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PAPER

Variation of proteomic profile during lactation in Girgentana goat milk:
a preliminary study

Rosalia Di Gerlando, Marco Tolone, Anna Maria Sutera, Giuseppina Monteleone, Baldassare Portolano,
Maria Teresa Sardina and Salvatore Mastrangelo

Dipartimento di Scienze Agrarie, University of Palermo, Palermo, Italy

ABSTRACT
The knowledge of milk proteome has been greatly enhanced by technological advances in
the proteomics field as the use of the two-dimensional differential in-gel electrophoresis, a
gel-based approach which allowed the analysis of proteins from complex mixtures and the com-
paring of several protein samples in the same experiment. The aim of this study was to charac-
terise the whole milk proteomic profile in Girgentana dairy goat breed by two-dimensional
differential in-gel elecrophoresis. The obtained representative 2D whole milk proteomic map
showed a general picture of the protein distributions over the pH 3–10 NL including about 100
spots, most of them organised like a spot train. Among differentially abundant spots in the three
experimental conditions, milk fat globule EGF factor 8 protein, b-lactoglobulin, b-casein and
serum albumin were successfully identified. The three-dyes system employed in two-dimensional
differential in-gel electrophoresis (2D-DIGE) analysis allowed us to obtain a global representation
of the Girgentana whole milk proteome. These preliminary results could be used to generate a
milk reference proteomics map for the Girgentana goat breed.
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Introduction

In the animal production field, proteomics has become
a fundamental research tool for proteins characterisa-
tion, biomarker discovery for food quality and authenti-
cation process. Milk proteins have been subject of
intense research for over 50 years and proteomic techni-
ques have been used to study milk and dairy products
(O’Donnell et al. 2004; Manso et al. 2005). Proteomic
studies have been specifically aimed at: (i) the character-
isation of milk fat globules (MFGs) (Cebo et al. 2010;
Pisanu et al. 2011, 2012; Spertino et al. 2012; Murgiano
et al. 2013); (ii) the pathophysiological status of mam-
mary gland (Beddek et al. 2008; Rawson et al. 2012); (iii)
the monitoring of animal health and the identification
of new biomarkers for the early diagnosis of udder dis-
eases in dairy animals (Bendixen et al. 2011; Chiaradia
et al. 2013). Studies on goat were performed in order to
characterise milk protein polymorphisms by sodium
dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-
PAGE) and two dimensional PAGE (2D-PAGE) analysis
(Kumar et al. 2013) or to analyse and compare milk pro-
tein composition by proteomics approaches gel-based

and gel-free (da Costa et al. 2014; Cunsolo et al. 2015).
Recently, a new proteomic approach, two-dimensional
differential in-gel electrophoresis (2D-DIGE), has been
increasingly used to find new biomarkers, as it is able to
overcome the shortcomings of conventional 2D-PAGE,
to analyse simultaneously several samples, and to use
an internal standard of mixed samples on all gels for
inter-gel alignment and relative quantification of spots
(Marouga et al. 2005; McNamara et al. 2010). 2D-DIGE
was applied on MFGs proteins to study their compos-
ition in goats with different genotypes at as1-casein
locus (Cebo et al. 2012). This method was also applied
to investigate the proteomic changes occurring in MFGs
of Sarda sheep naturally infected by pathogens (Addis
et al. 2011), to analyse the bovine mammary epithelial
cells during lactation (Janjanam et al. 2014) and to study
the proteome of mammary gland tissue in water buffalo
(Jena et al. 2015).

Goat milk is of great importance in many countries,
as it is essential for survival and well-being of infants
and elderly with cow milk protein allergic reactions
(Haenlein 2001, 2004). One of the most important

CONTACT Dr. Salvatore Mastrangelo salvatore.mastrangelo@unipa.it Dipartimento di Scienze Agrarie, Alimentari e Forestali, University of Palermo,
Viale delle Scienze, Palermo, 90128, Italy

Supplemental data for this article can be accessed here.

� 2019 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group.
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/), which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

ITALIAN JOURNAL OF ANIMAL SCIENCE
2019, VOL. 18, NO. 1, 88–97
https://doi.org/10.1080/1828051X.2018.1483749

http://crossmark.crossref.org/dialog/?doi=10.1080/1828051X.2018.1483749&domain=pdf
http://orcid.org/0000-0001-6511-1981
https://doi.org/10.1080/1828051X.2018.1483749
http://creativecommons.org/licenses/by/4.0/
http://www.tandfonline.com


factors in the recent increased consumption of goat milk
and dairy products in the world is the beneficial effect
on human health fully recognised by the scientific com-
munity (Silanikove et al. 2010; Yangilar 2013; Garc�ıa et al.
2014; Tripathi 2015). Goat milk has an acceptable,
attractive scent and taste, and can be consumed as an
alternative to cow milk because it is most tolerable (i.e.
less allergenic) (Park and Guo 2006; Park and Haenlein
2007), and more digestible (Jandal 1996; Bevilacqua
et al. 2001; Lara-Villoslada et al. 2004).

The Girgentana goat is an old Sicilian autochthonous
breed. The economic importance of this breed was
based on direct retail (door to door sales) of milk used
for human consumption. The impositions of sanitary
regulations have prohibited both the breeding of these
animals within urban farms, and the direct sale of the
milk. Therefore, due to sanitary policies, the size of the
Girgentana population decreased almost 90% in 20
years. In fact, over recent years this breed has become
almost extinct (Mastrangelo et al. 2017). Therefore, it
could be interesting to evaluate the possibility of revital-
ising interest in the milk produced by this breed in order
to regain an important economic role in the production
of quality ‘drinking milk’ requested for particular food
products, such as milk for infants, and in the production
of niche products (Mastrangelo et al. 2013; Sardina et al.
2015). The aim of this study was to characterise the
whole milk proteomic profile in Girgentana goat breed
exploiting the potentiality of 2D- to compare the differ-
ent expressions of proteins: (i) in the first lactation stage
among two flocks, (ii) in three time points during lacta-
tion, (iii) within the two flocks. Variations of protein
expression emerged by 2D-DIGE analysis were analysed
through liquid chromatography/mass spectrometry (LC-
MS/MS).

Materials and methods

Sample collection and processing

Girgentana goat bulk milk samples were collected
from two different flocks located in Agrigento and
Palermo provinces. Sample collection was performed
from November 2013 to May 2014. For each flock, F1
(Agrigento area) and F2 (Palermo area), three time
points during lactation were considered for sampling:
30 d (M1), 80 d (M2) and 150 d (M3) after kidding,
respectively. Milk samples (F1M1, F1M2, F1M3, F2M1,
F2M2, F2M3) were mixed with a protease inhibitor solu-
tion (Protease inhibitor mix, GE Healthcare Life
Sciences, Little Chalfont, UK), quantified using 2D-
Quant kit (GE Healthcare Life Sciences, Little Chalfont,
UK), and purified with 2-D Clean-Up Kit (GE Healthcare

Life Sciences, Little Chalfont, UK) following protocols
suggested by manufacturer. Before electrophoretic
analysis, samples were mixed with DNase (100lg/mL)
and RNase (50lg/mL) and diluted to the final concen-
tration of 5lg/lL within lysis buffer (30mM Tris, 7 M
Urea, 2 M Thiourea, 4% CHAPS pH 8.5). Quality of pro-
tein samples was checked loading 30 lg onto 12%
SDS-PAGE, staining the gel with SYPROVR Ruby Protein
Gel Stain (Life Technologies, Carlsbad, CA) according
to manufacturer’s protocol. Before differential analysis,
one whole milk sample was obtained by mixing ali-
quots of 1mL of each collected samples (F1M1, F1M2,
F1M3, F2M1, F2M2, F2M3). A representative 2D-map was
obtained loading 30 lg of protein for SYPROVR Ruby
(Life Technologies, Carlsbad, CA) staining and 500 lg
for Coomassie Blue R-250 staining of the milk pooled
sample. Gel images were acquired using the EttanDIGE
imager scanner (GE Healthcare Life Sciences, Little
Chalfont, UK) for SYPROVR Ruby staining and Molecular
Imager VersaDoc MP Imaging System (Bio Rad,
Hercules, CA) for Coomassie Brilliant Blue R-250 stain-
ing, according to manufacturer’s protocol.

Protein pools preparation and labelling

Protein pools (M1, M2, M3, F1 and F2) and not pooled
samples (F1M1 and F2M1) were labelled using DIGE-spe-
cific dyes Cy2, Cy3 or Cy5 (GE Healthcare Life Sciences,
Little Chalfont, UK) according to the manufacturer’s
instructions. A total of 50 lg of proteins was mixed
with 400 pmol of CyDyes and incubated on ice in the
dark for at least 30min. The reaction was stopped by
addition of 10mM lysine and incubated on ice for
10min. All samples were dye-swapped by labelling
with both Cy3 and Cy5 dyes in order to eliminate the
dye-specific bias. For each experiment, internal stand-
ard was prepared by mixing equal amounts of the
analysed samples and labelled with Cy2.

Protein pools strategy was used to analyse more
samples in the same experiment. Two pools were pre-
pared for the differential analysis among lactation peri-
ods and geographical areas. In details, M1, M2 and M3
pools were obtained by mixing equal amounts of
F1M1þF2M1, F1M2þF2M2 and F1M3þF2M3 samples,
respectively. F1 and F2 pools were prepared by
mixing equal amounts of F1M1þ F1M2þ F1M3 and
F2M1þ F2M2þ F2M3 samples, respectively.

2D-DIGE analysis

The labelling schemes and the number of casted
gels for each DIGE experiment were reported in
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supplementary material (Supplementary material Tables
S1, S2 and S3). For isoelectric focussing (IEF), DeStreak
rehydration solution (GE Healthcare Life Sciences, Little
Chalfont, UK) containing 0.68% v/v IPG buffer (GE
Healthcare Life Sciences, Little Chalfont, UK) and 10mM
DTT, was added to each mix up to final volume of
340lL. IEF was performed using pH range 3–10 NL
18 cm-IPG strips (GE Healthcare Life Sciences, Little
Chalfont, UK). Strips were rehydrated for 1 h with pro-
teins solution at room temperature. EttanIPGphor 3 IEF
System (GE Healthcare Life Sciences, Little Chalfont, UK)
was used for IEF performing a 30 V pre-step followed
by six steps: 200 V for 1 h; 300 V for 30min; a gradient
linearly increased from 300 to 3500 V during 3h; 3500
V for 1 h; another linear gradient from 3500 to 8000 V
during 30min; 8000 V for 8 h; reaching the desired total
76,000 Vh. All steps were performed at 20 �C using 40
lA per strip. After IEF, IPG strips were saturated for
10min with an equilibration buffer containing 6 M
urea, 30% v/v glycerol, 2% w/v SDS, 50mM Tris-HCl pH
6.8, 0.02% bromophenol blue and 1% w/v DTE. Then,
thiol groups were blocked by substituting DTE with 2.
5% w/v iodoacetamide in the equilibration buffer.
Focused proteins were separated on 12.5% polyacryl-
amide gels (SDS-PAGE) according to Laemmli (1970)
protocol at 10 �C in an Ettan DALTsix Electrophoresis
System (GE Healthcare Life Sciences, Little Chalfont, UK).
The same run conditions were used to perform the
experiments. Image acquisition was carried out with
TyphoonTM FLA 9500 scanner. For each experiment, an
area containing the most intense spots was selected
and spot saturation was checked on each of the result-
ing Cy2-, Cy3- and Cy5-images. Once satisfactory
images were obtained, the gels were scanned using the
same set-up voltage values for Cy2, Cy3 and Cy5 and
setting the image resolution to 100lm.

Protein visualisation and image analysis

Image Master 2D Platinum version 7.0 DIGE software
(GE Healthcare Life Sciences, Little Chalfont, UK) was
used for data analysis. In a first step, estimated number
of spots was set to 2500 and spots were co-detected in
individual gels. In a second step, protein spots were
automatically detected and then matched among indi-
vidual gels. Finally, the lists of spots were reviewed
manually in order to remove any artefact and identify
clear and shoulder spots in each spots report. The indi-
vidual spot abundance was automatically calculated
from 2D-gels as mean spot volume, i.e. integration of
optical density over spot area, and normalised to the
Cy2-labelled internal pooled protein standard. Protein
spots which showed more than 1.5-fold change in spot

volume (increased for up-regulation or decreased for
down-regulation), with a statistically significant ANOVA
value (p� .05), were considered differentially repre-
sented, and further selected for the identification by
mass spectrometry (MS) analysis.

2D preparative analysis, spots picking and protein
identification

A total of three gels were casted as preparative ones
and 500lg of proteins were loaded on each prepara-
tive gel composed by samples F1M1 and F2M1 for the
first one, M1, M2 and M3 pools for the second one and
F1 and F2 pools for the third one. First and second
dimension electrophoresis were carried out using the
same experimental conditions set up for the analytical
gels. Gels were stained with Coomassie Blue R-250 and
visible protein spots of interest were manually excised.
After picking, each spot was transferred into a tube
containing 1.5mL acetonitrile and stored at 4 �C until
MS analysis. Spots were identified in outsourcing
through LC-MS/MS analysis by the Proteomics facility of
Porto Conte Ricerche (Sardinia). Briefly, excised spots
were destained and subjected to in-gel digestion.
Hydrolysis was carried out with trypsin (50–100ng per
spot) overnight at 37 �C. The resulting mixtures of pep-
tides were analysed by LC-MS/MS on an ion trap (XCT
Ultra 6340) equipped with a nano high-performance
liquid chromatography (HPLC) system (HP1200) with a
chip cube (Agilent Technologies, Palo Alto, CA).
Parameters of MS method were: capillary voltage 1730
V ICC Trap smart target 300,000 and maximal accumula-
tion time 100ms. Raw files were analysed using the
Proteome Discoverer software (version 1.4; Thermo
Scientific, Bremen, Germany) using Sequest-HT as a
search engine and selecting the following parameters:
database UniProtKB, taxonomy built by joining FASTA
sequences of Bos, Capra hircus and Ovis aries, enzyme
trypsin, precursor mass tolerance 250ppm, fragment
mass tolerance 0.5Da, cysteine carbamidomethylation
as fixed modification, conversion of the N-terminal
glutamine to pyroglutamic acid and oxidation of
methionine, as variable modifications. The percolator
algorithm was used for significance and validation of
the identification (p-value <.01e q-value <.05).

Results and discussion

Monodimensional and bidimensional analysis

Figure 1 showed the SDS-PAGE analysis of F2M1,
F2M2, F2M3, F1M1, F1M2 and F1M3 protein samples
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(from lanes 2 to 7). In all samples, it was possible to
observe: a higher molecular weight profile bands cor-
responding to immunoglobulins, lactoferrin and serum
albumin; the caseins zone in which two large diffuse
bands were present; and two defined bands at lower
molecular weight corresponding to b-lactoglobulin
and a-lactalbumin proteins (Figure 1). The representa-
tive 2D whole milk proteomic map obtained with
different protein amounts and staining methods
(Figure 2A and 2B) showed a general picture of the
protein distributions over the pH 3–10 NL (Figure 2).
About 100 spots were found, most of them organised
like a spot train, due to great polymorphism and
extensive post-translational modification events occur-
ring in milk proteins (Moioli et al. 1998). Qualitative
analysis performed on the 2D gels showed an electro-
phoretic pattern similar to that reported by other
authors (D’auria et al. 2005; Olumee-Shabon et al.
2013). In fact, it was possible to identify the caseins
zone, two areas of spots with low molecular weights
corresponding to b-lactoglobulin and a-lactalbumin,
and an isoelectric series with high molecular weight
corresponding to albumin zone. Staining methods
employed to detect proteins on the gels, allowed to
characterise the global 2D protein profile of whole
milk with a good resolution, and protein quality was
considered suitable for the further differential analysis.

Differential proteomic analysis on whole milk at
early stage of lactation

The overlay images for the emission fluorescence
channels of Cy2, Cy3 and Cy5 were showed in
Supplementary material (Figure S1). From the four
gels, a total of 401 protein spots were successfully
resolved and matched. Among these, many isoforms
were present resulting from post-translational modifi-
cations and/or processing. Proteins labelled with Cy3
and Cy5 were compared and normalised with Cy2
labelled samples. This methodology enabled the

normalisation of the Cy3/Cy2 and Cy5/Cy2 intra-gel
ratios between gels due to the signal from the Cy2
internal standard, which was present in each gel. The
manual revision of the spot lists was performed to
identify clear and shoulder spots. After filtering the
dataset to remove not informative data, a total of 185

Figure 1. SDS-PAGE analysis of whole milk samples. Lanes from 2 to 7 ¼F2M1, F2M2, F2M3, F1M1, F1M2, F1M3; molecular weight
marker = lanes 1. SDS-PAGE: sodium dodecyl sulfate-polyacrylamide gel electrophoresis. For a full definition of milk samples, see
“Sample collection and processing”.

Figure 2. 2D-map of whole milk pooled sample (obtained with
all milk samples F1M1þF1M2þF1M3þF2M1þF2M2þF2M3) of
Girgentana goat with Coomassie Blue R-250 (A) and SYPROVR
Ruby (B) staining. For a full definition of milk samples, see
“Sample collection and processing”.
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spots were identified (Supplementary material Table
S4). Among these, 68 clear spots were differentially
abundant, of which 41 up-regulated and 27 down-
regulated in F1M1 vs F2M1, respectively. Differentially
abundant shoulder spots were 21 in F1M1 vs F2M1 of
which 8 up-regulated and 13 down-regulated. Among
differentially abundant spots, a group of six
(Supplementary material Table S5) were successfully
identified in outsourcing. Protein identification was
considered robust if at least two unique peptides were
assigned in LC-MS/MS analysis. Among picked spots,
two were assigned to b-casein using a medium filter.
Table 1 showed the results for the identified spots
indicated with a circle on Figure 3 (Table 1 and Figure
3). Spot ID 207 was identified as b-lactoglobulin, the
major whey protein in the milk of ruminants. b-lacto-
globulin has been identified in milk of several species
(Sawyer and Kontopidis 2000; Sawyer 2013) but it has
not been found in milk of mammals such as lago-
morphs, rodents and humans (Kontopidis et al. 2004).

Although no clear physiological functions have been
defined for b-lactoglobulin, a role in the transport of
retinol and fatty acids has been suggested (Perez and
Calvo 1995). In goat, no variants producing amino acid
change have been characterised at DNA level and only
one goat b-lactoglobulin isoform has been identified
until now (Folch et al. 1996). b-lactoglobulin expres-
sion level was found higher in F1M1 than F2M1. This
difference could be explained considering what was
reported by Chianese et al. (2000) which analysed milk
samples of Girgentana goat by HPLC analysis. These
authors showed the different relative amount of
b-lactoglobulin with respect to total whey protein con-
tent (b-lactoglobulin and a-lactalbumin together). Spot
IDs 381, 395 and 414 were identified as j-casein. The
j-casein fraction plays an important role in the forma-
tion, stabilisation and aggregation of casein micelles
affecting the technological and nutritional properties
of milk (Boettcher et al. 2004; Kubarsepp et al. 2005).
Spot ID 939 was identified as b-casein and spot ID 982
as as1-casein. The as1-casein represents the most
extensively investigated fraction in goat species.
Polymorphism at as1-casein locus has been shown to
affect not only the quantity of casein in goat milk, but
also the structural and nutritional characteristics and
technological properties of milk (Martin et al. 2002;
Rijnkels 2002). Among the differentially abundant pro-
teins identified at early stage of lactation, b- and
j-casein resulted more abundant in F2M1 than F1M1.
Montalbano et al. (2014), in a study based on a RP-
HPLC method for separation and quantification of as1-
casein genetic variants in Girgentana goat milk,
showed that A, B, and F alleles were associated with a
content of as1-casein in milk of 3.2 ± 0.4, 5.4 ± 0.5, 0.
7 ± 0.1 g/L, respectively. Moreover, in another study,
the same authors performed the quantification of two
b-casein alleles: C¼ 3.0 ± 0.8 g/L and C1¼ 2.0 ± 0.7 g/L,
respectively (Montalbano et al. 2016). Using genotyp-
ing data from our previous studies on CSN2 (Tortorici
et al. 2014) and CSN3 (Di Gerlando et al. 2015) casein
gene polymorphisms in Girgentana breed, we esti-
mated the allele frequencies for both loci and their
distribution in our flocks (Supplementary material
Table S6). The frequencies of C allele at b-casein and A
allele at j-casein were higher in F2 than F1. Based on
these results, we could explain the major abundance
at early stage of lactation for the spots identified as b-
and j -caseins by 2D-DIGE analysis as an effect of a
different allelic distribution among flocks.

Differential proteomic analysis on whole milk
among lactation periods

The overlay images for the emission fluorescence
channels of Cy2, Cy3 and Cy5 were reported in

Figure 3. Differential abundant protein spots identified by LC-
MS/MS in F1M1 vs F2M1 milk samples comparison (207¼ b-lacto-
globulin, 381, 395 and 414 ¼ j-casein; 939 ¼ b-casein; 982 ¼
aS1-casein). LC-MS/MS: liquid chromatography/mass spectrom-
etry. For a full definition of milk samples, see “Sample collection
and processing”.

Table 1. Protein spots showing differences in protein abun-
dance in F1M1 vs F2M1 milk samples comparison identified by
LC-MS/MS. For a full definition of milk samples, see “Sample
collection and processing”.

Spot ID Protein name
Accession

no. Species
Unique
peptides Coverage

207 b-lactoglobulin A5JSR7 Capra hircus 2 50.89
381 j-casein A0SWQ6 Capra hircus 4 33.33
395 j-casein B2Z896 Capra hircus 2 27.62
414 j-casein A0SWQ6 Capra hircus 3 27.66
939 b-casein D2DRB7 Capra hircus 5 31.53
982 aS1-casein I6WY32 Capra hircus 8 43.19

LC-MS/MS: liquid chromatography/mass spectrometry.
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Supplementary material Figure S2. From the six gels, a
total of 2041 spots were successfully resolved and
matched among all gels. In Supplementary material
Table S7, a summary of results after the removal of
not informative data was reported. A total of 117 spots
were in common among M1, M2 and M3. Among
these, 21 clear spots resulted differentially abundant,
of which 1 up-regulated and 20 down-regulated in M1
vs M2. Only two shoulder spots were differentially
abundant and both of them down-regulated in M1 vs
M2. Comparison between M1 and M3 showed 28 dif-
ferentially abundant clear spots of which 26 were
down-regulated and two up-regulated, while only four
shoulder spots were found down-regulated in M1 vs
M3. No spots with fold change �1.5 were found
between M2 and M3. A group of eight differentially
abundant spots between M1 vs M2, and M1 vs M3
comparisons, were picked for MS identification. Protein
identity was assigned for five over eight spots
(Supplementary material Table S8). In fact, three spots
were excluded because only a unique peptide was
detected in the spectrometric analysis. Information on
spots identities were reported in Table 2, whereas
Figure 4 showed their position on the 2D-map (Table
2 and Figure 4). For the spot ID 17, MS analysis
allowed assigning identity for one epidermal growth
factor of fat globules, the Milk Fat Globule EGF factor
8 (MFG-E8 or lactadherin). This glycoprotein of 398
amino acids and 44.65 kDa represents one of the major
proteins of fat globules membrane, and is involved in
membrane vesicles secretion and exosomes exocytosis
mechanisms (Cebo et al. 2010, 2012). Some authors
reported a relationship between lactadherin gene
expression and milk fat secretion process in goat (Qu
et al. 2011). Cebo et al. (2012) suggested a role for lac-
tadherin in the milk fat secretion process. The increase
in lactadherin expression level in M2 and M3 vs M1
could be explained with its biological function. In fact,
MFG-E8 is involved in different apoptosis-related proc-
esses, including mammary gland remodelling, and it is
required in the clearance of apoptotic cells and MFGs
during the mammary gland involution process (Atabai
et al. 2005; Hanayama and Nagata 2005). The first
stage of mammary gland involution involves the wide-
spread apoptosis of the alveolar epithelial cells, which
reverses the striking growth of the glands during the
previous cycle of proliferation (Lund et al. 1996). The
higher level of lactadherin in M3 vs M1 period (150 d
vs 30 d after kidding), could be due to the increased
synthesis occurring at the first phase of mammary
gland involution process. Spot ID 282 has been identi-
fied as b-lactoglobulin. Our data showed that b-lacto-
globulin content was higher in M2 and M3 than in

M1. Differences in whey goat proteins amount during
lactation were also reported by Hejtmankova et al.
(2012), which showed, in agreement with our results,
an increased content of b-lactoglobulin at the end of
lactation. Spots with IDs 183, 426 and 737 were identi-
fied as b-casein. Caprine b-casein was investigated by
MS analysis in Argentata dell’Etna goat breed (Galliano
et al. 2004), while a truncated b-casein form associated
with a null allele was detected and sequenced in
Rossa Mediterranea goat breed (Cunsolo et al. 2005).
Despite the spots identified as b-casein migrated far
from the caseins region, it is presumable that they
were peptide fragments. It is known that raw milk con-
tains several endogenous proteolytic activity repre-
sented by two of major enzymatic systems: plasmin
and lysosomal enzymes (Fox and Kelly 2006). In milk,
there are also present cathepsin and elastase, lytic
enzymes whose primary source is represented by som-
atic cells, which are naturally present in milk (Li N
et al. 2014) and which have an important key role in

Figure 4. Differential abundant protein spots identified by
LC-MS/MS in M1 vs M2, M1 vs M3, and M2 vs M3 milk sam-
ples comparisons (17 ¼ MFG EGF-factor 8; 183, 426 and 737
¼ b-casein; 282 ¼ b-lactoglobulin). For a full definition of
milk samples, see “Protein pools preparation and labelling”.
LC-MS/MS: liquid chromatography/mass spectrometry. MFG
EGF-factor 8: Milk fat globule epidermal growth-factor 8.

Table 2. Protein spots showing differences in protein abun-
dance for M1/M2 and M1/M3 milk samples comparisons iden-
tified by LC-MS/MS. For a full definition of milk samples, see
“Protein pools preparation and labelling”.

Spot ID Protein name
Accession

no. Species
Unique
peptides Coverage

17 MFG EGF-factor 8 G5CC03 Capra hircus 3 07.04
183 b-casein Q5YD57 Capra hircus 2 38.78
282 b-lactoglobulin A5JSR7 Capra hircus 12 69.82
426 b-casein Q5YD57 Capra hircus 2 38.78
737 b-casein Q5YD57 Capra hircus 2 38.78

LC-MS/MS: liquid chromatography/mass spectrometry; MFG EGF-factor 8:
Milk fat globule epidermal growth-factor 8.
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proteolysis of casein fraction (Santillo et al. 2009).
The higher b-casein level in M3 vs M1 could be due to
the milk yield decrease at the end of lactation leading
to concentration effect, considering that b-casein is
the most abundant casein in caprine milk.

Differential proteomic analysis on whole milk
between geographical areas

Analysis of DIGE gels resolved and matched a total of
401 spots. Supplementary material Figure S3 showed
the overlay images of Cy2-, Cy3- and Cy5-fluorescent
dyes. Filtered data set contained only one spot with a
fold change �1.5 and, therefore, a higher level in F1
vs F2 (Supplementary material Table S9). Spot ID 27
(Figure 5) was identified by MS as serum albumin of
Capra hircus species (UniProtKB Accession number
B3VHM9) with seven unique peptides and sequence
coverage of 12.18 (Figure 5). Serum albumin, with
molecular weight of 66.3 kDa and pI of 5.58, repre-
sents the main carrier protein of the plasma involved
in the transport of steroids, fatty acids and thyroid
hormones in the blood stream. Serum albumin is pre-
sent in milk as a consequence of permeability of the
epithelial lining in the mammary gland. Increased
serum albumin levels were used as indicators of
mammary gland health status (Leitner et al. 2004).
Serum albumin was found increased drastically in
cow after infection with Escherichia coli as a conse-
quence of a bigger permeability of the blood-milk
barrier (Boehmer et al. 2008, 2010; Li X et al. 2014).
The increment of serum albumin milk content
showed in our work could be explained as an effect

of the inflammatory state of animals belonging to the
flock F2, which contributed to bulk milk sample. In a
recent study, Olumee-Shabon et al. (2013) observed
little changes, based on apparent spot intensity, in
the abundance level of serum albumin between 2D
gels of both normal and infected goat milk. They
used a fluorescent method based on Sypro Ruby dye
to stain proteins on 2D gels and performed a qualita-
tive analysis without reporting spots quantification
values for the analysed condition. Even though our
results were not in agreement with the minimal
changes in abundance observed by Olumee-Shabon
et al. (2013), 2D-DIGE method used in the present
study allowed us to quantify exactly the relative
abundance of serum albumin in the compared sam-
ples and it can be considered more efficient and
reproducible than a qualitative analysis based on
fluorescent stain (Chevalier and Kelly 2010).

Conclusions

Little knowledge exists on the whole proteomic profile
and no reference map has been published until now
for this goat breed. This work represents the first 2D-
DIGE application for the characterisation of Girgentana
goat whole milk proteome. Although the bulk milk
contains several variables that can affect the obtained
results, this study provided a general picture of the
proteomic profile of milk of Girgentana goat, allowing
to identify all the different expressed proteins in the
three experiments. Therefore, it will be possible to use
these preliminary results as the starting point for the
construction of a reference map of whole milk proteins
for Girgentan goat breed in order to evaluate the pos-
sibility of revitalising interest in its milk to regain an
important economic role.
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