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Abstract

:

The aim of this study was to assess the possibility of using collagen protein hydrolysate in the production of milk fermented by Bifidobacterium animalis ssp. lactis Bb-12 and Lactobacillus rhamnosus. Physicochemical and organoleptic properties were studied and microbiological analysis of fermented milk was performed on days 1 and 21 of storage. Milk with the addition of 3% collagen protein hydrolysate was pasteurized (85 °C/30 min), divided into two groups, cooled to 37 °C and inoculated: the first group with Bifidobacterium animalis ssp. lactis Bb-12, second with Lactobacillus rhamnosus. Incubation was carried out at 37 °C/10 h. After 21 days of refrigerated storage, the pH value decreased in all analyzed milk samples. Collagen protein hydrolysate was a good milk additive to increase gel hardness and reduce syneresis. Moreover, its addition did not change the taste and odour of milk fermented with the use of Bifidobacterium Bb-12 and Lactobacillus rhamnosus. Collagen protein hydrolysate favourably stimulated the survival of Bifidobacterium Bb-12 during 21 days of storage. After 21 days of cold storage in milk with collagen, the number of Lactobacillus rhamnosus cells was reduced by 0.11 log cfu g−1.
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1. Introduction


Collagen, in the human body is the major component of the extracellular matrix (ECM), it makes up one-third of the total protein, and three-quarters of the skin weight. This protein is characterized by high strength and flexibility. The structure of collagen depends on its location and function [1,2]. Collagen is found in many different tissues of the body, protecting, among others, internal organs such as the kidneys, stomach and liver, forming a flexible scaffold around them. It constitutes a building material of most organs, especially skin, bones, teeth, cartilage, blood vessels and the cornea of the eye [3]. It prevents the entry of pathogenic microorganisms and toxins in the immune system [4]. Moreover, it is responsible for the continuity of cell renewal processes in the skin and maintains its proper moisture level. It stimulates cartilage cell activity and supports protective processes within the cartilage. Furthermore, collagen increases bone density and allows better absorption of minerals. In a healthy and young body, collagen undergoes systematic and regular reconstruction of about 3 kg per year. However, from the age of 25, its levels in the body begin to decrease, after 50 years of age it decreases more rapidly, and after the age of 60 its production in the body is dramatically reduced.



Within the rapid development of the functional food trend new niche markets are emerging focusing on more specific areas, such as beauty. The use of collagen became increasingly popular in dietary supplements, drinks, nutrition products for athletes or in snacking products. The use of collagen as functional food ingredient indicates that collagen peptides perform important physiological functions and have a positive effect on improving skin elasticity [5], recovering the lost cartilage [6], reducing joint pain associated with activity [7,8], strengthening tendons and ligaments [9,10,11,12] and increasing bone mineral density in postmenopausal women [13].



Fermented milk products are recognised in many regions of the world for its health properties. In comparison with fresh-unfermented milk, it is characterized by a greater absorption of proteins and fat and a higher content of many vitamins. Fermented milk has a positive effect on the digestive system, lowers blood cholesterol, and is an important component in the diet for preventing osteoporosis. Bacteria responsible for fermentation processes show healing properties, colonizing the gastrointestinal tract, they inhibit the growth of pathogenic and putrefactive bacteria [14]. Among the well-known bacteria with documented probiotic significance, we can distinguish, for instance: Bifidobacterium animalis ssp. lactis Bb-12 and Lactobacillus rhamnosus. The reported beneficial effects of ingesting these probiotic bacteria include improving intestinal health, alleviating the symptoms of lactose intolerance, and reducing the risk of various other diseases [15,16].



The purpose of the research was to evaluate the possibility of using collagen in the manufacture of milk fermented with the use of Bifidobacterium animalis ssp. lactis Bb-12 and Lactobacillus rhamnosus. Physicochemical and microbiological properties, as well as organoleptic characteristics were examined, and microbiological analysis of products was carried out on days 1 and 21 of storage.




2. Materials and Methods


2.1. Material


For this experiment 2% fat milk (Łaciate, MLEKPOL Dairy, Grajewo, Poland) and collagen-100% collagen protein hydrolysate (Intenson, Gasthaus, Germany). Two strains of probiotic bacteria were used for milk fermentation: Bifidobacterium animalis ssp. lactis Bb-12 DMS 15954 (Bifidobacterium Bb-12) (Chr. Hansen, Hoersholm, Dania) and Lactobacillus rhamnosus Lr-32™ (L. rhamnosus) (Danisco, DuPont, Copenhagen, Denmark).




2.2. Fermented Milk Manufacture


We added 3% collagen protein hydrolysate to the milk, heated it to 60 °C and homogenized it with pressure of 20 MPa (Nuoni GJJ-0.06/40, Shanghai, China). Next the milk mixture was re-pasteurized (85 °C, 30 min). After the heat treatment the milk was cooled to 37 °C. Milk–collagen mixture was divided into two lots. The first lot (A) was the milk with collagen protein hydrolysate addition, inoculated with a Bifidobacterium animalis ssp. lactis Bb-12. The second lot (C) was the milk with collagen protein hydrolysate addition, inoculated with Lactobacillus rhamnosus and the controls for this groups were milk samples without the addition of collagen protein hydrolysate (B-control Bifidobacterium Bb-12; D-control L. rhamnosus). Both groups of milk were inoculated with single starter culture, which was previously activated, according to the Szajnar et al. [17] method. Then the milk was thoroughly mixed and poured into 100 mL plastic containers and the fermentation process was carried out for 10 h at the temperature 37 °C. The probiotic fermented milk was cooled (5 °C) and evaluated on the 1st and 21st day of cold storage (5 °C). The experiment was repeated three times and all the analyses were performed in quintuplicate.




2.3. Physicochemical Properties


2.3.1. The pH and Total Acidity


The pH value was measured with the use of a pH-meter FiveEasy (Mettler Toledo, Greifensee, Switzerland). Total acidity of milk was evaluated according to the method of Jemaa et al. [18]. Fermented milk samples with phenolphthalein were titrated with 0.1 M NaOH solution. The total acidity was expressed as g L−1 of lactic acid.




2.3.2. Syneresis


Syneresis was determined using the centrifugal method according to Szajnar et al. [17]. 10 g of fermented milk was transferred into 50 mL plastic tube and centrifuged at 1790× g, 10 min, 5 °C, LC-04 CENTRIFUGE (Zenithlab, Changzhou, China). The results were converted to percentages.




2.3.3. Instrumental Texture


Texture profile analysis (TPA) was performed according to the method of Znamirowska et al. [19]. Parameters of the texture were determined using the Brookfield CT3 Texture Analyzer. (AMETEK, Berwyn, PA, USA). The test was performed on a 100 mL sample of solid state fermented milk without mixing in the plastic cup. The following settings were used: probe TA3/100 (acrylic cylinder—35 mm diameter), sample—cylinder 66.00 mm × 33.86 mm, test speed 1 mm s−1, trigger load 0.1 N table TABTKIT.




2.3.4. Microbiological Analysis


Determination of the Bifidobacterium animalis ssp. lactis Bb-12 and Lactobacillus rhamnosus was evaluated as stated by Lima et al. [20] with the use of MRS Agar (Biocorp, Warszawa, Poland). Probiotic bacterias were incubated anaerobically: 37 °C, 72 h in the vaccum desiccator and GENbox anaer (Biomerieux, Warszawa, Poland). The number of viable cell was presented as log cfu g−1.




2.3.5. Organoleptic Analysis


The panel of 10 women and 10 men (aged 25–40) was trained and performed the organoleptic analysis. The organoleptic parameters on a 9-point rating scale (1—not perceptible, 9—extremely strong) were evaluated by panelists. The presence of consistency, milky-creamy taste, fermentation taste (the taste stimulated by lactic acid and other flavour compounds produced by bacteria), sweet taste, off-taste, sour-odour, off-odour were estimated [17,21].





2.4. Statistical Analysis


From the results obtained the mean and standard deviation were calculated statistically using the Statistica v. 13.1 software (StatSoft, Tulsa, OK, USA). Significance of differences between the averages (p < 0.05) was performed with Tukey’s test.





3. Results


3.1. The pH and Total Acidity


The results of the pH and total acidity values are given in Table 1. On the first day of storage, the pH value was not significantly affected by the addition of collagen protein hydrolysate to milk fermented by Bifidobacterium Bb-12. However, in milk fermented by L. rhamnosus with the addition of collagen protein hydrolysate, a higher pH value was determined compared to its control. After 21 days of refrigerated storage, the pH value decreased in all analysed milk samples, both with the addition of collagen protein hydrolysate and their controls. The opposite effect was found for the total acidity of fermented milk. Total acidity of milk with the addition of collagen protein hydrolysate fermented by Bifidobacterium Bb-12 as well as by L. rhamnosus (A, C) was higher both on the first and the 21st day of the study compared to the controls (B, D).




3.2. Syneresis


Our study has shown that fermented milk had was characterised by different syneresis values depending on the Bifidobacterium Bb-12 and L. rhamnosus monoculture used in the production process. Syneresis of milk fermented by with the use of Bifidobacterium Bb-12, the control (B) and with the addition of collagen protein hydrolysate (A) was significantly lower than syneresis determined in milk fermented by L. rhamnosus, the control (D) and with the addition of collagen protein hydrolysate (C) on the first day of the study. It was noted that the addition of collagen protein hydrolysate to milk A and C reduced syneresis by approx. 2.5% in milk fermented by L. rhamnosus and approx. 2.0% in milk with Bifidobacterium Bb-12, but not significantly compared to their controls. During storage, the level of syneresis increased in all milk samples except for milk fermented by L. rhamnosus with the addition of collagen protein hydrolysate (C), where syneresis slightly decreased by about 1.0%.




3.3. Instrumental Texture


Significantly higher hardness and adhesiveness was found in milk with the addition of collagen protein hydrolysate fermented by Bifidobacterium Bb-12 and L. rhamnosus (A and C) compared to the control milk (B and D) in both research dates both on the first and on the 21st day of storage (Table 1). Moreover, no significant changes were noted in the springiness of milk samples containing Bifidobacterium Bb-12 and L. rhamnosus in both the control and milk with collagen protein hydrolysate throughout the storage period.




3.4. Microbiological Analysis


The survival of viable Bifidobacterium BB-12 and L. rhamnosus cells in milk samples during a 21-day storage period at 5 °C is shown in Figure 1. On the first day of the storage, the highest number of viable L. rhamnosus cells was determined in milk with the addition of collagen protein hydrolysate C. However, the addition of collagen protein hydrolysate did not differentiate the number of Bifidobacterium Bb-12 cells on day 1 of storage. After 21 days of storage. On the 21st day of research, the number of viable Bifidobacterium Bb-12 cells was significantly higher (by 1.96 log cfu g−1 in milk with collagen protein hydrolysate A) and in the fermented milk control sample milk (by 1.28 log cfu g−1, B) compared to day 1. This indicates that the addition of collagen protein hydrolysate increases the survival of Bifidobacterium Bb-12 during storage. After 21 days of storage, the number of viable cells of L. rhamnosus in the control milk D was significantly increased higher by 1.04 log cfu g−1 compared to day 1. However, in milk C with protein hydrolysate, the number of L. rhamnosus cells was reduced by 0.11 log cfu g−1 compared to day 1. In this regard, no beneficial effect of collagen protein hydrolysate on L. rhamnosus survival was found.



The number of viable Bifidobacterium Bb-12 and L. rhamnosus cells was above 8 log cfu g−1 in all milk samples and the minimum therapeutic level was maintained until the end of the storage period [22,23].




3.5. Organoleptic Analysis


All analysed milk samples fermented with the used of by Bifidobacterium Bb-12 and by L. rhamnosus, control and with the addition of collagen protein hydrolysate, did not differ significantly in parameters of organoleptic assessment on both day 1 and day 21 of assessment (Table 2). The panelists found that all samples were characterized by all milk samples having a good, compact consistency, and 3% collagen protein hydrolysate added to milk did not give a gritty, floury, gelatinous consistency of the acid curd. However, during storage, the acid curds had a slightly looser consistency associated with greater whey leakage, but these were not statistically significant differences compared to the first day of assessment. Milk samples were characterized by the milky-creamy taste, fermentation taste and fermentation odour typical of fermented beverages, the intensity of which increased with the extension of the storage time. The panelists rated sweet taste as slightly palpable and off-taste and off-odour as almost absent on both study dates.





4. Discussion


The quality of yogurt can be adjusted with the help of various stabilizers, such as: gelatine of animal origin, natural gums such as pectins, synthetically produced carboxymethylcellulose, maize of plant origin, starch, through protective colloidal properties [24]. These additives prevent separation of various ingredients and increase viscosity to prevent separation of whey from yogurt. When preparing fermented milk, these stabilizers are used to overcome the problem associated with syneresis and give the desirable texture and stability during processing and storage. Together with extending the storage time from 1 to 21 days, the control and collagen protein hydrolysate milk samples fermented with the use of Bifidobacterium Bb-12 and L. rhamnosus were characterized by lower pH value, higher total acidity and higher acid gel hardness. Also in the studies by Lucas et al. [25] and Kavaz and Bakirci [26], it was reported that lactic acid production in probiotic yogurts increased during storage.



However, Ayub and Sadding [27] applied seven stabilizers and found that, with the exception of the use of maize starch, all other stabilizers had no significant effect on the pH value.



In our study, the addition of collagen protein hydrolysate reduced syneresis both on day 1 and day 21 of storage. However, with increasing storage time, the syneresis increased, except for milk with collagen protein hydrolysate fermented by L. rhamnosus. Panesar and Shinde [28] also confirmed the effect of storage on the syneresis of probiotic yogurt similar to that obtained in our studies, which caused the syneresis value to increase with storage time. According to Domagała [29], there is a negative relationship between yogurt hardness and susceptibility to syneresis. However, in our study, the addition of collagen protein hydrolysate reduced the syneresis of fermented milk curd while increasing the hardness of the curd. Fiszman et al. [30] showed that bovine gelatine is one of the most commonly used additives in yogurt processing, because it has a powerful ability to give yogurt products increased firmness and lower syneresis.



Gerhardt et al. [31] found that the addition of hydrolysate collagen decreased the rate of syneresis of the samples of fermented dairy drink, simultaneously improving its stability.



In our study, the hardness and adhesiveness of fermented milk was not significantly affected by the type of probiotic strain used for the fermentation process. In contrast, 3% collagen protein hydrolysate added increased hardness and adhesiveness in milk fermented both by Bifidobacterium Bb-12 and by L. rhamnosus throughout the study. Literature data report that casein hydrolysate may improve the texture and stability of yogurt by increasing the yogurt adhesiveness [32]. Oliviera et al. [33] claim that protein hydrolysates affect the texture of yogurt by changing the metabolism of primers and forming a milk protein gel. Moreover, additional probiotic cultures can give fermented dairy products a favourable acid gel texture [34].



The high survival rate of Bifidobactrium Bb-12 and Lactobacillus rhamnosus in our study can be attributed to a response specific for a probiotic strain. Collagen protein hydrolysate has been shown to be a good stimulator of growth and survival for Bifidobacterium Bb-12. However, such a relationship was not confirmed in the case of milk fermented by L. rhamnosus. The results obtained by da Mata Rigoto et al. [35] showed that hydrolysate collagen addition in probiotic beverages had a minor or no effect on Lactobacillus acidophilus culture viability. Moreover, collagen addition in dairy beverages offered functional appeal due to the continued viability of probiotic bacterias during the storage time.



Sodini et al. [36], in turn, claim that milk supplementation with peptides and amino acids can also increase the viability of probiotic organisms.



Ranadheera et al. [37] found that in food products the survival of probiotic microorganisms in addition to storage conditions is closely related to the fat concentration, the type and content of proteins, dissolved oxygen and the value of pH. Also, Iravani et al. [38] showed that the titratable acidity and low pH values of products are the main factors limiting the stability of probiotic bacteria in fermented foods. In our study, the pH value during storage significantly decreased in all analysed milk samples, but there was no significant effect of reduced pH value on the survival of the determined probiotic bacteria. According to Soomro [24], the use of milk stabilizers such as, for example, gelatine or starch has a positive effect on texture and the feeling of creamy taste. However, in our study, the addition of collagen protein hydrolysate did not differentiate the organoleptic characteristics of fermented milk [24]. A gelatine stabilizer is a translucent brittle solid, colourless or slightly yellow, produced by partial hydrolysis of collagen protein hydrolysate from animal connective tissues. Gupta and Prasad [39] found that various stabilizers (gelatine, CMC, acacia, sodium alginate and pectin) do not shape the taste of yogurt, and a good yogurt should have a smooth consistency similar to pudding. The above statements were confirmed in our study, because the use of 3% collagen protein hydrolysate in milk did not negatively affect the organoleptic characteristics of milk fermented with both Bifidobacterium Bb-12 and by L. rhamnosus. da Mata Rigoto et al. [35] obtained similar results in probiotic dairy beverages produced with hydrolysate collagen. Authors showed that hydrolysate collagen addition did not affect the apperance, aroma, flavour or texture of this beverages.




5. Conclusions


The use of collagen protein hydrolysate as an additive to milk fermented by probiotic bacteria seems to be a promising proposition for a developing new trend on the functional food market. Probiotic milk with collagen protein hydrolysate may play an important role in supplementing collagen protein hydrolysate deficiencies in the elderly and in the recovery of bone and joint injuries. Collagen protein hydrolysate has proved to be a good milk additive increasing gel hardness and reducing syneresis. Moreover, its addition did not change the taste and odour of milk fermented with the use of both Bifidobacterium Bb-12 and L. rhamnosus. Collagen protein hydrolysate favourably stimulated Bifidobacterium Bb-12 survival during storage.
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Figure 1. Viable counts [log cfu g−1] in milk fermented with the use of Bifidobacterium Bb-12 or L. rhamnosus with collagen protein hydrolysate. A—milk fermented with the use of Bifidobacterium Bb-12 with collagen protein hydrolysate; B—milk fermented with the use of Bifidobacterium Bb-12 (control); C—milk fermented with the use of L. rhamnosus with collagen protein hydrolysate; D—milk fermented with the use of e L. rhamnosus (control). Means ± S.D., n = 15. A,B—mean values between 1 and 21 days of storage time characterized by different letters differ statistically significantly (p < 0.05), a–c—mean values between milk samples indicated by different letters differ statistically significantly (p < 0.05). 
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Table 1. Physicochemical properties of probiotic milk fermented with the use of Bifidobacterium Bb-12 or L. rhamnosus with collagen during storage time of 1 and 21 days.
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Properties

	
Storage Time (Days)

	
Bifidobacterium Bb-12

	
L. rhamnosus




	
A

	
B

	
C

	
D






	
pH

	
1

	
4.69 bB ± 0.02

	
4.62 bB ± 0.02

	
4.80 cB ± 0.04

	
4.47 aB ± 0.02




	
21

	
4.45 bA ± 0.03

	
4.35 aA ± 0.03

	
4.59 cA ± 0.00

	
4.32 aA ± 0.02




	
Total acidity (g L−1 of lactic acid)

	
1

	
0.87 aA ± 0.02

	
0.84 aA ± 0.02

	
0.82 bA ± 0.01

	
0.71 cA ± 0.01




	
21

	
1.08 aB ± 0.09

	
1.00 aB ± 0.05

	
1.05 aB ± 0.01

	
0.95 aB ± 0.05




	
Syneresis (%)

	
1

	
36.85 aA ± 0.71

	
38.71 bA ± 1.41

	
40.87 bcA ± 0.89

	
43.43 cA ± 0.34




	
21

	
43.89 bB ± 0.69

	
47.81 cB ± 0.36

	
39.79 aA ± 0.37

	
44.53 bA ± 0.34




	
Hardness (N)

	
1

	
2.02 bA ± 0.06

	
1.11 aA ± 0.01

	
2.05 bA ± 0.05

	
1.13 aA ± 0.07




	
21

	
2.29 bB ± 0.04

	
1.20 aA ± 0.06

	
2.23 bA ± 0.06

	
1.21 aA ± 0.05




	
Adhesiveness (mJ)

	
1

	
4.57 bA ± 0.12

	
1.73 aA ± 0.06

	
4.37 bA ± 0.21

	
1.53 aA ± 0.12




	
21

	
5.55 bB ± 0.35

	
1.60 aA ± 0.36

	
4.70 bB ± 0.10

	
1.60 aA ± 0.20




	
Springiness (mm)

	
1

	
14.39 aA ± 0.19

	
14.14 aA ± 0.12

	
14.26 aA ± 0.16

	
14.23 aA ± 0.24




	
21

	
14.24 aA ± 0.06

	
14.39 aA ± 0.22

	
14.47 aA ± 0.12

	
14.25 aA ± 0.09








A,C—milk samples with collagen protein hydrolysate; B,D—control samples. Mean ± standard deviation (S.D.), n = 15. a–c—mean values with different letters in rows indicate statistically differences (p < 0.05). A,B—mean values with different letters in columns indicate statistically differences (p < 0.05) depending on the storage time.
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Table 2. The organoleptic properties of milk fermented with the use of Bifidobacterium Bb-12 or L. rhamnosus with collagen protein hydrolysate.
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Properties

	
Storage Time (Days)

	
Bifidobacterium Bb-12

	
L. rhamnosus




	
A

	
B

	
C

	
D






	
Consistency

	
1

	
7.00 aA ± 1.55

	
7.83 Aa ± 1.60

	
6.83 Aa ± 1.72

	
7.67 Aa ± 1.75




	
21

	
6.00 Aa ± 1.73

	
6.00 Aa ± 1.00

	
6.33 Aa ± 1.15

	
5.67 Aa ± 1.53




	
Milky creamy-taste

	
1

	
5.33 Aa ± 1.21

	
5.33 Aa ± 2.34

	
6.00 Aa ± 1.67

	
5.50 Aa ± 2.17




	
21

	
7.00 Aa ± 1.00

	
5.67 Aa ± 0.58

	
6.67 Aa ± 0.58

	
6.00 Aa ± 1.00




	
Fermentation taste (the taste stimulated by lactic acid)

	
1

	
4.33 Aab ± 1.51

	
4.83 Aab ± 1.33

	
3.33 Aa ± 1.21

	
6.50 Ab ± 1.38




	
21

	
6.33 Aa ± 2.52

	
5.67 Aa ± 1.15

	
6.33 Aa ± 2.89

	
5.67 Aa ± 2.08




	
Sweet taste

	
1

	
3.00 Aa ± 1.41

	
3.00 Aa ± 2.00

	
4.83 Aa ± 2.14

	
2.33 Aa ± 1.51




	
21

	
4.33 Aa ± 1.51

	
2.67 Aa ± 1.53

	
3.00 Aa ± 1.73

	
2.00 Aa ± 1.00




	
Off-taste

	
1

	
1.00 Aa ± 0.00

	
1.17 Aa ± 0.41

	
1.17 Aa ± 0.41

	
1.17 Aa ± 0.41




	
21

	
1.67 Aa ± 1.15

	
1.67 Aa ± 1.15

	
2.00 Aa ± 0.73

	
1.67 Aa ± 1.15




	
Sour odour

	
1

	
4.67 Aa ± 0.82

	
4.17 Aa ± 0.75

	
3.33 a ± 1,21

	
4.67 Aa ± 0.82




	
21

	
5.67 Aa ± 1.53

	
5.67 Aa ± 1.08

	
4.33 Aa ± 1,53

	
5.33 Aa ± 0.58




	
Off-odour

	
1

	
1.00 Aa ± 0.00

	
1.17 Aa ± 0.41

	
1.00 Aa ± 0.00

	
1.17 Aa ± 0.41




	
21

	
1.00 Aa ± 0.00

	
1.00 Aa ± 0.00

	
1.00 Aa ± 0.00

	
1.00 Aa ± 0.00








A,C—milk samples with collagen protein hydrolysate; B,D—control samples. Mean ± S.D., n = 15. a,b—mean values with different letters in rows indicate statistically differences (p < 0.05). A,B—mean values with different letters in columns indicate statistically differences (p < 0.05) depending on the storage time.
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