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Stating the obvious

The animal is fundamental.

Get the animal right for profitable 
market(s) and then think about 
other investments.



Buffalo in Australian



Buffalo in Australian



Buffalo in Australian

Buffalo Milk Halloumi: vacuum-packed
Buffalo Milk Fetta: vacuum-packed



Buffalo in Australian

Buffalo cheesecake
Buffalo whey sourdough with 

buffalo cultured butter

Buffalo salami Buffalo rib filletBuffalo geymar/kaymak



Buffalo fresh whole milk

Global 16%

South/Southeast 
Asia

35%



World buffalo and cow milk production



sfsa sfsa



Number of buffalo 1961-2018
(% of total of dairy ruminants)



Global milk production trends 2021-2030



Plant-based ‘milk’

2020

Competition



Projected global plant-based ‘milk’ 2021-2030Competition



The Growing Consumer Opportunity 
for Precision Fermentation

Company behind lab-grown milk protein 
eyes Canadian animal-free dairy market

Animal-free dairy is more environmentally 
sustainable than traditional dairy production, and it 
also doesn’t contain lactose, cholesterol or growth 
hormones.

Laboratory-grown ‘milk’Competition



Distinguishing features of buffalo milk
….points of product and market differentiation

Favourable fat profile
Functional biomolecules
Unique microbiota



Health benefits of functional molecules from buffalo milk microbiota

LAB, lactic acid bacteria

dFDFDfDFDFdFb

dFDFDfDFDFdFb



Extracellular vesicles from buffalo milk are enriched with 
proteins implicated in immune responses



Challenges, constraints, solutions *

Genetics is permanent, 
additive and can undergo 
continuing improvement.

*

*



Non-genetic strategies



Nutritional factors that influence ruminant meat and milk production



Feed sources in tropical farming systems for 
ruminant milk and meat production

saFAsfafffAZsAS



Forage, roughage and supplements to optimize the quality 
and nutritional value of ruminant meat and milk



Milk composition of buffalo fed TMR or TMR + green feed

Functional biomolecules
(mg/L)

TMR TMR + green feed

Fatty acids
(% of total fatty acid)

TMR TMR + green feed



TMR TMRTMR + green feed TMR + green feed

human oral squamous carcinoma cells human colon cancer cells

Anti-neoplastic activity of milk extract from 
buffalo fed TMR or TMR + green feed



Methane challenge



Dry matter intake (DMI) and methane production



Dry matter intake (DMI) and gross energy intake (GEI) 
and methane production in beef cattle



Efficiency of production and methane emissions

Methane emissions are closely 
linked to feed intake and more 

efficient animals dilute intake 
for maintenance over more 

units of product.



*

*



Methane production is phenotypically and genetically correlated with 
important production traits. 

Knowledge of residual feed intake (RFI) / net feed efficiency (NFE) is 
highly important in future buffalo selection and breeding.

….genes linked with RFI/NFE



Genetic strategies



Genetic correlations with residual feed intake (RFI) in Angus cattle

Genetic correlation

Postweaning RFI with cow daily feed intake 0.64

Postweaning RFI and cow RFI 0.98



Genetics of buffalo milk production



Candidate genes associated with milk traits in buffalo

Trait Candidate genes
Milk yield STAT1, STATSA, LEP, MC4R, OXT  INSIG2, LALBA, 

BTN1A1, PRL, SCD, SREBF1
Milk fat yield GHRL, A2M
Milk fat (%) STAT1, TG, A2M, DGAT1, GHRL, LEP, MC4R, PRL, SCD, 

SREBF1
Milk protein (%) CSNS1, DGT1, GHRL, ADRA1A, A2M MTNRIA, PRL, 

SPP1, INSIG2, MC4R



Gghh

Putative 
candidate genes

FBX09, NDFiP1, ACTR3, 
ARHGAP26, SERPINF2, BOLA-
DRB3, BOLA-DQB, CLN8, MYOM2 

Candidate genes linked with milk production and 
composition in Azeri and Khuzestani buffalo



Genotype and allelic frequency of polymorphisms in alpha-lactoglobulin 
(LALBA) gene in Nili-Ravi buffalo 

Alpha- lactoglobulin is a bioactive milk protein



Signal transducer and activation of transcription (STAT1) 
gene polymorphisms in buffalo

STAT1 single nucleotide polymorphism (SNP)

305-day milk yield SNP4, SNP10

Protein % SNP2, SNP5, SNP8, SNP9

STAT1 protein activates the transcription of 
hundreds of genes



Relationship of single nucleotide polymorphisms of squalene epoxidase (SQLE) 
gene to milk traits in Italian Mediterranean buffalo

SQLE haplotype combinations and milk traits

SQLE is a key enzyme in cholesterol synthesis



ATP-binding cassette family G member 2 (ABCG2) gene 
and milk fat content in buffalo

ABCG2 expression
Polymorphisms

ABCG2-induced expression of 
liposynthesis-related genes and 

increased trigyceride (TAG) protein in 
buffalo mammary epithelial cells

ABCG2 induces proteins involved in transport across cell membranes



Genomic breeding values



Best linear unbiased prediction (BLUP) of breeding value (BV)
Environmental effects and pedigree information used to determine breeding value (BV)



Genomic best linear unbiased prediction (GBLUP) of breeding value (GBV)
Genotyping with genome-wide single nucleotide polymorphism (SNP) arrays to determine genomic breeding value (GBV) 

Statistical models for genomic selection (GS) 
are trained on a reference population of 

animals that have both SNP genotypes and 
phenotypic information

*gg



Bufala Mediterranea Italiana: tecnologie innovative per il miglioramento Genetico

Associazione Nazionale Allevatori Specie Bufalina



Characteristic Heritability
Production 0.34
Fat kg 0.26
Fat % 0.24
Protein kg 0.31
Protein % 0.34

Milk characteristics



Records Years
Milk production 276,451 cows

743,904 lactations 1984-2019

Morphology 91,966 cows 2004-2022

Bufala Mediterranea Italiana: tecnologie innovative per il miglioramento Genetico



Prediction accuracy with best linear unbiased prediction (BLUP) and single-step 
genomic best linear unbiased prediction (ssGBLUP) in Italian buffalo

BLUP ssGBLUP
Milk 0.60 0.77
Fat 0.55 0.72
Protein 0.57 0.76

Including male and female genotypes improved 
breeding value accuracy in Italian buffalo

Report 1



Prediction accuracy for milk production with BLUB and ssGBLUP in Italian buffalo

Report 2

Mean Minimum Maximum
BLUP 0.86 0.24 0.99
ssGBLUP 0.89 0.31 0.99



△ 𝐺 =
𝑟 ∗ 𝑖 ∗ σ𝑔

𝑁

Genetic gain

r     accuracy
i selection intensity
σ𝑔 genetic variation
N   generation interval 



Harnessing reproductive technology



Genomic best linear unbiased prediction (GBLUP) of breeding value (GBV)
Genotyping with genome-wide single nucleotide polymorphism (SNP) arrays to determine genomic breeding value (GBV) 

Statistical models for genomic selection (GS) 
are trained on a reference population of 

animals that have both SNP genotypes and 
phenotypic information

*gg



Embryo-stem cell breeding 
system

Part A, nuclear breeding population
Part B, nuclear population of elite embryos
Part C, transgenerational breeding cycle from parental

embryos and offspring embryos
Part D, reference population updating

*



Comparisons of different breeding systems



CRISPR/Cas gene editing



CRISPR/Cas editing of β-lactoglobulin gene exons 2 and 3 with single guide 
RNAs (sgRNAs) to reduce allergenic property of buffalo milk

fdhg

tef

Hand-made cloning (HMC) of SCNT



CRISPR plasmids (pX459) containing sgRNAs targeting 
of myostatin (MSTN) gene in buffalo

dgsggg

Myostatin suppresses muscle growth



Efficiency of CRISPR/Cas knockout in buffalo zygotes



Stating the obvious

The animal is fundamental.

Get the animal right for profitable 
market(s) and then think about 
other investments.



1. Ongoing refinement of animal and milk traits that have local and global importance.

2. Global reference populations to link phenotypes with genotypes.

3. Validation of global reference populations within and between breeds (Mediterranean, 
Murrah, Nili-Ravi)

4. Use information from reference populations for continued development and broad adoption 
of genomic breeding values. 

5. Strategic use of reproductive technology to accelerate local and global genetic improvement.

6. Establish global consortium to coordinate, integrate and facilitate genetic improvement.

7. New differentiated products for changing global demographics and wealth distribution.

Future perspective
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FIRST INTERNATIONAL CONFERENCE ON
Buffalo Mozzarella & Milk Products

COLLABORATION BETWEEN RESEARCH CENTERS AND 
BUFFALO DAIRIES:  RESULTS

2

We present the results of the collaboration between buffalo dairies and
our research structures for an alternative utilization of dairy effluents,
which traditionally were sent to wastewater treatment plants.

In dairies, there are four main effluents: 
• sweet whey
• acidic whey
• unused whey starter
• spinning water
• deproteinized whey, known as 'scotta,' left

over from Ricotta production
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Whey Fractionation and Concentration Process Using 
Ultrafiltration and Reverse Osmosis

3

Cheesemaking
wasted whey

Salts
Lactose

Whey proteins
Peptides

UF
(Ultrafiltration)

Salts
Lactose

Peptides

Concentrated whey protein

+
lactose

Reverse Osmosis

Peptides
Salt
Lactose

Pure Water 

 Sweet whey
 Acid Whey
 Scotta
 Spinning whey

Livestock feeding
BIOGAS plants for the production of
renewable electrical and thermal
energy from organic waste.
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Buffalo Whey Supplements for Oncology Patients: A Circular Economy Opportunity

4

PROGETTO TRASFERIMENTO TECNOLOGICO E DI PRIMA 
INDUSTRIALIZZAZIONE PER LE IMPRESE INNOVATIVE AD ALTO POTENZIALE 

PER LA LOTTA ALLE PATOLOGIE ONCOLOGICHE – CAMPANIA TERRA DEL 
BUONO

Decreto Dirigenziale n. 357 del 12/06/2017, BURC n. 47 del 12 Giugno 2017

PROGETTO IABUPO - INTEGRATORI ALIMENTARI DA SIERO BUFALINO PER 
IL TRATTAMENTO DI PAZIENTI AFFETTI DA PATOLOGIE ONCOLOGICHE: 

UN'OPPORTUNITÀ PER LA FILIERA BUFALINA IN UN'OTTICA DI 
ECONOMIA CIRCOLARE

An innovative project financed by the Campania region. The objective was to
develop new uses for whey proteins, going beyond their use as animal feed. The
project focused on creating supplements for cancer patients, turning a by-product
into a valuable resource.
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Molecular Characterization of Buffalo Milk and Whey: Proteins and Peptides Analysis
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We analyzed buffalo milk and whey, recovering the four
main types of effluents from the mozzarella production
process. These fluids were fractionated, and we
identified the protein and peptide compositions. In
buffalo milk, we identified 221 proteins, 125 in sweet
whey, and 172 in acidic whey.
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Functionalization of Whey Proteins with Bioactive Compounds: 
Glutathione as a Bioavailability Enhancer 14236,1 Da

18262,2 Da
GS-β-Lg
18568 Da
18586 Da
18911 Da

GSSG   
Molecular Weight  307.32

0 min
30’ min

360’ min

Wasted
whey

This project aimed to use beta-lactoglobulin as a
carrier for glutathione, a powerful antioxidant.
Glutathione exists in two forms in the body:
oxidized (GSSG) and reduced (GSH). We aimed to
enhance glutathione's stability and absorption by
binding it to beta-lactoglobulin. After six hours of
reaction, the protein had bound approximately 50%
of the available glutathione.
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Buffalo Lactoferrin: Industrial Isolation and Health Applications

7

We isolated buffalo lactoferrin on an industrial scale.

Like bovine lactoferrin, buffalo lactoferrin carries two
iron atoms and plays a key role in iron absorption and
as a bacteriostatic agent.

The process is costly but offers promising health
benefits and potential uses in nutraceuticals and
cosmetics.
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Functionalization of Buffalo Lactoferrin with Iron Ions: Enhancing Bioavailability

8

Functionalization with 
Fe+3 salts

Spectrophotometer

A280/A466
sodium citrate

treatment

Lactoferrin

Dialysis

Change incubation
times

In this slide, we show the process of
enriching buffalo lactoferrin with
additional iron ions. This can support
hemoglobin synthesis and prevent iron
deficiency anemia. We optimized the
conditions for iron binding, achieving a
functionalization rate of over 85% at a pH
of 5.0.

Saturation Fe %

Spectrophotometer

Change Lf/Fe/NTA 
concentration ratios

Time, h

Lf:Fe:NTA
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tu

ra
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Peptide Profiles in Buffalo Milk and Whey: Identification and Origins
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This slide provides an overview of the peptides identified in buffalo milk, sweet whey, acidic whey, and
permeate. The total number of peptides was significantly higher in whey compared to milk and permeate. We
also traced the origin of these peptides to understand their formation.
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ACE-inhibitory αs1-cn, 14

ACE-inhibitory αs2-cn, 8

ACE-inhibitory β-cn, 44

ACE-inhibitory κ-cn, 8

ACE-inhibitory β-Lg, 6

ACE-inhibitory α-La, 1
Antianxiety αs1-CN, 2

Antianxiety β-CN, 2
Antiapoptotic effect β-CN, 1

Anticancer αs1-CN, 1
Anticancer β-cn, 3

Antihypertensive αs1-CN, 1

Antihypertensive β-Lg, 1

Antimicrobial αs1-CN, 6

Antimicrobial αs2-CN, 7

Antimicrobial β-CN, 18

Antimicrobial κ-CN, 9

Antimicrobial β-Lg, 8

Antioxidant αs1-CN, 5

Antioxidant αs2-CN, 3

Antioxidant β-CN, 20

Antioxidant κ-CN, 3

Antioxidant β-Lg, 2

Antithrombotic κ-CN, 1

Antithrombotic β-CN, 2
Bacterial growth promoting αs2-CN; 1

Bradykinin-Potentiating β-CN; 1

Cholesterol regulation αs1-CN; 1

Cytomodulatory β-CN; 1

Cytotoxic β-Lg; 1
Cytotoxic β-Lg; 1

Immunomodulatory β-CN, 9

Opioid β-CN; 3
Opioid κ-CN; 2

Bioactive Peptides in Whey: Potential Health Benefits

Using the Milk Bioactive Peptide Database, we
identified peptides with various biological activities,
including antimicrobial, antioxidant, ACE-inhibitory, and
anticancer properties. These bioactive peptides
highlight the potential health benefits of using whey as
a base for functional beverages
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Phoshopeptide Identification in Whey: Detecting Cold Storage Markers

glycosylation-dependent cell 
adhesion molecule 1  

24%

beta-casein isoform X1  
21%

alpha-S2-casein-like isoform X1  
17%

butyrophilin subfamily 1 
member A1 isoform X1  

11%

alpha-S1-casein isoform X8  
8%

kappa-casein precursor  
6%

osteopontin  
2%

polymeric 
immunoglobulin 

receptor  
2%

beta-lactoglobulin 
precursor  

1%

LOW QUALITY 
PROTEIN: perilipin-2  

1%

serum amyloid A protein 
isoform X5  

1%

lactoperoxidase precursor  
1%

altro
5%

We identified 442 phosphopeptides, with the largest number coming from GLYCAM, a protein
associated with milk freezing and thawing. These phosphopeptides can be used as markers to
determine if frozen milk was used in mozzarella production.
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Key Claims of the Patent
 Selective Isolation: A fast and efficient system for the selective isolation of phosphoproteins

and casein phosphopeptides (CPP) in complexes with hydroxyapatite (HA).

 Nutraceutical Formulation: The HA-phosphopeptide complex forms the basis of a
nutraceutical product for use as a food additive or in biomedical applications.

 High-Value Food Ingredient: The HA-phosphopeptide complex can be used to make milk a
functional food, enhancing its health benefits.

 Phosphopeptide Recovery: Quantitative recovery of phosphopeptides from complex mixtures,
ensuring selective recovery of phosphorylated proteins.

 Edibility and Taste: The matrix used for immobilizing phosphopeptides is edible and does not
impart a bitter taste, making it suitable for the food industry.

 Dental and Bone Health: Use of the HA-phosphopeptide complex for mineralization of dental
plaque, as an ingredient in toothpaste, and for increasing the bioavailability of minerals to
prevent osteoporosis and other calcium-deficiency diseases.

 By-Products: The non-phosphorylated peptides can be used as bioactive peptides, such as
casomorphins and antihypertensive peptides, or as a nitrogen source for microorganisms.

 Aquaculture: Application of the HA-phosphopeptide complex as a growth initiator for eggshell
formation in aquaculture and in the artificial breeding of bivalve mollusks and coral.

Phosphopeptides Applications: Nutraceuticals, Biomedical, and Food Additives

Patent n. 1404716
<<Preparation of a new product consisting of phosphopeptides immobilized on
hydroxyapatite for nutraceutical and (other) innovative purposes>>

Protein and/or  
Peptide mixtures

Hydroxyapatite HA
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This prototype burrata was developed using buffalo whey concentrate in collaboration with the Cirigliana
dairy under the ALIFUN project. The product is enriched with hydrolyzed protein, enhancing its 
nutritional value.

13

Buffalo Whey Concentrate in Burrata Production: ALIFUN Project Prototype

Codice Progetto 
ARS01_0078

PON “Ricerca e Innovazione” 2014-2020  - Asse II;  Area di specializzazione 
“Agrifood”

PROTOTIPO DI BURRATA DI BUFALA
Ingredienti-Ripieno: Crema di latte di bufala pastorizzato

(>90°C), Proteine di latte di bufala, proteine
del siero concentrate e idrolizzate. Involucro:
latte di bufala pastorizzato, sieroinnesto
naturale, sale, caglio.

Prodotto da Caseificio Cirigliana s.r.l. 
Nello stabilimento in Via Saudina 20
81053 Riardo (Ce)

0,1 %  di polvere di 
idrolizzato proteico

3 mg di peptidi  / 100 
mg di polvere 
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From Thesis to Market: Development of a New Buffalo Whey Product

14

This innovative product originates from a university
thesis by a student who developed a new product
based on concentrated buffalo whey. The product
was created by hydrolyzing whey proteins with non-
human digestive enzymes, producing bioactive
peptides.
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PEPTIDES  FROM  ENZYMATIC HYDROLYSIS OF  12% WHEY PROTEINS

15

t= 0’

t= 3h

t= 4h

t= 24 h

t= 0’
t= 3h
t= 4h
t= 24h

ANTITHROMBOTIC ANTIHYPERTENSIVE

INTENSITY

A B
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PEPTIDES IDENTIFIED IN SPRAY-DRIED AND 12% CONCENTRATED WHEY AFTER HYDROLYSIS 
WITH ALCALASE® Food grade

16

68.29%
31.71%

ANTITROMBOTIC

52.74%47.26%

ACE-INHIBITORY

Whey proteins undergo progressive digestion during incubation with alcalase®. 

The process leads to the formation of shorter peptides that include amino acid 
sequences recognized for their ACE-Inhibitory, antithrombotic and 
antihypertensive activities.
The peptide content varies between spray-dried whey and concentrated whey.
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Absorptomics: A New Frontier in Nutrition Science

17



Ravioli» pasta (250 g)

Recipe:
 wheat flour
 buffalo ricotta contaning 10% milk
 eggs

Volunteers: 1,2 …..10

Blood draw at different time
points:
0,1,2,3,4,5,6,7,8, and 24h
from the meal (250 g)

nanoLC-ESI-
MS/MS

MaxQuant
Raw Data 
processing

Peptigram
visualization

Peptides 
purification 
procedure

Identification of 
peptides from

 buffalo Ricotta 
cheese

 wheat
 eggs

Monitoring the absorption of peptides into the bloodstream of 10 volunteers who consumed 
“ravioli”  pasta filled with high-protein buffalo ricotta, 
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Peptide Absorption Kinetics: Variability Among Volunteers
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The results show significant variation in the number of circulating peptides between subjects, with the peak 
occurring between 5 and 7 hours after the meal. We also tracked peptide elimination through urine.
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Origin and Circulation Time of Identified Peptides: Buffalo, Chicken, and Wheat Proteins
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Comparison of Beta-Lactoglobulin and Alpha-Lactalbumin Peptides in Blood and 
Enzymatic Hydrolysates

Sequence Mass Description species Start End 
AIVQNNDSTE 1089,5 Alpha-lactalbumin Buffalo 40 49

GYDTQ 582,23 Alpha-lactalbumin Buffalo 35 39

KDLKDY 780,4 Alpha-lactalbumin Buffalo 13 18

LACAAQAIIVT 1072,6 Beta-lactoglobulin Buffalo -6 4

DAQSAPLRVY 1118,6 Beta-lactoglobulin Buffalo 33 42

LKPTPEGDLE 1097,6 Beta-lactoglobulin Buffalo 46 55

KKIIAEKTKIP 1267,8 Beta-lactoglobulin Buffalo 69 79

ALNENKVLVL 1111,7 Beta-lactoglobulin Buffalo 86 95

DTDYKKY 931,43 Beta-lactoglobulin Buffalo 96 102

LVRTPEVDDE 1171,6 Beta-lactoglobulin Buffalo 122 131

LKALPMHIRLS 1277,8 Beta-lactoglobulin Buffalo 140 150

We compared the beta-lactoglobulin and alpha-lactalbumin peptides identified in 
volunteers' blood with those generated through enzymatic hydrolysis. None of the 
peptides in the blood were identical to those produced by hydrolysis, demonstrating 
the unique activity of enzymatically derived peptides.
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PROSALAB Project: Health-Promoting Products from Buffalo Milk

22

As part of the PROSALAB project, developed with Azienda Agricole Associate, we created new
health-promoting products from buffalo milk. One of the key innovations was the development of
buffalo kefir, a fermented beverage with numerous health benefits.
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Technology for Kefir Production from Buffalo Milk and Whey By-products

23

This slide outlines the technological process for producing kefir from buffalo milk
and whey by-products. The process involves pasteurization, inoculation,
fermentation, and optional flavoring before packaging, with the final product
offering numerous health benefits.

Kefir from buffalo milk and from byproducts of Mozzarella cheese manufacturing

commercialexperimental (patent)

starter

flavouring
optional

Milk 

homogenization -
pasteurization

inoculation

fermentation

cooling

packaging

20-24 h 28 °C

Sweet whey
(pH 6.0-6.8)

Concentrated whey
Second whey

pasteurization

pH adjustment
(pH 6.5-6.8)

10 mU / L 

Microflora
• Lactococcus lactis spp. lactis
• Lactococcus lactis spp. 

Lactis
• Biovariant diacetylactis
• Leuconostoc mesenteroides

spp. Cremoris
• Lactobacillus kefiranofaciens
• Saccharomyces unisporus

pasteurization 
optional
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Kefir Varieties and Health Benefits from Whey and Concentrated Whey

24

We expanded kefir production to include versions made from whey and 
concentrated whey. Buffalo whey kefir contains about 1% protein, making it 
a refreshing beverage, while kefir from concentrated whey provides a 
high-protein option, ideal for athletes.
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Kefiran: The Key Difference Between Kefir and Yogurt

25

The key difference between kefir and yogurt is the presence
of kefiran, a polysaccharide produced during kefir
fermentation.

Kefiran has antioxidant, anti-inflammatory, and antimicrobial
properties, and has attracted commercial interest for its
potential health benefits.

Kefiran Production from Ricotta Whey: A New Functional Ingredient. 

Obtained by fermenting the deproteinized whey with a starter rich in Lactobacillus
kefiranofaciens, we produced kefiran, which increased the viscosity of the liquid. This innovation
has already attracted interest from the Probiotical company for use as a supplement and in
cosmetics.
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Kefirani

26



Classification of bioactive peptides released in buffalo milk kefir

Bioinformatic search in:
Milk Bioactive Peptide Database
(https://mbpdb.nws.oregonstate.edu/)

ACE-inhibitory

opioid

DPP-IV inhibitory



Classification of bioactive peptides released in buffalo whey kefir

Bioactive peptides by protein

β-casein k-casein αs2-casein αs1-casein β-lactoglobulin

β-casein

Bioactive peptides by function

ACE-Inhibitory cytotoxic antioxidant

antimicrobial mucin secretion antithrombotic

immunomodulatory osteoanabolic DPP-IV inhibitory

calcium uptake anticancer

antimicrobial

Bioinformatic search in:
Milk Bioactive Peptide Database
(https://mbpdb.nws.oregonstate.edu/)

ACE-inhibitory
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CONCLUSIONS

• Buffalo dairy can make significant progress by closely collaborating with research
institutes and universities.

• Scientific innovation combined with dairy tradition offers unprecedented
opportunities to improve production processes and create new products with high
added value.

• Scientific research can provide tools for optimizing resources, such as the use of
whey and other by-products, while reducing waste and increasing sustainability.

• Furthermore, collaboration with researchers can pave the way for innovative
products, such as buffalo kefir, phosphopeptides and kefirans, with applications not
only in food but also in nutraceuticals and cosmetics.

• By working together, dairies and research institutes can not only respond to
market needs, but also anticipate new trends, ensuring a future of growth and
success for the buffalo sector.
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Monitoring Peptide Absorption from Buffalo Ricotta in Human Blood





PRECURSORS OF BIOACTIVE PEPTIDES AFTER ALCALASE ACTION 
PEPTIDE MW (Da) SOURCE ACTIVITY REFERENCE

QTPVVVPPF 982,54877 β-CN (f84-86) ACE-inhibitory Nakamura et al., (1995)

SQSKVLPVPQ 1081,6132 β-CN (f169-174) ACE-inhibitory Maeno et al., (1996)

SQSKVLPVPQ 1081,6132 β-CN (f169-175) ACE-inhibitory Maeno et al., (1996)

LQDKIHPF 996,53927 β-CN (f47-52) ACE-inhibitory Gobbetti et al., (2000)

HKEMPFPKYPVEPF 1744,8647 β-CN (f108-113) Antihypertensive Pihlanto-Leppala et al., (1998)

MAIPPKKNQDKTEIPTIN 2037,0929 κ-CN (f106-116) Antithrombotic Fiat and Jollèe (1989); Jollès et al., (1986); Schlimme and Meisel (1995) 

MAIPPKKN 897,51061 κ-CN (f106-112) Antithrombotic Fiat and Jollèe (1989); Jollès et al., (1986); Schlimme and Meisel (1995) 

NQDKTEIPTIN 1271,6357 κ-CN (f113-116) Antithrombotic Fiat and Jollèe (1989); Jollès et al., (1986); Schlimme and Meisel (1995) 

AIPPKKN 766,47012 κ-CN (f108-110) Antihypertensive Nakamura et al., (1995)

AIPPKKNQD 1009,5556 κ-CN (f128-136) ACE-inhibitory Shuang et al., (2008)

DTDYKKYLLF 1304,6653 β-Lg (f103-105) ACE-inhibitory Hernandez-Ledesma et al., (2002)

ALPMHIR 836,46908 β-Lg (f147-148) ACE-inhibitory Mullally et al., (1996)

HIRLSFNPT 1083,5825 β-Lg (f148-149) ACE-inhibitory Mullally et al., (1996)

ALPMHIR 836,46908 β-Lg (f142-148) ACE-inhibitory Mullally et al., (1997)

DKALKALPM 985,56304 β-Lg (f142-145) ACE-inhibitory Murakami et al., (2004)

DAQSAPLRVY 1118.572 β-Lg (f49-58) ACE-inhibitory Tavares et al., (2011)

LVRTPEVDDEALEK 1612,8308 β-Lg (f141-151) DPP-IV Inhibitory Silveira et al., (2013)

LVRTPEVDDEALEK 1612,8308 β-Lg (f141-151) Antimicrobial Demers-Mathieu et al., (2013)
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TARGET Bubalus bubalis has a pivotal role in protein supplying and in 
the global economy, respecting sustainability





Buffalo 
population and 
production in 
the most 
representative 
countries
(FAO, 2022)

Head (mil) Milk (T)

Asia
India 111.856.246 94.383.692

Pakistan 43.676.000 36.445.000
China 26.876.707 2.905.807
Nepal 5.132.931 1.419.412

Philippines 2.774.471 36.444
Viet Nam 2.231.600 26.622
Myanmar 2.000.000 176.137

Bangladesh 1.508.000 35.714

Laos 1.208.634 ---

Indonesia 1.170.209 91.426
Thailand 735.248 6.674

Africa
Egypt 3.445.172 1.508.000

Americas
Brazil 3.000.000 ---

Venezuela 2.800.000 ---
Colombia 485141 23

Europe
Italy 416000 257.460

Bulgaria 20320 ---
Romania 17900 ---

Germany 11680 ---

Oceania
Australia 180.000 ---
World 205141830 137.761.643



• Buffalo milk is utilized 
mostly as a drink following 
defattening, except in Italy.
• Different types of cheese 
are produced according to 
local traditions and processing 
techniques.



Classification per 
water content

1. Soft cheese (water content > 45 percent): Karish, Mish and 
Domiati in Egypt; Madhfor in Iraq; Mozzarella in Italy; Alghab in 
Syria; Vladeasa in Romania.

2. Semi-hard cheese (water content 40-45 percent): Beyaz
peyneri in Turkey.

3. Hard cheese (water content < 40 percent): Braila in Romania; 
Rahss in Egypt; White brine in Bulgaria; Akkawi in Syria. 



Types of coagulation
Spontaneous acidification (Domiati, Karish, Mish, 
in Egypt; Madhfor in Iraq; Alghab in Syria). 

Adding starters, i.e. lactic bacteria cultures 
(Vladeasa, Beyaz peyneri) or natural whey cultures 
(Mozzarella).

Starters are also used in cheeses where enzymatic 
coagulation prevails, to favour rennet activity and 
following the processing stages (White brine 
cheese, Fresh cheese of Iraq, Braila).



Type of preserving

Some cheeses are consumed FRESH, i.e. only a few days after 
processing (Karish, Fresh cheese of Iraq, Mozzarella and Ricotta 
in Italy, Alghab )

Brine, to guarantee excellent conservation without expensive 
investments, such as refrigerators. 
In Mish, acid buttermilk, skimmed milk and whey are added to 
the brine.  In Domiati and Akkawi cheese, salt is added to the 
milk before processing

Ripening



dairy products processing

FAT-RICH MILK PRODUCTS:  butter from 
buffalo cream displayed more stability than 
cow cream, due to the more solid fat. The 
texture of buffalo ghee is better than cow 
ghee due to its bigger grain size 

HEAT-DESICCATED MILK PRODUCTS: Buffalo 
milk is preferred in India for heat-
concentrated milk products like khoa, rabri, 
kheer and basundi.

HEAT-ACID COAGULATED MILK PRODUCTS: 
the quality of buffalo paneer is superior to 
the cow milk one. 

FERMENTED MILK PRODUCTS: the buffalo 
superior body and texture of dahi could be 
attributed to the higher total solids content, 
especially fat and protein; yoghurt from 
buffalo milk  is produced in many countries 
of Asia and in Europe.

paneer

dahi



dairy products processing

CREAMS: as queshta mosakhana in 
Egypt, Gaymar in Iraq, and quishada in 
Syria are obtained through different 
processing.

FROZEN MILK PRODUCTS: as Ice 
creams.
DEHYDRATED MILK PRODUCTS: 
buffalo milk is more appropriate for 
tea and coffee whitener powders
production because milk and cream 
are intrinsically whiter and more 
viscous
RICOTTA and ALKARISH: produced 
from cheese whey and exploit the 
proteins lost in the whey (very rich in 
sulphurate amino-acids), are not 
produced in other countries

Gaymar

queshta mosakhana
Ice creams



325  DOP, IGP, STG products
527 DOCG, DOC, IGT wines

The EU's system of geographical indications favors the production system and 
the local economy protecting the environment, because the indissoluble bond 
with the land of origin requires the preservation of ecosystems and 
biodiversity.

It supports social cohesion of the entire community.

Italy is the European country 
with the largest number of 

food products with designation 
of origin and geographical 

indication recognized by the  
European Union.

QUALITY LABELS 



……..more than one 
product, is a cultural value



Other European countries

Germany:   good quality dairy products together with 
cosmetics

Bulgaria Istituto SHUMEN: white brine cheese, yoghurt, kiselo
miyako, where lactic acid is fermented by Lactobacillus 
bulgaricus and by Streptococcus thermophilous

Macedonia: simple cheese in rural villages



Other European countries

Greece:   good quality yoghurt like Bulgaria

Hungary: Hungarian buffalo live free in National Park, a 
farm was founded in Mezotur with Mediterranean Italian to 
provide  cheeses like Italy to the rich market in Budapest

Romania: Transilvania buffaloes live on pastures, a farm 
producing cheeses like Italy was founded by Transilvania 
Lactate  to serve the market in Brasov



South Asia 



India is the first country in the world for the number
of buffalo ( 111 millions, 54% of total population) and 
milk production (94 millions tonnes).

India possesses the best River Dairy Breeds of Asia as
Murrah, Nili-Ravi, Surti, Jaffarabadi



Pakistan is the second most important country with 42 
millions head and 36 million tons of milk production 



South 
asian

products

The most quantity of milk is used for direct consumption after skimming, fat is 
used to produce butter, ghee and cream. Dry milk, condensed milk, milk 
replacers are very used in national market and for export, as different 
industrial utilizations.

Paneer is a cottage cheese, used in several vegetarian curry dishes in India and 
other countries.

The National Dairy Research Institute of India formulated different new 
functional dairy products such as probiotic cheese, sports drinks, low-
cholesterol ghee, ice cream, and burfi for diabetics.



China and Southeast
Asia

The buffalo in this area is Swamp type, 
with a total of 18 local breeds.

Guangxi Buffalo Research Institute in 
China, the Philippines Carabao Center 
has successfully developed buffalo milk 
cheeses and created a food market.

In Indonesia, The Philippines, Vietnam 
and Thailand in the past years, there 
was a decreasing trend in the swamp 
buffalo population. 



Papangan buffalo 
in the marshes 
(Borghese photo)
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. 
Milk putting in bamboo-cane

Dadiah

Sagon Puan



Buffalo Dairy 
products in the 
Western Asia

Dairy buffalo is important also 
in the Near East Asian 
Countries, as Turkey, Iraq and 
Iran.

The most appreciated products 
in Iran and Iraq are: yoghurt, 
Ayran, fresh cream, fresh 
cheese, butter, ice cream, rice 
pudding, churned yoghurt, dried 
whey, ghee, sweet and cake. 

Skimmed milk is used also for 
direct consumption.



Mesopotamian buffalo in Tigris river (Jabbar Al Saedy photo)



Sweet, curd and fresh cheeses

(Khalid Al-Fartosi photo)



Buffalo Dairy products in the Americas

Today there is great enthusiasm about buffalo in America, 
particularly among buffalo breeders and livestock 
associations. 

Buffalo numbers have significantly increased to about 6.7 
million head (Patino, 2023), as buffalo is not bred only for 
meat purposes as in the past in extensive system.

In the recent years the emerging request of cheese market 
produced a developing interesting for milk purposes, 
similarly to Italian feeding style. 



in South America, 
the buffalo dairy 
market is similar 
to the Italian one, 
with mozzarella, 
yogurt, cream, 
butter, and other 
cheeses.



Buffalo management in the humid savannah



Conclusions

Buffalo Mozzarella according to the Italian style is well-
renowned and spread in all the countries

Buffalo milk is prevalently used fresh directly after being 
defattened. The fat is used to produce ghee for cooking.  Often
the milk is dehydrated to be conserved as milk powder. 

Curd is used mixed to vegetables, cheese is not commonly
used. The problem is the preservation in hot climate, 
particularly in the villages with no electricity.



Buffalo dairy supply chain, present and future 
scenarios linked to new sustainability challenges

Antonio Limone
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Ismea Qualivita rapporto 2023

Produzione 
Certificata 

(tonnellate)

Valore Alla 
Produzione 

(milioni di euro)

Valore al 
consumo

(milioni di euro)

Valore 
all’ Export

(milioni di euro)
2021 2022 Var 

22/21
2021 2022 Var 

22/21
2021 2022 Var 

22/21
2021 2022 Var 

22/21

Mozzarella  di Bufala 
Campana DOP

54.039 55.815 +3,3% 459 502 +9,4% 838 893 +6,6% 163 217 +33,7%
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381,728,590

389,446,001

396,670,815

400,271,450

402,033,776

370,000,000 375,000,000 380,000,000 385,000,000 390,000,000 395,000,000 400,000,000 405,000,000

2019

2020

2021

2022

2023

Buffalo milk production in Italy (Kg) declared per year 
(2019-2023)
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• -21,62%
Numero totale Allevamenti           

• +8,37%
Numero totale capi 

Bufalini 

• +8,33%
Latte +Misti

• +17,16%
Carne

Variazione patrimonio Bufalino Campano 
dal 2013 al 2023

"Dati forniti dalla BDN dell'Anagrafe Zootecnica istituita dal Ministero della Salute presso il CSN dell'Istituto "G. Caporale" di Teramo".
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Densità allevamenti 
CE 0,2804(n.allev per kmq
N all 740
SA 0,0811(n.allev per kmq
N all 399

Densità Capi 
CE 70,5124 (capi per kmq
N capi  186,109
SA 23,1734 (capi per kmq
N capi 114,072
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Mediterranean Region
Temperature rise larger than european average
Decrease in annual precipitation
Decrease in annual river flow
Increasing risk of biodiversity losse
Increasing risk of desertification
Increasing Water demand for agricolture
Decrease in crop yields
Increasing risk of forest fire
Increase in mortality from heatwaves
Expansion of habitats for disease-carrying insects
Decrease in hydropower potential
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Figura 37 Contributo di utilizzo di terre intra-aziendali ed extra-aziendali per garantire il flusso di alimenti (foraggi e concentrati) alla mandria.

IZSME 08/18 RC 



Antonio Limone BMMP 2024 Naples

The MAGIC tool-kit

Virtual 
supply systems

Externalized
socio-economic

and environmental
pressures

Actual 
supply systems

Local 
socio-economic

and environmental
pressures

Required supply
in the diet
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The Drivers of Wildlife Interactions with Livestock
Global drivers of wildlife–livestock interactions

Magouras et al.2020. 
doi:10.3389/fvets.2020.582743
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One Health and  Zoonoses

An illustration of the ecology of vector-borne diseases like the 2018 ebolavirus and 2019 coronavirus (Covid-19) by the artist Olaf Hajek.

https://www.facebook.com/107496792684651/photos/a.107512932683037/1775821909185456/?type=3


Antonio Limone BMMP 2024 Naples

What can be done
to reduce the use
of antibiotics in 

animals?
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System identity

Internal identity
(profit by means of

a traditional product)

External identity
(milk to be transformed in a popular product

and
profit of transformers)

Formal identity Semantic identity

Buffalo farm
output milk

What the system does
How the system works

Defined by means of the
metabolic characterization

Why the system exists and works

Downward causationUpward causation

VIABILITY
Internal techno-economic performance

Established by the relationships between funds and flows 

FEASIBILITY
Internal performance

Established by the relationships with ecosphere 

EXTERNALIZATION
Internal performance

Established by the relationships with external funds and flows 

DESIRABILITY
Normative and institutional features

Established by end use of the product and
system’s environmental pressure 
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Vulnerability
of the system

Monitoring 
the critical

point

Preparing an 
intervention

plan

Mitigating
the risks

REACTIVITY 
AND

READINESS
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THANKS

Antonio Limone
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World Dairy Scenario & India



World Milk Produc�on (Year 2023)

World milk produc�on:  944 MMT

World milk produc�on growth: 1.8% of last 20 years 

INDIA No. 1 Milk Producer: 

231 MMT (24% of world)

MMT: Million Metric Tonne Source: FAO



Status of Self Su2ciency for Milk 

India is 100% self su:cient in Milk consump�on.

• Huge poten�al for export in neighboring milk de=cit na�ons



% Share of Dairy Sector in Total Agricultural Produc�on

India @ 24% is among the highest in the 

world



India: Building World Dairy Leadership



Compe��veness of Indian dairy products
Farmer’s share in consumer price

Indian Farmer has the highest share of consumer price
Source: IFCN



World Average Farm Size 



Compara�ve Milk Produc�on Growth

CAGR of last 15 years: India: 4.9% | USA: 2.3% | EU : 1.3% | AUS: 0.5% | Netherland: 2.7% | World: 1.3%

(MMT/year)

1961 1971 1981 1991 1996 1998 2000 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2013 2015 2016 2019 2020 2021 2022 2023
0

50

100

150

200

250

India Australia Netherland USA European Union Russia

European Union

USA

Russia

AustraliaNetherland

India

Milk produc�on of India, Australia and Netherlands was almost similar in 1971

Source: FAO



Growth in Di�erent 

Sectors and Major 

Products of Agriculture 

and their Share in 

Sectoral Growth between 

1970-71 and 2020-21

Item
Compound 

Growth  Rate %
Increase:  

�mes
Share in total increase in 

agri &  allied output

1. All crops 2.46 3.38 52.59
Cereals 2.10 2.83 13.23

Paddy 2.08 2.80 6.66
Wheat 3.03 4.46 5.54
Maize 2.81 4.00 1.32

Pulses 1.68 2.30 2.36
Oilseeds 2.42 3.30 4.58
Condiment & spices

4.20 7.83 3.61
Fruits total

3.53 5.66 10.64
Vegetable total

3.43 5.41 6.08
2. Livestock 4.37 8.50 37.11

Milk 4.71 9.98 25.26
Poultry 6.42 22.45 6.30

3. Fishery 5.02 11.57 7.81
4. Forestry 0.55 1.31 2.49
5. Total Agriculture and allied

2.70 3.80 100.0
6. Human Popula�on

1.84 2.50 --
7. Female bovine popula�on 1.50 2.0 --



Consump�on Trends Dairy V/s Bread, Pulses & Sugar



Growth of Indian Dairy Industry

Year 1972 1997 2023 2030 2048

Milk Production in MMT 24 71 231 330 628

% of World Milk Production 6 14 24 30 45

Per Capita Consumption 
Gram Per Person Per Day 

110 214 466 550 852

In next 25 years, Milk 

Produc�on of India will reach 

628 MMTs, while demand for 

Milk and Dairy products will 

increase to 517 MTs 

By 2047, India will have 

export surplus of around 

111 MMTs 

2022
2024

2026
2028

2030
2032

2034
2036

2038
2040

2042
2044

2046
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How did India succeed so spectacularly in Dairy Industry  ?



The Amul Model

Milk Producer

Village Dairy Co-op.

Dist. Milk Co-op. 

Union

The Consumer

State Co-op. Milk 

Mktg. Fed.

• Establishment of a direct linkage between milk 
producers and consumers by elimina�ng middlemen

• Milk Producers (farmers) control procurement, 
processing and marke�ng

• Professional management

INDIA

Indian dairy 

coopera�ves ensure that 

their farmers get 70%-

86% of Consumers 

Rupee spent on Milk & 

Milk Products 

OTHER COUNTRIES

In USA, producers get 

38% of consumers’ 

money spent on milk

In UK, producers get only 

36%



By harnessing the collec�ve power of our 80 million Smallholder Dairy Ecosystem



18million in 

India

228374 

VDCS in 

India

18,559 VDCS 

in Gujarat

18 District 

Unions in 

Gujarat

222 District 

Unions in 

India

GCMMF 

in 

Gujarat

28 State 

Fedns. in 

India

SALES REVENUE SALES REVENUE

Addl. 

Price 

Di�.
Vet. & 

AH 

Services

Rural 

Health 

Schemes

 3.6 million in 

Gujarat

The Amul Model

CaLle 

Feed 

BonusDividend 

on Shares



Milk Produc�on in India

Milk produc�on 
in India 

(231 mill LPD)

Organized 
sector 

(51 mill LPD)

Dairy 
Coopera�ves

 (28 mill  LPD)

Private

(24 mill LPD)

Unorganized 
sector 

(88 mill.  LPD)

Retained by 
producers 

(92 mill.  LPD)



Reasons for Success of White Revolu�on

⮚ Vision -1970 self-su:ciency or “Atma Nirbharta”

⮚ Farmer’s owned very e:cient supply chain

⮚ SelJess dedicated leadership

⮚ Livelihood par�al or major for 80 million families

⮚ Very detailed planning, me�culous execu�on and monitoring OF

⮚ Engaging best of the professionals

⮚ Long-term investment in infrastructure rather than subsidies

⮚ Emphasis on marke�ng and branding

⮚ Technology integra�on and innova�on and digitaliza�on



BUFFALO MILK



World Bu�alo Milk Produc�on

Source: Discover Food

Ranking of countries 

with the highest bu�alo 

milk produc�on

India produces ~70% of 

the world’s bu0alo milk

Country Pound % of Top 20

India  £      202,82,50,40,000 68.78

Pakistan  £        75,77,49,94,020 25.70

China  £           6,45,59,40,865 2.19

Egypt  £           5,49,94,24,590 1.19

Nepal  £           3,02,67,33,821 1.03

Myanmar  £              45,13,95,945 0.15

Iran  £              28,21,91,360 0.10

Sri Lanka  £              16,21,85,075 0.06

Turkey  £              17,49,16,755 0.06

Indonesia  £              18,84,37,690 0.06

Bangladesh  £                 7,89,03,350 0.03

Iraq  £                 7,93,24,432 0.03

Vietman  £                 5,99,89,913 0.02

Bulgaria  £                 2,91,00,984 0.01

Romania  £                 3,19,66,900 0.01

Netherlands  £                    61,72,936 0.00

Syria  £                 1,36,24,552 0.00

Georgia  £                 1,40,61,066 0.00

Malaysia  £                 1,69,55,732 0.00



Bu�alo Milk Produc�on: World vs India

Country 2013-14 2014-15 2015-16 2016-17 2017-18 2018-19 2019-20 2020-21 2021-22 2022-23

India 61 64 68 73 78 83 87 92 98 103

World 114 116 120 126 132 137 138 138 140 142

53% 55% 57% 58% 59% 60% 63% 67% 70% 73%

Source: FAOSTAT

Annual bu�alo milk produc�on of over 
110 MMT with a consistent CAGR of 4-

5% in India



Largest Bovine Popula�on In The World : 310 Million

200 Million

55% 
of total milk produc�on

110 Million

45% 
of total milk produc�on

Source: BAHS 2023

51%
Milk Solid 

Basis



Bu�alo Milk: An Essen�al Natural Adjuvant

Source: Discover Food

Haryana

“Murrah”

BUFFALO BREEDS 

in INDIA

Gujarat

“Ja arabadi”

&

“Sur"”

Maharashtra

“Mehsana” & “Nagpuri” 

& “Marathwadi”

Average Lacta�on Yield Per Animal (kg) 2023

Breed Yield in Kg

Murrah 1752

Ja0arbadi 2239

Sur� 1300

Mehsana 1988

Nagpuri/ Pandharpuri 1790

Marathwadi 1120

Density of milk: 1.03 g/mL



Comparison of Cow and Bu�alo Milk

Source: Discover Food

MILK PROPERTIES COW BUFFALO

Fat 3-4% 6-8%

Protein 3-4% 4-5%

Shelf Life 6 days 7-10 days

PH Low High

Production 15-20 litres/ day 7-11 litres/ day

Lactose 4.7% 4.86%

Minerals (Daily Value)

29% of Phosphorous
21% of Calcium

6% of Magnesium
12% of Vitamin A

41% of Phosphorous
32% of Calcium

19% of Magnesium
14% of Vitamin A

1 kg of Cheese               =                 8 kg of Cow Milk                         5 kg of Bu0alo Milk      1 

kg of BuLer                 =               14 kg of Cow Milk                       10 kg of Bu0alo Milk



Superiority of Bu�alo Milk

PROPERTIES

Source: Discover Food, IDA

• Rich composi�on

• More protein and fat content

• High in vitamin B12 (Decreased risk of heart 

disease, stroke and other cardiovascular 

condi�ons)

• Excep�onally smooth, thicker consistency and 

white due to lack of carotene

• High richness makes it very ideal for 

processing- cost e0ec�ve

• FaQer globule size

• Higher nutri�ous grade

• Resilient whey proteins

• Lactose in raw bu0alo milk is 4.86%

• Great source: Ca, Mg, P, Zn and Vitamins A, B, 

D, E and K

• Therapeu�c bene=ts and acts as an adjuvant

• 30% more total solids than cow milk

• Greater viscosity and an�oxidant capacity 

than cow milk



Tradi�onal Bu�alo Farming



Bu�alo Farms: Challenges 

•  2-200 Bu�alo herd size -   Tied up Bu0alo 

•  Hand Milking -  Labour Intensive 

•  Bu0alo Temperament 

•  Poor Animal Comfort & Hygiene  

•  Frequent Breeding Failure 

•  Reducing availability of Skilled Labour / Milker

•  Di0erent udder shapes – Di0erent teat size 

•  Special physiology of Milk Ejec�on – S�mula�on/   Calf 

Conical shaped        Cylindrical shaped           Bottle shaped



Evolu�on of Organized Bu�alo Farms in India 



Bu�alo Farm: New Genera�on Adop�ng Technology 

NOBLE DAIRY FARM

• Tradi�onal third genera�on farmer with 2000 + Bu0aloes at Mumbai  

• New genera�on in family decided for Green =eld farm for 800 Bu�aloes 

• Loca�on: Gho�, Igatpuri, Nasik (Maharashtra)

• Complete mechanized Commercial Bu0alo Dairy Farm

• Data collec�on and analysis automated with Delpro system from Delaval 



Bu�alo Milk & Products

CHEESE

YOGURT

CREAM

ICE CREAM

GHEE

BUTTER

Varia�ons in Milk is inJuenced by

✔ Age

✔ Breed

✔ Season

✔ Nursing stage

Curd tension of bu0alo milk is higher

BuQer from bu0alo milk is tougher due 

to more faQy acids

Source: Discover Food

Pecorino Cheese

Bulgaria

Salty Cheeses

Egypt

Geimar Cheese

Iraq

Mozzarella

RicoLa Cheese

Italy



Indian Bu�alo Milk & Products

MILKCURD



Indian Bu�alo Milk & Products

GHEE CHEESE



Plant Milk & Products

LIES OF PLANT BASED



Growth in Bu�alo Milk Produc�on & Consump�on

GEOGRAPHIC 
REGION

• Some northern states prefer 
bu0alo milk over cow milk

• OUen used in tradi�onal 
Indian cuisine and sweets

• Commands a premium price 
of ₵84/ ltr vis-à-vis cow milk 

at ₵67/ ltr

DAIRY INDUSTRY

• Heavy dependence on bu0alo 
milk for various dairy 

products
• Cheese, yogurt, buQer, ghee, 

condensed milk, ice cream

ECONOMIC 
IMPORTANCE

• Provides livelihood 
opportuni�es for almost 80 
million households in India



Sustainability



Per capita emission (MT/year)



Indian Dairy Industry: Small Holder System (Economical 
Aspect)



Indian Dairy Industry: Small Holder System (Environmental 
Aspect)



Indian Dairy Industry: Small Holder System (Environmental 
Aspect)



Flexi Dome Gobar Gas Plant Installa�on at Farmers Doorstep



Carbon Footprint (CF) of Milk by Region

Source: FAO & GDP



GHG Emissions by the Indian Dairy Sector

• Enteric Methane (72%)
• Manure Management (17%)

GHG Hotspots



• Environment 
protec�on

• Lesser methane 
emission

• Livelihood

• Food security (Self 

Su:ciency & 

Nutri�onal security)

• Employment

• Pro=t maximiza�on
• Business expansion

Environment

Milk 

Producer 

Members

IndustriesCountries

Sustainable 

Development

Customers

• A0ordable nutri�on 
• Taste



Sustainability Starts When Stomach Is Full



Emission for Livelihood vs Emission for luxury 



Challenges to Dairy Industry

⮚ Milk Produc�on

⮚ Animal produc�vity and Breeding

⮚ Animal health and preven�on

⮚ Animal feeding

⮚ Policy level

⮚ Adultera�on

⮚ Analogue products

⮚ Free Trade Agreement (FTA)

⮚ Price Vola�lity

⮚ Next Gen: Not ready to work in dairying

⮚ Shortage of professionals

⮚ A1 versus A2

⮚ Cow versus Bu0alo Milk

⮚ Leadership



“We have traversed a path few have dared to.

We are con�nuing on a path s�ll fewer have the 
courage to follow. 

We must pursue the path that even fewer can 
dream to pursue. 

Yet, we must, because we hold in trust the aims and 
aspira�ons of millions of our countrymen.”

- Dr V. Kurien 

And Finally….



 

THANK YOU



PIERCRISTIANO BRAZZALE, FIL-IDF PRESIDENT

                 

             

CONSORZIO DI MOZZARELLA DI BUFALA CAMPANA

                             25 Settembre 2024
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Volterra

 IDF Dairy Matrix - the Factsheets Series pubblished on         

         November 2023

The (2023) series of IDF factsheets consists of 4 factsheets: general, milk, yogurt, 

cheese.

The factsheets report the synthesis of the most recent scientific evidence on the dairy matrix.

Fundamental concept: “the combination effect”: the action of a single nutrient is 

probably also dependent on the others and on how they are “combined” in the food 

itself.
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Antibiotic resistance in potential 
probiotic and pro-technological 
lactic acid bacteria isolated from 
buffalo milk
R.L. Ambrosio1, M. Di Paolo1, V. Vuoso1, F. Troise1, A. Anastasio1

1University of Napoli Federico II - Department of Veterinary Medicine and Animal Production, Italy



Lactic acid bacteria (LAB) are safely used as probiotics and normally used technologically in dairy
production. However, these bacteria could spread antibiotic resistance genes.

In this context, this study aimed to contribute to expanding knowledge on probiotic and pro-
technological bacteria of buffalo milk.

Context & AIM



FIRST INTERNATIONAL CONFERENCE ON
Buffalo Mozzarella & Milk Products

M&M and Results 

3

Caserta province

Milk sampling

Milk sampling

The research on mesophilic aerobic
Lactobacilli was conducted according to the
ISO 15214:1998 method

Characteristic
colonies were
identified by MALDI-
TOF/MS

70 strains selected

28.57%

21.43%
20%

12.86%

11.43%
2.86%

1.43% 1.43%



FIRST INTERNATIONAL CONFERENCE ON
Buffalo Mozzarella & Milk Products

M&M and Results 

4

doi: 10.5650/jos.ess22052d
doi : 10.1111/jfs.12211
doi : 10.1007/s13205-017-0682-0



FIRST INTERNATIONAL CONFERENCE ON
Buffalo Mozzarella & Milk Products

Results 

5
All strains were resistant to at least two antibiotics,
and 7.14% of them were resistant to all tested antibiotics



FIRST INTERNATIONAL CONFERENCE ON
Buffalo Mozzarella & Milk Products

Results & 
Discussion 

6

Percentage of resistance (R), and sensitivity (S) of the strains with respect to the tested antibiotic

The highest resistances were found for vancomycin
(92.86%), trimethoprim-sulfamethoxazole (90%),
gentamicin (87.14%) and ciprofloxacin (84.29%)

Resistances in relation to the pharmacological classes to which the tested antibiotics belong

88.57% of strains were multi-resistant



FIRST INTERNATIONAL CONFERENCE ON
Buffalo Mozzarella & Milk Products

Discussion

7

https://doi.org/10.3389/fmicb.2013.00103



FIRST INTERNATIONAL CONFERENCE ON
Buffalo Mozzarella & Milk Products

New ideas, future prospects and Conclusions

8

Caserta province 

8 Milk sampling in farms

But not only

ARGs analysis 

The awareness that LAB can present AMR genes transferable
to other microorganisms, including pathogenic ones, must
move the scientific/managerial communities towards
monitoring plans that better allow the surveillance and
containment of the spread of AMR.



Grazie per
l’attenzione!



Differential SCC and MPO 
evaluation as buffaloes milk 
indicators of udder status 

under heat stress 
M. G. Ciliberti, A. Santillo, M. Caroprese, R. Marino, A. Sevi, M. di Corcia, M. Albenzio

Department of Agriculture, Food, Natural Resources, and Engineering (DAFNE), University of Foggia,71122, 
Foggia, Italy



FIRST INTERNATIONAL CONFERENCE ON
Buffalo Mozzarella & Milk Products

Context

2

When addressing GW and livestock species, heat stress is the most important
outcome that negatively impacts animals’ health, welfare, and productive
performance (Bernabucci, 2019).

Prolactin 
Somatotropin

TSH
LH

Insulin

Milk yield and composition
Growth

Disease resistance 
Reproduction efficiency  

This study aimed at the evaluation of the 
differential milk somatic cell count (DSCC), 

and the surface expression of 
myeloperoxidase (MPO) and its activity in 

somatic cell (SC). 



Methods
SPRING SUMMER 

3 THI classes

THI < 72 (no HS) 

THI>72<76 (moderate HS)

and THI > 76 (severe HS)

Macrophages

PNMs 

Lymphocytes

MPO surface expression 
MPO activity by ELISA

From: To:

Abs panel cross-
reactivity with buffalo



FIRST INTERNATIONAL CONFERENCE ON
Buffalo Mozzarella & Milk Products

Results

4

Morphological dot plot of positive somatic cell to MPO-FITC antibody

SSC-A versus FSC-A 



Grazie per
l’attenzione!

✉ maria.ciliberti@unifg.it



To be or not to be safe and 
sustainable?
Comparing different scenario in lab-
grown food and dairy trades

Pier Sandro Cocconcelli 
Università Cattolica del Sacro Cuore

Piacenza-Cremona 
piercocconcelli@unicattit



Cell Factories for protein production

BACTERIA YEASTS FUNGI



PAM

Guide 
RNA

CLONING 

GENOME EDITING 

DNA SYNTHESIS

PROTEIN 

AM
R



ENZYMES

CHYMOSIN

LACTOFERRIN

FOOD



Milk Components
Proteins
Casein Proteins (80% of total milk protein)
αS1-casein (Alpha S1-casein): 32-35% of total milk proteins
αS2-casein (Alpha S2-casein): 8-10%
β-casein (Beta-casein): 25-28%
κ-casein (Kappa-casein): 8-10%
Whey Proteins (20% of total milk protein)
β-lactoglobulin (Beta-lactoglobulin): 50% of whey proteins
α-lactalbumin (Alpha-lactalbumin): 20-25%
Immunoglobulins (IgG, IgA, IgM): 10-15%
Bovine Serum Albumin (BSA): 5-10%
Lactoferrin: < 1%
Lysozyme: Trace amounts

Free Amino Acids
Glutamic acid
Leucine
Lysine
Aspartic acid
Arginine
Isoleucine
Proline
Valine
Phenylalanine
Histidine
Methionine
Tryptophan

Triglycerides:

component, 98% of total milk fat

Phospholipids: ~1%, essential for cell membranes

Cholesterol: ~0.3%

Fatty Acids: Includes both saturated (65-70%) and 

unsaturated fatty acids (30-35%)

Saturated: 

Palmitic acid, 

Myristic acid 

Stearic acid

Unsaturated: 

Oleic acid, 

Linoleic acid 

α-linolenic acid

Short-chain fatty acids: 

Butyric acid 

Caproic acid 

Caprylic acid

Vitamins
Vitamin B1 (Thiamine)
Vitamin B2 (Riboflavin)
Vitamin B3 (Niacin)
Vitamin B5 (Pantothenic 
acid)
Vitamin B6 (Pyridoxine)
Vitamin B7 (Biotin)
Vitamin B9 (Folate)
Vitamin B12 (Cobalamin)
Vitamin C (Ascorbic acid)
Vitamin A (Retinol)
Vitamin D
Vitamin E
Vitamin K

Minerals
Calcium (Ca): 
Phosphorus (P): 
Magnesium (Mg): 
Potassium (K)
Sodium (Na): 
Chloride (Cl): 
Trace minerals:
Zinc (Zn), Copper (Cu), 
Iron (Fe) Iodine (I) 
Selenium (Se)

Enzymes
Lactoperoxidase
Xanthine oxidase
Lipase
Alkaline phosphatase
Catalase
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SUSTAINABILITYSAFETY



2005 2008 2021 20222018

Risk Assessment of  microorganisms and their products 
non-GM – GM  –  NGT (genome editing)

2024 2024

Risk 
Assessment 

of NGT 

New Microbial 
Guidance

Biomasses
ERA 



SAFETY

o Whole genome Sequence and GMM assessment of the strains

o Presence of Antimicrobial Resistance Gene(s)

o Toxicology

o Manufacturing process

o Presence/Absence of viable cells and DNA of the production host

Food Enzymes
Processing Aids
Food/Feed 
additives
Novel Foods





volume
protein 

yield/d

protein

kg/d

hard 

cheese

45 L 3.3% 1.44 4.5

1000 L 0.13% 1.33 ?

SUSTAINABILITY - efficiency - LCA





Problems related to animal-
derived products

 "Intensification" of livestock systems

 Excessive exploitation of farm animals

 Increased exploitation of environmental resources

 Excessive use of antibiotics and synthetic products 
(residues)

 Use of GMOs

Lack of trust in animal-derived products



Future of animal breeding

Environmental and 
economic sustainability

Quality of production processes 
and production of functional 

foods
Animal welfare

Correct information of the consumers



Functional properties of buffalo 
products

SIRT foods: foods for 
longevity



ACTIVITY OF MILK BIOPEPTIDES

• Opioid-like and anti-opioid activity Caseomorphins – Lactorphines;

Casoxin;

• Antimicrobial activity Lactoferrin;

• Antihypertensive activity Casochinine – Lactochinine;

• Antithrombotic activity Caseoplateline;

• Fixing activity of minerals Phosphopeptides



MILK AND NUTRITIONAL PROPERTIES: 
CARNITINE

Milk and dairy products, together with fish and meat, are the main source of carnitine.

Chemically, carnitine belongs to the methylamine family and, despite being structurally
similar to an amino acid, it does not form proteins, and is more similar to acetylcholine.
It is a short-chain carboxylic acid and amino acid.



CARNITINE MEDIATED THE TRANSPORT OF FATTY 
ACIDS INTO THE MITOCHONDRIA



Bio-molecules of buffalo milk

-Butirrobetaine

Carnitine

Acetilcarnitine
Powerful anti-aging antioxidant
Neuroprotector (Alzheimer's)

Propionilcarnitine
Anti-ischaemic properties
Protection from ischemia-reperfusion injury
Improve endothelial function

Glicine betaine
Hepatoprotective
Anticirrhotic
Antioxidant
Antiatherosclerotic
action

δ-Valerobetaine
Antioxidant and
Anti-inflammatory action



δ-Valerobetaine in different milk sources



Buffalo milk is rich in carnitine, acetyl carnitine, propionyl carnitine, 
d-valerobetaine and glycine-betaine compared to bovine milk

Biomolecules of buffalo milk

BUFFALO MILK



…as well as yogurt and whey…

Biomolecules of buffalo milk



Betaine levels in Holstein (blue) and Modicana (red) milk Betaine levels in Modicana milk and dairy products

Carnitine and acil-carnitine levels in Holstein (blue) and
Modicana (red) milk Carnitine levels in Modicana milk and dairy products



Feeding regimenAvailability of space

A greater availability of per 
capita space increases the 
nutraceutical power of milk 
(Salzano et al., 2019)

13

Using green forage, especially 
alfalfa, in the diet increases the 
health-promoting power of the 
milk (Salzano et al., 2021)

Use of breeding techniques



Influence of animal welfare (space availability: 10 vs. 15 m2)

Biomolecules of buffalo milk
Biomolecules1 expressed in mg/l

Product Group2 Car C2Car C3Car IC4Car nC4car γ-BB δ-VB glyBet
Milk S15

S10

56,7±1,1A

39,8±0,7B

51,9±0,3A

39,7±0,7B

34,8±1,0A

21,0±0,9B

10,9±0,6

11,3±0,9

14,2±1,2

12,6±0,9

6,6±0,2

6,1±0,2

24,2±0,5A

16,7±0,5B

23,1±2,0A

13,5±1,6B

Whey S15

S10

40,9±0,8A

31,7±0,7B

41,1±1,7A

28,7±2,6B

26,9±0,8A

17,6±1,2B

10,4±1,2

11,3±1,3

14,3±1,2

13,6±1,3

6,0±0,4

5.9±0,3

22,0±0,9A

15,5±0,7B

10,7±0,4A

7,9±0,5B

Mozzarella S15

S10

27,0±0,7

28,3±1,3

12,2±1,0

12,0±1,0

6,0±0,3

6,3±0,3

2,4±0,2

2,1±0,2

2,6±0,1

2,5±0,2

2,3±0,2

2,6±0,3

6,1±0,1

5,9±0,1

4.3±0.5

3,8±0,4
Ricotta S15

S10

44,2±2,2

41,4±0,9

39,3±1,4

36,8±0,8

22,5±0,9

23,9±0,7

9,8±0,7

10,7±0,5

11,1±0,5

11,7±0,7

6,5±0,3

6,1±0,2

15,7±0,3

16,0±0,4

14,9±0,8

15,6±0,7
1Car = l-carnitine; C2Car = acetilcarnitine; C3Car = propionilcarnitine;	δ-VB	=	δ-valerobetaine;	γ-BB	=	γ-
butirrobetaine; iC4Car = isobutirrilcarnitine; nC4Car = butirrilcarnitine; glyBet = glicine betaine. 
2S15= pro capita space of 15m2 S10= pro capita space of 10m2  

A, B, Values whitin columns with different quotes differ; P <0.01



Influence of feeding regimen (green vs. dry forage)

Biomolecules of buffalo milk
Biomolecules1 expressed in mg/l

Product Group2 Car C2Car C3Car IC4Car nC4car δ-VB γ-BB glyBet
Milk dry

green

31.5±0.8a

41.6±0.5b

39.1±1.3a

49.7±0.8b

13.5±1.3a

20.5±1.7b

18.3±0.4a

21.8±0.4b

4.8±0.3

3.3±1.1

7.01±1.7

7.11±0.7
Yogurt dry

green

35.7±1.7

31.1±3.6

24.8±5.2

20.6±2.0

25.5±5.6

23.0±1.6

10.9±0.5

8.6±1.2

11.6±0.8

8.4±0.6

17.2±0.5

14.0±3.0

5.6±0.2

3.4±0.6

5.2±0.5

4.9±0.2
Mozzarella dry

green

15.1±1.2

13.6±0.1

8.8±0.3

7.3±1.2

1.4±0.1

1.1±0.2

0.6±0.1

0.6±0.1

0.4±0.1

0.4±0.1

1.6±0.3

1.4±0.2

6.3±0.1

5.0±0.8

2.0±0.2

2.0±0.7
Ricotta dry

green

23.8±0.3

21.1±0.5

15.9±0.4

13.8±0.6

7.2±1.1

5.9±1.0

3.3±0.1

3.0±0.5

2.2±0.2

1.9±0.3

1.2±0.2

1.4±0.4

13.2±0.8

11.0±2.3

6.6±0.7

14.9±1.3
Whey dry

green

39.2±0.1

31.2±0.5

24.1±2.5

24.4±2.5

27.1±2.5

25.1±0.9

11.4±0.5

10.6±0.0

15.8±0.5

14.7±0.5

2.2±0.3

2.7±0.3

23.3±0.8

20.9±0.5

9.3±0.3

8.5±0.7
1Car = l-carnitine; C2Car = acetilcarnitine; C3Car = propionilcarnitine;	δ-VB	=	δ-valerobetaine;	γ-BB	=	γ-
butirrobetaine; iC4Car = isobutirrilcarnitine; nC4Car = butirrilcarnitine; glyBet = glicine betaine.
a, b, Values whitin columns with different quotes differ; P <0.05



Antioxidant power of buffalo 
milk: influence of breeding 

techniques and animal welfare 
(space availability: 10 vs. 15 

m2)

Bio-molecules of buffalo milk

Bio-molecules of buffalo milk: 
antioxidant activity and 

dietary pattern (green vs dry 
forage)



What happens inside the rumen?
The study was carried out over 60 days by using Italian
Mediterranean dairy buffaloes (n=16; 8 per group).
Animals were randomly assigned to two homogeneous
groups (Control and Treated) according to parity, age,
days in milk and average milk production.
Control buffaloes received a total mixed ration (TMR)
whilst treated buffaloes received TMR + green forage
which comprised ryegrass (30% of the diet).
The two diets were created isonitrogenous and
isoenergetic and differed only in the inclusion of
ryegrass in treated animals.
At the end of the trial, samples of rumen and rumen
liquid were collected for molecular studies.

Item Control 
buffaloes

Treated 
buffaloes

Component Amount (kg of feed)
Ryegrass - 25

Corn silage 18 13

Alfalfa hay 5 1
Soybean meal

(48%) 1.6 -

Concentrate 4.4 4
Corn meal 1 1.8

Hydrogenated fats 0.3 0.3

Calcium Carbonate 0.1 -
Salt 1:3 0.1 0.1

Vitamins 0.1 -
Composition (% on dry matter intake)

Dry matter 16.5 16.6
CP 14.7 14.7
Fat 6.0 7.0

NDF 36.8 36.8
ADF 21.2 19.5
NSC 33.8 34.7

Starch 18.8 18.8
Ash 8.8 6.8

Calcium 0.9 1
Phosphorus 0.4 0.4

MFU 0.93 0.93

Table. Feed and chemical composition of the buffalo diets without (Control)
or with (Treated) 30% green ryegrass. NDF, neutral detergent fiber; ADF, acid
detergent fiber; NSC, non-structural carbohydrates; MFU, milk forage units.



Green feed increases rumen bacterial 
diversity in dairy buffaloes

.

Salzano et al., 2024 under review

Green diet regimen slightly affects the microbial compostion of the rumen of water buffaloes. Rumens of
animals fed green diet have an increased microbial biodiversity, mainly due to low (below 1%) represented
bacterial genera. The metagenomic analysis indicated an increased number of metabolic functions associated
to the rumen microbiota of the animals fed Green diet and different Carbohydrate-active enzymes that support
the synthesis of functional biomolecules in milk.
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Transcriptomic profiles of buffaloes ruminal 
wall fed green forage

Green feed diet in ruminants exerts a beneficial
effect on rumen metabolism and enhances the
content of milk nutraceutical quality. We
performed RNA-sequencing in the rumen of
buffaloes fed green feed (treated) or TMR
(control), and identified differentially expressed
genes.
Green feed modulates biological processes
relevant for the rumen physiology and, then,
health and well-being of buffaloes, such as lipid
and protein metabolism, response to the oxidative
stress, immune response, and muscle structure
and function.

Salzano et al., 2023 BMC Genomics



GENES RELATED TO FACTORS INVOLVED IN THE REGULATION OF BIOLOGICAL PROCESSES

ENERGY, AMINO ACID, AND LIPID METABOLISM
ARFGEF3: Codes for the BIG3 protein, which participates in the regulation of systemic glucose homeostasis, through 

the regulation of insulin and glucagon secretion.
HSD17B13: Associated with an increase in lipogenesis.
CDO1 and SELENBP1: Related to the metabolism of cysteine/methionine, serine, and lysine.

CELLULAR RESPONSE TO STRESS
VNN1: Codes for the pantetheinase enzyme, involved in the production of pantothenic acid (vitamin B5) and 

coenzyme A (CoA).
IMMUNE SYSTEM AND INFLAMMATION

TRIM14: Codes for a protein belonging to the TRIM family, also known to promote the body's defense against viral 
infections.

IGFBP6: Involved in the immune response.
___________________________________
GENES RELATED TO FACTORS INVOLVED IN THE FUNCTIONALITY OF THE RUMEN

ORGANIZATION OF THE EXTRACELLULAR MATRIX
LAMA1 and COL4A6: Main constituents of the extracellular matrix.
COL1A1 and UGDH: Main constituents of the extracellular matrix.

MUSCLE STRUCTURE/FUNCTION
KCNK10, CACNG4 and ATP2B4: Codes for factors that modulate Ca2+ homeostasis.



Green forage impacts on the DNA methylation
in the ruminal wall of IMB 

The aim of this study was to identify genomic regions
differentially methylated in the ruminal wall of IMB fed green
forage compared to a standard TMR diet, through the RRBS
technique.
We highlighted 4648 genes associated with differentially
methylated regions, the majority of which (82.4%) were
protein-coding genes. Gene Ontology found categories related
to response to oxidative stress, circadian rhythms, fungal
infections and inflammation, rumen functionality, energy,
lipid, and amino acid metabolism.
The integration of differential expression data with
methylation data allowed to identify a discrete number of
genes for which their expression varies as a function of DNA
methylation.

Gene ontology enrichment analysis of genes associated with DMRs. Selected GO-terms,
enriched in genes associated with hyper-DMRs (a) and hypo-DMRs (b) in the ruminal
wall of BMI fed green forage in comparison with animals fed standard diet, are shown.Fioriniello et al., 2024 under review



Buffalo milk and rumen fluid metabolome are 
significantly affected by green feed

The study of milk metabolomic profile revealed a
compositional differences between buffaloes fed
TMR only (DD group) or green feed (ZG group).
As resulted from the multi- and univariate analysis
of the LC–MS dataset, DD and ZG groups cluster
separately from each other when comparing
samples collected at the same time point, differing
in the abundance of specific metabolites (Table 2).
In rumen fluid, among the molecules differentially
accumulated, four have been putatively identified
(Table 5). All these compounds are down regulated
in control vs green feeding.

Neglia et al., 2023 Scientific Reports

Milk

Rumen fluid



Former food products (FFPs) and 
biomolecules in milk

Our hypothesis was to test if FFPs could be used as
an alternative to green forages to improve rumen
metabolism and ensures higher levels of carnitine
precursors during all year round. The inclusion of
FFPs containing 87% biscuit meal in the diets of
dairy buffaloes reached similar values to green
feed for δ-valerobetaine and acetyl-L-carnitine
while the antioxidant activity in milk and plasma is
still higher in green feed compared to FFPs.

Neglia et al., 2023 Journal of Animal Physiology and Animal Nutrition



Bio-molecules of buffalo 
products: quality nutrition

Offer the consumer food able to 
maintain health without negative 

effects on the environment

Single person

Health 
sustainability

Environment

Environmental
sustainability

Society 

Social 
sustainability



Thanks for the attention



Maria Luisa Balestrieri
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Interplay among nutrients, metabolites and epigenetic pathways

FAD
2-OG

Acetil CoA

NUTRIGENETIC NUTRIEPIGENOMIC

EPIGENETIC 
MODIFICATION

FOOD 
RESPONSIVENESS

Coppedè F, et al. Epigenomics, 14(20), 1281–1304, 2022
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Nutritional factors influence the epigenome

Allergy and 
asthmaDiabetes

ObesityCardiovascular 
diseases

Inflammatory 
bowel 

diseases

Cancer Depression

Metabolic
diseases

Anxiety
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DNA Methylation

GENE EXPRESSION

EPIGENETIC

Histone deacetylation

Epigenetic: the bridge between environment and genome

Genomic instability

Chronic inflammation
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Sirtuin: the epigenetic stressor modulator

AGING

TLRs, TNFRs, 
IL-1R

IKB degradation

NF-kB activation

Cytokines, 
Chemokines

Release

INFLAMMATION
CELL DAMAGE

INFLAMMAGING

EPIGENETIC 
MODIFICATION

9

INFLAMMATION METABOLISM

AGING

Changes in ADP ∕ ATPNAD+ ∕ NADH

SIRTUINS

ROS

mDNA

AMPK

NF-κB

NLRP3 SASPs
Inflammaging
Lipogenesis
Insuline resistance

mTOR

FoxO

Lipid oxida on
Lipogenesis
Altered prolifera on

p53

MAPK

p21
p16

Cell cycle arrest
Altered proliferation
Cellular senescence

pro-inflammatory factors, 
proteases, cytokines 
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MicroRNAs in epigenetic regulation

Drosha

miRNA

Perfect complementarity

Partial complementarity

miRNAs

Translational Repression

mRNA Cleavage



Molecular mechanism through 
which buffalo milk targets aging  

pathways
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Dietary Epigenetic Modulators

Non- Flavonoids: 
stilbenoids (resveratrol), 
Piceatannol, Trans-(−)-ε-
Viniferin

Flavonoids: flavonols, 
flavones, isoflavones, 
flavanones, flavanols, 
anthocyanidins

Hydroxycinnamic acids:  
curcumin

Vitamin E, D, 
Omega 3

Betaines: 
Ergothioneine
δ-Valerobetaine  

WheyMilk
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Epigenetic modulators of buffalo milk

10

Martino E, et al. Nutrients. 29;14(23):5081,,2022 022
Exosome containing microRNA

Betaine and short chain acyl-carnitines
Servillo L, et al. JAFC, 1;66(30):8142-8149, 2018
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Betaine profile of buffalo milk

11 Servillo L, et al. J Agric Food Chem, Aug 1;66(30):8142-8149, 2018
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Carnitine and short-chain acyl carnitine profile of buffalo milk

12
Servillo L, et al.Agric Food Chem, 66:8142-8149, 2018
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The experimental approach

In vitro models of 

human colorectal cancer cells
Mouse model

Colorectal cancer

In vitro models of human endothelial cells

Insuline resistance - Type 2 diabetes Oral Squamous Cell Carcinoma

In vitro model of human oral squamous 
cell carcinoma

In vitro model of human 
colorectal cancer cells 



FIRST INTERNATIONAL CONFERENCE ON
Buffalo Mozzarella & Milk Products

Epigenetic signature of buffalo milk-δ-valerobetaine
in altered glucose homeostasis

14

D'Onofrio N, et al. JAFC, 67(6), 1702–1710, 2019

Martino E, et al. Antioxidants. 19;11(8):1611, 2022 1611, 
2022

INSULINE RESISTANCE
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Health effects of buffalo milk-derived microRNAs

16 D'Onofrio N, et al . Redox Biol, 62, 102681, 2023 Martino E, et al. Cell & Mol Biol letters, 28(1), 66, 2023
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MiR-148a-3p/SIRT7 Axis Relieves Inflammatory-Induced 
Endothelial Dysfunction

17 Anastasio C, et al. IJMS. 7;25(10):5087, 2024
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The health benefits of whey in endothelial cells occur via SIRT3

18

Martino E., et al. Antioxidants. 12(6), 1311, 2022 
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Pathways common to cancer and diabetes

19

TYPE 2 DIABETES

ROS
INFLAMMATION

CANCER

Insulin receptor activation
IGF receptor activation
Akt resistance
ERK upregulation
PPAR-γ downregulation
Cyclin D1 upregulationInflammatory

cytokines

Insuline resistance
Hyperinsulinemia

Transcription factors
(NF-κB, STAT3, HIF1-α) 

Hyperglycemia

H2O2

Glucose autoxidation
AGEs/RAGE interactions

Epigenetic alterations
Oncogene / tumor suppressor
genes dysregulation
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Synergistic Effect of Dietary Betaines in Human Oral Squamous 
Cell Carcinoma

20

D’Onofrio N et al. Cancers (Basel). 31;12(9):2468, 2020 
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Epigenetic signature of buffalo milk in colorectal cancer

21

HCT116 HT-29

Mitochondrial
ROS

Lysosome fusion

Apoptosis

ER-stress

ER-i

BAX/Bcl-2

Procaspase-12

CHOP
PERK

XBP1sATF6

Martino E, et al. Nutrients. 14(23), 5081, 2022
D’Onofrio N, et al. IJMS. 22(15), 8117, 2021
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MiR-148a-3p Promotes Colorectal Cancer Cell Ferroptosis by 
Targeting SLC7A11

22
Martino E, et al, Cancers. 15(17), 4342, 2023
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Chemopreventive effect of milk whey

D’Onofrio N, et al. Cancers. 13(20), 5196, 2021
Cacciola NA, et al. IJMS. 23(15), 8464, 2022

MITOCHONDRIAL DYSFUNCTION 
↓ LDHA    
↓SREBP-1
↓ PPAR-α
↑ PPAR- γ

INFLAMMATION NECROPTOSIS

BALB/c nude mice

Whey

HCT116

HT29

CELL CYCLE ARREST
↓ Cyclin B
↑ Cyclin D

APOPTOSIS
↑ Caspase 3

SIRT3
SIRT3 silencing

SW480

LoVo HT29

METABOLIC AND
MITOCHONDRIAL DYSFUNCTION 

↓ LDHA    
↓SREBP-1
↓ PPAR-α
↑ PPAR- γ

CELL CYCLE ARREST
↓ Cyclin B
↑ Cyclin D

APOPTOSIS
↑ Caspase 3

SIRT3
SIRT3 silencing

SW480
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Chemopreventive effect of milk whey

Cacciola NA, et al. Cell Commun Signal Sep 20;21(1):245,. 2023

D
M
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Buffalo milk and whey: epigenetic modifiers for precision medicine

HUMAN GENOME

GUT MICROBIOME

METABOTYPING

PERSONALIZED 

NUTRITION

25
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EXPLORING WINE AND CHEESE 
PAIRING

Angelita Gambuti
Department of Agricultural Sciences, Section of Vine and Wine 
Sciences, University of Napoli ″Federico II″, 

First International Conference on
Buffalo Mozzarella
& Milk Products
24-25 September 2024

Naples, Italy



Wine Racks America

Which wines pair best with what 
cheeses?

…….a  question of interaction



NUTRITIONAL or 
SENSORY 

POINT OF VIEW?



Stimula: 

• Odour active volatile 
compounds

• Tasty molecules
• «Touch molecules»



Stimula: 
• Odour active volatile 

compounds
• Tasty molecules

• Polyphenols, 
proteins, fats



proteins, vitamin A, zinc, sodium, lactose, fats, phosphorus, 
calcium, volatile compounds

Mouthfeel active compounds



ethanol, sugars, acids, volatile compounds, 
phenolic compounds

Mouthfeel active compounds



A complex system: 

cheese compounds (fats and proteins)
wine compounds (polyphenols and 

acids)
saliva

Food and beverages pairing by experts was described to depend on 
three perceptual principles: 1) rinsing for maintaining the qualities 
of each product; 
2) masking for suppressing off-flavor in one product; 
3) synergy for enhancing a positive attribute in a product. 

MOUTHFEEL SENSATION



Two pivotal factors may contribute to a positive evaluation of the 
cheese and red wine pairing: 

By determining the
precipitation of astringent
tannins during tasting due
to the cheese coating of
mouth and saliva

By determining the decrease
in residual proteins in
mouth occurring during wine
tasting

suppression of astringency of
red wine

oral cleansing: effect of red
wine in cleansing the oral
cavity from mouth-coating and
lingering aftertaste due to fat
and proteins of cheese
(Madrigal-Gala and Heymann,



WINES

CHEESE 

-

% Fat

Primo sale cheese (P) 17

Semi-hard cheese (M) 50

Hard cheese (D) 45

Dry ricotta (R) 23

Ethan
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acidity 
(g/L)

pH Glucose 
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fructose

(g/L)

Malic 
acid

(g/L)

Lactic 
acid
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Free 
sulphur 
dioxide 
(mg/L)

Total 
sulphur 
dioxide 
(mg/L)

Wine 
1

12.03
±0.1

4.31±0.0
2

3.96±0.0
4

0.13±0.0
2

0.02±0.0
1

1.7±0.1 21.94±1.
2
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22

Wine 
2

12.11
±0.03

4.27±0.0
5

3.97±0.0
3

0.10±0.0
4

0.57±0.0
3

1.6±0.1 6.53±0.9
4

28.23±1.
35



• 10 mL Wine

• 1 mL
Saliva 

15 seconds 

37 °C

SIMULATION OF TASTING

• 15% high-
fat 

• 4%  low-
fat

6 g



Binding 
Reaction

MIX

HS + CT

5 min. a 37 °C

Precipitazione 
ed analisi del 
surnatatnte

Human Saliva (HS)+ Commercial 
Tannins (CT) at different

concentration: 2-4-6-10 g/L

MM  HS    CT2 CT4 CT6 CT10

Analytical tools: SPI and 
residual proteins



cleansing effect

The SDS-PAGE electrophoretic pattern of salivary proteins (S) interacting with cheeses (P,
D, M, R), before (S+P, S+D, S+M, S+R) and after (S+P+W1, S+D+W1, S+M+W1,
S+R+W1) the interaction with wine W1 (Figure 5A) and W2 (Figure 5B). MM: molecular
marker (kDa).

The Saliva Precipitation Index (SPI) of wines before (W1 and
W2) and after the interaction (W1M, W1P, W1D, W1R; W2M, W2P,
W2D, W2R) with cheeses (M=semi-hard cheese; P= Primo sale
cheese; D=Hard cheese; R=dry ricotta) expressed in g/L of
gallic acid equivalent (GAE). Error bars represent standard
deviation over three replications.

SPI 



OP Optimal Pairing Index
In equation 1 (Eq.1), let:

OP be the optimal pairing score between cheese and wine.
Δcleansing effect be the percentage decrease of total proteins (cheese and saliva) by wine.

ΔSPI be the decrease of astringency by cheese, measured by SPI.

Residual fat be the content in fat (g) that would remain to coating mouth after eating a piece of cheese of 6 g (Repoux
et al., 2012).

The OP is a function of these factors:

Eq.1: OP = [1− (1−Δcleansing effect)⋅(1−ΔSPI)] ⁕ residual fat (g)

The Eq.1 assumes that a higher percentage decrease in cheese protein by wine and a higher decrease in astringency 
(SPI) by cheese in presence of saliva contribute positively to the pairing score. 



Cheese wine optimal pairing (OP) between wines (W1 and W2) and cheeses
(M=semi-hard cheese; P= Primo sale cheese; D=hard cheese; R=dry ricotta).
Error bars represent standard deviation over three replications.

OP Optimal Pairing 



NUTRITIONAL
POINT OF VIEW?



Concentration of total phenolics (A), BSA-reactive tannins (B), total anthocyanins (C), and polymeric pigments (D) in wines
before (W1 and W2), and after the interaction 1 with saliva and cheese (M=semi-hard cheese; P= Primo sale cheese; D=hard cheese; 
R=dry ricotta). Error bars represent standard deviation over three replications. 

Content of residual phenolic compounds in 
supernatant

What is the effect on bioaccessibility and 
bioavailability?



The analysis of the proteins and phenolic
compounds after the binding reactions represented
only one side of the chemical interactions in
food and wine pairing.

The study of the aroma and texture of both wine
and cheese should also be considered from a
sensory point of view.

Several variables affect the entity of the
reciprocal interactions between polyphenols and
other cheese compounds. Deeper in vitro and in
vivo studies are urgently needed to understand
all the variables that can influence the entity
of these reciprocal interactions, from the cheese
matrices (i.e., types, structures,
concentrations, hydrophilic/hydrophobic
characteristics), to the environmental conditions
(pH, temperature, processing methods), until to
the physiological situations (bioavailability,

CONCLUSION



Thank you for your kind 
attention !

ANY QUESTIONS?



Utilization of molasses-derived
feeds in Italian Mediterranean 
buffaloes

Alfio Calanni Macchio1, Roberta Matera1, Gabriele di Vuolo2, Giuseppina Pedota3, Valentina 
Longobardi1, Federica Piscopo1, Francesca Aragona1, Gianluca Neglia1

1 Department of Veterinary Medicine and Animal Production, University of Naples Federico 
II, Naples, Italy
2 Istituto Zooprofilattico Sperimentale del Mezzogiorno, Portici (NA), Italy
3 Associazione Regionale Allevatori della Basilicata, Potenza, Italy
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Background

2

Buffalo population in Italy has grown significantly - from just 12,500 
animals in 1947 to nearly 432,000 in 2022 (National Zootechnical

Database).
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Materials and Methods

• Buffaloes’ milk production (daily)

• Milk samples (every 15 days) – fat, protein, casein levels

• Blood samples – metabolic profiles

• In vitro fermentation tests – impact of molasses on rumen
efficiency

3

64 Italian Mediterranean 
buffaloes

Cancello ed Arnone, Italy

134 days from February to June 
2023

Two homogeneous groups (32 buffaloes
each)

Group C (control)

Standard total mixed ration (TMR)

Group T (treatment)

TMR + molasses-based liquid
feed (SUGARPLUS®)



PRODUCT:
Mozzarella di Bufala Campana

Diet and Production 
Efficiency

Molasses-based liquid feeds: 
ADVANTAGES 
• Highly palatable
• Readily fermentable sugars, which

increase feed intake
• Rumen efficiency
• Better digestion, nutrient absorption, and 

overall productivity
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Experimental results

Treated group’s milk had a higher fat content—8.58% 
compared to 8.33% in the control group. 
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Buffaloes in the molasses-fed
group produced more milk daily, 

averaging 12.2 kg per day, 
compared to 11.7 kg in the control 

group. 
Cheese yield was higher in the treated group, increasing
from 27.3% in the control group to 28.3%. 
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Experimental results

Impact on Milk Quality

Improvements in fat and protein
content

Milk from the treated group had higher levels of 
short-chain fatty acids (SCFAs) and medium-chain
fatty acids (MCFAs)

Milk from the treated buffaloes had a 
shorter coagulation time and firmer
curd
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Conclusions

7

Using molasses-based liquid feeds can improve both the quantity
and quality of milk, boost milk yield, enhance milk's suitability for 
cheese-making, particularly for mozzarella production.

Sustainable and efficient way to improve production outcomes. 



Grazie per
l’attenzione!

✉ alfio.calannimacchio@unina.it



Effect of feeding and ripening system 
on nutritional and functional profile 
of buffalo cheeses

Marika Di Paolo¹, Nunzia D’Onofrio², Angela Salzano¹, Alfio Calanni Macchio¹, Alessandro 
Cuomo³, Maria Luisa Balestrieri², Raffaele Marrone¹

¹ University of Napoli Federico II - Department of Veterinary Medicine and Animal Production, 
Italy; ² University of Napoli Federico II - Department of Precision Medicine, University of 
Campania “Luigi Vanvitelli”, Italy; ³ Arredo Inox S.r.l., Crotone, Italy.
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INTRODUCTION AND AIM

2

The chemical characteristics of buffalo 
milk interfere and extend the ripening 

process of buffalo cheeses 
SOURCE: Batool et al., 2018 

a cost for a company that wants to 
invest in buffalo ripened cheeses

Ripened buffalo cheeses?

CAPSULE - Ottimizzazione delle teCniche di Allevamento e dei Processi produttivi del 
Settore lattiero-caseario bUfalino e del vino per la produzione di aLimEnti funzionali

The present study proposes to evaluate the effect of 

Inclusion of green feed Innovative Ripening System

provide solutions that enable the production of 
nutritionally competitive and sustainable products
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MATERIALS AND METHODS
Animals, Diet , Cheese Making and Ripening process

3

Feed (Kg) Diet
CTL FRS

Concentrate 5.50 2.50
Alfalfa 4.50 2.60
Straw 1.20 1.20
Silomais 23.00 18.00
Green ryegrass - 25.00
Hydrogenated fats - 0.30
Calcium carbonate - 0.05
TOTAL 34.20 49.65

Animals and Diet

Buffalo were randomly divided in 
two group:
• Control group, CTR; n = 25
• Fresh group, FRS; n = 25

Table 1. Diets composition (kg) of buffaloes fed
with (FRS) and without (CTR) green feed inclusion.

Figure 1. Industrial ripening plant (Stagionello ® 
European Patented Device and controlled pH – n. 

EP 2769276B1) to ripen cheeses. 

The cheeses were ripened using a system called Stagionello®, equipped with an internal 
control device that allow the monitoring of the physical and chemical state of cheese during 

the ripening by continuously measuring of pH and climatic parameters.

Temperature (°C)

Relative Humidity (RH%)

Air Flow pH

Ripening systemCheese Making
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MATERIALS AND METHODS
Sampling procedure

4
Tradizional method (MT) 7 days

Innovative method (MI) 3 days

PRIMO SALE

raw
buffalo milk

FRS  CTL

Curd (C)

For each interval, 2 samples were collected and classified based on the type of feed 
administered to the animals (CTL = without green feed; FRS = green  feed).

Cheese Ripening time Ripening steps pH Air temperature (°C) RH   (%) Airflow 

Hard cheese

INNOVATIVE
60 days

Stewing (1 h) 5.5 26 85 0
Dripping (8 h) 4.8 24 80 1
Drying 1 (24 h) 5.0 22 75 0
Drying 2 (24 h) 5.0 21 76 0
Drying 3 (24 h) 5.1 19 78 0
Drying 4 (24 h) 5.1 17 80 0
Pre- ripening 1 (48 h) 5.1 15 82 0
Pre-ripening 2 (48 h) 5.2 14 82 0
Pre- ripening 3 (48 h) 5.3 13 84 0
Pre- ripening 4 (48 h) 5.4 12 85 0
Ripening (48 days) 5.5 11 73 1

TRADITIONAL  
120 days             - .+14/15 90-96 -

Primo sale

INNOVATIVE
3  days Ripening (72 days) 5.6 10 35 0

TRADITIONAL  
7 days             - 13 85 -

Table 2. Experimental ripening design for hard cheese and primo sale cheese.

FRS  CTL

Cheese on the first 
prodution day (T0)

HARD CHEESE

Innovative method (MI) 60 days

Tradizional method (MT) 120 days

Ripened cheese

The cheeses obtained were ripened using two different methods: a longer, 
traditional method and a shorter, experimental method.

Climatic recipes
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The effects of the feeding and accelerated ripening were evaluated through physicochemical 
analysis, examination of health-promoting biomolecules and antioxidant power.

Study of the physical and chemical characteristics
 Chemical composition (AOAC International, 2002)

 Color (CIE L*a*b*) (Serrapica et al., 2020)

 Texture profile Analysis – TPA (Di Paolo et al., 2023)

Study of the lipolysis and oxidation indexes
 Free Fatty Acids - FFA (Manzo et al., 2019)

 Thiobarbituric Acid - TBARs (Ambrosio et al., 2014)

 Peroxide Value - PV (De Luca et al., 2019)

Study of health-promoting biomolecules and antioxidant power 
 Health-promoting biomolecules: γ-butyrobetaine, glycine betaine, δ-valerobetaine, l-

carnitine, acetyl-l-carnitine and propionyl-l-carnitine (Salzano et al., 2021)

 Antioxidant power – FRAP; Assay Kit (MBS169262) and total antioxidant capacity (TAC); 
Assay Kit (#K274-100) (Salzano et al., 2021)
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Table 3. Effects of feeding system and ripening time on chemical composition of primo sale cheeses 
and hard cheeses.

Primo sale Hard cheese

Semi-finished products Ripened cheeses Semi-finished products Ripened cheeses

Item C T0 MI MT C T0 MI MT

Fat, CTL 17.56±0.65 18.22±1.23 16.85±0.81 16.56±1.77 23.35±1.07 34.52±1.24 33.58±1.25 44.43±0.81
% FRS 21.66±0.38 19.23±1.61 13.06±0.41 15.98±0.35 24.83±1.18 33.95±0.80 44.86±2.40 45.61±0.87

Protein, CTL 12.56±0.77 11.61±0.49 16.85±0.81 16.56±1.77 15.37±0.50 16.69±0.74 24.83±1.12 19.26±0.78
% FRS 11.45±0.77 12.54±0.87 13.06±0.41 15.98±0.35 14.97±0.65 15.34±0.74 25.51±2.46 19.41±1.04

Moisture, CTL 56.63±1.43 57.74±0.57 39.60±1.94 32.77±1.31 49.16±0.86 49.30±0.80 18.23±0.78 13.55±0.76
% FRS 58.86±1.66 56.23±1.44 42.20±0.74 37.91±1.93 48.69±1.52 49.00±2.54 17.56±0.81 13.35±0.76

NaCl, CTL 0.20±0.06 2.53±0.09 4.19±0.31 6.13±0.45 0.19±0.03 0.41±0.03 1.76±0.38 1.67±0.22

% FRS 0.15±0.01 2.49±0.14 4.33±0.29 5.44±0.55 0.09±0.01 0.37±0.05 1.70±0.18 2.11±0.12

Effect of feeding
The inclusion of green feed in the buffalo diet did not 
significantly affect the chemical composition of 
buffalo cheeses. 

Effect of ripening method
The ripening method did not significantly affect the 
chemical composition of buffalo cheeses. 

Table 4. Effects of feeding system and ripening time on the lipolysis and oxidation indexes  of primo sale 
cheeses and hard cheeses.

Primo sale Hard cheese
Semi-finished products Ripened cheeses Semi-finished products Ripened cheeses

Item C T0 MI MT C T0 MI MT
PV, CTL 1.346 1.965 2.964 5.028 1.538 1.550 1.395 1.257
meqO2/kg FRS 1.683 2.348 2.475* 4.582* 1.328 1.423 1.741 1.431

FFA, CTL 0.047 0.037 0.065 0.052 0.148 0.112 0.693 0.946
% FRS 0.056 0.037 0.047 0.054 0.076 0.114 0.630 1.080

TBARs, CTL 0.028 0.012 0.064 0.025 0.054 0.076 0.061 0.538
mg/kg FRS 0.012 0.125 0.055 0.010 0.086 0.132 0.129 0.429*

The lowest peroxide values were observed in 
cheeses of fresh group (FRS), pointed out the
influence of the feeding system on the levels of 
antioxidant compounds during ripening.

Lower levels of lipid oxidation in cheeses subjected
to a fast innovative ripening method (MI).
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Figure 4. Antioxidant power of primo sale cheese during the ripening period. 

Figure 5. Antioxidant power of hard cheese during the ripening period. *=p<0.05 vs CTR group.

Effect of feeding
Higher antioxidant power was found in 
milk and cheese of  fresh group (FRS) 
compared to the control group (CTR).

Leafy vegetables contain relatively high amounts of
Nε-trimethyl lysine (TML), which participates in l-
carnitine and δ-valerobetaine biosynthesis, and has
recognized antioxidant properties (Salzano et al 2021).

Effect of ripening method
The innovative ripening method (MI) 
improved the antioxidant properties of 
both buffalo cheeses.
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Primo sale Hard cheese
ppm milk C T0 MI MT milk C T0 MI MT

γ-butirrobetaina
CTL 5.09±0.15 2.12±0.05 5.76±0.35 6.84±0.02 6.16±0.29 4.74±0.44 2.38±0.38 2.81±0.15 3.02±0.06 3.09±0.14
FRS 5.96±0.5* 2.54±0.03 6.41±0.18 7.14±0.10* 6.42±0.07 5.00±0.51* 2.73±0.09 3.82±0.17* 4.03±0.06 3.87±0.61

δ-valerobetaina
CTL 17.57±0.46 6.25±0.07 14.56±0.47 15.15±0.04 14.97±0.24 18.58±0.22 6.11±0.47 6.04±0.03 6.08±0.10 5.98±0.19
FRS 26.22±0.62** 6.43±0.19 16.29±0.42 16.85±0.14* 15.36±0.17 27.10±1.24** 7.05±0.46* 6.77±0.32* 7.03±.04* 6.95±0.39

glicinabetaina CTL 16.87±0.11 4.19±0.3 14.23±0.05 14.47±0.07 14.16±0.07 16.57±0.88 3.90±0.09 4.93±0.13 5.05±0.06 5.01±0.09
FRS 18.53±1.75* 5.11±0.06 14.88±0.22 15.61±0.24* 14.96±0.13 18.60±0.30* 4.95±0.12* 5.09±0.20 5.35±0.17 5.12±0.11

carnitina CTL 38.45±1.73 21.99±2.30 30.10±1.64 37.69±0.55 34.62±0.26 39.8±0.86 23.54±0.35 30.37±0.44 30.58±0.60 29.96±0.21
FRS 45.26±1.75** 25.50±1.10 30.15±0.47 33.2±0.7* 29.99±0.71 44.3±1.91* 24.25±0.39 32.04±0.80 32.32±0.70* 31.96±0.09

acetilcarnitina CTL 40.20±0.6 11.62±1.78 23.02±0.08 23.99±0.40 23.370.50 40.38±0.70 12.12±0.40 13.76±0.15 14.15±0.04 19.96±0.08
FRS 49.94±0.96** 13.55±0.98* 22.62±0.47 24.75±0.16* 22.26±0.31 49.08±0.56** 13.37±0.60 14.79±0.93* 15.2±0.12* 14.91±0.09

propionilcarnitina CTL 16.72±1.52 5.54±0.12 20.54±0.41 21.63±0.21 20.49±0.29 16.80±1.61 5.44±0.17 5.93±0.13 6.06±0.04 5.98±0.07
FRS 27.01±1.88** 6.02±0.18 23.27±0.24 23.61±0.29 23.71±0.50 28.83±0.95** 6.26±0.25* 6.21±0.04* 6.35±0.16 6.19±0.11

Table 5. Effects of feeding system and ripening time on health-promoting biomolecules of primo sale cheeses and hard cheeses.

Effect of ripening method
The innovative method, compared to the traditional one, did not negatively affect the content of 
betaine and carnitine but positively contributed to their accumulation in the cheeses.

Effect of feeding
Higher concentration of the 
health-promoting biomolecules
in milk and cheeses of fresh group 
(FRS) compared to those fed 
without green feed (CTR). 

The greater δ-valerobetaine content of milk in
buffaloes that received green feed provides
one explanation for the greater total
antioxidant capacity compared with buffaloes
of the CTR group (D’Onofrio et al., 2019).



FIRST INTERNATIONAL CONFERENCE ON
Buffalo Mozzarella & Milk Products

CONCLUSION

9

Therefore, accelerated ripening methods and functional 
diets could be candidates as promising systems for the 

valorization of buffalo cheeses in the dairy industry.

Inclusion of green feed Innovative Ripening System

the role of a diet with green forage on 
buffalo productions

the importance of choice suitable 
climatic parameters



Grazie per
l’attenzione!

✉ marika.dipaolo@unina.it
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Buffalo Farming

Buffaloes are a major global livestock 
of economic and social importance in 
both developing and developed 
economies 

2
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Functional products
“Diet is the “medicine” we take daily to improve our health!!!” 

3

In recent years, consumer attention has focused on functional foods of animal origin, especially if 
produced with respect for the environment and animal welfare.



The ruminal microbiota produces carbohydrate-active
enzymes (CAZymes) which include lignocellulolytic

enzymes that fundamentally determine the degradation
and debranching of plant polysaccharides. 

Glycoside hydrolases 
(GH, hydrolyze and/or 

rearrange glycosidic bonds) 

Glycosyl transferases 
(GT, form glycosidic bonds)

Polysaccharide lyases 
(PL, non-hydrolytic cleavage 

of glycosidic bonds)

Carbohydrate esterases
(CE, hydrolyze carbohydrate esters)

Auxiliary activities 
(AA, redox enzymes that act 

in conjunction with CAZymes)



AIM
To determine the effect of including 

green forage (GF) in the diet of 
Italian Mediterranean buffaloes 
(IMB) on the CAZymes profile, 

functional biomolecules and total 
antioxidant activity in milk.



FIRST INTERNATIONAL CONFERENCE ON
Buffalo Mozzarella & Milk Products

Animals and Diets

Materials and 
methods

Results and 
discussion Conclusion

Commercial buffalo farm located in 
Southern Italy

60 days

16 Italian Mediterranean buffaloes

Two diets iso-nitrogenous and iso-energetic

Two homogeneous groups by live weight, parity 
(ODP), days in milk (DIM), production (MY)
Gruppo C – TMR standard 
Gruppo T – TMR + Green forage

Item TMR TMR + green feed

Component (kg of feed) Amount

Ryegrass - 24
Corn silage 22 17
Alfalfa hay 4 2.5

Soybeanmeal (48) 0.6 -
Concentrate 3.8 2.4
Wheat straw 1 1.1

Hydrogenated fats 0.3 0.3
Calcium Carbonate 0.1 0.2

Salt 1:3 0.2 0.2
Vitamins 0.1 -

Composition (dry matter intake)
Dry matter 16.0 16.1

CP 14.5 14.4
Fat 4.8 5.0

NDF 38.0 38.5
ADF 24.0 23.4
NSC 34.0 33.1

Starch 21.0 15.5
Ash 8.1 9.0

Calcium 0.9 1
Phosphorus 0.4 0.4

MFU 0.93 0.91
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Creation of groups 
Bulk milk and 
rumen fluid
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600

Materials and 
methods

Results and 
discussion Conclusion

Bulk milk analysis

FRAP and TAC 

Functional molecules (Servillo et al., 2018)
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Experimental Design

Creation of groups 
Bulk milk and 
rumen fluid

8

600

Materials and 
methods

Results and 
discussion Conclusion

Rumen fluid

Microbiomes were investigated through 
metagenomic analysis and CAZymes were 
identified using the HMMER 3.0 package with the 
dbCAN CAZyme database. 
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Results

TMR TMR + green feed
L-carnitine 30.4±0.7 A 41.0±0.6 B

acetyl-L-carnitine 38.6±0.5 A 48.4±0.6 B

propionyl-L-
carnitine 15.7±1.0 A 22.1±0.5B

γ-butyrobetaine 4.4±0.3 3.8±0.2
δ-valerobetaine 19.1±0.6 A 23.4±0.6 B

glycine betaine 7.3±0.1 7.4±0.3
TAC 220.3±5.5A 249.5±7.7B

FRAP 194.3±4.2A 225.8±4.8B

9 Materials and 
methods

Results and 
discussion Conclusion
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10 Materials and 
methods

Results and 
discussion Conclusion

Group T had a greater 
(p<0.01) abundance of 
CAZymes of the GT class 
(GT4, GT14, GT20, GT26, 
GT39) and AA class (AA1, 
AA3, AA6) 

GT Genus
GT4 Selenomonas, Prevotella, Oscillospiraceae
GT14 Prevotella
GT20 Prevotella
GT26 Selenomonas, Prevotella, Oscillospiraceae
GT30 Selenomonas, uncultured Prevotella
GT39 Oscillospiraceae
GT56 -



Conclusions

11 Materials and 
methods

Results and 
discussion Conclusion



Grazie per
l’attenzione!

✉ roberta.matera@unina.it
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Milk and dairy 
bualo supply 

chain in the 
Americas

Es�ma�ve herd
4 - 5 million

Source: local breeders es�ma�ves Otavio Bernardes



Pastures: the most common model of exploita�on in 
tropical and equatorial areas of La�n America



supplementa�on 

and irriga�on

without 

supplements

Kg of milk/animal/year 3.552 kg 1.460 kg

Kg of milk/ ha /year 11.668 kg 1.168 kg



Fat (%):         6,6 - 7,5 %

Protein (%):  4,1 a 4,3 %

Lactose(%):   4,4 a 5,5 % 

Fórmula de Altiero  

Prod.Mozz. = leite x [ (3,5x %P)+(1,23x %G)-0,88]/100

Industrial yield: 16-18 %
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cheese BOV: 1.500.000 t

BUF:     16.800 t

Ano: 2016

Brazil



Colombia        64 milhões de litros

Venezuela     40% processed milk
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The milk processed under the program maintains an 

average annual growth of 12.7% between 2001 
and 2021, higher than that of bovine milk (4,5%)

milk and dairy factories



breeder
20%

industry
33%

retail
47%

Added value per liter in the bualo milk 
mozzarella “chain”

milk price (breeder):    € 0,60 – 0,70 / litro

wholesale value:          € 10 – 12 / kg bocconcini

Retail price:                  € 18 – 20 / kg 



Tradi�onal cheeses 
made with bualo 
milk



Suero costeño

Queso campesino



Queso llanero 
venezuelano

Queso de Mano



Queso Criollo



Queso maduro



Requeijão 
cremoso 
de búfala



Manteiga de leite de búfala



Doce de 
leite de 
búfala



Coalhada de búfala



Requeijão marajoara



Queijo coalho de búfala





Consumers 
aBribute value to 
dairys produced 
with bualo milk



17/09/24



Leche vaca Leche búfala

acesso em 

14/07/2021

+ 42%

Leche vaca Leche búfala

+ 31%



17/09/24

BÚFALA BÚFALAVACA



$ 44.093 / 1000 g

VACA BÚFALA

Argen�na
21/05/24



17/09/24



alterna�ve 
products are 
beginning to be 
made with bualo 
milk



Leite e creme de leite 
pasteurizados de búfala (A2A2)



Embalagem para consumo 
(sem refrigeração)



Embalado à vacuo



Mixed products
(bovine and 
bualo)



Produtos orgânicos cer�+cados



Queijos orgânicos 
de leite de búfala



Manufacturers process 
mul�ple types of 
deriva�ves seeking to 
reach a greater number 
of consumers and 
increase the sales 
�cket.



Maior diversidade

aumento do 

“cupom”



Maior diversidade

aumento do 

“cupom”



Inclusion of 

bovine line to 

expand 

portfolio and 

overcome 

seasonality



Canada



USA



México



Guatemala



Costa Rica



Cuba



República Dominicana



Equador



Peru



Bolívia



Paraguai



Equador



Chile



Argen�na



Colômbia



Venezuela



Selo de pureza

Otavio Bernardes





CREA – Council for Agricultural Research and Economics 

Buffalo mozzarella cheese's: the contribution of the CREA 
cheesemaker school

CREA1 Council for Agricultural Research and Economics)- Research Centre for Animal Production and 
Aquaculture), Italy

CREA2 Council for Agricultural Research and Economics)- Research Centre of Policy and Bioeconomy, Italy

S. Claps1, M.A. D’Oronzio2 



Research Center for Animal Production and Aquaculture (CREA- ZA) 

Structures:
 Monterotondo (RM), Lodi, Modena, Bella Muro (PZ)

Director: Salvatore CLAPS salvatore.claps@crea.gov.it https://www.researchgate.ne 

The Center deals with animal husbandry and aquaculture, carrying out genetic
improvement programs and developing innovations in the field of products of
animal origin and the control of their sophistication, as well as systems and
technologies for the optimization of farms. The center carries out conservation
activities of zootechnical biodiversity, as well as genetic improvement of forage
and protein species for zootechnical nutrition.

CREA – Council for Agricultural Research and Economics 

https://www.researchgate.ne/


Research unit of CREA-ZA:

Lodi: Viale Piacenza, 29 e Via Antonio Lombardo, 11 

Modena: Via Beccastecca, 345
               San Cesario sul Panaro

Bella Muro (PZ): S.S. 7 Via Appia 

Monterotondo (RM): Via Salaria, 31



CREA – Council for Agricultural Research and Economics 

CREA cheesemaker school

Bella Muro (PZ): S.S. 7 Via Appia 

CREA School was set up, at the Bella (PZ) site
of CREA research Centre for Animal
Production and Aquaculture, in collaboration
with Research Centre of Policy and
Bioeconomy Basilicata (CREA-PB)



Target  - To train young people in the dairy sector

This cheesemaker's school develops joint actions with public and
private objects for the development of the dairy sector and the
Italian inner areas

Specialised profiles capable of preserving the typicality of 
traditional cheeses and innovation



Technician of traditional sustainable dairy
production

This course aimed at young people under 40 years
of age with a technical or professional diploma or
with skills acquired in the dairy sector. This is a
540-hour course, including 240 hours of
internship in affiliated companies, to acquire
multiple skills in different subject areas:
sustainability and biodiversity, quality of primary
productions, plants, methods and certifications for
quality, administrative management of traditional
and innovative dairies, pasta filata, fresh and soft
cheeses, hard cheeses, sheep and goat cheeses,
cheese-making with different types of cheese with
sensory analysis



CONCLUSIONS

Training is one of the fundamental factors in meeting
the challenges of competitiveness and innovation by
guaranteeing the quality of our Italian excellence



Thank you for your attention !



EVALUTATION OF THE NON-COMPLIANCES 

IN BUFFALO MILK AND BUFFALO DAIRY 

PRODUCTS IN THE PROVINCE OF CASERTA

M.F. Peruzy1, G. Smaldone2, N. Gammarano2, R. Taglialatela2, N. Murru1 
1 Department of Veterinary Medicine and Animal Produc�on, University of Naples “Federico II”,80137 Naples, Italy; 

2 Preven�on Department ASL Caserta, UOC Food Hygiene of A.O.. Via Feudo di San Mar�no 10, 81100 Caserta (CE)
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The Buffalo (Bubalus bubalis) 
 

Milk and Dairy Products
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The Buffalo (Bubalus bubalis) 
 

Why?

Official controls

 check the health of animals, 

 monitoring the cleanliness and hygiene of the milking process,

 Test the milk and dairy products for contaminants or diseases. 

The activity is carried out through official control over the entire milk production 

chain, from the farm to the final consumer, and is implemented across all stages: 

raw material production, thermal treatment, processing, storage, and distribution.



Aim
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Aim

Analysis of the prevalence of non-compliance observed in buffalo milk and 

buffalo dairy products in the province of Caserta during the years 2022 and 

2023. 

5



Materials and Methods
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Materials and Methods



Results
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837 Milk samples and 483 Dairy products 

(35 Food matrices ) 813 livestock companies

240 registered companies

276 approved companies

n. 1330 samples ( 2022= 829, 2023= 501)
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Results

Chemicals

ADDITIVES Polyphosphates 2

ALLERGENS Lactose 2

CONTAMINANTS Arsenic 1

Dioxin 3

Dioxin And Pcb Dioxin Like 13

Phytosanitary 11

Polycyclic Aromatic Hydrocarbons (Pah) 1

Pcb Dioxin Like 4

Pcb-Ndl 8

CHEMICAL ELEMENTS Nickel 1

INHIBITING Inhibiting 5

HEAVY METALS Lead 15

Cadmium 2

Mercury 1

MYCOTOXINS Aflatoxin M1 48

Aflatoxin B1 2

FOOD QUALITY Caseinate And Cow's Milk Revelation 114

Species Identification 2

Species Proteins 2

Lactose Quantification 4

Cow Milk Research 1

Cow's Milk Whey Protein 6

DRUG RESIDUES Polypeptide Antibiotics 1

Avermectin 4

Avermectins/Milbemicins 1

Benzimidazoles 9

Caf 1

Quinolonics 10

Chloramphenicol 10

Macrolides 4

Penicillins 13

Sulphamides 8

Tetracyclines 12

Bacteriological  

BACTERIA B. Cereus 3

Sulfite-Reducing Bacteria 1

Brucella Spp. 557

Brucella Abortus 44

Mesophilic Bacteria 87

Clostridium Perfrigens 1

Coliforms 1

Enterobatteriacee 24

Staphylococcal Enterotoxin 74

Escherichia Coli O157:H7 3

Detection Of Escherichia Coli 14

Verocitotoxic Escherichia Coli 15

Listeria  Spp 5

Listeria Monocytogenes 101

Enumeration Of Escherichia Coli 11

Enumeration Of Pseudomonas 4

Enumeration Of Stafiloccoccus Aureus 4

Enumeration  OF Coagulase-Positive Staphylococci 29

Salmonella Spp 37

Salmonella Thyphimurium 2

Staphylococci 2

Streptococci 11

Gene Sequencing 1

Radionuclides 2

Mould And Yeast 11



FIRST INTERNATIONAL CONFERENCE ON

Buffalo Mozzarella & Milk Products

Results

11

8.38 %, (n= 71/847) 3.85 %, (n = 1/26) 2.59 %, (n = 7/270) 

Caseinate and Cow's Milk Revelation Enterobacteriaceae
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Discussions
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23.17 % of samples exceed the limit for mesophilic bacteria in milk
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9 % of samples were positive to the milk-ELISA test

- milk-ELISA test is a screening test 

- No information on the outcome of the serological tests.

5.83 % of samples were positive to caseinate and cow's milk revelation

The addition of cow milk is the most common fraud in the production of Mozzarella di Bufala 
Campana PDO (bu�alo mozzarella)



Conclusions
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Discussions

18

A low number of non-compliances was detected; 

however, while the results are encouraging, further 

and continued monitoring would be necessary to 

ensure long-term safety of buffalo dairy products
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Index of freshness: a tool to 
assess the quality of the 
Buffalo Mozzarella cheese
production
B. la Gatta, M. Rutigliano, F. Dilucia, M.T Liberatore, A. Di Luccia

Department of Sciences of Agriculture, Food, Natural Resources, and Engineering 
(DAFNE), University of Foggia, Via Napoli, 25, 71122, Foggia, Italy
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Freshness of Buffalo Mozzarella Cheese (BMC)

2

Freshness is a complex attribute to define, since it is the expression of technological,
chemical and sensory elements and it is one of the attributes expected by the
consumers.

Spherical shape, white 
porcelain colour, smooth, 
bright and humid surface

and pleasant, slightly sour
flavour

The use of fresh milk and 
the preservation of 

technological properties (i.e., 
texture and aroma)  

The occurrence of primary
proteolysis

Plasmin Activity
• Lys28-Lys29

• Lys68-Ser69

• Lys105-His106

• Lys107-Glu108

The use of milk within 60 hours from

milking, allow to expect very specific

characteristics of the raw material
Regulation (EC) no. 1107/1996



Index of Freshness
The study of primary proteolysis on !-CN, with the formation of "-CN fragments, through an electrophoretic

approach was applied as method to assess the freshness of PDO Buffalo Mozzarella cheese.

Φ = ! − CN
! − CN + "1 + "2 + "3 + "4 x 100 Trace quantiity of the electrophoretic bands, 

obtained by the image analysis

• 145 buffalo mozzarella cheese samples were purchased from the market

evaluating their F and comparing it with the values obtained from a “Control
Line” obtained from buffalo PDO samples testing three temperatures of storage

for different times.
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Outcomes of the investigation
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SDS-PAGE of control line samples. Electrophoretic profiles of the samples stored at room temperature.

Trends of the index of freshness and pH of control line samples.

Index of freshness of the samples from the Market

Results from Rutigliano et al., (2022).

Table 2 - Index of Freshness () of the samples from market 

Batch 1 Batch 2 Batch 3 
Samples  (%) Samples  (%) Samples  (%) Samples  (%) 

1 66,03 1(53) 56,88 53(105) 72,5 1(127) 68,02 
2 70,39 2(54) 54,53 54(106) 70,13 2(128) 66,16 
3 74,00 3(55) 59,7 55(107) 63,92 3(129) 66,63 
4 72,62 4(56) 50,7 56(108) 68,14 4(130) 64,03 
5 71,09 5(57) 58,86 57(109) 76,07 5(131) 60,55 
6 72,31 6(58) 62,24 58(110) 57,33 6(132) 60,37 
7 74,67 7(59) 67,57 59(111) 79,17 7(133) 59,73 
8 70,51 8(60) 59,42 60(112) 67,19 8(134) 62,13 
9 74,32 9(61) 60,92 61(113) 74,06 9(135) 63,04 
10 71,1 10(62) 65,54 62(114) 75,48 10(136) 63,67 
11 70,77 11(63) 59,5 63(115) 74,02 11(137) 65,19 
12 75,56 12(64) 64,65 64(116) 71,91 12(138) 61,38 
13 74,67 13(65) 58,91 65(117) 79,59 13(139) 62,89 
14 56,1 14(66) 64,3 66(118) 76,07 14(140) 67,43 
15 59,74 15(67) 63,65 67(119) 75,68 15(141) 65,43 
16 65,1 16(68) 63,66 68(120) 79,04 16(142) 63,77 
17 71,76 17(69) 53,76 69(121) 62,73 17(143) 64,89 
18 62,1 18(70) 58,3 70(122) 70,59 18(144) 62,09 
19 75,51 19(71) 66,69 71(123) 66,22 19(145) 62,59 
20 67,34 20(72) 67,89 72(124) 78,52   

21 67,22 21(73) 64,24 73(125) 74,06   

22 65,99 22(74) 62,25 74(126) 74,34   

23 68,25 23(75) 61,06     

24 71,82 24(76) 66,78     

25 64,75 25(77) 65,78     

26 54,00 26(78) 59,2     

27 64,23 27(79) 59,03     

28 68,98 28(80) 74,69     

29 60,36 29(81) 69,41     

30 66,31 30(82) 66,6     

31 70,98 31(83) 70,67     

32 60,07 32(84) 59,05     

33 64,39 33(85) 73,4     

34 63,02 34(86) 67,96     

35 61,31 35(87) 72,92     

36 61,7 36(88) 75,32     

37 65,38 37(89) 72,81     

38 51,48 38(90) 70,79     

39 65,61 39(91) 74,91     

40 59,37 40(92) 69,52     

41 64,43 41(93) 69,48     

42 65,49 42(94) 72,49     

43 60,23 43(95) 69,21     

44 63,65 44(96) 70,96     

45 62,36 45(97) 73,2     

46 67,82 46(98) 71,74     

47 60,32 47(99) 73,28     

48 62,61 48(100) 72,86     

49 63,81 49(101) 73,22     

50 66,74 50(102) 70,51     

51 61,44 51(103) 73,87     

52 56,55 52(104) 79,11     

 

The values of the index of freshness ranged from a
maximum of 79.59% to a minimum of 50.7%. Overall,
34.5% of the samples had an index of freshness > 70.00%
and 65.5% had an index of freshness < 70.00%, but from
these latest, only 21 samples (15%) had an index of
freshness <60%.

- At room temperature:
freshness ranged from 75.10%
to 69.84 % (3 days). Then,
freshness decreased with a
concomitant increase of pH (pH
5.40) up to the 54.64 % with the
loss of the structure (pH 7.05);

- At 4°C: from 75.10% up to
69.75 % (5 days).

- At -20°C: freshness could be
considered prolonged until 14
days (from 75.10% up to 68.84
%).

A value higher than 70% is maintained up to 3 days
at RT, 5 days at 4°C and about 10 days at 20°C.
Comparing results of the samples from the market with
those of the “Control Line” samples, the data of the index
of freshness of the unknown samples were consistent
with them, considering that the manufacturing and the
quality of the raw matter can influence the rate of
proteolysis and, consequently, the index.

Our results allowed to verify the feasibility of the Index of
freshness as a helpful tool to assess the quality of the
Buffalo mozzarella samples. Therefore, the Index of
freshness can be considered an important contribution to
the enhancement of an excellence of the Made in Italy
production.
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“The role of the European Dairy Association in ensuring that the voice of your 
stakeholders is heard in Europe is key. I look forward to continuing our close 

cooperation to ensure that dairy has a promising future in Europe.”

Ursula von der Leyen
President of the European Commission

http://ewpa.euromilk.org/home.html


MEP Christophe Hansen (EPP, 
LUX)

Nominated 

EU Commissioner for 
Agriculture & Food

2024 - 2029



High Level Mission of EU Commissioner 
Janusz Wojciechowski to China 2018





EDA Vision for Agriculture

 Strategic Autonomy in Food Production

 The Importance of the Dairy Sector

• Dairy as a Cultural and Economic Pillar

• Moving Beyond Commoditization

 Single Market – The Fundamentals of Europe

• Harmonized Legal Framework

 Global Dairy Trade Leadership

• Reshoring and Diversification

• Prioritizing Trade Policy

 Fostering Competitiveness, Transition, and 
Resilience – CAP 2027



Protection of Dairy 
Terms

Promotion Policy

School Milk Scheme
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Origin Control and Quality 

Assessment in the Dairy Supply 

Chain through the Bludev® 

System
Biondi L., Gallo A., Garofalo F., Anzalone A., Montone AMI., Nappa M., De Carlo E., 

Sansone G., Cascone D., Ciardella G.
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COLLABORATION IZSM- FARZATI

To combat fraud and ensure the authenticity of the DOP (Protected 

Designation of Origin) mozzarella product within the dairy supply chains, 

while safeguarding the final consumer, a collaboration between the Istituto 

Zooprofilattico Sperimentale del Mezzogiorno (IZSM-Portici) and Farzati 

S.p.A. was established in 2023.

Farzati S.p.A., founded in 2014, is dedicated to the research and 

development of products aimed at improving individual quality of life. The 

company enables the implementation of non-invasive and non-destructive 

analytical techniques to ensure the quality and authenticity of food matrices



3
FIRST INTERNATIONAL CONFERENCE ON

Buffalo Mozzarella & Milk Products

INNOVATION

The innovation of the BluDev® technology system lies in creating a 

BIOLOGICAL DIGITAL FOOTPRINT (BFP Bio-FingerPrint) for each batch 

of actual finished product, with the information obtained being stored in a 

virtual laboratory to create a digital twin, capable of tracing origin and 

quality throughout all stages of the production process.

The acquisition of information regarding the analyzed matrices is based on 

spectroscopy.

Artificial Intelligence, combined with predictive models, transforms the input 

data into unique digital objects, generating a DIGITAL BIO FINGER PRINT. 

All supported by safety systems to protect the data harvested 
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The aim of the following study is to develop an algorithm to discriminate 

between mozzarella produced with 100% buffalo milk and mozzarella 

produced with a mixed milk (buffalo and cow's milk).

AIM



5
FIRST INTERNATIONAL CONFERENCE ON

Buffalo Mozzarella & Milk Products

MATERIALS AND METHODS

The analyses were carried out using two portable devices of the BluDev® 

system used in the laboratories of the Istituto Zooprofilattico Sperimentale 

del Mezzogiorno (IZSM) in Portici on known frozen mozzarella samples.

Specifically the analysis involved thawing the

sample, taking a portion 

and scanning that portion.

For the first BluDev Pro® device, a total of 12 aliquots from 12 samples (121 

scans) were selected, with each sample being scanned at least 10 times. In 

the initial phase, a Principal Component Analysis (PCA) was performed for 

preliminary data exploration and to check for potential clustering

BluDev Pro® 



6
FIRST INTERNATIONAL CONFERENCE ON

Buffalo Mozzarella & Milk Products

PRELIMINARY RESULTS

The following images display the results of 

this exploratory in both  a 2-dimensional 

and a 3-dimensional charts.

It is possible to observe a random 

distribution of buffalo mozzarella (indicated 

in blue) compared to mixed mozzarella 

(indicated in red). There does not appear to 

be a clear separation between the two 

clusters. Although this is a relatively 

common situation, it does not preclude 

further analysis and model development 

based on the available data. This is only a 

preliminary study
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RESULTS BluDev Pro®

Before creating an actual model, all the scans were divided into two separate 

groups "Train" and "Test": the two groups represent 80% and 20% respectively. 

In order to have a dataset for training  the model (Train) and another statistically 

significant dataset for its validation (Test). Thus, the larger group will contain 

samples not present in the smaller group, and vice versa. This approach ensures 

that the model is validated using data that were previously unknown and 

separate from the initial dataset

Buffalo mozzarella scans 
(n. of samples)

Mixed mozzarella scans 
(n. of samples)

Total scans
(n. of samples)

TRAIN (80%) 51 (5) 50 (5) 101 (10)

TEST (20%) 10 (1) 10 (1) 20 (2)

           TOTAL 61 (6) 60 (6) 121 (12)
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RESULTS BluDev Pro®

The model correctly classified both scans of 

mozzarella produced with 100% buffalo 

milk (10 out of 10) and scans of mozzarella 

produced with mixed milk (10 out of 10).

 In total, the model accurately classified 20 

out of 20 scans (100%). 
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RESULTS BluDev Hand®

The same type of analysis, including modeling, was conducted 

by a second portable device, BluDev Hand®. In this case, 12 

aliquots from 12 samples (121 scans) were also used. The 

following figures display the results of the PCA analysis in 

both 2-dimensional and 3-dimensional formats, the detailed 

composition of the Train and Test datasets, and the confusion 

matrix related to the model validation.

Buffalo 
mozzarella 
scans
(n. of samples)

Mixed mozzarella 
scans
(n. of sample)

Total scans
(n. of 
samples)

TRAIN (80%) 50 (5) 51 (5) 101 (10)

TEST (20%) 10 (1) 10 (1) 20 (2)

TOTAL 60 (6) 61 (6) 121 (12)

BluDev Hand®
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RESULTS BluDev Hand®

•The results obtained are similar to 
the previous ones. In this case as 
well, the model correctly classified 
both scans of mozzarella produced 
with 100% buffalo milk (10 out of 
10) and scans of mozzarella 
produced with mixed milk (10 out of 
10). In total, the model accurately 
classified 20 out of 20 scans 
(100%).

10
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CONCLUSION

We can conclude that this developed model 

suggests promising prospects for further 

improvement in near future: increasing the 

number of samples will improve the confidence 

of the method in order to discriminate between 

buffalo and mixed mozzarella.

We could imagine a virtual laboratory, 

performing a simple scan to screen mozzarella, 

identifying suspicious samples to be analysed 

to detect fraud.
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Development of a healthy dairy 

custard based on bu�alo milk and 

natural thickeners
A. Fernández1, A. Citro2, M. F. Mazzobre3, F. Vasile1  
1 INIPTA (CONICET-UNCAUS) Argen�na 
2 Veterinary Services, Local Health Unit of Salerno, Italy
3 ITAPROC (CONICET-UBA) Argen�na
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Objective

• The main objective of this work was to advance in the development 

of a healthy buffalo milk-based food product as an innovative 

alternative to traditional buffalo cheeses. 

     

We proposed the manufacture of a vanilla 

custard-type dessert intended for child 

nutri�on. 
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In a previous work...

• We tested three formulations varying the amount of 

cornstarch, sucrose, and food-grade flavor/colorant 

to get samples with distinctive textural, sweetness, 

and chromatic properties.

• A sensory evaluation performed with 100 children 

(8 to 12 age) allowed identify the most relevant 

attributes and get precise indications for 

reformulation and product optimization.

• Obtained product required attention because it was 

high in calories and non-stable for long period in 

cold-storage (1 week). 
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In this context...

• The total replacement of sucrose with a non-caloric natural 

sweetener (Stevia) was proposed.

• The mixture of native starches from potato, cassava and corn 

was assessed as a healthier texturizer or stabilizer alternative 

to the modified starches commonly used in the industry. 

   

• The impact of formulation changes were assessed on textural 

and appearance properties by instrumental analysis.

• Cold-storage physical stability (water holding capacity and 

syneresis) was also monitored. 

   

 Calories reducing strategy.

Natural addi�ves as clear-label 

foods approach.



6
FIRST INTERNATIONAL CONFERENCE ON

Buffalo Mozzarella & Milk Products

Outstanding results...

• Potato, cassava and corn starches and their interactions exerted a 

significant positive effect on the firmness of custards as assessed 

through Texture profile analysis (TPA).

• Color parameters (L*, a* and b*) and opacity did not show 

statistical differences.

• Cold-storage stability measured in terms of water holding capacity 

(accelerated water leakage) and syneresis (spontaneous water 

leakage)  was mainly affected by cassava starch and starch 

mixtures. 

• It is was possible to obtain an optimum that conserve the most 

preferred texture of custard, minimizing the time-depending 

changes over cold-storage.



Obtained results encourage the use of non-caloric sweetener and 
the mixture of na)ve starches for making healthy and commercially 
a*rac)ve dairy desserts.
 
Manufacture of bu�alo custards cons)tutes a promising alterna)ve 
for using of bu�alo milk in less explored dairy products.

CONCLUSIONS
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LET’S START WORKING TOGETHER   

Caracas 13 th World Buffalo Congress 22-24 November 2023



Gracias por su 
atención!



A tailored-made model to predict the 
behaviour of Listeria monocytogenes

Roberto Condoleo –  IZSLT

Epidemiology UnitNaples, 24/09/24

R. Condoleo, M.C. Campagna, M.L. De Marchis, T. Zottola, M.F. Iulietto

 

Istituto Zooprofilattico Sperimentale del Lazio e della Toscana M. Aleandri (IZSLT)



The villain
Name: Listeria monocytogenes

Type: Batterio Gram+

Seen last time: intestine, soil, farm, mastitic milk, dairy, any type of surface, kitchen… basically 

everywhere

Particular signs: very evil with children, old people, pregnant women and sick people

It loves 1) high pH foods 2) cold places 3) doing things slowly

It hates: 1) heat 2) good microorganisms



©Iulietto

No listeriosis cases 
associated to 

mozzarella 
consumption so far



Occurrence

L. monocytogenes

in mozzarella   

Predictive 

microbiology 

model 

Risk assessment of 

listeriosis by 

mozzarella 

consumption

©Iulietto

Systematic review 

and meta-analysis



Occurrence

L. monocytogenes

in mozzarella   

Occurrence

L. monocytogenes

in mozzarella   

©Iulietto

3 out of 106 batches were 

contaminated  with L. 

monocytogenes. Occurence was  

2.8% (IC 95% 0.6-8%)

Low concentration 

L. monocytogenes nei prodotti 

contaminati (< 10 CFU/g)

Sytematic review 

and meta-analysis

pH



A detailed knowledge of microbial behaviour in certain conditions 

described in a mathematical model that allows objective 

assessment of the food safety of the processing, retail and 

storage phases along the food chain without the need of 

microbiological tests

©Iulietto

Predictive Microbiology in 
few words... Predictive 

microbiology 

model 



Max rate (Log 

CFU/day) Potential growth of Listeria 
monocytogenes (Log 
CFU/g/day) in mozzarella 

cheese as affected by 

microbiological and 

chemical-physical 

environment.

Primary model fitting: takes 

into account only the time 

(experimental factors are not 

considered)



Square-root model modified from McMeekin (1992) 

Modello gamma-concept modified from Zwietering et al., (1992) 

Modello cardinale from Rosso et al., (1995) 

Performance of 

three models have 

been assessed 

estimating  the 

growth of L. 
monocytogenes at 

the different 

experimental 

conditions of the 

selected curves and 

then evaluating the 

distribution of the 

residues with the 

following indexes:

- RMSE (Root 

Mean Squared 

Error)

- MRE (Mean 

Relative Error)

- R2 (Coefficient of 

determination) 

Max rate at  8 

°C







©Iulietto

COMBASE Max rate=

0.019 (Log conc./h) * 24h = 

0.46 (Log conc./day)

Taylor-made model = 0.07 (Log conc./day)

7 times 
difference!



©Iulietto

The model is more robust than those developed using 

lab media and can support FBO to predict the 

concentration L. monocytogenes during the shelf life at 

certain conditions

The model should be improved in term of accuracy 

with new experimental data

pH of the product is an important factor to limit the 

growth of the microrganism

Take-home messages



THANK YOU FOR YOU ATTENTION...

Dr. ROBERTO CONDOLEO
ISTITUTO ZOOPROFILATTICO SPERIMENTALE LAZIO E TOSCANA «M. Aleandri»
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Via Appia Nuova 1411, Roma - Tel.06/7990360

Roberto.condoleo@izslt.it, www.izslt.it
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of the research group!



Effect of aging on probiotic 

bacteria in semi-hard buffalo 

cheese

Valeria Vuoso
University of Naples Federico II 

Department of Veterinary Medicine and Animal Production, Italy



2
FIRST INTERNATIONAL CONFERENCE ON

Buffalo Mozzarella & Milk Products

Introduction

Cheese refinement relies on complex 

processes, with bacteria playing a key 

role in developing flavor and texture. 

These microorganisms can originate 

from milk, the environment, or starter 

cultures, but production methods often 

impact which bacteria dominate.



Aim of the study 

The aim of the study was to compare the effect of 

the traditional refinement method (Trad; 98 days) 

with the rapid method (Fast; 42 days) on probiotic 

bacteria in semi-hard raw milk buffalo cheese. 
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42 days

98 days

Semi-hard cheese

Raw buffalo milk

Curd

Cheese on the first 

production day (t0)

Ripened cheese

RAPID METHOD

Ripened cheese

TRADITIONAL METHOD

S
tag

io
n
ello

®
 

The chamber is capable of 

automatically regulating 

the climatic parameters, 

preserving the quality and 

characteristics of the 

cheeses..

Industrial maturation chamber

Materials and methods
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Results and discussion

The MALDI-TOF/MS identification 

of the predominant bacterial 

populations isolated from pre-aged 

cheeses (after 24 hours from 

cheese production) indicates the 

presence of heterofermentative 

bacilli. 

Lactococcus lactis was the 

dominant species (52%).
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Results and discussion
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After the ripening periods, indigenous lactic acid bacteria decreased in both experimental setups, 

allowing other microbial populations to prosper:

• the cocci were replaced by bacilli with Lactobacillus paracasei dominance (trad 94%; fast 78%);

• interesting was the isolation of Lactobacillus plantarum, which exhibited a higher prevalence in the 

rapid method (18%) compared to the traditional one (4%).



7
FIRST INTERNATIONAL CONFERENCE ON

Buffalo Mozzarella & Milk Products

Conclusions

Certain strains of Lactobacillus plantarum are recognized for their capacity to produce natural 

antimicrobial compounds, such as bacteriocins, which can inhibit undesired bacteria sharing 

the same ecological niche.

The rapid refinement method not only shortened production times but also facilitated the

 selection of a diverse bacterial flora, promoting the prevalence of selected strains into  

the starter during the process.
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