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Introduction

In Western countries, the percentage of fat in 
the diet is high and a consequence is that the excess 
fat from consumed food is regularly deposited in ad-
ipose tissue (Wood et al., 2008). Lipids in blood are 
transported by means of lipoproteins, which have a 
very important role in lipid metabolism. Higher lev-
els of triglycerides in the blood usually increase the 
level of low density lipoprotein (LDL). LDL cho-
lesterol, high density lipoprotein (HDL) cholester-
ol and triacyl-glycerol levels in blood are direct-
ly linked to quantity and quality of fat in the diet 
(Vandendriessche, 2008). The various saturated fatty 
acids (SFAs) differ in their effects on the blood lipo-
protein profile, e.g. lauric (12:0), myristic (14:0) and 
palmitic (16:0) acids can raise blood total and LDL 
cholesterol concentrations, while stearic acid (18:0) 
has no effect (EFSA, 2010). Therefore, a healthy diet 
should include different types of fat, but in small 
amounts. Linoleic acid (18:2n-6) is the most im-
portant n-6 fatty acid of plant origin. In humans, it 

can lower levels of total and LDL cholesterol and, to 
some extent, HDL cholesterol, which is obviously an 
undesirable effect (Lada & Rudel, 2003). The most 
important n-3 fatty acids are eicosapentaenoic acid 
(20:5n-3, EPA), docosahexaenoic acid (22:6n-3, 
DHA) and α-linolenic acid (18:3n-3, ALA). ALA 
can be introduced into processed meats by chang-
ing the product specification through the introduc-
tion of ALA-rich vegetable oil instead of animal fat. 
However, it has been demonstrated that the increased 
consumption of n-3 from ALA has no beneficial ef-
fect on health (Wang et al., 2006; Fretts et al., 2014).

Desirable total fat intake in the diet, accord-
ing to most experts, should amount to only 25–30% 
of the total daily energy intake (EFSA, 2010), pro-
vided that 10–15% of the daily energy intake com-
prises monounsaturated fatty acids (MUFAs), which 
have a neutral/favourable effect on development of 
coronary heart disease (CHD). In the UK, the rec-
ommended fat intake should be reduced to less 
than 30% of the total energy intake (Department of 
Health, 1994), while up to 10% of energy intake in 

Original scientifi c paper

Saturated fatty acids and total fat daily intake through 
consumption of processed meat products

Dejana Trbovic1, Brankica Lakicevic1, Mirjana Lukic1, Vesna Jankovic1, Zoran Petrovic1, 
Aleksandra Nikolic1, Ivan Nastasijevic1 

A b s t r a c t: Processed meat/fi sh products (pâtés, cooked chicken sausages, canned chopped meat and dry fermented sausages) 
were evaluated for their contribution to the total daily intake of saturated fats and total fats, in relation to Serbian and European regu-
lations. Estimations of saturated fat daily intakes indicated that fi sh pâté and chicken cooked sausages would provide similar amounts 
to the recommended daily limit of saturated fat (limited to 10% of total fat intake), while the calculated contributions from pork and 
beef meat products were much greater (pâtés 20–53%; canned chopped meat 22–23%; dry fermented sausages 65–81%). The ratio 
of n-6/n-3, as an indicator of lipid quality, was ≤4 in fi sh pâtés and was considerably higher in turkey, ham and chicken pâté (17.5, 
21.9 and 46.9 respectively), cooked chicken sausages (8.55–14.98), canned chopped meat (13.28–16.07) and dry fermented sausages 
(22.12–26.78). The results obtained could be of importance for the establishment of tables for nutritional value of products. It was 
confi rmed that a regular intake of saturated fat and total fat via consumption of processed meat products, in particular processed pork 
products, was likely to be high in the Serbian general population. We speculate that this is, in turn, is likely to increase the potential 
risk for development of coronary heart disease (CHD). The increased awareness of the meat industry regarding the importance of the 
fat content/quality in processed meat products and its impact on health, optimization of the product specifi cations (replacement of 
SFAs with unsaturated fats), health promotion activities by public health authorities, as well as better education of consumers about 
benefi cial nutrition habits (e.g. Mediterranean diet) should reduce the rate of CHD.

Key words: processed meat products, total fats, saturated fats, fatty acids.

1 Institute of Meat Hygiene and Technology, Kacanskog 13, 11 000 Belgrade, Republic of Serbia.

Corresponding author : Dejana Trbovic,  dejana.trbovic@inmes.rs

16



Meat Technology 58 (2017) 1, 16–25

the form of SFAs would enable the body to com-
pletely fulfil its essential metabolic functions, at the 
same time diminishing the risk of CHD (Wood et al., 
2008; Micha & Mozaffarian, 2010). Furthermore, 
although dietary guidelines often recommend re-
duction in SFA consumption, such guidelines of-
ten do not highlight any specific nutrient as prefer-
able for replacing SFA in the diet (U.S. Department 
of Agriculture and U.S. Department of Health and 
Human Services, 2010).

Many authors have tried to develop meat prod-
ucts with a lower content of SFAs, trans fatty ac-
ids and/or cholesterol by trying to find fat replac-
ers which preserve the sensory qualities and shelf 
life of the products and guarantee their acceptance 
by consumers (Muguerza et al., 2002; Sampaio et 
al., 2004). A variety of fat replacers and loads were 
evaluated to reduce the fat added to meat products; 
however, the ideal fat/load combination has not yet 
been identified. Sunflower, maize, peanut, tea seed, 
coconut, palm, soy, and olive oils as well as fish oil 
have been evaluated in numerous studies (Muguerza 
et al., 2002; Valencia et al., 2007; Guillevic et al., 
2009; Rahimi et al., 2011). The use of vegetable oils 
can be compared with the use of soft fats, which re-
sult in products characterized by their poor appear-
ance, difficulty to cut, and greater tendency to oxi-
dize than hard fats (Gandemer, 2002). This tendency 
of products containing vegetable oils instead of lard 
to oxidize is due to the greater unsaturated fatty acid 
content; it has to be considered that shelf life reduc-
tions mainly result from increased rancidity and de-
colouration, which significantly affect the senso-
ry acceptability of products. In many studies, even 
if total SFAs are decreased, such products still had 
very high total fat and especially saturated fat daily 
intake values (Estévez et al., 2006; D’Arrigo et al., 
2004; Terassa et al., 2016; Xiong et al., 2016).

Observational studies have found that the 
Serbian population eats more fat than is recom-
mended (Gajic & Gudelj, 2003). In the Province 
of Vojvodina and its rural areas, the consumption 
rate of animal fats and animal foods was the larg-
est, and, at the same time, vegetable fat consump-
tion was the lowest in the country. The SFA content 
in diets was low in all regions in Serbia, except in 
Vojvodina (Gajic & Gudelj, 2003). The greater part 
of the Serbian population consumes meat every day, 
and among them, more than 50% of children from 7 
to 18 years of age follow this meat consumption pat-
tern (Sarcevic et al., 2013). Data from the Institute 
of Public Health of Serbia indicate that cardiovascu-
lar diseases were a leading cause of death in Serbia 
in 2014 (Institute of Public Health of Serbia “Dr 
Milan Jovanovic Batut”, 2014).

The aim of this study was to investigate: a) the 
fatty acid composition of processed meat products, 
and b) the daily SFA and total fat intake, as calculat-
ed by estimated consumption of processed meat/fish 
products (pâtés, cooked chicken sausages, canned 
chopped meat and raw, dry fermented sausages) pre-
sent in the Serbian market. To our knowledge, there 
are no similar studies in Serbia nor in the Western 
Balkan countries, which share the same principles 
and technology in manufacturing these products.

Materials and Methods

Samples

Meat/fish products were purchased from meat 
companies from Serbia with production portfolios 
reflecting the typical processed meat products con-
sumed in Serbia, as follows: twelve different fla-
vours of meat or fish pâtés with net weights ranging 
from 60 g to 90 g, six cooked chicken sausages with 
net weights from 300 g to 370 g and four canned 
chopped meats with net weights of 150 g. Meat pâtés 
mainly consisted of about 30% mechanically sepa-
rated poultry/turkey meat (chicken and turkey pâtés 
only), 30% soups/liquid and 30% of fat/oil, salt and 
spices. Refined sunflower oil was commonly used 
in the production process, and the microbiological 
safety of these products was achieved by commer-
cial sterilization procedures (e.g. 118°C 25 min–1; 
2.5 bar–1). Pâtés made of pork liver are traditional 
products in the Serbian meat industry that have been 
taken as a reference by the fish industry for the de-
velopment of similar products elaborated with dif-
ferent fish species, including salmon and tuna.

Cooked chicken sausages were made from meat 
paste of different meat categories, fat tissue, and ad-
ditives. The microbiological safety of these products 
was achieved by commercial pasteurization proce-
dures (e.g. 74°C for 60–90 min – depending on the 
sausage diameter). Canned chopped meats were de-
rived from at least 45–60% beef or pork meat, back 
fat, as well as salt, spices, and additives. The mi-
crobiological safety of these products was achieved 
by commercial sterilization procedures (e.g. 121°C 
30 min–1; 2.5 bar).

Twelve raw, dry fermented sausages typical of 
those products on sale in the Serbian market were 
also examined. These types of fermented sausag-
es are typical of those traditionally manufactured 
in Serbia (Province of Vojvodina) and neighbour-
ing countries, Croatia (Provinces of Slavonija and 
Baranja) and Hungary. Sausage production usual-
ly starts in winter when ambient temperatures are 
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relatively low (e.g. <10 ºC). The meat batters in-
tended for stuffing normally comprise 70/30 chilled 
lean pork and pork back fat, plus the main addi-
tives including red hot paprika powder, salt, raw gar-
lic etc. Sausages are subjected to cold smoking, fer-
mentation and ripening, whereby a specific colour, 
smell and taste are formed. After the end of the rip-
ening process, sausages were packed in packaging 
that preserves freshness and juiciness of the product 
and also prolongs its shelf life.

Fatty acid analysis by capillary gas 
chromatography

The total fat content was determined accord-
ing to ISO standard method (ISO, 1973). Total li-
pids for fatty acid determination were extracted 
from meat products by accelerated solvent extrac-
tion (ASE 200, Dionex, Sunnyvale, CA) according 
to the method of Spiric et al. (2010). Fatty acid me-
thyl esters (FAMEs) in the extracted lipids were pre-
pared by transesterification using 0.25 M trimethyl-
sulfonium hydroxide (TMSH) in methanol (ISO, 
2000). FAMEs were determined by gas-liquid chro-
matography (GLC, Shimadzu 2010) equipped with 
flame ionization detector and capillary HP-88 col-
umn (length 100m, i.d. 0.25 mm, film thickness 0.20 
μm). Injector and detector temperature were 250 ºC 
and 280 ºC, respectively. Nitrogen was used as the 
carrier gas at flow rate of 1.33 mL min–1. The in-
jector split ratio was set at 1:50. To achieve com-
plete separation of the examined compounds, a pro-
grammed column oven temperature starting at 125 
ºC and ending at 230 ºC was applied. Total analy-
sis time was 50.5 min. The chromatographic peaks 
in the samples were identified by comparing rela-
tive retention times of FAME peaks with peaks 
in Supelco 37 Component FAME mix standard 
(Supelco, Bellefonte, USA). Each sample was ana-
lysed in duplicate. Results were expressed as mass 
of fatty acid (g) in 100 g of fatty acids.

Calculation of daily intake total fat and saturated 
fats

Percentages of total fat and saturated fat de-
rived from heat treated ready-to-eat pâtés and raw, 
dry fermented ready-to-eat meat products were cal-
culated in relation to the reference intake of 2,000 
kcal. The rules on labelling and advertising in Serbia 
(Serbia, 2013) and in the U.S. (U.S. Department 
of Agriculture and U.S. Department of Health and 
Human Services, 2010) recommend an intake of total 
fats of 70 g d–1, and saturated fats of 20 g d–1. These 
values are informative for consumers in interpreting 

nutritional values of food products. Total fat daily 
intake and saturated fat intake was calculated by di-
viding total fat and saturated fat content expressed in 
100 g of product by 70 g and 20 g, respectively.

Statistical analysis

Data obtained for the fatty acid compositions 
were subjected to analysis of variance (ANOVA) 
with the Tukey-Kramer HSD test for the com-
parisons of means at the 5% level of significance. 
Statistical analysis was performed using SAS 
Institute Inc. JMP 10 software.

Results and Discussion

Pâtés

The average fatty acid compositions of the 12 
pâtés are presented in Table 1.

Pâtés were generally characterized by low 
amounts of SFAs. However, significant differenc-
es (P˂0.05) were found for the total SFA content 
of the pâtés. The smallest level of SFAs was found 
in the tuna pâté (9.52%) and the highest in the ham 
pâté (39.72%) The total MUFA content of the pâ-
tés was significantly different (P˂0.05), with oleic 
acid (C18:1n-9) being the most common MUFA. 
The amount of MUFAs in pâtés was the highest in 
fish pâtés (56.58% and 57.06%, tuna and salmon, re-
spectively), while in turkey, chicken, pork liver and 
ham pâtés, levels of MUFAs were lower and ranged 
from 35.30% to 46.89%. The most common n-6 
PUFA was linoleic acid. It was present in higher lev-
els in turkey and chicken liver pâtés (Table 1). The 
most common n-3 PUFA was ALA, which was more 
abundant in fish pâtés (Table 1), while it occurred 
in lower amounts in turkey, chicken liver, pork liver 
and ham pâtés. Generally, significantly higher con-
tents of EPA and DHA (P<0.05) were found in salm-
on pâté than in tuna pâté. However, in fish pâtés in 
our study, particularly in salmon pâté, the levels of 
EPA and DHA were higher than in commercial and 
experimental fish pâtés in the study of Aquerreta et 
al. (2002).

Polyunsaturated fatty acid to SFA ratios (P/S), 
as one of the quality parameters of lipid foods, were 
far greater than 0.4 in all pâtés (2.01–3.43), with 
the exception of pork pâtés and ham pâté, where 
these ratios were relatively close to the recommend-
ed ratio (0.38 and 0.33, respectively). The ratio of 
n-6/n-3 was ≤4 only in fish pâtés, while this ratio 
was considerably higher in pork liver pâté (15.49), 
turkey pâté (17.53), ham pâté (21.86) and chicken 
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liver pâté (46.98). In other studies, the n-6/n-3 ra-
tio was higher in commercial tuna (38.2) and salm-
on (9.3–11.3) pâtés (Aquerreta et al., 2002; Echarte 
et al., 2004). However, it is possible to produce pork 
pâtés with healthier n-6/n-3 ratios (˂4) by using lin-
seed oil with α-tocopherol addition for lipid stabili-
ty, without producing negative effects on the textural 
or sensory properties (D`Arrigo et al., 2004).

Cooked sausages and canned chopped meat

The FA compositions of different chicken 
cooked sausages and chopped canned meats are pre-
sented in Table 2.

Chicken cooked sausages were generally char-
acterized by lower amounts of SFAs (26.07–31.92%) 
than canned chopped meat (41.43–43.12%), and high 

Table 1.  Fatty acid composition (%) of pâtés

Podnaslov Tuna pâté
n=2

Salmon pâté
n=2

Turkey pâté
n=2

Chicken liver
pâtén=2

Pork liver
pâtén=2

Ham pâté
n=2

C14:0 0.36 ± 0.03 c 1.60 ± 0.01 a 0.40 ± 0.20 c 0.24 ± 0.03 c 1.26 ± 0.04 b 1.34 ± 0.15 ab

C15:0 0.05 ± 0.01 bc 0.12 ± 0.01 a 0.03 ± 0.01 c 0.03 ± 0.01 c 0.05 ± 0.01 bc 0.08 ± 0.03 b

C16:0 5.92 ± 0.13 d 8.83 ± 0.18 c 12.38 ± 1.24 b 13.78 ± 0.16 b 24.81 ± 0.48 a 25.70 ± 0.50 a

C16:1 0.63 ± 0.63 d 2.18 ± 0.10 c 1.42 ± 0.30 c 1.49 ± 0.08 bc 1.85 ± 0.01 ab 2.06 ± 0.05 a

C17:0 0.10 ± 0.01 b nd 0.07 ± 0.02 b 0.08 ± 0.01 b 0.25 ± 0.01 a 0.33 ± 0.07 a

C18:0 2.16 ± 0.01 d 2.52 ± 0.05 d 4.18 ± 0.53 c 4.64 ± 0.23 c 12.81 ± 0.27 a 11.91 ± 0.28 b

C18:1n-9 53.95 ± 0.36 a 50.30 ± 0.81 b 34.07 ± 1.97 d 33.55 ± 0.45 d 42.16 ± 0.39 c 43.86 ± 1.14 c

C18:2n-6 25.82 ± 0.21 b 14.88 ± 0.21 c 43.76 ± 2.82a 43.58 ± 0.64 a 13.61 ± 0.19 c 11.75 ± 1.35 c

C18:3n-3 5.03 ± 0.20 a 4.73 ± 0.09 b 0.53 ± 0.03 d 0.94 ± 0.03 c 0.74 ± 0.02 cd 0.49 ± 0.10 d

C18:3n-6 nd nd ± nd 0.12 ± 0.02 nd nd
C20:0 0.46 ± 0.02 a 0.39 ± 0.01 b 0.17 ± 0.01 c 0.17 ± 0.01 c 0.22 ± 0.01 c 0.20 ± 0.05 c

C20:1 2.00 ± 0.05 b 4.58 ± 0.11 a 0.27 ± 0.07 d 0.25 ± 0.02 d 0.93 ± 0.01 c 0.96 ± 0.16 c

C22:0 0.32 ± 0.01 a 0.19 ± 0.01 nd 0.32 ± 0.01 a nd nd
C20:2 0.17 ± 0.02 b 0.71 ± 0.15 a 0.10 ± 0.05 b 0.16 ± 0.03 b 0.56 ± 0.03 a 0.57 ± 0.01 a

C20:3n-6 nd nd nd 0.28 ± 0.02 a nd nd
C20:3n-3 0.27 ± 0.01 b 2.31 ± 0.07 a nd nd 0.09 ± 0.01 c 0.08 ± 0.01 c

C20:4n-6 1.23 ± 0.01 b 1.77 ± 0.02 a 0.15 ± 0.01 e 0.23 ± 0.02 d 0.28 ± 0.02 c 0.32 ± 0.01 c

C20:5n-3 nd 1.34 ± 0.15 a nd nd nd nd
C22:5n-3 0.25 ± 0.04 b 0.98 ± 0.09 a nd nd 0.06 ± 0.02 b nd
C22:6n-3 0.77 ± 0.22 b 2.35 ± 0.24 a nd nd nd nd
C24:0 0.13 ± 0.01 a nd 0.12 ± 0.01 a 0.10 ± 0.01 b nd nd
SFA 9.52 ± 0.14 d 13.66 ± 0.25 c 17.56 ± 2.19 b 19.38 ± 0.10 b 39.60 ± 0.61 a 39.72 ± 0.23 a

MUFA 56.58 ± 0.36 a 57.06 ± 0.80 a 35.76 ± 2.34 c 35.30 ± 0.56 c 44.95 ± 0.40 b 46.89 ± 1.36 b

PUFA 32.65 ± 0.22 b 27.51 ± 1.06 b 46.52 ± 4.53 a 45.07 ± 0.69 a 15.16 ± 0.19 c 13.04 ± 1.57 c

P/S 3.43 ± 0.03 a 2.01 ± 0.11 b 2.69 ± 0.60 b 2.32 ± 0.04 b 0.38 ± 0.01 c 0.33 ± 0.04 c

n-6 26.13 ± 0.05 b 15.78 ± 0.55 c 44.01 ± 2.63 a 44.13 ± 0.66 a 14.24 ± 0.16 c 12.47 ± 1.48 c

n-3 6.52 ± 0.27 b 11.72 ± 0.50 a 2.51 ± 1.90 c 0.94 ± 0.03 c 0.92 ± 0.03 c 0.57 ± 0.09 c

n-6/n-3 4.01 ± 0.17 1.35 ± 0.01 b 17.53 ± 2.86 a 46.98 ± 0.79 a 15.49 ± 0.32 ab 21.86 ± 1.04 ab

Legend: *n, number of samples; results are represented as mean ± SD; nd = not detected. Values in the same row with the same letter 
are not signifi cantly diff erent (P≥0.05). SFA, saturated fatty acids; MUFA, monounsaturated fatty acids; PUFA, polyunsaturated fatty 
acids; P/S = polyunsaturated/saturated fatty acids
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MUFA contents (44.01–44.98%), with oleic acid be-
ing the most common. The most common n-6 PUFA 
in chicken cooked sausages was linoleic acid, rang-
ing from 21.45% to 24.74%, while it was present in 
lower levels in canned chopped meat (5.93–9.21%). 
Among the n-3 PUFAs, the most common was ALA 
in cooked sausages and canned chopped meat. The 
P/S ratio in cooked chicken sausages was high-
er than 0.4, ranging from 0.74 to 1.09. In canned 
chopped meat, it was lower than the recommended 
value (0.16–0.25). The FA profiles and n-6/n-3 ra-
tios (8.55–14.98) observed in the current study were 
similar to those of a control group of chicken frank-
furters (Jeun-Horng et al., 2002). The n-6/n-3 ratios 
in pork luncheon meat and beef luncheon meat in 
the current study were 16.07 and 13.28, respective-
ly. Guillevic et al. (2009) showed it was possible to 

cook and manufacture typical French cooked meats 
enriched in n-3 PUFA with n-6/n-3ratios below 4 
and without deleterious effects on global consum-
er appreciation.

Fermented sausages

The fatty acid composition of dry fermented 
sausages is presented in Table 3.

Small variations in the composition of fat-
ty acids were detected in the raw, dry ferment-
ed sausages, although they were mainly charac-
terized by similar concentrations of SFAs, ranging 
from 36.07% to 37.10% and a high concentration 
of MUFAs, which ranged from 48.10% to 49.78%, 
with oleic acid as the most predominant. Among the 
n-6 PUFAs, linoleic acid was the most common, 

Table 2.  Fatty acid composition (%) of chicken cooked sausages and chopped canned meats

Fatty acids Chicken sausage
n=2

Mini chicken sausage
n=2

Junior chicken sausage
n=2

Pork luncheon meat
n=2

Beef luncheon meat
n=2

C14:0 0.34 ± 0.01 e 0.62 ± 0.01 d 0.79 ± 0.01 c 1.68 ± 0.06 b 2.22 ± 0.03 a

C15:0 0.07 ± 0.01 b 0.08 ± 0.01 b 0.08 ± 0.01 b 0.20 ± 0.01 b 0.30 ± 0.03 a

C16:0 19.84 ± 0.24 c 21.21 ± 0.41 c 23.53 ± 0.19 b 25.82 ± 0.23 a 26.78 ± 0.89 a

C16:1 3.14 ± 0.01 c 3.27 ± 0.10 c 3.75 ± 0.01 b 3.45 ± 0.01 d 4.26 ± 0.01 a

C17:0 0.10 ± 0.01 c 0.14 ± 0.01 bc 0.15 ± 0.01 bc 0.32 ± 0.04 b 0.70 ± 0.10 a

C18:0 5.62 ± 0.01 d 6.48 ± 0.11 cd 7.37 ± 0.04 c 13.10 ± 0.60 b 14.52 ± 0.01 a

C18:1n-9 41.12 ± 0.09 b 39.72 ± 0.56 b 39.69 ± 0.02 b 44.10 ± 0.41 a 45.49 1.39 a

C18:2n-6 24.74 ± 0.07 a 23.58 ± 0.81 21.45 ± 0.05 b 9.21 ± 0.94 c 5.93 ± 0.01 d

C18:3n-6 0.14 ± 0.03 a 0.11 ± 0.01 b nd nd nd
C18:3n-3 2.92 ± 0.01 a 2.54 ± 0.17 a 1.28 ± 0.01 b 0.58 ± 0.12 c 0.45 ± 0.06 c

C20:0 0.11 ± 0.02 ab 0.11 ± 0.01 ab nd 0.14 ± 0.04 a 0.09 ± 0.01 ab

C20:1 0.73 ± 0.01 a 0.78 ± 0.04 a 0.57 ± 0.01 b 0.80 ± 0.03 a 0.27 ± 0.03 c

C20:2 0.21 ± 0.01 bc 0.23 ± 0.06 bc 0.34 ± 0.01 ab 0.43 ± 0.05 a 0.12 ± 0.03 c

C20:3n-6 0.39 ± 0.01 a 0.34 ± 0.01 0.23 ± 0.01 b 0.17 ± 0.03 b 0.17 ± 0.01 b

C20:3n-3 nd nd nd nd nd
C20:4n-6 0.32 ± 0.01 ab 0.50 ± 0.15 a 0.58 ± 0.01 a 0.27 ± 0.01 ab 0.17 ± 0.06 b

C20:5n-3 nd nd 0.19 ± 0.02 a nd nd
C22:5n-3 0.06 ± 0.01 0.11 ± 0.02 a nd nd nd
SFA 26.07 ± 0.20 d 28.63 ± 0.54 d 31.92 ± 0.23 c 41.43 ± 0.52 b 43.12 ± 1.31 a

MUFA 44.98 ± 0.09 b 43.77 ± 0.71 b 44.01 ± 0.03 b 48.06 ± 0.46 ab 50.60 ± 2.24 a

PUFA 28.44 ± 0.11 a 26.91 ± 1.07 a 23.49 ± 0.03 b 10.24 ± 0.99 c 6.73 ± 0.01 d

P/S 1.09 ± 0.01 a 0.94 ± 0.05b 0.74 ± 0.01 c 0.25 ± 0.03 d 0.16 ± 0.01 e

n-6 25.47 ± 0.11 a 24.25 ± 0.86 a 22.02 ± 0.19 b 9.64 ± 0.85 c 6.24 ± 0.01 d

n-3 2.98 ± 0.01 a 2.66 ± 0.21 a 1.47 ± 0.02 b 0.60 ± 0.15 c 0.47 ± 0.03 c
n-6/n-3 8.55 ± 0.01 b 9.12 ± 0.40 b 14.98 ± 0.08 ab 16.07 ± 3.75 a 13.28 ± 1.02 b

Legend: *n, number of samples; results are represented as mean ± SD; nd = not detected. Values in the same row with the same letter 
are not signifi cantly diff erent (P≥0.05). SFA, saturated fatty acids; MUFA, monounsaturated fatty acids; PUFA, polyunsaturated fatty 
acids; P/S = polyunsaturated/saturated fatty acids.
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ranging from 11.44% to 13.90%. Among the n-3 
PUFAs, the most common was ALA, which ranged 
from 0.35% to 0.53%. Dry fermented sausages en-
riched in ALA could be successfully elaborated with 
an adequate technological process by the incorpora-
tion of a gelled emulsion prepared with linseed oil 
(Alejandre et al., 2016). Final acceptable products in 
that study had a lower fat content and very favoura-
ble n-6/n-3 ratio. The reformulation process did not 
cause oxidation problems, and no perceptible differ-
ences were reported for taste and juiciness as com-
pared to a traditional product. This composition of 
fatty acids is typical for pork meat used as a raw ma-
terial for the production of these sausages (Wood et 
al., 2008). The FA profiles observed in the current 
study were similar to those of fermented sausages 
from a study by Campos et al. (2013). P/S ratios in 

the current study, as one of the quality parameters of 
food lipids in the fermented sausages, ranged from 
0.34 to 0.43. However, these P/S ratios were close 
to the recommended ratio (0.4) (Simopoulos, 2002; 
Wood et al., 2008).

The n-6/n-3 ratios in all dry fermented sau-
sages were above the recommended levels of 
4:1 (Simopoulos, 2002) and ranged from 22.12 
(Budimska sausage) to 26.78 (Sremska sausage); 
these findings are in accordance with previous-
ly published data (Saicic et al., 2010). The n-6/n-3 
ratios were higher in our study than in the similar 
studies (Campos et al., 2013; Utrilla et al., 2014; 
Valencia et al., 2007). In the study of Pelser et al. 
(2007), up to 20% of pork backfat was substituted 
with flaxseed oil or canola oil. The addition of flax-
seed oil and canola oil progressively increased the 

Table 3.  Fatty acid composition (%) of dry fermented sausages

Fatty acids Čajna sausage
n=3

Kulen
n=3

Budimska sausage
n=3 Sremska n=3

C14:0 0.98 ± 0.09 0.93 ± 0.07 1.04 ± 0.07 0.95 ± 0.06
C15:0 0.05 ± 0.01 0.03 ± 0.02 0.07 ± 0.01 0.02 ± 0.03
C16:0 23.65 ± 1.65 22.82 ± 1.22 23.21 ± 0.27 23.18 ± 1.20
C16:1 2.21 ± 0.38 1.94 ± 0.17 2.04 ± 0.07 1.91 ± 0.24
C17:0 0.36 ± 0.02 0.30 ± 0.07 0.34 ± 0.01 0.44 ± 0.11
C18:0 11.47 ± 1.05 12.02 ± 0.98 11.08 ± 0.32 12.30 ± 0.80
C18:1n-9 44.8 ± 0.39 46.87 ± 2.64 45.06 ± 2.74 46.91 ± 0.02
C18:2n-6 13.2 ± 3.58 12.1 ± 2.11 13.90 ± 2.35 11.44 ± 1.04
C18:3n-3 0.48 ± 0.11 0.45 ± 0.15 0.53 ± 0.17 0.35 ± 0.12
C20:0 0.20 ± 0.11 0.19 ± 0.01 0.18 ± 0.07 0.19 ± 0.08
C20:1 1.10 ± 0.20 0.98 ± 0.07 1.01 ± 0.04 0.89 ± 0.10
C20:2 0.69 ± 0.14 0.59 ± 0.12 0.64 ± 0.03 0.56 ± 0.08
C20:3n-6 0.39 ± 0.14 0.34 ± 0.14 0.28 ± 0.06 0.31 ± 0.20
C20:3n-3 0.07 ± 0.01 0.06 ± 0.01 0.07 ± 0.02 0.06 ± 0.01
C20:4n-6 0.29 0.01 0.32 ± 0.10 0.32 ± 0.05 0.39 ± 0.01
SFA 36.73 ± 2.94 36.3 ± 1.25 36.07 ± 0.40 37.10 ± 0.47
MUFA 48.11 ± 0.98 49.78 ± 2.46 48.10 ± 2.80 49.71 ± 0.36
PUFA 14.86 ± 3.92 13.61 ± 2.57 15.49 ± 2.57 12.78 ± 0.83
P/S 0.40 ± 0.14 0.37 ± 0.07 0.43 ± 0.07 0.34 ± 0.03
n-6 14.28 ± 3.86 13.07 ± 2.41 14.82 ± 2.31 12.32 ± 0.76
n-3 0.58 ± 0.06 0.54 ± 0.18 0.67 ± 0.26 0.46 ± 0.07
n-6/n-3 24.62 ± 3.97 24.20 ± 6.00 22.12 ± 7.78 26.78 ± 2.48

Legend: *n, number of samples; results are represented as mean ± SD; nd = not detected. Values in the same row without a letter are 
not signifi cantly diff erent (P≥0.05). SFA, saturated fatty acids; MUFA, monounsaturated fatty acids; PUFA, polyunsaturated fatty ac-
ids; P/S = polyunsaturated/saturated fatty acids.
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P/S ratio and decreased the n-6/n-3 ratio, leading to 
values closer to those considered optimal.

 More scientific knowledge and new technol-
ogies will be necessary to fit the growing require-
ments of the market (Vandendriessche, 2008). If in-
dustry does not find an answer for the problem of 
fat in meat products, but without producing ma-
jor differences in taste and flavour, substitutes for 
these products with other foods will be more likely. 
Quality will be judged by the consumer as sensori-
al quality first.

Nutritional value of processed meat products

The estimated percentage of daily fat intake for 
pâté is presented in Table 4.

Consumption of 100 g of fish pâtés per day 
equated to from 19% to 21% of total recommend-
ed fat intake, while turkey, chicken liver, pork liv-
er and ham pâtés contained, on average ≥30% of 
fats. Only consumption of fish pâtés and chick-
en cooked sausages was estimated to result in the 
recommended daily intake of 10% saturated fats 
(6–12%), while consumption of the other types of 
pâtés and canned chopped meat was estimated to re-
sult in saturated fat intakes much greater than 10% 
(20–53%) (Department of Health, 1994; Wood et 
al., 2008). However, no reduction of evaluated to-
tal fat and saturated fat intake was obtained in an-
other study (D`Arrigo et al., 2004) of pork liver pâté 
(intake of saturated fat was 67%, while it was esti-
mated as 53% in our study, Table 4). In the study of 
Terassa et al. (2016), sunflower oil instead of pork 
back fat was applied to reduce fat content in chick-
en liver pâtés, but the reduction of the fat content 
was followed by decreasing oleic acid and increas-
ing SFA levels. The evaluated intake of total fat was 
44% and saturated fat intake was 20% higher than in 
our study (Table 4). The results obtained by Xiong et 
al. (2016) indicate that healthier chicken liver pâtés 

can be formulated with sunflower and canola oil 
combinations substituting 30–40% of the pork back-
fat. Even if a reduction of total fat intake was not ob-
tained, the evaluated saturated fat intake ranged from 
46% to 63% (Xiong et al., 2016). However, these in-
takes were still higher than in our study (Table 4, es-
timated saturated fat intake was 20%).

In cooked, ready-to-eat meat products, estimat-
ed saturated fat daily intake was 7–12% (Table 5). 
However, reduction of evaluated total fat in chick-
en frankfurter fed with supplemental fish oil in the 
study of Jeun-Horng et al. (2002) was about 26%, 
and saturated fat intake was 30% which was high-
er than in our study (Table 5). There was a signif-
icantly lower oxidative stability of chops derived 
from pigs fed a linseed diet compared to pigs fed a 
control diet (Guillevic et al., 2009), but also, higher 
evaluated total fat and saturated fat daily intakes via 
cooked sausages (about 27% and 40%, respectively) 
than in our study of pork products (Table 5). Juárez 
et al. (2009) showed that pork products can be mod-
ified to provide a significant increase in functional 
lipids, which can have positive influences on health. 
However, evaluated total fat was about 28% in con-
trol and about 30% in modified pork products, and 
saturated fat intake was about 35%, which was high-
er than in our study (about 22%, Table 5).

Consumption of 100 g of fermented dry sau-
sages per day resulted in an estimated total fat intake 
ranging from 50% to 63% of the recommended daily 
fat intake, and a daily intake of saturated fats rang-
ing from 65% to 81% of the recommended amount 
(Table 5). However, in Campos et al. (2013), the 
obtained fat intake via fermented sausages was re-
duced to 32%, with a saturated fat daily intake of 
44.8%. These intakes were lower than the daily in-
takes calculated in our study (Table 5). Campos et 
al. (2013) made venison salchichon using 25% pork 
meat and 75% lean venison that ensured a pleas-
ant texture, odour, flavour and appearance for the 

Table 4.  Percentage of total fat and saturated fat derived from heat treated, ready-to-eat pâtés in relation to 
the reference intake of 2,000 kcal per day

Daily intake Tuna pâté Salmon 
pâté Turkey pâté Chicken 

liver pâté
Pork liver 

pâté Ham pâté

Total fat, g 100 g–1 of 
product 13.00 14.68 21.58 20.67 26.79 21.09

Total fat intake,% 19 21 31 30 38 30

Saturated fat, g 100 g–1 
of product 1.24 2.01 3.79 3.74 10.61 8.38

Saturated fat intake,% 6 10 38 20 53 42
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consumer. Valencia et al. (2007) showed that algae 
oil can be used as a functional ingredient in dry fer-
mented sausages in a limited amount. The obtained 
products had good sensorial quality, showed better 
n-6/n-3 ratios than traditional sausages, and supplied 
a relevant amount of DHA. However, even though 
their oxidation stability should be guaranteed with 
the use of antioxidants and storage under vacuum 
conditions, such products did not result in a reduced 
evaluated total fat intake (this was about 47%) or 
saturated fat intake (about 63%), which were low-
er than the intakes we estimated for our pork prod-
ucts (Table 5). Dry fermented sausages resulted in 
reduced total fat intake, down from 44% to 37.8% 
and reduced saturated fat intake, down from 52.2% 
to 42.3% (Alejandre et al., 2016), which were also 
lower intakes than estimated in our study (Table 5). 
Although sensory and physical analyses showed that 
sausage formulations with encapsulated oils and 
control sausage were comparable, the new formu-
la sausages were better liked by the sensory panel 
in the study of Pelser et al. (2007). However, the 
new sausages also resulted in higher evaluated total 
fat daily intake (up from 58% to 56%) and evaluat-
ed saturated fat daily intake (up from 68% to 81%), 
which were similar values to those calculated in our 
study (Pelser et al., 2007) (Table 5).

Given that processed meats in Serbia might be 
consumed in amounts significantly greater than 100 
g per serving, actual fat intakes per serving could be 
higher. Processed meats in Serbia are eaten not just 
at the main meal, but can be consumed for breakfast 
or as a between-meals snack. Given that the tinned 
pâté products are relatively inexpensive, they are 
often consumed by pensioners or others on limited 
budgets. They are also simple to prepare and con-
sume (open and eat), so they are a common food 
for children. The fish pâtés look more interesting, 
in that some health benefits might ensue if people 

could be persuaded to consume these instead of 
meat pâtés.

Analysis of available data from forty coun-
tries indicated that calories from animal foods cor-
related positively with CHD mortality rates, while 
calories from vegetable foods correlated negative-
ly. Differences in coronary disease mortality rates 
worldwide could largely be explained by differ-
ences in dietary cholesterol and saturated fat intake 
(Odegaard, et al., 2012). Studies have indicated that 
healthy diet has an important role in the prevention 
of hypertension (McEvoy et al., 2012).

Conclusion

Cholesterol and triglycerides are essential com-
ponents of the body, which become harmful only 
when they occur in increased amounts, and they may 
be important risk factors for the development of ather-
osclerosis in humans. It was confirmed that a regular 
intake of saturated fat and total fat via consumption of 
processed meat products, in particular processed pork 
products, was likely to be high in the Serbian general 
population. We speculate that this is, in turn, is likely 
to increase the potential risk for development of CHD. 
The works of other authors have shown that it is diffi-
cult to make a product that will meet the sensorial cri-
teria and at the same time achieve a reduced daily in-
take of total fat and especially saturated fat. However, 
the results obtained should be of importance for the 
establishment of tables for nutritional value of prod-
ucts. The increased awareness of the meat industry re-
garding the importance of the fat content/quality in 
processed meat products and its impact on health, op-
timization of the product specifications (replacement 
of SFAs with unsaturated fats), health promotion ac-
tivities by public health authorities, as well as bet-
ter education of consumers about beneficial nutrition 

Table 5. Percentage of total fat and saturated fat derived from heat treated and dry fermented ready-
to-eat meat products in relation to the reference intake of 2,000 kcal per day

Daily intake Chicken 
sausage

Mini 
chicken 
sausage

Junior 
Chicken 
sausage 

Pork 
luncheon 

meat

Beef 
luncheon 

meat

Čajna 
sausage Kulen Budimska 

sausage
Sremska 
sausage

Total fat, g 100 g–1 of 
product 8.95 4.77 4.40 11.23 10.50 44.11 42.53 37.67 34.79

Total fat intake,% 13 7 6 16 15 63 61 54 50

Saturated fat, g 100 g–1 
of product 2.33 1.37 1.40 4.40 4.53 17.12 16.02 13.59 12.91

Saturated fat intake,% 12 7 7 22 23 81 77 68 65
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habits (e.g. Mediterranean diet) should reduce the rate 
of CHD. Further research is needed to understand bet-
ter the optimal combination of unsaturated fatty acids 

in processed meat products and recommended daily 
intakes which should maintain and enhance the health 
status of consumers.

Confl ict of interest. The authors declare that they have no confl icts of interest.

Acknowledgments: The results are derived from the work on Project III 46009 “Improvement and develop-
ment of hygienic and technological procedures in the production of foodstuff s of animal origin in order to ob-
tain high-quality products competitive on the global market” funded by the Ministry of Education, Science and 
Technological Development of the Republic of Serbia.

References

Alejandre, M., Poyato, C.., Ansorena, D. & Astiasarán, I. 
(2016). Linseed oil gelled emulsion: A successful fat re-
placer in dry fermented sausages. Meat Science, 121, 
107–113.

Aquerreta, Y., Astiasarám, I., Mohino, A. & Bello J. (2002). 
Composition of pâté’s elaborated with mackerel fl esh 
(Scomber scombrus) and tuna liver (Thunnus thynnus): 
comparison with commercial fi sh pâté’s. Food Chemis-
try, 77, 147−153.

Campos, S. D., Alves, R. C., Mendes, E., Costa, A. S. G., 
Casal, S., Beatriz, M. & Oliveira P. P. (2013). Nutrition-
al value and infl uence of the thermal processing on a tradi-
tional Portuguese fermented sausage (alheira). Meat Sci-
ence, 93, 914–918.

D’Arrigo, M., Hoz, L., Cambero, I., Lopez-Bote, C. J., Pin, 
C. & Ordóñez J. A. (2004). Production of n-3 fatty acid 
enriched pork liver pâté. LWT - Food Science and Tech-
nology, 37, 585–591.

Department of Health (1994). Nutritional aspects of cardiovas-
cular disease. Report on health and social subjects No.46, 
HMSO, London

Echarte, M., Conchillo, A., Ansorena, D. & Astiasarán, I. 
(2004. Evaluation of the nutritional aspects and choles-
terol oxidation products of pork liver and fi sh patés. Food 
Chemistry, 86, 47−53.

EFSA (2010). European Food Safety Authority, Panel on die-
tetic products, nutrition, and allergies (NDA); Scientif-
ic opinion on dietary reference values for fats, including 
saturated fatty acids, polyunsaturated fatty acids, mono-
unsaturated fatty acids, trans fatty acids, and cholesterol. 
EFSA Journal, 8, 1461.

Estévez, M., Morcuende, D. & Cava, R. (2006). Extensive-
ly reared Iberian pigs versus intensively reared white pigs 
for the manufacture of frankfurters. Meat Science, 72, 
356–364.

Fretts, A. M., Mozaff arian, D., Siscovick, D. S., Sitlani, C., Psaty, 
B. M., Rimm, E. B., Song, X., McKnight, B., Spiegel-
man, D., King, B.I. & Lemaitre N. R. (2014). Plasma 
phospholipid and dietary α-linolenic acid, mortality, CHD 
and stroke: the Cardiovascular Health. British Journal of 
Nutrition, 112, 1206–1213.

Gajic, I. & Gudelj, J. (2003). Masti u ishrani stanovništva Sr-
bije. Hrana i ishrana, 44, 61˗65.

Gandemer, G. (2002). Lipids in muscles and adipose tissues, 
changes during processing and sensory properties of meat 
products. Meat Science, 62, 309˗321.

Guillevic, M., Kouba, M. & Mourot, J. (2009). Eff ect of a 
linseed diet on lipid composition, lipid peroxidation and 
consumer evaluation of French fresh and cooked pork 
meats. Meat Science, 81, 612–618.

ISO (1973) 1443:1973. Meat and meat products - Determination 
of total fat content.

ISO (2000) 5509:2000. Animal and vegetable fats and oils - 
Preparation of methyl esters of fatty acids.

Institute of Public Health of Serbia “Dr Milan Jovanovic 
Batut” (2014). Incidence and mortality of acute coronary 
syndrome in Serbia. Serbian Acute Coronary Syndrome 
Registry, Report No 9

http://www.batut.org.rs/download/publikacije/2014AkutniKoro
narniSindrom.pdf

Jeun-Horng, L., Yuan-Hui, L. & Chun-Chin K. (2002). Ef-
fect of dietary fi sh oil on fatty acid composition, lipid ox-
idation and sensory property of chicken frankfurters dur-
ing storage. Meat Science, 60, 161–167.

Juárez, M., Marco, A., Brunton, N., Lynch, B., Troy, D.J. & 
Mullen, A.M. (2009). Cooking eff ect on fatty acid profi le 
of pork breakfast sausages enriched in conjugated linoleic 
acid by dietary supplementation or direct addition. Food 
Chemistry, 117, 393–397.

Lada, A.T. & Rudel, L. L. (2003). Dietary monounsaturated 
versus polyunsaturated fatty acids: which is really better 
for protection from coronary heart disease? Current Opin-
ion in Lipidology, 14, 41–46.

McEvoy, T. C., Temple, N. & Woodside V. J. (2012). Vege-
tarian diets, low-meat diets and health: a review. Public 
Health Nutrition, 15, 2287−2294.

Micha, R. & Mozaff arian, D. (2010). Saturated fat and cardio-
metabolic risk factors, coronary heart disease, stroke, and 
diabetes: a fresh look at the evidence. Lipids, 45, 893−905.

Muguerza, E., Fista, G., Ansorena, D., Astiasaran, I. & 
Bloukas, J.G. (2002). Eff ect of fat level and partial re-
placement of pork backfat with olive oil on processing 
and quality characteristics of fermented sausages. Meat 
Science, 61, 397−404.

Odegaard, O. A., Koh, P. W., Yuan, J. M., Gross, M. D. & 
Pereira, M. A. (2012). Western-style fast food intake and 
cardiometabolic risk in an Eastern country. Circulation, 
126, 182–188.

24



Meat Technology 58 (2017) 1, 16–25

Pelser, W. M., Linssen, J. P. H., Legger, A. & Houben J. H. 
(2007). Lipid oxidation in n-3 fatty acid enriched Dutch 
style fermented sausages. Meat Science, 75, 1–11.

Rahimi, S., Kamran, A. S. & Torshizi K. M. A. (2011). Ome-
ga-3 Enrichment of Broiler Meat by Using Two Oil 
Seeds. Journal of Agricultural Science and Technology, 
13, 353−365.

Serbia. (2013). Regulations relating to the declarations, label-
ling and advertising of food. Offi  cial Gazette of the Re-
public of Serbia, 33.

Saicic, S., Trbovic, D., Vranic, D., Jankovic, S., Stefanovic, 
S. & Petronijevic, R. (2010). Fatty acids and cholesterol 
content in certain meat products from the national market. 
Tehnologija mesa, 51, 52−59.

Sampaio, G., Castellucci, C., Pinto, E., Silva, M. & Torres E. 
(2004). Report: eff ect of fat replacers on the nutritive val-
ue and acceptability of beef frankfurters. Journal of Food 
Composition and Analysis, 17, 469−474.

Sarcevic, D., Djordjevic, V., Petronijevic, R., Matekalo-
Sverak, V., Karabasil, N., Popovic, Lj. & Jankovic V. 
(2013). The attitudes and habits of Serbian schoolchildren 
in consumption of meat. Tehnologija mesa, 54, 160−167.

Simopoulos, A. P. (2002). The importance of the ratio of ome-
ga-6/omega-3 essential fatty acids. Biomedicine and 
Pharmacotherapy, 56, 365−379.

Spiric, A., Trbovic, D., Vranic, D., Djinovic, J., Petronijevic, 
R. & Matekalo-Sverak, V. (2010). Statistical evaluation 
of fatty acid profi le and cholesterol content in fi sh (com-
mon carp) lipids obtained by diff erent sample preparation 
procedures. Analitica Chimica Acta, 672, 66−71.

Terassa, A. M., Dello Staff olo, M. & Tomás, M. C. (2016). Nu-
tritional improvement and physicochemical evaluation of 
liver pâtés formulation. LWT - Food Science and Technol-
ogy, 66, 678−684.

U.S. Department of Agriculture (USDA) and U.S. Depart-
ment of Health and Human Services (HHS) (2010). 
The Report of the Dietary Guidelines Advisory Commit-
tee on Dietary Guidelines for Americans, (7th ed.), U.S. 
Government Printing Offi  ce, Washington DC, USA, 445.

Utrilla, M. C., García, Ruiz A. & Soriano A. (2014). Eff ect of 
partial reduction of pork meat on the physicochemical and 
sensory quality of dry ripened sausages: Development of 
a healthy venison salchichon. Meat Science, 98, 785–791.

Valencia, I., Ansorena, D. & Astiasarán, I. (2007). Develop-
ment of dry fermented sausages rich in docosahexaenoic 
acid with oil from the microalgae Schizochytrium sp.: In-
fl uence on nutritional properties, sensorial quality and ox-
idation stability. Food Chemistry, 104, 1087–1096.

Vandendriessche, F. (2008). Meat products in the past, today 
and in the future. Meat Science, 78, 104–113.

Wang, C., Harris, W. S., Chung, M., Lichtenstein, A. H., 
Balk, E. M., Kupelnick, B., Jordan, H. S. & Lau J. 
(2006). n-3 fatty acids from fi sh or fi sh-oil supplements, 
but not α-linolenic acid, benefi t cardiovascular disease 
outcomes in primary- and secondary- prevention studies: 
A systematic review. American Journal of Clinical Nutri-
tion, 84, 5–17.

Wood, J. D., Enser, M., Fisher, A.V., Nute, G. R., Sheard, 
P. R., Richardson, R. I., Hughes, S. I. & Whittington, 
F. M. (2008). Fat deposition, fatty acid composition and 
meat quality: A review. Meat Science, 78, 343−358.

Xiong, G., Wang, P., Zheng, H., Xu, X., Zhu, Y. & Zhou G. 
(2016). Eff ects of plant oil combinations substituting pork 
back-fat combined with pre-emulsifi cation on physico-
chemical, textural, microstructural and sensory properties 
of spreadable chicken liver pâté. Journal of Food Quali-
ty, 39, 331–341.

Paper received: 12.01.2017.
Paper corrected: 7.03.2017.
Paper accepted: 6.02.2017.

25



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages true
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /PDFX1a:2003
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU <>
    /SRL ()
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [1800 1800]
  /PageSize [14400.000 14400.000]
>> setpagedevice


