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Abstract

:

The purpose of the study was to analyze the effect of feeding type on selected quality parameters and the nutritional characteristics of pork fat. Fats were extracted by using the modified Folch method from the groin, jowl and trimming shoulder of pigs fed two types of diets: liquid and dry. The peroxide values and fatty acid profiles, as well as their distribution, in the triacylglycerol molecules were determined. Additionally, nutritional indexes and thermal properties, including the oxidative stability of pork fat, were assessed. Among the tested fats, the groin fat was characterized by the best oxidative stability which did not depend on the diet type used. In the case of jowl and trimming shoulder, a higher share of monounsaturated fatty acids was determined in fats of pigs fed a liquid diet, whereas in the groin, jowl and trimming shoulder fats of pigs fed dry feed, a higher share of polyunsaturated fatty acids was found. Fats extracted from the groin, jowl and trimming shoulder of pigs fed a liquid diet showed a more favorable ratio of n-6 to n-3 acids. Despite the different feeding systems used, tested fats were characterized by a similar distribution of fatty acids in triacylglycerol molecules with a positive effect on fat digestibility. It is worth emphasizing that especially in the case of trimming shoulder fat, the influence of a diet used in pigs’ nutrition on quality parameters was noticeable. The trimming shoulder fat of pigs fed a liquid diet was characterized by a longer induction time of oxidation, contained less saturated fatty acids and presented a more favorable fatty acid profile with a beneficial distribution of fatty acids in triacylglycerol molecules.
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1. Introduction


Nutrition is one of the most important factors influencing the fat content and composition of fatty acids in meat. Fatty acids from the diet are originally absorbed from the intestine and are then introduced into the tissues. Polyunsaturated fatty acids (PUFA) cannot be synthesized in situ; therefore, their concentration in tissues quickly responds to changes in PUFA content in the diet. Saturated (SFA) and monounsaturated fatty acids (MUFA) are synthesized de novo, and their concentration is less susceptible to the influence of feeding type [1,2,3]. As pigs grow, fat is synthesized sequentially, initially in the subcutaneous fat tissues, then in the intermuscular fat tissues, and finally in the intramuscular fat tissues. The casing of the carcass is subcutaneous fat that constitutes 65% of the total carcass fat tissue, followed by intermuscular fat (30%) and internal fat (about 5%) [4]. The fatty acid composition is the main factor taken into account when determining the nutritional value of meat. The composition of fatty acids affects the quality of meat, especially tissue elasticity, freshness, and taste [5]. Fatty acids are characterized by very different melting points, so any changes in the composition of fatty acids can influence the firmness and softness of the fat in the meat. These changes occur mainly in subcutaneous and intramuscular fat, but also can take place in intermuscular fat [6,7]. The composition of fatty acids can be changed during animal breeding by introducing appropriate changes in the diet. As consequences of diet modifications, it is possible to reduce the share of SFA and increase the share of PUFA, e.g., long-chain n-3 fatty acids with a positive impact on the nutritional value of meat [7,8,9]. It was shown that the addition of oleic acid belonging to MUFA to the diet reduced the level of cholesterol in human blood plasma [10]. The level of n-3 PUFA can be increased by enriching feed with linseed. It was proven, that the use of feed with the addition of linseed led to an increase in the content of n-3 fatty acids in pork fat [11]. Doichev et al. [12] found that the addition of 4% and 8% of linseed to the diet of fattening pigs changed the composition of fatty acids, and caused an increase in the content of α- linolenic acid. It was confirmed that sunflower oil can also be added to feed to improve the fatty acid profiles of fat. Mitchaothani et al. [13] reported a positive effect of 5% sunflower oil supplementation on fatty acid profiles of pork fat by increasing the content of PUFA and reducing the content of saturated and monoenoic fatty acids. Nuernberg et al. [14] used a 5% addition of olive oil and linseed oil to feed to enrich the diet of pigs. There was a significant increase in the content of α-linolenic acid in the fat of pigs fed linseed oil. Wasilewski et al. [15] examined the effect of feed with the addition of CLA diene on the fatty acid profile of bacon fat. They found that with the increased concentration of CLA in the diet, the content of MUFA decreased and the content of PUFA increased [15,16]. Migdał et al. [17] also conducted studies on the incorporation of CLA in pig diets and confirmed that supplementation with CLA can positively affect the nutritional value of pork without changing its taste.



Pork fat presence in products such as sausages and hams is considered to be beneficial as it ensures the right flavor and consistency. Pork fat is characterized by an unfavorable ratio of fatty acids from the n-6 to n-3 families, which significantly exceeds the recommended ratio of 4:1 [18]. Feed modifications can be useful in improving the fatty acid profile and quality of pork fat. Supplementation of the diet with properly selected oils makes it possible to reduce the content of SFA in favor of a greater share of MUFA and PUFA. Correct feeding management can be an effective way to improve pork quality by increasing the intramuscular fat content and improving the pork amino acid and fatty acid profiles in finishing pigs [19,20,21]. Liu et al. [22] investigated the effects of fermented mixed feed (FMF) on growth performance, carcass traits, meat quality, muscle amino acid, and fatty acid composition in finishing pigs. The dietary treatments included a basal diet, a basal diet enriched with 5% FMF, and a basal diet with 10% FMF. The authors reported that a diet supplemented with 10% FMF significantly increased the concentration of n-3 polyunsaturated fatty acids, n-6 PUFA, and total PUFA, and the PUFA to SFA ratio. They concluded that 10% FMF dietary supplementation improved the pigs’ growth performance and meat quality, as well as altering the profiles of muscle fatty acids and amino acids in finishing pigs. The type of diet can also influence the growth intensity, feed consumption, and carcass characteristics. Mykhalko et al. [23] investigated the fattening and carcass qualities of Irish-origin pigs fed liquid and dry diets. They studied the quality of the carcasses, including the slaughter characteristics; the weight and proportion of valuable parts of the carcass; and the total weight and proportion of meat, fat, and bone. They reported that the liquid fattening of pigs resulted in an increase in average weight at weaning, an increase in growth intensity and relative growth, and a reduction in age to 100 kg weight. Pigs fed liquid diets also had higher meat mass and higher fat percentage. The authors concluded that the study of fattening and slaughter indicators of pigs revealed a reliable advantage of a liquid feeding system compared to feeding system involved the use of dry feed. Vázquez et al. [24] investigated the effect of wet feeding of finishing pigs on production performance, carcass composition and meat quality. They pointed out that wet-fed pigs had higher hot and cold carcass weights than dry-fed pigs. The authors found no differences in the protein and carbon content, pH, or water holding capacity of the meat between the two forms of feeding. They reported that the hardness, gumminess, chewiness, and toughness of the meat were higher in dry-fed pigs than wet-fed pigs. The shear strength, adhesiveness, elasticity, and cohesiveness were independent of the diet. They concluded that the wet-fed pigs had better productive performance, carcass composition and meat characteristics than the dry-fed pigs.



To the best of our knowledge, no studies have been conducted on the influence of dry and liquid feed forms on the precise pork fat quality.



Taking the above into consideration, the objective of this study was to analyze the impact of feeding type on the quality and nutritional characteristics of pork fat, including peroxide values, fatty acid profiles, and their distribution between the sn-2 and sn-1,3 positions in the triacylglycerol molecules. Additionally, oxidative stability and nutritional indexes—such as the polyunsaturated fatty acid/saturated fatty acid ratio, atherogenicity index, thrombogenicity index, hypocholesterolemic/hypercholesterolemic index, and health-promoting index—were assessed.




2. Materials and Methods


2.1. Material


The protocol was conducted in compliance with the European Union’s regulations concerning the protection of experimental animals. Since the study protocol did not introduce any additional actions than routine farm practices, no approval by the Local Ethical Committee was necessary. The study was performed on a private commercial pig farm located in central Poland. The feeding experiment was conducted in two groups of animals comprising 40 individuals each: a control group, in which a dry diet was applied, and an experimental group, fed a liquid diet. Fattening was carried out in two periods: in the first period (33 days), during which the weight of pigs increased from 40 to 70 kg, the animals received a mixture of grower, and during the second period (48 days) with weight increases from 70 to 110 kg, the animals were fed a mixture of finisher. During the experiments, the animals were kept in group pens equipped with nipple drinkers. A semi ad libitum feeding system was used (the amount of the mixture given to pigs was increased depending on the individual intake of the daily food ration). Liquid and dry feed systems were developed based on the specifications presented in Table 1. When the pigs reached a body weight of about 110 kg, they were slaughtered in accordance with good production practice in an industrial slaughterhouse. After post-slaughter treatment, the carcasses were immediately cooled in a two-stage system to a temperature no higher than 7 °C. After the maturation process (2 days), the carcasses were disassembled into basic elements and research material was obtained. Fat samples (from each tested element: groin, jowl, and trimming shoulder) were collected from each animal individually. Then, the collected samples were combined and homogenized by mixing. A total of approximately 5 kg of fat from the trimming shoulder, jowl, and groin was selected for analysis. The samples were vacuum-sealed in barrier polyethylene bags immediately after collection and transported to the laboratory under cold conditions.




2.2. Methods


2.2.1. Fat Extraction


Fat from pork samples was extracted using the modified Folch method according to the procedure described by Boselli et al. [25,26]. Before extraction, samples were mechanically ground to facilitate lipid release from the matrix. Then, 100 mL of a mixture of methanol and chloroform in a 1:1 (v/v) ratio was added to 60 g of pork material (groin, jowl, and trimming shoulder). The resulting mixture was mixed using a shaker for 3 min. After shaking, the samples were placed in a dryer at 60 °C for 20 min. The samples were removed from the dryer and cooled down. Then, 100 mL of chloroform was added, and the mixture was shaken for 3 min. The obtained mixture was filtered through a filter funnel and 70 mL of aqueous KCl solution was added. Then, the mixture was transferred to a separatory funnel where it was separated into two phases. The lower phase was collected into a flask and anhydrous MgSO4 was added to remove the remaining water. The solvents were evaporated using a vacuum evaporator. Residual solvents were removed in an atmosphere of nitrogen. The obtained fat samples were stored at −20 °C until analysis.




2.2.2. Oxidative Stability of Pork Fats


The oxidative stability of fat was assessed using pressure differential scanning calorimetry (PDSC) by determining the induction time of oxidation reaction. The analysis was performed using the Thermal Analysis DSC Q20 apparatus (TA Instruments, Newcastle, DE, USA). The weight of the fat sample used for determinations ranged from 3.4 to 3.8 mg. The test was performed in isothermal conditions at three different temperatures—100 °C, 120 °C, and 140 °C—at a pressure of 1400 kPa [27].




2.2.3. Determination of Peroxide Value


With an accuracy of 0.001 g, 2 g of fat was weighed on an analytical scale. Then, 25 mL of a mixture of chloroform and acetic acid in a 2:3 (v/v) ratio and 1 mL of potassium iodide were added. The flask was immediately capped, stirred for 1 min, and left in the dark for 5 min. After 5 min, 75 mL of distilled water and five drops of 2% starch solution were added. The released iodine was titrated with Na2S2O3 solution (0.002 mol/L) until discoloration lasted at least 2 min. A blank test was also performed [28].




2.2.4. Determination of Fatty Acid Profiles


The determination of fatty acid profiles was performed using a gas chromatograph YL6100 GC (Young Lin Bldg., Anyang, Hogyedong, Republic of Korea). First, the samples were transformed into volatile derivatives in the following procedure: one drop of fat was mixed with 2 mL of hexane, and then 2 mL of 1 mol/L KOH solution in methanol was added. The samples were stored in a dryer at 40 °C for 20 min. The top layer was removed and transferred to vials with anhydrous MgSO4 [29]. For determinations, 1 μL of methylated fatty acids was used. Nitrogen was applied as the carrier gas. The apparatus was equipped with a BPX-70 capillary column (SGE Analytical Science, Milton Keynes, UK) with the following parameters: length: 60 m; film thickness: 0.25 μm; and inner diameter: 0.25 mm. The conditions in the chromatograph during the separation of fatty acid methyl esters were as follows: initial temperature: 70 °C; time: 30 s; temperature increase to 160 °C (rate 15 °C/1 min); temperature increase to 200 °C (rate 1.1 °C/1 min); temperature increase to 225 °C (rate 30 °C/1 min); final temperature 225 °C/1 min; detector temperature: 250 °C; and injector temperature: 225 °C [30]. The fatty acids were identified based on retention times on the chromatogram compared to the FAME mixture standard (Supelco 37 Component FAME Mix, Sigma-Aldrich, Bellefonte, PA, USA). The individual fatty acids from fatty acid composition analysis were reported as a percentage of the total fatty acids.




2.2.5. Nutritional Indexes


The results for the fatty acid profiles enabled nutritional indexes, such as polyunsaturated fatty acid/saturated fatty acid ratio PUFA/SFA [31], index of atherogenicity (IA) [32], index of thrombogenicity (IT) [32], hypocholesterolemic/hypercholesterolemic index (HH) [33], and health-promoting index (HPI) to be calculated [34].




2.2.6. Distribution of Fatty Acids between sn-2 and sn-1,3 Positions of Triacylglycerols


In order to define the distribution of fatty acids between the sn-2 and sn-1,3 positions, enzymatic hydrolysis using pancreatic lipase was performed. To the centrifuge tube with 0.1 g of fat sample, the following solutions were added: 1 mL of aqueous TRIS-HCl solution (1 mol/L), 0.1 mL of CaCl2 solution (2.2%), and 0.25 mL of bile salt solution (0.05%). The sample was mixed using a vortex for 30 s. Then, 20 mg of pancreatic lipase was added, and the solution was mixed again for 30 s using vortex. The reaction was stopped by adding 1 mL of 6 mol/L hydrochloric acid. Additionally, 4 mL of diethyl ether was added to recover lipid fraction from the hydrolysis medium. The samples were placed in a centrifuge for 5 min at 4000 rpm. After centrifugation, the upper layer was transferred to a 10 mL tube. The samples were dried under nitrogen to a volume of 0.2–0.5 mL and then applied to chromatographic plates and placed in a chamber with the development solution (hexane–diethyl and ether–acetic acid in ratio 50:50:1 (v/v/v)). The gel containing monoacylglycerols fraction with fatty acids in the sn-2 position was scraped off into a screw-capped test tube, extracted twice with 1 mL of diethyl ether and centrifuged. The ether layers were collected and entirely evaporated under nitrogen, and then the sample was dissolved in n-hexane and derivatized to volatile fatty acids methyl esters, as described above for the determination of the fatty acid profiles, and injected into the gas chromatograph to obtain the fatty acid profiles [30]. The proportion of fatty acids esterified at the sn-1,3 positions of the triacylglycerols was calculated using the following formula:


sn-1,3 = [3 × (FA in TAGs) − (FA in sn-2 MAG)]/2











sn-1,3—percentage of a given fatty acid in the sn-1 and sn-3 positions [%],



FA in TAGs—percentage of a given fatty acid in starting triacylglycerols [%],



FA in sn-2 MAG—percentage of a given fatty acid in sn-2 monoacylglycerols [%].




2.2.7. Statistical Analysis


The results were analyzed in the Statistica program; one-way analysis of variance and Tukey’s test were used with a significance level of α = 0.05 to compare significant differences among samples. Means and standard deviations were calculated in Microsoft Excel 2010. The determinations were performed in triplicate.






3. Results and Discussion


3.1. Oxidative Stability of Groin, Jowl, and Trimming Shoulder Fats


The results for the oxidative stability of groin fat, jowl fat, and trimming shoulder fat are presented in Table 2.



Based on the results regarding the oxidative stability of pork fats at a temperature of 100 °C, the influence of the type of feed on the induction time in jowl fat and trimming shoulder fat can be observed. Fat extracted from the jowl of pigs fed dry feed was characterized by a longer induction time of oxidation (91.65 min) than fat from pigs offered liquid feed (89.05 min). In the case of trimming shoulder fat, an inverse result was observed. Fat extracted from the trimming shoulder of pigs fed a liquid diet was more oxidatively stable. There were no statistically significant differences in the oxidative stability of groin fat; induction time of oxidation in both cases (GF_L and GF_D) was approximately 108 min. In the oxidative stability test carried out at the temperature of 120 °C (Table 2), the influence of the type of feed on the oxidative stability of pork fat obtained from jowl and trimming shoulder was found. In the case of fat extracted from the jowl of pigs fed liquid feed, the induction time was longer (21.76 min) than in the fat of dry-fed pigs (20.70 min). The use of liquid feed had a positive effect on the oxidative stability of fat extracted from jowl and trimming shoulder by extending the length of induction time of oxidation. In groin fat, there was no dependance between the type of feed and the induction time of pork fat oxidation. Pork groin fat was less prone to oxidation than fats obtained from the jowl and trimming shoulder. The worst oxidative stability was observed in the case of jowl fat of pigs fed dry feed (20.70 min). In the oxidative stability test carried out at a temperature of 140 °C (Table 2), the influence of the feed system on the induction time of the oxidation process in the case of jowl and trimming shoulder fats was found. In the case of trimming shoulder fat, a shorter induction time of oxidation reaction was observed for fat samples of dry-fed pigs. An inverse result was demonstrated in pig jowl fat. The fat of pigs fed a liquid diet was characterized by a shorter induction time (4.04 min) compared to the fat of pigs offered dry feed (5.29 min). In the case of groin fat, no statistically significant differences were found between the oxidation induction time of fats from liquid- and dry-fed pigs. Based on the obtained results, it can be summarized that the influence of feed type on oxidative stability was found in pork fats extracted from jowl and trimming shoulder at all three test temperatures. However, in groin fat, no statistically significant differences were found in the induction time of fat oxidation. Comparing the oxidation induction time, it can be concluded that the pork fat extracted from groin was characterized by the best oxidative stability, which could be influenced by the highest SFA content, while the jowl fat, with the lowest SFA content, was the least oxidatively stable. In the case of trimming shoulder fat at all three test temperatures (100 °C, 120 °C, 140 °C), the fats of pigs fed a liquid diet presented better oxidative stability than the fats of dry-fed pigs. In the context of the obtained results, the oxidation is a complex reaction which results in many new products. Hydroperoxides, the quite unstable primary oxidation compounds, are formed during the induction period in the earlier stages of oxidative degradation [35,36]. In the advanced stages of oxidation, they can be easily transformed to secondary oxidation products. These secondary products—originating from rearrangements in monomeric products; from decomposition into lower-mass products, such as aldehydes, alcohols, and hydrocarbons; or from polymerization (dimers and oligomers) [37,38]—can be formed at different temperatures and can affect the oxidative stability of fats. Moreover, oxidative stability is significantly influenced by the presence of pro- and antioxidant substances in the diet. There is still a need to conduct more detailed studies on topics including the influence of the above-mentioned aspects on the oxidative stability of groin, jowl, and trimming shoulder fats.




3.2. Peroxide Value of Groin, Jowl, and Trimming Shoulder Fats


The peroxide values of the analyzed pork fat samples are presented in Table 3. Regardless of the fat type, pork fats of pigs fed a liquid diet were characterized by a higher peroxide value than fats of pigs fed dry feed. The highest peroxide values were determined for the groin and jowl fats of pigs fed liquid feed: 1.42 meq O2/kg of fat and 1.41 meq O2/kg of fat, respectively. The lowest peroxide value was determined in the case of jowl fat of dry-fed pigs (0.71 meq O2/kg of fat). The largest difference between fat peroxide values depending on the type of feed was observed in the case of jowl fat (1.41 meq O2/kg of fat for JF_L versus 0.71 meq O2/kg of fat for JF_D). In the case of groin or trimming shoulder fat, the differences in the peroxide value were much smaller than those obtained for the jowl fat. In the case of groin fat of dry-fed pigs, a 17.6% lower peroxide value than that for the fat of pigs offered liquid feed was observed, while in the case of trimming shoulder fat, a 13.01% reduction in peroxide value was determined. Based on the obtained results, it can be stated that the type of diet influenced the peroxide value of tested fats. The use of dry feed in pig nutrition reduced the peroxide value of pork fats extracted from groin, jowl, and trimming shoulder.



Krupska and Olkiewicz [39] conducted research on the influence of the location of fat in a pork carcass on its physicochemical properties. The authors determined the peroxide, acid, and iodine values of jowl, groin, bacon, and lard fats. For groin fat, the peroxide value reached 1.09 meq O2/kg of fat. This result was similar to the value obtained for the groin fat of dry-fed pigs in this study (1.17 meq O2/kg of fat). The jowl fat of pigs fed a liquid diet was characterized by an average peroxide value of 1.41 meq O2/kg of fat. Krupska and Olkiewicz [39] reported a similar peroxide value for jowl fat (1.37 meq O2/kg of fat).




3.3. Fatty Acid Profiles and Health Indexes of Groin, Jowl, and Trimming Shoulder Fats


In Table 4, the percentage composition of fatty acids in groups of the tested pork fats is presented. Three main groups of fatty acids were identified: monounsaturated fatty acids (MUFA), polyunsaturated fatty acids (PUFA), and saturated fatty acids (SUFA) in fats extracted from groin, jowl, and trimming shoulder of pigs fed liquid and dry diets. MUFAs were the main group of fatty acids found in groin, jowl, and trimming shoulder fats, their average share ranged from 46.11% ± 3.03 for GF_L to 52.15% ± 4.14 for TSF_L. The highest MUFA share was found in trimming shoulder fat of pigs fed a liquid diet. In the case of groin fat, no statistically significant differences were found between the average MUFA share in fat of liquid-fed (46.11% ± 3.03) and dry-fed (46.50% ± 2.84) pigs. The type of feed influenced the MUFA content in jowl fat and trimming shoulder fat. In both cases, the fats of pigs offered liquid feed (JF_L and TSF_L) were characterized by a higher MUFA percentage content. The greatest influence of the type of diet was found in the share of MUFA in trimming shoulder fat. The fat of pigs fed liquid feed (TSF_L) contained 10.72% more MUFA than the fat of pigs offered dry feed (TSF_D).



Saturated fatty acids (SFA) were the second group of fatty acids in terms of average percentage content in the fatty acid groups. The highest SFA share was found in the groin fat of liquid-fed pigs (43.11% ± 1.32), and the lowest in the jowl fat of pigs fed a dry diet (35.89% ± 0.86). Groin and jowl fats extracted from pigs fed dry feed (GF_D, JF_D) contained less SFA than fats from pigs offered liquid feed (GF_L and JF_L). The opposite result was reported in the case of trimming shoulder fat—the fat of pigs offered liquid feed was characterized by a lower SFA share. The consumption of saturated fatty acids, according to the FAO/WHO dietary recommendations [40], should be less than 10% of the daily energy. The high consumption of these fatty acids may lead to the development of diseases such as obesity, circulatory system disorders, and digestive system cancers. Therefore, it is very important to modify the pigs diet to replace saturated fatty acids in the diet with mono- and polyunsaturated fatty acids.



It is worth emphasizing that the type of feed system influenced the average percentage content of PUFA in all three types of fat. The average PUFA content in groin, jowl and trimming shoulder fats ranged from 10.78% ± 1.02 for GF_L to 13.67% ± 1.89 for TSF_D. A higher PUFA content was found in fat extracted from dry-fed pigs compared to the fat of pigs fed a liquid diet. Alonso et al. [41] examined the influence of fat in the diet of fattened pigs on the quality of meat, the profile of fatty acids and the sensory quality of pork. The following feed systems were used in the study: control, with the addition of animal fat, soybean oil (1%) and calcium soaps from palm oil (1%). In the intramuscular fat of pigs fed a soybean-oil-supplemented diet, the average SFA content was 34.64%, MUFA content was 45.66%, and PUFA content was 18.45%. Lu et al. [42] conducted research on the effect of soy addition on the fatty acid profile of pork fat. In their research, soybean meal (18.60%) and soybean oil (3%) were used in pigs’ diets. The average SFA content reached 34.97%. This value was consistent with the result obtained in this study for the jowl fat of pigs fed dry feed (JF_D). In the research conducted by Lu et al. [42], the PUFA content (16.31%) was higher than the values found in this study in the case of groin, jowl, and trimming shoulder fats, for which the PUFA share did not exceed 14%.



In Table 4, the results determining the ratio of fatty acids from the n-6 to n-3 families in groin fat, jowl fat, and trimming shoulder fat are presented. Pork fats of pigs fed a liquid diet are characterized by a lower ratio of n-6 to n-3 fatty acids than the fats of dry-fed pigs. In fats extracted from groin and trimming shoulder fats, statistically significant differences were found depending on the feed type. The greatest difference in the n-6 to n-3 ratio was observed in the trimming shoulder fat. In the case of fat of pigs fed a liquid diet, it reached 8.57, and fed dry feed—11.01. In studies conducted by Alonso et al. [41], in intramuscular fat of pigs fed a diet with the addition of 1% soybean fat, the n-6 to n-3 ratio of 11.03 was reported. This result is in agreement with the value obtained in this study for TSF_D. For jowl and groin fats (dry feed), the values of n-6 to n-3 fatty acids ratio were lower: 10.54 and 10.37, respectively. According to the recommendations, the ratio of n-6 to n-3 fatty acids should be less than 5:1; unfortunately, in the daily diet of Europeans, this proportion is much higher and amounts even to 15–20:1. Therefore, groin, jowl and trimming shoulder fats of liquid-fed pigs, characterized by a lower n-6 to n-3 fatty acid ratio, can be considered as more beneficial from a health point of view than the fats of pigs offered dry feed.



Based on the results obtained for groin, jowl, and trimming shoulder fats referring to health indices—such as the atherogenicity index (IA), thrombogenicity index (IT), hypocholesterolemic/hypercholesterolemic ratio (HH), and health-promoting index (HPI) (Table 4)—it can be stated that no significant effect of the diet used on health indices values was observed. The lowest atherogenic index was calculated for JF_D (IA = 0.44), whereas the highest value of IA was observed for GF_L (IA = 0.57). The IA has been widely used for evaluating seaweeds, crops, meat, fish and dairy products. In the case of meat samples, the IA reached values ranging from 0.165 to 1.320, depending on the meat type. Mir et al. [43] studied the properties of chicken (Caribro Vishal) meat and reported IA indexes reaching values from 0.165 to 0.634. The authors demonstrated the significant impact of a flaxseed-oil-supplemented diet on the lowering of IA value. Salvatori et al. [44] calculated IA for two different lamb types (Gentile di Puglia and Sopravissana) and reported the values from 0.99 to 1.32. In the case of the intramuscular fat of the Longissimus dorsi muscle of high- and low-birth-weight pigs at 150 days of age, the IA reached values within the range of 0.27–0.31 [45]. Considering the thrombogenicity index, the lowest value was found for JF_D (IT = 1.01) and the highest value for GF_L (IT = 1.35). The obtained IT values are in agreement with the results presented by other authors. Majdoub-Mathlouthi et al. [46] reported, that in the case of Barbarine lambs reared on rangelands or indoors on hay and concentrate, IT reached values within the range of 1.10–1.15. In the study of Wójciak et al. [47], the influence of sonication on the oxidative stability and nutritional value of organic dry-fermented beef was examined. The authors reported that IT for testes samples reached the values 1.10–1.34. In the present study, the jowl fat of pig-fed dry feed was characterized by the highest value of the HH index (HH = 2.51), whereas in the case of groin fat (liquid feed) the lowest value of that index (HH = 1.99) was calculated. Similar results were reported by other authors for chicken meat (HH—2.658–2.786) [48], lamb meat (HH = 1.92) [33], and beef cattle meat (HH = 1.56–2.08) [49]. HPI calculated for studied fats reached values from 1.75 for GF_L to 2.27 for JF_D. The obtained results are similar to those obtained for intramuscular lipids of the longissimus thoracis muscle from pigs receiving a diet with different n-6/n-3 PUFA ratios. The authors reported HPI values of 2.21 and 2.23 in the case of diets with a low n-6/n-3 PUFA ratio (1.4:1) and high n-6/n-3 PUFA ratio (9.7:1), respectively [50]. Dal Bosco et al. [51] studied the nutritional indexes of the breast meat of two poultry genotypes with different growth rates—slow-growing (SG, growth rhythm < 20 g/d) and fast-growing (FG, growth rhythm > 40 g/d)—and calculated HPI values for SG and FG chickens of 1.81 and 1.59, respectively.



It is worth mentioning that both IA and IT can provide information regarding the potential impact of individual fatty acids on the likelihood of atherosclerosis occurrence and the tendency for thrombus and clot formation in blood vessels. Fats characterized by lower IA and IT values are thought to have beneficial health effects due to minimizing the risk of cardiovascular diseases. Special attention should be paid to fats with IA values below 1.0 and IT values below 0.5 as they are particularly desirable for human nutrition [52,53]. Based on the obtained results, it can be summarized that in the case of studied pork fats, all samples were characterized by IA lower than 1.0, but IT was found to exceed the recommended value, which can have consequences for the increased risk of clot formation in the blood vessels and cardiovascular disease.



In Table 5, Table 6 and Table 7, the share of selected fatty acids in pork fat of the groin, jowl and trimming shoulder is shown. In the analyzed fats, the dominant fatty acid was oleic acid (C18:1 n-9), its share ranged from 42.30% for GF_L to 48.10% for TSF_L. Another fatty acid found in significant amounts was palmitic acid (C16:0) with a percentage content ranging from 22.07% for JF_L to 25.16% for GF_D. The most abundant PUFA was linoleic acid (C18:2 n-6) (8.91% for TSF_L—11.87% for TSF_D).



An influence of the feeding type on the content of linoleic acid (C18:2 n-6) was found in groin fat (Table 5). In the case of fat of pigs fed a liquid diet, the average content of linoleic acid was 9.17%, and in dry feeding system—it was higher (10.44%). In groin fat, the feeding system had no effect on the content of the following acids: myristic (C14:0), palmitic (C16:0), stearic (C18:0), and oleic (C18:1). The share of oleic fatty acid (C18:1) in the groin fat of pigs fed liquid or dry feed reached 42.30% and 42.66%, respectively. Lu et al. [42] reported a similar oleic acid content in their research. The fat of pigs fed a diet containing soybean raw materials contained 42.40% of oleic acid.



In the case of jowl fat, oleic acid (C18:1) was the dominant fatty acid (Table 6). In the fat of pigs fed liquid feed, its average content was higher (47.83%) than in the fat of pigs fed a dry diet (46.93%). Alonso et al. [41] determined a similar content (45.58%) of oleic acid in their studies. There was no statistically significant effect of the feed type on the content of palmitic acid (C16:0). The content of palmitic acid in the tested fats was very similar to the values obtained by Alonso et al. [41] (22.15%) and by Lu et al. [42] (21.94%). The percentage content of myristic (C14:0) and stearic (C18:0) acids was higher in pork fat of pigs fed liquid feed than in the fat of pigs offered dry feed. It is worth mentioning that the feed type had an influence on the share of linoleic acid (18:2 n-6), which was present in higher amounts in the jowl fat of dry-fed pigs.



In the pork fat of trimming shoulder, the greatest influence of the feeding type on the content of fatty acids was found (Table 7). The share of MUFA was higher in the case of pork fat of pigs fed a liquid diet. The fat of liquid-fed pigs contained 48.1% oleic acid (C18:1), while the fat of pigs fed dry feed contained 42.81%. The difference in the oleic acid percentage content in these two fat samples (TSF_L and TSF_D) was statistically significant. Lu et al. [42] reported a very similar content of oleic acid (42.40%) as in this study for fat of pigs offered dry feed. The saturated fatty acids found in large amounts in trimming shoulder fat were palmitic acid (C16:0) and stearic acid (C18:0). The content of these fatty acids was lower in pork fat of pigs fed a liquid diet. In the study conducted by Lu et al. [42], the percentage composition of fatty acids in pork fat was similar to that reported in this study. According to Lu et al. [42], the highest content of oleic fatty acid (C18:1) (42.40%) was found in the pork fat of pigs fed a diet containing soy raw materials. A high content of palmitic acid (C16:0) was also found (24.28%). In the research conducted by Lu et al. [42], the content of linoleic acid (C18:2 n-6) was higher than that found in this study and amounted to 13.66%. In this study, in the tested jowl, groin, and trimming shoulder fats, the content of linoleic acid did not exceed 12%. Notably, in the case of trimming shoulder fat, a higher share of linoleic acid was found when a dry feeding system was applied.




3.4. Distribution of Fatty Acids between Internal (sn-2) and External (sn-1,3) Positions of Triacylglycerols in Groin, Jowl, and Trimming Shoulder Fats


In Table 5, Table 6 and Table 7, the distribution of selected fatty acids in the internal (sn-2) and external (sn-1,3) positions of triacylglycerols (TAG) of groin, jowl, and trimming shoulder fats, as well as the share of individual acids in the internal position, are presented.



In groin fat, the highest content of palmitic acid (C16:0) was found in the sn-2 position, 61.67% and 62.14% in the case of fat extracted from the groin of pigs fed liquid and dry feed, respectively (Table 5). The share of this fatty acid in the sn-2 position in the groin fat of pigs offered liquid feed was 84.04%, and it was higher than in the case of the dry feeding system (82.32%). In the fat extracted from pigs fed liquid feed, the lowest amount of stearic acid (C18:0) was found in the sn-2 position, and its share in this position reached 10.93%. However, in the fat of dry-fed pigs, the lowest amount of myristic acid (C14:0) was determined in the sn-2 position, and its share in internal position was similar to that of palmitic acid (C16:0). The share of linoleic acid (C18:2 n-6) in the sn-2 position was higher in triacylglycerols of pork fat of pigs fed a liquid diet (19.77%) than in the triacylglycerols of fat of pigs offered dry feed (17.52%).



In the case of jowl fat, the dominant acid in the sn-2 position was palmitic acid (C16:0) (Table 6). In the triacylglycerol molecules of fat of dry-fed pigs, a higher content of palmitic acid was found in the sn-2 position—59.03%, than in the fat of pigs fed a liquid diet—57.49%. The share of this fatty acid in the sn-2 position of triacylglycerols in the case of both fats was approximately 88%. Based on the obtained results, it can be stated that palmitic acid (C16:0) was mainly located in the internal position in the triacylglycerol molecule and unsaturated fatty acids (oleic acid and linoleic acid) occupied mainly external positions in triacylglycerol molecules as their share in the sn-2 position was not high.



In the pork fat extracted from trimming shoulder fat (Table 7), as in the case of groin and jowl fats, palmitic acid (C16:0) was most abundant in the sn-2 position. Its share in internal position reached 84.35% for TSF_L and 82.29% for TSF_D. The share of unsaturated fatty acids in the sn-2 position was much lower—in the case of oleic acid, it reached 14.44% for TSF_L and 14.43% for TSF_D. Considering the share of linoleic acid, it can be observed that 21.29% and 19.29% of this fatty acid was esterified in the sn-2 position in TSF_L and TSF_D samples, respectively. Taking the above into consideration, it can be concluded that in the studied fats, unsaturated fatty acids were mainly located in the external positions of triacylglycerol molecules.



Summarizing the obtained results regarding the distribution of selected fatty acids in the internal (sn-2) and external (sn-1,3) positions of triacylglycerols of groin, jowl, and trimming shoulder fats and the share of individual fatty acids in the internal (sn-2) position, it can be stated that the internal position in the triacylglycerol structure in the case of studied fats was mainly occupied by saturated fatty acids: myristic (14:0) and palmitic (C16:0) acids. These results are in accordance with the literature, as pork fat was reported to contain 80–90% of palmitic acid at the sn-2 position [54,55]. The share of unsaturated oleic and linoleic fatty acids in the sn-2 position was not high. This proved that unsaturated fatty acids were mainly located in external positions (sn-1,3) in the triacylglycerol molecules of pork fats. Taking into account the structure of triacylglycerols, it can be stated that there was no significant differences in the distribution of fatty acids between internal (sn-2) and external (sn-1,3) positions in groin, jowl, and trimming shoulder fats of pigs fed dry or liquid diets. Such distribution of fatty acids among positions in triacylglycerols is typical of pork fat [56,57].



It is worth highlighting that the distribution of fatty acids in the triacylglycerol molecules of fats is very important from a technological and health point of view. It affects the digestion and absorption of fatty acids in the human body. Pancreatic lipase, taking part in fat digestion, is capable of detaching fatty acids located only in the external positions (sn-1,3) of triacylglycerol molecules, and after this process, monoacylglycerols with a fatty acid in the internal position (sn-2) are formed. Pork fat contains more saturated fatty acids in the sn-2 position than vegetable fats, in which this position is occupied mainly by unsaturated fatty acids. In lard, for example, the sn-2 position is mainly occupied by palmitic acid (C16:0). When saturated fatty acids are located in the sn-2 position, it has a positive effect on the fat absorption process. Saturated monoacylglycerols and polyunsaturated fatty acids and their salts obtained after hydrolysis have a high absorption rate. A large share of saturated fatty acids in the external positions (sn-1,3) of triacylglycerols has an adverse effect on fat digestibility. Saturated fatty acids present in these positions, detached from triacylglycerol molecules after the digestion process, tend to form poorly soluble calcium salts, which may result in calcium deficiencies in the body and significant deterioration of fat absorption [55].



Authors have reported many advantages of applying liquid feeding systems compared to dry feeding. These include improved nutrient utilization, the possibility of using liquid by-products, and improved animal performance [58,59,60]. Additionally, introducing liquid to a diet can help digestion by facilitating the breakdown of nutrients, which can further enhance feed conversion efficiency. Liquid feeding form can also enhance gut health, reduce the need for feed medications and improve animal well-being [60,61]. Liquid feeding systems often improve the palatability of the feed, which can lead to increased feed intake. This increase in feed intake can often lead to improved growth rates, as the pigs are consuming more nutrients that are vital for their development. Notably, fat quality is influenced by physical and nutritive characteristics, which are both related to the fatty acid composition of the fat depots. The major issues related to fat quality are fat softness, oxidative rancidity, and the impact of the composition of pork fat on human health. The composition of dietary fat, used in liquid and dry feeding systems in this study (Table 1), could affect the quality of the fat deposits in pigs. Benz et al. [61] reported that pigs’ diets supplemented with soybean oil increased the amount of unsaturated fat deposited. Increasing the feeding duration of soybean oil increased C18:2 n-6, PUFA, UFA:SFA ratio, and PUFA:SFA ratio and decreased C18:1 cis-9, C16:0, SFA, and MUFA concentrations in jowl fat and backfat. It should be highlighted that feeding ingredients with relatively high levels of unsaturated fatty acids increase the degree of unsaturation of the fat tissue, consequently decreasing fat firmness, and negatively impacting fat quality.



The empirical results reported herein should be considered in the light of some limitations. The primary limitation to the generalization of these results is the size of the research group. More studies with larger sample sizes should be conducted to reconfirm the findings. The second limitation concerns the lack of previous research studies on the topic, so the possibility of comparing the results with those of other authors was limited. The third limitation is the lack of information about the content of each fatty acid contributed by the type of diet (in mg/100 g), so it is likely that the amounts are different in the liquid and dry formulations which could influence the results presented in the study.



There is still a need for additional studies regarding the impact of the liquid and dry feeding systems on the quality of pork fat, including fatty acid profiles, their distribution between internal and external positions in triacylglycerol molecules, peroxide value, oxidative stability, and nutritional indexes.





4. Conclusions


Based on the results obtained in this study, it can be concluded that there was no effect of feeding system on the oxidative stability of groin fat, whereas in the case of jowl and trimming shoulder fats, the influence of the chosen diet on the susceptibility of fats to oxidation was reported. Trimming the shoulder fat of pigs fed a liquid diet was more oxidatively stable than the fat of pigs offered dry feed. The opposite dependence was determined for jowl fat. The obtained results showed that the feeding system influenced peroxide values of tested fats. Pork fats of pigs offered liquid feed were characterized by a higher peroxide value. There was a positive effect of the liquid diet form on the average MUFA content in pork jowl and trimming shoulder fats, whereas groin, jowl, and trimming shoulder fats of dry-fed pigs were characterized by a higher polyunsaturated fatty acids share. It is worth mentioning, that in the case of applying liquid feeding system, pork fats were characterized by a more beneficial ratio of n-6 to n-3 acids. Feeding type did not influence the distribution of fatty acids in triacylglycerol molecules, which was typical for pork fat with saturated fatty acids mainly located in the internal position and unsaturated fatty acids—in external positions of the triacylglycerol structure. Notably, the influence of diet on quality and nutritional characteristics was especially noticeable in the case of trimming shoulder fat. The trimming shoulder fat of pigs offered a liquid diet was more oxidatively stable, contained less saturated fatty acids and presented a more favorable fatty acid profiles, with a more beneficial distribution of fatty acids in triacylglycerol molecules.
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Table 1. Ingredients of liquid and dry feed with nutritional specifications (on dry matter basis).






Table 1. Ingredients of liquid and dry feed with nutritional specifications (on dry matter basis).





	
Ingredients

	
Share of Ingredients (%)




	
Grower Feed

	
Finisher Feed




	
Liquid

	
Dry

	
Liquid

	
Dry






	
Wheat

	
41.30

	
38.25

	
38.62

	
35.15




	
Barley

	
13.77

	
12.65

	
12.87

	
11.75




	
Wheat food

	
10.00

	
10.00

	
20.00

	
20.00




	
Soybean meal

	
18.37

	
2.00

	
10.05

	
-




	
Full-fat soy

	
-

	
21.50

	
-

	
12.50




	
Rapeseed meal

	
5.00

	
5.00

	
10.00

	
10.00




	
Fishmeal

	
2.50

	
2.50

	
-

	
-




	
Fat mixture

	
-

	
-

	
-

	
2.50




	
Soybean oil

	
5.96

	
2.00

	
5.36

	
2.00




	
Molasses

	
-

	
3.00

	
-

	
3.00




	
Minerals and vitamins

	
3.10

	
3.10

	
3.10

	
3.10




	
Nutritional specification of feed




	

	
Liquid

	
Dry

	
Liquid

	
Dry




	
DE (MJ/kg)

	
14.75

	
14.72

	
14.13

	
14.22




	
Lysine (%)

	
1.22

	
1.17

	
0.94

	
0.89




	
Calcium (%)

	
0.79

	
0.90

	
0.73

	
0.83




	
Phosphorus (%)

	
0.68

	
0.67

	
0.59

	
0.56




	
Sodium (%)

	
0.40

	
0.42

	
0.40

	
0.40








DE—digestible energy.













 





Table 2. Induction time of pork fat oxidation at 100 °C, 120 °C, and 140 °C.






Table 2. Induction time of pork fat oxidation at 100 °C, 120 °C, and 140 °C.





	
Sample

	
Oxidation Induction Time (min)




	
100 °C

	
120 °C

	
140 °C






	
GF_L

	
108.46 ± 1.03 d

	
25.24 ± 0.89 e

	
6.06 ± 0.24 c




	
GF_D

	
108.56 ± 2.07 d

	
25.59 ± 1.13 e

	
5.92 ± 1.28 c




	
JF_L

	
89.05 ± 0.11 a

	
21.76 ± 1.42 b

	
4.04 ± 0.47 a




	
JF_D

	
91.65 ± 0.08 b

	
20.70 ± 0.76 a

	
5.29 ± 0.29 b




	
TSF_L

	
103.70 ± 0.05 c

	
23.63 ± 0.51 d

	
5.92 ± 0.28 c




	
TSF_D

	
91.49 ± 0.03 b

	
23.01 ± 0.95 c

	
5.31 ± 0.63 b








GF_L—groin fat (liquid feed); GF_D—groin fat (dry feed); JF_L—jowl fat (liquid feed); JF_D—jowl fat (dry feed); TSF_L—trimming shoulder fat (liquid feed); TSF_D—trimming shoulder fat (dry feed). Values represent means ± standard deviations. Data denoted by the same lowercase letters are not statistically different (α = 0.05) in terms of oxidative stability at a certain temperature. 













 





Table 3. Peroxide value of pork fats.






Table 3. Peroxide value of pork fats.














	
	GF_L
	GF_D
	JF_L
	JF_D
	TSF_L
	TSF_D





	Peroxide value

(meq O2/kg of fat)
	1.42 ± 0.39 d
	1.17 ± 0.24 b,c
	1.41 ± 0.24 d
	0.71 ± 0.24 a
	1.23 ± 0.24 c
	1.07 ± 0.24 b







GF_L—groin fat (liquid feed); GF_D—groin fat (dry feed); JF_L—jowl fat (liquid feed); JF_D—jowl fat (dry feed); TSF_L—trimming shoulder fat (liquid feed); TSF_D—trimming shoulder fat (dry feed). Data denoted by the same lowercase letters are not statistically different (α = 0.05) in terms of peroxide value.













 





Table 4. Fatty acid groups and health indexes of pork fats.






Table 4. Fatty acid groups and health indexes of pork fats.





	Fatty Acids Group
	GF_L
	GF_D
	JF_L
	JF_D
	TSF_L
	TSF_D





	MUFA (%)
	46.11 ± 3.03 a
	46.50 ± 2.84 a
	51.97 ± 3.01 c
	51.16 ± 4.01 b
	52.15 ± 4.14 c
	46.56 ± 2.38 a



	PUFA (%)
	10.78 ± 1.02 a
	12.05 ± 1.81 c
	11.37 ± 1.98 b
	12.95 ± 3.03 d
	10.59 ± 1.14 a
	13.67 ± 1.89 e



	SFA (%)
	43.11 ± 1.32 f
	41.45 ± 0.99 e
	36.66 ± 1.07 b
	35.89 ± 0.86 a
	37.26 ± 0.98 c
	39.77 ± 1.16 d



	PUFA/SFA
	0.25
	0.29
	0.31
	0.36
	0.28
	0.34



	n-6/n-3
	9.48 a
	10.37 bc
	9.26 ab
	10.54 bc
	8.57 a
	11.01 c



	IA
	0.57
	0.54
	0.45
	0.44
	0.48
	0.50



	IT
	1.35
	1.29
	1.05
	1.01
	1.07
	1.19



	HH
	1.99
	2.03
	2.48
	2.51
	2.39
	2.20



	HPI
	1.75
	1.84
	2.20
	2.27
	2.09
	2.00







GF_L—groin fat (liquid feed); GF_D—groin fat (dry feed); JF_L—jowl fat (liquid feed); JF_D—jowl fat (dry feed); TSF_L—trimming shoulder fat (liquid feed); TSF_D—trimming shoulder fat (dry feed). MUFA—monounsaturated fatty acids; PUFA—polyunsaturated fatty acids; SFA—saturated fatty acids; IA—index of atherogenicity; IT—index of thrombogenicity; HH—hypocholestrolemic/hypercholesterolemic index; HPI—health promoting index. Data denoted by the same lowercase letters are not statistically different (α = 0.05) in terms of fatty acid group content. 













 





Table 5. The distribution of selected fatty acids in the internal (sn-2) and external (sn-1,3) positions of triacylglycerols (TAG) of pork groin fat and the share of individual acids in the internal position.






Table 5. The distribution of selected fatty acids in the internal (sn-2) and external (sn-1,3) positions of triacylglycerols (TAG) of pork groin fat and the share of individual acids in the internal position.





	
Fatty Acid

	
Fatty Acid Percentage in TAG (%)

	
Fatty Acid Percentage in Positions (%)

	
Fatty Acid Share in sn-2 Position (%)




	

	
sn-2

	
sn-1,3

	






	

	
GF_L




	
14:0

	
1.97 ± 0.45 a

	
5.06

	
0.43

	
85.62




	
16:0

	
24.46 ± 2.03 e

	
61.67

	
5.86

	
84.04




	
18:0

	
15.16 ± 1.02 d

	
4.97

	
20.26

	
10.93




	
18:1 n-9

	
42.30 ± 2.87 f

	
15.99

	
55.46

	
12.60




	
18:2 n-6

	
9.17 ± 1.27 b

	
5.44

	
11.04

	
19.77




	

	
GF_D




	
14:0

	
1.64 ± 0.38 a

	
4.04

	
0.44

	
82.12




	
16:0

	
25.16 ± 1.84 e

	
62.14

	
6.67

	
82.32




	
18:0

	
13.83 ± 0.95 d

	
4.39

	
18.55

	
10.58




	
18:1 n-9

	
42.66 ± 2.53 f

	
15.68

	
56.15

	
12.25




	
18:2 n-6

	
10.44 ± 1.36 c

	
5.49

	
12.92

	
17.52








14:0—myristic acid; 16:0—palmitic acid; 18:0—stearic acid; 18:1 n-9—oleic acid; 18:2 n-6—linoleic acid. GF_L—groin fat (liquid feed); GF_D—groin fat (dry feed). Values represent means ± standard deviations. Data denoted by the same lowercase letters are not statistically different (α = 0.05) in terms of individual fatty acid content.













 





Table 6. The distribution of selected fatty acids in the internal (sn-2) and external (sn-1,3) positions of triacylglycerols (TAG) of pork jowl fat and the share of individual acids in the internal position.






Table 6. The distribution of selected fatty acids in the internal (sn-2) and external (sn-1,3) positions of triacylglycerols (TAG) of pork jowl fat and the share of individual acids in the internal position.





	
Fatty Acid

	
Fatty Acid Percentage in TAG (%)

	
Fatty Acid Percentage in Positions (%)

	
Fatty Acid Share in sn-2 Position (%)




	

	
sn-2

	
sn-1,3

	






	

	
JF_L




	
14:0

	
1.63 ± 0.25 b

	
4.29

	
0.30

	
87.73




	
16:0

	
22.07 ± 1.48 g

	
57.49

	
4.36

	
88.83




	
18:0

	
11.92 ± 0.86 f

	
4.61

	
15.58

	
12.89




	
18:1 n-9

	
47.83 ± 2.49 i

	
20.71

	
61.39

	
14.43




	
18:2 n-6

	
9.62 ± 1.11 c

	
5.98

	
11.44

	
20.72




	

	
JF_D




	
14:0

	
1.45 ± 0.71 a

	
3.92

	
0.22

	
90.11




	
16:0

	
22.34 ± 1.21 g

	
59.03

	
3.99

	
88.08




	
18:0

	
11.24 ± 1.42 e

	
4.16

	
14.78

	
12.34




	
18:1 n-9

	
46.93 ± 3.01 h

	
19.13

	
60.83

	
13.59




	
18:2 n-6

	
11.06 ± 0.82 d

	
6.48

	
13.35

	
19.53








14:0—myristic acid; 16