CC) at 0, 30, 60, 90, 120, and 180 days of ripening
respectively; line 7, L. rhamnosus H25 strain; line 8, L. paracasei N24; lines
9-14, probiotic cheese (PC) at 0, 30, 60, 90, 120, and 180 days of ripening
respectively. Band a, Streptococcus macedonicus; bands b, ¢, and d,
Streptococcus termophilus; band e, Lactococcus lactis; bands f and h,
Lactoacillus casei/rhamnosus; band g, Lactobacillus fermentum.

Smart Nose analysis
All data sets from SMart Nose results were gathered using the software SMart Nose 1.51. The
PCA obtained by SMart Nose analysis of PC and CC samples is shown in Figure 2.6. The PCA
two-dimensional plots shows the data obtained for the analysis of probiotic (PC) and control
(CC) cheeses at 30, 60, 120, and 180 days of ripening. The volatile profile of Pecorino cheese

was mainly affected by the different strains used. The CC and the PC samples showed a good
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separation with PC1 (65.31%) and PC2 (10.43%). In detail, CC samples at 180 days of ripening
(in green dotted line) displayed a further separation from the others at days 60 and 120 (green
line). Probiotic samples in red group showed a higher variability for samples at 30 days that
were slightly distant, but not clearly separated, from the samples at 60-120 and 180 days (red

line).

Figure 2.6 PCA two-dimensional plots of SMart Nose analysis of probiotic PC (green) and

control CC (red) samples at 30, 60, 120 and 180 days of ripening.
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Sensory analysis
ANOVA results of sensory analysis showed that PC and CC cheeses at 60, 120 and 180 days of
ripening were significantly different (p < 0.05) for six of the twenty descriptors selected (figure
2.7). In detail, the highest value for the descriptor holes was attributed to CC at 120 and 180
days of ripening while, salt and greasiness were valuated more intense in both PC and CC
samples 180 days old. PC obtained the highest value for spicy (120 and 180 days of ripening)
and hazelnut and cheese odours (180 days old). Results of triangle test are illustrated in Table
2.3. In detail, a mean of 60% of correct answers was attributed to cheeses at 120 and 180 days
of ripening, while 77% of correct answers were obtained for cheese at 90 days of ripening.
From data clearly appears that the panellists were able to differentiate significantly the CC
and PC samples at each ripening time considered in the present study. In addition, as reported
in table 2.4, PC cheese obtained a significant preference at 90 days of ripening while the

panellists showed the preference for CC cheese at 120 and 180 days of ripening.
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Figure 2.7 Sensory profile of probiotic (PC) and control (CC) cheeses at 60, 120 and 180 days of ripening
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Spicy 5 Greasiness
\\ N /
T /A\\ ¥
-7

f//
‘ \ Hazelnut odour

——PC60 —(CC60
Cheese odour
PC120 CC120
CC180 PC180

cc PC

Descriptors 60 120 180 60 120 180

Colour 4.7 5.1 4.9 3.9 4.8 4.9
Holes 3.7¢b 4.1 4,00 3.1 262 3.6%
Greasiness 3.62 4.3 5Q0bc 332 362 5.7¢
Compactness 5.8 5.9 6.1 53 5.2 5.7

Salt 412 5.4%c  59bc 473 5gabc g
Acid 23 29 30 36 33 32
Bitter 1.5 27 19 20 29 27
Spicy 3.0% 48> 39®c 291 50c 52¢
Milk 41 40 38 50 43 39
= Butter 34 44 47 37 44 41
S Fruits 1.8 21 33 17 28 29
©  Hazelnut 27 192 276 223 192 42b
Cheese 45 6.1% 58b 55b  pQEd G
Off-odour 14 18 1.8 14 17 16
Milk 47 42 50 40 43 43
o Butter 36 36 41 38 42 38
2 Fruits 1.8 23 28 18 26 26
¥ Hazelnut 19 19 32 26 21 33
Cheese 5 60 59 56 63 58
Off-flavour 13 14 16 16 17 23

Mean value attributed to each descriptor. Lowercase (a, b, etc)
letters in the same column indicate different statistical significances
(p<0.05)
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Table 2.3 Statistical difference between control (CC) and probiotic (PC) Pecorino cheese

samples obtained by triangle test.

. . % of Correct Significant
Days of Ripening Comparison Correct Answers ANSWers difference a=0.05
90-days CCvs PC 23 77% *
120-days CCvs PC 18 60% *
180-days CCvs PC 19 63% *

* 15 is the minimum number of correct responses needed to conclude that a perceptible
difference exists based on a triangle test were N=30; a=0.05; f=0.10 and pd=40%.

Table 2.4 Statistical difference between control (CC) and probiotic (PC) Pecorino cheese

samples based on preference test.

Days of Ripening Comparison Correct cc PC
¥ P & P Answers Preference Preference
90-days CCvs PC 23 8 15
120-days CCvs PC 18 10 8
180-days CCvs PC 19 147

T Significant difference on unilateral binomial test m=0.50; a=0.05.
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Faecal samples analysis

The mean of microbial counts and standard deviation obtained by enumeration of lactobacilli
population present in faecal samples of volunteers participated to the study, collected during
each sampling time (T1, T2, T3, and T4), are shown in Table 2.5. The cellular density detected
at baseline sampling time (T1) was variable among patients with a mean value of 4.97 log
CFU/g of faeces. The highest lactobacilli value was achieved by volunteer B (7.47 log CFU/g)
while, the lowest by volunteers C and L (3.30 log CFU/g and 3.04 log CFU/g respectively).
During the probiotic cheese assumption both for 7 (T2) and 15 (T3) days, the Lactobacillus
population increased in all patients with the exception for the B volunteer, which showed at
T2 sampling time a slight decrease. When the probiotic cheese administration was stopped
(T4, 2 weeks after the end of the assumption) the Lactobacillus population was subjected to a
slight decrease in cell density in all volunteers except for L one which registered an increase
of 1 log unit.

In order to study the Lactobacillus population a total of 400 colonies, 10 for each sampling
time and each volunteers, were isolated from SL-Rogosa plates and subjected to tuf gene PCR.
The occurrence (%) of L. rhamnosus and L. paracasei species are reported in figure 2.8. In
detail, L. rhamnosus and L. paracasei represented at baseline (T1) the 6% and 2% of the total
isolates respectively. These percentages of distribution increased sensibly after 7 days of
probiotic cheese intake (T2) shifted to 33% for L. rhamnosus and 32% for L. paracasei and
remained quite stable at T3 sampling time (30% L. rhamnosus and 41% L. paracasei). During
the 2-weeks follow-up period the occurrence of L. rhamnosus and L. paracasei decreased to

25% and 8% respectively.
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Table 2.5 Lactobacillus population counts, in SL-Rogosa medium, and standard deviation (SD)

of faecal samples of 10 subjects (A-L) collected during the trial at baseline (T1), 1-weeks

probiotic cheese administration (T2), 2- weeks probiotic cheese administration (T3), 2-weeks

follow up period (T4).

Sampling time

Subjects
T1 T2 LE] T4
A 4.65+0.04 5.20%0.05 7.34+0.04 6.60%£0.02
B 7.47%+0.05 7.28+0.04 8.30+0.03 7.43+0.02
C 3.30+0.03 4.30+0.05 7.07+0.03 5.51+0.03
D 5.04+0.03 5.68+0.02 7.64+0.04 5.90+0.05
E 5.92+0.06 6.6910.02 8.74+0.05 7.14+0.05
F 4.32+0.04 5.00%0.07 6.30+0.02 5.851+0.04
G 5.641+0.04 6.93+0.05 7.91+0.03 7.07+0.03
H 5.50+0.03 5.90+0.03 7.72+0.03 6.20+0.02
I 4.91+0.02 5.49+0.03 6.67+0.04 5.75+0.03
L 3.04+0.02 4.60+0.03 5.88+0.03 6.70£0.02
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Figure 2.8 Occurrence (%) of L. rahmnosus and L. paracasei strains isolated from faecal
samples of 10 volunteers at baseline (T1), 1-weeks probiotic cheese administration (T2), 2-

weeks probiotic cheese administration (T3), 2-weeks follow up period (T4).
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Genetic identification of L. rhamnosus H25 and L. paracasei N24 strains
(GTG)5-PCR fingerprints were generated from 98 isolates (88 derived from faecal samples and
10 isolated from the cheese administrated during the trial) and cluster analysis was performed
(figure figure 2.9). Moreover, a dendogram with isolates that clustered with the reference

strains (H25 and N24) were also constructed (figure 2.10). Concerning the isolates originated
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form probiotic cheese, 2 isolates clustered with H25 strain and 4 clustered with N24 strain.
Among the strains isolated from faecal samples, 30 isolates clustered with H25 and 21
clustered with N24 strains. Thirty-seven isolated did not showed similar GTGs profile to the
reference strains. Zooming on L. rhamnosus strains closely related to L. rhamnosus H25 strain,
13 derived from faecal samples at 7 days of cheese administration (T2), 16 derived from 15
days administration (T3) and only one from 2 weeks after the end of cheese assumption (T4).
Similarly, the majority of the strains that clustered with N24 derived from 15 days of cheese

administration (13 isolates).
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Figure 2.9 Dendrogram generated after cluster analysis of the digitized (GTG)5-PCR fingerprints of the Lactobacilli (98) isolated from cheese and faecal

samples.
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Figure 2.10 Dendrogram generated after cluster analysis of the digitized (GTG)5-PCR fingerprints of the Lactobacilli isolated from cheese (6)
and faecal (51) samples that exhibited identical profile to H25 and N24 reference strains.
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DISCUSSION

In the present study two promising probiotic strains Lactobacillus rhamnosus H25 and
Lactobacillus casei N24 were used to produce experimental probiotic Pecorino Siciliano
cheese and their impact during the ripening period was investigated. Both strains exhibited
good technological properties in terms of coagulant and acidifying abilities both in skim and
UHT milk. It is interesting to point out that when the cells were combined with commercial
starter cultures the coagulant activity was higher. This could be due to a possible positive
interaction among the promising strains and the starter cultures generally used for Pecorino
Siciliano cheese making. This evidence was supported by the microbial counts and the DGGE
results of the V2-V3 regions of the 16S rRNA gene. Microbial data showed an increase of
lactococci and streptococci during the ripening, especially from 90 till 180 days, confirmed by
DGGE profiles which revealed the dominance of Lactococcus lactis and Streptococcus
thermophilus in both control and probiotic cheeses. These results are in contrast to
Diezhandino et al., 2015 (12), which observed a decrease of lactococci during ripening of
Valdedn cheese, a traditional blue cheese produced in Spain. The occurrence of enterococci
at high level highlights their contribution during the cheese ripening, as already suggested by
Suzzi and co-workers (2000) (44). The higher level of lactobacilli at the beginning of ripening
in probiotic cheese respect to the control one could be explained by their ability to survive
during heat treatment (55°C for 10 min). This result is in contrast to those obtained by
Cardenas et al., (2014) (5) which demonstrated a loss in probiotic strains when they were co-
cultured with starters. In addition the viability of the H25 and N24 strains was improved
(almost 1 log unit) when cells were adapted at 42 °C for 30 min, in accordance with previous

studies (9, 25). The strains showed high resistance to heat conditions that mimic curd cooking

71



Pecorino Sicliano probiotic cheese

generally used for making Pecorino Siciliano cheese. Even the Pecorino cheese is made from
pasteurized milk and the curd is cooked at 55°C the Enterobacteriaceae level was quite high
both in probiotic and control cheeses. Similar finding was achieved in Mozzarella cheese and
Fior di latte cheese (10, 42, 25). In order to have industrial application, is widely accepted that
the incorporated probiotic strains must maintain their viability during the production,
throughout the shelf life of the product and up to the time of the consumption. In the present
study, the LAB and lactobacilli cell densities significantly increased during the ripening time
and both L. rhamnosus H25 and L. paracasei N24 strains remained viable in the probiotic
cheese until 180 days of ripening.

Cheese has been considered as an excellent alternative to fermented milk and yogurts as food
vehicle for probiotic delivery (50, 51, 27, 28, 3, 4). The buffering capacity is one of its
advantages because it protects probiotics against the highly acidic stomach environment. The
structure of the gel and its high fat content and solid consistency also add to the probiotic
protection (27, 28). However, variable results have been obtained with different probiotic
strains and each strain should be tested individually. In the present study, in order to detect
the two promising strains (Lactobacillus rhamnosus H25 and Lactobacillus casei N24) in the
probiotic cheese at the end of the ripening time (180 days old), the GTGs-PCR analysis was
carried out. Moreover, the same technique was applied to reveal the strains survival in fecal
samples of 10 adult volunteers, which consumed daily the probiotic cheese for 15 days. Our
results demonstrated that the promising probiotic strains were found in cheese and exhibited
excellent viability during the gastrointestinal tract transit. In fact, the cell density of total
lactobacilli increased in fecal samples during the trial. It is well established that the ingestion

of certain probiotic may increase the total number of indigenous lactobacilli (40, 19, 52, 36,
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37). Microbiota changes, attributable to probiotic intake, include increase numbers of related
phylotypes and decrease in pathogens and their toxins (36, 37). The consumption of probiotic
cheese did not cause abdominal pain, flatulence, bloating or their combination in volunteers.
Nevertheless, few volunteers reported constipation after 2 weeks of cheese ingestion. It is
well known that cheese is rich in saturated fats ad proteins and lacks fiber hence, an excessive
consumption of cheese could result in constipation (37). Actually, consumers demand the
addition of probiotic cultures to many foods, including cheese, but a primary consideration is
that the sensory properties, especially taste, should be appealing. Although according to the
preference test panellists exhibited a significant preference of PC cheese at 90 days of ripening
and the sensorial profiles revealed differences between probiotic and control cheeses only for
six out of the twenty descriptors selected. It is interesting to highlight that the addition of
probiotic strains did not affect the bitterness level in cheese. This could be due to the ability
of the strains to degrade bitter peptides, as reported by Martinez-Cuesta et al 2001 (23).

In conclusion, the results of the present study point out the excellent technological properties
of the promising probiotic Lactobacillus rhamnosus H25 and L. paracasei N24 strains,
suggesting their possible use during the manufacture of the ripened Pecorino Siciliano cheese.
In addition, we demonstrated that both strains survived throughout cheese ripening,
indicating that aged-cheese is a suitable vehicle for probiotic delivery in the gastro intestinal
tract. Further, we also demonstrated their viability in human faeces, suggesting their possible

role on the metabolism and composition of GI microbiota.
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Giarraffa and Grossa di Spagna naturally fermented table olives: Effect of starter and

probiotic cultures on chemical, microbiological and sensory traits

INTRODUCTION

Table olives are the most important fermented vegetables on the international food market,
with an estimated production of 2,563,000 tons per year (22). The European Union (EU) is the
main producing area in the world and Spain is the leading producing country, followed by
Greece and ltaly, with the 15.2% and 9.6% of the table olives marketed in the EU, respectively.
Several ways are followed to produce table olives, and the most widespread is the Spanish
style method. In Italy, 44% of the table olives are yielded in Sicily and the pro capita yearly
consumption is about 3 kg, one-third of the domestic production (51). In Eastern Sicily, the
manufacturing process of table olives is mainly performed at the olive farming level. After
picking, the green olives are directly placed under brine, with an initial salt concentration of
8—-10% (38). The drupes in the brine undergo a mixed-acid fermentation until, at least partially,
they lose their bitterness. The fermentation is a non-controlled process, inwhich cultivars,
physico-chemical conditions (salt content and temperature) as well as indigenous microbiota
of olives influence the quality of the final product (5, 30, 47). In particular, un-debittered green
table olives represent a complex habitat in which indigenous lactic acid bacteria (LAB) and
yeasts co-interact (5, 28, 39). The synergism between LAB and yeasts is of fundamental
importance in obtaining high quality products (20). LAB rapidly metabolize the sugar available
producing lactic acid, which originates the rapid acidification of brines (16) while yeasts
contribute to enhance LAB growth releasing nutritive compounds (5). Both microbial groups

are involved in the volatile compound and metabolite production from major olive
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constituents, through various biochemical pathways. Alcohols, esters, aldehydes and ketones,
as well as acids, are known to be formed by metabolic activities of LAB and yeasts, which
improve the flavor properties of final product (25). Nevertheless, spontaneous fermentation
is often unpredictable and an excessive growth of yeast usually determines a final product
with a milder taste and less self-preservation due to the high pH (30). Thus, suitable starter
cultures could be used in order to standardize the process and to obtain replicable, high
quality and safe products. Several LAB strains and mixed cultures of yeasts and LAB have been
developed as starters or protective cultures and some commercial starter cultures of
Lactobacillus pentosus or L. plantarum strains, suitable for table olive fermentation, are
already on the market (11, 31). More recently, in order to offer beneficial health effect to
consumers, several cultures of Lactobacillus have been isolated from brines of naturally
fermented olives and characterized for their potential probiotic traits (2, 4, 6, 12, 23). Thus,
table olives could represent a change to extend the consumption of probiotic foods to certain
groups of the population, such as lactose intolerant and persons that need low cholesterol
diet. The aims of the present study were to investigate the effect of starters and probiotic
strains on (i) the microbiota of green table olives, (ii) the volatile compound formation and (iii)
sensory profile of the final products. For these purposes, green table olives from Grossa di
Spagna (also known as Bella di Cerignola cv) and Giarraffa cv were artificially inoculated with
starters and probiotic strains and analyzed for chemical, microbiological and sensory

parameters.
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MATERIAL AND METHODS

Olive samples and fermentation procedures

Olives of Giarraffa (G) and Grossa di Spagna (S) cv were kindly provided by a local company,
situated in Paterno, Catania, Sicily. After harvesting (September—October), olives were
subjected to quality control to remove damaged fruits, washed with tap water and directly
immersed in sterilized brine, containing 6% (wv-1) of NaCl. Fermentation was carried out into
20 | total capacity screw-capped PVC vessels, containing proximally 10 kg of olives and 8 | of
fresh brine solution. Brine samples were inoculated with starter cultures after 3 days from
brining and with potential probiotic strains after 60 days of brining. Overall, five different
samples, for each cultivar, Giarraffa (G) and Grossa di Spagna (S), were obtained namely: (G1
and S1) un-inoculated spontaneous sample (control); (G2 and S2) inoculated with probiotic L.
rhamnosus H25; (G3 and S3) inoculated with commercial probiotic L. rhamnosus GG; (G4 and
S4) inoculated with L. plantarum GC3 plus L. paracasei BS21; and (G5 and S5) inoculated with
L. plantarum GC3 plus L. paracasei BS21 plus L. rhamnosus H25. All treatments were
performed in duplicate (i.e., two fermentation vessels per treatment). Fermentation took
place at room temperature (ca. 20—22 °C) for a period of 120 days. During the fermentation,
the brine salt concentration was maintained constant at the initial level of 6.0% by periodical

additions of coarse salt.

Bacterial strains and culture conditions

Two selected strains, L. plantarum GC3 and L. paracasei BS21, belonging to DiGeSA microbial

collection, previously isolated from naturally fermented table olive brines, characterized for
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phenotypic and genotypic traits, and selected for their ability to grow in the presence of
oleuropein, hydroxytyrosol, tyrosol and verbascoside (unpublished data), were used as starter
cultures. Moreover, two probiotic L. rhamnosus strains, the H25 strain (belong to the DiGeSA
collection) and the commercial strain LGG (ATCC 53103), were added after 60 days of brining
to minimize the competition with starters for nutrients, as previously reported (12). The L.
rhamnosus H25 strain was previously isolated from cheese and tested for its probiotic traits
in previous studies (35, 34, 33). In detail, single frozen concentrated cultures of the starter
strains were grown overnight at 32 °C in Man—Rogosa—Sharpe medium broth (MRS, Oxoid,
Italy) and re-cultured in the same medium supplemented with 4.5% (w v-1) of NaCl, in order
to allow adaptation of strains to the saline environment of the brines (13). Probiotic strains
were grown at 37 °C in MRS broth and when the OD600 reached the value of 1.0, cells were
harvested (8000 rpm for 10 min), using the microcentrifuge IEC microCL 17 (Thermo
Scientific), washed and re-suspended in physiological saline solution (0.9% w v-1 of NaCl). An
appropriate volume of starter inoculum (ml), from each individual culture (ratio 1:1), was
added, after 7 days of brining, to obtain a final concentration of 8 log colony forming unit
(CFU) ml-1. At the same way, appropriate volumes of the probiotic strain suspensions were
added in the brines at a final concentration of 7 log CFUmI-1. Samples not inoculated were

used as control.

Physico-chemical analyses

During the whole fermentation, physico-chemical characteristics of olive brine samples were
monitored. Brine samples were routinely analysed for salt concentration by titrating brine

samples (5 ml) using a standardized solution of silver nitrate (0.1 N) and potassium chromate
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(5% w v-1) as indicator (16). Moreover the pH values of brines were detected by pHmeter
(H19017,Microprocessor, Hanna Instruments) and lactic acid concentration was determined
by enzymatic assay (Megazyme, Poncarale, Italy) at the beginning (7 days), the middle (60

days) and the end of fermentation (120 days) and expressed as g |-1.

Microbiological analyses

Microbial counts

Brine samples (about 10 ml) were analyzed at 0, 7, 14, 21, 30, 60, 63, 75, 90, and 120 days of
brining. At each sampling time, brines were serially diluted using sterile quarter-strength
Ringer's solution (QRS) and plated in duplicate on the following agar media and conditions:
Plate Count Agar (PCA, Sigma,Milan, Italy), incubated at 30 °C for 72 h, to determine the viable
mesophilic counts; MRS, anaerobically incubated at 37 °C for 48 h, for LAB counts; Sabouraud
Dextrose Agar (SDA, Oxoid) supplemented with chloramphenicol (0.05 g 1-1) and incubated at
25 °C for 4 days for yeast counts; Mannitol Salt Agar (MSA,Oxoid), incubated at 32 °C for 48 h,
for staphylococci enumeration; and Violet Red Bile Glucose Agar (VRBGA, Difco, Italy),
aerobically incubated at 37 °C for 24 h, for total Enterobacteriaceae counts. Results were

expressed as log10 CFU per ml (log CFU ml-1).

Isolation and identification of LAB

From each MRS plate of both Giarraffa and Grossa di Spagna brine samples at 120 days of
fermentation, 40 colonies were randomly selected, purified, and checked for catalase activity

and Gram reaction, and microscopically examined prior to storing in liquid culture using 20%
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glycerol at-80 °C. A total of 400 colonies were selected. Total genomic DNA was extracted
from LAB overnight cultures following the method described by De los Reyes-Gavilan,
Limsowtin, Tailliez, Séchaud, and Acholas (1992) (14). DNA concentration and DNA quality
were assessed by measuring optical density at 260 and 280 nm using Fluorometer Qubit
(Invitrogen, Carlsbad, CA, USA). LAB isolates were identified by recA gene multiplex PCR (50).
PCR reactions were carried out in a final volume of 20 ul containing 2 ul of DNA, 1x PCR buffer,
1.5 mM MgCl2, 100 uM dNTPs, 1 uM of primers PentF (5-CAG TGG CGC GGT TGA TAT-3), ParaF
(5-GTC ACA GGC ATT ACG AAA AC-3) and pREV (5-TCG GGA TTA CCA AAC ATC AC-3), 0.12
uMofprimer PlanF (5-CCG TTT ATG CGG AACACCTA-3), and 1 U of Taq polymerase (Invitrogen,
Italy). The amplification program was as follows: 30 cycles at 94 °C for 0.5 min, 56 °C for 10 s
and 72 °C for 0.5min. An initial denaturation at 94 °C for 3 min and a final extension at 72 °C
for 5 min were included. PCR reactions were carried out in a GeneAmp PCR System 2400
(Applied Biosystems, Norwalk, CT, USA). The PCR products were resolved by electrophoresis
using 1% agarose gels in TBE buffer (89mMTris—borate, 89 mMboric acid, 2mMEDTA; pH 8.0)
and visualized after staining with Gel Red Nucleic Acid Stain (Biotium, Italy). LAB isolates were
also identified by a previously described PCR assay (53). The PCR reactions were performed in
a total volume of 25 pl containing 10 mM Tris—HCI (pH 8.4), 50 mM KCl, 1.5 mM MgCl2, 200
UM each of the four deoxynucleoside triphosphates (ANTP), 2.5 U of Taq polymerase, 10 pmol
of each primer PAR (5'-GACGGTAAGATTGGTGA-3’), CAS (5'-ACTGAAGGCGACAAGGA-3’), and
RHA (5'-GCGTCAGGTTGGTGTTG-3’), 50 pmol of primer CPR (5'-CAANTGGATNGAACCTGGCTTT-
3’), and 25 ng of template DNA. Amplification reactions were performed with the following
temperature profiles: 1 cycle at 5 °C for 5 min; 30 cycles at 95 °C for 30 s, 54 °C for 1 min, and

72 °Cfor 1.5 min; 1 cycle at 72 °C for 7 min. PCR amplicons were analyzed as described above.
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Sequence analysis

To confirm the species attribution of the investigated LAB, the 16S rRNA gene was sequenced
and compared with those present in the public data libraries GenBank and EZ-Taxon. The
BLAST search program was used to determine the closest known relatives

http://www.ncbi.nlm.nih.gov/BLAST/; http://ezgenome.ezbiocloud.net/ezg BLAST).

Sequences with a percentage identity of 98%, or higher, were considered to belong to the

same species.

Volatile compound analyses by gas chromatography—mass-spectrometry

Volatile compounds, detected in brine samples at 60, 90 and 120 days of fermentation, were
sampled using a SPME extraction. The SUPELCO SPME (Bellefonte, PA) fiber holder and fiber
used were coated with divinylbenzene/polydimethylsiloxane (DV/PDMS), 65 um. Before the
first extraction, the fiber was conditioned in the GC injector port at 300 °C for 1 h, according
to the manufacturer's recommendation. Ten ml of brine sample were added to a 35 ml vial.
Extraction temperature of head-space and time were 40 °C and 20 min, respectively. One gram
of NaCl was added to increase extraction rate of volatile compounds. The samples were gently
vortexed during extraction using a magnetic stirrer. Fiber exposition was prolonged for 20 min
at 40 °C. Thermal desorption was performed in the injector at 230 °C for 1 min (24, 42). The
identification of the extracted volatile compounds was carried out using GC—MS instrument
(HP GC6890, Hewlett Packard, Palo Alto, CA), and a MS detector (HP MS5973) (29). The gas
chromatograph was equipped with a 30 mx 0.25 mm i.d. x 0.25 um film thickness fused-silica

capillary column (DB-WAX J&W Scientific) and the injector temperature was 230 °C. The
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conditions were as follows: carrier gas, helium; column flow rate, 1.0 ml min-1; oven
temperature program: 2 min at 40 °C, increased at 4 °C min-1 to 50 °C, held 5 min to 50 °C
and increased at 4 °C min-1 to 230 °C, held for 10 min at 230 °C. The injector was operated in
the split mode with the purge activation time adjusted to 2min. The transfer line was held at
280 °C. The ion source, an electron-impact ionization (El) type, setup at 70 eV, was held at 230
°C, quadruple at 150 °C and calibration was done by auto-tuning. A ChemStation data system
(G1701CA, Hewlett Packard, Palo Alto, CA) was used for data processing. Aroma compounds
were identified on the basis of measuring mass spectra by GC—MS and the peak identification
was accomplished by comparison of the spectra of reference compounds (NIST/EPA/MSDC
Mass Spectral Database, T.G. House, Cambridge, UK), and on the basis of the retention time,
compared to the database values for standard reference materials. Confirmation was carried
out using a laboratory built MS spectral database, collected from chromatographic runs of
pure compounds performed with the same equipment and conditions. All analyses were

performed in triplicate and the results were expressed in percent area of total area.

Sensory analysis

To evaluate the sensory differences among the olive samples differently treated, the sensory
profile method (52), described by Aponte et al. (2012) (3),was applied on the brine olives of
both cultivars at the end of fermentation. A panel of 11 judges (6 females and 5 males, aged
between 24 and 30 years) was trained in preliminary sessions, using different samples of
canned olives, in order to develop a common vocabulary for the description of the sensory
attributes of green table olives and to familiarize themselves with scales and procedures. Each

attribute term was extensively described and explained to avoid any doubt about the relevant
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meaning. On the basis of the frequency of citation (N60%), fifteen descriptors were selected
to be inserted in the card: green color, bright (aspect), green olive aroma, off-odor (odor),
crisp, easy stone, juicy (rheological), sweet, acid, bitter, salt (taste), astringent (tactile in
mouth), green olive flavor, off-flavor (flavor) and overall. Olive samples were evaluated just
once. The different descriptors were quantified using a nine point intensity scale where the
number 1 indicates the descriptor absence while the number 9 indicates the full intensity.
Evaluations were led in single boxes at the University of Catania sensory analysis laboratory.
The order of presentation was randomized among judges and sessions. All data were acquired
by a direct computerized registration system (FIZZ Byosistemes. ver. 2.00 M, Couternon,

France).

Statistical analysis

All experiments were performed in duplicate and the experimental data were reported as
average values and provided with standard deviation. Statistical ANOVA (p N 0.01) and Duncan
tests were performed using XLSTAT PRO 5.7 (Addinsoft, New York, USA). Statistical ANOVA
was carried out to evaluate significant differences in bacterial growth on different media
during the whole fermentation process and on volatile compounds. Moreover, general linear
model repeated measures procedures, which provide analysis of variance when the same
measurement is made several times on each subject or case, were applied. Specifically, the
analysis was performed in order to evaluate differences among fermentation behaviour of the
different olive samples belonging to Giarraffa and Grossa di Spagna cv. In order to correlate
the brine samples of Giarraffa and Grossa di Spagna cultivars to volatile compounds identified,

data obtained at 60, 90 and 120 days of fermentation were subjected to principal component
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analysis (PCA), achieving high data compression efficiency of the original data. The sensory
data for each attribute were submitted to Analysis of the Variance by software package
STATGRAPHICS Centurion XVI using samples as effects. To differentiate the samples the mean
values were submitted to the multiple comparison test using the Least Significant Difference

(LSD) procedure.

RESULTS

Physico-chemical and microbiological changes during fermentation

The values of pH and microbial counts, expressed as log10 CFU ml-1 of the brine samples, for
both Giarraffa and Grossa di Spagna cv are presented in Tables 1 and 2, respectively. Lactic
acid trend during fermentation is shown in Figure 3.1. The initial pH values of 5.4 decreased
rapidly within the first 14 days in all samples, reaching final values between 3.83 and 4.48. A
significant acidification of the brine was observed in spontaneous fermentation samples (G1
and S1), where the pH drop was faster (Tables 3.1 and 3.2). Lactic acid concentration showed
an increasing trend in all samples, except for the G3 sample, reaching final values in the range
from 2.36 to 5.06 g |-1. The highest final concentration was achieved in spontaneous
fermentation G1 sample (Table 3.1). Evaluating microbial count trend in the Giarraffa cv (Table
3.1), viable mesophilic bacteria exhibited a significant increase from the initial level of 3.4 log
CFU ml-1 to ca 7.0 log CFU ml-1 in all fermentation samples, with the lowest level in the G1
sample. From the initial level of about 3 log CFU ml-1 lactobacilli significantly increased up to
7 log CFU ml-1 after 21 days of fermentation in G1, G2 and G3 samples, and after 7 days, in

samples inoculated with starters (G4 and G5). Yeast population, from the initial value of 2.8
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log CFU ml-1, reached, at the 7th day of fermentation, in all samples, a mean value of 6.7 log
CFU ml-1. Staphylococci counts exhibited, in all samples, a significant initial increase from 3.7
to ca 7.6 log CFU ml-1, after 7 days of fermentation, a significant decrease at the 60th day of
fermentation (mean value of 2.6 log CFU ml-1) and increased to about 5 log CFU ml-1 at the
120th day. Enterobacteriaceae count decreased significantly throughout the fermentation
process (Table 3.1). In the Grossa di Spagna cv samples (Table 3.2) the mesophilic counts from
the initial level of 4.1 log CFU ml-1 increased during the process reaching a final mean value
of 6.8 log CFU ml-1. Lactobacilli counts showed different trends among samples during the
first days of fermentations. In details, while in samples S1, S2 and S3 the threshold of 7 log
CFU ml-1 is reached at the 30th day of fermentation, in the starter inoculated samples the
same value is reached at the 14th day (Table 3.2). As in Giarraffa cv samples, the yeast counts
significantly increased at the beginning of the fermentation in all samples of Grossa di Spagna
cv, keeping a mean value of 6.8 log CFU ml-1. Staphylococci and Enterobacteriaceae exhibited
a similar trend observed in Giarraffa cv samples except for the S1 samples where they showed
a significant increase at the end of fermentation (Table 3.2). Evaluating fermentation trends
among samples of each cultivar, ANOVA data revealed significant differences between
spontaneous and inoculated with starter samples and a similar trend within samples
inoculated with probiotic strains, as illustrated in Fig. A, which shows the lactobacilli trend in

Grossa di Spagna cv.
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Table 3.1 pH value and cell numbers of the principal microbial groups found in brine samples

(G1 to G5) of table olives of Giarraffa (G) cultivar.

Brines Sampling time (days) pH Microbial counts expressed as log,g CRU ml~! and standard deviation
PCA MRS SDA MSA VRBGA
G 0 545 3.42 + 0210 306 + 0.08 286 + 0.13 367 + 004 2.50 + 0.03
Gl 7 485 6.75" £ 0.07 452¢ £ 022 657° + 0.30 7.62' £ 006 5.30° + 0.01
14 415 720 £ 0.04 649" + 0.02 6.37° + 0.09 5.57° + 004 261% + 005
21 3.70 7679 + 005 738 + 0.11 6.91° + 0.01 1.94° + 008 1.74% + 0.10
30 391 7479 + 005 718 + 004 749" + 0,08 187° £ 0.14 1.99° + 0.03
60 383 6.00° + 0.01 650 + 0.03 6.06% + 0.17 138° + 008 1.38% + 023
63 366 658 + 0.08 6.90° + 0.04 6.13% + 0.07 202° + 0,04 1.72° + 008
75 3.56 6.69™ + 0.12 6.55" + 0.07 738"+ 0.11 161" + 008 1.33* £ 0.13
90 373 6.77 + 0.78 731 £ 015 669% + 0.09 135" £ 0.11 1.87™ £ 0.16
120 383 625 + 007 741 + 015 6.00° + 0.03 5.007 + 0.80 167" + 0.08
G2 7 530 7.06° + 0.08 5.06° + 0.09 652" + 0,03 742"+ 017 5.64° + 005
14 464 7.07° + 0.09 627" + 0.05 653" + 0.04 564° + 005 2.62° + 012
21 443 7.88¢ + 001 755+ 014 6.80F + 0.13 168° + 000 1.83% + 022
30 454 7.37° 4+ 019 7.26% 1+ 066 7514 + 0.08 157° + 004 1.72° £ 021
60 457 599* £ 001 646> + 0.09 6.56% + 0.13 329" + 016 1.79% + 0.16
63 450 7.57¢ + 0.04 643 + 022 535 + 0.14 3.99° + 0.13 1.50° + 0.08
75 441 7.07° + 0.16 721¢ 4+ 019 727¢ + 0.02 421 4 008 1.65% + 043
90 437 7.45° + 001 7.52 + 0.08 750 + 0.10 435 + 000 244" + 0.06
120 444 7.30™ £ 0.15 6.65° + 0.07 7299 + 0.16 4367 £ 026 1.83% £ 023
G3 7 531 735% + 007 5.16° + 0.09 6.99° + 0.01 7.13" + 0.04 5.39° + 0.06
14 5.00 739% + 007 6.30° + 0.09 6.33* + 0.01 547% + 005 2.44° + 007
21 467 7.747 + 0.13 7.29° £ 0.14 6,63 + 0.14 123* £ 001 1.72° £ 008
30 47 746° + 0.13 706° + 0.07 7.49% + 0.06 155" + 030 1.51% + 023
60 451 592% + 005 662 + 012 6.42% + 0.12 187° + 016 1.50° + 0.08
63 436 6.78" + 0.07 7.00¢ £ 0.01 667 + 0.07 2689 £ 011 1.71% &+ 007
75 430 693" + 0.04 697 + 0.04 6.74 + 0.06 2879 + 004 1.78* £ 0.15
90 442 738% + 014 6.33° + 014 693% + 0.04 339° + 000 1.55% + 030
120 447 7154 + 021 598" + 0.03 721"+ 013 439"+ 012 1.70° + 021
G4 7 550 775 + 007 749" + 0.02 6.50° + 0.01 747" + 005 531° + 001
14 507 795¢ + 0.07 7.83% + 0.08 623 + 0.16 7.38" £ 003 257" + 002
21 472 787 + 0.04 7.83% + 0.08 720F + 0.04 5.05¢ + 007 2.85™ + 007
30 476 6.95™ + 0.08 706" + 0,08 714 + 009 206" + 0.08 258" + 0,03
60 482 6.09° £ 0.12 729¢ £ 0.16 740 + 0.03 3.87° + 0.03 4484 £ 011
63 465 707 + 0.11 6.66° + 0.07 726 + 021 339" + 020 1.60° + 023
75 465 6.87% £ 0.04 601" + 0.04 654" + 0.10 5019 + 026 1.60° + 021
90 444 7319 + 023 573 + 005 729 + 0.16 5229 £ 018 287 + 003
120 442 6.74° + 0.04 695" + 00 653" £ + 0.18 567+ 010 1.49° + 008
G5 7 485 7734 + 020 7.71% + 0.12 669 + 0.03 828" + 003 5.06% + 0.08
14 458 TAD + 014 711 + 015 587 + 0.04 574% + 0.08 2.79° + 0.03
21 447 784° + 009 794" + 008 7137 £ 008 3.98° + 003 3519 +£ 004
30 465 695 L 0.07 636" + 0.05 6.08° + 0.03 275 4+ 007 2.79° + 002
60 470 685° + 0.04 6.01° + 0.04 721"+ 0.03 265° + 007 2.74° + 0.06
63 475 752 £ 0.10 6.73° + 0.06 466° + 0,07 234> + 021 1.83° + 021
75 473 7.12° + 005 653" + 007 488" + 0,04 3.02¢ £ 009 1.77° +£ 014
90 456 729 + 0.16 693" + 003 723"+ 0.06 460° + 008 1.34° + 027
120 448 7233 4 0.07 7.61° + 0.08 7174 + 012 525" + 000 1.87° + 015

Mean values of two independent samples taken throughout brine fermentation; lowercase (a, b, etc) letters in the same column indicate different statistical significances according to
Duncan test at p value of p < 0.01.
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Table 3.2 pH value and cell numbers of the principal microbial groups found in brine samples

(S1 to S5) of table olives of Grossa di Spagna (S) cultivar.

Brines Sampling time (days) pH Microbial counts expressed as logio CFU ml™" and standard deviation
PCA MRS SDA MSA VRBGA
S 0 544 4.19 + 0.06 3.40 + 007 2.77 + 005 426 + 008 336 + 003
s1 7 5.00 6.70°" £ 0.14 492% + 012 684%™ + 006 7.39" £ 0.06 5124 + 0.06
14 445 7.87° + 0.04 6.48° + 0.03 637¢ + 0.09 547¢ + 005 239" + 007
21 3.86 744> L 006 6.79° + 0.14 6.61°" £ 005 134 + 001 166 + 0.14
30 400 6.9 + 0.02 7.08% £ 0.11 737% + 004 145 + 0.16 134* + 016
60 385 668" + 0.11 7.07% £ 016 7.67¢ + 007 1.72° + 0.06 1.40% + 0.07
63 3.69 697°" + 005 712° + 0.16 7.37% + 0.10 1.66° + 0.15 1.72* + 031
75 350 699" + 097 707% £ 011 742% 1+ 016 2,13+ 018 134* + 0,19
90 384 695%" £ 0.07 691° £ 0,06 721% £ 019 207° £ 011 421° + 0.19
120 398 650° + 0.03 683 + 0.02 684> + 004 2989 + 0.03 449° + 036
s2 7 523 7.02° + 0.03 505% + 0.06 707¢ + 009 745° + 007 5159 + 0.07
14 485 795° + 0.06 6.59° + 0.12 621° + 016 5.73% £ 008 2.55° 4 046
21 450 729¢ £ 011 6.93% £ 0.08 6.70°™ £ 0.04 244% £ 014 135% + 015
30 462 6.95° + 0.08 723¢ + 0.03 745¢ + 007 1552 + 0.15 150 + 0.08
60 447 613" £ 018 502" & 0.04 634" 1 008 149* + 023 149" £ 023
63 428 650" + 0.05 7.18% £ 026 679" + 005 17220 £ 037 1.66°° + 0.13
75 425 7534 + 0.10 727¢ + 018 7474 + 012 1612 + 0.08 15120 + 024
90 448 745° + 0.04 723 + 004 749° + 0.10 188" + 0.14 193" + 007
120 435 7324 £ 005 6.89¢ + 0.04 638" + 0.11 2.70° + 007 188" + 007
s3 7 5.13 6.80° + 0.13 459° + 0.13 6.89°" + 013 7.05" £ 0.06 495 + 0.07
14 465 762" + 0.09 6.51° + 0.19 636* + 0.06 529¢ + 0.08 283¢ + 022
21 447 7.50° + 0.04 7.00¢ £ 0.12 6.56* &+ 005 1.76*° + 0.08 161 + 025
30 456 7.05% + 007 721% + 008 7.49° £ 0.10 150% + 0.10 171 + 008
60 463 6.46° + 0.09 6.01° + 0.09 6.96%" + 0.04 339+ 012 1.77% + 0.14
63 435 7.05%" + 0.08 7.10¢ + 028 6.28° + 024 2.81% + 005 140° + 020
75 428 7.15% 1 021 751° £ 0.16 741" £ 0.12 2.98™ 1+ 003 1.93° + 0.08
90 434 750° + 025 7.07¢ + 002 649° + 004 4045 £ 0.04 178> + 0.18
120 445 694" + 0.03 6.14" + 020 6.68° + 0.10 4.87% + 005 149%° + 0.07
$4 7 4388 669°" + 0.10 6.89™ + 0.15 684> + 005 7.38" + 0.02 5119 + 0,02
14 425 7.87° + 0.11 7.109 + 0.03 636° + 0.06 546° + 005 239" + 029
21 418 7.44% + 020 6.88% + 0.02 661°° £ 007 134* + 0.14 166 + 030
30 441 699°" + 0.06 755 + 017 7.37% + 003 145" + 015 1.73% + 0.08
60 448 668" + 012 736° + 026 7.66° + 020 1.71° £ 012 1.40° + 030
63 415 696%" + 0.12 6.73" £ 0.06 737% £ 004 165" £ 021 172% + 015
75 416 6.99°" + 0.07 6.76" + 0.09 741% + 017 2,12+ 016 134% + 0.11
90 432 6.95°® £+ 0.01 661° + 0.08 7.37% £ 023 207° £ 012 121° + 022
120 426 650° + 0.02 659% + 0.02 684™ 1 001 297¢ & 0.06 183* + 025
S5 7 470 721% + 0.01 560% + 0.06 598 + 0.02 7.08" + 0.06 367¢ + 0.03
14 420 745% + 007 7.389 + 0.1 665> + 007 5.14° + 0.09 238% + 021
21 404 735 + 0.09 6.89° + 0.01 653" + 007 1.44% + 0.08 178 + 0.16
30 423 7.79° + 015 626" + 0.08 695" + 007 123* £ 032 1.66* + 0.16
60 429 750 + 0.14 6.46° + 0.15 731% + 015 3.429 + 0.06 2.15% + 021
63 420 7.16% £ 0.17 6.93° + 0.04 7.34% 1+ 027 149% + 023 1.94°° + 0.06
75 430 7.86° + 0.05 6.80° + 0.04 748° + 017 2.82° + 0.06 1.76% + 029
90 434 747% £ 021 7.10° + 020 723% £ 012 247" £ 0.10 274% £ 0.06
120 429 6.79° + 0.02 6.93° + 0.06 7.07°% + 010 2.67" + 0.03 1.96% + 0.13

Mean values of twoindependent samples taken throughout brine fermentation; lowercase (a, b, etc) letters indicate different statistical significances according to Duncan test at p value of
p=0.01.
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Figure 3.1 Change in the concentration of lactic acid (g |-1) in the brine samples of Giarraffa

and Grossa di Spagna cultivars during fermentation.
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Occurrence of LAB species in brine samples

A total of 400 isolates were recovered after 120 days of fermentation from olives of Giarraffa
and Grossa di Spagna cv, and 397 isolates (198 from Giarraffa cv and 199 from Grossa di
Spagna cv) were considered LAB for their gram positive, non-spore forming, catalase negative
and morphology and were mostly successfully identified by multiplex PCR amplifications as L.
plantarum, L. pentosus, L. paracasei, L. rhamnosus and L. casei. Frequency isolation, expressed
as percentage of these species in brine samples of Giarraffa and Grossa di Spagna cv, is
reported in Figure 3.2a and b. Overall, results showed that L. plantarum was the most frequent
species found in brine samples inoculated with starter (G4, G5 and S4, S5),while L. pentosus
was the most frequent species isolated in spontaneous fermentation brine samples (G1, S1)

and in brine samples inoculated with L. rhamnosus strains (G2, G3 and S2, S3). It is interesting
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to note that L. plantarum species was not detected in any samples inoculated with the L.
rhamnosus GG strain. In brine samples of both olive cultivars L. rhamnosus was revealed only
in samples in which it was deliberatively added (G2, G3, G5 and S2, S3, S5) while L. casei was
revealed in all brine samples (Figure 3.2a and b). L. paracasei was detected in all samples of
Giarraffa cv. while in Grossa di Spagna cv, it did not appear neither in spontaneous sample
(51) nor in LGG inoculated sample (S3). Only 5 strains, occurring in S1 sample, were not
identified by multiplex PCR and were ascribed, by sequencing, to Leuconostoc mesenteroides

species with 99% of similarity.

Figure 3.2. Species occurrence, expressed as percentage, in brine samples of cv Giarraffa (a)

and Grossa di Spagna (b) cultivars during fermentation.
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Volatile compounds

The analysis of volatile compounds from brines of Giarraffa and Grossa di Spagna cv was
performed using SPME-GC-MS, and results are reported in Tables 3.3 and 3.4. The assessment
allowed the identification of 37 compounds, as acids, alcohols, aldehydes, esters, ketones and
phenols. In detail, in Giarraffa samples, thirty-five different compounds were revealed and
twenty-four in the Grossa di Spagna one. Evaluating samples of Giarraffa cv, at 60 days of
fermentation the samples G1, G2 and G3 exhibited high value of alcohol compounds (55% of
total area), such as ethanol, isoamyl alcohol and phenylethyl alcohols, followed by ester (35%
of total area) and phenol (4% of total area) compounds. After 90 days of fermentation a higher
decrease of the ethanol was registered in samples inoculated with L. rhamnosus strains (G2
and G3), compared to spontaneous sample (G1). The sample inoculated with starters (G4)
revealed a decrease in ethanol content, while the sample inoculated with starter and probiotic
strains (G5) exhibited, at the 20th day of fermentation, an increase (Table 3.3). Upon
evaluating ester compounds, although they were detected at high level in all samples of
Giarraffa cv, after 60 days of fermentation, their level significantly decreased through the
fermentation. The most abundant compounds were the ethyl-acetate and the ethyl-
butanoate. Phenol content significantly increased during the fermentation process in samples
G4, G5 and G2. Propionic acid decreased from the 60th day to the 120th day, in all samples
inoculated with probiotic cultures (G2, G3 and G5), while acetic acid increased only in
spontaneous sample (G1). Aldehydes and ketones showed a high increase only in the G2
sample; in particular, 3-octanal and 3-octanone compounds. Grossa di Spagna samples
showed a different trend. In particular, alcoholic compounds displayed a strong reduction

after inoculums of probiotic cultures, decreasing from 67.5% to 11.7% in S2 and S3 samples,
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respectively. The samples inoculated with starters (5S4 and S5) exhibited, at the 60th day of
fermentation, low alcohol compounds (2.8% of total area) respect to the amount detected on
the un-inoculated sample S2. In these samples ethanol and phenylethyl alcohol increased at
the end of the process, reaching higher value in S5 (Table 3.3). Ester compounds were
detected at high level in all samples of Grossa di Spagna cv, after 60 days of fermentation, with
the highest level both in S4 and S5 samples (64.4%). Their level significantly decreased through
the fermentation. Only in S5 sample was found at the end of fermentation 18.3% of ester
compounds, especially ethyl succinate and isoamylpropionate. The total phenol content was
lower than that found in Giarraffa cv with the highest values in S5 and S3 samples. Volatile
acids exhibited the same trends of Giarraffa cv in the spontaneous fermentation with a
substantial increase in all samples except in the S5 sample. Figure 3.3 shows the PCA plot of
distribution of table olive samples from Giarraffa (G1, G5) and Grossa di Spagna (S1, S5) cv in
the PC1-PC2 plane. Based on the loadings (data not shown), PC1, that represent the 27.6% of
the variability, can be viewed as an esters and ketones factor, since the higher contribution
comes from ethyl-lactate and acetoin compounds. The second principal component (PC2
variance 19.8%) represents the acid and alcohol compounds, since their loadings are mostly
associated to 2-butanoic acid and 1-eptanol compounds. Score plots are effective in showing
the difference among samples and in separating some of them in the graphs. In detail, the G1
sample has had a positive contribution both on PC1 and on PC2 planes, while the samples S1
and S2 were characterized by a positive contribution of esters and ketones and a negative

contribution of acids and alcohols.
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Table 3.3 Volatile compound area (expressed as percent area of total area) of Giarraffa cultivar

samples (G1 to G5) detected at 60, 90 and 120 days.

Giarraffa cv Gl G2 G3 G4 G5
Days Days Days Days Days

Compounds RT* 60 90 120 60 a0 120 60 a0 120 60 90 120 60 a0 120

Acids 181 453 384 181 3375 1156 1.81 4159 3446 4455 2581 804 4455 3494 066
Acetic acid 2504 110 2724 289 110 2179 032° 1.10° 006 042" 246¢ 2150 048" 2467 2320 nd

Propionic acid 3020 061° 171 079°  061° 31219 1049° 061° 4103° 3348° 1829° 1956° 577° 1829° 3149¢ 03C°
Isobutyric acid 3194 011°  010° nd 0.11* 026" 046 011° 028° 048 nd 0.12° 032 nd 040 022
Butanoic acid 3529 nd nd nd nd 011*  030° nd 022* 008 23814 248 147° 2381¢ 072° 014
Alcohol 5544 5131 6247 5544 1250 1027 5544 1308 1576 11.19 836 1190 1119 924 3559
Ethanol 368 46.04% 27.71° 4391 46.04° 225° 058° 4604° 283° 034° 326" 18" 062° 326" nd 20.14°
Isoamylal cohol 1250 5309 11618 911 5304 372¢ 5299 5308 654° 801 480 265" 350 4809 052° 41F
2-Heptanol 18.14 023" 029" 089° 023" 038 043 023" 028" 033* nd nd 049* nd 0.11* 006
1-Hexanol 1998 0.89° 129° 1329 089° 014 022" 089° 033" 009 nd nd 029" nd 009 018
cis Hexen 1 ol 2158 015 035 0524 015" 040° 009 015 013* 006 nd nd 045¢ nd 009*  041°
3-Octenol 2543 nd 1124 051° nd 002° 008 nd nd 004 nd nd 055 nd 022° 005
1-Hexanol 2-ethyl 2778 013 038 017" 013* 118" 020" 0.13* 006° 008 nd nd 024> nd 029" 018"
Phenylethyl alcohol 4980 217°  746° 521°  217° 408> 275 217*  259° 6537 200° 315 515 209° 749° 980
Aldeydes 198 230 134 198 446 596 198 015 250 301 135 131 301 165 230
Octanal 1534 024® 033° 013* 024® 080° 006 024" nd 034° 027 027° 025" o027° o022 o008
Nonanal 2126 070 047 037 o070° 190¢ 101" o070 006° 115 177 015 nd 177% 090° 0614
3-Octanal 2224 nd 037° 014* nd 003 3.66° nd 001* 009 nd nd 039" nd 005* 009°
Decanal 2740 092° 066" 050° 092° 168° 0.89° 092° 090 086° 0.82° 069" 054* 082 038 08F
Benzaldehyde 2832 011 048 021 011 006 033 011 nd 006 014 012 012 014 010 070
Esters 3552 2620 1499 3552 2902 1512 3552 3053 745 2574 1536 1096 2574 2299 172
Ethyl-acetate 297 2491¢ 1087° 527° 2491 115° 1.80° 2491 270° 035 1058 223 030° 1058' 202 nd

Methyl-propanoate 315 nd nd nd nd 287" 466" nd 353  151° nd 039° 104" nd nd nd

Ethyl-propanoate 389 nd nd nd nd 11.70¢ 226" nd 1559° 041* nd 047° 094* nd 871° nd

Ethyl-butancate 466 nd nd nd nd 084° nd nd nd nd 1245¢ 1021¢ 303" 1245¢ nd nd

Isoamyl-propionate 1034 nd nd nd nd 592°  1.20° nd 096° 130° 110 112 115  110°  209° nd

Ethyl-hexanoate 1268 412 330° 185" 412° 035 nd 412¢ nd nd nd nd nd nd 534 nd

Ethyl-lactate 1917 204" 398 422¢ 204® 045 017 204 080° 014 nd nd 021° nd 040° 005
Ethyl-octancate 2390 009° 004° 012*° 009° 004 007 009 313" 005 nd nd 005* nd nd nd

Phenyl-ethyl-acetate 4463 nd 161" nd nd 018 nd nd 020° 007* 012* nd nd 012 017* 029
Benzenepropanoic acid ethyl-ester  48.16 3.00° 297° 136" 3.00° 326° 0.66° 3.00° 202° 165° 076" 081° 129° 076° 163" 078
Ketones 061 064 092 061 003 917 061 000 029 000 112 000 031 027
3-Octanone 1371 nd 0.26° nd nd nd 8.80° nd nd nd nd 0.29* 0.68* nd 0.042 nd

2-Butanon-3-Hydroxy 1573 02 020 074 022 nd 026 022 nd 018 nd 005 017 nd 013 012
Aceto-phenone 3546 038 019 018 038 003 011 038 nd 011 nd 009 027 nd 014 015
Phenols 382 1213 1161 382 1939 4178 382 1340 3564 1552 4127 6593 1552 3009 5857
Guaiacol 4709 nd nd nd nd 365  1027° nd 224 465" 337°  1095° 1347° 337°  315°  521°
Creosol (Homoguaiacol) 51.83 3.74°  11.95° 1148 374% 1434° 27379 374 1013° 28687 6.2 2096 3404° 692 24747 4914
4 Ethyl-guaiacol 5541 nd nd nd nd 022 064 nd 019 050 nd nd 056 nd 035 063
p-Cresol 5804 nd 010 nd nd 017 026 nd nd 030 nd nd 035 nd 027 032
4-Ethyl-phenol 6233 nd nd nd nd 081% 317" nd 049° 109° 474* 848 1708 474® 136* 320°
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Table 3.4 Volatile compound area (expressed as percent of total area) of Grossa di Spagna (S)

cultivar samples (S1 to S5) detected at 60, 90 and 120 days.

Grossa di Spagna cv 51 S2 s3 S4 S5
Days Days Days Days Days

Compounds RT* 60 ] 120 60 90 120 60 ap 120 60 a0 120 60 a0 120

Acids 277 194 451 277 5058 7409 277 4668 3101 2817 66.57 7440 2817 2404 1750
Acetic acid 2504 124 134" 306° 124° 118" nd 124°  276° 048" 162° 275° 065 162° 236 0.16°
Propionic acid 3020 153 nd 097* 153 4884° 73407 153 4342° 3009° 26.11° 61.90¢ 73.13¢ 2611 2096° 1690
Isobutyric acid 3194 nd 020 024 nd 019 034 nd 030 045 009 014 041 009 034 043
Butanoic acid 3529 nd 009 025 nd 037 032 nd 020 nd 034 1774 020 034 037 nd

Alcohol 6755 3849 6052 67.55 1141 692 6755 1212 1501 284 559 536 284 1897 2093
Ethanol 368 6250° 2873° 5431° 6250° 1.70° 134° 6250° 365° 028° nd 390° nd nd 153 048
Isoamyl-alcohol 1250 2.68° 528 13759 268" 193*® 077 268° 404° 558° 1.71* nd 1.74*  1.71* 463 535°
Phenyl-ethyl-alcohol 4980 148 203" nd 148° 672 407 148" 314° 837° 069° 114 281" o069° 11019 12859
Aldeydes 090 370 224 090 209 039 09 123 120 099 19 213 099 247 337
Octanal 1534 012 030 016 012 041 016 012 016 018 013 007 023 013 039 088
Nonanal 2126 042° 188 099" 042 090" nd 042° 052° 050° 052° 121" 1.33° o052 1200 121°
Decanal 2740 030° 108" 068 030° 061° nd 030° 048 041° 034° 059 037° 034 066 103°
Benzaldehyde 2832 005 007 024 005 017 018 005 007 008 nd 009 020 nd 023 013
Esters 2423 5098 1426 2423 1697 337 2423 2648 1505 6443 2131 582 6443 2824 1828
Ethyl-acetate 297 1865° 4689° 1007¢ 18.65° 0.82*° 024° 1865 229" 029° 166° 438 nd 166® 153" nd

Methyl-propanoate 315 nd nd nd nd 187 062° nd 385" 098% 2589 nd 0.99° 2589° 4.20° 146°
Ethyl-propanoate 389 nd nd nd nd 511 nd nd 13679 262°  33.78° 1420¢ 289" 3378° 473 088
Isoamyl-acetate 792 0.16° 102" 025° 016° 007 nd 0.16* 032*° 021* nd 159"  0.08* nd 0.89° nd

Isoamyl-propionate 1034 nd nd nd nd nd nd nd 151  607° 129" nd 049° 129" 5249 368°
Ethyl-lactate 1917 0.80° 127* 245" 080*° 1.32* 031° 080° 083* 015° 042*° 080° 021° 042 056 018
Ethyl-succinate 3789 0.17° 011° nd 017 032* nd 017°  012° nd 007* nd nd 007* 039 536°
Phenyl-ethyl-acetate 4463 0.08° 048 031 008 017° 015 008 017° 021° 021° 004° 013 021° 115" 219
Benzenepropanoic acid ethyl-ester 48.16 3.05° 061*° 039 305 1.99° 073 305 255" 346° 079° nd 0.53* 079° 5614 224"
Ketones 025 045 052 025 016 022 025 015 029 006 015 023 006 013 023
2-Butanone-3-hydroxy 1573 025 013 052 025 nd 022 025 008 016 006 015 012 006 001 016
Acetophenone 3546 nd 0.05 nd nd 0.16 nd nd 0.07 0.13 nd nd 0.11 nd 0.12 0.06
Phenols 285 373 564 285 1807 1344 285 1250 3436 326 421 1041 326 2588 38n81
Creosol (Homoguaiacol) 5183 277° 363" 548" 277%  1692¢ 1255° 277°  1125° 31817 292° 397° 944° 292 2146° 3670
4 Ethyl-phenol 6233 004 002 004 004 028 011 004 045 092 006 005 010 006 033 089

Figure 3.3 PCA plot showing the distribution of table olive samples fromGiarraffa (G1, G5) and

Grossa di Spagna (S1, S5) cv.
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Sensory results

ANOVA results of sensory analysis (data not shown) reported that the olive samples of the
Giarraffa cv were significantly different (p <0.05) for the descriptors off-odor and crispy, while
ANOVA results of the Grossa di Spagna cv showed significant differences (p < 0.05) for green
color, sour, bitter, green olive flavor and off-flavor descriptors. In Figures 3.4 ad 3.5 are
illustrated the sensory profile of the Giarraffa and Grossa di Spagna cv respectively, obtained
using the sensory data means. In detail, in the Giarraffa cv, the sample G1 exhibited the lowest
intensity of the descriptors off-odor and crispy, while the G2 and G5 samples showed the
highest intensity of off-odor and crispy (Figure 3.4). The S1 sample of Grossa di Spagna cv
showed the lowest intensity of the descriptors green color, sour, bitter and off-flavor, while
showing the highest intensity of green olive flavor. The S2 and S5 samples showed the highest
intensity of bitter and off-flavor. The S3 and S5 samples exhibited the lowest intensity of green

olive flavor, and the S3 sample showed the highest intensity of sour (Figure 3.5).
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Figure 3.4 Sensory profile of table olive samples of Giarraffa cultivar at 120 days of

fermentation.
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Figure 3.5 Sensory profile of table olive samples of Grossa di Spagna cultivar at 120 days of

fermentation.
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DISCUSSION

In order to investigate the influence of the microbiota on volatile compounds and on sensory
parameters, for the first time, a comparative study between spontaneous and starters
inoculated table olives from Giarraffa and Grossa di Spagna cv has been conducted. Moreover,
in order to enhance the already important nutritional value of table olive with their potential
health-promoting functional features, probiotic strains were deliberately inoculated onto
brines. In the last years, fermented foods of plant origin have been increasingly considered as
vectors for incorporation of probiotic cultures following the well established procedure of
vegetable fermentation (17). Development of probiotic olives may convey a favourable
economic impact, especially knowing that such products originate in less developed regions
of the EU. In Sicily table olive production is a spontaneous un-controlled process with a
complex ecosystem, in which the indigenous microbiota present in the raw material and in
the processing environment is the main actor (28, 36-38). Many authors reported that the
spontaneous fermentation both of Spanish and Italian table olives is driven by LAB, mainly
belonging to L. plantarum, Lactobacillus paraplantarum, L. pentosus and L. casei species (1,
21, 30, 37, 49). Nevertheless, the process is not fully predictable and strongly influenced by
the competitive activity of yeast population and of a variety of contaminating microorganisms
from fermentation vessels and other devices in contact with the olives and brine (1, 7, 19, 31).
To prevail over the variability of indigenous microbiota of the raw drupes and to produce high-
quality final products, starter cultures of lactobacilli or enterococci have been extensively used
in Spanish-style olive fermentation with an improved fermentation process (9, 13, 18).
Nevertheless, several parameters, such as external temperature and salt concentration, must

be monitored to control microbial groups involved in the process. Several authors
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demonstrated that often starter inoculum has low survival due to high salt concentrations of
the brine or to low temperatures (8, 20). In the present study table olives were harvested and
processed using sterile materials in order to minimize external influences in microbial
development and the fermentation was carried at 20-22 °C and in 6% of NaCl to better allow
the outgrow of starters. In all samples of both cultivars the pH reached a final value below
4.50, that is considered able to inhibit spoilage and pathogen growth during storage (32).
Moreover, the lactic acid concentration exhibited a constant increase during all processes.
Enterobacteriaceae displayed very low value at the end of fermentation, except in Grossa di
Spagna spontaneous sample, which revealed a load of ca 4.5 log CFU ml-1, in accordance with
Tofalo et al. (2012) (49) who recovered in brine values between 2 and 6 log CFU ml-1. The
population of LAB and yeasts increased steadily both in spontaneous and in inoculated
samples and became the principal member of the microbial association in all processes, as
previously reported for directly brined green olives (5, 37, 41). In the present study the mixed
starter culture added, constituted by L. plantarum and L. paracasei species, was well adapted
in the brine environment, as demonstrated by their high concentration reached after 14 days
of fermentation, maintained almost unchanged throughout the process. According to the
multiplex PCR results high occurrence of L. pentosus was recovered in spontaneous samples,
according to previous studies (2, 6, 48), and L. plantarum was the most frequent species found
in brine samples where it was deliberately added. This species has been widely isolated from
table olive samples (10, 15, 20, 39), highlighting the ability to debitter and ferment table olives
(54). Other LAB species were also detected and were ascribed to L. casei and Leuconostoc
mesenteroides species. In a previous study, carried out on Sicilian table olives spontaneously

fermented, L. casei was the dominant LAB species (38) whereas Leuc. mesenteroides was
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previously detected by De Bellis et al. (2010) (12) in un-debittered table olives fermented at 4
°C and at low NaCl concentration. As reported by Hurtado et al. (2009), the different species
dominance could be explained by the different geographic origin of olives. L. rhamnosus is not
commonly found in table olives, even if De Bellis et al. (2010) (12) registered a low presence
at the 30th day of fermentation in debittered green table olives of Bella di Cerignola cv
inoculated with a L. paracasei strain. In our study the presence of L. rhamnosus at the end of
the fermentation is attributed to the artificial addition of probiotics, demonstrating that both
the L. rhamnosus strains used were able to survive during fermentation, even if their main
ecological niche is dairy products (23). Our results also revealed that both inoculated probiotic
strains did not host LAB and yeast population, which maintained a high number throughout
the process. In naturally fermented olives the polyphenol content of the fruit is one of the
factors influencing LAB dynamics (20) and their hydrolysis is correlated to the ability of
indigenous LAB to degrade oleuropein. During fermentation, flavor compounds arise from
metabolisms of indigenous LAB and yeasts which produce volatile compounds from major
fruit constituents through various biochemical pathways that involve specific microbial
enzymes (43). Methanol, ethanol, acetic acid, other alcohols and esters produced by alcoholic
and heterolactic fermentation are the main compounds found in olive brines (29, 42). Our
results demonstrated that spontaneous processes were characterized by high contents of
ethanol suggesting an alcoholic fermentation. Ethanol concentration varied greatly among
treatments; it is mostly produced by yeast fermentation and, in a lesser extent, by heterolactic
fermentation. In spontaneous brines the high content of ethyl-acetate could be correlated to
the esterification in aqueous phase of acetic acid with ethanol. It is well known that acetate

esters are synthesized by an alcohol-acyltransferase which catalyzes the esterification of
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volatile alcohols with acetyl CoA molecules to produce volatile esters and free CoA-SH (44).
This compound has been previously reported in green fermented olives (27), as well as in
other fermented products (40, 46). Inoculated brine samples of Grossa di Spagna cv showed
high contents of propionic acid. Studies have demonstrated that the presence of short-chain
fatty acids, mainly propionic and butyric acids, with a concurrent degradation of lactic acid, is
related to zapatera spoilage in green olive fermentation (26). In our investigation, the lactic
acid concentration increased in all samples: Grossa di Spagna cv samples exhibited higher
values than Giarraffa cv. The high presence of propionic acid was confirmed by sensory
analysis, in which the sour descriptor of olives was significantly affected by propionic acid. A
marked decrease of total ester compounds in the Grossa di Spagna cv samples inoculated with
starter cultures rather than in Giarraffa cv samples was inversely correlated to the increase of
phenol compounds. Among phenols, a high amount of cresol responsible for off-odors and
off-flavors, which is probably due to keto-acid degradation (45), was found in all samples,
especially in samples inoculated with starter culture plus probiotic strain. These results
correlate with sensory data, demonstrating a more pronounced intensity of the descriptors
offodor and off-flavor. On the contrary, in the Giarraffa samples added with starters plus
probiotic strains, the decrease of acids and the increase of both alcohol and keton compounds,
responsible for herbs, cream and butter flavor, were not detected by the panelists which
revealed only high intensities of off-odor and crispy. The addition of starters plus probiotic
strains affected also the fermentation of Grossa di Spagna cv, in which high intensities of bitter
and off-flavor were revealed by panelists. The bitter sensation could be mainly attributed to
the great increase of cresol at the end of fermentation, and not to the incomplete debittering

of polyphenols present in the fruit.
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CONCLUSION

The present study clearly reports that LAB and yeast population are the main microbial groups
involved in brine fermentation of Giarraffa and Grossa di Spagna cv. Comparing fermentation
trend in both cultivars it is possible to assert that even if the dominant microbial groups
revealed similar enumeration and behavior, notable differences among volatile compounds
and sensory characteristics were detected, indicating that cultivar strongly influences the final
product. Moreover the findings of the present work accentuate the importance of the starter
to guarantee the safety of the table olives and that the starter selection must be done taking
into account the olive cultivar. Finally, the present study demonstrated that both the probiotic
strains were able to survive during the fermentation of Giarraffa and Grossa di Spagna table
olives and that further studies must be carried out in order to estimate the survival rate of the

probiotic strains on the olive surface at consumption time.
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GENERAL OVERVIEW

THE VAGINAL MICROBIOTA COMPOSITION IN HEALTH AND IN DISEASE

The female genital tract is composed of a sequence of cavities and it is exposes to the
external environment with the risk of potential infections. Among the defence
mechanisms, one of the most important is the composition of the microbial communities
that colonize the vagina (76). The microbial inhabitants of the vagina constitute a finely
balanced ecosystem with the vaginal environment controlling the colonizing bacteria and
the microbiota, in turn, controlling the vaginal environment. This dynamic microbial
community plays a key role in preventing colonization by undesirable microrganisms.

Much of our knowledge, about the composition of the vaginal microbial communities
comes from qualitative and semi-quantitative descriptive studies using cultivation-
dependent techniques (37, 43, 69). In recent years, the introduction and the development
of cultivation-independent molecular-based techniques have revolutionized bacterial
detection and provided new information about the microbial phylogenetic diversity that
compose the vaginal environment. This ecosystem has been revealed considerably very
dynamic and complex comprising previously undetected bacterial vaginal inhabitants (74,
79, 25). The advent of next-generation ultra-high-throughput sequencing technologies has
removed an important quantitative barrier in molecular analysis by increasing the number
of reads from a gene or genome (63). The recent transition from low-throughput clone
library sequencing studies to deep sequencing of PCR amplicons has led to a rapid
accumulation of data regarding human associated microbial communities and has been
crucial in furthering our understanding of the microbiota colonizing the genital tract (55).

The most detailed investigation to date used pyrosequencing of barcoded 16S rRNA gene
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to probe the vaginal microbiota (VM) in healthy women of childbearing age. According to
that, the current knowledges suggest that the vaginal ecosystem of healthy women
typically shows a predominance of Lactobacillus species. In particular, the strains most
frequent are Lactobacillus crispatus, L. gasseri, L. iners and L. jensenii (52, 71), followed by
L. rhamnosus, L. reuteri, L. vaginalis, L. acidophilus, L. casei, L. fermentum, L. plantarum and
L. salivarius (53, 20, 6-8). The healthy VM does not contain high numbers of many different
species of Lactobacillus. Rather, a single species among the most frequent or a group of
closely related species are dominant, whereas other species are rare, lower in cell density,
and tend to be novel phylotypes (72, 75, 80, 12, 67, 78). The rare coexistence of multiple
species of lactobacilli in vaginal communities could be caused by competitive exclusion of
one species by another, pre-emptive colonization by a particular species or host factors
that strongly influence which species are able to colonize the vaginal environment (79).
Interestingly, apparently healthy vaginal ecosystem is maintained in a significant
proportion (7-33%) of women in the absence of a Lactobacillus-dominant VM (36, 7, 8).
Lactobacilli may be replaced by other lactic acid-producing bacteria, such as Atopobium
vaginae, Megasphaera spp., and Leptotrichia spp. Moreover, a diverse array of other
bacteria and microorganisms, such as Staphylococcus, Ureaplasma, Corynebacterium,
Streptococcus, Peptostreptococcus, Gardnerella, Bacteroides, Mycoplasma, Enterococcus,
Escherichia, Veillonella, Bifidobacterium and Candida (36) can be present but in much lower
amounts. Lactobacilli are involved in promoting a healthy vaginal environment by
preventing overgrowth of pathogenic and opportunistic organisms. This mechanism of
action is attributable to lactic acid, hydrogen peroxide (H,02), and bacteriocins productions
(61). On the other hand, Lactobacillus-deficient VM is associated with the development of

numerous infectious conditions such as bacterial vaginosis (BV). Oral or vaginal antibiotics
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administration is the traditionally BV treatment and in this regard metronidazole and
vaginal clindamycin (1, 2) are frequently used. Treatment with antimicrobial agents is
useful but when is stopped, BV associated bacteria quickly re-emerge, suggesting a possible
role for intermittent prophylactic treatment. Alternative cures are therefore desirable. In
this contest, there are important issues to which great attention must be paid regarding
the effects of probiotics on BV treatment and prevention. Probiotics are believed to protect
the host against infections by several mechanisms including the following: occupation of
specific adhesion sites at the epithelial surface of the urinary tract; maintenance of a low
pH and production of antimicrobial substances like acids, hydrogen peroxide, and
bacteriocins; degradation of polyamines; production of surfactants with antiadhesive
properties (7, 27). As reported in table 4.1 several clinical trials were conducted in order to
investigate the usefulness of probiotic administration for BV treatment and prevention.
These trials confirmed the ability of lactobacilli to restore and maintain a normal urogenital
flora and showed that probiotic bacteria, especially L. acidophilus, L. rhamnosus GR-1, and
L. fermentum RC-14, when administered over 108 CFU, can most appropriately normalize
the VM, can help cure the existing infection and can prevent recurrence of BV. Longer
periods of probiotic administration may be useful for long-term control of BV relapses after
conventional therapy with metronidazole. Probiotics have been reported useful when used
either vaginally or orally (34, 18, 57); foods and supplements have both been shown to be

efficient vehicles as well (35).
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Table 4.1. Effects of administration of probiotics on BV (performed between 1990 and

2011).
Intervention Heath condition Effects Reference
Oral yoghurt containing Bacterial vaginosis, Reduction in BV episodes 65
1.0x1028  CFU of L candidiasis at 1 months was 60% for
acidophilus, once daily for 2 probiotic yoghurt vs 25%
months for pasteurized
Oral capsules containing 108 Bacterial vaginosis  Normal vaginal flora was 58
CFU of L. rhamnosus GR-1 restored using  specific
plus L. fermentum RC-14 or probiotic strains
L. rhamnosus, each day for administered orally
28d
Skim milk containing 10° Bacterial vaginosis  Treatment correlated 26
CFU of L. rhamnosus GR-1 with a healthy vaginal
and L. fermentum RC-14, flora in up to 90% of
twice daily for 14 days patients
Oral capsule containing History of BV Through 6 weeks after 6
8x108 CFU of L. rhamnosus treatment with
GR-1/L. fermentum RC-14 probiotics, Nugent score
and 6x 10°CFU L. rhamnosus decreased, indicative of
GR-1/L. fermentum RC-14 3- BV resolution
L. rhamnosus  GR-1/L.
fermentum RC-14, daily for
28d
Oral capsule containing Bacterial vaginosis  Probiotics colonized the 58
9x10° CFU of L. rhamnosus vagina properly and the
GR-1 + L. fermentum RC-14, Nugent score normalized
once daily for 60 d after the treatment
Oral capsules containing Urogenital Lactobacilli counts 57
10° CFU of L. rhamnosus infections increased while yeast and

GR-1 and L. fermentum RC-
14, 60 days

coliforms decreased

significantly after

supplementation
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Intervention Heath condition

Effects Reference

Oral capsule containing 10°
CFU of L. reuteri RC-14, L.
rhamnosus GR-1, twice

Bacterial vaginosis

daily from Days 1 to 30

Oral capsules containing
2.5x10°CFU of L.
rhamnosus GR-1 and L.
reuteri RC-14, 14 days

Bacterial vaginosis

Vaginal tampons containing Bacterial vaginosis
108 CFU of L. gasseri, L. casei
var rhamnosus, and L.
fermentum,5 tampons

during menstruation

Vaginal tablet containing
9x107 CFU of L. acidophilus,
0.03 mg of estriol and 600
mg of lactose, daily for 6 d

Vaginal infections

Vaginal tablet containing
10* CFU of L. rhamnosus,
once a week at bedtime for

Bacterial vaginosis

2 months

Vaginal tablets containing
10° CFU of L. brevis, L.
salivarius subsp. salicinius,

Bacterial vaginosis

and L. plantarum, for 7 days

88% were cured in the 7
antibiotic/probiotic

group compared to 40%

in the antibiotic/placebo
group. High counts of
Lactobacillus spp.

colonized the vagina

properly

The median difference in 54
Nugent scores between
baseline and the end of

the study was 3 in the
intervention group and 0

in the control group

Microbiological cure was 24
observed based on

Nugent score and Amsel
criteria

Vaginal flora was 50
enhanced significantly by

the probiotic

administration in
combination with low-

dose estriol

Significant difference 41
between the 2 treatment
groups were seen at Day

90

All of the patientsinthe 46
probiotic group were

free of BV, showing a

normal or intermediate
vaginal flora
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Intervention Heath condition Effects Reference
Vaginal application Prevent the The vaginal 42
containing 10* CFU of L. recurrence of administration of the
rhamnosus, for 6 months bacterial vaginosis  probiotic allows

stabilization of the
vaginal flora and reduces
BV recurrence
Vaginal capsules containing  Bacterial vaginosis, LN had a good 23
between 108and 10 CFU  vulvovaginal colonization rate in the
of L. gasseri LN4O, L. candidiasis vagina of patients with
fermentum LN99, L. casei BV and women receiving
subsp. rhamnosus LN113, LN were cured 2Y3 days
and P. acidilactici LN23, for after administration
5 d, after conventional
treatment of bacterial
vaginosis
Vaginal capsule containing  Prophylaxis Probiotic prophylaxis 77

108 CFU of L. rhamnosus, L.
acidophilus, and S.
thermophilus

bacterial vaginosis

resulted in lower
recurrence rates for BV
women
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Effect of Lactobacillu rhamnosus GG and Lactoferrin administration on vaginal microbiota

of women with bacterial vaginosis.

INTRODUCTION

The most familiar condition associated to the vaginal microbiota (VM) imbalance is
bacterial vaginosis (BV), which affect about the 10-29% of women in the word (15, 4). BV is
a polymicrobial disorder, whose etiology has not been fully understood. It involves with the
replacement of normal vaginal hydrogen peroxide-producing lactobacilli by a variety of
gram-negative rods and mycoplasmas. Microbiologically, lactobacilli are reduced, absent
or lacking specific antimicrobial properties (i.e. production of H,0,) with the concurrent
high concentration of numerous other opportunistic pathogenic bacteria mainly
Gardnerella vaginalis but also other anaerobes such as Atopobium vaginae, Bacteroides,
Mobiluncus, Prevotella, Peptostreptococcus spp., Ureaplasma urealyticum and
Mycoplasma hominis (17, 46). It is not clear whether the primary event triggering BV is the
loss of key lactobacilli or the acquisition of a complex bacterial community typically found
in this syndrome. Current treatment strategies for BV include the oral or intra-vaginal
administration of metronidazole or clindamycin. The use of oral metronidazole for 7 days
or vaginal metronidazole for 5 days implicate an improvement of symptoms in 83% to 87%
of women within 2 to 3 weeks (40, 30). Similar response rates are observed with the use of
vaginal clindamycin. Vaginal recolonization rates with lactobacilli are similar with both
antibiotics, as defined by detection of lactobacilli on Gram stain 21 to 30 days after
initiation of antibiotic treatment (2, 49). Even though antibiotic medication is effective in
up to 90% of cases, about 25% of women will develop BV again within 4 weeks (31, 39) and

the long-term recurrence rates have been shown to be >70% (63, 69, 14). Moreover, there
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are several unpleasant side effects and disadvantages associated with antibiotic therapies
including infections with pathogenic microorganisms, susceptibility of lactobacilli to
clindamycin and increase of drug resistance showed by vaginal phatogens, particularly G.
vaginalis and anaerobic bacteria (11, 69). Because of its high morbidity and frequent
recurrence following antibiotic treatment, alternative therapeutic agents need to be
sought for the treatment of BV. In this contest, probiotic and Lactoferrin administration can
represent a promising alternative treatment. There are important issues to which great
attention must be paid regarding the effects of probiotics on BV treatment and prevention.
Several clinical trials confirmed the ability of probiotics to treat BV by restoring the VM
balance and preventing the relapses. Lactoferrin (Lf) is an approximately 80-kDa iron-
binding glycoprotein belonging to the transferrin family produced and stored in specific
(secondary) neutrophil granules and released during neutrophil activation and
degranulation. Lf owns bacteriostatic and bactericidal properties, with the ability to protect
the host against infection, by binding and regulating the iron needed for the bacterial
proliferation (61, 9, 74). The antimicrobial effect of Lf is also due to immunomodulation as
well as cytoplasmic membrane disruption of the target cell. Lf has an inhibitory effect on
LPS-induced production of inflammatory cytokines (TNF-a, IL-1B, IL-6, and IL-8 mRNA) and
in monocyte cells interfering with NF-kB activation (19, 38, 82). Additional functions of Lf
have been reported, such as neutrophil and macrophage activation (67, 28), regulation of
specialization and function of lymphocytes (28), activation of the natural killer cells (21),
and control of the oxidation injury (71). Moreover, Lf exhibits a synergistic effect with IgA,
lysozyme, antibiotics, and drugs which helps in eradication of microorganisms (65). Based
on the properties previously reported is possible to postulate that lactoferrin could be able

to re-establish the vaginal microbial balance in BV patients but up to now no study have
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been conducted in this regard. Moreover, even if the usefulness of probiotic
administration, both on BV treatment and prevention, is largely demonstrated no study are
available concerning the effectiveness of L. rhamnosus GG (LGG) and lactoferrin
administration. In the light of the evidence above, this study was aimed to evaluate if the
lactoferrin administration alone or in combination with LGG is able (i) to modify the

composition and dynamics of VM in BV and (ii) to restore the VM homeostasis condition.

MATERIALS AND METHODS

Patients enrolment

The present study was an open prospective randomized controlled trial. From October
2013 to November 2014 40 female patients, aged between 18 and 45 years, with BV signs
and symptoms were enrolled at the Department of Medical Surgery Speciality, University
Hospital G. Rodolico, Catania, Italy. Eligible subjects were sexually active women in
reproductive age with symptomatic acute BV. The diagnosis of BV was assessed using the
Amsel clinical criteria (5) and confirmed using Gram stain criteria (Nugent scores) (48). The
exclusion criteria included: Nugent score <7, considered as the threshold of a significant
imbalance in the vaginal microbiota composition; urogenital infections or sexual
transmitted disease; known seropositivity for the human immunodeficiency virus (HIV);
pregnancy or breastfeeding; antibiotic, probiotic, exogenous hormone treatments and
other gynaecological conditions that could cause bleeding (polyps, endometrial
hyperplasia, etc.). The study was conducted in accordance with the Helsinki Declaration

(2000) of the World Medical Association and current standards of good clinical practice.
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The local Ethics Committee approved the trial and informed written consent was obtained

from all participants prior to enrolment.

Study design

Patients satisfied the inclusion criteria previously reported, were recruited and randomized
in two groups (A and B) and were treated with Lf 100mg (group A, n=20) or Lf 200mg (group
B, n=20) for 10 days (Figure 4.1). The sample size of 20 subjects per group was based on
the expectation of finding a difference of 50% between the two groups. At the first follow-
up visit (T1) the patients allocated in each group were split in two subgroups and subjected
to different treatment for additional 10 days (T2) as followed reported. Subgroups derived
from group A were treated with Lf 100 mg alone (A Lt) or in combination with LGG (A GG);
while subgroups derived from group B, were treated with Lf 200 mg alone (B Lt) or in
combination with LGG (B GG). Therapy was initiated after the enrolment visit or
immediately after the end of menstruation if menses were expected within a 7-day period.
Lf was administered as vaginal tablets and each female subject was instructed to apply the
tablet once a day preferably before going to bed. LGG (10° UFC) was taken orally once a
day. Patients were not allowed to use others probiotics, topic or orally, as well as antibiotic
agents for two months previous the recruitment and at any time during the study. All
patients completed the study without dropouts. The study was divided in three times of
intervention: baseline (T0), 10 days Lf treatment (T1) and 10 days after the additional
administration of Lf or Lf in combination with LGG (T2). Demographics and medical
information concerning contraceptive habits, infectious disease history, sexual activity and

menstrual period were assessed at baseline. Pelvic examination, assessment of clinical
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signs and symptoms of BV and microbiological sampling were performed at each time of

intervention.

Sample collection

Vaginal swab specimens collected during each sampling time (TO, T1 and T2) were
subjected both to microbiological analysis and to total DNA extraction. In addition, two
cotton-tipped swabs were rolled over glass slides and used to assess Nugent score and
whiff-amine/sniff test in accordance with Amsel’s criteria. Vaginal fluid pH was measured
during each visit by using pH test strips (McKesson). Samples were collected at the
Department of Medical Surgery Speciality, University Hospital G. Rodolico, Catania, Italy,
and immediately transferred, under refrigeration condition, to the Laboratory of

Microbiology of D3A University of Catania, Italy.
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Figure 4.1 Flow diagram: enrolment and follow-up diagram of patients included in the study.
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Clinical criteria evaluation

The Nugent score was assessed on a 10-point scale performing Gram-stain of the vaginal glass
smears followed by optical microscopic observation under oil immersion (100X magnification).
Large gram-positive bacilli were assumed to be the Lactobacillus morphotype; smaller gram-
variable bacilli were assumed to be the Gardnerella morphotype; other organisms were
categorized by morphology only, e.g., gram-negative bacilli, curved rods, gram-positive cocci
in chains and fusiforms. A score of 0-3 was interpreted as normal microbiota, a score of 4-6
was assumed as intermediate and a score of 7-10 was considered as BV-like condition.
Microscopic observation of vaginal glass smears was also performed in order to detect the
presence of “clue-cells”. Moreover, according to Amsel’s criteria, the whiff-amine/sniff test
was carried out. In detail, a drop of 10% KOH was directly added to the glass surface and the
presence of fish odour, attributable to volatile amines production, was revealed with sense of
smell. Clinical criteria previously reported were evaluated during each sampling time and all

slides were analysed by the same investigator.

Microbiological analysis

Vaginal swabs collected by using a sterile synthetic swab tip Transystem Amies Medium Clear
(Biolife Srl) were analysed as follow. After dislodging the cells in sterile PBS, serial 1:10
dilutions were made and plated on the following agar media and conditions: Rogosa SL agar
(Biolife), incubated at 35-37°C in 5% CO2 and 95% H, for 40-48 hours for Lactobacillus counts;
de Man-Rogosa-Sharp with Twin 80 (Biolife), anaerobically incubated at 37 °C for 48 h for LAB

counts, Streptococcus Selective Agar (Biolife) for isolation, enumeration and identification of
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Streptococci, incubated at 32°C for 24 hours; Gardnerella vaginalis Selective Medium (Oxoid)
incubated at 36x1°C for 40-48 hours, for Gardnerella vaginalis isolation; MacConkey Agar Mug
(Biolife) incubated at 37° C for 16-18 hours for Escherichia coli; Mannitol Salt Agar (Oxoid)
incubated at 32 °C for 48 h, for staphylococci enumeration; Slanetz Bartley Agar (Biolife) for
Enterococci enumeration, incubated at 37°C for 48 hours; Chromogenic Candida Agar (Biolife)
for C.albicans, C.tropicalis, C.krusei enumeration, incubated at 35°C-37°C for 48 h. All analysis

were performed in duplicate.

DNA extraction

Genomic DNA was extracted from vaginal swab specimens collected at each sampling time.
The bacterial cells retrieved on swabs were submerged in 1 ml of sterile normal saline
(prepared with RNase free H20, pH 7.0) and vigorously agitated to dislodge cells. The cells
were pelleted by centrifugation (Thermo Electron Corporation, Boston, MA, USA) at full speed
(> 10,000 g) for 10 min, washed by re-suspending cells in sterile normal saline and centrifuged
at full speed for 5 min. Then, bacterial DNA was extracted from the vaginal swabs using
QlAamp DNA Mini Kit (QIAGEN, Hilden, Germany) according to manufacturer’s instructions
with minor modification. Briefly, the bacterial pellet was suspended in 180 pl of lysis buffer
(buffer ATL) and homogenized by vortexing. A total of 20 pl of proteinase K solution (20
mg/ml) and 100 mg of zirconium beads (0.1 mm) were then added. The mixture was agitated
in @ mini bead beater (FastPrep, Thermo Electron Corporation, USA) three times, 40 s each
time, and incubated at 56°C for approximately 40 min. 200 pl of the second lysis buffer (buffer
AL) provided in the kit was added, and the sample was incubated at 70°C for 10 min. Next, 200

ul of ethanol was added; this mixture was then loaded on the QlAamp spin column and
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centrifuged at 8,000 g for 1 min. The QlAamp spin column was placed in a new 2 ml collection
microtube, and the containing filtrate was discarded. The column material was washed with
500 pl buffer AW1 and with 500 pl buffer AW2 provided in the kit. Finally, the DNA was eluted
with 20 pl of distilled water (2 x 10 ul). The concentration of extracted DNA was determined
by using a NanoDrop 2000, Thermo Fisher Scientific (Wilmington, DE, USA); its integrity and
size were checked by 1.0% agarose gel electrophoresis containing GelRed Nucleic Acid Gel

Stain (Biotium). All DNA was stored at -20°C before further analysis.

lon Torrent 16S rRNA Gene-Based Analysis

DNA amplification and lon Torrent PGM Sequencing of 16S rRNA gene-based amplicons were
performed by GENPROBIO srl (Parma). DNA extracted from brine samples at initial, middle
and end of fermentation and was amplified using primer pair Probio_Uni and/Probio_Rev,
which targets the V3 region of the 16S rRNA gene sequence (47). DNA was amplified under
the PCR conditions described previously (47). PCR amplicons were analyzed by electrophoresis
on an Experion workstation (BioRad, UK) and quantified by using the Experion system
(BioRad). Emulsion PCR was performed by using lon OneTouchTM 200 Template Kit v2 DL (Life
Technologies) according to the manufacturer’s instructions. Sequencing analyses was carried
out according to the protocol of the lon Torrent PGM system and using the lon Sequencing
200 kit. Sequence reads were analyzed by PGM software to delete low quality and polyclonal
sequences. High quality sequences were trimmed and filtered with default settings, using the

QIIME pipeline version 1.4.0 (http://qgiime.sourceforge.net). Filtered sequences were

exported as sff files.
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Taxonomic identification

The sff sequence files were processed using QIIME (3). The sequences were first clustered into
Operational Taxonomic Unit (OTU) clusters with 97% identity (3% divergence).

All reads were classified to the lowest possible taxonomic rank using QIIME and a reference
dataset from the Ribosomal Database Project (16). OTUs were assigned using uclust (22).
Alpha diversity (rarefaction, Good’s coverage, Chaol richness and Shannon diversity indices)
and beta diversity measures were calculated and plotted using QIIME. Final datasets at species
and other relevant taxonomy levels were compiled into separate worksheets for
compositional analysis among the samples. Differences in microbial communities between
brines samples were also investigated using using UPGMA clustering (Unweighted Pair Group
Method with Arithmetic mean) on the distance matrix of OTU abundance. This resulted in a

Newick formatted tree, which was obtained by using QIIME package (47).

Statistical analysis

The analysis of variance (ANOVA) was carried out on transformed data followed by separation
of means with Tukey’s HSD, using the statistical software Statistica for Windows (Statistica 6.0
per Windows 1998, StatSoft, Vigonza, Italy). Letters indicate significant different groups

(P<0.05) by Tukey’s test.
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RESULTS

Clinical criteria

The Nugent score, the Sniff test percentage of positivity and the vaginal pH value are reported
in table 4.2. Moreover, in figure 4.2 are reported the occurrence (%) of women with normal,
intermediate or bacterial vaginosis evaluated by Nugent score. Both groups A and B showed
at baseline the Nugent score value >7 confirming the presence of BV. In group A the Lf 100 mg
administration for 10 days (T1) reduced the Nugent score below the threshold of 7 in 14
patients of 20 (70%). In detail, five patients (25%) showed a Nugent score < 3 (healthy status),
nine (45%) presented an intermediate microbiota (Nugent score between 4 and 6) whereas
the remaining six patients (30%) showed a score >7 considered as BV-like condition. The Lf
100mg administration for additional 10 days (subgroup A Lt) was responsible of few changes
in Nugent score while the administration of Lf 100mg in association with LGG (subgroup A GG)
exhibited significant increase of number of patients with Nugent score <3. In fact, in the latter
subgroup only 2 patients presented the Nugent score >7 (10%), five (25%) were characterized
by intermediate microbiota (score between 4 and 6) and thirteen (65%) showed Nugent score
<3 at T2 sampling time. Concerning group B, the Lf 200 mg administration for 10 days (T1)
induced the reduction of Nugent score below the threshold of 7 in fifteen patients. Six (30%)
of these presented Nugent score between 4 and 6 while nine (45%) showed normal vaginal
microbiota composition (score <3). At T2 sampling time the Nugent score shifts observed were
more pronounced in B GG subgroup (Lf 200 mg and LGG administration) then in B Lt one (LT
200mg administration). In detail, at the end of the intervention the 55% of patients, allocated
in subgroup B Lt, showed normal vaginal microbiota while the 90% of patients assigned to B

GG resulted to be BV negative. During the study, the decrease of number of patients with
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Nugent score > 7 was in accordance with the wiff/sniff test percentage of positivity that

decreased reaching the lower value in both A GG and B GG subgroups. Similar trend was

detected for the number of patients that showed vaginal pH value > 4.5.

Table 4.2 Clinical criteria of both A and B groups during the whole of the trial.

Time of Nugent Nugent sniff test Vaginal
Group
intervention score <3 score 27 positivity pH >4.5
TO 0 20 90% 19
A
T1 5 6 32% 7
ALt T2 7 5 25% 6
A GG T2 13 2 15% 3
TO 0 20 92% 20
B
T1 9 5 30% 6
B Lt T2 11 4 16% 4
B GG T2 18 1 5% 1
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Figure 4.2 Occurrence (%) of women with vaginal microbiota normal, intermediate or bacterial

vaginosis evaluated by Nugent score.
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Microbial counts

Microbial counts, expressed as average and standard deviation of log CFU/mL, and analysis of
variance of the main microbial groups detected in A and B groups during the study, were
reported in table 4.3. Both groups showed at baseline (TO) a complex microbiota composition
in accordance to BV condition. All microbial groups investigated were detected at high cell
density except for Lactobacilli and Lactic acid bacteria (LAB). In group A, the Lf 100 mg
administration for 10 days (T1) determined the decrease of Gardnerella vaginalis of about 1
log cycle (p=0.000). Enterococci exhibited similar trend to those depicted from Gardnerella

vaginalis with significant decrease in cell density (p=0.004). As expected, Lactobacilli and LAB
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showed significant increase with an average of 0.8 log cycles higher than baseline. No
significant change was detected for Staphylococcus spp., Streptococcus spp., E. coli, and
Candida spp. counts. The administration of Lf 100mg for additional 10 days (A Lf subgroup,
T2 sampling time) was able to determine significant change of all microbial groups analysed,
except for E. coli, Lactobacillus spp., and LAB. Differently, the administration of Lf 100mg in
addition to LGG for 10 days (A GG subgroup, T2 sampling time) determined significant change
in all microbial groups. In particular, Gardnerella vaginalis shifted from 1.76 log CFU/ml (T1)
to 0.78 log CFU/ml (p=0.000), Lactobacillus spp. and Lactic acid bacteria increase of about 1
log cycle reaching a final values of 5.90 log CFU/ml and 6.03 log CFU/ml respectively. Group B
showed at T1 sampling time (Lf 200mg administration for 10 days) significant change in all
microbial groups except for Enterococcus spp. and Candida spp. In particular, Gardnerella
vaginalis decreased of about 1 log cycle (p=0.000) and Lactobacillus spp. increase of about 1.5
log cycle reaching a value of 5.54 log CFU/ml. Subgroup B Lt showed no significant change of
Lactobacillus spp. (p=0.181) and Lactic acid bacteria (p=0.169) compared to T1 sampling time.
Significant change was instead detected after the administration of Lf 200mg in addition to
LGG (B GG subgroup, T2 sampling time). In fact, all microbial groups showed significant change
with p value equal to 0.000. In particular, Gardnerella vaginalis reaching a value of 0.34 log
CFU/ml, Lactobacillus spp. and Lactic acid bacteria increased an average of about 1.40 log

cycle compared to T1 sampling time.
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Table 4.3 Microbial counts, standard deviation (SD) and Anova significance of A and B groups during the intervention.

Microbial groups

Staphilococcus spp.

G. vaginalis

Streptococcus spp.

Enterococcus spp.

E.coli

Candida

Lactobacillus spp.

LAB

Microbial counts (log UFC/ml) and SD

GROUP A GROUP B
T2 P P 3 T2 P P P
T0 T1 T0 T1
AL AGG**  TOvsT1 TlvsT2*  TlvsT2** B Lf* BGG**  TOvsT1  TlvsT2*  TlvsT2**

2.16+0.05 1.96+0.05 1.49+0.07 1.03+0.05 0.165 0.001 0.000 3.42+0.02 2.87+0.04 2.16+0.02 1.18+0.03 0.030 0.004 0.000
2.44+0.05 1.76+0.04 1.46+0.06 0.78+0.03 0.000 0.026 0.000 3.37+0.03 2.43+0.05 1.47+0.02 0.34+0.05 0.000 0.000 0.000
3.41+0.04 3.40+0.05 2.99+0.08 2.58+0.06 0.465 0.002 0.002 4.59+0.08 4.06+0.06 2.90+0.03 1.76+0.03 0.015 0.000 0.000
3.52+0.07 3.17+0.05 2.84+0.05 2.84+0.04 0.004 0.016 0.016 4.50+0.03 4.44+0.02 3.25+0.03 2.05+0.04 0.398 0.000 0.000
0.39+0.03 0.41+0.04 0.29+0.03 0.03+0.02 0.423 0.084 0.000 1.02+0.08 0.61+0.05 0.37+0.08 0.07+0.05 0.047 0.002 0.000
0.07+0.01 0.02+0.00 0.03+0.00 0.03+0.05 0.072 ND ND 0.47+0.04 0.43+0.06 0.21+0.03 0.03+0.02 0.329 0.053 0.000
4.08+0.12 4.86+0.05 4.72+0.10 5.90+0.04 0.000 0.205 0.000 3.95+0.02 5.54+0.02 5.72+0.02 6.90+0.04 0.000 0.181 0.000
4.11+0.06 4.95+0.05 4.95+0.05 6.03+0.03 0.000 0.491 0.000 4.47+0.02 6.10+0.05 6.30+0.04 7.51+0.04 0.000 0.169 0.000

* Lt administration for additional 10 days; ** Lt and GG administration for additional 10 days
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lon Torrent 16S rRNA gene-based analysis

The DNA extracted from vaginal swab specimens collected during each sampling time (TO, T1,
T2) was subjected to lon Torrent 16S rRNA gene-based analysis. A mean value of
approximately 59.500 reads was analyzed, with the highest value (93579) detected at T1
sampling time in B group and the lowest value (39945) founded at the same sampling time in
A group (Table 4.4). The bacterial community was analyzed using rarefaction curves, a species-
level measure (OTU), a richness estimator (Chaol) and a Shannon diversity index (Table 4.4).
The biodiversity observed and the estimated sample coverage (Good’s coverage values about
99%) for the 16S rDNA vaginal swab samples indicated that a satisfactory coverage of the
biodiversity was achieved. This result was also confirmed by the analysis of the rarefaction
curves (Figure 4.3). The OTU, Chaol, and Shannon index values showed opposite trend in A
and B groups comparing TO and T1 sampling time. In fact, these parameters increased in A
group and decreased in B group. At T2 sampling time OTU, Chao1l, and Shannon index values
decreased in all subgroups (A Lt, A GG, B Lt, B GG). The highest OUT value were achieved in A
group after the Lf 100mg administration for 10 days (T1) while in B group at baseline (T0).
Principal coordinate analysis (PCoA), using unweighted UniFrac distance matrix (Figure 4.5),
was done and allowed us to differentiate the effect of different treatments. In detail, it was
possible to distinguish 3 clusters. The first one comprised both A and B groups at baseline (TO)
in addition to A Lt (Lf 100 mg administration for 20 days in the whole), which was quite diverse
from the cluster 2 that included the following groups: B T1 (after 10 days of Lf 200 mg
administration), B Lt (after 20days of Lf 200 mg administration), and A T1 (after 10 days of Lf
100 mg administration). The patients subjected to LGG administration in addition with Lf 100

mg (A GG group) or 200 mg (B GG group) were grouped in the cluster 3. The vaginal microbiota
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composition of each group at phylum, family and genus level are reported in figures 4.5, 4.6
and 4.7 respectively. In detail, group A was characterized at baseline (TO) by the dominance
of Firmicutes phylum (82.90%) followed by Actinobacteria (16.40%), mainly belonged to
Gardnerella genera (16.25%). The phylum previously reported was dominant also in group B
at TO sampling time, in addition to Proteobacteria phylum (7.07%), mainly belonged to
Acinetobacter (4.00%) and Helicobacter (1.57%). Significant shifts in bacterial community were
observed in group A in particular after the administration of Lf 100mg in addition to LGG. In
fact, Firmicutes (99.84%) was the only dominant pylum represented by Lactobacillus genera
(99.79%). The dominance of Firmicutes phylum and Lactobacillus genera was achieved in
group B not only during the administration of Lf 200mg in addition to LGG (B GG) but also
during the Lf 200mg administration for additional 10 days (B Lt). At genus and species level,
each groups revealed a unique species-specific profile, even the presence of L. helveticus

species was achieved in all patients after the LGG administration.

Table 4.4 Number of sequences analyzed, biodiversity measures and estimated sample

coverage (%) of total 16S rRNA gene of vaginal swab specimens.

GROUP A GROUP B
T2 T2
TO T1 T0 T1

ALt A GG B Lt B GG

N° reads 51350 39945 71098 45336 | 55223 93579 53048 66510
OTUs 34 105 30 7 78 49 17 5
Chao 1 2.9 7.7 2 1 7.2 4.9 1.9 1
Shannon index 1.28 1.77 0.55 0 1.47 1.55 0.56 0

Good’s coverage (%) 99.4 98.9 99.1 99.8 99.2 99.5 99.8 99.7
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Figure 4.3 Rarefaction curves generated for 16S rRNA gene sequences obtained from the

samples.

a)

300

250

200

150

100

50

10 5422 10834 16246 21658 27070 32482 37894 43306 48718 54130

ATO ATl ALt A GG BTO BT1 B Lt B GG

b)

3,5

2,5

0 10 5422 10834 16246 21658 27070 32482 37894 43306 48718 54130

ATO ATl ALt A GG BTO BT1 B Lt B GG

Panel a represents the rarefaction curves using the Chaol index. Panel b display rarefaction
curves using the Shannon index.
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Figure 4.4 Principal Coordinate Analysis (PCoA).
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Percentages shown along the axes represent the proportion of dissimilarities captured by the
axes.
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Figure 4.5 Phylum-level distribution of bacteria in vaginal samples, taxa >0.1% are shown.
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Figure 4.6 Family-level distribution of bacteria in vaginal samples, taxa >0.1% are shown.
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Figure 4.7 Genus-level distribution of bacteria in vaginal samples, taxa >0.1% are shown.
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DISCUSSION

It is already well established that vaginal microbiota consist predominantly of lactobacilli and
that alterations can cause symptomatic conditions (33). Comprehensive knowledge of the
composition and richness of the vaginal microbial ecosystem is essential for understanding
the etiology of diverse vaginal diseases, for its prevention and for the development of new
diagnostic tools. In this contest, bacterial vaginosis is an ecological disorder affected millions
of women annually, associated with numerous adverse health outcomes including pre-term
birth and the acquisition of sexually transmitted infections. Treatment with antibiotic agents
is useful but when is stopped, BV associated bacteria quickly re-emerge, suggesting a possible
role for intermittent prophylactic treatment. For these reasons, an alternative treatment is
desirable. According to Mazzaro et al (2006) (44), given the high prevalence of BV, there is an
urgent need to develop products that effectively treat this condition and prevent its
recurrence. Studies of the effects of probiotics on bacterial vaginosis are relatively scarce. The
lactobacilli strains most frequently used are a combination of Lactobacillus rhamnosus GR-1
and L. reuteri RC-14. In vitro studies demonstrated their ability to adhere to vaginal epithelium
cells (13) and to colonize the vagina also when are orally administrated (29). Anukam et al. (6)
conducted a randomized, controlled, double-blind study confirming the positive effects of
combined use of metronidazole with capsules containing probiotic in bacterial vaginosis
treatment. After the 30-day period, 88% of patients who received probiotic had no signs of
bacterial vaginosis, in comparison to 40% vaginosis-free patients in placebo group (p < 0.001).
The same authors also conducted another randomized clinical trial, which compared the
efficacy of probiotic vaginal capsules used with the metronidazole gel in treatment of bacterial

vaginosis (7), with comparable results. Similar results were published by Martinez et al. (45)
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(combination of tinidazole and probiotic in comparison with tinidazole and placebo), and by
Ya et al. (77) who recently conducted a randomized, double-blind, placebo-controlled study
testing the effectiveness of probiotic vaginal capsules in preventing recurrences of bacterial
vaginosis. Although not without certain shortcomings in terms of population size, inclusion
conditions or follow up methodology, the previously mentioned studies established a strong
case for the existence of beneficiary effect of Lactobacilli in subjects with bacterial vaginosis.
To our knowledge, this is the first study on the ability of lactoferrin administration alone or in
combination with LGG to treat bacterial vaginosis. Our findings confirm that LGG
administration in association with lactoferrin both at 100mg and at 200 mg is able to modify
the vaginal microbiota population and to re-establish the balance of this ecosystem. These
evidences suggested by clinical criteria evaluation and microbiological results, was supported
by lon Torrent 16S rRNA Gene-Based results. Not only after 20 days all patients presented the
vaginal microbiota dominated by lactobacilli but it was interesting to found the dominance of
L. helveticus particularly in patients treated with LGG and lactoferrin 200mg. As is known L.
helveticus is considered a strain with health-promoting properties that possess probiotic
properties similar to those displayed by microorganisms conventionally considered to be
probiotics. Atassi et al. 2006 (10) demonstrated its ability to inhibit the growth and to reduce
the viability of Gardnerella vaginalis and Prevotella bivia. Based on our results, the LGG and
lactoferrin administration can represent a valid treatment for bacterial vaginosis. Moreover,
we found that clinical criteria evaluation is essential as diagnostic tool but to better
understand the effect of a specific therapeutic treatment microbiological and molecular

analysis are essential. The culture-dependent and independent approach and the lon Torrent
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16S rRNA Gene-Based results were able to provide a more detailed view of vaginal microbial

composition and dynamic during the trial.
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GENERAL OVERVIEW

THE GASTRO-INTESTINAL TRACT MICROBIOTA

The human gastro-intestinal tract (GIT) is divided into the oral cavity, esophagus, stomach,
small intestine, colon, rectum and anus. The small intestine is composed of the duodenum,
jejunum and ileum. The GIT together with the associated organs, salivary glands, liver,
gallbladder and pancreas constitute the digestive system (Figure 5.1). The ladder is
responsible for the breakdown and modification of food into smaller portions and usable
nutrients, electrolytes, and fluids. In addition, it excretes unabsorbed residues, provides a
protective barrier against the entry of toxic substances and infectious agents, serves as the
largest endocrine organ in the body and interacts with other endocrine organs: the nervous

system, the circulatory system, the immune system, and so on (75).

Figure 5.1 Schematic representation of the human digestive system.
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The human GIT is colonized by Archaea, Eukarya and a dense and complex community of
bacteria all of which have a large impact on the health of the host through: the modulation of
the immune system, the protection against pathogens, the development of the intestinal
microvilli, the enteric nerve regulation, the promotion angiogenesis and the conversion of
nutrients and metabolites (77). The total number of microorganisms in the GIT is around 10%**
and varies greatly between different regions. The intestinal microbiota differs quantitatively
and qualitatively, increasing in number and population diversity along the length of the GIT.
Moreover, there are also significant differences between the microbiota present in the gut
lumen and the microbiota attached to and embedded in the mucus layer of the Gl tract (66).
The vast majority of the intestinal bacteria reside in the colon, reaching values between 10'?
to 103 bacteria per gram of faeces (figure 5.2). The composition of the different sites of the
intestinal tract varies due to different environmental factors, such as pH, transit time, mucus
layer and peristaltic movements. In fact, the bacterial load increases and the oxygen levels
declines towards the distal part of the digestive tract, while the pH rises from acidic towards
neutrality. Concerning the composition, the Gl microbiota is taxonomically classified via the
traditional biological nomenclature (Phylum-Class-Order-Family-Genus-Species) and currently
more than 50 bacterial phyla have been described, of which 10 inhabit the colon and three
predominate: the Firmicutes, Bacteroidetes and the Actinobacteria (15, 84). Although the Gl
tract microbiota predominantly contains bacteria (94%), there are also viruses (4.8%) and
archaea (0.5%) (3). In detail, the bacterial population, though demonstrating great variation
from subject to subject, contains over 90% of Firmicutes and Bacteroidetes. Additionally
Actinobacteria, Proteobacteria, and Verrucomicrobia are among the most abundant phyla (50,

38,). Healthy subjects are reported to harbour around 400-600 different species in their colon
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(51, 68, 50, 61). In any case, the definition of health and healthy intestine does not take into
account the vast natural variation and subject-specificity of the intestinal microbiota. Host
genetic and immune as well as environmental factors influence intestinal microbiota
composition, which in turn shape host immunity and physiology within and beyond the GIT
(figure 5.2). It has been shown that the relative abundance of both Firmicutes and
Bacteroidetes can vary between 0 to 99% (31) and the most abundant phylotypes can differ
by as much as 5000-fold between subjects (30). A number of host mechanisms participate in
the GIT microbiota modulation, including gastric acid secretion, fluid, GI motility,
anticommensal slgA and antimicrobial peptide production. Drugs that block acid secretion and
affect Gl motility can indirectly alter the microbiota. Antibiotics, depending on spectrum and
dosage, as well as dietary modifications, including probiotic and fibre supplements, will

directly affect microbiota composition.
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Figure 5.2 Gut microbiota and the intrinsic end extrinsic factors that can affect its distribution
and composition.

Density
10! - 103

101 - 103

104 - 107

1010 - 1013

Composition

Streptococcus
Lactobacillus

Streptococcus
Lactobacillus
Enterobacteriaceae

Bacteroides
Eubacterium
Clostridium
Ruminococcus
Bifidobacterium

Intrinsic factors

Gastric acid
0,

Motility
Mucus

Gl secretions

Antimicrobial
peptides

Immunity (slgA)

Extrinsic factors

Diet, Pre and
probiotics

PPIs, H2 blockers
Antibiotics
Prokinetics
Laxatives

Opioids

NSAIDs

Colon contractions

4

Stomach

Small intestine
(facultative anaerobes)

Colon
(strict anaerobes)

MMC, migration motor complexes; H* hydrogen ions; O; partial oxygen tension; slgA secretory

immunoglobulin; PPl proton pump inhibitor; NSAID non-steroidal anti-inflammatory drug.

Each individual’s microbiota is highly specific (83, 13, 73, 70). This high subject-specificity has

been shown to be a combination of environmental factors, shaping the microbiota

immediately after birth, as well due to genetic variation (5, 32, 33). From the ecological point

of view, resilience represents a community’s ability to respond to perturbations by resisting

changes and the ability to recover to its original form (28). The capability for the microbiota

of healthy subjects to maintain its composition in time has been associated to health in several

studies. It has been shown that the microbiota retains its similarity over time, both the short

and long term (83, 76, 14, 44, 62, 67, 35, 82, 43). It is also known that there is little flux in the
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presence of the species but their abundances vary in time (54) and the temporal variation is

associated to subjects’ microbial diversity (23). The majority of the current data support the

view that the intestinal microbiota of healthy adults operates in a state of homeostasis and

shows resilience to perturbations such as lifestyle changes, medication and diet. Moreover,

the gut microbiome has been directly implicated in the etiopathogenesis of a number of

diverse pathological states as obesity (72), circulatory disease (29), inflammatory bowel

diseases (IBDs) (42) and autism (22) (Figure 5.3).

Figure 5.3 Diseases influenced by GIT microbiota.
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APPROACHES TO STUDY INTESTINAL MICROBIOTA

Most of the bacterial species colonizing the human intestine are strictly or facultative
anaerobic and have physiologically adjusted to the conditions residing in the GIT. These
conditions are difficult to mimic under laboratory conditions. In spite of the fact that over than
1000 species have been cultured from the human intestinal tract (55), an important fraction
(estimated to be approximately 70%) of the intestinal microbes have not been cultured or
identified yet (24). Therefore, the true diversity of intestinal microbiota has remained
incompletely covered by using traditional cultivation strategies or molecular methods with
low resolution, whereas the rapid development of culture-independent high-throughput
molecular applications, during the recent years, has enabled the deep and comprehensive
analyses of total microbiota diversity. These high-throughput techniques are based on either
direct sequencing of nucleic acids in the sample or on their detection by using high-density
oligonucleotide arrays. Phylogenetic microarray is a high-throughput platform designed for
the simultaneous detection of thousands of DNA or RNA sequences. Further, it allows the
concurrent analysis of numerous samples, making microarrays a fast, cheap and user-friendly
technology. As other molecular methods for microbiota community analysis, this technology
is most often based on sequences of variable regions of the 16S rRNA gene, denoting that the
sequence knowledge is a prerequisite for the array design. Phylogenetic microarrays have
been shown to have higher sensitivity than high-throughput sequencing strategies (12, 71)
and to detect bacterial DNA as low as 0.00025 % of the sample (48). The major challenge in
this technology is the possibility of cross-hybridizations, i.e. that probes hybridize also to
highly similar non-target sequences (24). Several phylogenetic microarrays targeting the

human intestinal microbiota have been developed (48, 52, 9, 71) and the Human Intestinal
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Tract Chip (HITChip) being one of the most intensively used. The HITChip enables rapid and
sensitive profiling of the microbiota diversity and allow the relative quantification of all
bacterial groups at different taxonomic levels simultaneously (53). The so-called next-
generation sequencing methods deliver sequences from 16S rRNA gene amplicons or from
total community DNA. Direct sequencing of partial 16S rRNA gene amplicons (massively
parallel sequencing) is able to sequence massive amount of sequences at the same time in the
same reaction. Due to the sequencing of short reads (typically around 100 bp), it is possible to
increase the amount of sequences analysed, thus enabling also the detection of low abundant
bacteria (24). This method gives phylogenetic and quantitative information and enables
detection of unknown bacteria. Massively parallel sequencing is fast but requires intense
computational data analysis that includes the removal of chimeric sequences (24). One
overlooked issue is the generation of errors as is illustrated by the need for developing a low
error 16S rRNA amplicon sequencing method to be able to monitor the microbiota of subjects
over time (difficulties in identifying subjects based on their faecal microbiota (20), while this
was done easily with the HITChip (54). While advances in molecular microbiological
techniques allow a high-throughput analysis of the microbiota, several problems are related
to inappropriate use of these 16S rRNA gene sequence -based technologies. Sufficient pre-
treatment of faecal samples, such as sample collection procedures and storage conditions,
efficient nucleic acid extraction and unbiased PCR amplification are crucial in order to cover
the full microbial diversity (45). In addition, identification of sequences based on very short
reads is not always reliable (80). Despite the powerful molecular techniques for microbiota
characterization, culturing is still utmost valuable as it is a necessary step for the detailed

physiological and biochemical identification of individual isolates. Experimental
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characterization of isolates and their metabolic activities are needed to expand the reference
databases used for the annotation of metagenomic sequence data, because currently a
significant proportion of obtained data is lacking a close match in the reference databases (36,
79). In future, high-throughput cultivation of new species in combination with metagenomics

will give us new insights into microbiota composition and function (55).
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Intestinal microbiota composition in Systemic Nickel Allergy Syndrome (SNAS) patients: a

high throughput microarray analysis.

INTRODUCTION

Nickel (Ni) is a ubiquitous highly sensitizing metal, which can trigger allergic manifestations.
Several evidences prove that Ni, in experimental animal models, can induce negative effects
on the immune system, but the data on immunomodulation are contradictory: among the
effects most frequently encountered prevail the suppression of the immune response. The
exposure to Ni can occur not only through the contact with the skin but also by the
gastrointestinal absorption. In fact, many foods have a high content of Ni. Vegetables
represent the main dietary source. Ni is mainly concentrated in the reproductive part of plants
(hazelnuts, peanuts, wheat grains, legumes) and in a normal diet 50% of the daily requirement
of Ni is provided by cereals and legumes, followed by fats, dairy products and fruit. The
average daily intake of Ni is approximately 400-600 pg. It is estimated that about 10-20% of
the worldwide population are allergic to Ni (69). Nickel allergy can present itself in various
forms: cutaneous, localized or systemic, and extra-cutaneous. Schematically we can
distinguish between the Allergic Contact Dermatitis (ACD) and the Systemic Nickel Allergy
Syndrome (SNAS) that can have cutaneous and/or extra cutaneous signs and symptoms
(gastrointestinal, respiratory, neurological, etc.). SNAS is an emergent chronic inflammatory
disorder that has been defined as a definite condition only recently (25, 46, 8, 11, 17, 57).
Twenty percent of the ACD patients also experience urticaria and angioedema, flares, itching,
cough, headache and gastrointestinal symptoms due to the ingestion of Nickel-rich foods (16,

25, 46). Gastrointestinal symptoms and cutaneous manifestations in areas not in contact with
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Ni, recurrent infections and an increase in oxidative stress are the principal SNAS
manifestations. Women are strongly affected then man with a high ratio (female/male)
ranging between 3:1. Christensen (10) was the first author to suspect that ingested Ni could
be responsible for these reactions. The diagnosis of SNAS, both cutaneous (systemic contact
dermatitis) and extra-cutaneous is far more complex than the diagnosis of ACD. The only
possibility of definitive diagnosis is one that mimics natural exposure, i.e. the exposure or
provocation test. In the case of exposure via food, the diagnostic procedure would consist of,
as for all allergies and food intolerances, an oral provocation test with the suspected food
after the diagnostic elimination diet of the same food. Any other tests, such as the patch as
well as the prick with Nickel sulphate, sometime performed, are only indicative but are not
considered diagnostic (49). In 2009, Rosato and co-workers have demonstrated that Nickel-
hypersensitivity is associated with a significant increase in susceptibility to viral, bacterial and
fungal infections (58). In fact, in Nickel-sensitive patients a higher incidence of recurrent
herpes labialis, urinary tract infections, genital candidiasis and upper respiratory tract
infections was detected. Moreover, the same authors have found a reduction in the number
of annual episodes of herpes labialis in patients following Nickel-poor diet (58). A successive
study conducted by Rosato and co-workers in 2011 on pediatric patients, showed higher
incidence of recurrent upper respiratory tract infections and recurrent otitis media in children
with Ni-ACD (59). This susceptibility, according to the authors, could be determined by a
reduction of the natural killer (NK) cell activity caused by the immunomodulatory effects of Ni
in allergic subjects. Regarding the headache and the gastrointestinal symptoms, the data of
literature are conflicting and not efficiently supported. However the gastrointestinal

symptoms data seem to be more accurate than headache ones (49). An increase in oxidative
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stress in Ni-sensitive patients was demonstrated by Gangemi (2009) and co-workers. Serum
concentrations of protein carbonyl groups (PCGs) and nitrosylated proteins (NPs), biomarkers
of oxidative stress, were measured before and after oral Nickel challenge in thirty-one women
with diagnosis of Ni-ACD and in thirty-one healthy controls. Although both Nickel-allergic
patients and controls presented similar serum levels of PCGs, NP values in Nickel-sensitive
patients appeared higher than in controls and tended to decrease after the challenge (25).
Finally, pivotal clinical studies, monocentric non-randomized and non-double-blind
controlled, have preliminarily shown that the oral hyposensitization procedure, obtained with
the administration of increasing doses of Ni sulfate, could be suitable to induce immune-
tolerance and symptoms improvement (46, 11). However, further large randomized clinical
trials are needed to confirm these preliminary and suggestive clinical data and to evaluate the
effects of hyposensitization therapy. Andrioli and co-workers (2) documented a twofold
prevalence of Chronic autoimmune thyroiditis (CAT) in SNAS subjects compared to that
observed in patients with no-SNAS immune diseases (26.5 vs. 12.7 %, p<0.01). This result is
remarkable but remains unclear due to the different immunopatogenetic mechanisms
underlying the two diseases. Past studies suggested that environmental factors, such as high
iodine intake, selenium deficiency, drugs and pollutants may be implicated in the
development of CAT (18). Moreover, metals had been reported to be implicated in the
immune process and in inflammation (18). Therefore, Nickel plays a crucial role in SNAS and it
may be potentially involved in the development of CAT, perhaps by increasing thyroid
antigenicity and promoting the progression of the autoimmune response in susceptible
individuals. Focused studies are mandatory to support these speculative hypotheses and a

possible shared genetic background. In fact, CAT is supposed to be related to variants in the
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human leucocyte antigen (HLA) and cytotoxic T-lymphocyte antigen 4 (CTLA-4) genes (21),
whereas data on the genetic predisposition of SNAS are scanty, being the association with
DR7-DQ2.2 haplotype the most frequent finding (11). To date, poor are the information
concerning the possible imbalance of intestinal microbiota in SNAS patients and only one
study (56) is now available. In 2014 our research group conducted a preliminary double blind
randomized placebo-controlled study in order to evaluate the effect of probiotic Lactobacillus
reuteri DSM 17938 strain supplementation in terms of modulation faecal LAB population
linked to a reduction of gastro intestinal and cutaneous symptoms and to an increase of
patient’s quality of life. The approach applied allowed us to identify the dominant LAB species
in patients suffering from SNAS and to assert that the L. reuteri DSM 17938 strain is able to

influence significantly both the LAB dynamics and the clinical symptoms (56).

As previously reported, the literature in relation to SNAS is very poor and only a few clinical
studies were conducted. Up to now, no information are available concerning the intestinal
microbiota composition and its relation with gastro-intestinal symptoms. The present study
investigated for the first time the microbiota composition of SNAS patients. The advanced
throughput HITChip microarray was applied in order to: characterize the intestinal microbiota
composition of SNAS patients, assess the possible existence of a potential syndrome specific
microbiota, evaluate the changes occurred after low Nickel diet and desensitization treatment

alone or in combination with Lactobacillus rhamnosusu GG supplementation.
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MATERIAL AND METHODS

Patients enrolment

The present study was a multicentre randomized controlled trial with two parallel groups:
probiotic and placebo. The patients were recruited using the following criteria: age, positivity
to a Ni-patch and prick-test, presence of Gl reactions, such as symptoms related to meals as
dyspepsia, nausea and/or vomiting, type of stools (frequency and consistency), recurrent
abdominal pain (RAP) and cutaneous reactions such as urticaria, itching and eczema after
ingestion of Ni containing food. Exclusion criteria included organic diseases (as established by
medical history, complete blood count, urinalysis, stool examination for occult blood, ova and
parasites, blood chemistries, abdominal ultrasound, breath hydrogen testing and endoscopy
if needed), presence of other chronic disease such as celiac disease, pregnancy and lactation,
concomitant treatment with steroids and/or antihistamines, participation in another study.
Patients were not allowed to use gastric acid inhibitors, laxatives, anti-diarrhoeal medications
or antibiotics for at least 1 month before the beginning of the study and systemic or topic
antihistamines or corticosteroids during the study. Moreover, the consumption of probiotics

or prebiotics for at least 1 month before the study were not allowed.

Study design

Sixty patients satisfied the inclusion criteria previously reported, were recruited and subjected
to a Low-Ni diet for 1 month then, patients that presented the improvement of symptoms at
least 70% from baseline were randomized in two groups: probiotic group (P) or placebo group
(C) (figure 5.4). Both groups received, after Low Ni-diet, Ni as NiSO4-6H,0 with microcrystalline

cellulose as excipient (NiTOH) for 3 months. During the NiTOH administration, probiotic
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groups received 1 daily tablet (10° cfu ml?) of Lactobacillus rhamnosus GG, ATCC 53103
probiotic strain, and the placebo group received 1 daily placebo tablet, all identical in
appearance and flavour, both gently provided by DICOFARM SpA (Roma, Italy). The study was
divided in four times of intervention: baseline (T1), after 1 month of Low Ni-diet (T2), 3 months
probiotic or placebo feeding (T3) and 2 months after the end of the treatment (T4). The
following tertiary hospitals participated to the trial. Allergy and immune tossicology unit, G.
d’Annunzio University Foundation, Chieti, Italy; Allergology and Clinical Immunology, G.
Martino Hospital, University of Messina; Catholic University of the Sacred Heart Institute of
Internal and Geriatric Medicine Milano, Italy; Respiratory Allergology Unit Respiratory disease
Institute, University of Catania, Italy; Merate Hospital, Lecco, Italy. The study was conducted
in accordance with the Helsinki Declaration (2000). The trial was approved by the local Ethics
Committee and informed written consent was obtained from all participants prior to

enrolment.
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Figure 5.4 Study design
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Faecal samples were collected, in duplicate, at T1, T2, T3 and T4 sampling times using sterile

plastic containers. Collection was performed every Thursday (+ 1 day), to avoid major

influences of changing dietary habits during the weekend. Stool samples were frozen

immediately after collection and stored in -80 °C until further processing.
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DNA extraction

Faecal samples were melted on ice and 0.25 g of faeces was weighted into a 2 ml screw-cap
tube and mixed with 1 ml of lysis buffer, four glass-beads (3.0 mm, Lenz Laborglas GmbH &
Co., Germany) and 0.5 g of zirconia beads (0.1 mm, Biospec Products, Inc., USA) then
homogenized with two rounds of bead-beating with FastPrep-24 (FP120-230, Bio 101
ThermoSavant, Holbrook, NY). Treatment time was 3 min in both bead beating rounds and
samples were putted on ice between. Lysate fraction obtained from first homogenization step
was removed before performing the second bead-beating round. The lysis buffer used in the
RBB-steps was 4% (w/v) sodium dodecyl sulphate (SDS), 50 mM Tris-HCI (pH 8), 500 mM NacCl
and 50 mM EDTA. After RBB-step, DNA precipitation was done adding ammonium acetate and
isopropanol. Nucleic acids were washed with 70% Ethanol, pelleted and subsequently
dissolved in TE buffer. DNA was further purified by RNase A and proteinase K treatments and
by using the purification columns and buffers from the QlAamp DNA Mini Kit (Qiagen, Hilden,
Germany). DNA was purified using the One step PCR inhibitor Removal Kit (Zymo). DNA yield
was quantified using a NanoDrop ND-1000 spectrophotometer (NanoDrop® Technologies,
Wilmington, DE). DNA concentration was adjusted to 20 ng ml** and was used as template for

PCR amplification.

PCR amplification

The total bacterial 16S rRNA genes were amplified from genomic DNA by using the FastStart
Taq DNA polymerase, dNTPack PCR amplification kit and the primers T7prom-Bact-27-for (5'-

TGA ATT GTA ATA C GA CTC ACT ATAGGG GTT TGA TCC TGG CTC AG-3’) and Uni-1492-rev (5'-
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CGG CTA CCT TGT TAC GAC-3’), which ensured the introduction of a T7 promoter sequence at
the 5’ terminus of the rRNA gene amplicon. PCR reactions were carried out in a final volume
of 50 pl, and 10 ng of DNA samples was used as template. Samples were initially denatured at
94°C for 2 min followed by 35 cycles of 94°C (30s), 52°C (40 s), 72°C (90 s) and a final extension
at 72°Cfor 7 min. The PCR products were purified using the High pure PCR Product Purification
Kit (Roche) according to the manufacturer’s instruction. PCR success and amplicons size were
verified running the products on a 1% agarose gel, 20 min at 100V (Lonza). Final DNA

concentration was determined using a NanoDrop spectrophotometer as described above.

RNA production

In vitro transcription of DNA into RNA was performed using RNAMaxx T7 Transcription Kit
(Ambion, Austin, Tx, USA). The reaction mix was performed as follow: 5X RNAMaxx
trascriptomic buffer; rATP, rCTP, rGTP, rUTP each 100mM; dithiothreitol 0.75M; yeast
inorganic pyrophosphatase (0.75 U/ul); T7 RNA polymerase (200 U/ul); ammino-allyl rUTP;
RNase block; 500 ng of the T7-16S rRNA gene PCR-product. The transcription reaction was
performed at 37°C for 60-90 min, then the 1 ul of DNAse was added and the reaction was
again incubated at 37°C for 15 min. The RNA was purified using the RNeasy Mini-elute clean-
up kit (Qiagen, Hilden, Germany) according to the following protocol. The reaction was
equilibrated with nuclease free water and mixed with 350 ul RLT buffer then vortexed and
briefly centrifuged. 250 ul of 100% Ethanol was added and mixed by pipetting then the
solution was transferred to the column (provided in the kit) and centrifuged for 10s at 8,000
xg (RCF value). 500 ul of RPE buffer was added and the solution was again centrifuged for 10s

at 8,000 xg. After replacing the collection tube 500 pl of 80% ethanol was added and
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centrifuged for 2 min at 8,000 xg. A new centrifugation was performed for 5 min at 13,000 xg
with column caps opened then 15 pl of nuclease free water was directly added on the filter
and leave for 1 min on bench. The RNA was obtained after centrifugation for 1 min at 8,000

xg. RNA yield was measured as described above then stored at -80°C until further use.

Fluorescent labelling

Amino-allyl-modified nucleotides were coupled with CyDye using the Post-Labelling Reactive
Dye (Amersham Biosciences, Little Chalfont, UK), previously dissolved in 84 pl dimethyl
sulfoxide. Labelling reactions were performed in a 25 mM sodium bicarbonate buffer (pH 8.7)
by adding 20 pl of dissolved CyDye to 2 ug of purified RNA in a final volume of 40 ul. Samples
were incubated for 90 min in the dark at room temperature. The reaction was stopped by
adding 15 pl of 4 M hydroxyl-amine and incubating for 15 min in the dark. Labelled RNA was

purified and quantified as described above.

Hybridization

100 ng of each Cy3 and Cy5 samples were mixed with 5 ul 10x Blocking Agent (Agilent) and
nuclease free water to a volume of 24ul. RNA was fragmented by adding 1 pl of 25x
fragmentation buffer (Agilent) and the mixture was incubated for 30 min at 60 °C. After cooling
on ice, 25 ul of freshly prepared hybridisation buffer was added. The hybridization buffer
contained 20X SCC Buffer (GIBCO), ultrapure 10% SDS (Invitrogen), Triton X-100 (Sigma),

distilled water (GIBCO). 40 ul of the prepared hybridization mix were added to the center of
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Agilent slide cover and the latter was joined with the array. Covered array was placed in the

hybridization chamber and incubated in the hybridization oven preheated at 62.5°C overnight.

Scanning

Slides were subjected to three washing steps each for 10 min at room temperature. Each step
was performed using the following washing solution: 0.1x SSC, 1x SSC and 0.06x SSPE. The
slides were shortly dipped in acetonitril and carefully removed then scanned in Agilent

Microarray Scanner.

Microarray analysis

Data were extracted from microarray images and intensity values for each spot were

quantified by using Agilent Feature Extraction software, version 9.5 (www.agilent.com). This

software determines the positions of each spot on the Agilent microarray based on auto-grid
and auto-spot finding algorithms, performs local background calculation and subtracts it from
the hybridization signal of each spot. The array normalization was conducted (53, 60) including
spatial normalization with polynomial regression of each scanner channel followed by outlier
detection and quantile normalization of both of the Cy3 and Cy5 dyes for each sample. The
HITChip signal intensity was analysed using the following pylogenetic assignment levels: 1) the
phylum-level, with the specification of Firmicutes down to Clostridium cluster, creating
altogether 23 groups; 2) the genus-like level, including 131 groups of sequences with > 90%
sequence identity, and 3) the phylotype (species-like) level with 1033 distinct phylotypes with

> 98% sequence similarity to cultured species or clones corresponding to uncultured
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microorganisms. Genus-level taxa with 2 90% sequence identity distributed over multiple

genera are termed “et rel.”

Data analysis

The HITChip data analysis was performed in R version 3.2.2, Canoco 5, and Microsoft Excel.
The bacterial composition of the samples was compared at phylum level and at the
approximate genus level using the Wilcoxon signed-rank test adjusted by Benjamini-Hochberg
(BH) for false discovery rate (FDR) correction, in which a corrected P<0.05 was considered
significant. The diversity of the microbial profiles was assessed by computing the Simpson’s
reciprocal index of diversity (63) and the Shannon index of diversity (27). Morever, richness
and evenness were also evaluated. Hierarchical clustering, computed with Pearson correlation
distance metric, and heat map analysis were used to group the samples according to the
correlation distance and average clustering criteria. Multivariate statistical analysis, Principal

Component Analysis (PCA) and Redundancy Analysis (RDA) were performed with Canoco 5.

RESULTS

Compositional microbiota analysis at baseline

A total of 55 subjects were investigated at baseline. The population consisted of 51 female
and 4 male, the age ranged from 17 to 63 years old (supplementary information). HITChip
analysis detected 1025 species-like groups, 130 genus-like groups and 22 phylum-like groups
in the faecal samples of the studied population. The relative contribution of the major phyla

in the faecal samples of patients at baseline (T1 sampling time) are plotted in figure 5.5. The
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most abundant phylum consisted of Firmicutes with 85% contribution to the total microbiota,
followed by an average 7% Actinobacteria, 5% Bacteroides and 1% Proteobacteria.
Asteroleplasma, Cyanobacteria, Fusobacteria, Spirochaetes and Verrucomicrobia were
detected with proportional share below 0.5% (data not shown). As reported in figure 5.6,
whereas the aggregate microbiota was composed as previously reported, the individual
composition datasets showed strange variation for all phylum. At genus-like level thirty-four
genera showed relative contribution greater that 0.5%. As expected, the majority of the
genera belonged to Clostridium cluster XIVa and Clostridium cluster IV. In detail, as showed in
figure 5.7 the genera, belonging to Clostridium cluster XIVa, that showed the higher
occurrence were Ruminocossus obeum et rel. and Coprococcus eutactus et rel., followed by
Anaerostipes caccae et rel., Dorea formicigenerans et rel., and Eubacterium hallii et rel. Among
the Clostridium cluster IV the dominant genus was Subdoligranulum variabile et rel. followed
by Clostridium cellulosi et rel., Oscillospira guillermondii et rel., Prevotella melaninogenica et
rel., Clostridium leptum et rel., Clostridium orbiscindens et rel., Ruminococcus bromii et rel.,
and Sporobacter termitidis et rel. Variation of individual composition at genus-like level is
reported in figure 5.8. At species-like level 191 of the total 1025 species detected, showed
relative contribution greater that 0.1% as reported in figure 5.9. The species presented the
major occurrence were in particular Subdoligranulum variabile and Ruminococcus bromii
followed by species belonging to the Streptococcus genus (S. thermophilus, S. salivarius, S.
sanguis and S. pneumoniae). Butyrivibrio fibrisolvens, Dorea longicatena, Eubacterium rectale,
Eubacterium hallii, Clostridium symbiosum and Eubacterium ventriosum were found as the
main species belonged to the Clostridiun cluster XlIVa. Bacteroides fragilis, Bacteroides

vulgatus and Bacteroides uniformis were the main exponents of the Bacteroidetes phylum.
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Several species, such us Bifidobacterium angulatum, B. longum, B. infantis, B. adolescentis,

Collinsella aerofaciens and B. pseudocatenulatum, belonged to the Actinobacteria phylum.
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Figure 5.5 Relative contribution of phylum like level to the faecal microbiota of SNAS patients
at baseline.
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Figure 5.6 Individual microbiota composition at phylum-like level of SNAS patients at baseline.

100%

90%

80%

70%

60%

50%

40%

30%

20%

10%

0%

T0 090 SdS
10 650 SdS
T0 850 SdS
T0 £SO SdS
T0 S50 SdS
10 7SO SdS
T0 €50 SdS
T0 ¢SO SdS
T0 TSO SdS
T0 0S0° SdS
10 670 SdS
10 8%0 SdS
10 ¥0 SdS
T0 S¥0 SdS
10 ¥¥0 SdS
10 €0 SdS
10 ¢¥0 SdS
10 T¥0 SdS
T0 070 SdS
T0 6£0 SdS
T0 8€0 SdS
TO LEO SdS
T0 9€0° SdS
T0 SE0 SdS
10 ¥€0 SdS
T0 Z€0 SdS
T0 T€0 SdS
T0 0£0 SdS
10 820 SdS
T0 £Z0 SdS
T0 920 SdS
10 S20 SdS
10 720 SdS
T0 €20 SdS
10 220 SdS
T0 T20 SdS
10 020 SdS
10 610 SdS
T0 8T0 SdS
10 LTO SdS
T0 910 SdS
T0 STO SdS
10 ¥T0 SdS
T0 €10 SdS
10 CTO SdS
T0 TTO0 SdS
T0 0T0 SdS
10 600 SdS
T0 800 SdS
T0 £00 SdS
T0 900 SdS
T0 SO0 SdS
T0 €00 SdS
T0 200 SdS
T0 TO0 SdS

Bacteroidetes B Clostridium cluster |V B Clostridium cluster IX B Clostridium cluster X B Clostridium cluster XIVa m Proteobacteria B Uncultured Clostridiales

W Actinobacteria m Bacilli

183



LGG supplementation in SNAS patients

Figure 5.7 Relative contribution of genus like level to the faecal microbiota of SNAS patients

at baseline.
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Figure 5.8 Individual microbiota composition at genus-like level of SNAS patients at baseline.
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Figure 5.9 Relative contribution of species like level to the faecal microbiota of SNAS
patients at baseline.
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Gl microbiota composition and its change during the trial

To obtain an overview of the similarity of the GI microbiota among all subjects over time, the
pre-processed HITChip profiles were grouped using hierarchical clustering with correlation
distance method (figure 5.10). Overall, high similarity among the microbiota profiles were
found and samples did not cluster in a subject-wise manner. The largest differences in the
microbiota profiles were inter-individual and inter-treatment. These evidences were
confirmed when the microbiota profiles were compared at a higher resolution at the genus-

like level (figure 5.11).

Figure 5.10 Hierarchical clustering of the HITChip profiles of SNAS patients investigated.
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Figure 5.11 Heat map of relative abundance of bacterial groups at genus-like level.
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Negative and positive correlations are indicated in red and yellow respectively.

Strong negatively correlation was found between all samples and genera Gemella,
Peptostreptococcus anaerobius et rel., Aquabacterium, Aerococcus, Aneurinibacillus, Wissella

et rel., Aeromonas, Anaerobiospirillum, Leminorella, Clostridium thermocellum et rel.,
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Asteroleplasma et rel., Clostridium felsineum et rel., Methylobacterium, Micrococcaceae,
Novosphingobium, Bacteroides intestinalis et rel., Uncultured Bacteroidetes, Burkholderia,
Atopobium, Pseudomonas, Anaerofustis, Lactobacillus catenaformis et rel., Staphylococcus,
Brachyspira, Prevotella ruminicola et rel., Haemophilus and Moraxellaceae. The genera
previously reported exhibited irrelevant differences among patients and during the
treatment. Differently, Subdoligranulum variable at rel., Bifidobacterium, Ruminococcus
obeum et rel., Coprococcus eutactus et rel., Dorea formicigenerans et rel., Clostridium cellulosi
et rel., Oscillospira guillermondii et rel., Sporobacter termitidis et rel., Faecalibacterium
prausnitzii et rel., Clostridium orbiscindens et rel., Clostridium symbiosum et rel., Clostridium
leptum et rel., Ruminococcus bromii et rel., Uncultured Clostridiales |, Uncultured Clostridiales
Il, Streptococcus bovis et rel., Streptococcus mitis et rel., Clostridium difficile et rel.,
Anaerostipes caccae et rel., Eubacterium hallii et rel., Dialister, Allistipes et rel., Bacteroides
vulgatus et rel., Papillibacter cinnamivorans et rel., Lachnospira pectinoschiza et rel.,
Eubacterium rectale et rel., Clostridium nexile et rel., Outgrouping clostridium cluster XIVa,
Bryantella formatexigens et rel., Clostridium sphenoides et rel., Clostridium \(sensu stricto\),
Anaerovorax odorimutans et rel., Anaerotruncus colihominis et rel., Ruminococcus callidus et
rel., Ruminococcus gnavus et rel., Butyrivibrio crossotus et rel., Lachnobacillus bovis et rel.,
Alcaligenes faecalis et rel., Prevotella melaninogenica et rel., Prevotella oralis et rel,
Enterococcus, Collinsella, Eggerthella lenta et rel., Lactobacillus gasseri et rel., Lactobacillus
plantarum et rel., Bacteroides fragilis et rel., Escherichia coli et rel., Clostridium stercorarium
et rel., Eubacterium ventriosum et rel., Roseburia intestinalis et rel., Streptococcus intermedius
et rel., Oxalobacter formigenes et rel., Enterobacter aerogenes et rel., Tannerella et rel.,
Sutterella wadsworthia et rel., Bacteroides plebeius et rel., Bacteroides splachnicus et rel.,

Bacteroides ovatus et rel., Parabacteroides distasonis et rel., Ruminococcus lactaris et rel. and
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Uncultured Mollicutes were characterized by a positive correlation and high changes among
patients and sampling times.

The major differences in the microbiota composition were found in probiotic group not only
during the treatment period (T3) but also at the end of the intervention (post-treatment T4).
In order to investigate in more detail the changes occurred in microbiota composition,
diversity (Inv Simpson and Shannon indices), richness and evenness were assessed. Generally,
the diversity indices between baseline and post-probiotic treatment were significantly
different (p =0.0161) (figure 5.11). Moreover, differences were found in evenness comparing
LGG treatment with both baseline (p = 0.0153) and diet (p = 0.0432) (figure 5.13). No

significant differences were found in relation to the richness (figure 5.14).
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Figure 5.12 Diversity score (Shannon and Inv Simposon indices) of SNAS patients at the

different sampling times.
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Figure 5.13 Evenness score of SNAS patients at the different sampling times.
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Figure 5.14 Richness score of SNAS patients at the different sampling times.

richness
40
30 1
i
g :
[ 1
= H
i {
20 .
o
10
I T T T T
baselne diet placebo post_placebo paost_probiotic probiotic

192



Chapter 5

To relate changes in microbiota composition between patients groups and time of
interventions, the hybridization signals of phylum and genus levels were subjected to
Principal Component Analysis (PCA) and Redundancy Analysis (RDA). In the PCA of the
phylum-like level microbiota profile (figure 5.15) and of genus-like level microbiota profile
(figure 5.16), SNAS patients did not cluster separately in relation to different treatment and
sampling time. However, the RDA of the phylum-like level microbiota profile (figure 5.17 a)
and of genus-like level microbiota profile (figure 5.17 b) separated SNAS patients, in relation
to the different sampling times, as judged by MCPP (p=0.002 phylum-like level; p=0.01 genus-
like level). In detail, probiotic and post-probiotic treated samples clearly separated respect to
baseline, diet, placebo and post-placebo treatments. The changes occurred in probiotic group
were in deep studied performing the Wilcoxon rank sum test corrected for false discovery

rate. In table 5.1 are reported the genera that showed statistically significant change.
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Figure 5.15 Principal component analysis (PCA) at phylum-like level of SNAS patients at

different sampling times.
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Figure 5.16 Principal component analysis (PCA) at genus-like level of SNAS patients at

different sampling times.
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Figure 5.17 Redundancy analysis (RDA) at phylum-like level (a) and genus-like level (b) of SNAS

patients at different sampling times.
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Table 5.1 Genera that that showed statistically significant change in probiotic group
compared to baseline.

pval
Clostridium difficile et rel, 0.003319001
Clostridium stercorarium et rel, 0.028323772
Clostridium ‘(sensu stricto\) 0.004864678
Lactobacillus salivarius et rel. 0.022788487
Lactobacillus plantarum et rel. 0.035966983
Escherichia coli et rel. 0.026046993
Uncultured Selenomonadaceae 0.048513735
Peptostreptococcus anaerobius et rel. 0.004864678
Pseudomonas 0.018190021
Lactobacillus gasseri et rel. 0.018576930
Yersinia et rel, 0.016998091
Mitsuokella multiacida et rel. 0.025587761
Lactococcus 0.032277639
Novosphingobium 0.018700819
Bacillus 0.010148672
Moraxellaceae 0.024812710
Leminorella 0.028323772
Peptostreptococcus micros et rel. 0.018190021
Staphylococcus 0.024812710
Micrococcaceae 0.018511513
Weissella et rel. 0.037935396
Eubacterium cylindroides et rel. 0.018511513
Atopobium 0.048513735
Clostridium colinum et rel. 0.038988400
Clostridium felsineum et rel. 0.010148672

Methylobacterium 0.007327700
Helicobacter 0.010148672
Anaerobiospirillum 0.028323772

Clostridium thermocellum et rel. 0.036928398
Fusobacteria 0.018511513

Haemophilus 0.028183679

Brachyspira 0.012651005

Bilophila et rel. 0.030738741

Megamonas hypermegale et rel. 0.018511513
Asteroleplasma et rel. 0.018511513

Proteus et rel. 0.033111597

Campylobacter 0.032277639
Oceanospirillum 0.025175553
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DISCUSSION

The gut microbiota has gained importance in disease aetiology and pathology with emerging
evidence demonstrating its key role in maintenance of health body, including protective,
structural, and metabolic roles (6, 7). Nevertheless, several factors could modify the balance
of gut microbiota in terms of alteration of its composition, change in bacterial metabolic
activity and/or shift in local distribution of the community. Systemic Nickel Allergy Syndrome
(SNAS) is an emergent pathological condition, rather than an occasional finding, related to
the ingestion of Nickel containing food. This Syndrome has cutaneous and Gl clinical
manifestations that support the assumption that Gl microbiota can be imbalanced. Up to
now, no information is available concerning the intestinal microbiota composition of SNAS
patients as well as about the possible usefulness of probiotic administration to improve
symptoms and patient’s quality of life. In the present study, the microbiota composition of
SNAS patients was investigated, for the first time, using an advanced high throughput
technique in order to assess the possible existence of a potential syndrome specific
microbiota. In detail, by applying an highly reproducible phylogenetic microarray and taking
into account subject specific variations it was possible to found that the faecal microbiota of
SNAS patients is characterized by the dominance of the Subdoligranulum variabile and
Ruminococcus bromii species. Both species belongs to the Clostridium cluster IV phylum and
scientific information reported their presence, in high concentration, in IBS constipation
patients. In fact, recent evidences (40) suggested that R. bromii is significantly more abundant
in IBS patients with constipation symptoms than in healthy controls samples. R. bromii is a
common starch degrader of the human intestinal microbiota (37) and the amount of this
specie increase with a diet high in resistant starch (1). In the present study, the possible effect

of diet could not be ruled out, but it is more likely that the slowed colonic transit, in some
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SNAS patients, rather than a dietary effect, created a favourable environment for the R.
bromii-like phylotype. In addition, the Bacilli phylum was represented almost exclusively by
species member of Streptococcus mitis et rel. (S. sanguis and S. pneumoniae) and
Streptococcus bovis et rel. (S. salivarius, S. thermophiles, S. infantarium, and S. bovis). Similarly
to our results also in IBS patients high levels of Streptococcus spp. were found in faecal
samples (74). Since Streptococcus spp. are among the dominant groups in the upper
gastrointestinal tract, Rajilic (74) assessed that their presence at high levels in faecal samples
implies the overall disturbance of the gastrointestinal microbiota in IBS patients. Moreover,
SNAS patients presented the dominance of Bacteroides fragilis and B. vulgatus. As is known,
among the species belonged to the Bacteroidetes phylum, B. fragilis is the most frequent
isolate from clinical specimens and is regarded as the most virulent Bacteroides. The fimbriae
and agglutinins of B. fragilis function as adhesins, allowing them to establish in the host tissue.
The polysaccharide capsule, LPS, and a variety of enzymes protect B. fragilis from the host
immune response. Recent studies indicate that B. fragilis may interfere with the peritoneal
macrophages, the first host immunologic defence response to rupture of the intestine or
other compromise of the peritoneal cavity (78, 81). Moreover, some studies have implicated
B. vulgatus and E. coli in the development of Crohn’s disease and ulcerative colitis (64, 4, 65).
In addition, the microbiota characterization of SNAS patients highlighted the scarce
occurrence of species commonly considered as “health- promoting” such us Roseburia spp.
and Feaealibacterium prausnitzii. The latter belongs to the Firmicutes phylum and the
Clostridium leptum group. The Meta-analysis of the Human Intestinal Tract project have
shown that F. prausnitzii is one of the most abundant anaerobic bacteria in the human gut
microbiota of healthy subjects and plays an important role in providing energy to the

colonocytes and maintaining the intestinal health (39). Furthermore, there is emerging
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laboratory evidence illustrating a strong anti-inflammatory effect of F. prausnitzii both in vitro
and in vivo, and deficiency of this specie might provoke and enhance inflammation (47). The
majority of recent studies find a higher rate of F. prausnitzii reduction in IBD patients
compared to controls. Moreover, a recent meta-analysis suggested a possible link with the
reduction of F. prausnitzii and the misbalance of the intestinal microbiota in IBD patients,
especially CD patients with ileal involvement. A significant inverse correlation between
disease activity and F. prausnitzii occurrence was also found in UC patients (41). In addition,
similarly to UC also SNAS patients showed at baseline low abundance of the major butyrate
producers, excepted for Butyrivibrio fibrisolvens. Another species, Bilophila wadsworthia
more frequently detected among healthy subjects, occurred in SNAS patients in a very low
amount (19, 26). Overall, our data suggest the alteration of the intestinal microbiota in SNAS
patients and many likenesses with others pathological conditions related to gastrointestinal
disorders.

In addition to the microbiota characterization, the present study was also conducted in order
to investigate the effect of one-month low Ni diet. In fact, SNAS patients need to follow a
lifelong Ni-poor diet, avoiding the majority of vegetables, which poses a potential risk for a
deficit in essential elements and for dynamics of intestinal microbiota. Results showed that
no statistical significant differences were found compared to baseline, in contrast with the
alleviation of symptoms both cutaneous and gastro intestinal. This disagreement can be
explained considering the short period of diet so further investigations using a prolonged
observation period would be required. Differently, the administration of LGG during the
desensitization period (NiTOH) was able to modify the microbiota composition. The changes
occurred not only during the administration period but also during the post treatment. These

evidences are in agreement with the results obtained in a previously study (56) conducted in

200



Chapter 5

order to evaluate the therapeutic efficacy of the probiotic Lactobacillus reuteri DSM 17938
strain in patients suffering from SNAS, through the characterization of faecal lactic acid
bacteria community and the identification of its shifts before and during the intervention.
Based on the results L. reuteri administration was able to induce a significant decrease of
clinical symptoms and a significant increase of LAB biodiversity and dynamics. Further study
are necessary to in deep understand if the LGG administration alone can represent a valid

treatment for the improvement of symptoms and the balance of intestinal microbiota.
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