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Abstract:



This study aimed to evaluate the blueberry and carrot juice blend as a fermentable substrate for Lactobacillus reuteri LR92, in order to develop a fermented non-dairy functional beverage. Analysis of cell viability, pH, and acidity were performed during the fermentation process. The resistance of the microorganism in the blend, under simulated gastrointestinal conditions and in storage at 4 °C for 28 days, was evaluated at the same time as the antioxidant potential of the fermented juice. After 40 h of fermentation, the L. reuteri population presented a logarithmic growth of three cycles, reaching count records of 10.26 ± 0.23 log CFU/mL and after 28 days of storage at 4 °C, the bacterial population maintained elevated numbers of viable cell (8.96 ± 0.08 log CFU/mL), with increase in the antioxidant capacity of the fermented blend. However, in the test of gastric simulation, the L. reuteri population had a logarithmic reduction of five cycles. In the presence of bile salts, the viability was maintained even after 150 min of incubation. This way, the results suggested that the blueberry and carrot blend juice can be considered as a good medium for the growth of L. reuteri, providing microbiological stability during refrigerated storage with elevated antioxidant capacity, which allows for the development of a non-dairy probiotic beverage.
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1. Introduction


Fruits and vegetables are considered important nutritional sources for vitamins, minerals, soluble carbohydrate, and different nutrients. Therefore, juice blends of fruit and vegetable extracts can be elaborated with the aim of improving the sensory characteristics of the product and adding nutritional benefits to the different food in the blend [1,2].



Among the fruits that were already the object of more advanced studies, blueberry is one of the richest fruits in antioxidants due to its high phenolic compounds content, mainly anthocyanins [3,4,5]. Carrot is a vegetable with high nutritional value and is the main vegetable source of provitamin A carotenoids, specially α and β-carotene [6].



Probiotic bacteria can be defined as “live microorganisms that when consumed in adequate amounts, provide health benefits to the host” [7]. Although their consumption is mainly related to dairy products, some studies have demonstrated that the fermentation of these bacteria into non-dairy matrices, like in fruits and vegetables, can bring additional benefits to the consumer’s health [2,8,9,10,11,12].



However, the survival of the bacteria in fruit-based matrices is more complex than in dairy products, and the growth is affected by the species and fermentation conditions, such as pH, temperature, formulation of the medium, and others [9,10,11,12]. Therefore, protective agents can be added to the medium to maintain the viability of the microorganism under adverse conditions. Teixeira et al. [13] observed that the conversion of glutamine into glutamate by the Lactobacillus reuteri improved the survival rate of the bacterium under acidic conditions (pH = 4.00).



The L. reuteri is a lactic acid bacterium member of the gastrointestinal ecosystem of animals and humans, used to prevent infections caused by pathogenic agents and reduce effects of severe intestinal disorders and present a unique ability to excrete reuterin [14,15]. Besides this, it possesses other probiotic properties, such as the hypocholesterolemic effect [16] and it has been used to alleviate colic and diarrhea in pediatric patients [17]. Although this strain is usually used in dairy foods [15], few studies evaluated the adaptation and survival of this microorganism in fruit juices [18]. Perricone et al. [18] suggested that the viability of L. reuteri was strongly affected by the kind of juice. This way, more studies evaluating the applicability of the L. reuteri in non-dairy matrices are necessary and interesting due its beneficial potential.



The blueberry and carrot chemical composition seems to be a good medium for fermentation, since blueberry presents pH ca. 2.5 and significant quantities of sugars (9.96%), vitamins such as vitamin C (9.7 mg/100 g) and E (0.57 mg/100 g), and minerals. In the same manner, raw carrot (pH 6.2 ± 0.5) contains approximately 4.7% of total sugars, besides being rich in vitamin A (835 µg/100 g), and minerals like potassium (320 mg/100 g), sodium (69 mg/100 g), phosphorus (35 mg/100 g), and calcium (33 mg/100 g), which could contribute to microbial growth [19].



Kun et al. [8] demonstrated that Bifidobacterium sp. strains reached counts of 108 CFU/mL in pure carrot juice without the need for nutrient supplementation. In a similar manner, Tamminen et al. [20] obtained counts of 109 CFU/mL in pasteurized carrot juice. Besides, the fermentation of carrot juice can positively affect the bioavailability of some minerals (Ca, P, Fe) and increase the levels of vitamins, such as folate [21,22].



In this context, the objective of this study was to evaluate the fermentation and survival of the Lactobacillus reuteri LR92 in the blueberry and carrot blend supplemented with glutamine, for use as a new fermented non-dairy beverage with high antioxidant capacity, combining the nutritional properties of the fruits and vegetables with the beneficial properties of the bacteria. For this, the viability of the microorganism; pH and acidity during a fermentation process over 80 h; survival of the microorganism under acidity and bile salts conditions, and during refrigeration at 4 °C for 28 days; as well as the antioxidant capacity of the fermented juice, were evaluated.




2. Materials and Methods


2.1. Blueberry and Carrot Blend


The carrots were obtained from a supermarket store in the city of Londrina, state of Paraná, Brazil. They were washed, peeled, and cut into rounds of approximately 3 cm. In order to prepare the juice, 100 g of carrot were homogenized in a blender with 100 mL of sterilized distillate water (1:1 w/v). Then, a vacuum filtering was performed using a Büchner funnel for the removal of larger particles that could cause precipitates in the juice. The juice was packed into plastic bags hermetically closed and stored at −18 °C until the moment of use.



The blueberry juice was obtained from the purchase of the industrialized product (Pomar Vale do Dourado, city of Erechim, state of Rio Grande do Sul, Brazil), which contained a mix of cultivars.



The blend was prepared by mixing the juices in the 1:1 (v/v) proportion, added with 2 mM of glutamine and submitted to pasteurization at 80 °C for 1 min. The blueberry and carrot blend juice was characterized by a physical-chemical analysis through the determination of pH (Potentiometer–Ion pH 300), total sugars [23], lipids [24], acidity, proteins, and humidity, using the methods described by the AOAC [25].




2.2. Bacterial Strain


The commercial strain of Lactobacillus reuteri LR 92 (DSM 26866-Sacco-Italy) was maintained frozen in the pasteurized blueberry and carrot blend, with the addition of 2 mM of glutamine, containing 20% (v/v) of sterile glycerol and 0.1% (w/v) of powder culture. At the moment of use, the pre-inoculum was obtained from two activations of the blend at 32 °C for 24 h in batch system using anaerobic jars and placed into a laboratory oven (Novatecnica, Piracicaba, São Paulo, Brazil).




2.3. Fermentation Process


To evaluate the fermentation process of the blend by the L. reuteri LR92, 1% of the reactivated pre-inoculum was added to the pasteurized blueberry and carrot blend in 500 mL bottles and incubated in a anaerobic jar into a laboratory oven (Novatecnica, Piracicaba, São Paulo, Brazil), without stirring, at 32 °C for 80 h (conditions determined in preliminary tests). Each 8 h, samples were removed and an analysis of cell viability, pH and acidity expressed as lactic acid were performed in duplicate for calculation of the average from the two repetitions.



To keep the aseptic conditions during the removal of samples, at the determined times, the fermentation bottles were handled in a sterile chamber. Using a flame and sterile utensils, the samples were taken after homogenization, conditioned again in an anaerobic jar, and incubated in the laboratory oven until the next time point.



The specific growth rate (µN) and generation time (gt) were estimated at the time interval of the logarithmic phase. L. reuteri cell population gt was calculated as t/n, where (t) is the exponential growth time and the number of generations (n) was estimated from N = N02n, where N and N0 are the final and initial number of cells, respectively [26].




2.4. Resistance of L. reuteri in the Blend to Acidity and Bile Salts


The resistance of L. reuteri in the blueberry and carrot blend to acidity and bile salts was evaluated according to Krasaekoopt et al. [27]. The fermented blend was obtained after 40 h of fermentation, according to time determined at 2.3, and then the tolerance to the acid medium was verified by the addition of 1 mL of the product at 9 mL of sterile HCl (Synth) 0.08 M containing 0.2% of NaCl, pH 1.5, and incubated at 37 °C for 30, 60, 90, and 120 min. The resistance to the bile salt was analyzed with the addition of 1 mL of fermented blueberry and carrot blend at 9 mL of KH2PO4 0.05 M (Synth) containing 0.6% bile salt (Himedia), pH 7.4, and incubated at 37 °C for 150 min. At the end of each incubation period, the cell viability was determined by plate counting.




2.5. Stability in the Storage Period


The blueberry and carrot blend was fermented in glass bottles of 150 mL at 32 °C for 40 h, according to the conditions established in the study of fermentation process. After the fermentation, the sample was stored under refrigeration at 4 °C for 28 days, and analysis of the cell viability, total phenolics, and antioxidant activity (ABTS•+ and DPPH• methods), were performed each seven days, in triplicate to calculate the average of three repetitions.




2.6. Counting of Viable Cells


The viability of the Lactobacillus reuteri in the blueberry and carrot blend was established with the methodology of plate counting. Decimal dilutions of the fermented blend were performed in sterile Peptone Water 0.1% (w/v), followed by plating in MRS Agar and incubation at 37 °C for 48 h under anaerobic conditions.




2.7. Establishment of Antioxidant Capacity for the Fermented Blueberry and Carrot Blend


2.7.1. Extract Preparation


The extracts were prepared by adding the sample in 80% ethanol in the proportion of 1:10, followed by shaking it for 20 min at 200 rpm (MARCONI, MA 140/CFT, São Paulo, Brazil). Then, the samples were centrifuged (HARRIER, Castle Donington, UK) at 2000× g for 10 min, in order to obtain the supernatant. The extracts were stored at −22 °C until the time of use.




2.7.2. Total Phenolics Analysis (Reduction of Folin–Ciocalteau Reagent)


In order to determine the total phenolic compounds, it was used the methodology described by Swain and Hills [28]. Briefly, 2.5 mL of 10% Folin-Ciocalteau reagent, 2.0 mL of 7.5% sodium carbonate and 0.5 mL of samples extracts were incubated for 5 min at 50 °C. After this period, the absorbance was read at 760 nm using a UV-visible spectrophotometer, model Libra S22 (Biochrom®, Cambourne, UK). The solution of Folin-Ciocalteau and sodium carbonate was used as a control. The quantification was performed with the standard curve of gallic acid (0.1 at 0.5 mM) and the results in mg equivalent of gallic acid/100 g (EAG) in fresh base.




2.7.3. Antioxidant Capacity: Capacity of Scavenging Free DPPH• Radicals


The capacity of scavenging DPPH• radicals was determined according to the methodology proposed by Brand-Williams et al. [29]. We added 50 µL of sample extract to 1 mL of acetate buffer solution (pH 5.5), 1 mL of absolute ethanol, and 0.5 mL of DPPH• solution 250 μmol/L, and stored it in the dark for 30 min. The absorbance was read in a spectrophotometer at 517 nm, using 1.0 mL of acetate buffer solution 100 mM pH 5.5 with 1.5 mL of absolute ethanol as a blank, and positive control with all solutions except the sample. The quantification was performed by Trolox standard curve (0.5 at 20 μmol/L), and the results were expressed in μmoL of Trolox per mL of sample.




2.7.4. Antioxidant Capacity: Capacity of Scavenging Free Radicals (ABTS•+)


The capacity of scavenging the free radical ABTS•+(2,2′-azino-bis (3-ethylbenzothiazoline-6-sulphonic acid)) was determined according to the methodology described by Sanchez-Gonzalez et al. [30]. The solution 7 mM ABTS•+ with 2.45 mM potassium persulfate was prepared in the dark and 16 h before the analysis. This solution was diluted with sodium phosphate (pH 7.4) until it presented an absorbance of 0.7 ± 0.02 at 730 nm, followed by the addition of 10 μL of the sample and 4 mL of ABTS diluted solution. After 6 min of reaction, the absorbance of the samples was read at 730 nm. The quantification was performed based on the Trolox standard curve (0.5 at 20 μmol/L), and the results were expressed in μmoL of Trolox per gram of sample in fresh base.





2.8. Statistical Analysis


The data were submitted to the Analysis of Variance (ANOVA), Student’s t-test, or Tukey’s range test, for the comparison of averages at a 5% significance level, using the program STATISTICA 7.0. The results were expressed in average ± standard deviation.





3. Results


3.1. Centesimal Composition


The centesimal composition of the fermented and unfermented blueberry and carrot blend used in this work is presented by the Table 1. The fermented and unfermented samples did not present relevant differences (p > 0.05) in regard to protein, lipids, sugars, ashes, and humidity (Table 1). Some differences were observed between the pH and total sugars of the unfermented sample in comparison to the fermented one (p ≤ 0.05).



Table 1. Centesimal composition and pH of blueberry and carrot blend unfermented and fermented by Lactobacillus reuteri. Results are expressed as mean values of three repetitions followed by the standard deviation.







	
Treatment

	
Moisture (%)

	
Protein (%)

	
Lipids (%)

	
Ash (%)

	
Total Sugars (%)

	
pH






	
Unfermented

	
93.00 ± 0.84

	
0.22 ± 0.04

	
0

	
0.14 ± 0.01

	
8.09 a ± 1.15

	
3.84 a ± 0.07




	
Fermented

	
93.53 ± 0.22

	
0.17 ± 0.02

	
0

	
0.11± 0.02

	
3.97 b ± 0.2

	
3.1 b ± 0.01








Means ± deviation in the same column followed by the same letter do not differ at the 5% level of significance.









3.2. Fermentation Process


In previous studies (data not published but demonstrated in Figure S1), only the L. reuteri growth in blueberry juice was evaluated. It was possible to observe that the microorganism presented low adaptability and a low capacity of multiplication in this medium, and after 36 h of fermentation, no viable cells were detected (Figure S1). The low pH of the juice was measured during the fermentation time and can be one of the reasons of the low growing rate in blueberry juice.



In this way, the blend of blueberry juice with carrot was an alternative to favor the growth conditions for the bacteria, combining the nutritional properties of the blueberry and the carrot.



The L. reuteri growth in the blueberry and carrot blend for 80 h of fermentation is shown in Figure 1A. An exponential growth of the microorganism up to 40 h was observed, reaching the counting of 10.26 ± 0.2 log CFU/mL. After 48 h of fermentation, the microorganism viability started to reduce. However, the values were maintained at 9.32 ± 0.2 log CFU/mL until the end of the fermentation time, which are higher than the minimum value recommended of 106 CFU/mL of viable cells for probiotic products [31].


Figure 1. Viability of Lactobacillus reuteri (A), and pH (■) and acidity (% lactic acid) (▲) (B) for 80 h of fermentation in blueberry and carrot blend at 32 °C. The results are presented as the mean of three repetitions and standard deviation.
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The specific growth rate obtained for L. reuteri in the blueberry and carrot juice blend was 5.64 h with a µN of 0.005 h−1.



The Figure 1B shows the results for acidity and pH for the blueberry and carrot blend during the L. reuteri growth at 32 °C for 80 h. It was possible to observe that, during fermentation, the acidity of the medium increased from 0.34% ± 0.02% of lactic acid in the beginning to 1.42% ± 0.01% after 80 h, and the pH decreased from 3.82 to 3.11 with the microorganism growth and variation of this values during the fermentation process, which suggests that the L. reuteri used the sugars present in the blend to produce lactic acid.




3.3. Stability in the Storage Period


After establishing the growth kinetics, the blend fermented for 40 h was stored for 28 days at 4 °C, and the results for the counting of viable cells are presented in the Figure 2.


Figure 2. Survival of Lactobacillus reuteri of fermented blueberry and carrot blend during storage for 28 days at 4 °C. The results are shown in the average of three repetitions and standard deviation.
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The L. reuteri population decreased from 10.77 ± 0.14 log CFU/mL in the beginning of storage to 9.23 ± 0.18 log CFU/mL at the end of the first week of storage. After seven days, no relevant alteration was observed (≤0.05) in the number of viable cells, which shows the stability of the bacteria under storage conditions. After 28 days of storage, the L. reuteri population reached a survival of 8.96 ± 0.08 log CFU/mL, remaining as a product with microbial population compatible to the level of bacteria for functional product consumption [32].




3.4. Resistance of L. reuteri in the Blend to Acidity and Bile Salts


Besides being able to survive in the food product, the microorganisms must resist the acidity and bile of the gastrointestinal tract. Aiming to evaluate the tolerance of the L. reuteri under these conditions in the fermented blueberry and carrot blend, an in vitro test was performed and the results are presented in the Figure 3. During the test, significant differences in the microorganism viability were observed from 0 to 120 min (p ≤ 0.05). Initially, the average value of viable cells was of 10.27 ± 0.21 log CFU/mL, and after 120 min the microorganism population had a logarithmic reduction of five cycles in relation to the 0 min time, reaching the counting of 4.23 ± 0.03 log CFU/mL.


Figure 3. Survival of Lactobacillus reuteri in fermented blueberry and carrot blend, during simulated gastric in pH 1.5 with 0, 30, 60, 90, and 120 min of incubation. The results are expressed as the average of three replicates.



[image: Beverages 02 00037 g003]






After 150 min of incubation in the presence of bile salts in pH 7.4, the average number of L. reuteri viable cells was of 9.17 ± 0.07 log CFU/mL, indicating that the microorganism can tolerate the intestinal conditions when fermented in blueberry and carrot blend.




3.5. Antioxidant Capacity under Storage


In order to verify the antioxidant activity in the fermented product, tests were performed to determine the total phenolic compounds and scavenging DPPH• and ABTS•+ radicals during a storage period of 28 days at 4 °C, which are presented in the Table 2. According to Roginski and Lissi [33], in order to estimate the antioxidant activity in matrices such as food and biological fluids, the use of more than one analysis method is recommended, as they are limited and have different methodologies.



Table 2. Total phenolic compounds and antioxidant activity of blueberry and carrot blend fermented by L. reuteri during storage for 28 days at 40 °C.







	
Time (days)

	
Total Phenolic Compounds (mg·GAE·100 mL−1)

	
ABTS•+ (µMol·trolox/mL)

	
DPPH• (µMol·trolox/mL)






	
0

	
112.27 a (±9.21)

	
0.52 b (±0.19)

	
9.47 a (±0.52)




	
7

	
118.58 a (±3.66)

	
1.35 a,b (±0.49)

	
9.62 a (±0.72)




	
14

	
114.42 a (±4.45)

	
2.19 a,b (±0.84)

	
8.25 a (±1.39)




	
21

	
127.55 a (±6.11)

	
2.84 a (±0.57)

	
7.92 a (±1.69)




	
28

	
120.98 a (±3.03)

	
3.09 a (±0.81)

	
8.20 a (±1.11)








Means ± deviation in the same column followed by the same letter do not differ at the 5% level of significance.








During the storage period of the fermented blueberry and carrot blend, the phenolic compounds content and the antioxidant activity by the scavenging of DPPH• radical did not show significant differences (p ≤ 0.5). In regard to the antioxidant activity, a significant increase with the methodology of the ABTS•+ radical was observed.





4. Discussion


4.1. Centesimal Composition


The results obtained by centesimal composition analysis, showed that protein, lipids, sugars, ashes, and humidity contents were close to the values found in the literature for the blueberry fruit and carrot root in separate manner [19]. The small differences observed for the blueberry and carrot blend in regard to the mentioned studies can be explained by the addition of water in the preparation of the juices, besides the use of different varieties of blueberry and carrot.



In relation to fermented and non-fermented products, the differences could be explained by the bacterial metabolism, with consumption of sugars present in the medium for the growth and production of lactic acid [11], according to what was observed in the fermentation process.




4.2. Fermentation Process


In a non-adapted media—e.g., non-dairy products—lactic acid bacteria take more time to reach highest log cycle counting, making a full study of the bacterial strain growth necessary. This way, the 0 h of fermentation was chosen, to know how the cells growth and lose its viability.



In the present study, the L. reuteri viability above 1010 CFU/mL was obtained with 40 h of fermentation, and for this reason we chose to execute the other analysis.



Those values were higher than the ones found by Mousavi et al. [34] and Perricone et al. [18], when they fermented pomegranate juice with L. plantarum and red fruits juice with L. reuteri, respectively. Perricone et al. [18] suggested that some species of lactic acid bacteria present lower growth speeds in fruit juices with high phenolic compound contents. As well as the fruits mentioned, the blueberry is a fruit that is rich in these compounds [3,4,5], which is allied to the low juice pH, could explain the longer time (40 h) to reach the highest cell count for L. reuteri in the blend.



The high viable cell counts suggest that both blueberry and carrot supplied sufficient nutrients to the multiplication of L. reuteri. Besides that, the addition of the carrot juice could have decreased the deleterious effects present in the blueberry juice, and the presence of phenolic compounds and antioxidants could have contributed for a higher survival through the creation of anaerobic conditions in ideal proportions that favored the multiplication of L. reuteri [35].



Although some lactic bacteria can tolerate low pH values [12], the use of blends can be an alternative for the pH adjustment in an acidic food through the addition of another with less acidity; in this case, blueberry with a pH between 2.56 and 2.67 [36] and carrot with a pH between 6.5 and 6.84 [6], could have had made the medium more favorable for L. reuteri growth. In this way, the mixture of blueberry and carrot juice is a more favorable medium for the L. reuteri growth, while combining the benefits from the both foods.



In relation to kinetics parameters, the low values of µN (0.005 h−1) can be correlated with the gt of 5.63 h. Specific growth rate relates the instantaneous velocity in a given time interval with the number of cells and it is expected that the lower specific value is, the lower the microorganism generation time will be. Generation time is subject to environmental factors and genetic and growing conditions. Yáñez et al. [37] obtained a growth rate for Lactobacillus rhamnosus ranging from 0.11 h−1 to 0.22 h−1, according to acid concentration. They observed that, as the concentration of the acid increases, the growth rate decreases, which can explain the low values from the present study.




4.3. Stability in the Storage Period


Cell viability is the main factor to be considered in functional products. In the present study, L. reuteri reached the maximum exponential growth rate at time 40 h, in which was possible to observe the beginning of the stationary phase. According to Meng et al. [38], when bacteria enter the stationary phase, they generally develop a resistance to stress, becoming more resistant during process conditions and storage period. Also, the fermentation for 40 h maintains a low pH, which increases the product safety during storage and prevents the development of the pathogenic bacteria [11]. This way, it was chosen to interrupt the process and perform the analysis of storage and resistance to acidity and bile salts.



In regard to the evaluation during the refrigerated storage, this study presented superior results in comparison to those presented by Mousavi et al. [34], which did not obtain viable cells of Lactobacillus plantarum, L. acidophilus, L. paracasei, and L. delbruekii from the third week of storage in pomegranate juice.



Dimitroviski et al. [2] observed an increase, within 16 days, in the survival of L. plantarum when 30% blueberry juice was added to the formulation of artichoke juice in comparison to the same formulation without the blueberry. According to those authors, the presence of this juice also contributed to the increase of sensory acceptability.



Some components present in juices—like fibers, sugars, and proteins—can contribute to the increase of survival of probiotic cultures in these foods [39]. Besides that, according to Vasiljevic and Shah [40], the microorganism viability in the food matrix depends on several factors, such as the strain used, food pH, bacterial metabolism, and others, and, therefore, the adaptation of the probiotic to the substrate is a crucial criterion for the evaluation of the final product.



While determining the survival of the L. reuteri, Jones et al. [15] obtained counting of 1 × 1010 CFU per dose of yogurt consumed. Perricone et al. [18] observed that the survival of the L. reuteri was highly affected by the type of juice, the highest ones being obtained with the pineapple, orange, and apple juices; and the lowest with the red fruit juices. Pallin et al. [41] evaluated the growth, metabolism, and production of bioactive compounds during the fermentation of barley by Lactobacillus reuteri and identified the importance of the strain used during the fermentation process.



Therefore, it is safe to affirm that the L. reuteri LR92 showed capacity of adaptation in low pH for 28 days, which shows that the use of this microorganism is viable even in products with high acidity.




4.4. Resistance of L. reuteri in the Blend to Acidity and Bile Salts


The tolerance to acidity is one of the most important properties of lactic acid bacteria, as they enable the cells to survive in gastric conditions and exert beneficial health effects in the intestine. However, in the present study, a decrease on the microbial population during acidity condition was observed, which can be explained by the stressful conditions of the environment with prolonged exposure to the pH of gastric acid.



Céspedes et al. [42] investigated resistance to simulated gastric acid in commercial nondairy drinks added with lactobacilos (Lactobacillus casei LC-01 and L. casei BGP 93) during storage conditions. These authors suggested that although the changes in resistance in the different juices were observed, the juices with a pH around 3 had a cell decay of ca. 3 log cycles after 90 min, which was lower compared to the present study (ca. 4 log cycles). They concluded that the survival of bacterial strains in fruit matrices can be very variable and product-dependent and also may be a characteristic of the lactic acid bacteria in low pH juices.



Krasaekoopt and Watcharapoka [43] evaluated the application of inulin or galactooligossaccharides (GOS) for microencapsulation of L. acidophilus and L. casei during simulated digestive system using the same method used in the present study. These authors concluded that the use of prebiotics could be an alternative to increasing the number of viable cells in acid conditions, which could be tested in the future for the blueberry and carrot blend.




4.5. Antioxidant Capacity under Storage


During the storage period, a slight increase in the antioxidant capacity was also observed. This can be attributed to the increase of aglycone levels, which are formed from the conversion of anthocyanins by enzymes such as β-glucosidase, originated from the bacteria even under low temperatures (4 °C) [44].



The blueberry has one of the highest antioxidant capacities when compared to other fruits and vegetables, but those values may change in different varieties of the fruit [3]. The carrot was analyzed in regard to the antioxidant activity by Melo et al. [45], which concluded that, from 15 vegetables analyzed, the carrot was one of the vegetables that presented the lowest capacity for scavenging DPPH• radical.



Reque et al. [4] evaluated the antioxidant activity of blueberry juice stored for 10 days under refrigeration at 4 °C. In this work, the ABTS•+ content at day 0 of the storage was of 11.14 ± 0.18 µM of trolox/mL, and at day 8 was of 6.98 ± 0.12 µM of trolox/mL, which are superior results than the ABTS•+ content found in the present study. According to Skrede et al. [5], the extraction of blueberry can provoke oxidation reactions from the enzyme polyphenol oxidase, with consequent degradation of phenolic compounds present in the juice.





5. Conclusions


Although there are several studies evaluating the use of microorganisms in food, there are few data related to the survival of the L. reuteri in fruit and vegetable juices. The results of this work suggest that the blueberry and carrot blend allows L. reuteri growth in sufficient levels for a possible probiotic product. When stored at 4 °C, the L. reuteri viability presents a slight reduction after seven days, which was maintained until the end of 28 days of storage. Besides that, the fermentation contributes to the increase of the antioxidant activity of the blend during the storage period, indicating that the L. reuteri can be used in fruit and vegetable juices, with an improvement of nutritional aspects.








Supplementary Materials


The following are available online at www.mdpi.com/2306-5710/2/4/37/s1, Figure S1: Lactobacillus reuteri LR92 viability and pH during 80 h of fermentation in blueberry juice only.
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