Influence of starter culture on peptide profiles of Krk cheese
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Abstract

The Krk cheese is a hard, full-fat cheese which is traditionally produced from raw sheep milk without the addition of starter cultures. Nowadays, however, most of the Krk cheese producers make use of commercial starter cultures. The aim of this paper is to establish the influence of commercial starter cultures on proteolytic properties of the Krk cheese by measuring the total cheese peptide content. Samples of the Krk cheese were taken at intervals of 0, 30, 60, 90 and 120 days of ripening, and RP-HPLC analyses of peptide profile were done at two wavelengths: 220 nm and 280 nm. Significant differences in the total cheese peptide content were found between the ripening stage on day 0 and every subsequent ripening stage (p<0.01) in both groups of cheeses at both detection wavelengths (220 nm and 280 nm). The detected content of the amino acids/peptides at 280 nm showed that peptidolytic activity of starter culture bacteria was significantly (p<0.05) more intense in the first stage of ripening (up to 60 days) in comparison with natural non-starter lactic acid bacteria, the activity of which was significantly (p<0.05) more intense in the Krk cheeses which ripened between day 90 and day 120. Using starter cultures, the ripening process was accelerated in the first 60 days, and after this time the use of the commercial starter culture produced no significant effect.  

1. Introduction

Starter cultures are used in the technology of cheese production with internal bacterial ripening, mostly when milk is pasteurized. Apart from their role in the induction of acidifiers and in achieving the final pH value of cheese (1), their importance is evident in the course of the cheese ripening process, especially during the secondary proteolysis, which is one of the factors in the development of the right flavour of cheese (2).  The reversed phase - high performance liquid chromatography (RP-HPLC) technique is used regularly for the evaluation of proteolytic changes during ripening, especially in the fractionation of hydrophobic and hydrophilic peptides (3). Fractionation is most frequently done by silica C8 and C18 columns. Due to a large number of peptides requiring fractionation, the most commonly deployed method is the linear gradient water/acetonitrile with trifluoroacetic acid and UV detection of peptides at 220 nm and 280 nm. Different starter cultures, temperature and enzymes inhibitors influence changes of RP-HPLC peptide profile during cheese ripening phases (4, 5, 6). This enables the RP-HPLC peptide profile to be used for determination of the degree of cheese ripening and any departure from the standard technological procedures in the cheese producing process.


The Krk cheese belongs to the group of hard sheep cheeses typically found in the Croatian coastal areas. It is a full-fat cheese made from raw sheep milk, characterized by a delicate but full-bodied flavour, and its small size format (diameter ranging from 11.5 cm to 15 cm and height from 4.5 to 6 cm), as well as by being ripened in a traditional ripening chamber typical of the Croatian coastal area homesteads. 

The duration of its ripening period varies from two to four months (7, 8). Like many other traditional hard sheep cheeses in Croatia, the Krk cheese used to be produced from raw sheep milk using only natural rennet without starter cultures. Nowadays,  however, most of the Krk cheese producers make use of commercial starter cultures. The reason for this is the producers’ opinion that the Krk cheese produced with a commercial starter culture has better flavour properties. Consequently, production results vary from those achieved by the traditional procedure. The aim of this paper is to establish the influence of commercial starter cultures on proteolytic properties of the Krk cheese. 

2. Materials and methods
2.1 Sampling and extraction of the Krk cheese


Cheese samples were collected from a family farm on the island of Krk, where autochtonous Croatian sheep are bread and cheese is made from raw milk using traditional procedures with certain modifications described in detail elsewhere (9). The cheese was made with and without a commercial starter culture. From the copper-jar containing 100 L of milk, 50 L of milk were separated and acidified with no addition of a starter, and the other 50 L of milk were acidified with an addition of a starter composed of Lactococcus lactis subsp. lactis, Lactococcus lactis subsp. cremoris, Lactococcus lactis subsp. lactis var. diacetylactis and Lactobacillus helveticus (Ezal Kazu 300, Sassenage, France) and the natural rennet powder (Stamix 1150, Christian Hansen, Denmark).


Five batches of ewe cheese with and without a starter culture were produced over a four-month period. The cheeses were stored in a ripening chamber with an average temperature ranging from 15 °C to 18 °C, and a relative humidity of air from 70 % to 80 %. 
Sampling was carried out following the procedure of Licitra et al. (10). Briefly, the samples were collected from each batch at days 0, 30, 60, 90 and 120 of ripening and stored at -80 °C until the analysis. 


Water-soluble fractions (WSF) of cheese were prepared as described by Mayer et al. (11).  

2.2 RP - HPLC analysis 


Chromatographic separation of peptides was achieved on ZORBAX Eclipse XDB-C18 column (250 mm × 4.6 mm, 5 μm, Agilent technologies, CA, USA) using Agilent 1200 Series HPLC (Agilent technologies, CA, USA) according to the method developed by Gonzales De Llano et al. (12). (Solutions of individual amino acids (Amino Acid Standard H, Pierce, Rockford, IL, USA) in concentration of (1-4) mmol L-1, and a mixture of amino acids containing 2.5 µmol mL-1 of each amino acid in 0.1 M HCl, were used as standards. Results are presented as the area under peaks in mAU (mili absorption unit).  

2.3 Statistical analysis 


To determine the changes in the peptide profile of the Krk cheese during ripening, using Prism 5.0 (Graph Pad Software Inc., San Diego, CA, USA), one-way analysis of variance (repeated measures ANOVA) with Tukey post-test was performed for statistical calculations: p<0.05 was considered significant. 

3. Results and discussion 

RP-HPLC peptide profiles were detected at two wavelengths: all amino acids and peptides at 220 nm, and mainly aromatic amino acids and peptides containing aromatic amino acids at 280 nm (13). These chromatographic profiles provided information based on the quantity of amino acids, hydrophilic and hydrophobic peptides in water-soluble fractions of cheese. RP-HPLC chromatograms were complex due to the numerous proteins, peptides, amino acids and other components dissolved in water. All the present amino acids were identified in the region of 0-10 mins except tyrosine (retention time, tr = 21 mins), phenylalanine (tr = 28 mins) and tryptophan (tr = 38 mins). While hydrophilic peptides were identified in the region of 10-40 mins (Figure 2), hydrophobic peptides were identified in the region of 40-90 mins (Figure 2). 


The number and concentration of all water-soluble peptides in the first day of ripening were very low, but increased after 30 days of ripening, which is in accordance with data elsewhere (12, 13, 14, 15). Significant differences in the total cheese peptide content was found between the ripening stage on day 0 and each subsequent ripening stage (p<0.01) in both groups of cheeses at both detection wavelengths (Figure 1). The increase was caused by higher molecular weight peptides and proteins hydrolysis into the lower molecular weight peptides (16). This confirmed an extensive primary proteolysis in the Krk cheese, regardless of the presence or absence of the commercial starter culture in cheese. The primary proteolysis of the cheese ripened by internal bacteria was caused by an action of residual chymosin and indigenous milk proteinase, mostly plasmin (14). Moreover, the comparison of ripened cheeses at 30, 60, 90 and 120 days showed no significant difference in the total profile content for cheeses detected at a wavelength of 220 nm due to the fact that primary proteolysis of the Krk cheese was completed at a ripening stage of 30 days. Intensive chymosin activity occurs during the first three weeks of many uncooked cheeses, like Krk cheese (17). Chymosin degraded αs1-casein producing αs1-I (f 24-199), αs1-II (f 24-169) and PP (f 1-23). ß-casein was degraded to γ1-casein (f 29-209), γ2-casein (f 107-209), γ1-casein (f 108-209) and PP8-fast (f 1-28), PP8 slow (f 29-105/7), and PP5 (f 1-105) (18). Consequently, the total peptides content significantly increased in the first stage of ripening (from 0 to 30 days). Large peptides which accumulate in cheese were degraded to small peptides due to primary proteolysis, and to amino acis due to secondary proteolysis. Secondary proteolysis was caused by the activity of proteinase and peptidase of starter and non starter lactic acid bacteria. It included proteins, peptides and amino acids which were soluble in the aqueous phase of cheese and which were extractable as the water-soluble fraction (19). Considering the peptide profile detected at 280 nm, significant increases were found at different ripening stages: at 30 days in comparison to 90 and 120 days (p<0.001), at 60 days in comparison to 90 days (p<0.05) and 120 days (p<0.001), as well as at 90 days in comparison to 120 days (p<0.05) of the Krk cheese produced without commercial starter cultures (Figure 1). These results indicate measurable increases in the content of amino acids and peptides rich with aromatic amino acids due to intensive secondary proteolysis in the group of cheeses produced with a starter. Similar to starter bacteria, non-starter lactic acid bacteria (NSLAB) participated in peptides and amino acids accumulation, influencing the flavour and aroma development, characteristic for different types of cheeses. Although enzymes of Lactoccocus spp. from a starter culture contributed to the accumulation of small peptides, the degradation of caseins by Lactobacillus spp. from NSLAB was also included in the way that they formed peptides of different lengths (20). Also, it is known that peptidases of the raw milk microflora preferentially cleave to hydrophobic peptides (4). 


Detectable increases in amino acids and peptides content rich with aromatic amino acids were found only between 30 days and 90 days of ripening of the Krk cheese produced by using a commercial starter culture. Therefore, as all this cheese was produced from raw ewe milk, it is assumed that in the Krk cheese with a commercial starter culture, the natural starter culture competes with the commercial starter culture; as a result, the starter culture becomes dominant. Detecting the content of amino acids at 280 nm within a region of 0-10 minutes and hydrophilic peptides detectable within a region of 10-40 minutes showed that peptidolytic activity of starter culture bacteria was significantly (p<0.05) more intense in the first stages of ripening (up to 60 days) in comparison to the natural non-starter lactic acid bacteria where activity was significantly (p<0.05) more intense in the Krk cheeses ripened at 90 days and 120 days (Figure 2). The use of commercial starter cultures accelerated the ripening process and this probably resulted in a more intense taste and flavour of the Krk cheese, which could be detected around day 60 of the ripening process. By further ripening this effect was lost and significantly (p<0.05) higher amino acids and hydrophilic peptide content were detected in the Krk cheese produced without using commercial starter cultures at ripening ages of 90 days and 120 days. As many farmers sell the Krk cheese at the ripening age of 60 days, the cheese produced with a  starter culture does possess better flavour properties - as can be concluded on the basis of the peptide profiles obtained in our study. But our results also show that there is no reason to use a commercial starter culture if the Krk cheese is kept in a ripening chamber for 90 days or longer. 

4. Conclusions

RP-HPLC is a powerful method for showing differences in peptide patern/content between cheeses made with or without starter cultures. Chromatograms of cheeses made with or without starter cultures were distinguished. The use of starter cultures accelerated the ripening process, and it is possible that flavour properties were developed earlier, in the first 60 days of the Krk cheese. Results also showed that there is no reason to use a commercial starter culture if the Krk cheese remains in the ripening chamber for 90 days or longer.
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