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Abstract

:

There is an increasing demand for non-dairy probiotic carriers such as fruit and vegetable juices. Probiotic Lactobacillus sanfranciscensis is predominantly used in the bakery industry, and its efficacy in fruit juices has not been studied sufficiently. Additionally, support from the carrier matrices for maintaining probiotic viability and gastrointestinal tolerance is important in selecting suitable vehicles for probiotic delivery. Three different non-dairy carrier juices (apple, orange and tomato) were tested for their ability to maintain L. sanfranciscensis viable during four weeks of refrigerated storage (4 °C). Their potential protection of L. sanfranciscensis against in vitro gastrointestinal digestion was also evaluated. Results indicated that the probiotics viability in all three juice samples met the recommended level for probiotic food (>106–107 cfu/mL) at the end of storage. However, all three juice samples showed a comparatively lower protective effect (p < 0.05) on the viability of L. sanfranciscensis when exposed to simulated gastric juice (pH = 2) at the end of 60 min and simulated intestinal juice with 0.3% (w/v) bile salt (pH = 8) at the end of 240 min exposure. In general, the three tested juices can be regarded as the potential non-dairy based carriers for L. sanfranciscensis. The future research is needed to improve the modification of the probiotic carriers in order to prolong the viability of L. sanfranciscensis during the gastrointestinal digestion.
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1. Introduction


Probiotics are living microorganisms that can benefit host’s health when consumed in adequate amounts [1]. Due to the adhesion and aggregation ability of probiotic bacteria, they can also assist in a build-up of protective barriers in the human gastrointestinal track (GIT) against pathogens and regulate the composition of gut microflora contributing to better gut health [2,3]. Over the past few decades, probiotics have been reported to have therapeutic effects on a variety of intestinal problems such as diarrhea, digestive disorders, inflammatory bowel disease and some other related diseases [4,5]. In addition to improving gastrointestinal health, probiotics have also been associated with enhancing immune function, reducing blood pressure and preventing urogenital infections [3,6,7]. Probiotics were also associated with playing a major role in bidirectional communication between the gut and the brain by significant lowering of depressive symptoms [8].



Due to the potential health benefits of probiotic consumption, development of probiotic food products has been a focus for food scientists, manufacturers and consumers in recent decades. Probiotic food products are defined as functional foods that have the ability to enhance the health status of the consumer or reduce the risk of certain diseases [9]. At present, the common probiotic foods on the market include various dairy and several fermented fruits and vegetable products, which have taken a large share of the global market [10]. The worldwide probiotics market value was estimated to be around $36.6 billion in 2015 and is expected to grow to $64 billion by 2023 [11]. Moreover, it was reported that the annual growth rate of probiotic products increased rapidly in North America and Eastern Europe by 25% and 18%, respectively [12]. The most commonly used probiotic species for commercial products are lactobacilli, which accounted for more than 60% of the world probiotic food market in 2007 [13].



While there is a plethora of probiotic foods developed and sold currently, non-dairy probiotic foods still have a relatively small market share. However, the demand for non-dairy-based probiotic products has been growing widely as an alternative for dairy probiotic foods [14]. Recent studies have indicated that fruit and vegetable juices are suitable carriers for probiotics [15,16,17]. This is primarily due to the fruit juice contains high amount of sugars (providing energy sources for probiotics), relatively low pH (suitable environmental medium) and relatively high total antioxidant content prolonging product shelf life [18]. Furthermore, the taste of fruit juices (sweet/sour) also improves the consumer acceptance of the products as a method of probiotic delivery [16]. Moreover, the treatment of vegetables during juice production can potentially increase the release of nutrients and antioxidants [19] creating an ideal environment for probiotics growth [20]. This is also supported by the juices relatively short transit time through the GIT, which can greatly reduce the adverse effects of gastric environment on probiotics [10]. At present, several fruit and vegetable-based juices have been developed to incorporate the probiotics formulations, including apple [21,22], carrot [23], tomato [15], pineapple [17] and plum juices [24].



Despite a variety of different probiotic foods currently available, maintaining a high survival rate of probiotics during processing, storage and ingestion is still a concern for food scientists and manufacturers [9]. According to a study by Boylston et al. [25], in order to achieve the potential health effects, active probiotic food is required to contain a recommended minimum viability level (106 log cfu/mL or g of food carriers) at the time of consumption. Although the buffering effect of fruit and vegetable juices is capable to alleviate the negative impacts of adverse environmental changes (temperature, gastric juices, bile salts), there are also differences that will be impacted by the types of juices included as a carrier medium and differences in probiotic species and strains [18]. Therefore, studies are required to investigate the effects that can be imposed on the final product prior to the large-scale product development containing probiotics that will remain active on the “site of action” in the GIT.



The Lactobacillus sanfranciscensis is an autochthonous species exclusively detected in sourdoughs, which plays an essential role in the fermentation of rye and wheat sourdoughs [26]. In addition, L. sanfranciscensis also contributes to the sourdough rheology and flavor properties predominately due to the strong acidification via optimized carbohydrate metabolism and the catabolism of the specific amino-acids [26,27,28]. These activities lead to the formation of exopolysaccharides and enhance the shelf life and nutritional value of the product [29]. Recent studies have indicated that the exopolysaccharides produced by L. sanfranciscensis had prebiotic activity that can enhance the growth of bifidobacteria, which was an important component of gut microflora in healthy humans [30]. L. sanfranciscensis LBH1068 previously demonstrated anti-inflammatory effects and a greater potential as a novel probiotic to treat IBD [31]. However, the studies of probiotic food containing L. sanfranciscensis are scarce and mainly focused on the sourdough. To the best of our knowledge, L. sanfranciscensis was not previously investigated for its effectiveness in the non-dairy beverages. Taking into consideration that there is a globally increasing demand for novel functional beverages and functional foods overall, investigations on applicability of these non-traditional probiotic strains in beverage manufacturing are important. Consequently, an increasing interest in the therapeutic properties of the probiotic L. sanfranciscensis via other functional foods is progressing. The aim of this study was to investigate the functional efficacy of probiotic L. sanfranciscensis in terms of viability and gastrointestinal survival in apple, orange and tomato juices as a beverage carrier matrix of probiotic delivery.




2. Materials and Methods


2.1. Preparation of Probiotics


The probiotic bacteria (Lactobacillus sanfranciscensis) was provided by the culture collection of Faculty of Veterinary and Agricultural Sciences, the University of Melbourne (Melbourne, VIC, Australia). The probiotic culture was isolated and purified by streaking on MRS agar plates (Oxoid, VIC, Australia). The purified colonies were introduced to MRS broth and incubated in an anaerobic jar at 37 °C for 36–48 h. The grown culture was then centrifuged at (2000× g, 10 min, 4 °C) and harvested cells were suspended in 200 mL 2% (w/v) sterile peptone water (Oxoid, VIC, Australia).




2.2. Probiotics Juice Prepararion


All juices used in this study; apple juice (AJ, Nudie®, VIC, Australia), orange juice (OJ, BERRI®, VIC, Australia) and tomato juice (TJ, Golden Circle™, VIC, Australia) were ultra-high temperature processed and were purchased from the local commercial source (Coles Supermarket, Melbourne, VIC, Australia). The probiotics suspension obtained in Section 2.1 was washed twice with sterile peptone water followed by centrifugation at 4 °C (2000× g, 10 min) using a laboratory-scale centrifuge (Thermoline, Wetherill Park, NSW, Australia) [32]. The pellet was collected and added to 40 mL 2% (w/v) sterile peptone water (Oxoid, VIC, Australia). This mixture was then gently shaken using a vortex mixer (Ratek, Boronia, Victoria, Australia). The obtained probiotic suspension (10 mL) was aseptically transferred to each 220 mL of the three tested juices AJ, OJ and TJ. The probiotic-fortified samples were stored in sterile containers, mixed up until there was an even distribution of probiotic culture observed and stored in refrigerator (4 °C) for 4 weeks. All analysis of the samples was conducted at least in duplicates.




2.3. The Viability of Probiotics


The viability of L. sanfranciscensis in three juices was conducted weekly during the storage of 4 weeks using serial dilution and spread plating method with MRS agar plates (Oxoid, VIC, Australia). The viability results were expressed as log cfu/mL.




2.4. pH Value and Titratable Acidity


The pH value of each sample was recorded weekly over the storage using a digital pH meter (HANNA Instruments, Vinsokite, RI, USA). The titratable acidity was performed by titrating each sample mixture (6 g of sample in 50 mL MilliQ water) with 0.1 N NaOH to pH 8.2 and expressed as a percentage of respective acid (% acid), malic for AJ and citric for OJ and TJ [33].




2.5. In Vitro Gastrointestinal Transit Tolerance Assay


Simulated gastric and small intestinal juice tolerance of three probiotic-fortified juices was measured at the end of the storage following the methods of Ranadheera et al. [32] with some modifications. Briefly, simulated gastric juice was prepared by adding pepsin (Sigma-Aldrich, Castle Hill, NSW, Australia) to 0.5% (w/v) sterile saline solution to the concentration of 3 g/L. This solution was then adjusted pH to 2.0 using 0.1 N HCl. Simulated small intestinal juice was made by adding pancreatin (Sigma-Aldrich, Castle Hill, NSW, Australia) to 0.5% (w/v) sterile saline solution to the concentration of 1 g/L, with or without 0.3% bile salt (Fluka, Castle Hill, NSW, Australia). Both types of small intestinal juices were adjusted the pH value to 8.0 with 0.1 N NaOH. Then 1 mL from each probiotic-fortified juice samples was taken and mixed with 9 mL of either gastric or small intestinal juices and the mixtures were blend evenly and stored at 37 °C. Aliquots (1 mL) of each reaction mixture were plated on MRS agar plates at 1 and 60 min for gastric juice or at 1 and 240 min for intestinal juices with all incubations performed at 37 °C. The viability of probiotics was expressed as log cfu/mL.




2.6. Data Analysis


All collected data were analyzed using Minitab statistical software (Minitab Inc., State College, PA, USA). The differences between the treatments, juices and storage times were analyzed using the analysis of variance (ANOVA). The differences between means were classified by Fisher’s least significance difference (LSD) test and p-value < 0.05 was used to represent statistical significance for all results.





3. Results and Discussion


3.1. Changes in pH Value and Titratable Acidity during Storage


The titratable acidity and pH value of AJ, OJ and TJ were presented in Figure 1. Orange juice demonstrated significantly higher (p < 0.05) acidity compared to other two types of juices throughout the storage (Figure 1a). All juices showed some reduction in pH value during the 4 weeks of storage under 4 °C, ranging from 0.2 to 0.3 (Figure 1b). As the pH value decreased, the titratable acidity of OJ and TJ was found to increase, which can potentially indicate that the amount of acid in both samples increased during 4 weeks of storage.



According to Tieking et al. [34], L. sanfranciscensis was able to metabolize fructose through microbial metabolism, which reduced the pH level and increased the titratable acidity of samples. This could be due to the by-products of fructose degradation caused by Lactobacillus such as acetic acid, lactic acid and carbon dioxide [35]. All these products positively contribute to the total acid content in juice samples. Similar findings were reported in a study by Kumar et al. [16] where mango and sapota juices enriched with L. plantarum showed an increase of acid content during incubation. In addition to organic acid production, another reason for the acidity increase may be due to the hydrolyzing of juice sugar induced by the released enzymes from dead probiotic cells [21].



The pH level of AJ was observed to have an increase in the first storage week and then showed a decreasing trend (p > 0.05), probably due to post-acidification. In the literature, with respect to probiotic enriched fruit juices different results were reported. For example, a study by Ding and Shah [21] reported that apple juice fortified with free probiotic lactobacilli and bifidobacteria showed a significant decreasing trend in pH during 6 weeks of storage. One possible reason of the pH changes of these juices during storage can be due to microbial metabolism such as conversion of malic acid to lactic acid that can be induced by probiotics [36].




3.2. The Viability of Probiotics during Storage


The viability of L. sanfranciscensis in all three juices (Figure 2) were observed to significantly decrease (p < 0.05) at the end of the 4 weeks of storage at 4 °C. The difference in viable numbers of probiotics between the start and at the end of the 4 weeks of storage were 0.52, 0.18 and 0.53 log cfu/mL for AJ, OJ and TJ, respectively. These findings were further supported with the research of Ding and Shah [21] where probiotic lactobacilli were added to apple and orange juice and reported a significant decreasing trend in their numbers in both juices during 5 weeks of storage at 4 °C. Our findings indicate that there was a significant decrease (p < 0.05) in the probiotic viability of AJ and TJ after the second week of storage. One possible reason was that the increasing content of lactic acid due to probiotic growth in the first 2 weeks lowered the acidity of juices, which influenced the subsequence viability of the probiotics. Furthermore, the most stable viability was found in OJ, with only a significant decline (p < 0.05) between the first and second storage week, which was in contrast to the findings from Ding and Shah [21] study. This may be due to the lower initial pH level of OJ, which can potentially increase the tolerance of L. sanfranciscensis to acidic environments [37]. Therefore, the production of organic acids in this case appeared not to have the adverse effect on the growth of probiotic bacteria. Nevertheless, this result will require more in-depth analysis and verification before these statements can be considered as potential mechanisms of action. Despite the reduction in probiotics numbers, all three juice samples met the recommended viability level (>106 cfu/mL) of probiotic food after 4 weeks storage. Therefore, all three juices (AJ, OJ and TJ) can be regarded as the suitable food carriers for L. sanfranciscensis while OJ has shown to be the most effective substrate for L. sanfranciscensis delivery.




3.3. In Vitro Gastrointestinal Transit Tolerance Assay


The results of in vitro simulated gastric juice tolerance assay were shown in Table 1. All three juice samples showed a significant reduction (All p’s < 0.05) in the viability of probiotics after 60 min of exposure to simulated gastric juice. Interestingly, there was no significant decrease in the probiotic viability in AJ between 0 and 1 min (p > 0.05). Furthermore, after 60 min of digestion, the reduction in viable number in AJ (5.39 log cfu/mL) was the smallest while the largest was in TJ (5.92 log cfu/mL). These reductions are potentially caused by the harsh condition of simulated gastric juice. The acidic environment activates digestive enzymes such as pepsin [37]. This enzyme can destroy the peptide bond between amino acids and potentially degrade the cell membrane of probiotics and effectively destroy them. Moreover, according to a study by Ganzle et al. [38], the most suitable pH for the growth of L. sanfranciscensis was 5.5, indicating that this probiotic bacteria has a low acid resistance. Although the initial juices had a relatively lower pH level, the acid tolerance of L. sanfranciscensis did not show an effective increase, resulting in a significant decrease in viable number (All p’s < 0.05).



The viability of probiotics in the absence of bile salt groups were relatively stable during 240 min of exposure to simulated small intestinal juice (Table 2). However, the viability of probiotics in the 0.3% bile salt group significantly reduced (p < 0.05) throughout 240 min exposure. These results are very similar to the findings by Ranadheera et al. [32] where it was demonstrated that the probiotics viability in goat’s milk ice cream and yogurt were significantly lower in the group with 0.3% bile salt than that without bile salts in vitro. The major component of simulated small intestinal juice is pancreatin, which can only continue to digest the small molecular protein that are degraded by pepsin. Therefore, in this assay, pancreatin’s damage to probiotics was not significant. In addition, the reason for the viability reduction under 0.3% bile salt can also be potentially explained by bile acid composition. As surfactants, bile acids can emulsify the fats and oils into micelles and separate them from the rest part of food and waiting for the further digestion. This function can also pose an effect on probiotic’s cell membrane and degrade them. The findings of our study indicate that the lowest reduction of viability was noted in OJ (decrease of 3.8 log cfu/mL), followed by TJ (decrease by 4.06 log cfu/mL). This can indicate that OJ had a better protective effect than other juices on L. sanfranciscensis against simulated intestinal juice digestion. As fruit juices are highly popular among consumers as non-dairy products [39,40], selection of most suitable fruit juice carriers in terms of probiotic efficacy would be highly beneficial for both consumers and the beverage industry.





4. Conclusions


In this study, the ability of apple, orange and tomato juices as probiotic carriers during 4 weeks of storage at 4 °C as well as their potential protective effects on probiotics during in vitro gastrointestinal environment were evaluated. The pH value of juices indicated a decrease at the end of the 4 weeks of storage while the titratable acidity in OJ and TJ demonstrated a clear increasing trend over the storage time. Although there was a decline observed in probiotics viability in all three samples, the viable number of probiotics in each juice at the end of storage was still enough to meet the recommended viability level for probiotic food. Furthermore, all samples were found to have lower protective effects on the survival rate of L. sanfranciscensis during 60 min of exposure to simulated gastric juice and 240 min of digestion in the simulated small intestinal juice with 0.3% bile salt. In general, apple, orange and tomato juices can be regarded as the potential non-dairy food carriers for L. sanfranciscensis, which is not a typical beverage probiotic strain. However, further research is required to enhance their viability in the gastrointestinal environment and any potential health effects that these combinations might have after the consumption of products in healthy individuals.
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Figure 1. The pH and titratable acidity of probiotic-fortified apple, orange and tomato juices during 4 weeks of storage under 4 °C. (a) titratable acidity changes; (b) pH value changes. AJ, probiotic-fortified apple juice; OJ, probiotic-fortified orange juice; TJ, probiotic-fortified tomato juice. 
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Figure 2. The viability of Lactobacillus sanfranciscensis during 4 weeks of storage under 4 °C. AJ, probiotic-fortified apple juice; OJ, probiotic-fortified orange juice; TJ, probiotic-fortified tomato juice. 






Figure 2. The viability of Lactobacillus sanfranciscensis during 4 weeks of storage under 4 °C. AJ, probiotic-fortified apple juice; OJ, probiotic-fortified orange juice; TJ, probiotic-fortified tomato juice.



[image: Beverages 06 00013 g002]







[image: Table] 





Table 1. The change of viability of probiotics in fruit and vegetable juice samples in the digestion of simulated gastric juice (pH = 2).
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	Samples
	0 min
	1 min
	60 min





	AJ
	6.86 ± 0.02 a
	6.79 ± 0.02 a
	1.47 ± 0.07 b



	OJ
	7.34 ± 0.11 a
	6.62 ± 0.03 b
	1.61 ± 0.01 c



	TJ
	7.55 ± 0.03 a
	6.55 ± 0.23 b
	1.63 ± 0.03 c







a,b,c Mean within the same row followed by different superscript letters represent a significant difference to that at 0 min (p < 0.05). AJ, probiotic-fortified apple juice; OJ, probiotic-fortified orange juice; TJ, probiotic-fortified tomato juice.
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Table 2. The change of viability of probiotics in fruit and vegetable juice samples in the digestion of simulated small intestinal juice (with and without bile salt) (pH = 8).
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Samples

	
Bile Salt Concentration (%)

	
0 min

	
1 min

	
240 min






	
AJ

	
0

	
6.86 ± 0.02 a

	
6.84 ± 0.05 a

	
6.79 ± 0.03 a




	
0.3

	
6.86 ± 0.02 a

	
5.58 ± 0.05 b

	
2.70 ± 0.10 c




	
OJ

	
0

	
7.34 ± 0.11 a

	
7.11 ± 0.03 ab

	
6.99 ± 0.04 b




	
0.3

	
7.34 ± 0.11 a

	
5.77 ± 0.07 b

	
3.54 ± 0.46 c




	
TJ

	
0

	
7.55 ± 0.03 a

	
7.01 ± 0.11 b

	
6.90 ± 0.01 b




	
0.3

	
7.55 ± 0.03 a

	
4.89 ± 0.01 b

	
3.49 ± 0.03 c








a,b,c Mean within the same row followed by different superscript letters represent a significant difference to that at 0 min (p < 0.05). AJ, probiotic-fortified apple juice; OJ, probiotic-fortified orange juice; TJ, probiotic-fortified tomato juice.
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