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Abstract


This study investigates the presence of undeclared meat species in beef sausages and analyzes the impact of poultry meat addition on fatty acid composition. A total of 68 beef sausage samples produced and obtained from markets in Kosovo were analyzed, comprising 43 industrial and 25 traditional (homemade) sausages. Using the Liquid Chip Display (LCD) Array System, Meat 5.0, we detected that 52.94% of the samples contained meat from other species, with poultry being the most frequently added (45.55%), followed by mutton (4.41%) and turkey (2.9%). Notably, 46.42% of industrial sausages with added meat and 100% of homemade sausages with mixed meat were undeclared, highlighting significant mislabeling concerns. Fatty acid analysis with Gas Chromatography Flame Ionization Detection (GC-FID) revealed that sausages with poultry meat exhibited lower levels of saturated fatty acids (SFAs) and higher polyunsaturated fatty acids (PUFAs), particularly linoleic (C18:2) and alfa-linolenic (C18:3) acids. The inclusion of poultry meat significantly reduced the proportion of palmitic (C16:0) and stearic (C18:0) acids while increasing unsaturated fatty acids. As the percentage of poultry meat increased, SFAs decreased from 54.08% (at 10% poultry meat) to 29.55% (at 90%), while PUFAs rose from 4.09% to 26.64%. These findings indicate that poultry addition enhances the nutritional profile of sausages by improving the fatty acid balance. This study highlights the need for stricter labeling regulations to ensure consumer transparency. Future research should explore these modified products’ sensory and quality attributes to assess their market acceptance.
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1. Introduction


Meat is highly nutritious and contributes several essential nutrients that are difficult to obtain in the right amounts from other food sources, like bioavailable protein and several essential micronutrients often lacking in the diet, including iron, zinc, and vitamin B12 [1]. Animal proteins are generally highly digestible and nutritionally superior to plant proteins, with higher amino acid bioavailability [2]. Among many meat products, sausages are privileged foods due to their diversity, nutritional value, deep roots in culture, and economic importance [3]. There has been tremendous improvement in almost all aspects of sausage production, such as the shape of the product, species of animals used, casings, ingredients, equipment, machines, etc. Further advances will still be made in sausage production due to technological progress, both in areas that have been addressed and those that are yet to be researched [4].



Meat from other species, like poultry or pork, is added to beef sausage for economic reasons related to the fraudulent substitution of cheaper meats for more expensive types [5]. This can have severe economic and ethical repercussions because, in some countries, the addition of poultry and other meats to products made from 100% beef is prohibited, or the use of pork meat is a matter of concern for religious reasons [6]. Adding chicken to beef sausages can also change the fatty acid composition of the sausage because the fatty acid profile is strongly influenced by the type of meats, as well as other ingredients such as vegetable oil and lard, used in its formulation [7]. So, in homemade beef sausages, saturated fatty acids accounted for 59.10% of total fatty acids, followed by monounsaturated (38.63%) and polyunsaturated fatty acids (2.27%). The fatty acid profile was dominated by oleic (C18:1, 34.37%) and palmitic (C16:0, 30.24%) acids, and short-chain fatty acids were also present [8]. On the other hand, chicken meat had a lower proportion of saturated fatty acids (36.4%) than beef (53.3%) and a higher proportion of polyunsaturated fatty acids (21.3%) than beef (3.0%) [9]. The most common fatty acids in chicken meat were linoleic, oleic, and palmitic [10].



Even though substitution with species, protein content, fat content, or plant ingredients are major forms of food substitution, adulterated food products are responsible for mild to severe potential risks to public health and the environment [11]. Diarrhea, nausea, allergic reaction, diabetes, cardiovascular disease, etc., are frequently observed illnesses upon consumption of adulterated food [12]. For the reasons stated above, meat production companies must declare the addition of other species and various grain flours to sausage. This is because a potential disagreement is observed between consumers’ expectations regarding meat product labeling and the level of transparency that can be achieved with current regulations. In particular, using “and/or” in meat products warrants further attention, notably regarding consumer education and industry guidance [13]. It should also emphasize the importance of increasing transparency and accountability within the food industry through improved communication and enforcement of regulatory standards and the need for ongoing education and training initiatives to raise awareness of food safety regulations [14]. Undeclared additions can erode trust in food labeling and regulatory systems, so the declaration of additions in sausages distinguishes between trust in food labeling itself and the trust that consumers develop in the food supply system through food labeling [15].



Meanwhile, the labeling of products is the responsibility of every company that pro-duces food, and labeling is sanctioned by the Kosovo national regulation on labeling, presentation, and advertising of food products—Administrative Instruction No. 09/2013 [16], as well as European Union regulation No. 1169/2011 on the provision of food in-formation to consumers. This regulation mandates that food business operators provide clear and accurate information about the contents of their products to ensure consumer transparency. According to Annex VII, Part B of this regulation, the species from which the meat originates must be declared [17]. However, despite this fact, meat products are targets for species substitution and adulteration due to their market value.



Determining fast and efficient meat adulteration detection methods is critical for the development of the food industry and the safety of consumers. Based on the classification of target substances, adulteration detection technologies are classified as protein, metabolite, or nucleic acid-based [18]. However, their inherent limitations have been replaced; several methods based on polymerase chain reaction have been proposed as useful means for identifying the species origin in meat and meat products due to their high specificity and sensitivity, as well as rapid processing time and low cost [19]. One of the most convenient methods for the identification of animal species in processed meat products is the examination of DNA sequences. Real-time polymerase chain reaction (qPCR) techniques are particularly suitable because even small fragments of DNA formed during heat processing of the meat can be amplified and identified. A real-time PCR method has been developed and evaluated for the identification of processed meat products [20]. Species-specific real-time polymerase chain reaction (PCR) assays using TaqMan probes have been developed for verifying the labeling of meat and commercial meat products from game birds, including quail, pheasant, partridge, guinea fowl, pigeon, Eurasian woodcock, and song thrush, and have demonstrated the suitability of the assay for the detection of the target DNAs [21]. On the other hand, two duplex PCR (cattle–buffalo and chicken–pig) were applied with species-specific mitochondrial Cyt b gene primers and determined to be accurate for species identification in meat and milk [22]. The results suggest that both ELISA and PCR are specific and reliable tools for the detection of Grouper mislabeling/adulteration and the accurate implementation of traceability for successful regulatory food controls [23].




2. Materials and Methods


2.1. The Sampling


A total of 68 samples of beef sausage were collected in Kosovo markets, including 43 industrial sausages and 25 traditional sausages. The collection was carried out without considering whether the meat from different species was declared on the label. Each 250 g sample was divided into two parts for molecular and chemical testing. Samples were kept at 4 °C until further testing.




2.2. Chipron LCD Array Analysis System, Meat 5.0—A DNA-Based Identification of 24 Animal Species in Meat Products


The MEAT 5.0 LCD-Array Kit (Chipron, Berlin, Germany) is designed for food authenticity and quality assurance, offering high specificity and detection thresholds below 1%, even in processed samples (Fc-values > 24). The assay targets a 125–165 bp fragment of the mitochondrial 16S rRNA gene via single-tube PCR. Due to the high copy number of mitochondrial genomes, the method reliably detects as little as 0.5–1 nuclear genome equivalent per species, with detection sensitivity as low as 0.1% in multi-species mixtures (wet or dry weight).



2.2.1. Extraction of Sample


DNA was extracted using the DNeasy Mericon Food Kit (Qiagen®), based on a modified CTAB protocol. A 200 mg sample (in duplicate) was homogenized with one steel bead and 1 mL tissue lysis buffer using TissuLyser II (30 Hz, 30 s). After lysis with proteinase K (2.5 µL), samples were incubated at 60 °C for 30 min, cooled, and centrifuged (5 min, 2000× g). Supernatants (700 µL) were combined with 500 µL chloroform, vortexed, and centrifuged (15 min, 14,000× g). Aqueous phases (350 µL) were purified using QIAquick spin columns, washed with Buffer AW2, and eluted with 150 µL Buffer EB. All steps followed the manufacturer’s instructions, with standard precautions to prevent contamination (e.g., filter tips, gloves).




2.2.2. LCD-Array


Each MEAT 5.0 LCD-Array chip includes 25 species-specific probes in duplicate, allowing simultaneous detection of 17 mammalian and 7 avian species in food products. PCR was performed using the Topical Gradient 96 thermocycler (Biometra) with a 25 µL reaction mix containing 12.5 µL 2× Master Mix, 1.5 µL MEAT primer mix, 6 µL PCR-grade water, and 5 µL DNA. The thermal profile included initial denaturation (95 °C, 5 min), 35 cycles of denaturation (94 °C, 30 s), annealing (57 °C, 45 s), and extension (72 °C, 45 s), with a final extension at 72 °C for 2 min.



PCR products were verified via 2% agarose gel electrophoresis. Hybridization (35 °C, 30 min) was conducted per the manufacturer’s protocol. Labeled amplicons bound to immobilized probes and were visualized as precipitates using the PF3650u LCD-array scanner (Pacific Image Electronics) and analyzed with Slide Reader V12 software. Each reaction was performed in duplicate. A pixel intensity of 2000 was used as the detection threshold, as specified by the MEAT 5.0 Manual (v1-1-2014), shown in Figure 1.





2.3. Gas Chromatography–Flame Ionization Detector (GC/FID)


Analytical determination was achieved using the MIX FAME-s fatty acid standard.



The procedure is based on base-catalyzed transesterification of fatty acids, forming methyl esters (FAME-s), and modified from Haifeng Sun and Suli Zhao, 2014 [20]. The following chemicals were used: hexane 99.9% from Honeywell Riedel-de-Haën™ (Honeywell, Charlotte, NC, USA), methanol 99.9% CHROMASOLV™ from Honeywell Riedel-de-Haën™ (Honeywell, Charlotte, NC, USA), ethyl acetate 99.7% CHROMASOLV™ from Honeywell Riedel-de-Haën™ (Honeywell, Charlotte, NC, USA), and sodium methylate from Merk and Supelco® 37 Component FAME Mix Sigma-Aldrich®, Burlington, MA, USA, as a certified reference material (CRM) Extraction Procedure and Derivatization of Fatty Acids.



Samples were homogenized with a Velp Scientifica™ OV5 homogenizer (Usmate Velate (MB), Italy). After homogenization, 500 mg of the sample was placed into 15 mL conical tubes and mixed with 5 mL of hexane (99.9%). After vortexing for 1 min, 1 mL of sodium methoxide (5.4 M) in methanol was added and mixed for 1 min by vortexing. Esterification was performed at room temperature. After strong vortexing for 1 min and centrifuging for 5 min at 5000 rpm, the supernatant was transferred to a 2 mL glass vial, and 2 uL was injected into the GC/FID analysis. Samples were analyzed within an hour after esterification. The determination of FAMEs was conducted using an Agilent 8890 GC System, which features a split/splitless inlet and an FID detector, along with an Agilent 7693 automatic liquid sampler (ALS). The operational setup of GC-FID is shown in Table 1.



Otherwise, validation of the GC-FID method was carried out based on ICH guidance entitled “Text on Validation of Analytical Procedures (ICH Q2A)”, which presents a discussion of the characteristics that should be considered during the validation of analytical procedures. Its purpose is to provide some guidance and recommendations on how to consider the various validation characteristics for each analytical procedure [24].



The calibration curve of the GC-FID method for fatty acids was established by mixing beef ground meat with 2, 7, 10, 20, 30, 40, 50, 60, 70, 80, and 90% of chicken mechanically deboned meat (MDM). Eleven samples of traditional sausages from small family businesses tested negative for chicken matter using an LCD Array. Each MEAT 5.0 was used as a beef matrix for mixing with chicken MDM in different proportions for the validation of methods, as shown in Table 2.




2.4. Statistical Analysis


A one-way ANOVA test was used to assess differences in mean values among groups. The correlation between Ct values obtained from the LCD Array for different species’ DNA and the fatty acid content was determined using the correlation analysis tool in Analysis ToolPak (Microsoft Excel, 2016).





3. Results and Discussion


3.1. Detection of DNA of Species in Beef Sausages


After analyzing the samples for the detection of DNA and other species in local industrial and traditional sausage, it was found that 32 (47.05%) samples contained only beef DNA, 31 (45.55%) contained chicken DNA, 3 (4.41%) samples contained mutton, and 2 (2.9%) samples contained turkey DNA. None of the 68 samples contained the DNA of other mammalian species like horse, goat, camel, buffalo, pig, kangaroo, hare, rabbit, reindeer, roe deer, red deer, fallow deer, springbok, dog, or cat, or bird species like goose, ostrich, mallard duck, Muscovy duck, or pheasant (Table 3).



Regarding industrial sausages (n = 43), it turns out that 15 of them (34.8%) contained only beef DNA, while 28 (65.2%) contained DNA of other species. Of the 28 samples that contained other species DNA, chicken DNA was detected in 23 (82.14%). In comparison, mutton DNA was detected in three samples (10.71%) (two samples contained beef and one sample also contained chicken DNA), and two samples (7.14%) tested positive for turkey DNA (both samples in beef sausages which also contained chicken DNA). Regarding the homemade beef sausages (n = 25), it turns out that 17 (68%) contained beef DNA, while 8 (32%) contained DNA from other species. Of the eight samples, seven of them (87.5%) contained chicken DNA, while one sample (13.5%) contained mutton DNA.



Of all the beef sausage samples that tested positive for the presence of DNA from other species (n = 36), 28 of them belonged to industrial sausages, and of these, 15, or 41.66%, were declared, compared to 13 samples, or 46.42%, which were not declared. On the other hand, although 8 samples of traditional beef sausage tested positive for the presence of DNA from other species, none of those samples contained any detectable amount of those species.



The results of sausage analysis, using the Chipron LCD Array Analysis System, show that 36 out of 68 samples, or 52.94%, tested positive for the DNA of other species, indicating the potential intentional addition of meat from other species. The presence of poultry DNA (45.55%) is a reference to deliberate addition since, from an economic point of view, it is more profitable to add meat of cheaper species. When it comes to the presence of mutton DNA (4.41%), which has a higher price than beef itself, this does not surprise us since, in some parts of Kosovo, mutton meat is added to beef sausage to improve its sensory properties. The high presence of poultry DNA in beef sausage, for economic reasons, will be the ongoing focus of our work.



Compared to works by other authors, these values are somewhat lower than a study focusing on the substitution of meat species in Poland, which found that 60% of the foods analyzed contained an undeclared ingredient or the substitution of an expensive ingredient with a cheaper option [25], and that 17 (60%) of 28 beef sausages contained added poultry. Their results showed that 112 (78.3%) samples were mislabeled, attributed to the false declaration of species and/or presence of undeclared meat species [26]. On the other hand, our results are higher than those of other authors, such as beef sausages containing 33% chicken meat [27], where the results indicate that 15 (14.7%) of the total samples were found to contain undeclared species, with poultry meat detected in 7 (21.8%) and 2 (6.06%) of 32 salami and 33 sausage samples, respectively [28]. In another study, undeclared animal species were detected in 27% of the meat products tested [29].



The sampling strategy was designed to provide a preliminary overview of meat species usage and potential adulteration in sausages available in the Kosovar market. Although the sample size is relatively modest, it reflects the local availability and accessibility of sausage products. The higher proportion of industrial sausages in the sample (43 vs. 25) corresponds to their wider market presence and availability across the region rather than an intentional sampling bias.



We acknowledge that this imbalance, along with the limited geographic scope confined to Kosovo, may reduce the statistical power for generalizing findings to broader regional or global contexts. Additionally, the lower number of traditional sausages may under-represent the variability inherent in artisanal production practices. Therefore, the study should be interpreted as an exploratory assessment of local practices rather than a comprehensive evaluation of international meat adulteration trends. Future studies with larger and more geographically diverse samples are recommended to validate and expand upon these findings.



It is worth noting that the addition of meat from other species to industrial sausages was perhaps expected, but such findings in 32% of homemade sausages are somewhat of a surprise, considering that traditional recipes for homemade sausage-making in Kosovo consist of 100% beef only. Consumer acceptance is crucial, as the inclusion of other meat species in beef sausages, despite economic benefits, may face resistance without sensory studies on the impact of added poultry. In addition, traditional food authenticity is highly valued in Kosovo, making undisclosed additions potentially controversial.



The LCD Array has proven to be a reliable and sensitive method for detecting species’ DNA, with this study confirming its high accuracy in food testing. Other authors also found that PCR was associated with a commercial DNA macro-array on pure meat samples, spiked samples, proficiency test samples, and processed samples, and showed high specificity on the targeted species, with sensitivity down to 1% (w/w) [30]. In addition, the Meat 5.0 LCD-Array kit is highly specific and allows easy identification of animal species, is sufficiently sensitive, and provides repeatable results.These methods of analysis are recommended for comprehensively monitoring the presence of animal species in food samples, regardless of the degree of heat treatment or mechanical processing, as an effective tool for detecting food adulteration [31]. However, the high sensitivity of the LCD Array may result in the detection of trace DNA from cross-contamination sources, such as animal-derived casings, processing equipment, or environmental exposure. This introduces a limitation, as the assay cannot definitively differentiate between low-level incidental contamination and deliberate adulteration. Therefore, when species are detected at or near the threshold of detection, caution is warranted in interpreting the results, especially in the absence of quantitative DNA measurement.




3.2. Prevalence of the Fatty Acid in Sausages Made with 100% Beef and Added Poultry Meat


From the literature and numerous papers, it is emphasized that the fatty acid profile is different in beef and poultry meat. Raising the hypothesis that the high % presence of poultry DNA cannot be just accidental cross-contamination, we took the next step to analyze the fatty acid profile through GC-FID analysis of the differences in the fatty acid profile of sausages containing 100% beef and sausages with the presence of poultry DNA and revealed several key findings (see Figure 2).



The provided radar chart compares the levels of various fatty acids between 100% beef sausages and sausages with added poultry meat. The results show that beef sausages have higher levels of saturated fatty acids compared to sausages with added poultry. This is typical as beef fat generally contains more saturated fats. Sausages with added poultry have higher levels of polyunsaturated fatty acids. This aligns with the leaner profile of poultry, which typically contains more unsaturated fats. Monounsaturated fats seem slightly higher in beef sausages compared to the poultry-added ones. Specific fatty acids like Myristin, Palmitin, and stearic acids (components of saturated fats) are more prevalent in beef sausages. Linolenic acid and other polyunsaturated fats (like oleic) are elevated in sausages with added poultry meat, a fact that is also supported by the works of other authors who emphasize that sausages with chicken meat had lower stearic (C18:0) and higher linoleic (C18:3) fatty acid contents than those made with beef [32]. Similar results emphasize that turkey and chicken sausages presented a higher content of polyunsaturated fatty acids than the Chester and common sausages, which presented a low saturated fatty acids content [33]. It is important to note that the fatty acid profile of sausages can be influenced not only by the animal fat content but also by the possible addition of unmeasured ingredients such as vegetable oil. In relation to raw beef sausage, frying with oil substantially increased the amount of MUFA, PUFA, n-6, and PUFA/SFA [34], and the substitution of animal fat with canola oil in sausage resulted in nutritional improvements due to an increase in mono- and polyunsaturated fatty acids in the lipid fraction that specifically decreased lipid oxidation [35]. In addition to vegetable oils, in our previous study, we demonstrated that the fatty acid composition of sausages is also influenced by the amount of added soy [36]. These components were not quantitatively assessed in this study and may act as confounding variables when interpreting differences in fatty acid composition between industrial and traditional sausages. Future research incorporating direct analysis of added fats would improve the accuracy of fatty acid profiling.



The above results verify the general differences in fatty acids in 100% beef and added poultry sausages. The results are also consistent with the research of other authors. However, we analyzed and verified through the ANOVA statistical program whether the differences expressed above between fatty acids are statistically significant (Table 4).



Fatty acids that showed statistically significant differences in levels between the two groups and were higher in sausages in 100% beef meat include C14:0 Myristolein, C15:0 Pentadecane, C16:0 Palmitin, C17:0 Heptadecan, C18:0 stearic, and saturated acids. On the other hand, fatty acids that showed statistically significant differences in levels between the two groups and were higher in sausages with added poultry meat include C18:2 Linoleic, C18:3 alfa-linolenic, and Polysaturated Acid. These differences highlight the compositional shifts caused by adding poultry meat, particularly in increasing the levels of polyunsaturated fatty acids while decreasing saturated fatty acids. Fatty acids that did not show statistically significant differences include C14:1 Myristin, C16:1 Palmitolin, C18:1 oleic, C20:0 Arachin, and monounsaturated acids. This indicates that the inclusion of poultry meat has a minimal impact on these specific fatty acids, suggesting a level of consistency in these profiles regardless of the meat source.



As a summary of the above results, we can emphasize that the inclusion of poultry meat in beef sausages results in significant compositional shifts, particularly reducing saturated fatty acids and increasing polyunsaturated fatty acids, which may improve the nutritional profile of the sausages. However, some fatty acid levels (e.g., C14:1 Myristin, C18:1 oleic, and monounsaturated acids) remain stable across formulations, suggesting that these components are less sensitive to the addition of poultry meat.




3.3. The Fatty Acid Profile Depends on the % of Chicken Meat Addition


By observing the fatty acid profile and statistically significant variations in some specific fatty acids, we performed an analysis for the detection of the amount of poultry meat in 33 samples of beef sausage. This resulted in detecting the presence of poultry DNA (31 chicken and 2 turkey) through the GC-FID validation method, allowing us to observe the impact of the increased amount of poultry meat on the values and profile of fatty acids. Based on the GC-FID validation method, the results from the 33 samples analyzed show that 8 samples (24.24%) had poultry meat added to the amount of 10%, 10 samples (30.30%) to the amount of about 20%, 5 samples (15.15%) to the amount of 30%, 1 sample (3.03%) to the amount of 50%, 2 samples (6.06%) to the amount of 60%, 2 samples (6.06%) to the amount of 60%, 2 samples (6.06%) to the amount of 70%, 2 samples (6.06%) to the amount of 60%, 2 samples (6.06%) to the amount of 80%, and 3 samples (9.09%) to the amount of 90%. Using the GC-FID validation method, we found that about 70% of the analyzed samples had up to 30% poultry meat added to the beef sausage, while the other 30% of the samples had additions of 50–90%.



Comparing the % of poultry addition in industrial and traditional beef sausage results, out of a total of 33 samples of sausages with added poultry meat, 25 samples (75.7%) belong to industrial sausages, and 8 samples (24.4%) belong to traditional sausages. Of the samples of sausages with the presence of poultry meat of 10%, it turns out that five of them are industrial and five of them are traditional. Of the sausages with the addition of 10–20% chicken meat, six belonged to industrial sausages while three belonged to traditional sausages. The sausages with more than 20% of added poultry meat belong only to industrial sausages, including five samples with 30%, one sample with 50%, two samples with 60%, 70%, and 80%, and three samples with 90%. From the above results, it is observed that industrial sausages, in addition to having a higher frequency of added poultry meat (75.7%), also have amounts of added meat reaching up to 90%. While traditional sausages have a lower frequency of added poultry (24.4%), at the same time they include smaller amounts of poultry meat, not exceeding 20%.



Although it is evident that, based on the average fatty acids, in sausages with added chicken meat, the values of saturated fatty acids decrease and the values of unsaturated and semi-saturated fatty acids increase. However, we have analyzed the profile of these fluctuations according to the added amount in % of chicken meat in beef sausage (Table 5).



From the results, we can notice a clear decrease in the total percentage of saturated fatty acids as the percentage of added poultry meat increases. For instance, it drops from 54.15% at 10% poultry meat to 29.55% at 90% poultry meat. Specifically, components like C16:0 Palmitin and C18:0 stearic acid show significant reductions, reflecting that poultry meat has fewer saturated fats than other sausage mixture components. Monounsaturated acids remain relatively stable between 10% and 70% of added poultry meat, ranging between 41 and 44%. However, there is a notable drop to 30.36% when the poultry meat content reaches 90%. C18:1 oleic acid is the most prominent MUFA and shows a slight fluctuation but no dramatic trend until the 90% level. Meanwhile, polyunsaturated fatty acids increase substantially as the percentage of added poultry meat rises. At 10% poultry meat, PUFAs are at 3.98%, while at 90%, they increase to 26.64%.



The most significant contributor is C18:2 linoleic acid, which grows consistently from 3.50% at 10% to 25.04% at 90%. This indicates poultry meat’s high content of essential fatty acids. Focusing on individual fatty acid trends, it is noted that C16:1 Palmitolin and C18:2 linoleic acid increase with higher poultry meat content, suggesting poultry meat is richer in these unsaturated fatty acids. C18:0 stearic acid and C16:0 Palmitin, as major SFAs, decline, emphasizing the lower saturated fat profile of poultry meat compared to other fats used in the sausages.



A horizontal 100% stacked bar chart illustrating the averages of various fatty acids depending on the percentages of added meat and poultry in beef sausage (Figure 3). A visible trend suggests that samples with higher percentages of added poultry meat show noticeable variation in the composition of fatty acids. Saturated fatty acids (SFAs) such as Palmitic (C16:0) and stearic (C18:0) acids tend to remain consistently high across all samples but show slight increases in formulations with a lower percentage of added meat. Monounsaturated fatty acids (MUFAs), including oleic acid (C18:1), appear more prevalent in samples with moderate added meat content, indicating a potential optimization point for healthier fat profiles. Polyunsaturated fatty acids (PUFAs) such as Linolenic (C18:3) and linoleic (C18:2) acids increase in samples with higher added meat percentages, which may be attributed to a higher proportion of poultry meat, known for its richer PUFA content. Added Meat/Poultry % increases in the lower section of the bars, correlating inversely with certain saturated fatty acid components. Overall, the graph suggests that increasing the percentage of added poultry or meat significantly influences the fatty acid composition of the final sausage product. Higher poultry content appears to be associated with a more favorable fatty acid profile (i.e., higher PUFA and lower SFA levels), which could have positive nutritional implications.



Based on the results of this study, it is argued that there is a difference in the fatty acid composition of beef meat and fat compared to poultry meat and fat. Undoubtedly, this difference in fatty acid composition is also reflected in meat products, such as sausages. The fatty acid content of beef is also argued by other authors who report that meat fat comprises mostly monounsaturated and saturated fatty acids, with oleic (C18:1), palmitic (C16:0), and stearic acid (C18:0) being the most ubiquitous [37], and that beef sausage has the dominant fatty acids of palmitic acid (42.31%), oleic acid (20.19%), stearic acid (10.92%), and myristic acid (7.66%) [38]. Regarding poultry meat, it is reported that fat in broiler breast contained 29% saturated FAs (SFAs), 36% monosaturated FAs (MFAs), and 35% polyunsaturated FAs (PUFAs). Meanwhile, legs and thigh meat had 28% SFAs, 38% MFAs, and 33% PUFAs [39]. In addition, poultry products showed a high content of linoleic (19.54%) and low content of stearic (8.22%) acids [40].



This study highlights the technical, nutritional, cultural, and economic impacts of adding poultry to beef sausages in Kosovo. While cost-effective, unclear labeling and deviations from traditional recipes may hinder consumer acceptance, as unfamiliarity can lead to negative perceptions.





4. Conclusions


This study identified a high incidence of meat adulteration in beef sausages, with 52.94% of samples containing undeclared meat, most commonly poultry. Adulteration was more frequent in industrial products (65.2%) but was also present in homemade sausages (32%), despite expectations of traditional authenticity. The addition of poultry improved the fatty acid profile by reducing saturated fats and increasing polyunsaturated fats, particularly linoleic (C18:2) and alpha-linolenic acid (C18:3).



However, undeclared meat, especially in 46.42% of industrial and 100% of mixed homemade sausages, raises regulatory, ethical, and religious concerns. Such mislabeling may mislead consumers and violate dietary laws, especially for those with religious restrictions.



Although adding chicken meat to beef sausage should be declared, it increases healthier fatty acids. Further research should examine the economic drivers, sensory implications, and consumer acceptance, while improved labeling and monitoring are essential to ensure transparency and consumer protection.
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Figure 1. LCD chip during analysis with LCD Array. 
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Figure 2. The comparison of the levels of fatty acids in 100% beef and added poultry meat. 
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Figure 3. Averages of fatty acids depended on different % of added poultry meat. 
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Table 1. The operational setup of GC-FID (GC System 8890 GC).
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	GC System
	8890 GC





	S/SL inlet
	250 °C, split ration 50:1



	Liner
	Split, ultra inert, glass wool, low-pressure drops (p/n 5190-295)



	Oven ramp program
	50 °C (0.5 min)



	
	30 °C/min to 194 °C (3.5 min)



	
	5 °C/min to 240 °C (3 min)



	Carrier gas
	Nitrogen, 13 psi, constant pressure mode



	Column
	DB-Fast FAME 30 m × 0.250 mm × 0.25 µm 40 °C to 250/260 °C



	Detector-fid
	260 °C,



	
	H2: 40 mL/min



	
	Air: 400 mL/min



	
	Makeup gas: 25 mL/min



	Injection volume
	1 µL










 





Table 2. Fatty acids profile (C *) in different proportions of beef and poultry for validation of GC-FID method.
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	Chicken Meat (%)
	Beef Sausage (%)
	C14:0
	C14:1
	C15:0
	C16:0
	C16:1
	C17:0
	C18:0
	C18:1
	C18:2
	C18:3
	C20:0
	SFA
	MUFA
	PUFA
	Total





	100
	0
	0.08
	0.33
	0.06
	18.28
	3.44
	0.13
	6.57
	29.18
	37.59
	4.28
	0.05
	25.17
	32.95
	41.87
	99.99



	0
	100
	3.58
	0.44
	0.55
	29.05
	2.98
	1.88
	24.84
	33.34
	2.76
	0.35
	0.14
	60.04
	36.76
	3.11
	99.91



	99
	1
	0.46
	0.16
	0.08
	19.4
	3.37
	0.17
	8.31
	29.37
	35.33
	3.29
	0.06
	28.48
	32.9
	38.62
	100



	90
	10
	0.66
	0.17
	0.11
	20.2
	3.32
	0.29
	9.84
	16.5
	32.18
	3.14
	0.07
	31.17
	19.99
	35.32
	86.48



	80
	20
	1.23
	0.27
	0.19
	22.23
	3.02
	0.58
	14.18
	31.26
	24.64
	2.29
	0.08
	38.49
	34.55
	26.93
	99.97



	70
	30
	1.57
	0.32
	0.26
	23.91
	2.96
	0.85
	15.46
	31.85
	20.72
	2.04
	0.04
	42.09
	35.13
	22.76
	99.98



	60
	40
	2.05
	0.43
	0.31
	25.3
	3.03
	0.95
	17.5
	32.12
	16.66
	1.59
	0
	46.11
	35.58
	18.25
	99.94



	50
	50
	2.12
	0.42
	0.32
	25.73
	2.93
	1.09
	19.39
	32.46
	14.03
	1.33
	0.1
	48.75
	35.81
	15.36
	99.92



	40
	60
	2.28
	0.43
	0.34
	26.43
	3.06
	1.11
	18.37
	32.76
	13.84
	1.37
	0
	48.53
	36.25
	15.21
	99.99



	30
	70
	2.84
	0.55
	0.44
	28.35
	2.85
	1.41
	21.65
	33.24
	7.77
	0
	0.07
	54.76
	36.64
	7.77
	99.17



	20
	80
	2.77
	0.37
	0.44
	28.85
	2.79
	1.6
	22.78
	34.25
	5.5
	0.56
	0.07
	56.51
	37.41
	6.06
	99.98



	10
	90
	3.22
	0.61
	0.49
	28.64
	2.81
	1.58
	24.24
	34.27
	3.53
	0.37
	0.12
	58.29
	37.69
	3.9
	99.88



	7
	93
	3.04
	0.27
	0.46
	29.55
	2.68
	1.59
	23.85
	34.9
	3.11
	0.32
	0.11
	58.6
	37.85
	3.43
	99.88



	2
	98
	3.57
	0.66
	0.56
	31.06
	2.9
	1.87
	23.7
	33.15
	2.05
	0.27
	0.11
	60.87
	36.71
	2.32
	99.9







* C14:0 Myristolein, C14:1 Myristin, C15:0 Pentadecane, C16:0 Palmitin, C16:1 Palmitolin, C17:0 Heptadecan, C18:0 stearic, C18:1 oleic, C18:2 Linol, C18:3 Linolen alfa, C20:0 Arachin, SFA- Saturated fatty acids, MUFA- Monounsaturated fatty acids, PUFA-polyunsaturated fatty acids.













 





Table 3. DNA detection and declaration status in declared beef sausage samples (n = 68).
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Category

	
Industrial

	

	
Traditional

	

	
Total

	




	

	
n

	
%

	
n

	
%

	
n

	
%






	
Sample distribution

	
43

	
63.23%

	
25

	
36.76%

	
68

	
100%




	
Samples with only beef DNA

	
15

	
34.88%

	
17

	
68.00%

	
32

	
47.05%




	
Samples with DNA of other species

	
28

	
65.12%

	
8

	
32.00%

	
36

	
52.94%




	
Containing chicken DNA

	
23

	
82.14% *

	
7

	
87.50% *

	
31

	
45.55%




	
Containing mutton DNA

	
3

	
10.71% *

	
1

	
12.50% *

	
3

	
4.41%




	
Containing turkey DNA

	
2

	
7.14% *

	
0

	
0.00%

	
2

	
2.94%




	
Containing DNA of other species **

	
0

	
0.00%

	
0

	
0.00%

	
0

	
0.00%




	
Declared the added species meat

	
15

	
41.60%

	
0

	
100.00%

	
15

	
41.46%




	
Did not declare the added species meat

	
13

	
46.42%

	
8

	
100.00%

	
21

	
58.33%








* Percentages in rows for chicken, mutton, and turkey DNA are calculated within the subgroup of samples with other species DNA; ** No DNA from other mammalian (e.g., pig, horse, goat) or bird species (e.g., duck, goose, pheasant) was detected in any sample.













 





Table 4. Statistical differences in fatty acids (%) in beef and added poultry sausages.
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	Fatty Acids
	Beef Sausage
	Beef Sausage with Poultry DNA
	p-Value





	Myroistelin
	3.17 ± 12.28
	2.56 ± 35.82
	0.000893 *



	Myristin
	0.39 ± 58.87
	0.30 ± 87.46
	0.156974



	Pentadecane
	0.57 ± 24.95
	0.43 ± 42.26
	0.000555 *



	Palmitin
	25.66 ± 5.45
	24.14 ± 7.33
	0.000238



	Palmitolin
	3.17 ± 26.05
	3.55 ± 23.26
	0.066677



	Heptadecan
	1.34 ± 17.90
	1.09 ± 38.45
	0.003113 *



	Stearic
	22.76 ± 16.73
	18.11 ± 32.46
	0.000305 *



	Oleic
	39.18 ± 9.79
	39.00 ± 7.24
	0.828574



	Linol
	2.72 ± 23.96
	9.46 ± 80.19
	3.28 × 10−6 *



	Linolen alfa
	0.41 ± 43.26
	0.81 ± 56.59
	1.15 × 10−5 *



	Arachin
	0.58 ± 35.28
	0.51 ± 59.36
	0.250436



	Saturated
	54.12 ± 7.53
	46.59 ± 18.58
	0.002973 *



	Monosaturated
	42.75 ± 10.38
	41.70 ± 17.43
	0.425882



	Polyunsaturated
	3.13 ± 25.26
	10.27 ± 77.80
	7.64 × 10−6 *







* Statistically significant differences.













 





Table 5. Profile of fatty acids in different % of added poultry meat in beef sausage.
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	Added Meat Poultry %
	Samples (No)
	C14:0
	C14:1
	C15:0
	C16:0
	C16:1
	C17:0
	C18:0
	C18:1
	C18:2
	C18:3
	C20:0
	SFA
	MUFA
	PUFA





	
	1
	2.95
	0.21
	0.43
	23.77
	1.94
	1.24
	28.63
	36.73
	3.29
	0.34
	0.47
	57.49
	38.88
	3.63



	
	2
	2.91
	0.81
	0.47
	24.97
	3.32
	1.08
	24
	38.3
	3.1
	0.39
	0.67
	54.10
	42.43
	3.49



	
	3
	3.35
	0.41
	0.71
	26.56
	2.37
	1.52
	28.25
	31.75
	3.94
	0.61
	0.53
	60.92
	34.53
	4.55



	10%
	4
	3.08
	0.24
	0.59
	26.14
	3.3
	1.26
	21.65
	39.29
	3.47
	0.48
	0.51
	53.23
	42.83
	3.95



	
	5
	3.96
	0.23
	0.7
	27.68
	3.46
	1.41
	21.21
	37.42
	3.13
	0.35
	0.43
	55.39
	41.11
	3.48



	
	6
	3.17
	0.32
	0.58
	24.4
	2.69
	1.38
	22.62
	40
	3.6
	0.57
	0.67
	52.82
	43.01
	4.17



	
	7
	3.02
	0.28
	0.49
	24.19
	2.95
	1.24
	22.65
	40.01
	3.73
	0.71
	0.73
	52.32
	43.24
	4.44



	
	8
	2.72
	0.24
	0.5
	24.27
	3.67
	1.26
	17.58
	44.99
	3.74
	0.39
	0.63
	46.96
	48.9
	4.13



	
	MEAN ±

SD *
	3.15 ± 11.25
	0.34 ± 54.50
	0.56 ± 17.55
	25.25 ± 5.14
	2.96 ± 18.72
	1.30 ± 9.65
	23.32 ± 14.70
	38.56 ± 9.04
	3.50 ± 8.18
	0.48 ± 26.62
	0.57 ± 18.12
	54.16 ±

7.52
	41.79 ± 9.78
	4.05 ±

9.02



	
	1
	3.24
	1.19
	0.56
	24.32
	5.05
	1.24
	15.33
	43.73
	3.61
	0.5
	1.23
	45.92
	49.97
	4.11



	
	2
	3.06
	0.64
	0.51
	26.26
	3.94
	1.15
	19.73
	40.03
	3.68
	0.47
	0.52
	51.23
	44.61
	4.15



	
	3
	2.72
	0.4
	0.43
	27.06
	2.7
	1.39
	24.25
	37.76
	2.6
	0.37
	0.33
	56.18
	40.86
	2.97



	
	4
	2.92
	0.47
	0.56
	25.4
	2.56
	1.65
	24.34
	37.97
	3.22
	0.45
	0.47
	55.34
	41
	3.67



	20%
	5
	3.04
	0.35
	0.53
	25.5
	3.73
	1.28
	19.81
	38.59
	5.78
	0.68
	0.71
	50.87
	42.67
	6.46



	
	6
	2.88
	0.22
	0.6
	23.99
	2.97
	1.31
	23.72
	38.12
	4.79
	0.55
	0.86
	53.36
	41.31
	5.34



	
	7
	3.39
	0.2
	0.57
	26.01
	2.43
	1.36
	24.52
	35.7
	4.88
	0.43
	0.51
	56.36
	38.33
	5.31



	
	8
	4.09
	0
	0.48
	24.07
	4.22
	1.29
	15.29
	43.4
	5.9
	0.53
	0.7
	45.92
	47.62
	6.43



	
	9
	3.19
	0.26
	0.5
	23.24
	3.13
	1.22
	21.14
	41.37
	4.12
	0.41
	1.43
	50.72
	44.76
	4.53



	
	10
	3.02
	0.12
	0.5
	25.52
	3.87
	1.56
	17.13
	43.62
	3.82
	0.4
	0.45
	48.18
	47.61
	4.22



	
	MEAN ±

SD
	3.15 ± 11.42
	0.39 ± 82.84
	0.52 ± 9.08
	25.14 ± 4.50
	3.46 ± 23.08
	1.34 ± 10.89
	20.53 ± 17.02
	40.03 ± 6.78
	4.24 ± 24.13
	0.48 ± 18.04
	0.72 ± 47.15
	51.41 ±

7.23
	43.87 ± 7.98
	4.72 ±

23.05



	
	1
	3.34
	1.03
	0.53
	25.53
	4.69
	1.02
	13.27
	41.18
	7.66
	0.95
	0.77
	44.46
	46.9
	8.61



	
	2
	2.62
	0.28
	0.5
	23.9
	3.92
	1.16
	16.35
	40.84
	8.61
	1.1
	0.71
	45.24
	45.04
	9.71



	30%
	3
	2.36
	0.2
	0.46
	24.43
	2.72
	1.24
	22.7
	34.81
	9.67
	0.98
	0.43
	51.62
	37.33
	10.65



	
	4
	2.77
	0.37
	0.59
	25.19
	2.66
	1.61
	23.03
	35.65
	7.07
	0.52
	0.55
	53.74
	38.68
	7.59



	
	5
	2.57
	0.22
	0.48
	22.38
	3.71
	1.34
	14.77
	44.24
	8.68
	0.89
	0.72
	42.26
	48.17
	9.57



	
	MEAN ±

SD
	2.73 ± 12.12
	0.42 ± 73.97
	0.51 ± 8.86
	24.29 ± 4.57
	3.54 ± 21.67
	1.27 ± 15.54
	18.02 ± 22.59
	39.34 ± 9.08
	8.34 ± 10.77
	0.89 ± 22.11
	0.64 ± 19.93
	47.46 ±

9.31
	43.22 ± 10.17
	9.23 ±

11.30



	50%
	1
	2.42
	0.16
	0.21
	22.57
	3.43
	0.71
	15.16
	37.87
	15.86
	1.35
	0.26
	41.33
	41.46
	17.21



	
	1
	1.52
	0.47
	0.26
	21.03
	3.78
	0.63
	11.4
	40.83
	17.99
	1.58
	0.51
	35.35
	45.08
	19.57



	60%
	2
	1.51
	0.11
	0.23
	23.09
	4.13
	0.57
	14.84
	38.85
	15.28
	1.2
	0.18
	40.42
	43.09
	16.48



	
	MEAN ±

SD
	1.52 ±

0.33
	0.29 ± 62.07
	0.25 ± 6.12
	22.06 ± 4.67
	3.96 ± 4.42
	0.60 ± 5.00
	13.12 ± 13.11
	39.84 ± 2.48
	16.64 ± 8.15
	1.39 ± 13.67
	0.35 ± 47.83
	37.89 ±

6.69
	44.09 ± 2.26
	18.03 ±

8.57



	
	1
	1.37
	0
	0
	23.32
	4.13
	1.41
	10.16
	38.52
	19.74
	1.35
	0
	36.26
	42.65
	21.09



	70%
	2
	1.68
	0.14
	0.31
	23.2
	3.26
	0.81
	13.43
	36.62
	19.07
	1.18
	0.3
	39.73
	40.02
	20.25



	
	AV
	1.53 ± 10.16
	0.07 ± 100.00
	0.16 ± 100.00
	23.26 ± 0.26
	3.70 ± 11.77
	1.11 ± 27.03
	11.80 ± 13.86
	37.57 ± 2.53
	19.41 ± 1.73
	1.27 ± 6.72
	0.15 ± 100.00
	38.00 ±

4.57
	41.34 ± 3.18
	20.67 ±

2.03



	
	1
	1.16
	0.15
	0.18
	20.93
	4.24
	0.42
	13.35
	36.64
	21.81
	0.99
	0.14
	36.