See discussions, stats, and author profiles for this publication at:

ResearchGate

The potential immunonutritional role of
parmigiano reggiano cheese in children with

food allergy

Article /1 Progress in Nutrition - March 2016

CITATIONS
0

8 authors, including:

v University of Naples Federico Il

82 PUBLICATIONS 298 CITATIONS

SEE PROFILE

University of Naples Federico Il

35 PUBLICATIONS 70 CITATIONS

SEE PROFILE

READS
105

€5

University of Naples Federico Il

35 PUBLICATIONS 92 CITATIONS

SEE PROFILE

University of Naples Federico I

288 PUBLICATIONS 4,315 CITATIONS

SEE PROFILE

Some of the authors of this publication are also working on these related projects:

poject  MATFA (Gut Microbiota as Target for Food Allergy)

All content following this page was uploaded by

on 26 April 2016.

The user has requested enhancement of the downloaded file. All in-text references are added to the original document

and are linked to publications on ResearchGate, letting you access and read them immediately.


https://www.researchgate.net/publication/301584161_The_potential_immunonutritional_role_of_parmigiano_reggiano_cheese_in_children_with_food_allergy?enrichId=rgreq-97ffab8a41dcf0f9af347890a4ddd01c-XXX&enrichSource=Y292ZXJQYWdlOzMwMTU4NDE2MTtBUzozNTUwNzc0NzU4NDgxOTVAMTQ2MTY2ODQ3NTgyMQ%3D%3D&el=1_x_2&_esc=publicationCoverPdf
https://www.researchgate.net/publication/301584161_The_potential_immunonutritional_role_of_parmigiano_reggiano_cheese_in_children_with_food_allergy?enrichId=rgreq-97ffab8a41dcf0f9af347890a4ddd01c-XXX&enrichSource=Y292ZXJQYWdlOzMwMTU4NDE2MTtBUzozNTUwNzc0NzU4NDgxOTVAMTQ2MTY2ODQ3NTgyMQ%3D%3D&el=1_x_3&_esc=publicationCoverPdf
https://www.researchgate.net/project/MATFA-Gut-Microbiota-as-Target-for-Food-Allergy?enrichId=rgreq-97ffab8a41dcf0f9af347890a4ddd01c-XXX&enrichSource=Y292ZXJQYWdlOzMwMTU4NDE2MTtBUzozNTUwNzc0NzU4NDgxOTVAMTQ2MTY2ODQ3NTgyMQ%3D%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/?enrichId=rgreq-97ffab8a41dcf0f9af347890a4ddd01c-XXX&enrichSource=Y292ZXJQYWdlOzMwMTU4NDE2MTtBUzozNTUwNzc0NzU4NDgxOTVAMTQ2MTY2ODQ3NTgyMQ%3D%3D&el=1_x_1&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Rita_Nocerino?enrichId=rgreq-97ffab8a41dcf0f9af347890a4ddd01c-XXX&enrichSource=Y292ZXJQYWdlOzMwMTU4NDE2MTtBUzozNTUwNzc0NzU4NDgxOTVAMTQ2MTY2ODQ3NTgyMQ%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Rita_Nocerino?enrichId=rgreq-97ffab8a41dcf0f9af347890a4ddd01c-XXX&enrichSource=Y292ZXJQYWdlOzMwMTU4NDE2MTtBUzozNTUwNzc0NzU4NDgxOTVAMTQ2MTY2ODQ3NTgyMQ%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/University_of_Naples_Federico_II?enrichId=rgreq-97ffab8a41dcf0f9af347890a4ddd01c-XXX&enrichSource=Y292ZXJQYWdlOzMwMTU4NDE2MTtBUzozNTUwNzc0NzU4NDgxOTVAMTQ2MTY2ODQ3NTgyMQ%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Rita_Nocerino?enrichId=rgreq-97ffab8a41dcf0f9af347890a4ddd01c-XXX&enrichSource=Y292ZXJQYWdlOzMwMTU4NDE2MTtBUzozNTUwNzc0NzU4NDgxOTVAMTQ2MTY2ODQ3NTgyMQ%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Lorella_Paparo?enrichId=rgreq-97ffab8a41dcf0f9af347890a4ddd01c-XXX&enrichSource=Y292ZXJQYWdlOzMwMTU4NDE2MTtBUzozNTUwNzc0NzU4NDgxOTVAMTQ2MTY2ODQ3NTgyMQ%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Lorella_Paparo?enrichId=rgreq-97ffab8a41dcf0f9af347890a4ddd01c-XXX&enrichSource=Y292ZXJQYWdlOzMwMTU4NDE2MTtBUzozNTUwNzc0NzU4NDgxOTVAMTQ2MTY2ODQ3NTgyMQ%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/University_of_Naples_Federico_II?enrichId=rgreq-97ffab8a41dcf0f9af347890a4ddd01c-XXX&enrichSource=Y292ZXJQYWdlOzMwMTU4NDE2MTtBUzozNTUwNzc0NzU4NDgxOTVAMTQ2MTY2ODQ3NTgyMQ%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Lorella_Paparo?enrichId=rgreq-97ffab8a41dcf0f9af347890a4ddd01c-XXX&enrichSource=Y292ZXJQYWdlOzMwMTU4NDE2MTtBUzozNTUwNzc0NzU4NDgxOTVAMTQ2MTY2ODQ3NTgyMQ%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Rosita_Aitoro?enrichId=rgreq-97ffab8a41dcf0f9af347890a4ddd01c-XXX&enrichSource=Y292ZXJQYWdlOzMwMTU4NDE2MTtBUzozNTUwNzc0NzU4NDgxOTVAMTQ2MTY2ODQ3NTgyMQ%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Rosita_Aitoro?enrichId=rgreq-97ffab8a41dcf0f9af347890a4ddd01c-XXX&enrichSource=Y292ZXJQYWdlOzMwMTU4NDE2MTtBUzozNTUwNzc0NzU4NDgxOTVAMTQ2MTY2ODQ3NTgyMQ%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/University_of_Naples_Federico_II?enrichId=rgreq-97ffab8a41dcf0f9af347890a4ddd01c-XXX&enrichSource=Y292ZXJQYWdlOzMwMTU4NDE2MTtBUzozNTUwNzc0NzU4NDgxOTVAMTQ2MTY2ODQ3NTgyMQ%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Rosita_Aitoro?enrichId=rgreq-97ffab8a41dcf0f9af347890a4ddd01c-XXX&enrichSource=Y292ZXJQYWdlOzMwMTU4NDE2MTtBUzozNTUwNzc0NzU4NDgxOTVAMTQ2MTY2ODQ3NTgyMQ%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Roberto_Berni_Canani?enrichId=rgreq-97ffab8a41dcf0f9af347890a4ddd01c-XXX&enrichSource=Y292ZXJQYWdlOzMwMTU4NDE2MTtBUzozNTUwNzc0NzU4NDgxOTVAMTQ2MTY2ODQ3NTgyMQ%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Roberto_Berni_Canani?enrichId=rgreq-97ffab8a41dcf0f9af347890a4ddd01c-XXX&enrichSource=Y292ZXJQYWdlOzMwMTU4NDE2MTtBUzozNTUwNzc0NzU4NDgxOTVAMTQ2MTY2ODQ3NTgyMQ%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/University_of_Naples_Federico_II?enrichId=rgreq-97ffab8a41dcf0f9af347890a4ddd01c-XXX&enrichSource=Y292ZXJQYWdlOzMwMTU4NDE2MTtBUzozNTUwNzc0NzU4NDgxOTVAMTQ2MTY2ODQ3NTgyMQ%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Roberto_Berni_Canani?enrichId=rgreq-97ffab8a41dcf0f9af347890a4ddd01c-XXX&enrichSource=Y292ZXJQYWdlOzMwMTU4NDE2MTtBUzozNTUwNzc0NzU4NDgxOTVAMTQ2MTY2ODQ3NTgyMQ%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Roberto_Berni_Canani?enrichId=rgreq-97ffab8a41dcf0f9af347890a4ddd01c-XXX&enrichSource=Y292ZXJQYWdlOzMwMTU4NDE2MTtBUzozNTUwNzc0NzU4NDgxOTVAMTQ2MTY2ODQ3NTgyMQ%3D%3D&el=1_x_10&_esc=publicationCoverPdf

Progr. in Nutr. - Vol. 18 - N. 1 - March 2016 |

Journal of Nutrition and Internal Medicine

MaTTIOLI 1885

2016

nito di stampare Marzo

£
©
E
<
[
o
o
=
©
=
Ei
S
o
=
<
=
<5
=
=
S
=1
I
S
=
I




PROGRESS IN NUTRITION

JOURNAL OF NUTRITIONAL AND INTERNAL MEDICINE

Organo Ufficiale della Societa Italiana di Scienza dellAlimentazione (S.1.S.A.)
Con il patrocinio dell Associazione Ricercatori di Nutrizione e Alimenti (A.R.N.A.)

FONDATORE / FOUNDING EDITOR
Massimo Cocchi

Scottish Agricultural College, Edinburgh

DIRETTORE SCIENTIFICO / EDITOR
Leone Arsenio
Azienda Ospedaliera Universitaria di Parma

PRESIDENTE / PRESIDENT
Andrea Strata

Universita di Parma

DIRETTORE RESPONSABILE /
JOURNAL DIRECTOR
Federico Cioni

COMITATO SCIENTIFICO / EXECUTIVE EDITORS

F. Arfini

Universita di Parma

D. Atkinson

Scottish Agricultural College, Edinburgh
G. Ballarini

Universita di Parma

S. Bernasconi

Universita di Parma

R. Berni Canani

Universita di Napoli

G. Bertoni

Universita di Piacenza

S.E. Carlson

Kansas City University

F.Di Lisa

Universita di Padova

G. Fatati

Universita di Terni

N.G. Frega

Universita di Ancona

C. Galli

Universita di Milano

C. Giacomini

Universita di Parma

M. Gualerzi

Direttore Sanitario Terme di Salsomaggiore e Tabiano, Parma
G.M. Halpern

Hong Kong Polytechnic University

E.L. Iorio

Presidente Osservatorio Internazionale dello
Stress Ossidativo, Salerno

T. Leighton

Berkeley Universita

M.C. Mancini

Universita di Parma

R. Marchelli

Universita di Parma

P. Migliaccio

Uniwversita Sapienza di Roma

A.L. Mordenti

Uniwversita di Bologna

K. Mullis

Premio Nobel per la Chimica 1993

S.M. Nabavi

Bagiyatallah University of Medical Sciences, Tehran, Iran
F. Nicastro

Universita di Bari

R.C. Noble

Scottish Agricultural College of Edinburgh
G. Palmieri

Primario Emerito Medicina Interna, Azienda Ospedaliera
Ospedale Niguarda Ca’ Granda, Milano

G. Riccardi

Uniwversita di Napoli

C.M. Rotella

Universita di Firenze

PUBLISHER

Mattioli 1885 srl Casa Editrice
Strada di Lodesana, 649/sx, Loc. Vaio
43036 Fidenza (PR), Italy

Tel. ++39 0524 530383

Fax ++39 0524 82537

E-mail: edit@mattioli1885.com
WWW.progressinnutrition.it



INDEX

Mattioli 1885

srl- Strada di Lodesana 649/sx
Loc. Vaio - 43036 Fidenza (Parma)
tel 0524/530383

fax 0524/82537

www.mattioli1885.com

DirezIONE GENERALE

Direttore Generale

Paolo Cioni

Vice Presidente e Direttore Scientifico
Federico Cioni

DirezioNE EDITORIALE
Editing Manager

Anna Scotti

Editing

Valeria Ceci

Foreign Rights

Nausicaa Cerioli

MARKETING E PUBBLICITA
Direttore Commerciale
Marco Spina

Responsabile Area ECM
Simone Agnello

Project Manager

Natalie Cerioli

Massimo Radaelli
Responsabile Distribuzione
Massimiliano Franzoni

PROGRESS IN NUTRITION
Registrazione Tribunale di Parma
N. 4 del 21/1/1999

Spedizione in abbonamento postale
Abbonamento annuale euro 57

I dati sono stati trattati elettronicamente e
utilizzati dall’editore Mattioli 1885 spa per
la spedizione della presente pubblicazione e
di altro materiale medico scientifico. Ai sen-
si dell’Art. 13 L. 675/96 ¢ possibile in qual-
siasi momento e gratuitamente consultare,
modificare e cancellare i dati o semplice-
mente opporsi all'utilizzo scrivendo a: Mat-
tioli 1885 srl - Casa Editrice, Strada della
Lodesana 249/sx, Loc. Vaio, 43036 Fidenza
(PR) o a direct@mattioli1885.com

Progress in Nutrition is indexed by: Scien-
ce Citation Index Expanded (SciSearch®);
Journal Citation Reports/Science Edition;
Excerpta Medica/Embase, ISI Web of
Science; Scopus

Impact Factor (released in June 2015): 0,143

Volume 18/ n.1

March 2016

16

22

26

32

39

47

56

63

74

81

87

Reviews

Giusi Grimaldi, Rita Nocerino, Lorella Paparo, Linda Cosenza, Rosita Aitoro,
Giovanna Trinchese, Antonio Amoroso, Roberto Berni Canani

The potential immunonutritional role of Parmigiano Reggiano cheese in
children with food allergy

Roberta Altomare, Giuseppe Damiano, Maria Concetta Gioviale, Vincenzo Davide
Palumbo, Carla Maione, Gabriele Spinelli, Emanuele Sinagra, Alida Abruzzo,
Giulia Lo Monte, Giovanni Tomasello, Attilio Ignazio Lo Monte

The intestinal ecosystem and probiotics

Original articles

Mabhdieh Abbasalizad Farbang:

Nutritional status and feeding practices in pre-school children aged 1-5 years
in rural and urban areas of East Azerbaijan - Iran

Seyed Mohammad Hosein Mousavi Jazayeri, Alireza Ostadrahimi,
Abdolrasoul Safaiyan, Shabryar Hashemzadeh, Firouz Salebpour
Standard enteral feeding improves nutritional status compared with

hospital-prepared blended formula among Intensive Care Unit (ICU) patients

Llknur Aydin Avci, Burcu Nal, Mustafa Ayyildiz
Assessment of chronic disease prevalence, nutritional habits and healthy
lifestyle behaviors in elderly patients

Pinar Sokiilmez Kaya, Ali Eba Demirbag, Meral Akdogan Kayhan
Nutritional problems of liver transplant candidates

Mahmoud Mustafa Ali Abulmeaty, Ali Madi Almajwal, Mobammed Abdullah Alsaif;
Heba Mohammed Zaher Hassan, Sarah Khalid Almansour

Impedancemetry vs. anthropometry in the prediction of body adiposity and
obesity diagnosis

Abmet Gultekin, Dilek Memis, Mehmet Turan Inal, Osman Uzundere,

F Nesrin Turan

The impact of nutritional risk screening 2002 and subjective global assessment
upon prognosis for intensive care patients

Abdullah Aslan, Didem Boydak, Mubammed Ismail Can, Tuncay Kuloglu,

Serpil Baspinar

Black cumin may be a potential drug for development of carbontetrachloride-induced
lung damage in rats

Kbhalid Mohammed Elbindi, Salah El-Hendawy, Eslam Abdel-Salam, Urs
Schmidhalter, Shafiq ur Rahman, Al-Adl Hassan

Foliar application of potassium nitrate affects the growth and photosynthesis
in coriander (Coriander sativum L.) plants under salinity

Seyed Fazel Nabavi, Seyed Mohammad Nabavi, Mohammad Ali Ebrahimzadeh
Antioxidant activity of hydro-alcoholic extracts of 4 citrus species flower

Fethi Ahmet Ozdemir, Omer Kilic, Ekrem Atalan
In vitro callus propagation and antibacterial activities of callus an edible endemic
and medicinal plant Scuzellaria orientalis L. subsp. bicolor

Case Report

Maurizio Mennini, Diletta Valentini, Chiara Di Camillo, Anna Chiara Vittucci,
Andrzej Krzysztofiak, Alberto Villani

Children’s environmental health: a target for all Pediatricians



Progress in Nutrition 2016; Vol. 18, N. 1: 3-7 © Mattioli 1885

ReEview

The potential immunonutritional role of parmigiano reggia-

no cheese in children with food allergy

Giust Grimaldy', Rita Nocerind', Lorella Paparo', Linda Cosenza', Rosita Aitord’,
Grovanna Trinchese', Antonio Amoroso’, Roberto Berni Canani**’

'Department of Translational Medical Science; *European Laboratory for The Investigation of Food Induced Diseases; *CEIN-
GE Advanced Biotechnologies, University of Naples “Federico 117, Naples, Italy - E-mail: berni@unina.it

Summary. Parmigiano Reggiano (PR) is a ripened cheese with high nutritional value. Throughout ripening
the bacteria contained in PR promote an extensive hydrolysis of cow’s milk proteins resulting in peptides that
exhibit positive immunoregulatory activities. Additional modulatory activities on immune system are induced by
butyrate, a short chain fatty acid widely expressed in PR. These findings suggest a possible immunonutritional
role for PR able to stimulate oral tolerance in children with food allergy (FA).

Keywords: cow’s milk allergy, oral tolerance, microbiota, extensively hydrolysed casein formula, short chain fatty

acids, butyrate.

The Food Allergy Scenario

Food allergy (FA) is one of the most common
chronic diseases in Italian children. There is no cure
and the strict exclusion of dietary allergens together
with the ready availability of life-saving drugs are the
only therapeutic options available (1). Prevalence, per-
sistence and severity of FA increased significantly over
the last two decades in all industrialized countries un-
der the pressure of the interaction gene-environment
able to determine a dysfunction of the immune system,
mediated, at least in part, by epigenetic mechanisms.
This changing pattern of FA is promoting research
efforts on the identification of possible strategies to
stimulate oral tolerance in children with FA.

Primary aim for treatment and prevention of food
allergy: oral tolerance

Oral tolerance consists in the well modulated sup-
pression of the immune response to dietary antigens

(2). The mechanisms involved in the acquisition of oral
tolerance are various and not yet fully defined. An es-
sential role is played by gut microbiota and epithelium,
dietary proteins, dendritic cells and activated regulato-
ry T lymphocytes (Treg) (2) (Fig. 1). Recent evidence
has emphasized the role of an healthy gut microbiota
in maintaining the balance of microbial signals neces-
sary to prevent or treat the FA. Changes in microbial
exposure pattern (dysbiosis) in early life are now con-
sidered a critical factor for FA development (3).

Potential benefits of immunonutrition in patients

with food allergy

Through the intake of specific nutrients, immu-
nonutrition offers the possibility to regulate directly
or indirectly (through a modulation of gut Microbiota
composition and function) the activity of the immune
system (4). A better understanding of the diet’s effect
on gut microbiota composition and function is very
important to develop innovative preventive and thera-
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peutic strategies against FA. Recent example of the
potential importance of immunonutrition against FA
has been obtained in cow’s milk allergy (CMA), the
most frequent FA in Italian children aged less than 3
years. In these subjects specific peptides derived from
cow’s milk proteins and a specific bacterial strain are
able to regulate the immune mechanisms involved in
the allergic response, at least in part through an epi-
genetic modulation of gene expression, leading to a
positive influence on oral tolerance acquisition (5). We
showed that it is possible to stimulate oral tolerance
acquisition in children with CMA through the ad-
ministration of extensively hydrolysate casein formula
containing the probiotic L. rhamnosus GG (LGG) (5).
This derives from a combination of direct immuno-
modulator action induced by small peptides derived
from beta-casein hydrolysis and by the action of this
particular probiotic strain (6). We have also shown
that LGG is able to regulate the composition and
function of gut microbiota in children with CMA and
to regulate directly some immunological mechanisms
involved in the pathogenesis of this condition (7). At
the same time it has been shown that a percentage of
CMA subjects is able to tolerate food containing cow’s
milk hydrolyzed protein by enzymatic degradation and
heat treatment. Both conditions determine not only a
reduced risk of allergic reaction to cow’s milk proteins,
but they can also lead to the formation of peptides and
substances with intrinsic immunoregulatory activities,
that are able to facilitate the acquisition of oral tol-
erance in patients with CMA (2). In fact it has been
demonstrated a significant effect elicited by beta-ca-
sein-hydrolysis derived peptides on the differentiation
of Treg and the production of interleukin (IL)-10 (a
potent cytokine with anti-inflammatory and anti-al-
lergic activity) (8).

Potential immunonutritional role of Parmigiano

Reggiano cheese in children with food allergy

Parmigiano Reggiano cheese (PR), thanks to the
fermentation processes (maturation) is characterized
by an extensive hydrolysis of cow’s milk proteins re-
sulting in the production of high quantities of peptides
and free amino acids (9). It has also been demonstrated

Figure 1. Oral tolerance: suppression of the immune response
to food antigens mediated by the combined action of the intes-
tinal microbiota , dietary factors, dendritic cells and antigen-

specific T regulator lymphocytes.

the formation of non proteolytic amino acid deriva-
tives (NPAD), produced by the recombination of single
amino acids, that are able to stimulate the production
of peptides of innate immunity (9). It has been demon-
strated that children with CMA can tolerate oral intake
of ripened PR (24-40 months) in over 50% of cases (10).
During the PR’s ripening process the lipidic component
is also modified: a discrete amount of short-chain fatty
acids (SCFAs) are synthesized with a considerable pro-
duction of butyrate (average concentration in 36-month
PR= 120mg/100g). It is important to highlight that
PR contains 100% more butyrate than other fermented
cheeses, such as Grana Padano (11). The L. rhamnosus
contained in PR seems to play a crucial role in produc-
ing high levels of enzymes responsible for the proteo-
lytic activity, fatty acids metabolism and butyrate release
(12). By analyzing the PR’s composition and consider-
ing its high content in hydrolysates peptides, the pres-
ence of butyrate and other bacterial components, it is
possible to hypothesize that this cheese has a high po-
tential immunoregulatory role (Fig. 2).

Role of the bacterial component of Parmigiano Reg-
giano cheese

The PR has a specific microbial structure that
seems to play a crucial role in determining the charac-
teristics that make it an unique cheese. The starter cul-
tures are strains of lactic acid bacteria (SLAB) that are
added to the milk to induce the fermentation process
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BUTYRATE ]

[ HYDROLYSED PROTEINS ] l [

\[ SLAB-NSLAB BACTERIA |

[ IMMUNOREGULATION]

Figure 2. The three essential components of Parmigiano Reg-
giano: hydrolysed peptides, bacterial products and butyrate. All
these components induce regulator effects of the function of
the immune system, with anti-inflammatory and anti- allergic
activities.

(producing lactic acid through the complete degrada-
tion of lactose) and, at the same time, to give the sen-
sory characteristics of the cheese (improving flavor and
texture). These bacteria are also important for the con-
sumer safety since they are able to inhibit the growth
of undesired microorganisms. However, during the
ripening process the variation of temperature, the salt
concentration, the content of water and the pH pro-
gressively reduce the SLAB population. The release of
intracellular enzymes in the cheese matrix is crucial in
the final process of degradation of caseins (13). Among
the SLAB contained in PR, various studies have high-
lighted the dominant presence of thermophilic bacte-

ria: L. helveticus, L. delbrueckii subsp. lactis e bulgaricus,
however, they tend to decrease, progressively, from the
first month of ripening (14) (Fig. 3). During ripen-
ing, the reduction of SLAB is associated with a pro-
gressive increase of non-starter mesophilic lactobacilli
(NSLAB) of which the L. rhamnosus and L. paracasei
species represent the major component. The NSLAB
play a significant role in the biochemical process of
cheese ripening (15). Recently it has been demonstrat-
ed the possible probiotic role of some NSLAB: L.case:
and L.rhamnosus (15). We have also demonstrated that
the LGG has an important immunoregulatory activity
in the control of IgE-mediated response (6,7). This im-
munomodulator activity is induced at least in part by
the lipotecoic acid of the cell membrane (LTA) and by
specific bacterial DNA sequences that act upon differ-
ent intracellular pathways of signal transduction. LTA
binds to TLR2 / 6 cell receptor and activates signaling
pathways that have a co-stimulatory function in in-
ducing tolerance: a gene response Th1-like, which sup-
presses the allergic response mediated by Th2 cells and
the subsequent production of IgE. The second trans-
duction pathway is activated by bacterial DNA found
in PR. 163 micrograms of DNA are contained in 1
mg of PR, in the form of CpG oligodeoxynucleotides
(CpG ODN). They are small sequences of DNA single
chain, containing unmethylated CpG nucleotides, that
act as potent stimulators of the immune response, re-
sulting in overproduction of IL-10 (Fig. 4).

LACTIC BACTERIA

[ STARTER (SLAB) ][ NON STARTER (NSLAB) ]

[ Acidification J [ Ripening ]

tw-mmsorripening [ Bacterial count ]
105107
UFC

24
MONTHS

L. helveticus L. rhamnosus
L. delbrueckii subsp. L. paracasei
lactis e bulgaricus L. casei

36
MONTHS

100 p=0.004
80

60

pg/ml

204 —_T—

0 T
NT BLG PR

Figure 3. Bacterial component of Parmigiano Reggiano (PR):
starter lactic acid bacteria (SLAB) contribute to acidification ,
non starter lactic acid bacteria (NSLAB) promote the ripening
process. The total bacterial count decreases progressively with
increasing months of maturation.

Figure 4. Production of interleukin (IL)-10, cytokine with anti
- inflammatory and anti — allergic effects, by peripheral blood
lymphocytes of patients with IgE-mediated cow’s milk allergy
after 24 hours of incubation with beta-lactoglobulin (BLG), Par-
migiano Reggiano (PR) or unstimulated (NT) (n=3 experiments)
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Role of the proteic component of Parmigiano Reg-
giano

A further immunoregulatory effect of PR seems
to be induced by peptides produced during fermenta-
tion: higher is the ripening time more massive is the
proteic hydrolysis (Tab. 1). It has been shown that
among all the peptides obtained, two fragments re-
sulting from B-casein have strong immunoregulatory
activities: Gly-Leu-Phe (GLF) and Val-Glu-Pro-Ile-
Pro-Tyr (VEPIPY), that are located in specific regions
60-69 and 193-209 (2). The two peptides are able to
bind different receptors: GLF recognizes the receptor
expressed on the surface of monocytes and polymor-
phonuclear leukocyte while VEPIPY recognizes the

receptors of monocytes and macrophages inducing
potent anti -inflammatory and anti-allergic effects (2).

Role of butyrate contained in Parmigiano Reggiano

The immunonutritional properties of PR can also be
attributed to the high concentration of butyrate. The
use of 1-2 teaspoons of PR (about 6 g) in fact allows
to assimilate about 7 mg of butyrate, the same quan-
tity contained in 100 ml of breast milk. The transduc-
tion pathway implicated in this case seems to involve
the pathway of IL-10: through the activation of Treg
cells the butyrate induces a suppression of Th2 cell re-
sponse, responsible for allergy outbreak.The epigenetic

Table 1. Main peptides obtained by bacterial proteolysis during ripening of PR (Modified from reference 9)

Peptide MW Peptide MW Peptide MW
Lac-Val * 189 aS1 CNf(1-9) 1140 aS1 CN f (10-16) 754

Lac-Ile * 203 B CN f(199-209) 1151 B CN f (47-52) 755

Lac-Leu - 203 B CN f (17-25)2P 1154 B CN f (1-6) 787

Lac-Met * 221 aS1£(169-179) 1198 aS1 CN f (18-23) 791

Lac-Phe » 237 S1 CN f (24-34) 1237 aS1 CN f (24-30) 805

Pyr-Ile ¢ 242 S1 CN f (14-23) 1246 aS1CNf(1-7) 874

Pyr-Leu * 242 B CN f (16-25)3P 1348 aS1 CN f (17-23) 905

yGlu-Vat * 246 B CN 1 (71-83) 1403 B CN f (60-68) 1001
Lac-Tyr ¢ 253 S1 CN f (24-36) 1495 p CN f(111-119) 1122
y-Glu-Ile * 260 B CN f (82-95) 1510 aS2 CN f (154-162) 1132
y-Gtu-Leu * 260 aS1 CN f (1-13) 1535 aS1 CN f (115-123)1P 1138
Pyr-Phe * 276 B CN f (195-209) 1589 B CN f(13-28) 4P 2098
y-Glu-Met * 278 B CN f (17-28) 3P 1590 B CN f (12-28) 4P 2212
v-Glu-Phe * 294 aS1CN £ (1-14) 1664 B CN f(11-28) 4P 2340
v-Gtu-Tyr * 310 B CN f (16-28)3P 1703 B CN f (142-161) 2340
aS1 CN £ (10-13) 414 aS1 CN f (24-38) 1707 B CN f (159-183) 2746
B CN f(1-3) 416 B CN f (194-209) 1717 aS1 CN £ (1-23) 2764
aS1 CNf (1-4) 536 p CN f (15-28)3P 1790 aS1 CN f (174-199) 2836
aS1 CN £ (10-14) 542 B CN f (15-28) 4P 1870 B CN f(98-124) 3132
B CN f(1-4) 545 aS1 £ (1-16) 1877 aS1 CN £ (157-188) 3452
aS1 CN f (16-20) 601 B CN f (193-209) 1881 aS1 CN f (156-187) 3477
aS1 CN f (30-35) 707 aS1f(1-17) 1991 B CN f(37-67) 3580
aS1 CN f (186-192) 734 B CN f (14-28) 4P 1999 aS1 CN f (85-114) 3601
aS1 CN f (1-6) 745 f CN f(103-119) 2042 aS1 CN f (155-187) 3605
B CN £ (53-93) 4454 B CN £ (57-93) 4065 aS1 CN f (83-114) 3860
B CN f(51-93) 4696 aS1£(80-114) 4238 B CN f(59-96) 4024
B CN f (99-159) 7054 B CN f(55-93) 4253 B CN f (99-160) 7182
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mechanisms regulated by butyrate are actually under
investigation. By demethylation of histones, butyrate
modulates the expression of FoxP3 gene, that is a tran-
scription factor expressed by Treg lymphocytes. FoxP3
has a physiological function in the control of immune
response, ensuring the immunological tolerance (16).

Conclusions

Parmigiano Reggiano cheese has not only favour-
able nutritional characteristics, but new data suggest
the potential immunonutritional effect of this par-
ticular food which can modulate the function of the
immune system and increase the immunological tol-
erance in children with food allergy. The mechanisms
are varied and concern an epigenetic regulation of gene
expression involved in inflammation and allergy.
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