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Development of a rapid method for quality control and authentication 

of Sibiu Salami, which holds a PGI classification under EU law, was 

the main goal of this work. To reach this objective the fatty acid 

profiling (FAP) of triglycerides extracted from dry cured salami and 

other meat products of its class, were investigated by means of 1H-

NMR spectroscopy combined with chemometric analysis of spectral 

data. Samples of the traditional Sibiu dry-cured salami from the main 

manufacturers on the Romanian market have been selected. A set of 

chemometric equations using 1H-NMR data have been used for 

computation of FAP composition, such as the amount of poly-

unsaturated (PUFA), di-unsaturated, monounsaturated (MUFA) and 

saturated fatty acids (SFA). The results were similar when compared 

against the standard gas chromatographic method.  

The Sibiu dry-cured salami was assessed against other raw dry salami 

from his category produced in Roumania, investigating the influence 

of maturation process (specific to Sibiu dry-cured salami) on the FAP. 
 

 
INTRODUCTION

*
 

Sibiu Salami is a traditional Roumanian dry-

cured salami which holds a protected geographical 

indication (PGI) label, based on the legal 

framework provided by EU Regulation No. 

1151/2012
1
 of the European Parliament. This dry-

cured salami is made from pork meat (Mangalita 

breed) and pork back fat, in a specific way that 

implies the use of microorganisms (Penicillium 

nalgiovense) in a long maturation process (more 

than 60 days). This maturation step offers a unique 

                                                           
 

taste and a specific composition of the product and 

made it highly appreciated by the consumers.  

The EU quality labels on food products 

encourages diverse agricultural production, local 

traditional products protection and help consumers 

to make their decision (sometimes above language 

barriers) and protect product names from misuse 

and imitation.
2
 The renewed consumers interest in 

traditional foods make the quality labels an 

important aid for consumer decision-making and at 

the same time a challenge for the authorities, 

which needs reliable and fast analytical methods 
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for authentication and quality control that will be 

able to protect the labelled products. Many reports 

have been made regarding approaches for official 

or newly developed methods to assess the 

characteristics of food products which holds an EU 

quality label. For instance, the sensory control 

methods are evaluated as official tool for protected 

designation of origin food products and wines, but 

there are some important barriers that needs to be 

surpass for the harmonization of the specific 

technical criteria to meet the high diversity and 

variability of PDO products. 
3
 

Nuclear magnetic resonance (NMR) spectroscopy 

is a technique widely used in chemistry because it 

offers the most comprehensive structural informa-

tion on organic compounds. The resulting signals 

are interpreted from NMR spectra and contain 

exactly the information required for good structural 

results. It is a fast and efficient technique that 

allows direct analysis on triglycerides without prior 

sample preparation.
4,5

 In the recent years, the 

researchers have made great efforts in establishing 

new methods for rapid and accurate quantification 

of acyl chain of triglycerides. In this respect the 

spectroscopic methods show theirs advantages by 

comparison with classical methods in terms of 

rapidity, reproducibility and repeatability.
6,7

 

In the quality studies made on fat extracted 

from back fat and pork meat, sausages and chicken 

meat, a number of spectroscopic methods have 

been used, such as: 
1
H-NMR,

8-11
 

31
P-NMR,

12
 GC-

MS.
13 

The results obtained by classical analysis 

and spectral methods (DHS technique coupled with 

GC-MS) were used in statistical analysis (PCA and 

LDA) to differentiate between two typical Italian 

dry-sausages products.
14

 NIR method was used for 

determining the fatty acid composition of the 

intramuscular fat from lumbar pig (Iberian breed)
15 

and PCR analysis was used for animal species 

identification.
16 

At the same time studies have been 

undertaken for the identification and differentiation 

of various meat products.
17,18

 

In other studies, the fatty acid composition of 

meat products is influenced by breed
19

 and the type 

and composition of animal feed as well as the 

breeding grounds.
20

 Thus, the fat from pigs, fed on 

fishmeal, is rich in poly-unsaturated fatty acids 

(C22:5 and C22:6).
21 

The animal’s diet rich in 

hydrogenated fats produces a decrease in linoleic 

acid content. Dry Salami fabricated with fat and 

meat from pigs fed on diets with partial 

replacement of maize by rice bran, shows some 

enrichment in poly-unsaturated fatty acids.
22

 

Similar results have been observed by addition of 

different types of fat
23

 and dietary supplementation 

containing vegetable oil.
24

 

Studies concerning various methods designed to 

improve the technological process of 

manufacturing have been done.
25-31

 Researchers 

from Spain, Italy and France proved that using 

different types of starter cultures in the process of 

obtaining dry salami, generates a safety 

improvement and higher preservation of the 

product.
32,33

 Visessanguan and co. have been 

studying changes in the fatty acid profile induced 

by the maturation process, respectively the 

autoxidative phenomenon that contributes to the 

taste and species characteristics ham.
34

   

Another important aspect is the development 

and evaluation of properties of meat products and 

increasing the bioactive compounds content 
35-37 

and their use as functional foods.
38

 

The main goal of this paper is to investigate the 

Sibiu dry cured salami authenticity compared with 

other dry salami of his class (Sinaia, Banatean and 

Dacia) using 
1
H-NMR spectral information. 

RESULTS AND DISCUSSION 

A total of 22 samples of different types of dry 

cured salami produced in Romania and 

commercialised under 8 commercial labels 

(marked C1 - C8) were investigated. The 
1
H-NMR 

analysis was performed directly on the 

triglycerides (the fat extracted from the salami) 

without prior sample preparation.  

Figure 1 presents the typical 5.5-0.5 ppm area 

of a 
1
H-NMR fat extracted Sibiu salami spectra. 

The integral values of signal A-J are used in the 

chemometrical computations for FAPs according 

with their spectral attribution at 0.85 ppm (signal A 

- CH3 groups of all fatty acids, except linolenic 

acid), 0.96 ppm (signal B - CH3 groups of linolenic 

acid), 1.20 ppm (signal C - all -(CH2)n- groups), 

1.60 ppm (signal D - β alkyl groups -CH2-CH2-

COOR), 2.02 ppm (signal E - allylic protons -CH2-

CH=CH-), 2.20 ppm (signal F - the α alkyl groups 

-CH2-COOR), 2.76 ppm (signal G - bis-allylic 

proton -CH=CH-CH2-CH=CH-), 4.19 ppm (signal 

H -CH2-O-COR Glycerol, α position), 5.15 ppm 

(signal I -CH-O-COR Glycerol β position), 5.29 

ppm (signal J -CH=CH - All unsaturated fatty 

acids). The assignment of signals was based on 

previously reported assignments on model fatty 

acids esters.
39 
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Fig. 1 – Area 5.5 - 0.5 ppm of a 1H-NMR spectrum of fat extracted from dry-cured Sibiu salami. 

 

 

Fig. 2 – The mean values of the fatty acids within the Sibiu dry salami, based on GC-FID analyses. 

 

The relevant region for the 
1
H-NMR analysis of 

a dry salami extracted fat is the area 0-3 ppm of the 

spectra. The integral values of the corresponding 

signals have been marked with IA, IB, IC, ID, IE, IF, 

IG and their numerical values are used in the 

computation. Interpretation of spectra results were 

achieved using chemometric methods which were 

developed into the research group on previous 

study of the vegetable oils.
40

 In the previous study 

there were 5 methods (5 equation systems based on 

NMR data) investigated for establishing the fatty 

acid profile on 4 classes of fatty acids (saturated, 

monounsaturated, di-unsaturated and poly-

unsaturated fatty acids) for vegetable oils. Based 

on the GC-FID results the best fit for fatty acid 

profiling was obtained using method 5. Similar 

results were confirmed in the literature when 

studies on pork meat products from Calabria Italy 

were investigated.
8
 

To confirm the NMR results the Sibiu salami fat 

was analysed as well by standard GC-FID method, 

the samples were subjected to transesterification 

procedure beforehand. The FAP was obtained using a 

standard 37 methyl esters of fatty acids known, as 

describe in material and methods. 

From the chromatograms obtained in the GC-FID 

analysis, it was determined that samples of Sibiu dry 

salami show the specific signal corresponding to cis-

11,14-eicosadienoic fatty acid. This result correlates 

with compositional analysis made on pork back fat. 

Cis-11,14-eicosadienoic fatty acid is absent in fat 

obtained from other type of meat, thus, the presence 

or absence of this fatty acid may be an indicator in 

determine that recipes for producing Sibiu dry salami 

is complied. 

Using the experience obtained previously on 

vegetable oils, in the current study we investigated 

the equations systems applied on the NMR data for 
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establishing FAP of the fat extracted from Sibiu 

Salami.  Table 1 presents the results of the 

computation that led to the determination of 

saturated and unsaturated fatty acids of the fat 

extracted from samples of Sibiu salami, based on 
1
H-NMR spectral data. These data have been 

correlated with the results of GC-FID analysis and 

the values in Table 1 are presented respectively:  

 SFA: myristic acid, palmitic acid and stearic 

acid, heptadecanoic acid;  

 MUFA: palmitoleic acid, oleic acid, cis-10-

heptadecanoic acid and 11-eicosenoic acid;  

 PUFA: di-unsaturated acids (linoleic acid 

and cis-11,14-eicosadienoic acid) and poly-

unsaturated acid (linolenic acid). 

 
Table 1 

FAP of the fat extracted from Sibiu salami measured by 1H-NMR  

and GC-FID method on samples obtained from the 3 main producers of Sibiu Salami  

 

Sample 

SFA, % molare MUFA, % molare 

PUFA, % molare 

di-unsaturated acids poly-unsaturated acids 

NMR GC-FID NMR GC-FID NMR GC-FID NMR GC-FID 

C1 39.57 40.04 43.58 44.20 15.86 14.79 0.99 0.97 

C2 41.78 42.24 46.55 46.19 11.00 10.81 0.66 0.77 

C3 41.54 41.78 45.98 46.09 11.82 11.46 0.66 0.67 

 

 
Fig. 3 – 1H-NMR spectra of fat extracted from the studied dry salami samples compared with the pork back fat. 

 

From Table 1 can be noticed that the results 

obtained by NMR method are similar to those 

obtained by standard GC-FID method, considered 

as reference values. The advantage of the NMR 

method is that the results were obtained in a 

shorter time (5 minutes), with lower consumption 

of reagents and without prior samples processing 

(the NMR analysis was performed directly on the 

fat extracted from Sibiu Salami). 

All 
1
H-NMR profile of the fat extracted from 

the studied dry salami samples have a similar 

shape with the pork back fat, as presented in Figure 

3. There are some differences (shape and presence 

of some signals) between the pork back fat and the 

fat extracted from all dry salamis due to the 

changes generated by the processing techniques. 

Some small differences in the integral values of the 

signals (for instance the signal at 2.8 ppm) are 

noticeable too. Therefore, all extracted fats contain 

similar fatty acids but in different amounts. 

     In Figure 4 the mean values of the FAPs for the 

analysed fat is presented. In can been noticed that 

Sibiu Salami has similar content of SFA and 

MUFA by comparison with the other dry salami 

produced in Roumania, however, has the highest 

content of poly-unsaturated fatty acids. 

Sibiu salami 

Sinaia salami 

Banatean salami 

Dacia salami 

Back fat 
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Fig. 4 – The mean values of the FAPs for the analysed fats. 

 

 

Fig. 5 – The score plot for the first 2 principal components. 

 

 

Fig. 6 – The dendrogram obtained for all dry cured salami samples. 
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The FAP itself it is not sufficient as method for 
authentication of Sibiu Salami against other types of 
dry-cured salami of its class. Therefore, we used the 
NMR information as input data into well established 
chemometrical methods like Principal Component 
Analysis (PCA) and Agglomerative hierarchical 
clustering (AHC). In Figure 5 the score plots for PCA 
are shown. A good discrimination of the Sibiu Salami 
samples could be noticed when the used variables are 
the integral values of the NMR spectra (IA, IB, ID, IE, 
IF, IG, IJ, IH, II) and the FAP values obtained by 
computation of NMR spectral data on the 4 classes of 
fatty acids. 

Evaluating the score plot for the main principal 
components (PC1/PC2), presented in Figure 5 a 
good separation of all dry-cured salami can be 
noticed based on the recipe information. 
Consequently, the Sibiu and Sinaia samples which 
contain only pork meat/fat are clustered in the 
lower part of the graph, while the Banatean and 
Dacia samples which contain pork and beef (as 
presented in Table 2) are clustering in the upper 
part of the graph. 

The results obtained by Agglomerative hier-
archical clustering (AHC) confirms the results 
from PCA - Figure 6. The Sibiu Salami samples 
groups in first 2 clusters, the sample differences 
may occur due to the variation of the pork used as 
row material. 

The chemometrical analysis of NMR spectral data 
cannot discriminate the samples based on the exis-
tence of the maturation step within the processing. 
The changes made by the microorganisms’ develop-
ment during the maturation are not very important in 
terms of fat variations but play an important role in 
taste and conservation. 

The chemometrical analysis applied on NMR 
spectral data show good results when the 
compliance of the receipt is investigated.  

EXPERIMENTAL 

Chemicals 

Deuterated chloroform (CDCl3) (min. 99.8%) used for the 1H-
NMR analysis and the petroleum ether (fraction 40-60oC) used for 
the Soxhlet extraction of fats were purchased from Merck 
(Darmstadt, Germany). The substances used for samples 
derivatizing: methanol p.a. from Sigma - Aldrich (Steinheim, 
Germany); GC grade methylene chloride from Sigma - Aldrich 
(Steinheim, Germany); sodium chloride p.a.; hydrochloric acid 
p.a.; sodium nitrite p.a.; mercuric chloride p.a. 

Samples 

The analysed samples (22 samples) of dry-cured salami 
were purchased from the top 4 producers on the Romanian 
market (covering 98% from the Sibiu Salami production). All 

samples were analysed in triplicate and the conformity of the 
Sibiu Salami was established prior to analytical analysis. The 
Sinaia, Banatean and Dacia dry salami were purchased from 
the same producers as the one of Sibiu salami. The selection 
of the dry salami from the same class of products was based 
on the most similar products in content and technological 
processing steps, as shown in Table 2. For example: Sinaia dry 
salami is a raw-dry meat product with a similar recipe, as 
Sibiu Salami. The technological process for Sinaia salami does 
not imply the maturation process using the Penicilium 
nalgiovense, mould, as it does the Sibiu Salami. 

 
Classical analysis 

     The samples were subjected to classical laboratory analysis 
(water, fat and nitrites content) to check the conformity with 
the standard requirements for Sibiu Salami. The obtained 
results are presented in Table 3 where the mean value for each 
producer is given. Three samples of Sibiu Salami from each 
producer have been analysed and all samples have been 
measured in triplicate. 

The results for all samples of dry salami have been 
verified against the standardized values according to ISO 
9001:2000. As it can be noticed all the samples were in the 
limits of the standardized values, although there are some 
small differences that could be noticed between 
manufacturers, two of them (C1 and C2) show a lower level of 
water content in the final product. 

GC-FID spectrometric analysis 

The standard mixture of 37 fatty acids methyl esters 
(Supelco™ 37 Component FAME Mix) used for the gas 
chromatographic analyses was purchased from Supelco.  

Fatty acid methyl esters (FAME) were prepared by 
transesterification of fats with methanol, using BF3-MeOH 
complex as catalyst, according to the standard method. 

The gas-chromatograms of the fatty acid methyl esters 
mixtures were recorded on an Agilent Technologies model 
7890A instrument. The separation into components was made 
on a capillary column (Supelco SPTM 2560) with the following 
characteristics: 30 m length, 0.25 mm inner diameter, 0.25 μm 
film thickness. The ready for injection solutions were prepared 
in CH2Cl2 of HPLC purity grade. 

Fatty acids identification was made by comparing for each 
peak the retention time with those of a standard mixture of 37 
fatty acid methyl esters (Supelco 37 Component FAME Mix).  

Both standard mixture and each FAME of the analysed 
dry salami fats were chromatographically separated under the 
same conditions, using the same temperature program (oven 
initial temperature 140 ºC to final temperature 240ºC, heating 
rate 4ºC/min.), injection volume 1 µL, split rate 100:1, carrier 
gas He according to the Supelco specifications. Total analysis 
time for one sample was 55 minutes. The calibration of the 
signals was made by considering the concentration of each 
component of the standard mixture, correlated with the 
detector’s response. 

1H-NMR spectrometric analysis 

The 1H-NMR spectra of the dry salami fats were recorded 
on a Bruker Avance III 400 spectrometer, using TopSpin 3.2 
software, operating at 9.4 Tesla, corresponding to the 
resonance frequency of 400.13 MHz for the 1H nucleus, 
equipped with a direct detection broadband probe head and 
field gradients on z axis. Samples were analysed in 5 mm 
NMR tubes (Norell 507). The chemical shifts (δ) are reported 
in ppm (0.00 ppm), using the TMS as internal standard.  
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Table 2 

Characteristics of the analysed dry salami samples 

Dry salami Meat type Maturation process 

Sibiu pork with microorganism 

 (Penicillium nalgiovense) 

Sinaia pork without 

Banatean pork and beef without 

Dacia pork and beef with microorganism  

(Penicillium nalgiovense) 

 

Table 3 

The medium values of the main parameters of the samples of Sibiu dry-cured salami obtain  

by the main Romanian manufacturers (C1, C2 and C3) 

Classical analysis 

Water, 

% ± SD 

Fat, 

% ± SD Nitrites, mg/100 g product ± SD 

Standard value max 30 max 46 max 7 

C1 22.04±0.02 44.74±0.03 3.85±0.01 

C2 24.54±0.02 45.72±0.01 1.9±0.01 

C3 26.03±0.02 45.03±0.03 1.26±0.01 

 

 

Typical parameters for 1H-NMR spectra were: 45° pulse, 

2.05 s acquisition time, 6.4 KHz spectral window, 16 scans, 26 

K data points, d1=2s (delay). The FID was processed for 

0.293 Hz line broadening prior to Fourier transformation. The 

average acquisition time of the 1H-NMR spectra was 

approximately 2 minutes. The sample preparation was simply 

reduced to the dilution 2:8 (V/V) dry salami fat in CDCl3. 

CONCLUSION 

The direct analyses of fat extracted from dry 

salami using 
1
H-NMR is a fast and reliable method 

for FAPs that can be an important tool for quality 

control. Furthermore, the uniformity and reliability 

of data obtained by NMR and GC-FID methods for 

Sibiu Salami demonstrates that high-resolution 

NMR spectroscopy could be used as a tool in 

alternative to standard chromatographic methods 

for the determination of fatty acid compositions of 

fat extracted from meat or meat products. The 

results are important in the enlarged market of the 

European Union and they can be used to 

authenticate PGI products such as Sibiu Salami. 

Comparing Sibiu Salami with other dry salami or 

dry-cured products obtained in Roumania (Sinaia, 

Banatean and Dacia salami) slightly different FAPs 

are obtained. Therefore, methods for authentication 

of those dry salami can be established based on the 

FAPs, protecting products of high quality against 

substitute’s products. 

At the same time, this research represents a 

quick solution to ensure quality control, 

particularly in the case of recipe compliance, 

where traditional analysis cannot always provide a 

thorough result and requires substantially more 

time and resources. 
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