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a b s t r a c t
In livestock, breed assignment may play a key role in the certiﬁcation of products linked to speciﬁc breeds. Traceability of farm animals and authentication of their products can contribute to improve breed proﬁtability and sustainability of animal productions with signiﬁcant impact on the rural economy of particular geographic areas and
on breed and biodiversity conservation. With the goal of developing a breed genetic traceability system for
Girgentana dairy products, the aim of this study was to identify speciﬁc microsatellite markers able to discriminate among the most important Sicilian dairy goat breeds, in order to detect possible adulteration in Girgentana
dairy products. A total of 20 microsatellite markers were analyzed on 338 individual samples from Girgentana,
Maltese, and Derivata di Siria goat breeds. Speciﬁc microsatellite markers useful for traceability of dairy products
were identiﬁed. Eight microsatellite markers showed alleles present at the same time in Maltese and Derivata di
Siria and absent in Girgentana and, therefore, they were tested on DNA pools of the three breeds. Considering the
electropherograms' results, only FCB20, SRCRSP5, and TGLA122 markers were tested on DNA samples extracted
from cheeses of Girgentana goat breed. These three microsatellite markers could be applied in a breed genetic
traceability system of Girgentana dairy products in order to detect adulteration due to Maltese and Derivata di
Siria goat breeds.
© 2015 Elsevier Ltd. All rights reserved.

1. Introduction
In general, traceability can be deﬁned as the ability to follow food
through all stages of production, processing and distribution (McKean,
2001). The term “traceability” was deﬁned by the European Regulation
(ER) 178/2002 as “the ability to trace and follow a food, fees, food producing animal or ingredients, through all stages of production and distribution”. Following the ISO 8402 standards norms, this term was
deﬁned as “the capacity of establishing a product's origin process history, use and provenance by reference to written records” (International
Organization for Standardization (ISO), 1994). Like other traceability
deﬁnitions, ISO 8402 did not deﬁne which parameters have to be measured or how history or origin should be determined. Traceability systems are mandatory in all European Union member countries and are
important for livestock and animal products. There are several types
of traceability depending on how it is obtained and on what information
it furnished (Dalvit, De Marchi, & Cassandro, 2007). The conventional
traceability consists of the labeling system and of the management of
processed food by batches (Schwägele, 2005). Furthermore, it is based
on paper documents which could be counterfeited (Cunningham &
Meghen, 2001).
⁎ Corresponding author. Tel.: +39 091 23896069; fax: +39 091 23860814.
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Genetic traceability is based on the identiﬁcation of both animal and
their products through the study of DNA. DNA molecules have been proposed as target compounds for individual and species identiﬁcation due
to high stability compared with proteins, and also to their presence in
most biological tissues, making them the molecules of choice for differentiation and identiﬁcation of components in food and for the possibility to overcome limits of conventional traceability system (Dalvit et al.,
2007; Mafra, Ferreira, & Oliveira, 2008). In fact, researches have been focused on the study of DNA that is present in every cell and is relatively
stable to food processing (Dalvit et al., 2007; Plath, Krause, &
Einspanier, 1997). DNA analysis can furnish a different level of identiﬁcation. Breed and species discrimination are interesting to detect fraud
and to protect and valorize typical productions. First approaches for species identiﬁcation were based on protein analyses and immunological
assay (Berger, Mageau, Schwab, & Johnston, 1988; Patterson & Jones,
1990). Nowadays, species-speciﬁc PCR has shown to be a reliable method to control the authenticity of dairy products (Galimberti et al., 2013)
because a speciﬁc target sequence (e.g. 12S rRNA, 16S rRNA, cytochrome b, and cox1 gene suggested as DNA barcode) can be detected
in matrices containing a pool of heterogeneous genomic DNA, such as
milk (Mafra et al., 2008). Moreover, in recent years, the PCR–denaturing
gradient gel electrophoresis (PCR–DGGE) has been used for food traceability and safety in order to characterize bacteria and yeasts in dairy
products (Arcuri, El Sheikha, Rychlik, Piro-Métayer, & Montet, 2013;
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Table 1
Total number of individuals (IDs) used to create the experimental DNA pools using
Girgentana (GIR), Maltese (MAL) and Derivata di Siria (DdS) samples. Percentages (%)
of DNA from Girgentana (GIR) and from the two other breeds (MAL + DdS) present within each DNA pool.
Total IDs

IDs GIR

IDs MAL + DdS

GIR (%)

MAL + DdS (%)

20
40
60
80
100

10
30
50
70
90

10
10
10
10
10

50
75
83.3
87.5
90

50
25
16.7
12.5
10

Ercolini, Mauriello, Blaiotta, Moschetti, & Coppola, 2004). Several different markers have been discovered, studied and used in agriculture and
livestock; at present, the most widely used for traceability purpose are
microsatellites and Single Nucleotide Polymorphisms (SNPs), for their
high level of polymorphism and high reproducibility (Galimberti et al.,
2013). Microsatellite markers had been widely investigated for many
applications such as genetic identiﬁcation, assessment of parentage,
breed assignment tests and traceability (Dalvit et al., 2007; Fernández
et al., 2013; Heaton et al., 2002; Orrù, Napolitano, Catillo, & Moioli,
2006; Rosa, Sardina, Mastrangelo, Tolone, & Portolano, 2013; Tolone,
Mastrangelo, Rosa, & Portolano, 2012). DNA analysis furnished different
levels of identiﬁcation: individual one is useful for safeguarding public

and animal health and providing safe products for both domestic and
export consumption (considering also that national disease monitoring
depends on correct animal identiﬁcation), while breed and species discrimination are interesting to detect fraud and to protect and valorize
typical products (Bottero & Dalmasso, 2011; Cunningham & Meghen,
2001; Dalvit, De Marchi, Targhetta, Gervaso, & Cassandro, 2008).
Breed genetic traceability allowed the assignment or exclusion of the
breed of origin to a product. Breed genetic traceability is becoming an
important issue for the authentication of their products, as there is an
increasing interest in marketing mono-breed labeled lines of meat as
well as dairy products, which in some cases have obtained the protected
designation of origin (PDO). This interest derives from the fact that a
marketing link between breeds and their originated products can contribute to improve breed proﬁtability and sustainability of such farm
animal production with signiﬁcant impact on the rural economy of
particular geographic areas and on breed conservation and biodiversity
(Russo et al., 2007). Some examples are the Italian PDO cheese
Parmigiano Reggiano produced only with milk obtained from the
Reggiana dairy cows (Gandini & Oldenbroek, 1999) and the Spanish
PDO Jamon Iberico made with Iberian pig breeds (García et al., 2006).
It is important to underline that these products are usually ancient
and their preservation is linked with the protection of traditions and
cultures. The herds of the utilized breeds are often small and endangered, and their chance of survival is their use for the production of

Table 2
Microsatellite markers panel information.
Locus name

Primer sequences

Chromosome⁎

Length range (bp)†

NCBI probe database‡

FCB48

FW: GACTCTAGAGGATCGCAAAGAACCAG
RV: GAGTTAGTACAAGGATGACAAGAGGCAC
FW: GGAAAACCCCCATATATACCTATAC
RV: AAATGTGTTTAAGATTCCATACATGTG
FW: CCTCCACACAGGCTTCTCTGACTT
RV: CCTAACTTGCTTGAGTTATTGCCC
FW: GGACTTGCCAGAACTCTGCAAT
RV: CACTGTGGTTTGTATTAGTCAGG
FW: GGACTCTACCAACTGAGCTACAAG
RV: TGAAATGAAGCTAAAGCAATGC
FW: CTGCCAATGCAGAGACACAAGA
RV: GTCTGTCTCCTGTCTTGTCATC
FW: TGCGGTCTGGTTCTGATTTCAC
RV: CCTGCATGAGAAAGTCGATGCTTAG
FW: AACATTTCAGCTGATGGTGGC
RV: TTCTGTTTTGAGTGGTAAGCTG
FW: TACTAAAGAAACATGAAGCTCCCAC
RV: GGAAACATTTATTCTTATTCCTCAGTG
FW: CTGGAGGTGTGTGAGCCCCATTTA
RV: CTAAGAGTCGAAGGTGTGACTAGG
FW: TTGTTTAGGCAAGTCCAAAGTC
RV: AACACCGCAGCTTCATCC
FW: GATCACCTTGCCACTATTTCCT
RV: ACATGACAGCCAGCTGCTACT
FW: CTCTTCATTCTGCAAAAGTTTGTCAC
RV: GCTTGTGAGATGAACAATAAGTCATAGG
FW: GCAAGCAGGTTCTTTACACTAGCACC
RV: GGCCTGAACTCACAAGTTGATATATCTATCAC
FW: AGAACAAATATCTGGAATGGTGATGCT
RV: TGCTATAGGATGACATGAAGGCAAAT
FW: TTGGCGGAAATGAGCTGGTGTTTC
RV: TCCGTCCTGAAGTGATGTTTCCCT
FW: GAGTAGAGCTACAAGATAAACTTC
RV: TAACTACAGGGTGTTAGATGAACTC
FW: AGCAAGAAGTGTCCACTGACAG
RV: TCTAGGTCCATCTGTGTTATTGC
FW: CCCTCCTCCAGGTAAATCAGC
RV: AATCACATGGCAAATAAGTACATA
FW: TACAGTCCATGGGGTCACAAGAG
RV: TCTGAATCTACTCCCTCCTCAGAGC

17 (Oar)

145–175

012486890

2 (Oar)

85–115

012486916

7 (Oar)

130–165

012487242

14 (Oar)

226–246

012490012

18 (Oar)

150–185

012490659

20 (Oar)

260–300

012487641

–

215–250

L22200

20 (Oar)

135–155

012487361

25 (Oar)

110–145

012519055

1 (Oar)

178–194

012486920

6 (Oar)

155–200

012828638

9 (Oar)

130–160

012487010

4 (Oar)

105–135

012487638

2 (Oar)

140–165

012486867

4 (Oar)

260–320

012518826

19 (Btau)

260–320

012490147

3 (Btau)

180–230

012487309

2 (Oar)

140–170

012490656

18 (Oar)

125–155

012487076

2 (Oar)

125–165

012487637

FCB20
BRN
CSRD247
SRCRSP0005
OLADRB
SRCRSP0008
INRA104
OARAE54
MB099
BM1329
ETH225
MCM73
FBC11
TCRGC4
STAT5B
INRA023
SRCRSP0024
TGLA122
MCM64

⁎ Number of chromosome for Ovis aries (Oar) or Bos taurus (Btau) genome.
†
Minimum and maximum length in base-pairs (bp) for each microsatellite.
‡
Identiﬁcation number of each microsatellite marker as reported in National Centre for Biotecnology Information (NCBI) web pages within Probe database (http://www.ncbi.nlm.nih.gov/
probe) and in GenBank database (www.ncbi.nlm.nih.gov/genbank/).
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Table 3
Number of alleles (k), observed (Ho) and expected (He) heterozygosity, polymorphic information content (PIC), and summary statistics for the 19 polymorphic microsatellite
markers.
Locus

k

Ho

He

PIC

FCB48
FCB20
BRN
CSRD247
SRCRSP05
OLADRB
SRCRSP08
INRA104
OARAE54
MB099
MCM73
FCB11
BM1329
ETH225
INRA023
SRCRSP24
TCRGC4
TGLA122
MCM64
Mean ± S.D.

8
9
12
7
11
11
9
3
9
5
7
8
10
3
8
11
6
11
11
8.368 ±
2.692
19
159
338
0.963

0.777
0.754
0.735
0.884
0.728
0.732
0.540
0.430
0.467
0.214
0.524
0.563
0.674
0.148
0.624
0.518
0.705
0.485
0.556
0.582 ±
0.187

0.793
0.783
0.860
0.719
0.766
0.822
0.603
0.459
0.565
0.297
0.624
0.827
0.674
0.161
0.687
0.596
0.706
0.535
0.810
0.647 ±
0.185

0.763
0.749
0.844
0.674
0.731
0.799
0.536
0.369
0.540
0.264
0.582
0.802
0.642
0.153
0.631
0.566
0.653
0.504
0.788
0.610 ±
0.188

Number of loci
Total number of alleles
Total number of individuals
Mean proportion of
individuals typed

typical and high quality products. This means that breed traceability is
important both to defend and valorize particular food products and livestock breeds.
An interesting situation is represented by the Girgentana goat
(Capra hircus), an ancient breed reared in a restricted area of Sicily
(southern Italy) for its good dairy production. Due to sanitary policies,
the size of the Girgentana population decreased almost 90% in
20 years. In 1983, the population consisted of 30,000 goats but nowadays only 374 heads are enrolled in the Herd Book (Associazione
Nazionale della Pastorizia, Asso.Na.Pa., 2013) and it was listed by Food
and Agriculture Organization (FAO) with endangered risk status. Over
recent years this breed has become almost extinct, in part as a consequence of marked decrease in fresh goat milk consumption. Therefore,
it could be interesting to evaluate the possibility of revitalizing interest
in milk produced by this breed in order to regain an important economic
role in the production of drinking milk (such as milk for infants) and
niche dairy products (Mastrangelo, Sardina, Tolone, & Portolano,
2013). Recently, emerging interests in this breed have resulted in the
production of typical dairy products obtained with only Girgentana
milk.
With the goal of developing a genetic traceability system for dairy
products, the aim of this study was to identify speciﬁc microsatellite
markers able to discriminate among the most important Sicilian dairy
goat breeds, in order to detect possible adulteration in Girgentana
dairy products. For this purpose we have focused our attention mainly
on the three most important local goat breeds reared in Sicily,
Girgentana, Maltese and Derivata di Siria.

blood was collected from jugular vein using Vacutainer tubes containing
Ethylenediaminetetraacetic acid (EDTA) as anticoagulant. Genomic
DNA was extracted from buffy coats of nucleated cells using a salting
out method (Miller, Dykes, & Polesky, 1988). The concentration of extracted DNA was checked using NanoDrop ND-1000 spectrophotometer
(NanoDrop Technologies, Wilmington, DE, USA) and samples were
stored at 4 °C until use.

2.2. Cheese sampling and DNA extraction
A total of three cheese samples of Girgentana goat breed were collected from Sicilian local dairy farms and stored at − 20 °C until use.
Farmers declared that milk from other goat breeds was not used to produce these cheeses. As the milk contains somatic cells that are included
as component in cheese and in other processed dairy products, the DNA
from these cells represents the trace of the milk producer animals. For
DNA extraction the Cetyl trimethylammonium bromide (CTAB) method
of ISO 21571:2005 (E) (International Organization for Standardization
(ISO), 2005) was used, making some changes to the protocol for sample
preparation (5 g of cheese sample, use of proteinase K, and incubation
overnight at 50 °C). Three samples from each cheese were collected
for DNA extraction and used as technical and biological replicates.
The concentration of extracted DNA was checked using NanoDrop
ND-1000 spectrophotometer (NanoDrop Technologies, Wilmington,
DE, USA) and samples were stored at 4 °C until use.

Table 4
Private alleles (frequencies in brackets) found in the three goat breeds: Girgentana (GIR),
Maltese (MAL), and Derivata di Siria (DdS). Alleles in bold and underlined could be used
for traceability purpose for their presence in MAL and DdS and, at the same time, their absence in GIR.
Locus

Breed
GIR

MAL

DdS

FCB48
FCB20

154 (0.0284)

156 (0.1250)

BRN

156 (0.1060)
158 (0.0682)
160 (0.0076)

156 (0.0854)
93 (0.0488)
105 (0.0122)
109 (0.0122)
166 (0.0128)

CSRD247
SRCRSP05

OLADRB

159 (0.0076)

269 (0.0377)
293 (0.0139)

SRCRSP08

130 (0.0511)

MCM73

122 (0.0153)
132 (0.0118)

FCB11
BM1329
ETH225
SRCRSP24

2.1. Blood sampling and DNA extraction

TCRGC4
TGLA122

MCM64

246 (0.2927)
177 (0.2195)
181 (0.0732)
183 (0.0732)
291 (0.0122)
228 (0.0610)
230 (0.0366)

OARAE54
MB099

2. Materials and methods

For this preliminary study, a total of 338 individual samples, belonging to Girgentana (264), Maltese (41) and Derivata di Siria (33) goat
breeds were collected during March 2013. Animals were randomly
sampled from different ﬂocks located in Sicily provinces (Global
Positioning System coordinates reported in Table S1). About 10 ml of
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149 (0.0760)
144 (0.0019)

133 (0.0153)
145 (0.0019)
147 (0.0210)

149 (0.0344)
151 (0.0496)

109 (0.0303)

177 (0.1364)

291 (0.0156)

230 (0.0606)
236 (0.0152)
240 (0.0152)

128 (0.0244)
157 (0.0122)
187 (0.0244)

187 (0.0781)

155 (0.1625)
161 (0.0125)
163 (0.0139)
145 (0.2073)

145 (0.0152)

150 (0.0854)

162 (0.0156)
168 (0.0156)
173 (0.0152)

139 (0.0385)

151 (0.0769)
197 (0.0128)
137 (0.0122)

151 (0.0606)
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2.3. Experimental DNA pools preparation
Several DNA pools were prepared mixing DNA from Girgentana,
Maltese and Derivata di Siria goat breeds in different proportion
(Table 1). The DNA pools were created considering the different alleles
present in the three goat breeds in order to assess the detection power
of microsatellite markers.
2.4. Microsatellite markers ampliﬁcation and analysis
A total of 20 microsatellite markers were ampliﬁed in ﬁve multiplexPCR reactions (Table 2). Markers were chosen according to the
International Society for Animal Genetics (ISAG)/Food and Agricultural
Organization (FAO) (2004) or obtained from the NCBI website (www.
ncbi.nlm.nih.gov/probe, www.ncbi.nlm.nih.gov/genbank/), in order to
be polymorphic and located all over the genome. Each PCR reaction
was performed in a total volume of 10 μl containing 100 ng of genomic
DNA, 1X PCR buffer with (NH4)2SO4, 2.5 mM MgCl2, 0.8 mM dNTPs,
primer mix and 1 U of Taq DNA polymerase. The thermal cycling condition were initial denaturation at 95 °C for 10 min, 35 cycles 95 °C for
1 min, 56 °C for 1 min, and 72 °C for 2 min, followed by ﬁnal extension
at 60 °C for 30 min. Capillary electrophoresis was performed using ABI
PRISM 3130xl Genetic Analyzer (Applied Biosystems, Foster City, CA)
and GeneScan LIZ500 (Applied Biosystems, Foster City, CA) as internal
size standard. Allele size was assigned using GeneMapper v4.0 software
(Applied Biosystems, Foster City, CA).
Microsatellite markers with alleles present at the same time in
Maltese and Derivata di Siria breeds and absent in Girgentana breed
were tested on DNA pools prepared with different proportion of the
three breeds (Table 1) and on DNA samples from Girgentana cheeses.
To evaluate data repeatability and reproducibility, a total of 5 samples per breed were genotyped in duplicate and analyses were carried

out independently by two experienced operators. The differences between the raw values obtained for each allele were directly analyzed
with GeneMapper v4.0 software (Applied Biosystems, Foster City, CA)
and compared with GeneScan LIZ500 in order to estimate the uniformity and stability of each allele of each microsatellite.
2.5. Statistical analysis
Allele frequencies, mean number of alleles (MNA), allelic richness
(AR), observed (Ho) and expected (He) heterozygosity, Polymorphic
Information Content (PIC), and exact P-value associated with the null
hypothesis of Hardy Weinberg equilibrium (HWE) for all loci were estimated using CERVUS 3.0.3 (Marshall, Slate, Kruuk, & Pemberton, 1998),
FSTAT 2.9.3.2 (Goudet, 1995), ARLEQUIN 3.5.1.2 (Excofﬁer & Lischer,
2010), and GENEPOP 4.0.11 (Rousset, 2008) software.
3. Results and discussion
3.1. Microsatellite markers panel results
All 338 individual samples belonging to Girgentana (264), Maltese
(41), and Derivata di Siria (33) goat breeds were genotyped for 20 microsatellite markers. Of the 20 microsatellite markers used in this
study, STA5B was monomorphic in all breeds and, therefore, it was excluded from the statistical analyses. In Table 3, the number of detected
alleles, Ho and He, and PIC for the 19 analyzed loci are shown. A total
of 159 alleles have been identiﬁed in the Sicilian goat breeds. Observed
number of alleles per locus ranged from 3 (INRA104 and ETH225) to 12
(BRN). Considering that PIC value was higher than 0.50, the microsatellite panel was highly informative (Botstein, White, Skolnick, & Davis,
1980). The microsatellite set gave satisfactory results in all breeds in
terms of reproducibility and repeatability and this simpliﬁed the

Fig. 1. Electropherograms of FCB20 (1A) and TGLA122 (1B) microsatellite markers from one heterozygous and one homozygous individual. The arrowed peaks are “stutter” 2 and 4 basepairs (bp) smaller than the respective alleles; 1C shows electropherogram of FCB48 microsatellite marker from 4 individuals. X-axis indicates peaks/alleles in base pairs (bp) in comparison
with GeneScan LIZ500 Size standard; all peaks are scaled in relative ﬂuorescent unit (r.f.u.) on Y-axis.
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Fig. 2. Electropherograms of FCB48 microsatellite marker of three DNA pools of single breed from 50 individuals with known genotypes. X-axis indicates peaks/alleles in base pairs (bp) in
comparison with GeneScan LIZ500 Size standard; all peaks are scaled in relative ﬂuorescent unit (r.f.u.) on Y-axis.

laboratory work and reduced the analyses costs. Moreover, the mean
proportion of individuals typed was 0.96 and this set showed good variability considering the mean values of Ho and He (0.53 and 0.65, respectively). Only two microsatellite markers (CSRD247 and FCB11)
were not in HWE in Girgentana, Maltese and Derivata di Siria goat
breeds (data not shown).
3.2. Identiﬁcation of breed speciﬁc microsatellite markers
Nowadays, several molecular tools can be applied to assess authenticity and adulteration of dairy products (Galimberti et al., 2013). These
methods allowed the identiﬁcation of species-speciﬁc target sequences
within matrices (e.g. 12S rRNA, 16S rRNA, cytochrome b, and cox1 gene)
and can be only used to perform species genetic traceability (Galimberti
et al., 2013). To achieve the aim of this study, our ﬁrst step was to identify breed speciﬁc microsatellite markers that can be used for breed genetic traceability of Girgentana dairy products. Presence of private
alleles (i.e. alleles present in one breed and absent in the others) was

evidenced in each breed. In particular, 17 private alleles were found in
Girgentana, 16 in Maltese, and 5 in Derivata di Siria goat breeds
(Table 4). Considering the allele distribution within the three breeds,
it is possible to note some differences that can be used to identify or exclude the breed of origin of dairy product. For this purpose, we have focused our attention mainly on the alleles present at the same time in
Maltese and Derivata di Siria and absent in Girgentana. In fact, the deterministic approach is based on the identiﬁcation and use of few breed
speciﬁc or exclusive markers present or absent in all animals of a particular breed, and that can be applied to mixture of products obtained from
more animals.
Only eight microsatellite markers showed these alleles as reported in Table 4, therefore they were tested on DNA pools of Girgentana,
Maltese and Derivata di Siria breeds and subsequently on DNA samples extracted from cheeses.
When microsatellite markers are analyzed, small amounts of fragments smaller/greater than the “real” allele are also ampliﬁed. This phenomenon is routinely referred to as “stutter” and, when present, it could

Fig. 3. Electropherogram of FCB48 microsatellite marker from DNA pool of the three breeds with 60 individuals. The arrowed allele was present within pool with a frequency value of 0.03.
X-axis indicates peaks/alleles in base pairs (bp) in comparison with GeneScan LIZ500 Size standard; all peaks are scaled in relative ﬂuorescent unit (r.f.u.) on Y-axis.
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Fig. 4. Electropherograms of FCB20 microsatellite marker from DNA from pool of the three breeds with 100 individuals (above) and from Girgentana cheese (below). The arrowed allele
(109 bp) was present within the DNA pool with a frequency of 0.01 and it was useful for traceability purpose of Girgentana dairy products. X-axis indicates peaks/alleles in base pairs (bp)
in comparison with GeneScan LIZ500 Size standard; all peaks are scaled in relative ﬂuorescent unit (r.f.u.) on Y-axis. Offscale peaks resulted in a pink bar within the electropherogram.

be difﬁcult to distinguish low peaks due to “stutter” from their interaction with true alleles (Shackell, Mathias, Cave, & Dodds, 2005). The analyzed microsatellite markers presented real allele peaks and “stutter” 2
and/or 4 base-pairs smaller and/or greater than the respective alleles
(Fig. 1A). When analysis is performed on single individuals, it was
easy to distinguish between alleles and “stutter” even if the analyzed
samples were heterozygous (Fig. 1B). Otherwise, when DNA pools
contained mixture of DNA from different individuals, the electropherograms showed peaks that are combination of true alleles and the “stutter”
from these alleles (Fig. 1C). Therefore, depending on the shape of microsatellite it could be difﬁcult to distinguish between low peaks
due to “stutter” and alleles of individuals making a minor contribution to the pool. Considering that DNA pools were constructed with
genotyped individuals of the three goat breeds, we could know all

the real alleles present within electropherograms and therefore we
assigned alleles to any of the observed peaks. To test the eight
microsatellites, we ﬁrst analyzed each of them on DNA pools of
single breed made by mixing an increasing number of individuals
(from 2 to 50) with known genotypes. In Fig. 2 we reported, as
example, the FCB48 microsatellite marker analyzed on 3 DNA pools
containing 50 individuals each and we could observe good ampliﬁcation results. Subsequently, we performed the same analyses on ﬁve
different DNA pools (Table 1) made mixing DNA from the three
breeds with the same good results. In particular, as reported in
Fig. 3, allele 156 bp presents with low frequency (0.03) within
Maltese and Derivata di Siria was successfully detected.
After visual inspection of microsatellite markers by GeneMapper
v4.0 software, it was possible to detect that only three markers, i.e.

Fig. 5. Electropherograms of SRCRSP5 microsatellite marker from DNA from pool of the three breeds with 100 individuals (above) and from Girgentana cheese (below). The arrowed allele
(177 bp) was present within the DNA pool with a frequency of 0.01 and it was useful for traceability purpose of Girgentana dairy products. X-axis indicates peaks/alleles in base pairs (bp)
in comparison with GeneScan LIZ500 Size standard; all peaks are scaled in relative ﬂuorescent unit (r.f.u.) on Y-axis. Offscale peaks resulted in a pink bar within the electropherogram.
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Fig. 6. Electropherograms of TGLA122 microsatellite marker from DNA from pool of the three breeds with 100 individuals (above) and from Girgentana cheese (below). The arrowed allele
(151 bp) was present within the DNA pool with a frequency of 0.01 and it was useful for traceability purpose of Girgentana dairy products. X-axis indicates peaks/alleles in base pairs (bp)
in comparison with GeneScan LIZ500 Size standard; all peaks are scaled in relative ﬂuorescent unit (r.f.u.) on Y-axis. Offscale peaks resulted in a pink bar within the electropherogram.

FCB20, SRCRSP5, and TGLA122, presented alleles useful for traceability
purpose of Girgentana dairy products. In fact, these three markers presented the same smallest or greatest allele in Maltese and Derivata di
Siria breeds and, therefore, it was possible to detect the real allele
peaks even when the analyzed sample containing not genotyped
individuals.

from the other goat breeds for the differences in breeding system and
origin (Siwek, Finocchiaro, Curik, & Portolano, 2010).
The results can represent a ﬁrst deterrent against fraud and an important tool for the valorization of Girgentana breed and for authentication of cheese obtained from Girgentana milk only.

3.3. Application of speciﬁc microsatellite markers to cheese DNA samples

4. Conclusion

We analyzed FCB20, SRCRSP5, and TGLA122 markers in DNA samples extracted from cheeses (n = 3) and we repeated the analysis on
replicates (9 samples in total). Moreover, we compared the electropherograms with those obtained from DNA pool with 9:1 ratio (Table 1)
and we did not detect speciﬁc alleles of Maltese and Derivata di Siria
breeds (Figs. 4, 5, and 6). Considering our results, these microsatellite
markers could be applied in a genetic traceability system of Girgentana
dairy products in order to detect adulteration due to Maltese and
Derivata di Siria goat breeds. Concerning other goat breeds reared in
Sicily (Argentata dell'Etna, Messinese, Saanen and Camosciata delle
Alpi), it should be improbable that the Girgentana products are obtained
with mixtures of milk from these breeds, especially because they are not
reared in the same geographical area of Girgentana goat.
We obtained very good ampliﬁcations of DNA from cheese and replicates showed high reliability. Shackell et al. (2005) using microsatellite
markers for traceability of ground beef mixtures showed that their PCR
reactions were generally repeatable with low variability. Nevertheless,
the method was not accurate enough when they analyzed samples
consisting of more than 10 individual contributors. Several authors
(Dalvit et al., 2008; Fernández et al., 2013; Heaton et al., 2014) reported
the use of microsatellite markers and SNPs as potential tool for meat individual traceability and breed traceability on single meat cut. To the
best of our knowledge, this work was the ﬁrst to extend the potential
use of microsatellite markers for traceability purpose on dairy products.
In fact, nowadays, useful markers for this purpose were identiﬁed by
looking at mutations in genes determining the most important traits
that differentiate the breeds, as the coat color (Fontanesi et al., 2011;
Russo et al., 2007). Moreover, our results conﬁrmed the absence of adulteration in the analyzed Girgentana dairy products and suggested that it
could be possible to identify “foreign” alleles even if they are present
with low frequency.
One relevant aspect when studying this topic is the knowledge of
population structure and genetic relationship for the breeds involved
in the traceability system (Dalvit et al., 2008). The positive results obtained in this were also due to the genetic separation of Girgentana,

Conventional traceability system based on paper documents
could be counterfeited while genetic traceability is based on the
identiﬁcation of both animal and their products through the study
of DNA and therefore is more reliable. The possibility of certifying
origin and identity of dairy products, through breed characterization,
could provide the development of marginal areas in which these
products are made, as well as the conservation of Sicilian local
breeds. The present study reported for the ﬁrst time the potential
application of microsatellite markers in a breed genetic traceability
system for dairy products. Considering our results, FCB20, SRCRSP5,
and TGLA122 microsatellite markers will be applied in a breed genetic
traceability system of Girgentana dairy products in order to detect
adulteration due to Maltese and Derivata di Siria goat breeds, and can
represent a ﬁrst deterrent against fraud and an important tool for the
valorization of Girgentana breed. In order to conﬁrm the results further
analyses will be conducted using these microsatellite markers on a
wider sample of breeds.
Supplementary data to this article can be found online at http://dx.
doi.org/10.1016/j.foodres.2015.04.038.
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