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In the present study individual milk samples were collected from 80 Garganica goats and the population was genotyped for CSN1S1. Seven different alleles were observed with the A allele found as predominant, followed by the F and B allele, and 14 different genotypes were observed. A proteomic approach was used to classify the individual milk on the basis of protein abundance: four levels of αs1-casein (CN) expression were identified as high (HAS-1), intermediate (IAS-1), low (LAS-1), and null (NAS-1). The present paper aimed to investigate the influence of the level of expression of αs1-casein fraction in milk on proteolytic activities, chemical composition, and renneting properties of individual Garganica goat milk. Results from the present study evidenced that the level of expression of αs1-casein fraction in Garganica goat milk affected chemical composition, curd firmness, and indigenous proteolytic enzymes. In particular, fat, protein, and casein content were higher in HAS-1 and IAS-1 compared to LAS-1 and NAS-1. The SCC decreased passing from the HAS-1 to the NAS-1 and the curd firmness displayed the highest value in HAS-1. The activity of plasmin (PL) was higher in HAS-1 and IAS-1 groups compared to the LAS-1 and NAS-1; whereas, PL plasminogen-derived (PG) activity was the highest in NAS-1 group. On the contrary, the activity of elastase was the highest in LAS-1, intermediate in the IAS-1 group, and the lowest in HAS-1 and NAS-1 groups. Present data demonstrated that the level of synthesis of αs1-CN reflects the efficiency of the mammary gland in the activation of the cellular mechanisms and influences the proteolytic activity in milk, especially the PL-PG system.
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Introduction

Recent growing attention developed around goat milk, both from multiple scientific implications and market exploitation, has contributed to the enhancement of autochthonous breeds and their productions (Park et al., 2007). Studies on goat milk and meat products are focused on specific compounds able to exert a potentially positive effect on human health beyond basic nutrition (Albenzio et al., 2016). The key aspect of goat milk, in relation not only to its nutritional and health aspects but also to its technological value, seems to lie in the high and complex genetic polymorphism of its proteins, in particular of casein fractions (Selvaggi et al., 2014). Notably, goat milk genetic polymorphisms make such milk a valuable candidate as a substitute for cow milk for people suffering from cow milk allergies (Bevilacqua et al., 2001) or in children suffering from generalized epilepsy (Albenzio et al., 2016). Among the Italian autochthonous breed, the Garganica goat, reared in the Gargano area of the Apulia region (Southern Italy), is characterized by rusticity, longevity, and high adaptability to hard climatic conditions. The principal use of Garganica goat milk is the production of the typical Cacioricotta cheese (Albenzio et al., 2006). The high polymorphism found on CSN1S1 locus in individual Garganica goat milk (Albenzio et al., 2009) has evidenced the possibility to cluster the population into two groups distinguishable on the basis of total casein level. These authors have suggested that the Garganica goat could be selected to produce milk having different uses. For example, milk from animals characterized by the presence strong alleles at CSN1S1 and CSN2 could be used for cheesemaking, while milk from animals showing low or null alleles for CSN1S2 and CSN1S1 could be used for hypoallergenic milk production.

Proteolysis of milk proteins can be attributed to proteases of both indigenous, endogenous, and exogenous origin (Kelly et al., 2006). The plasmin-plasminogen (PL-PG) is the main indigenous proteolytic system composed by PL, its inactive zymogen PG, plasminogen activators (PA), plasminogen activator inhibitors (PAI), and plasmin inhibitors (PI) (Fox and Kelly, 2006). Cathepsin D and elastase are other important milk proteases, associated with somatic cells (Fox and Kelly, 2006; Albenzio and Santillo, 2011). Limited studies are reported on indigenous goat milk protease systems. However, as for bovine milk, plasmin is mainly relevant to the hydrolysis of β-casein and α-casein fractions, whereas elastase and cathepsin D are involved in limited proteolysis of milk caseins (Santillo et al., 2009).

Based on the high polymorphism found in CSN1S1 in the Garganica goat, it is able to influence the total casein level, and it can be hypothesized that the CSN1S1 genotype could also affect the expression and activity of indigenous proteolytic enzymes in goat milk. Therefore, the present paper aimed to investigate i) the CSN1S1 genotype of the Garganica goat population and ii) the influence of the level of expression of αs1-CN fraction on proteolytic activities of individual Garganica goat milk. Furthermore, the chemical composition and renneting properties of goat milk were investigated.



Materials and Methods


Milk Sampling and Analyses

Individual milk samples were collected from 80 Garganica goats reared in the Gargano area, Apulia, Southern Italy. Milk samples were analyzed for total protein, casein, fat, and lactose content using an infrared spectrophotometer (Milko Scan 133B; Foss Electric, Hillerød, Denmark), and for pH value (GLP 21 Crison, Spain). Somatic cell count (SCC) was determined using Fossomatic 90 (Foss Electric) instrument. Milk renneting characteristics as clotting time (r), curd firming time (k20), and curd firmness after 30 min (a30) were measured using a Foss Electric Formagraph (Foss Electric, Hillerød, Denmark). Plasmin (PL) and plasminogen- plasmin derived (PG), cathepsin D, and elastase activities were assayed according to Albenzio et al. (2015).



Milk DNA Analysis

Milk genomic DNA was extracted and analyzed for casein polymorphisms according to the procedure described by Albenzio et al. (2009). Locus CSN1S1 was analyzed by PCR-Restriction Fragment Length Polymorphism (RFLP) to identify alleles F and N* (including the alleles D and N) (Ramunno et al., 2000), and allele C (Cosenza et al., 2008) by Allele-Specific Amplification PCR (ASA-PCR) to identify allele B* (including the alleles B1, B2, B3, B4, L, M, which are not distinguishable from the B* allele) and E (Feligini et al., 2005), and alleles A* and 01 (Cosenza et al., 2003). The applied method does not differentiate among the A, G, H, I, and 02 alleles, therefore the A* allele could include these genetic variants.



2D Electrophoresis on Milk Samples

The first dimensional separation was performed on IPG dry strips (pH 3.9–5.1, 11 cm, Bio-Rad) through an IPG Protean IEF Cell (Bio-Rad, Watford, UK). Goat milk samples were first centrifuged at 4°C for 30 minutes at 2000 x g. Then skimmed milk was suspended in isoelectrofocusing IPG sample buffer (ready-Prep Rehydratation/Sample Buffer, Bio-Rad). The IPG strips were actively rehydrated at 50 V with samples for 2 h, with the following voltage gradient: 250 V for 1.5 h, from 250 to 4000 V for 1 h, and 4000 V for 4 h. Then, the strips were equilibrated for 10 min in a solution containing 0.375 M-Tris–HCl (pH 8.8), 6 M-urea, 200 ml glycerol/l, 20 g SDS/l and 20 g DTT/l, and then with the same solution containing 45 g iodoacetamide/l instead of DTT. The second-dimensional separation was carried out on a Protean II xi vertical slab gel unit (Bio-Rad) using 12% acrylamide separating gels at a voltage of 280 V. A broad range molecular weight electrophoresis calibration kit (Bio-Rad) was used as a standard. Gels were fixed and stained with R250 Coomassie blue (Bio-Rad). The de-stained gels were acquired through Chemi Doc XRS (Bio-Rad) white light conversion screen and quantitative analysis of the spots attributed to αs1-CN was performed by PD Quest 7.4.0 software (Bio-Rad). Landmark spots were used to check spot matching across all gels of the experiment and manual verification was performed to screen out any dust artefacts or incorrectly identified spots. The relative volume of each spot in a gel was normalized as a percentage of the total volume of all spots detected on the gel. Milk samples with strong (BC), intermediate (BE), low (FF) and null (NN) genotypes on αs1-CN were used as reference gels for protein spot detection and quantification; individual milk samples presenting the A* allele were assigned to the four levels on the basis of αs1-CN spots volume. Levels of αs1-CN expression were identified as follows: 41852 ± 870 arbitrary units (A.U.) high (HAS-1), 31248 ± 211 A.U. intermediate (IAS-1), 5457 ± 51 A.U. low (LAS-1), and 1218 ± 43 A.U. null (NAS-1) level of protein expression of the αs1-CN fraction.



Statistical Analysis

The effect of the αs1-CN expression levels was tested on milk chemical composition, renneting characteristics, and enzymatic activities using the GLM procedure of SAS (SAS Institute, 2013). Data were tested for normal distribution before performing statistical analysis. Pearson’s correlation coefficient was used to explore possible associations between the responses. The Cervus software version 3.0.3 (Marshall et al., 1998) was used to estimate allelic frequencies, expected and observed heterozygosity. The chi-square test (χ2) was employed to test the respect of Hardy-Weinberg equilibrium.




Results

Observed heterozygosity at the CSN1S1 locus in the population of the Garganica goat involved in the study was 0.772, whereas expected heterozygosity was 0.723; the locus did not show significant deviations from Hardy-Weinberg proportions (P < 0.01). The allelic frequencies observed at the CSN1S1 locus are reported in Table 1. Seven different alleles were found: the A allele was predominant, followed by the F and B allele which were characterized by halved frequency with respect to the A allele. The null alleles, 0, and N were observed at very low frequencies, although the former presented a frequency 4-times higher than the latter. The distribution of CSN1S1 genotypes is reported in Table 2A. A number of 14 different genotypes were observed. Four heterozygous genotypes presented the low allele F, characterized by different percentage being AF 21.05%, BF 10.53%, CF 8.77%, and F0 1.75%. AF genotype was the most frequent, although it showed frequencies quite similar to the AA and AB genotypes.


Table 1 | CSN1S1 allelic frequencies in the Garganica goat population.




Table 2 | CSN1S1 genotype (A) and αs1-casein (CN) expression levels (B) distribution in the Garganica goat population.



The identification of the A allele for the CSN1S1 locus by means of RFLP and ASA-PCR did not permit to distinguish among the strong A, H alleles, the intermediate I allele, the low G allele, and the null 02 allele. Therefore, the proteomic approach was used to discriminate the protein content associated with the individual milk samples. Figure 1 shows reference gels of goat individual milk denoting different level of αs1-CN expression. The milk samples were ascribed to four different groups in relation to protein abundance in high HAS-1, intermediate IAS-1, low LAS-1, and null NAS-1 αs1-CN fraction.




Figure 1 | 2D-electrophoresis gels of milk with different αs1-casein expression levels: High αs1-casein expression level (HAS-1); Intermediate αs1-casein expression level (IAS-1); Low αs1-casein expression level (LAS-1); Null αs1-casein expression level (NAS-1).



The percentage distribution of milk samples on the basis of αs1-CN abundance is represented in Table 2B, evidencing that high-αs1 (HAS-1) accounted for about 35% followed by low (LAS-1) and intermediate (IAS-1), while the null (NAS-1) was characterized by an incidence of about 9%.

The gross composition of the Garganica goat milk was affected by αs1-CN expression (Table 3). In particular, the SCC showed decreased levels passing from the HAS-1 to the NAS-1 level (P < 0.001). Fat, protein, and casein content had the same behavior with a higher level being found in HAS-1 and IAS-1 groups compared to theI LAS-1 and NAS-1 groups (P < 0.001). On the contrary, an opposite trend was observed for the lactose content (P < 0.001). Among the rheological parameters, the curd firmness (a30) was affected by casein level with the highest value reported for HAS-1 and the lowest for NAS-1 group (P < 0.01).


Table 3 | Effect of different αs-1 casein expression levels on milk gross composition and clotting parameters.



In regard to the milk indigenous proteolytic enzymes, the activity of plasmin was higher in both HAS-1 and IAS-1 groups compared to the LAS-1 and NAS-1 (P < 0.001, Table 4); whereas, plasmin plasminogen-derived activity exhibited the highest activity in NAS-1 group, being three-fold higher with respect to the other groups (P < 0.001). Consequently, the PG/PL ratio turned out to be the highest in NAS-1; whereas, it was intermediate in LAS-1 and the lowest in HAS-1 and IAS-1 groups (P < 0.01). Finally, the activity of elastase was the highest in LAS-1, intermediate in the IAS-1 group, and the lowest in HAS-1 and NAS-1 groups (P < 0.001).


Table 4 | Effect of different αs-1 casein expression levels on milk indigenous proteolytic enzymes.





Discussion

In the Garganica goat, the A, B, C, E, F, N, and 0 alleles were found at the CSN1S1 locus (Albenzio et al., 2009) where the A allele was predominant, followed by the F and B allele. Accordingly, data from the present study confirmed the CSN1S1 alleles and distribution in the goat population was investigated. Moreover, the high frequency of AF genotype evidenced a similarity of the Garganica goat population to the northern European breeds characterized by the high frequency of the low F allele at CSN1S1 locus (Sacchi et al., 2005).

The A* allele could include different alleles associated with high, medium, low, and null levels of as1-CN synthesis, therefore a combined genetic and proteomic approach was useful to obtain information on the effect of αs1-CN fraction on milk characteristics. This study evidenced the effect of αs1-CN expression on gross milk composition parameters. Indeed, the higher levels of fat, protein, and casein content found in HAS-1, IAS-1 groups, with respect to the LAS-1, and NAS-1 groups, were described in previous studies in goat breeds. Some authors (Caravaca et al., 2008) observed a significant effect of the CSN1S1 genotype on the synthesis rate of the corresponding protein. In addition, Mahé et al. (1993) and Manfredi et al. (1995) evidenced the associations between CSN1S1 genotypes and total protein, fat, and casein contents in a French breed. Furthermore, in Saanen goats, AF individuals presented lower milk protein and fat contents with respect to FF individuals, On the contrary, in the Alpine breed, the opposite trend was demonstrated (Manfredi et al., 1995). This contrasting evidence underlines the complex relation between the CSN1S1 genotype and the synthesis level of the main milk components, which can be also influenced by gene-to-gene interaction, environmental, and nutritional factors. In goats, not only the CSN1S1 but also the CSN3 gene was found to be particularly polymorphic, while polymorphisms were described to a lesser extent for CSN1S2 and CSN2 loci (Martin et al., 2002; Moioli et al., 2007). The decreasing levels of SCC passing from the HAS-1 to the NAS-1 may be explained by the major efficiency in milk secretion in goats, characterized by a high level of αS1-CN synthesis that may have led to a major delivery of cellular components in milk through the apocrine secretory mechanism. This phenomenon can be explained by the existence in the goat mammary gland of an apocrine secretory mechanism associated to high cell milk contents, which make difficult the use of SCC as indicators of mammary gland health (Neveu et al., 2002).

Results on milk coagulating characteristics highlighted the complex role of genotype on the mechanism of casein secretion and synthesis, which in turn, rules the ability of caseins to form the protein network in the coagulum. The highest value of the curd firmness found in HAS-1 could be related to the greater milk clotting activity, better inclusion of nutrients in the curd, higher yields of cheese, and more consistent clot reported in goat’s milk from subjects characterized by the presence of strong alleles on αs1-CN, especially AA genotype (Cebo et al., 2012; Bonanno et al., 2013). The authors attributed this result to a better use of food proteins and diets with a high energy content, resulting in a production of milk characterized by larger fat globules and a higher content of fat and proteins. Previous studies (Chanat et al., 1999; Neveu et al., 2002; Akers, 2016) proposed modified transport and secretion processes of milk constituents by mammary epithelial cells, associated with defective as1-CN alleles. Indeed, it was reported that in goats, homozygous for the null allele 0 caseins were more retained in the endoplasmic reticulum of mammary epithelial cells; thus, suggesting that the interaction of CSN1S1 with caseins involved in micelle formation was necessary for efficient transport of these proteins from the endoplasmic reticulum to the Golgi compartment.

The study of indigenous proteolytic systems received minor attention in small ruminants, especially in goat milk. Present data on enzymatic activities detected in Garganica goat milk differed from previous results in which lower levels for the PL-PG system, and higher levels for both elastase and cathepsin D, were found (Santillo et al., 2009). However, the authors referred to bulk milk samples compared to the individual samples involved in the present study. On the contrary, Fantuz et al. (2001) found comparable PL levels (20.04 Units/mL) in individual milk from late-lactating Saanen goat breed. Results on PL activity may be ascribed to the major secretion of αs1-CN in HAS-1 and IAS-1 milk samples leading to a major content of total casein fraction. Plasmin activity is ruled by the presence of casein substrate, which represents the preferred site of protein cleavage (Fox and Kelly, 2006). Indeed, positive correlations were found in the present study between protein and casein content and the corresponding enzyme activity in milk (r = 0.59 P < 0.001 and r = 0.60 P < 0.001 for protein and casein, respectively). On the contrary, the highest level in NAS-1 group of PL and PG-derived activity may be explained by the lower abundance of casein substrate found in milk. A further possible explanation could be the limited conversion of zymogen into its active form. Different mechanisms of conversion of PG to the active enzyme were proposed, among them macrophages can release PAs thus being responsible for the increase of PL activity (Albenzio et al., 2004). It is worth to note that in this study the NAS-1 group presented lower SCC, with respect to the other groups. Previous studies observed a positive correlation between PL and SCC (Albenzio et al., 2015), and negative correlation between PG and SCC (Rebucci et al., 2005). Accordingly, in the present study, positive correlation between PL and SCC (0.27, P < 0.01) and negative correlation between PG and SCC (-0.24 P < 0.05) was found. The higher PG/PL ratio in NAS-1 milk confirmed the lower activation of the principal indigenous proteolytic system. Elastase and cathepsin D activities of the present study confirmed that both enzymes displayed a minor proteolytic activity compared to PL, according to previous reports (Santillo et al., 2009; Moatsou, 2010; Albenzio et al., 2015). Elastase and cathepsin D are mainly present in lysosomes of macrophages and polymorphonuclear leucocytes; therefore, their significance is associated to the mammary gland health status (Albenzio et al., 2009). Notably, IAS-1 and LAS-1 groups displayed higher activity levels of elastase with a concomitant intermediate level of SCC. Accordingly, previous results reported that the highest elastase activity was found in caprine milk with medium SCC level (SCC 701 x 103-1500 x 103 cells mL-1) compared to high and low SCC level (SCC > 1500 x 103 cells mL-1 SCC < 700 x 103 cells mL-1, respectively) (Albenzio et al., 2015).



Conclusion

Garganica goat population involved in the present study showed 7 alleles and 14 genotypes at the CSN1S1 locus; the A allele was the predominant, followed by the F and B allele. The high frequency of AF genotype evidenced a similarity of the Garganica goat population to the northern European breeds. Due to the A* allele including different genetic variants, individual milk samples were grouped according to the level of expression of αs1-CN fraction. Milk chemical composition was affected by the level of expression of αs1-CN fraction, which proved to be linked to the cellular mechanisms, underlying the transport and secretion of milk constituents by the mammary epithelial cells, including fat, protein, and casein content and SCC. Milk composition, in turn, led to ameliorated coagulating properties, in particular, in terms of curd firmness. Plasmin confirmed to be the main contributor to the indigenous proteolytic enzyme pattern in goat milk, with a higher level of activity in correspondence with a higher level of expression of  αs1-CN. This last evidence may be significant in the cheese-making characteristic of goat milk, being the plasmin system one of the principal proteolytic agents during cheese ripening.
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