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A B S T R A C T   

Tuna “Bottarga” is an artisanal food speciality prepared from the roe of Bluefin Tuna (Thunnus thynnus). Due to 
the recent restriction of Tuna catches fixed by EU, cheaper substitutes from yellowfin tuna (Thunnus albacares) 
are currently available in the mass distribution. Since the product is sold sliced or grated, morphological 
distinctive features may be lost, and fraudulent substitution is possible. In this study we tested DNA mini- 
barcoding and infrared spectroscopy as tools to trace its authenticity. A certified chemical standard, fresh (n 
= 4) and processed (n = 11) ovarian identified by the morphological observation of the tuna catches, commercial 
bottargasamples (n = 5) and artificial aged aliquots of all these samples (n = 50) were used in the experiments. 
The results showed that infrared spectroscopy failed in the taxonomic distinction, whereas enabled PLS-DA 
classification of aged samples (and thus the identification of fresh prepared artisanal products) with model 
non-error rate in fitting equal to 0.96, and 0.89 in cross-validation. Conversely, DNA mini-barcoding with mtDNA 
control region, success in species identification (100% maximum identity by the standard comparison BLAST 
approach against GenBank), regardless the processing state of the product.   

1. Introduction 

Nowadays the declaration of specific quality attributes to food 
products has a great interest. Due to the globalization of food markets 
and the resulting increase in variability and availability of foods from 
other countries, consumers are interested about the geographical origin 
and the assumed quality of the consumed products (Bonanno, 2019). 
Food authentication is the process that verifies that a food is in 
compliance with its label description. This may include the determina
tion of the declared biological species, the geographical provenance, the 
production method and/or processing technology employed (Frigerio 
et al., 2020; van Ruth, Luning, Silvis, Yang; Huisman, 2018). 

Under this view, European Union legislation displays a regulatory 
framework that links products to the defined geographical area where 
they are produced to recognize food quality and authenticity, by pro
tecting the reputation of the regional foods and guaranteeing relevant 
prices (Regulation EU, 2012) . A variety of tools were created in order to 
protect quality and geographic products, i.e. PDO and PGI indications 

(‘Protected Designation of Origin’ ‘Protected Geographical Indication’). 
Some Italian products that constitute an expression of Italian cultural 
heritage but are not included under those certifications are considered 
for the Italian agricultural products list (MIPAAF, 1999), that is 
approved and updated every year by the Italian Ministry of Agricultural, 
Food and Forestry Policies (Ministero delle Politiche Agricole,). 

The salted and dried roe of tuna is a specialty appreciated in Italian 
cuisine under the name “Bottarga” and is listed as an Italian agricultural 
product (Saliu, Magoni, Lasagni, Della Pergola & Labra, 2019). 

Most of the marketed “Bottarga” is obtained from yellowfin tuna 
(Thunnus albacares) specimens fished in Indian and Pacific ocean fishing 
zones (Di Natale; Addis, 2010), than processed in Italy and presented to 
the consumers in the form of a powdered “Bottarga di Tonno” (Tuna 
Bottarga). Gonads are therefore frozen after catching and thawed on-site 
before preparation. 

Conversely, the artisanal product is prepared from Atlantic Bluefin 
tuna (Thunnus thynnus) and it is available only in local restaurants and 
markets near the italian fishing areas (Catarci, Simeone; Scarpato, 2007) 
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under the name “Bottarga di Tonno Rosso” (Bluefin tuna “Bottarga”). It 
is sold in slices at higher price than the yellowfin due to a combination of 
the assumed higher sensory/organoleptic quality (Scano et al., 2013) the 
recognized geographical origin and the employment of the traditional 
artisanal preparation which requires a skilled handling (Emery; 
Katherine, 2010). As powdered “Bottarga” is available in the market 
composed of different Tuna species and with different origin. The 
taxonomic identification starting from the morphological features is 
difficult, and consequently fraud is possible. 

In addition, the European regulation (Regulation EU, 2013) declare 
that processed fish products (i.e. caviar) are excluded from the addi
tional information requirements, i.e. FAO fishing area label, reducing 
the chances of the consumer to consume authentic bottarga products. 

For the best of our knowledge, no analytical methods for the 
authentication of “Bottarga” are available and, specifically, the 
distinction of specialties prepared with bluefin tuna roe from the yel
lowfin substitutes is not described. Moreover, even if the labels report 
the Italian geographical provenance (claimed as added value), there are 
no completed studies regarding its organoleptic distinctiveness that 
helps producers to promote and protect the original “Bottarga”. 

Starting from this basis, in this study we evaluated the performance 
of DNA mini-barcoding and infrared spectroscopy in discriminating the 
product marketed as “Bottarga di Tonno Rosso” and we researched for 
the molecular features that are distinctively related to its “authenticity”. 

2. Materials and methods 

2.1. Sampling 

Fourteen sliced samples of roe from three tuna species and at three 
processing stage (fresh, frozen, dried), and six powdered samples pur
chased in local supermarkets were submitted to DNA barcoding analysis 
(Table 1). 

Specifically, the sliced samples (from FEM_B_001 to FEM_B_014) 
were used as reference samples to validate DNA mini-barcoding anal
ysis, after being morphologically identified at the species level by a 
veterinary surgeon of our group (RM) using identification key (ISSF). 
The powdered samples were used as test samples (blinds) instead, since 
no distinctive morphological feature enabling the verification of the 
label declaration was displayed. 

2.2. Artificial aging 

A total of 50 aged sample was obtained from aliquots of the fresh 
samples described in the previous section. Sixteen replicates were ob
tained by storing aliquots at room temperature (RT), fourteen by storing 
at 4 ◦C and two at − 20 ◦C. Finally, eighteen samples were obtained by 
aliquots placed in a stove at 60 ◦C to simulate accelerated aging. Storage 
time (expressed in days) was normalized considering 1 day at 60 ◦C as 30 
days at RT, 1 day at 4 ◦C as 0.1 day at RT, and 1 day at − 20 ◦C as 0.03 
day at RT (Michotte et al., 2011; Saliu et al., 2013). The list of samples 
with associated experimental storage conditions, days of storage, 
normalized days of storage is available (see Supplementary, S1). 

2.3. DNA extractions, PCR conditions, DNA sequencing 

Extraction of gDNA was obtained starting from 20 mg of roe sample 
by using DNA easy Blood; Tissue Kit (QIAGEN, Hilden, Germany). Pu
rified gDNA was checked for concentration and purity by using Nano
Drop™ One/OneC Microvolume UV–Vis Spectrophotometer (Thermo 
Fisher Scientific™, Waltham, Massachusetts, US). The genomic locus 
selected was the mitochondrial control region (CR) using the couple of 
primer (i.e., 236 bp region) designed by Mitchell and Hellberg (Mitchell 
& Hellberg, 2016) A standard PCR amplification was performed using 
puReTaq Ready-To-Go PCR beads (GE Healthcare Life Sciences, Italy) by 
following the manufacturer instructions (Frigerio et al., 2019). PCR 
cycles consisted of an initial denaturation step for 5 min at 95 ◦C, fol
lowed by 35 cycles of denaturation (45 s at 95 ◦C), annealing (45 s at 
49 ◦C) and extension (1 min at 72 ◦C), and, hence, a final extension at 
72 ◦C for 7 min. Amplicon occurrence was assessed by electrophoresis on 
agarose gel using 1.5% agarose TAE gel and amplicon length was 
measured by comparison against 100bp ladder. Purified amplicons were 
bidirectionally sequenced using an ABI 3730XL automated sequencing 
machine (Applied Biosystems, ThermoFisher Scientific, Milano, Italy). 
The 3′ and 5′ terminal portions of each sequence were clipped to 
generate consensus sequences for each sample. After manual editing, 
primer removal and pairwise alignment, the sequences obtained were 
subjected to an individual Basic Local Alignment Search Tool (BLAST) in 
GenBank to verify their taxonomic identity. 

Table 1 
List of reference samples submitted to analysis. In the table are indicated ID specimen, morphological identified species, DNA barcoding identified species, genomic 
DNA (ng/μl), percentage of identity, sample typology, processing stage and collection site.  

ID specimen Morphological Identified 
Species 

DNA barcoding Identified 
Species 

gDNA (ng/ 
μl) 

Percentage 
identity 

Sample 
typology 

Processing 
stage 

Collection site 

FEM_B_001 Thunnus thynnus Thunnus thynnus 40.2 100% Reference Dried Sardinia 
(Italy) 

FEM_B_002 Thunnus thynnus Thunnus thynnus 38.5 100% Reference Dried Sardinia 
(Italy) 

FEM_B_003 Thunnus thynnus Thunnus thynnus 39.6 100% Reference Dried Sardinia 
(Italy) 

FEM_B_004 Thunnus thynnus Thunnus thynnus 35.4 100% Reference Fresh Sardinia 
(Italy) 

FEM_B_005 Thunnus thynnus Thunnus thynnus 30.7 100% Reference Fresh Sardinia 
(Italy) 

FEM_B_006 Thunnus thynnus Thunnus thynnus 33.5 100% Reference Fresh Sardinia 
(Italy) 

FEM_B_007 Thunnus thynnus Thunnus thynnus 35.7 100% Reference Frozen Sardinia 
(Italy) 

FEM_B_008 Thunnus thynnus Thunnus thynnus 29.7 100% Reference Frozen Sardinia 
(Italy) 

FEM_B_009 Thunnus thynnus Thunnus thynnus 30.6 100% Reference Frozen Sardinia 
(Italy) 

FEM_B_010 Thunnus alalunga Thunnus alalunga 31.1 100% Reference Fresh Sicily (Italy) 
FEM_B_011 Thunnus albacares Thunnus albacares 29.5 100% Reference Frozen Maldives 
FEM_B_012 Thunnus albacares Thunnus albacares 40.3 100% Reference Frozen Maldives 
FEM_B_013 Thunnus albacares Thunnus albacares 31.4 100% Reference Frozen Maldives 
FEM_B_014 Thunnus albacares Thunnus albacares 28.6 100% Reference Frozen Maldives  
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2.4. ATR/FTIR analysis 

ATR/FTIR analysis was carried out with a Nicolet In10 instrument 
(Thermo Scientific, Milano, Italy) equipped with a DTGS detector. Each 
spectrum was recorded in triplicate at 128 scans at 4 cm-1 of resolution 
in the range of 4000–700 cm-1. Spectra were examined and manipulated 
with OMNIC software (ThermoFisher Scientific, Milano, Italy). 

2.5. Multivariate statistical analysis on ATR/FTIR spectra 

Data processing and statistical analysis was performed with MATLAB 
(MATLAB R2018b, The MathWorks, Inc.: Natick, Massachusetts, United 
States). Spectral pre-treatments based on Standard Normal Variate and 
mean centering were used to normalize ATR/IR spectra (Fearn, Riccioli, 
Garrido-Varo; Guerrero-Ginel, 2009). 

The exploratory data analysis was undertaken by means of the PCA 
toolbox for MATLAB (Eigenvector Research Inc., Manson, WA), while 
Partial Least Squares Discriminant Analysis (PLS-DA) by the classifica
tion toolbox as described in a previous paper (Ballabio, 2015). 

3. Results and discussion 

3.1. 1 DNA mini-barcoding 

DNA mini-barcoding approach is based on the analysis of the vari
ability within a standard region of the genome. An ideal DNA barcode 
requires two fundamental characteristics: high taxonomic coverage and 
high resolution (Hebert, Cywinska, Ball; deWaard, 2003). As a general 
principle, DNA barcode regions should have an high interspecific and 
low intraspecific variability. COI region is the standard barcode marker 
first presented by Hebert and colleagues usually used for animal tax
onomy (Hebert, Cywinska, Ball; deWaard, 2003) but for tuna the mtDNA 
control region described by Vinas and Tudela (Viñas; Tudela, 2009) 
resulted to be the most useful marker to discriminate Thunnus species. 
Furthermore this marker was used successfully on canned tuna products, 
developing a DNA mini-barcoding system (i.e., 236 bp region) (Mitchell 
& Hellberg, 2016). Good DNA yield (20–40 ng/μl) was obtained from all 
the collected samples and all resulted in a 100% amplification success 
(Tables 1 and 2). This indicates that different typologies of samples 
(fresh, frozen and dried) are suitable for DNA mini-barcoding analysis. 
After that, the sequences obtained from the fourteen fresh samples (from 
FEM_B_001 to FEM_B_014, Table 1) were used as references to evaluate 
the reliability of DNA mini-barcoding identification by using the mtDNA 
control region. The species assignments were obtained by the applica
tion of a standard comparison approach against a GenBank database 
with BLASTn (Altschul, Gish, Miller, Myers, & Lipman, 1990). Accord
ing to this approach, each barcode sequence was taxonomically assigned 
to the animal species with the nearest matches (maximum identity 99% 
and query coverage of 100%). All the reference samples returned 100% 
maximum identity (with 100% query coverage) notwithstanding the 
different processing status of the samples (frozen, fresh and dried). Re
sults (Table 1) indicate that DNA mini-barcoding is a powerful tool for 
species identification even with aged and processed seafood samples. 
We then submitted the six commercial samples to the analysis (from 
FEM_B_015 to FEM_B_020, Table 2). Again, DNA mini-barcoding 

analysis returned 100% maximum identity, indicating no fraudulent 
misconduct in the product labelling. 

3.2. ATR/FTIR analysis 

As shown in literature, ATR-FTIR enables a fast non-destructive, 
sensible determination of the biomolecular profile of fish oil and tis
sues (Kaitaranta; Ackman, 1981; Saliu, Longhin, Salanti, Degano; Della 
Pergola, 2016; (Saliu et al., 2017)). However, since “Bottarga” is a 
processed product, the acquisition of quali-quantitative information 
may be a difficult task. Initially, for validation purposes, seven repli
cated spectra of Eicosapentaenoic acid ethyl ester from an USP reference 
standard (Sigma Aldrich, product number 1234307) were analyzed with 
the following results: 100% match with the library spectrum, S/N =
2′525, and CV = 1,3% (obtained from normalized spectra using the peak 
at 2′925 cm-1 as base for the normalization and considering the inte
grated area from tangential baseline for the carbonyl group at 1735 
cm-1). Then, ATR/IR spectra were collected from all the “Bottarga” 
samples, which showed the typical peaks of lipid (Plans et al., 2015), 
specifically from the carbonyl of ester bond at 1′743 cm-1, and from C–H 
stretching of the related acyl chains at 3′009, 2′932, and 2′850 cm-1 
(Fig. 1). In addition, peaks related to the protein fraction (Barth, 
2007) were detected: two peaks at 3′338 and 3′297 cm-1 (NH stretching, 
namely amide A band), one peak at 1635 cm-1 (carbonyl stretching, 
amide I), one peak at 1′540 cm-1 (out-of-phase combination of the NH in 
plane bend and the CN stretching vibration, amide II) and various sig
nals in the 1400-1200 cm-1 region (amide III mode). After that, PCA was 
carried out to explore data patterns and identify existing relationships 
between “Bottarga” biochemical composition encoded by the IR spectra 
and its observed properties: the shelf-life (expressed as normalized days 
of storage), the conservation condition and the declared geographical 
origin The results showed that the aging of “Bottarga” over induced the 
samples to converge towards similar biochemical profiles, while fresh 
samples conserved more biochemical diversity, which emerged from a 
higher spectral variability (in Fig. S2 fresh samples are more scattered 
indicating higher variability in composition). Fresh and aged samples 
were well differentiated along the first principal component (PC1), 
which explained most of the data variance (91%). On the contrary, no 
clear relationship was found out between the IR spectra and the storage 
condition applied (Fig. S4) or the geographical origin (Fig. S5). 

To further investigate the relationship between the IR spectra and the 
shelf-life of Bottarga samples, a supervised pattern recognition PLS-DA 
model (Ballabio & Consonni, 2013; Prado-Fernández, Rodrí
guez-Vázquez, Tojo; Andrade, 2003) was calculated by using the 
shelf-life as the response, which was transformed into a categorical 
two-fold variable able to distinguish fresh and aged (Table S1): class 1 
was assigned to the samples stored between 0 and 14 days (26 fresh 
samples), while class 2 to the samples stored between 120 and 930 days 
(23 degraded samples). More details about model calibration, validation 
and performance can be found in the supplementary materials (PLS-DA 
Section). Thanks to PLS-DA the spectral regions (and thus the related 
chemical features) more relevant for determining the shelf life of the 
samples were identified (Fig. 2). Specifically, the analysis of the score 
plot (Fig. 2a) showed that a good discrimination between degraded 
samples (positive scores) and fresh samples (negative scores) was 

Table 2 
List of blind samples submitted to analysis. In the table are indicated ID specimen, declared species, DNA barcoding identified species, genomic DNA (ng/μl), per
centage of identity, sample typology, processing stage and collection site.  

ID specimen Declared species DNA barcoding Identified Species gDNA (ng/μl) Percentage identity Sample typology Processing stage Collection site 

FEM_B_015 Thunnus thynnus Thunnus thynnus 20.5 100% Blind Dried Italian market 
FEM_B_016 Thunnus albacares Thunnus albacares 22.7 100% Blind Dried Italian market 
FEM_B_017 Thunnus albacares Thunnus albacares 25.9 100% Blind Dried Italian market 
FEM_B_018 Thunnus albacares Thunnus albacares 26.7 100% Blind Dried Italian market 
FEM_B_019 Thunnus albacares Thunnus albacares 26.1 100% Blind Dried Italian market 
FEM_B_020 Thunnus albacares Thunnus albacares 25.7 100% Blind Dried Italian market  
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achieved. This pattern was then interpreted by looking at the corre
sponding loading plot (Fig. 2b), where the loadings (i.e., the PLS-DA 
model coefficients) indicated the spectral windows that determined 
the discrimination between fresh and degraded samples. Specifically, 
the spectral windows A (1′050-1′150 cm-1), corresponding to the 
stretching of C–O bond in alcoholic compounds, and B (1600-1650 
cm-1), corresponding to the stretching of C––O bond in carboxylic acids, 
were identified as the most relevant for the characterization of degraded 
samples. On the contrary, window C (1′735-1′750 cm- 1), corresponding 
to the stretching of C––O bond in esters, resulted to be useful to char
acterize fresh samples. 

In summary, the depletion of polyunsaturated triglycerides, which 

can be observed in the 1050–950 cm − 1 region related to = C–H out-of- 
plane bending (Plans et al., 2015), was the most consistent change that 
occurred during the processing and storage of Bottarga, together with 
the depletion of the signals related to sugars and free amino acids, 
probably due to Maillard reaction (Williams; Norris, 2001). 

4. Conclusions 

Twenty samples of tuna roe from three different tuna species 
(Thunnus thynnus, Thunnus albacares and Thunnus alalunga) at three 
different processing stages (fresh, frozen and dried) were submitted to 
DNA mini-barcoding and infrared analysis. Results showed that DNA 

Fig. 1. A typical ATR/FTIR spectra obtained from bluefin “Bottarga” with tentative assignments of the main peaks, based on literature data (Barth, 2007; Plans, 
Wenstrup, & Rodriguez-Saona, 2015) and comparison with reference standard. 

Fig. 2. Scores and loadings of PLS-DA model: (a) plot of the class response scorevs sample ID; the dotted red line indicates the threshold value for the class 
assignment: samples with score higher than the threshold are classified as degraded, otherwise as fresh. (b) Plot of the loadings: the x-axis represents the variables (i. 
e., IR signals at different wavenumbers), while the y-axis indicates the loadings (i.e. model coefficients): variables with high positive coefficient are the most 
important for the classification of degraded samples. In fact, almost all of the degraded samples have high score (located in the upper region of the (a) plot). On the 
other hand, variables with low coefficient are the most important for the identification of fresh samples, which are located in the lower region of the score plot (a). 
The spectral windows, labelled as A, B, and C, are thus the most important for the classification of samples. (For interpretation of the references to colour in this figure 
legend, the reader is referred to the Web version of this article.) 
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mini-barcoding performed well in the taxonomical authentication of the 
products, with 100% maximum identity on the reference samples 
regardless of the processing applied by the manufacturer. On the other 
hand, infrared spectroscopy failed in the distinction of species, but 
provided useful fingerprint related to the aging, enabling PLS-DA clas
sification with model non-error rate (NER) in fitting equal to 0.96, and 
0.89 in cross-validation. Since Bluefin Tuna “Bottarga” is freshly pre
pared on site, the sensitivity towards the bio-chemical composition 
changes induced by storage makes the infrared spectroscopy also a 
useful tool for its authentication. Overall, the study demonstrates how 
the integration of the two methods would allow the producers to define 
traceability and assess the quality of “Bottarga” products, with a simple 
and rapid procedure. Moreover, the chemical assignment of the bands 
described in this work and the previous knowledge of tuna roe compo
sition provided an additional chemical support to FTIR spectroscopy for 
seafood application. 

4.1. ANNEX supplementary data 

Supplementary data to this article can be found online at https 
://www.editorialmanager.com/LWT/download.aspx?id=1301723 
&guid=d9194b31-79f3-44db-a3ad-3279d779. 
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