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Abstract

:

The aim of the present study was to investigate the effect of modifications of pig-feeding by additions of rapeseed oil and the humus-containing mineral additive Humokarbowit® on selected quality parameters of cured ham. Pig hybrids (Polish Landrace × Large White Breed) × Piétrain) were used in the feeding experiments. Humokarbowit® was added up to 4%. Rapeseed oil was added at the dosage of 10 g·kg−1 of complete diet. The physicochemical, technological and sensory qualities of prepared hams were evaluated. Supplementation of pig diet with rapeseed oil and humus-containing mineral additive did not change the technical parameters of the final product, namely, the yield of the production process and weight losses. Cured hams manufactured meat from pigs fed the supplemented diet were brighter and less yellow than cured hams of pigs fed a normal diet. The applied feed modification contributed also to better storage stability of the meat product color. The control and experimental products did not show significant differences in sensory value. Supplementation of pig diets with rapeseed oil and Humokarbowit® increased content of polyenoic—especially n-3-free—fatty acids, comparing to control group, as well as ratio between n-6 and n-3 FFA. Used additives were effective as feed component in prevention of changes in the fatty acids content of cured hams during storage. In summary, the addition of rapeseed oil and humus-containing preparation to pig diets had a positive effect on raw meat quality and may have a beneficial effects on human health by increased polyenoic fatty acids content.
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1. Introduction


Due to the close connection between the diet and human health, improving the quality of food is a research focus of many scientists. Good nutritional habits have a positive effect on human health, they allow to limit the incidence of most metabolic diseases. Unfortunately, the diet structure of most consumers does not meet the recommendations of dieticians and doctors. An estimated one-third of cancers are associated with diet [1].



Meat and meat products are the basic components of the human diet. Pork meat and its products provide 10–20% of energy in the diet, and despite the prevailing opinion about its adverse impact on human health (high content of fat and cholesterol, an inappropriate ratio between SFA and UFA) the consumption of this type of meat continues to grow. Therefore, it is advisable to look for possibilities to, e.g., changes in the proportion of fatty acids in tissue [2].



Health-related modifications consist of increasing the content of nutritionally desirable ingredients and reducing those that can have a negative impact on human health. The content of nutrients in adipose tissue and meat of the slaughter animals is conditioned by many factors, such as species, breed, age, sex, diet or husbandry conditions. It is possible to produce animal raw materials with a composition appropriate to current nutritional recommendations because the nutritional, health-related, sensory value of raw materials of animal origin can be shaped along the nutritional, pharmacological and/or genetic path. Experiments have demonstrated that pigs quickly and easily react to established breeding criteria. Nutrition is one of the most effective factors affecting the quality of pork meat and fat. Through the appropriately composed fodder (share of protein and metabolic energy, feed additives) and the right way of feeding, one can model the composition of fatty acids, the amount of cholesterol, vitamins and minerals in the raw pork. In recent years, research into the possibility of obtaining high nutritional value of pork has been intensified by modifying the feed, e.g., replacing some of the metabolic energy in fodder with unsaturated fatty acids, necessary for the prevention of cardiovascular diseases [3,4,5].



Fatty acids as a feed additive fulfill many functions. Among other functions, they increase the productivity of pigs, improve the use of fodder, affect the condition of animals and increase the nutritional value of the feed [6]. The addition of fat to fodder raises its cost, but the expenses incurred are balanced by its lower consumption, larger daily increments and shorter fattening times [2]. Through the targeted supplementation of feed compound with adjuncts rich in polyene fatty acids, it is possible to obtain a meat and fat raw material with the characteristics of functional foods. Polyunsaturated fatty acids—in particular from the n-3 family, ALA, DHA, EPA—can be classified as nutraceuticals, i.e., biologically active substances with demonstrated pro-health effects. Hence, by enriching raw material with them, both meat and fat can be used in the prevention of cardiovascular diseases [7,8,9].



Vegetable oils are a good source of n-3 acids. When used as a component of monogastric animal diets, they increase the content of these acids in pork, with a decrease in saturated acid content. Studies carried out in recent years [10,11,12] confirm the possibility of modifying pig meat by using in fattening maize grains, rapeseed, linseed, sunflower or soybean oil. The application of the aforementioned feed additives resulted in a significant increase in PUFA content, particularly of the n-3 family. The ratio of acids in the n-6 and n-3 families also changes. Reducing the proportion between these acid has been confirmed to have health-promoting effects. However, the high degree of non-saturation of the raw material reduces the resistance of the tissue to the oxidation process. The content of C18:3 (ALA) in muscle lipids should not exceed 3%, as higher content may cause adverse changes in the taste and flavor profile [13]. PUFA oxidation—in addition to changing the flavor of heat-treated or long-stored meat and fat—can also reduce nutritional value, resulting in losses of vitamins E and C and the accumulation of toxic oxysterols. The latest dietary trends regarding the increase in the share of PUFA in the diet also emphasize the desirability of use of antioxidants in the pig diet including vitamins A, C, E and selenium [9,14,15,16].



The aim of the study was to assess the influence of rapeseed oil and humus-containing mineral additive supplementation on selected quality factors of cured ham from finishing pigs. Rapeseed oil was used as a carrier of polyunsaturated fatty acids. The authors assumed that due to the high content of phenolic compounds, e.g., sinapinic acid and other derivatives with antioxidant properties [17,18] the rapeseed oil will be more oxidative stable than, e.g., linseed oil, when stored during the feeding experiment. In addition, the diet was supplemented with mineral additive prepared from humic brown coal, peat and dolomite and consisted of 30.5% natural humic acids, 1.95% bitumen, 1.16% nitrogen, 5.50% calcium, 2.95% magnesium, 1.90% silicon, 1.00% sulfur and 0.55% aluminum. This mineral additive increases the biologic value of feed, showing bactericidal and fungicidal properties, also used in pig nutrition-positive influence on digestive (prevents diarrhea), stimulate immunity of animals, as well as have a positive effect on the quality of animal raw materials [19,20,21]. The authors expect that this combination of ingredients added to the experimental diet will also have a beneficial impact on the quality of the finished products, i.e., cured ham.




2. Materials and Methods


2.1. Feeding Experiment


The study was conducted on raw material collected from pig hybrids (Polish Landrace × Large White Breed) × Piétrain). Pigs were divided into two groups of 25 in each—control (ND, normal diet) and experimental group (SD, supplemented diet). In feeding of both groups was used a complete standard isocaloric and isonitrogenous diet (Table 1) applied in two growth phases as previously described by Salejda and Krasnowska [22]. The diet of the experimental group was enriched in Humokarbowit® (humus-containing mineral additive, consisted of humic brown coal, peat and feeding dolomite, 4% of complete feed, TRONINA Innovative Breeding Company Stanislaw Tronina, Poland) and rapeseed oil (as a source of polyunsaturated fatty acids, 10 g·kg−1 added in second phase of fattening). The mineral additive was previously mixed with rapeseed oil and then added during mixing of the basic ingredients in the feed mixer. Supplemented diet (SD) with rapeseed oil and mineral additive contained more PUFA of n-3 family, i.e., 3.5% more than in the normal diet (ND). The mixture used in SD group nutrition also had the most favorable ratio n-6 to n-3 of polyene fatty acids and improved their stability during storage [22].



For both feeding groups, the feed meal was offered ad libitum. Pigs were kept in the same environmental conditions and slaughtered with an average live weight of 110 kg (average meatiness 58%). The experimental material (semimembranosus muscles, sm) was collected from the right side of ten randomly selected carcasses of each of feeding groups. The samples were delivered (n = 20) to the Department of Functional Food Products Development (Wrocław University of Environmental and Life Sciences, Wrocław, Poland) 24 h after postmortem and stored at 4 °C. The basic chemical and physicochemical parameters of raw material are presented in Table 2




2.2. Cured Ham Production


The cured hams were prepared using a basic recipe that was optimized in preliminary studies. For the production, muscle cuts of approximately 200 g were injected with brine, composed of water 70.74%, curing salt 25%, polyphosphates 2.5%, isoascorbate 0.2%, sucrose 1.3%, monosodium glutamate 0.26%. A 6% brine injection was used in relation to the sample weight. The cured meat was subjected to heat treatment to achieve a temperature of 72 °C inside the products. After obtaining this temperature were cooled on ice to ambient temperature. Such prepared samples of cooked hams were subjected to further analyses.




2.3. Cured Ham Quality Analysis


An assessment of the technological and sensory quality, as well an analysis of the chemical composition, including free fatty acids profile were carried out.



2.3.1. Weight Losses and Yield of the Production Process


Weight losses and yield of production process were estimated in samples after cooking process. Weight losses were expressed as a percentage of initial sample weight. The yield of the cooking process was calculated from the weight ratio of cooked and raw hams.




2.3.2. Instrumental Color Measurement


The color of the cooked ham surface was measured by using a reflectance colorimeter Minolta CR-400 (Osaka, Japan) and it was expressed in CIE Lab system parameters: L (lightness, from 0 for black to 100 for white), a (redness, +a: red, −a: green) and b (yellowness, +b: yellow, −b: blue). The chroma meter was calibrated before each measurement against a standard white tile (Y = 94.2; x = 0.313; y = 0.320) and set at D65 illuminant and 10° standard observer. In addition, the assessment of color parameters stability in the products stored for two days in the conditions (4 °C, 250 Lx, light meter DT-1308, Cem) imitating the illuminated refrigeration counter was performed.




2.3.3. Instrumental Texture Analyses–Shear Force


Shear force (N) measurements were carried out on hams after cooking process. At least 8 cubes of 1 cm width and high were prepared from each ham. The cubes were sheared perpendicular to the course of the muscle fibers using a Zwick/Roell Z010 testing machine (Zwick Testing Machines, Ltd., Leominster Herefordshire, UK).




2.3.4. Sensory Evaluation


A sensory evaluation of cured ham was conducted according to the Polish standard PN-ISO 4121:1998 [23]. Evaluation was performed by six previously trained panelists using a 7-point hedonic rating scale of acceptance [24]. The following parameters of final products were investigated: overall appearance, smell, color, taste, texture and juiciness.




2.3.5. Fatty Acids Analyses


Lipids for fatty acids analyses were extracted with standard procedure [25] using methylene chloride and methanol (2:1). Preparation of methyl esters of fatty acids was conducted in accordance with PN-EN ISO 5509:2001 [26]. Chromatographic analysis was performed as previously described by Salejda and Krasnowska [22] using a gas chromatograph coupled with a spectroscopy mass detector (Agilent 6890 N Series, 5973 MS, Agilent Technologies Inc., Santa Clara, CA, USA) and DB-225MS column (60 m, 250 µm, 0.25 µm, Agilent Technologies Inc., Santa Clara, CA, USA). Samples of 1 µl were transferred to the column with the carrier gas (He), split 1:100, column and injector temperatures were set at 160 and 280 °C. Oven (of the spectroscopy mass detector) temperature was set on 140 °C for 5 min. and after 4 °C/min to reach 240 °C. Peak identification was made by comparing the retention times with commercial standards (FAME Mix, Sigma-Aldrich, Inc., St. Louis, MO, USA).





2.4. Statistical Analysis


Collected data were statistically evaluated by one-way ANOVA using StatSoft Statistica® Software (2013, StatSoft Polska Sp. z o.o., Kraków, Poland). Duncan test at p < 0.05 significance level was used to determine the differences between groups. The data are presented as an mean value (X) and accompanied by SD (standard deviation).





3. Results and Discussion


According to the assumptions of the experimental work, the technological usefulness of the raw meat obtained from pigs fed with enriched diet was assessed. For this purpose, the production of cured ham made from cuts of semimembranosus muscles of the group of fatteners ND and SD was conducted.



The technological usefulness of the projected raw meat was also determined based on the qualitative evaluation of cured hams (Table 3). The cured ham produced from the meat of pigs fed with the diet supplemented with rapeseed oil and mineral additive (SD group) did not differ significantly in technical parameters, i.e., yield of the production process, weight losses or shear force compared to the meat products of the control group (ND) fed with the diet without oil and mineral additives. Our results were in opposition to those obtained by Stelmasiak, Wyrwisz and Wierzbicka [27]. In their work, the yield of the processing was lowest in the smoked hams manufactured of meat from fatteners whose diet was supplemented with 3% rapeseed oil and 100 mg vitamin E. At the same time, modification of diet contributed to the lower values of shear force (WBSF) measurement compared to smoked ham produced from raw meat of pigs which diet was not supplemented with 3% rapeseed oil and 100 mg vitamin E. Differences between the results of our study and those presented by Stelmasiak, Wyrwisz and Wierzbicka [27] may be related with the similar pH value and protein content of experimental raw materials (Table 2), as the diet modification used did not affect the chemical and physicochemical parameters of raw meat, as it was observed in the aforementioned studies. Protein content and pH value are the main factors shaping the important characteristics of meat and its preparations in production and processing, such as, water capacity, color, tenderness, gelling and emulsification ability [28,29,30].



Supplementation of pig diets with rapeseed oil and mineral additive contributed to the lighter color of cured hams. The lighter color observed in present study could be explained by higher fat content in hams produced from SD group. The fat content in raw material was 21.7% higher in SD group, thus we can assume, that fat content in hams, if measured, would also be higher. Interestingly, this higher fat content did not contribute to greater tenderness of final product either in sensory or instrumental terms. The final products were also less saturated with yellow color (parameter b*) compared with hams from pigs that did not receive the experimental additives. These results were in the agreement with those obtained in smoked hams produced of meat from pigs fed a diet supplemented with 3% rapeseed oil and 100 mg vitamin E [27]. The results of our study demonstrated also better stability of the color parameters of cured hams of SD group than ND group, which were storage in the conditions imitating the illuminated refrigeration counter. This results indicated the possibility of preserving the fresh appearance of products obtained from raw meat of pigs fed with a modified diet. The differences in color assessment, that were mentioned earlier, were not confirmed in the sensory evaluation of cured hams (Figure 1). The evaluators also did not find differences between cured hams of SD and ND group in the following sensory attributes as: general appearance, odor, taste, juiciness, tenderness. Crucially, lack of differences in assessment of tenderness (Figure 1) was confirmed in the instrumental evaluation of cured hams texture (shear force, Table 3).



The diet modification used had a significant effect on the fatty acid profile of cured hams. Hams produced from meat of pig fed diet supplemented with rapeseed oil and mineral preparation (SD group) showed a higher share of unsaturated polyene fatty acids, in particular n-3 fatty acids, than in final product of ND group. In addition, the cured hams of SD group characterized by a more favorable ratio of n-6 to n-3 acids (Table 4). Fatty acids of omega-3 (n-3) and omega-6 (n-6) group have important functions in many biochemical transformations and regulate many physiological activities of the human body. Not all fatty acids can be synthesized by the human body and must be supplied with food. Dietary supplementation of enriched with fatty acids meat can be an alternative to increase the daily intake of this crucial components [31]. The positive effect of addition to pig diet oils rich in polyunsaturated fatty acids (PUFA) on raw meat was also presented in previous studies, e.g., Leikus et al. [32] and Sobol et al. [33]. However, the higher amount of PUFA can affect meat quality owing to peroxidative changes. Thus, it is recommended to apply to diet also with oil components natural antioxidants, which have greater potential to prevent oxidative damage and at the same time to increase shelf-life of meat products [34,35]. Our studies have shown that using feed component (rapeseed oil) rich in polyunsaturated fatty acids lead to production of cured ham beneficial for consumer health due to the ratio of saturated and unsaturated fatty acids. At the same time, the changes of fatty acids content in meat products during storage, were observed only in ND group, which may be related to the additives used in experimental diet. It can be assumed that addition of rapeseed oil, which characterized by high phenolic content (sinapinic acid and other derivatives with antioxidant properties), increases the biologic value of feed and also have a positive influence on raw meat quality [17,18] and efficiently limited the oxidative changes in fatty acid profile of cured hams. This effect may be accelerated by the addition of mineral additive which also exhibited antioxidant activity in radical scavenging and electrochemical assays [36].




4. Conclusions


Supplementation of pig diets with rapeseed oil and mineral additive did not affect the technical parameters of cured hams such as yield of technological process and weight losses. There were also no significant differences in values of instrumental texture measurement expressed by shear force. Furthermore, addition of oil and humus-containing mineral additive did not result in deterioration of sensory acceptability, what is important from the consumer point of view. Rapeseed oil and mineral additive were effective as feed component in prevention of changes in the fatty acids content of cured hams. These findings suggest that used additives should be considered as a natural feed components. However, further studies, e.g., a TBARS assay, should be conducted to confirm the oxidation stability of final products.
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Figure 1. Sensory profile of cured hams. ND—cured ham produced of raw meat from pigs fed a diet without supplementation, SD—cured ham produced of raw meat from pigs fed a diet supplemented with rapeseed oil and mineral additive. 
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Table 1. Chemical composition of one kilogram basal diet.
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	35–50 kg Body Weight
	50–110 kg Body Weight





	Energy (kcal)
	3128
	3105



	Crude protein (%)
	15.9
	15.0



	Crude fiber (%)
	5.0
	5.0



	Total phosphorus (%)
	0.63
	0.63



	Dicalcium phosphate (%)
	0.75
	0.72



	Lysine (%)
	0.93
	0.78



	Met +Cys (%)
	0.67
	0.68



	Threonine (%)
	0.59
	0.56



	Tryptophan (%)
	0.19
	0.18



	Vitamin A (UI)
	8000
	5000



	Vitamin D3 (UI)
	1390
	870



	Vitamin E (UI)
	91
	60










[image: Table] 





Table 2. Basic chemical and physicochemical parameters of experimental raw material.
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Parameter

	
Feeding Groups

	




	
ND

	
SD

	






	
Crude protein (%), n = 60

	
22.6 a

	
22.1 a

	
X




	
0.91

	
0.99

	
sd




	
Crude fat (%), n = 60

	
2.67 a

	
3.25 b

	
X




	
0.12

	
0.16

	
sd




	
Water (%), n = 60

	
73.5 a

	
73.9 a

	
X




	
0.70

	
0.62

	
sd




	
pH value, n = 40

	
5.51 a

	
5.57 a

	
X




	
0.12

	
0.11

	
sd




	
Drip loss (%), n = 30

	
3.53 a

	
3.56 a

	
X




	
0.68

	
0.73

	
sd




	
Color, n = 100

	
L

	
44.3 a

	
43.9 a

	
X




	
1.58

	
2.17

	
sd




	
a

	
10.3 a

	
11.04 a

	
X




	
1.61

	
1.79

	
sd




	
b

	
−1.56 a

	
−1.25 a

	
X




	
1.10

	
1.92

	
sd








ND—raw meat from pigs fed a diet without supplementation; SD—raw meat from pigs fed a diet supplemented with rapeseed oil and mineral additive. X—mean value; sd—standard deviation; a,b—different letters indicate significant differences (p ≤ 0.05) between values.
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Table 3. Weight losses, yield of the process, shear force and color parameters measurement.
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Characteristics

	
Feeding Groups

	




	
ND

	
SD

	






	
Weight losses (%), n = 12

	
10.1 a

	
10.1 a

	
X




	
0.85

	
0.8

	
sd




	
Production yield

(%), n = 12

	
95.8 a

	
95.7 a

	
X




	
0.85

	
0.8

	
sd




	
Shear force (N), n = 96

	
29.5 a

	
27.3 a

	
X




	
1.67

	
1.66

	
sd




	
Color parameters

n = 60

	
L

	
70.8 a

	
68.8 b

	
X




	

	
2.03

	
1.81

	
sd




	
a

	
10.5 a

	
11.2 b

	
X




	

	
1.15

	
0.93

	
sd




	
b

	
3.92 b

	
3.25 a

	
X




	

	
0.53

	
0.58

	
sd








ND—cured ham produced of raw meat from pigs fed a diet without supplementation; SD—cured ham produced of raw meat from pigs fed a diet supplemented with rapeseed oil and mineral additive. X—mean value; sd—standard deviation; a,b—different letters indicate significant differences (p ≤ 0.05) between values.
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Table 4. Fatty acids profile of cured ham (n = 24). ND—cured ham produced of raw meat from pigs fed a diet without supplementation; SD—cured ham produced of raw meat from pigs fed a diet supplemented with rapeseed oil and mineral additive. a,b—different letters indicate significant differences (p ≤ 0.05) between values.
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Fatty Acid Groups

(%)

	
Feeding Groups




	

	
ND

	
SD






	
Saturated

	
X

	
37.7 b

	
35.3 a




	
sd

	
0.36

	
0.7




	
Monoenoic fatty acids

	
X

	
46.7 a

	
48.2 b




	
sd

	
0.6

	
0.6




	
Polyenoic fatty acids

	
X

	
15.6 a

	
16.4 b




	
sd

	
0.4

	
0.1




	
N-3 polyenoic fatty acids

	
X

	
0.65 a

	
1.71 b




	
sd

	
0.06

	
0.1




	
N-6 polyenoic fatty acids

	
X

	
14.9 b

	
14.7 a




	
sd

	
0.65

	
0.6




	
Ratio n-6/n-3

	
X

	
23.0/1 b

	
8.6/1 a








ND—cured ham produced of raw meat from pigs fed a diet without supplementation; SD—cured ham produced of raw meat from pigs fed a diet supplemented with rapeseed oil and mineral additive. X—mean value; sd—standard deviation; a,b—different letters indicate significant differences (p ≤ 0.05) between values.
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