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This study evaluated (i) whether weight gain and levels of inflammatory and immune markers including white blood cells (WBC), serum haptoglobin, C-reactive protein, albumin, and globulin fractions change between the Nero Siciliano pig breed and the crossbreed Landrace x Large White (LxLW) reared under the same environmental and farming conditions; and (ii) whether a liquid whey diet supplementation affects the investigated parameters in both genotypes. In this study, 10 crossbreed LxLW and 10 Nero Siciliano pigs were given control feed, representing the control groups (CTRC and CTRNS), whereas 10 crossbreed LxLW and 10 Nero Siciliano pigs were given control feed supplemented with liquid whey for 2 months, representing the experimental groups (WC and WNS). From each pig, body weight and blood were collected before experimental diet supplementation (T0), and one (T1) and two (T2) months after the start of the diet supplemented with whey. The white blood cell count (WBC), serum haptoglobin, C-reactive protein, total proteins, albumin and globulin fraction concentration were assessed. Two-way analysis of variance showed an increasing trend of body weight both in the control and experimental groups of the two pig genotypes throughout the monitoring period (p < 0.01) without a significant effect of genotype and diet (p > 0.05). The concentration of haptoglobin, β1- and β2-globulins was affected by pig genotype, diet supplementation, and time (p < 0.01). The values of WBC, C-reactive protein, albumin, α-globulins, and A/G ratio were affected by diet supplementation (p < 0.01) and time (p < 0.01) without an influence of genotype (p > 0.05). Nero Siciliano pigs showed lower levels of haptoglobin, β1-globulin, and β2-globulin compared to crossbreed LxLW. Nero Siciliano pigs and crossbred LxLW fed with liquid whey showed lower levels of WBC, haptoglobin, C-reactive protein, α-, β1-, and β2-globulins and higher values of albumin compared to control groups. The results reinforced the hypothesis that autochthonous breeds possess higher resilience to farming conditions when compared to allochthonous breeds. Moreover, an immune-modulatory and an anti-inflammatory power of liquid whey dietary supplementation is suggested probably thanks to its content in natural bioactive substances including anti-inflammatory cytokines and anti-oxidative factors.
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Introduction

Reaching high production levels in livestock farms poses important challenges that lead to impairment of animal welfare with consequently increased occurrence of multifactorial diseases and use of veterinarian drugs as well as decreased life expectancy. Various management strategies, including diet, genetic selection, improvement of environmental conditions, and animal health monitoring, should be implemented to secure adequate animal performance without neglecting animal welfare (1, 2). It is well-known that diet is the main factor affecting animal development and growth. Indeed, a nutrient-rich and balanced diet can help to develop and support a healthy and well-functioning immune system (3). It has been suggested that dietary supplementation with liquid whey, a protein-enriched powder, improves some growth, gut health, and immunity parameters in pigs (4, 5). Emerging evidence has demonstrated the usefulness of a whey supplementation diets for the treatment of many gastrointestinal disorders (6, 7). The beneficial effects of liquid whey supplementation have been demonstrated thanks to its numerous bioactive compounds, including functional amino acids, lactoferrin, and growth factors, which stimulate mucin synthesis and modulate the immune response of animals (8, 9). During the last decade, the study of acute phase response (APR) in livestock has aroused growing interest from the scientific community thanks to its value as a disease marker. The APR is defined as an innate, non-specific defense mechanism that is activated in response to infection, inflammation, and immunological disease (10–12). It is a multi-factorial response orchestrated by a combination of cytokines including interleukin-1, interleukin-6, and tumor necrosis factor-α (13). The complex reaction of APR involves the changes in the concentration of some proteins, mainly synthesized in the liver, which are collectively known as acute-phase proteins (APPs). Some of these proteins are called positive APPs as their serum levels increase during the APR, while others are called negative APPs as their serum levels decrease during this response. Both positive and negative APPs have been used in veterinary medicine to study the physiological alterations that take place during the APR to inflammation and infection (10–12). However, the behavior of APPs, intended as the type and the intensity of the concentration change, differs between species (12). Several investigations have indicated that the assessment of the serum APP concentrations in pigs will provide not only useful diagnostic information on the health of individual animals (14, 15) but also a basis to improve herd health (16, 17). Furthermore, it has been proposed that the measurement of APPs in blood samples of pigs could be of practical use at slaughterhouses for the detection of sick animals during the meat inspection process (12, 18–20). The APP assay has also been shown to be an interesting tool for the evaluation of antibiotic treatment efficacy (21, 22). It has been proposed that autochthonous, more rustic breeds show higher resistance to inflammation and higher resilience (23, 24). Moreover, the production system of the local breed has a lower environmental impact compared to the intensive type (25). Among Italian autochthonous pig breeds, the Nero Siciliano pig is the most famous thanks to its high-quality meat products. Although the Nero Siciliano pigs showed a lower growth performance, being not competitive for production traits compared to allochthonous pig breeds, they appear to withstand adverse climatic conditions and resist disease (25, 26). Efforts to improve the knowledge of genetic and phenotypic traits of local breeds, intended as sources of genomic diversity for the improvement of pigs for commercial use, are constantly growing (27, 28). However, information relating to the immune and inflammatory status of Nero Siciliano pigs is not available in the scientific literature, so far. Because of such consideration, this study (i) evaluated whether the levels of the main inflammatory and immune markers including serum haptoglobin, C-reactive protein, white blood cells, albumin, and globulin fractions change between the Nero Siciliano pigs and the crossbreed pigs reared under the same environmental and farming conditions; and (ii) to assess whether diet supplementation with liquid whey affects the levels of considered inflammatory and immune markers in both pig genotypes.



Materials and methods


Animal management

The study was approved by the Animal Experiment Ethics Committee of Messina University (Authorization number 055_2021) according to the European guidelines for the care and use of animals in research (Directive 2010/63/EU 2010). All procedures were carried out according to relevant guidelines and regulations. The trial involved 40 female pigs: 20 crossbred LxLW (Landrace × Large White), and 20 Nero Siciliano pigs homogeneous for body weight (average initial body weight of 19.4 ± 1.92 kg), age (58 ± 2 days), and breeding management. All pigs were kept in individual pens with nipple waterers and fed individually. The animals were divided into four groups (i.e., 10 individuals each), with two control groups (crossbreed LxLW, CTRC; Nero Siciliano pigs, CTRNS) fed with a pellet complete feed (Table 1) rationed based on 3% of the live weight, and two treatment groups (treatment crossbred LxLW, WC; treatment Nero Siciliano pigs, and WNS) receiving the same diet integrated with fresh liquid whey (5% carbohydrate, 0.8% proteins, 0.6% fat, 93% water, and 0.6% ash) at the level of 1.5 L/day/pig for 8 weeks. Liquid whey was fed separately from the formula feed, using a wet feeder. Pens were provided with nipple waterers and stainless-steel feeders. Animals had no gastrointestinal diseases or any antibiotic exposure prior to the study. The trial lasted for a total of 60 days, from day 58 until day 118 of life, including an adaptation period of 15 days. All animals had no access to the outside and they were exposed to a natural photoperiod and natural environmental temperature (Table 2). Thermal and hygrometric records were carried out inside and outside the pen for the whole study by means of a data logger (Gemini, UK).


Table 1. Ingredients and composition of the pelleted complete feed.
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Table 2. Environmental parameters measured inside and outside the pen before (May, T0), and one (June, T1) and two (July, T2) months after the starting of experimental diet supplemented with whey.
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Sampling procedures and laboratory analysis

From each crossbreed white pig and Nero Siciliano pig belonging to control groups (CTRC and CTRNS, respectively) and crossbreed white pig and Nero Siciliano pig belonging to experimental groups (WC and WNS, respectively), body weight measurement and blood sampling were performed before experimental diet supplementation (T0), and one (T1) and two (T2) months after the start of the diet supplemented with whey. Blood samples were collected from each pig by jugular venipuncture into vacutainer tubes containing EDTA and into tubes with clot activator (Terumo Corporation Japan). After collection, all blood samples were immediately cooled in an ice-water bath. Blood samples collected into EDTA tubes were analyzed within 2 h after collection by means of an automated hematology analyzer (HeCo Vet C; SEAC, Florence, Italy) in order to assess white blood cell count (WBC); whereas, the tubes without anticoagulant agent were centrifuged at 1,900 × g for 16 min at 4°C in order to obtain serum that was aliquoted and stored at −20°C until analysis. On obtained serum samples, the concentration of haptoglobin, C-reactive protein, total proteins, albumin, and globulin fractions were determined. Specifically, the concentration of haptoglobin and C-reactive protein was assessed using ELISA kits specific for pig species (Haptoglobin kit, PHASETM RANGE, Tridelta Ltd, Maynooth, Ireland, Sensitivity 0.005 mg/ml; the intra- and the inter-assay coefficients of variation <7 and <6%, respectively; Porcine C-Reactive Protein kit, PHASE RANGE, Tridelta Ltd, Maynooth, Ireland, Sensitivity 0.001 mg/ml; the intra- and the inter-assay coefficients of variation <5 and <4%, respectively) by means of a microtiter plate reader (EZ Read 400 ELISA, Biochrom, Cambridge, United Kingdom). All calibrators and samples were run in duplicate, and samples exhibited parallel displacement to the standard curve for both ELISA analyses. Serum total protein concentration was assessed with a commercially available kit by means of an automated ultraviolet (UV) spectrophotometer (Slim; SEAC, Florence, Italy) using the biuret method and bovine albumin at a concentration of 6.02 g/dL as a standard (Biosystems S.A., Barcelona, Spain). Electrophoresis for protein fraction assessment was performed using an automated system (Selvet24, Seleo Engineering, Naples, Italy) according to the procedures described by the manufacturer. A total of 25 μl of each serum sample was applied to numbered sample wells of acetate cellulose films. Each holder accommodated up to 24 samples. Films were electrophoresed for 28 min at 180 V. After electrophoresis, films were simultaneously fixed using an automated system, stained in red stain acid solution for 10 min, and then dried at 37°C. After destaining in acetic acid and drying completely for 15 min films were scanned on a densitometer and electrophoretic curves plus related quantitative specific protein concentrations for each sample were displayed, using computer software (SelVet 24). All samples were analyzed by the same operator, who determined the lines separating fractions in the densimeter tracing. The major protein fractions were divided into albumin, α-, β1-, β2-, and γ-globulins, from the cathode to the anode, according to the recommendation by the manufacturer and with previous findings on pig species (29). Relative protein concentrations within each fraction were determined as the optical absorbance percentage; then the absolute concentration (g/dL) and albumin/globulin ratio (A/G) were calculated using the total protein concentration.



Statistical analysis

The normal distribution of data was verified by the application of the Shapiro-Wilk test. The results were normally distributed (p > 0.05) and were subjected to two-way repeated measures analysis of variance (ANOVA) in order to assess the significant effect of genotype and whey supplementation. Bonferroni multiple comparison test was applied for post-hoc mean comparison. Significance was declared at p < 0.05. The data were analyzed using the software Prism v. 9.00 (Graphpad Software Ltd., San Diego, CA, USA, 2020).




Results

All the results are expressed as the mean ± standard error of the mean (SEM). As shown in Figure 1, the values of body weight showed a significant increasing trend throughout the monitoring period both in the control and experimental groups of the two pig genotypes (p < 0.01) without a significant effect of genotype and diet (p > 0.05). The average daily weight recorded was 308 g/head per day in pigs of CTRC, 305 g/head per day in pigs of CTRNS, 315 g/head per day in pigs of WC, and 310 g/head per day in pigs of WNS. The feed conversion rate recorded was 2.78 kg/kg in pigs of CTRC, 2.80 kg/kg in pigs of CTRNS, 2.74 kg/kg in pigs of WC, and 2.77 kg/kg in pigs of WNS. The serum concentration of haptoglobin, β1-, and β2-globulins was affected by pig genotype and experimental diet supplementation (p < 0.01, Figures 2, 3). Contrariwise, the values of C-reactive protein, WBC (Figure 2), albumin, α-globulins, and A/G ratio (Figure 3) were affected by diet supplementation (p < 0.01) without an influence of genotype (p > 0.05). Statistical analysis of the data showed no significant difference related to the pig's genotype and diet supplementation in the values of serum total proteins and γ-globulins (p > 0.05, Figure 3). Control Nero Siciliano pigs (CTRNS) showed lower values of haptoglobin at T0, T1, and T2, β1-globulins at T2, and β2-globulins at T1 and T2, than control crossbreed LxLW (CTRC). Both pig groups fed a diet supplemented with liquid whey (WC and WNS) showed lower values of haptoglobin, C-reactive protein, WBC, α-, β1-, and β2-globulins, and higher values of albumin and A/G ratio compared to control groups (CTRC and CTRNS) (p < 0.01). Regarding the time-related changes of investigated parameters, a significant decreasing trend (p < 0.01) of haptoglobin, C-reactive protein, and WBC was found from T0 up to T2 in WC and WNS; albumin, and A/G ratio values decreased at T1 and T2 respect to T0n CTRC and CTRNS, while increased at T2 compared to T0 and T1 in WNS (p < 0.01); α-globulins showed increased values (p < 0.01) at T1 and T2 than T0 in CTRC and CTRNS, and decreased values at T2 than T0 in WNS (p < 0.01); β1-globulins showed higher values at T2 than T0 and T1 in CTRC (p < 0.01), whereas β2-globulins showed higher values at T1 and T2 than T0 in CTRC (p < 0.01), and higher values at T1 than T0 and T2 in WNS (p < 0.01).
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FIGURE 1. Mean values ± standard error of the mean (±SEM) of body weight recorded from pigs belonging to control fed and experimental dietary supplemented crossbreed LxLW groups (CTRC and WC) and Nero Siciliano breed (CTRNS and WNS) before (T0), one (T1) and two (T2) months after the starting of diet supplemented with whey.
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FIGURE 2. Mean values ± standard error of the mean (±SEM) of white blood cell count (WBC), serum haptoglobin and C-reactive protein obtained from pigs belonging to control fed and experimental dietary supplemented crossbreed LxLW groups (CTRC and WC) and Nero Siciliano breed (CTRNS and WNS) before (T0), one (T1) and two (T2) months after the starting of diet supplemented with whey.
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FIGURE 3. Mean values ± standard error of the mean (±SEM) of serum total proteins, albumin, α-, β1-, β2- and γ-globulins, and A/G ratio obtained from pigs belonging to control fed and experimental dietary supplemented crossbreed LxLW groups (CTRC and WC) and Nero Siciliano breed (CTRNS and WNS) before (T0), one (T1) and two (T2) months after the starting of diet supplemented with whey.




Discussion

Despite the increase in interest in local breeds and their production systems thanks to their high-quality products, compared with industrial genotypes, scant data on the physiological responses of autochthonous pig breeds is currently available. To the best of the authors' knowledge, this study represents the first study assessing the concentration of the main markers of immune and inflammatory response in the autochthonous Nero Siciliano pig breed and the influence of a 2-month liquid whey supplementation diet on the weight gain and the levels of considered immune and inflammatory markers in this local pig breed. The concentrations of all investigated parameters fall within the reference ranges suggested for pig species (29, 30); however, a genotype-related effect was observed on the values of haptoglobin, β1-, and β2-globulins. According to this study, the Nero Siciliano pigs of both the control and experimental groups showed lower levels of haptoglobin, β1-, and β2-globulins compared to allochthonous crossbreed pig groups. Contrariwise, the values of body weight, WBC, C-reactive protein, total proteins, albumin, α- and γ-globulins, and A/G ratio were comparable between Nero Siciliano and crossbreed LxLW pigs. During the 2 months of monitoring, a dynamic change in the investigated parameters was observed in the two pig genotypes. A decreasing trend of albumin and an increasing trend of α-globulin values were observed in control groups of Nero Siciliano and crossbred LxLW pigs throughout the monitoring period. The values of β1- and β2-globulins remained unchanged in Nero Siciliano pigs throughout the study, whereas they progressively increased in crossbred LxLW pigs belonging to the control group. In pigs, haptoglobin is likely to be the best APPs marker of inflammation (13, 31, 32). As a matter of fact, the haptoglobin concentration was higher in pigs under the effect of stressors such as road transport or changes in the pattern of food administration compared to control animals (33, 34); furthermore, increased levels of haptoglobin have been found to be correlated with decreased weight gain (33, 35). It is well-known that the changes in β1-globulins, including C3 and C4 complement, transferrin, and ferritin, and the β2-globulins, including fibrinogen, are involved in the acute-phase response, as well. It has been suggested that more severe inflammation is linked to the impairment of immune system and to a reduction in performance in livestock (23, 24, 36–40). Overall, the results suggested that, though an activation of acute-phase response to farming conditions happened in autochthonous and allochthonous pig genotypes, the Nero Siciliano pigs showed an attenuated inflammatory status, highlighted by lower haptoglobin, β1-, and β2-globulins levels, than crossbred LxLW pigs. Therefore, it strengthens the hypothesis, widely shared by the scientific community, that autochthonous breeds possess higher resilience to farming conditions and higher resistance to disease when compared to allochthonous breeds (23, 24). The Nero Siciliano pig breed appears to withstand adverse climatic conditions and resist disease (25). This breed is characterized by an evident polymorphism influenced by the natural living environment, the rearing systems, and the type of targeted production system (25). It has been suggested that allochthonous breeds are more susceptible to common environmental stressors in terms of housing, hygiene, and feeding conditions, with crucial repercussions on disease occurrence (23, 41). A progressive increase in weight values was observed in both control and experimental pigs of each breed throughout the monitoring period, though no genotype- and diet-related differences were observed. The average daily weight and the feed conversion rate obtained for pigs of each group fall within the normal values referred to by the farm breeding system. These findings suggest that the liquid whey supplementation did not negatively affect the weight of pigs in the fattening stage of their growth, confirming the good health status of the animals. The whey supplementation diet influenced most of the parameters investigated in both Nero Siciliano and crossbred LxLW pigs. Specifically, the values of WBC, haptoglobin, C-reactive protein, α-, β1-, and β2-globulins were lower in Nero Siciliano and crossbreed LxLW pigs fed liquid whey dietary supplement compared to control groups. Contrariwise, albumin, a negative APP, showed higher values in experimental diet supplementation groups compared to control ones. Noteworthy, in both Nero Siciliano and crossbred LxLW pigs, liquid whey dietary supplement showed a significant effect on WBC, haptoglobin, albumin and α-globulins concentration starting from 1 month after its administration, whereas the whey dietary supplementation influenced the values of C-reactive protein, β1-, and β2-globulins 2 months after its administration. The faster response of haptoglobin to the experimental diet compared to C-reactive protein was expected. Indeed, though these APPs are likely to be the best markers of inflammation, the haptoglobin response is known to be faster than that of C-reactive protein in pigs (13). The serum concentration of haptoglobin is considered an index of subclinical illness and, therefore, of the animal health status in pigs (42). According to previous studies carried out on swine (4, 5), the results herein obtained seem to highlight the immune-modulatory and anti-inflammatory power of whey dietary supplementation. The whey supplementation contains not only essential nutrients but also a number of natural bioactive substances, including anti-inflammatory cytokines and anti-oxidative factors (e.g., transforming growth factor-β1, lactoferrin, α-lactalbumin, lactoperoxidase, and lysozyme) that have many beneficial effects on animal health (5, 43). It has been well-established that whey protein concentrate improves intestinal barrier function protecting against the interferon-γ-induced barrier impairment (9). Supplementation with 5% whey improved intestinal morphology by increasing jejunal villus height and villus height:crypt depth ratio in lipopolysaccharide (LPS)-induced intestinal injury damage (4, 44). It has been shown that whey dietary supplementation reduced the expression of the TNF-α, IL-1β, IL-6, and IL-8 genes compared with the LPS-challenged pigs (4). Furthermore, whey product has demonstrated a number of anti-inflammatory effects, including decreased cytokine release in rodent models after exposure to LPS (45).



Conclusion

In order to enhance the local breed's sustainability, it is of paramount importance to get a scientific assessment of their growth performance, immune and inflammatory responses under specific environmental and farming conditions. In this study, the values of the main markers of immune and inflammatory response and the possible influence of a 2-month whey supplementation diet were assessed in the autochthonous Nero Siciliano pig breed and in the crossbred LxLW. The results gathered in the present study showed a genotype-related influence was observed on the values of haptoglobin, β1-, and β2-globulins. In particular, the Nero Siciliano pigs showed lower levels of haptoglobin, β1-, and β2-globulins compared to the crossbred LxLW. Furthermore, the whey-supplemented diet affected the main markers of the immune and inflammatory status of pigs. In this regard, the Nero Siciliano and the corssbred LxLW fed liquid whey dietary supplement showed lower levels of WBC, haptoglobin, C-reactive protein, α-, β1-, and β2-globulins and higher values of albumin compared to control groups. The current study reinforces the hypothesis, widely shared by the scientific community, that autochthonous breeds possess higher resilience to farming conditions and higher resistance to disease when compared to allochthonous breeds and/or crossbreeds. Furthermore, it could be suggested an immune-modulatory and an anti-inflammatory power of whey dietary supplementation thanks to its content in natural bioactive substances including anti-inflammatory cytokines and anti-oxidants. Further studies on a greater number of animals are needed in order to better characterize the immune and inflammatory status of Nero Siciliano pigs in order to adopt protocols for early and predictive diagnosis of production diseases to minimize drug usage in farms. A deep knowledge of the physiological response of this Sicilian autochthonous breed to housing and feeding conditions throughout its breeding is required to assess animal health status and optimize animal welfare.
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