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Abstract

:

Oxidation is one of the major reasons for impaired quality of meat and meat products but can be prevented by the addition of antioxidants. In the present study, the effect of dietary sweet chestnut wood extract and hop cones on the quality and oxidative stability of meat and dry-cured products was investigated. Control pigs (N = 11) were fed a commercial diet (13.1 MJ metabolizable energy, 15.5% crude protein), while the other two experimental groups were supplemented with 3% of sweet chestnut wood extract (Tannin; N = 12) or 0.4% of hop cones (Hops; N = 11). The quality of meat and dry-cured products was evaluated by means of chemical composition, water holding capacity, objective color, and lipid and protein oxidation. No major effects of sweet chestnut wood extract or of hops supplementation were observed, nevertheless, some indications of improved water holding capacity could be attributed to antioxidants supplementation. The color evolution of dry-cured bellies from Tannin and Hops groups of pigs during refrigerated storage was also indicative of an improved oxidative stability.
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1. Introduction


The type of diet consumed by animals during the production phase exerts an influence on the postmortem susceptibility of meat to oxidation, and has been demonstrated as the main, non-microbial cause of quality deterioration during processing [1]. Oxidation results in the development of off-flavor, discoloration, formation of toxic compounds, loss of nutrients, and increased drip loss, and thus shortens the shelf life of meat and meat products [2]. It can be alleviated through the use of antioxidants, either through the supplementation of animal diets with antioxidant compounds or through their direct addition to processed meat products [3]. However, in fresh meat or in traditional products where the use of food additives is restricted, the only possible option to increase the oxidative stability is by the inclusion of substances with antioxidative properties into the diet. The antioxidants can be synthetic or natural, however, the demand for natural antioxidants, especially of plant origin, has been increased in the recent years due to the growing concern of consumers about the possible toxic effects of synthetic antioxidants [3]. Natural, plant based antioxidants can be obtained from different sources such as fruits, vegetables, herbs, and spices [3]. Their activity is attributed to various phenolic compounds, which are structurally related but vary in quantity and type, depending on the source [4]. Two potential sources of natural antioxidants, which are easily available and economically important in Slovenia, are sweet chestnut (Castanea sativa Mill.) and hops (Humulus lupulus L.). Sweet chestnut wood extract, consisting mainly of hydrolysable tannins, is commonly used as a feed additive. It has been shown to possess antioxidant properties in vitro [5] and in vivo in different animal species [6,7]. As a result, an improved oxidative stability of meat from animals fed diets supplemented with sweet chestnut wood extract was reported, however, its efficiency depends on the animal species and the dose used; higher doses may exert even pro-oxidant effects [8,9]. Hops are also reported to serve as a potential source of antioxidants [10]. Hop cones are primarily utilized in the brewery industry due to the preservative attributes and the contribution to bitterness, and the characteristic hoppy aroma of beer [11,12]. Hop cones contain many active phenolic compounds, which have been shown to exert antioxidant activities in vitro [13,14] or after their addition to meat products [15]. However, only a few studies have examined the stability of meat with controversial results; reduced lipid oxidation rates [16,17], no effect [18], or even pro-oxidant activity [19].



Scientific studies on the potential of incorporating health promoting bioactive compounds derived from sweet chestnut wood extract and hops into meat and meat products, via dietary supplementation, especially regarding the supplementation with hops, are limited and further investigation is warranted. Moreover, no studies are available where the effect of supplementing pigs’ diet with sweet chestnut wood extract or hops on quality and oxidative stability of pork dry-cured products was investigated. The objective of the present study was to assess the effect of dietary supplementation of pig diets with sweet chestnut wood extract or hop cones on pork and dry-cured products quality, with an emphasis on oxidative stability.




2. Materials and Methods


The experiment was carried out following the Slovenian law on animal protection [20] and rules on animal husbandry [21,22]. The study was conducted at a commercial family farm with full owner compliance and within the normal running of the farm and was not subject to ethical protocols according to Directive 2010/63/EU [23], i.e., approved feed additives were used [24].



Thirty-four Slovenian Landrace × Slovenian Large White pigs (18 barrows and 16 gilts) were assigned to treatment groups at the average age and weight of 140 ± 2.2 days and 75 ± 9.9 kg, respectively. The animals were selected according to their sex in order to balance the ratio between barrows and gilts, and the weight of the animals. The pigs in the control group (N = 11) received a standard corn based finishing diet containing 13.1 MJ metabolizable energy and 15.5% crude protein (Table 1). Pigs in two treatment groups received an isonitrogenous and isoenergetic diet supplemented with 3% of Farmatan, a commercially available sweet chestnut wood extract (Tannin, N = 12), or 0.4% of hop cones (Hops, N = 11). The supplementation dose of sweet chestnut wood extract was chosen to further clarify our recent research [19]. The supplementation dose of hop cones was lower, and selected on the basis of preliminary studies (unpublished results), which showed reduced feed intake with higher doses due to the bitterness of hops. The diets were fed on semi ad libitum basis, i.e., ad libitum access to the feed twice a day (in the morning and in the evening) for 1 h. The space area per pig was 1.2 m2. The trial lasted for 69 days.



2.1. Slaughter, Processing, and Sampling


Before slaughter, the pigs were fastened overnight and transported (1 h) to a commercial abattoir where they were slaughtered using standard procedures (CO2 stunning followed by exsanguination and evisceration). The carcasses were weighed, the back fat thickness over the gluteus medius muscle was measured, and the carcasses were classified by an official classification body using an approved method [25]. The carcasses were then cooled overnight and on the next day samples of longissimus thoracis (LT) muscles with the corresponding fat were taken (at the level of last rib) for further analyses. The water holding capacity (WHC), objective color, chemical composition, and oxidative stability (carbonyl groups) were evaluated in the LT muscle. Additionally, the oxidative stability of fat tissue was evaluated by the Rancimat method.



The hams and bellies were cut from the carcasses and shaped into the prescribed forms for PGI (protected geographical indication) products Kraški pršut and Kraška panceta, respectively. The hams and bellies were weighed and fat thickness of the hams was measured under femoral head. The hams were submitted to the dry-curing process consisting of dry salting (18 days at 2–4 °C), resting (66 days at 4–6 °C, 70–85% relative humidity (RH)), drying (86 days at 20 °C and 60–80% RH), and ripening for 355 days. The processing loss was recorded for each ham at the end of salting and ripening.



At the end of the processing, the hams were deboned and 18 samples (six hams per treatment group) were randomly selected for further analyses.



The samples were excised from the central part of the hams and consisted of biceps femoris (BF), semimembranosus (SM), and semitendinosus muscles with the corresponding fat layer. Measurements of objective color (BF and SM muscles, subcutaneous fat), chemical composition (BF and SM muscles), and oxidative stability of BF muscle (as thiobarbituric acid reactive substances (TBARS)) and subcutaneous fat (by the Rancimat method) were performed.



The bellies were covered with a mixture of salt and spices (garlic and black pepper) and left for seven days at 2–4 °C. After salting and resting (7 days at 4–6 °C, 70–85% RH), the bellies were dried at 10–18 °C and 60–80% RH until the end of processing at 86 days. The bellies were weighed at the end of salting and drying in order to evaluate processing losses. Samples from the central part of the product were collected, and the objective color, chemical composition, and oxidative stability by the Rancimat method were evaluated.




2.2. Water Holding Capacity


The water holding capacity of LT muscle was determined by means of drip, thawing, and cooking losses. Drip loss was evaluated by the EZ-DripLoss method [26] on 2.5 cm thick round shaped (2.5 cm in diameter) samples. The samples for thawing and cooking loss evaluation were shaped in a cuboid shape (8 × 5 × 4 cm), weighed, and frozen at −20 °C. After thawing in the refrigerator, the samples were reweighed and thawing loss was calculated. The samples were then cooked in a thermostatic bath (ONE 7-45, Memmert GmbH, Schwabach, Germany) until the internal temperature reached 72 °C, cooled, and weighed to determine the cooking loss.




2.3. Objective Color


The objective color (CIE (Commission Internationale de l’Éclairage) L*, a*, b* color parameters) was assessed using Minolta Chromameter (Minolta Co. Ltd., Osaka, Japan) with an 8 mm aperture and a D65 illuminant, as previously described by Batorek et al. [27] on the freshly cut surface (no blooming) of LT muscle. Chroma (C*) and hue angle (h°) were calculated as (a*2 + b*2)−2 and tan−1(b*/a*), respectively. In the dry-cured ham, measurements of color were implemented on the surface of BF and SM muscles, and on a subcutaneous fat layer. The objective color of dry-cured bellies was recorded during storage. The bellies were longitudinally cut, wrapped with oxygen-permeable polyvinylchloride foil, and refrigerated at 4 °C simulating the storage of the purchased product. Color measurements were performed on fresh samples, every 60 min in the first 6 h of the storage, every 24 h in the first 4 days of storage, and then every 7 days until 4 weeks of storage. The color was separately measured on fat and muscle tissue.




2.4. Chemical Composition


Samples of LT muscles were trimmed to remove epimysium and external fat, and were then ground using a laboratory mill (Grindomix GM200, Retsch GmbH and Co., Haan, Germany). The chemical composition (dry matter, intramuscular fat (IMF), and protein content) was determined by near infrared spectroscopy (NIR Systems 6500 Monochromator; Foss NIR System, Silver Spring, MD, USA) using internal calibrations with the prediction accuracy based on R2 of 0.97, 0.81, 0.82, and Sy.x of 0.30%, 0.73%, 0.65% for IMF, protein, and dry matter content, respectively.



Dry-cured ham muscle (BF and SM) samples were cut into small pieces and ground in liquid nitrogen. Dry matter and IMF were determined by near-infrared spectral analysis using internal calibrations, while protein, non-protein nitrogen (NPN), and salt (NaCl) contents were chemically determined, as described by Škrlep et al. [28]. The proteolysis index (PI) was also calculated as (NPN/Protein)*100.



Samples of the dry-cured belly were minced in liquid nitrogen and the chemical composition (dry matter, IMF, protein, NPN, salt) was evaluated by near-infrared spectral analysis.




2.5. Water Activity (aw)


Water activity was determined in muscle samples (BF, SM) of dry-cured ham. The samples remained at room temperature (27 °C) and aw was measured by the use of the HygroPalm AW1 SET instrument (Rotronic, Bassersdorf, Germany) using the Aw Quick function in sub-samples taken after a coarse homogenization of 80 g of the muscle.




2.6. Protein Oxidation (Carbonyl Groups)


The concentration of carbonyl groups was measured in myofibril isolates of LT muscle, as described by Pietrzak et al. [29]. Carbonyl groups were determined using a method described by Oliver et al. [30] and Mercier et al. [31]. Briefly, 300 μL of myofibrillar suspension were treated with 0.2% (w/v) of 2,4-dinitrophenylhydrazine (DNPH) in 2 N HCl, incubated for 1 h at room temperature under shaking and afterwards precipitated with 50% trichloroacetic acid. After centrifugation (4000× g for 15 min at 4 °C), the pellets were washed three times with a mixture of ethanol:ethyl acetate (1:1) to eliminate traces of residual DNPH. The pellets were then dissolved in 6 M guanidine HCl in a 20 mM sodium phosphate buffer (pH 6.5) and centrifuged for 15 min at 4000× g. The concentration of carbonyl groups was determined spectrophotometrically at 370 nm (BioSpectrometer Fluorescence, Eppendorf, Hamburg, Germany), considering the extinction coefficient for DNPH (21 mM−1 cm−1) and expressed in nmol/mg of protein. The concentration of proteins was determined spectrophotometrically (280 nm) in a myofibrillar suspension added with 2 N HCl without DNPH and thereafter similarly treated as described for carbonyl group analyses.




2.7. Thiobarbituric Reactive Substances (TBARS)


The concentration of TBARS was analyzed in the BF muscle according to the method described by Lynch and Frei [32]. Briefly, the samples (0.5 g) were added with 10 mL of 0.15 M KCl with 0.1 mM of BHT and homogenized for 30 s at 10,000 × rpm with Ultra-Turrax (IKA, Staufen, Germany). An 0.5 mL aliquot of the suspension was treated with 1% (w/v) 2-thiobarbituric acid in 50 mM NaOH and 2.8% (w/v) trichloroacetic acid, and incubated in a thermostatic heating block for 10 min at 100 °C. After cooling to room temperature, the pink chromogen was extracted into n-butanol. The concentration of TBARS was calculated according to the absorbance measured at 535 nm (BioSpectrometer Fluorescence, Eppendorf, Hamburg, Germany) and expressed as μg malondialdehyde (MDA)/kg.




2.8. Rancimat


The Rancimat method (Rancimat 679, Metrohm, Herisau, Switzerland) is based on accelerating the oxidation of the sample by raising its temperature and is expressed as an induction time. It was determined in samples of back fat tissue and dry-cured products (in subcutaneous fat of dry-cured ham and in dry-cured belly). For the analysis, 60 g of fat tissue were homogenized and pure fat was extracted by petroleum ether. After distillation and filtration, 3 g of liquid fat was transferred to a reaction tube and subjected to the accelerated oxidation process (100 °C under a 20 l/h air flow). The air flow transported volatile oxidation products into a vessel containing distilled water where the conductivity was continuously measured. The result is given as an induction time (h) detected by a sudden increase in conductivity.




2.9. Statistical Analysis


An analysis of variance (one-way ANOVA) for the effect of the treatment group was performed by the GLM procedure of SAS statistical software 9.2 (SAS Institute Inc., Cary, NC, USA). The experimental unit was the animal because it was the smallest unit to which either the treatment was applied or measurements were made. The differences between least square means (lsmeans) were tested using the Tukey test and considered significant at p-value below 0.05. In the case of color evolution of dry-cured bellies, an analysis of variance was performed by repeated measures analysis (procedure MIXED) with the model including fixed effects of treatment group and time (the effect of interaction was not significant for any of the investigated traits, so it was thus omitted). Lsmeans of treatment groups were compared and differences were considered significant if p-value < 0.05. Effect sizes were calculated as Hedge’s g for all the investigated traits and the values were presented when Hedge’s g was above 0.8.





3. Results


A summary of all the measured or analyzed traits (carcass traits, WHC, chemical composition, color, and oxidative stability) that were investigated with associated significances for the treatment group effect (p-values) are provided in Table 2. As the majority of them were not significantly different among groups, the detailed results from the analysis of variance are provided in Supplementary Tables S1–S5 and only significant results or effects with an important effect size are further presented and discussed.



3.1. Carcass Traits


All the pigs were slaughtered at an average age of 209 ± 2.2 days and weight of 131.2 ± 14.5 kg. There were no differences in carcass weight and fatness (Table 2), only green ham weight was significantly different between pigs supplemented with 0.4% of hop cones and control pigs (Supplementary Table S1).




3.2. Water Holding Capacity


No significant differences were observed for WHC. However, it should be mentioned that some indications of improved WHC were observed for groups supplemented with antioxidants. Namely, an important effect size was observed for cooking loss (lower) in pigs supplemented with sweet chestnut wood extract and hops (Hedge’s g > 0.8; Figure 1). Similarly, an important effect size (Hedge’s g > 0.8) for lower processing losses at the end of salting was noted in hams of pigs supplemented with hop cones.




3.3. Chemical Analysis


Analyses of chemical composition of fresh LT and dry-cured products also revealed no differences among treatment groups. No significant differences were detected (Supplementary Table S3), however, considering the magnitude of the effect size, a lower proteolysis in the BF muscle of hops supplemented compared to that of the control group was indicated (Hedge’s g for proteolysis index > 0.8; Figure 1).




3.4. Color


No effect of dietary supplementation with antioxidants was observed on the objective color measured on the freshly cut surface of LT muscle and on dry-cured BF, SM muscle, or fat (Table 2). A tendency towards more yellow color (b* parameter) of SM muscle in pigs supplemented with sweet chestnut wood compared to the control was indicated (p = 0.06).



Changes in color of fat and muscle of the dry-cured belly were monitored during storage in a refrigerator. The effect of interaction between treatment group and time was insignificant for all of the investigated parameters, indicating a similar color evolution in all three groups. Differences in the belly color between groups were most profoundly evident in the hop supplemented group with darker (lower L*), redder (higher a* and h°), and yellower (higher b*) fat, and darker, redder, and less yellow muscle color compared to the control (Figure 2 and Figure 3). The color of bellies of hops supplemented pigs was also more saturated as evident by higher C* values (Figure 4 and Figure 5). A less pronounced effect on color was found in dry-cured bellies of sweet chestnut wood extract fed pigs, where a lower L* value of fat, and lower L*, b*, C*, and h° values of muscle were observed compared to the controls (Figure 2Figure 3 and Figure 5).




3.5. Oxidation


No effect of antioxidants supplementation was observed on any of the measured indicators (carbonyl groups in myofibril isolates of LT muscle, fat oxidation by the Rancimat method, TBARS of dry-cured ham), however, an important effect size was shown (Hedge’s g > 0.8; Figure 1) for the oxidation measured by the Rancimat of subcutaneous fat of dry-cured hams, indicating a delay in the oxidation of hams of pigs supplemented with sweet chestnut wood extract.





4. Discussion


The results of the present study showed that the examined levels of chestnut wood extract or hop cones supplementation exerted no effect on carcass traits. When a similar extract rich in hydrolysable tannins was used, a dose-dependent influence on productive traits was demonstrated, i.e., no differences when small amounts (up to 2%) of sweet chestnut wood extract were added [33,34,35], whereas an addition of 3% resulted in reduced feed intake, which was attributed to reduced palatability of the diet [36,37]. Supplementing the pigs’ diet with a chestnut meal also showed improved performance (feed efficiency) at a lower level of inclusion (30 vs. 50 or 100 g/kg dry matter) [38]. As considered for the supplementation with hops, no effect of feeding diets added with hops water extract on the performance of growing pigs was observed [39]. Regarding the supplementation with hops, no studies were performed in fattening pigs, however, a positive effect of hops supplementation was reported for growing pigs [40,41]. The studies in other species reported positive effects in chickens [42,43], no major effect in fattening steers [44] and heifers [45], and even a negative effect on the growth rate in lambs [18].



There was also no major effect observed on WHC. Contrary to our study, a lower WHC (higher thawing [9] and total [37] loss) was observed in the entire male pigs supplemented with 3% of sweet chestnut wood extract and in Cinta Senese pigs fed solely chestnut for 3 months [46]. On the other hand, other studies reported no effect of sweet chestnut extract on cooking loss [19,47] in agreement with the results of the present study. Considering hops supplementation, an improved WHC was reported by Hanczakowska and Swiątkiewicz [16], while Sbardella et al. [17] observed no differences in the WHC of pigs supplemented with hops β-acids. In our study, no effect of hops supplementation on WHC was observed in fresh meat, however, a tendency for a lower salting phase loss in hams was observed. Processing losses in the salting phase are negatively correlated with carcass fatness due to the effect of fat as a barrier for water migration [48]. In our study, no significant differences were observed in fat depots (subcutaneous fat or IMF) in agreement with other studies where sweet chestnut wood extract [19,33] or hops [18] were included in the animals’ diet. A lower WHC can also be associated with higher oxidation rates [49], which lead to denaturation of proteins thus hindering the ability to bind water [50]. However, we observed no differences in oxidation of meat and backfat detected either by means of carbonyl groups or Rancimat, respectively. Contrary to our results, significant effects of feeding tannins and hops on oxidation parameters were found in other studies. A pro-oxidant effect (higher MDA and carbonyl groups concentration) in fresh LT muscle of pigs supplemented with 3% of sweet chestnut wood extract, along with a higher thawing loss, was reported by Rezar et al. [19]. The same study reported a lower oxidation (MDA concentration) in pigs supplemented with 2 and 3% of the extract in cooked meat samples. No effect on MDA concentration of fresh and cooked breast muscle was observed in sweet chestnut wood extract supplemented broiler chickens [7,51]. In rabbits, a lower iron-induced lipid oxidation was reported when the animals were fed diets containing 0.5% of chestnut tannins, while a pro-oxidant effect was observed at 1% of inclusion [8]. Considering supplementation with hops, only a few studies reported its influence on the oxidative stability of meat. A higher oxidative stability of LT muscle after six months of storage at −20 °C was reported in pigs supplemented with hops water extract [16,39]. A lower oxidation of proteins in broiler chickens dietary supplemented with hop β-acids was reported by Zawadski et al. [52], while no differences in muscle or liver TBARS were observed in hop supplemented rabbits [18]. The oxidative stability of dry-cured products was evaluated my means of TBARS (BF muscle of dry-cured hams), and Rancimat (subcutaneous fat of dry-cured hams and dry-cured bellies). Direct incorporation of chestnut extract and hops into products is known to increase the oxidative stability of dry-fermented sausages and patties, respectively [15,53]. To the best of our knowledge, the present study is the first that evaluated the effect of sweet chestnut wood extract or hops dietary supplementation on the oxidative stability of dry-cured pork products. Even though the differences among groups were not significant, an improved oxidative stability of dry-cured hams from the tannin group compared to the control was indicated. In agreement with our study, no influence on the oxidative stability of fresh meat and dry-cured products was reported for pigs fed tannin rich chestnut or acorn despite their high content of pro-oxidant unsaturated fatty acids [54,55,56,57].



The measurements of objective color were assessed as the color stability is of major importance in meat processing [58]. Consumers’ willingness to buy depends on the product’s sensory, with color being one of the major sensory attributes in meat and meat products [59]. The evolution of objective color parameters during storage of dry-cured belly followed the same trend in all three groups, with decreasing a* and increasing b* values, in both muscle and fat tissue, of dry-cured bellies. Similar color changes in muscles of dry-cured products during storage were also reported by other studies [58,60,61,62] and may be attributed to the formation of yellow colored polymers due to the increased oxidative deterioration of fat [63], and the oxidation of myoglobin to metmyoglobin and oxymyoglobin in the muscle [64]. Regarding the differences in color of dry-cured bellies, the most pronounced effect was observed in the group supplemented with hop cones where darker, redder, and yellower color of fat, and darker, redder, and less yellow muscle color compared to the control was found. No literature data on the effect of hops dietary supplementation on color of dry-cured products are available, however, lower b* values [16,39] and lower L* and b* values [18] were observed in LT muscles of the hop supplemented pigs and lambs, respectively. A less pronounced effect on color of dry-cured bellies was shown in sweet chestnut wood supplemented pigs, which exhibited a darker muscle and darker and less yellow fat tissue. No differences in objective color parameters of fat tissue were observed in the seasoned fat of chestnut fed Cinta Senese pigs [46], while sensory evaluated pinkness and yellowness of cured lard were lower and higher, respectively, in pigs fed chestnut diets [54,55].




5. Conclusions


Dietary supplementation of the fattening pigs with sweet chestnut wood extract and hops caused no major differences in the productive performance, whereas the results of this preliminary study indicate potential beneficial effects of supplementation with sweet chestnut wood extract and hops on WHC and oxidative stability.
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Figure 1. Large effect sizes (Hedge’s g > 0.8) of carcass traits (a), water holding capacity (b), chemical composition (c), color (d), and oxidative stability (e) denominating the strength of 0.4% hops (Hops) or 3% sweet chestnut wood extract (Tannin) supplementation (LT: Longissimus dorsi; SM: Semimembranosus; NPN: Non-protein nitrogen; BF: Biceps femoris; PI: Proteolysis index; b*: CIE yellowness; L*: CIE lightness). 
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Figure 2. Objective color parameters: CIE lightness: L*, redness: a*, and yellowness: b* of fat of dry-cured bellies during refrigerated storage with lsmeans and p-values for treatment group (TG) and time effects (abc intercepts ascribed different superscript letters are significantly different at p-value < 0.05). 
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Figure 3. Objective color parameters: CIE lightness: L*, redness: a*, and yellowness: b* of muscle of dry-cured bellies during refrigerated storage with lsmeans and p-values for treatment group (TG) and time effects (abc intercepts ascribed different superscript letters are significantly different at p-value < 0.05). 
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Figure 4. Objective color parameters: Chroma: C* and hue angle — h° of fat of dry-cured bellies during refrigerated storage with lsmeans and p-values for treatment group (TG) and time effects (abc intercepts ascribed different superscript letters are significantly different at p-value < 0.05). 
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Figure 5. Objective color parameters: Chroma: C* and hue angle — h° of muscle of dry-cured bellies during refrigerated storage with lsmeans and p-values for treatment group (TG) and time effects (abc intercepts ascribed different superscript letters are significantly different at p-value < 0.05). 
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Table 1. Ingredients (%) and chemical composition (g/kg) of experimental diets.
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Experimental Diet




	
Ingredients

	
Control

	
Hops

	
Tannin






	
Corn

	
45.56

	
46.16

	
45.56




	
Wheat

	
18.44

	
17.44

	
15.44




	
Wheat bran

	
9.00

	
9.00

	
9.00




	
Molasses

	
3.05

	
3.05

	
3.05




	
Soybean meal

	
9.50

	
9.50

	
9.50




	
Sunflower meal

	
4.11

	
4.11

	
4.11




	
Rapeseed meal

	
4.00

	
4.00

	
4.00




	
Corn gluten meal

	
3.70

	
3.70

	
3.70




	
Methionine

	
0.04

	
0.04

	
0.04




	
Lysine

	
0.35

	
0.35

	
0.35




	
Limestone

	
1.02

	
1.02

	
1.02




	
Monocalcium phosphate

	
0.14

	
0.14

	
0.14




	
Salt

	
0.34

	
0.34

	
0.34




	
Lignosulphate-Xtreme25

	
0.25

	
0.25

	
0.25




	
Premix

	
0.50

	
0.50

	
0.50




	
Sweet chestnut wood extract

	
/

	
/

	
3.00




	
Hop cones

	
/

	
0.40

	
/




	
Chemical Composition




	
Dry matter

	
873.0

	
867.1

	
873.3




	
Crude protein

	
155.1

	
149.6

	
153.1




	
Crude fat

	
25.3

	
24.4

	
25.2




	
Crude fiber

	
49.6

	
51.0

	
49.9




	
Crude ash

	
59.4

	
48.9

	
47.4




	
Nitrogen-free extract

	
583.4

	
593.2

	
597.7
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Table 2. A list of traits with p-values for the treatment group effect.
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Category of Traits

	
Traits with p-Values for the Treatment Group Effect






	
Carcass traits

	
Warm carcass weight (p = 0.34), Fat thickness over gluteus medius (p = 0.42), Meat percentage (p = 0.83), Green ham weight (p = 0.03), Ham fat thickness (p = 0.37), Belly weight (p = 0.26)




	
Water holding capacity




	
LT muscle

	
Drip loss (p = 0.41), Thawing loss (p = 0.36), Cooking loss (p = 0.14)




	
Ham

	
Water loss after salting (p = 0.10) and ripening (p = 0.57)




	
Belly

	
Water loss after salting (p = 0.76) and ripening (p = 0.99)




	
Chemical composition




	
LT muscle

	
Dry matter (p = 0.98), IMF (p = 0.33), Protein (p = 0.78)




	
Dry-cured ham—BF muscle

	
Dry matter (p = 0.54), IMF (p = 0.79), Protein (p = 0.80), NPN (p = 0.39), Proteolysis index (p = 0.27), Salt (p = 0.52), aw (p = 0.35)




	
Dry-cured ham—SM muscle

	
Dry matter (p = 0.70), IMF (p = 0.91), Protein (p = 0.77), NPN (p = 0.43), Proteolysis index (p = 0.39), Salt (p = 0.51), aw (p = 0.45)




	
Dry-cured belly

	
Dry matter (p = 0.18), IMF (p = 0.76), Protein (p = 0.99), NPN (p = 0.93), Proteolysis index (p = 0.61), Salt (p = 0.42)




	
Objective color




	
LT muscle

	
Lightness (p = 0.32), Redness (p = 0.60), Yellowness (p = 0.85), C* (p = 0.37), h° (p = 0.72)




	
Dry-cured ham—BF muscle

	
Lightness (p = 0.94), Redness (p = 0.80), Yellowness (p = 0.48), C* (p = 0.89), h° (p = 0.89)




	
Dry-cured ham—SM muscle

	
Lightness (p = 0.20), Redness (p = 0.94), Yellowness (p = 0.06), C* (p = 0.18), h° (p = 0.08)




	
Dry-cured ham—fat

	
Lightness (p = 0.79), Redness (p = 0.67), Yellowness (p = 0.89), C* (p = 0.71), h° (p = 0.17)




	
Oxidative stability




	
LT muscle

	
Carbonyl groups (p = 0.92)




	
Backfat

	
Rancimat (p = 0.28)




	
Dry-cured ham—BF muscle

	
TBARS (p = 0.51)




	
Dry-cured ham—fat

	
Rancimat (p = 0.38)




	
Dry-cured belly

	
Rancimat (p = 0.38)








C*: Chroma; h°: Hue angle; LT: Longissimus thoracis; IMF: Intramuscular fat; BF: Biceps femoris; NPN: Non-protein nitrogen; aw: Water activity; SM: Semimembranosus; TBARS: Thiobarbituric acid reactive substances.
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