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Probiotized juice represents an alternative to probiotic beverages derived from dairy products. Agricultural residue production represents an economical and environmental problem worldwide, its utilization to supplement a probiotic juice may be an applicable solution on food industry. Studies using fruit residues as an ingredient are not a novelty; however a definitive solution to this environmental problem has not yet been established. Therefore, the objective of this work was to propose a probiotized juice using lactic bacteria that, besides being a starter culture, can function as biopreservative and improve the stability of the final product. A fermented beverage was formulated using commercial grape juice, Vitis vinifera Pinot noir grape pomace and lactic bacteria. Pathogenic strains were used to simulate a potential protective effect on the beverage. Procedures were carried out according to the American Public Health Association and the results were expressed in media with standard deviation using statistical analyses performed by Prism. Lactic bacteria showed a cell growth of approximately 4 log CFU/ml. There was a significant decrease in pH values (p < 0.05) when pure grape juice was fermented. Grape juice supplemented with grape pomace from white winemaking was able to induce a higher growth of lactic bacteria population during fermentation, 5 log cycle CFU/mL, comparing to juice without supplementation. The beverage containing grape juice, water and pomace also presented growth on lactic bacteria population but Lactobacillus rhamnosus reached a higher concentration, of approximately 8 log cycle CFU/ml after 12 h fermentation. This was also observed when beverages were stored, only L. rhamnosus remained viable for 10 days at 10°C. All beverage samples co-inoculated with food borne pathogens, presented a stable and higher lactic bacteria population (2 log CFU/g) when compared to the added pathogen population. The final probiotic strain cells was above 8 log cycle CFU/mL, L. rhamnosus wasn't able to reduce significantly pathogenic population, however a bacteriostatic effect was observed. The probiotic beverage obtained represents a promising application for grape pomace. More studies are needed to investigate the causes and interactions of grape pomace compounds and lactic acid bacteria against food borne pathogens.
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INTRODUCTION

Fruits are fundamental sources of water-soluble vitamins, phytosterols, dietary fibers, minerals and phytochemicals for human diet (Gebbers, 2007). Despite the increasing consumption, unfortunately daily intake of vegetables and fruits is estimated to be lower than the doses recommended by the World Health Organization (WHO), and Food and Agriculture Organization (FAO; Fan and Truelstrup Hansen, 2012). Grapes production is on top five fruits production worldwide, where the juice and wine industry drains 60% of this production (Muhlack et al., 2018).

The consumption of grapes and grape products has been related to health benefits such as: a reduction risk of cardiovascular disease and thrombosis (Ammollo et al., 2017), control of hypertension and dyslipidemia (Graf et al., 2010), besides antioxidant, anti-inflammatory, anti-aging and anti-diabetic properties (Castello et al., 2018); which are directly associated to polyphenol profile including flavonoids (anthocyanins, flavan-3-ols, flavonols, and flavanones) and non-flavonoids (phenolic acids, stilbenes and lignans; Soto et al., 2015) present mainly in the fruit peel and seed (Peixoto et al., 2018).

Consisting of skin and seeds, grape pomace is the most abundant by-product from the wine and grape juice industry (Syed et al., 2017). Approximately 10.8 million tons of grape pomace are produced in the world per year (Dwyer et al., 2014). The general composition of grape pomace was determinate by González-Centeno et al. (2010), which was: moisture varying from 50 to 72%, insoluble material with lignin content from 16.8 to 24.2%, and a content of <4% protein. However, this composition depends on grape variety and ripening state. In general, peptic substances are the main polymer-type constituent of grape pomace cell wall, ranging from 37 to 54% of cell wall polysaccharides, and cellulose is the second kind of cell wall polysaccharide varing from 27 to 37%. Those components can be classified as good quality dietary fiber. The fiber daily intake recommendation is of 25 g (Food Drug Administration (FDA) United States of America, 2013). In order to achieve this recommendation a fiber supplementation is needed. Most part of grape pomace is applied as a fertilizer or compost, however it is not appropriate, as the high levels of phenolic compounds present in grape pomace causes germination problems. The wine and grape juice by-products may be used for the production of high value extracts enriched in bioactive compounds, suitable for the functional and green market (Beres et al., 2016; Syed et al., 2017). However, the extract production still leaves a residue.

Nowadays there is an increase availability of grapes and their products necessary to attend a demanding market, that besides the nutritional aspect, search even more for the functional proprieties. Chemical composition and physical-chemical characteristics of grape and its by products, have been demonstrated to be a suitable substrate for microorganisms multiplication, such as lactic acid bacteria, acetic bacteria and yeasts, which are important for the production and deterioration on food products (Pastorkova et al., 2013; Campanella et al., 2017; Cho et al., 2018). This aspect opens an utilization possibility of winemaking industry by products on the formulation of fermented food.

The fermentation process results in the production of antimicrobial compounds and promote environmental modifications that inhibit pathogenic and deteriorating microorganisms on food matrix. Lactic acid bacteria (LAB) are one of the most used microorganisms, as they play a key role in food fermentations where they not only contribute to the development of the desired sensory properties in the final product but also to their microbiological safety. The antimicrobial effect of LAB is mainly related to the production of primary and secondary metabolites such as lactic and acetic acids, hydrogen peroxide, diacetyl, ethanol, antibiotics, phenolic compounds and nutrients competition (Cizeikiene et al., 2013; Bartkiene et al., 2017; Diepers et al., 2017). Some bacteria genders and species stand out as most used in industrial process, as Lactobacillus casei, L. acidophilus, and Bifidobacterium spp. Antimicrobial compounds and their concentration depends on the fermentation conditions and on the microorganism selected. However, these factors do not guarantee the production of a microbiological safe product. In some cases, fermented food need to be adjusted to attend sensorial consumers demands, which can represent the addition of new ingredients. This action, as well as a possible flaw during production may result in undesirable microorganisms survival on the final product. As a solution, starter cultures that present a more effective inhibitory aspect against pathogenic and deteriorating microorganisms can be used. This biopreservation using isolated bacteriocins or bacteriocins producing LAB represents an alternative for improving food safety and increase products shelf life. Bacteriocins, are a protein compound with antimicrobial activity produced by LAB, widely studied and applied as food biopreservative (Fan and Truelstrup Hansen, 2012). Studies have demonstrated good inhibition properties against pathogens indicators such as L. monocytogenes and E. coli on in vitro and in vivo approaches (Bartkiene et al., 2017; Diepers et al., 2017). Food biopreservation with natural and microbiological compounds may be a satisfactory approach solving economical losses due to microbial spoilage of raw materials and food products, to reduce the incidence of food borne illness (Cizeikiene et al., 2013). Besides the chemical preservatives reduction, an important issue that concerns the market is the offered variety of probiotic products. Probiotic products attend a consumer demand for healthy food as they may improve host intestinal microbiota and decrease pathogens amount that can develop disease (Azevedo et al., 2018). According to FAO/WHO (2006), probiotics are live microorganisms which when administered in adequate amounts induce health benefit on the host. These beneficial effects are mainly associated with the maintenance of a healthy gut microbiota, modulation of lactose intolerance, bowel function and gastrointestinal comfort, diarrhea, prevention and symptom alleviation, reduction of cholesterol levels and hypertension, regulation of immune response, amongst others (García-Ruiz et al., 2014). Usually probiotics are commercialized as dairy food, but the increasing number of consumers with restricted consumption of dairy products has been changing this scenario (Mäkinen et al., 2016). The production and consumption of non-dairy probiotics has shown to be a growing and promising segment of this sector (Riviera-Espinoza and Gallardo-Navarro, 2010). Several processes apply the same microorganism as a starter culture and as a probiotic, which represents an advantage on food technology. Besides the use of natural preservatives, the production sustainability is relevant for the global environmental concern (Beres et al., 2017).

There is a need for a whole application of grape pomace in order to reduce considerably the by-product accumulation. In this case, this study aimed to produce a grape beverage fermented by probiotic LAB, supplemented with grape pomace from a white winemaking industry, in order to obtain a non-dairy probiotic product, supplemented with dietary fiber from grape pomace.

MATERIALS AND METHODS

Beverage Components

The fermented beverage was formulated using commercial organic grape juice (Casa de Bento®), and 5% (m/v) of Vitis vinifera Pinot noir grape pomace from white wine making process (2011 harvest) stored at −18°C. No mechanical procedure was performed on grape pomace. No chemical additives were added. Pasteurization (85°C/15 min) was performed in water bath with agitation (60 rpm) for all formulations.

Bacterial Strains

Strains were obtained from Food Microbiology Laboratory (Institute of Microbiology Paulo de Góes) culture collection. Lactic acid bacteria (LAB) used in this study were Lactobacillus casei subsp. casei ATCC 393 (L. casei); Lactobacillus casei subsp. rhamnosus ATCC 7469; Lactobacillus delbrueckii subsp. delbrueckii ATCC 9649. The pathogens strains were Salmonella enterica subsp. enterica serovar Enteritidis ATCC 13076; Listeria monocytogenes and Escherichia coli ATCC 25922. LAB strains were stored in Brain and Heart infusion (BHI) supplemented with 2% yeast extract and cultivated in de Man, Rogosa & Sharp (MRS, Merck®), for 24–48 h, at 37°C in microaerophylic condictions. E. coli was incubated in BHI for 18–24 h at 37°C.

Beverage Formulation and Microbial Inoculum

Three experiments were conducted sequentially aiming to determine the lactobacilli strain most able to growth in pure grape juice (Experiment 1), to determine the ability of the selected strain to growth in pure juice added by grape pomace (Experiment 2), and to verify the fermentation behavior of the selected strain in a lower cost beverage formulated with diluted grape juice, sugar and grape pomace (Experiment 3). LAB and pathogens cultures were activated in MRS and BHI agar, respectively. Three different beverages were fermented using LAB: pure juice; pure juice plus grape pomace; and diluted juice plus grape pomace. The fermentation was conducted separately and equally in 200 mL sterile flasks, with 100 mL of each formulation, at 37°C for 24 h. The inoculum for each fermentation is indicated on Table 1. During fermentation, 1 mL was aliquoted for bacteria quantification each 4 or 6 h. The pH was monitored every 6 h with pHmeter (Medical MPA-210).


Table 1. Lactic acid bacteria and pathogens inoculums concentration used on different beverage formulations.
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Pure juice (100 mL) was fermented using 104 CFU/mL of L. casei (LC), L. rhamnosus (LR) and L. delbrueckii (LD), in order to obtain the most suitable strain (Experiment 1). The culture which presented the highest growth on juice was used (106 CFU/mL) to ferment the beverage formulated with grape juice and grape pomace (5% m/v; Experiment 2). In an attempt to produce a lower cost beverage a diluted juice was prepared with 50% water, 10% sugar and it was added 5% (m/v) grape pomace. To determine the culture ability to ferment the more economical beverage two cultures, L. casei and L. rhamnosus were tested, (106 CFU/mL; Experiment 3).

The potential biopreservative effect was tested in Experiment 4. This test was performed in diluted grape juice prepared with 50% water, 10% sugar and it was added 5% (m/v) of grape pomace. The LAB culture that had the best development in Experiment 1 was used (106 CFU/mL) to compete against three pathogens used to simulate a bacterial contamination, which were E. coli, S. Enteritidis and L. monocytogenes. Pathogenic inoculums (Table 1) were added in the fermented grape juice (after fermentation). In a non-fermented grape juice the pathogenic culture was inoculated simultaneously with the starter culture (before fermentation), in order to compare the LAB protective effect in different contamination conditions. Positives control were pure grape juice inoculated with the LAB culture and the three pathogens individually. Negative control was grape juice with no microorganisms.

Microbiological Characterization

The strains were quantified using serial dilution and spread plate cultivation. L. monocytogenes was cultivated on Agar Listeria according to Ottaviani and Agosti medium, E. coli detection was performed in Eosin Methylene Blue (EMB) and S. Enteritidis was incubated on Salmonella-Shigella Agar (SS Agar). Microaerophilic atmosphere and MRS Agar was used for lactobacilli strains incubation. Procedures were carried out according to the American Public Health Association (APHA, 2001), and analyses were performed in triplicate. The pH of each formulation was determined with pHmeter (Medical MPA-210), every 6 h.

Beverage Stability

The probiotic culture stability was tested on the diluted beverage, during 10 days of storage at 4°C. A stable probiotic counting indicates a possible food application as there is a need to assure a minimum cell number during shelf life. Lactic acid bacteria quantification were analyzed after 12 and 24 h of inoculums of pathogenic microrganisms. Than at 4, 7, 14, 21 and 28 days after inoculums (Experiment 4).

Statistical Analysis

The results were expressed in media with standard deviation in order to verify the difference between samples, an analysis of variance (ANOVA) was applied followed by Tukey test or t-test at a significant level of 5% (p < 0.05) All statistical analyses were performed using Prism 6.0 software (GraphPad Software, Inc. 2006).

RESULTS

Even though the statistical analysis has not shown any significant difference (p < 0.05) in the fermentation capacity of the three analyzed cultures, Lactobacillus rhamnosus manage to achieve a higher cell number and more rapidly reduce pH, when compared to LC and LD (Figure 1). This culture was also the only able to reduce pH value below 5.5, which is normally used in fermented beverage production. Due to that, only LR were tested in the complementary trials. The LR multiplication in juice with an without pomace resulted in a very similar growing curve, where final cell count was between 108 and 109 CFU/mL, which represents a total increase of 4 log cycles. However, even if no statistical difference was observed, a final cell count in juice with pomace was 1 log cycle higher than in juice without pomace. When LR were cultivated in a formulation with pomace, differing only in juice and water ratio, a higher growth were observed in the more diluted formulation, which achieved a final count cell proper to probiotic products (109 CFU/mL; Figure 2). It was also observed a fast exponential growth, product acidification and stability during 10 days of storage, maintaining cell count around 108-109 CFU/mL (Figure 3). LR culture inoculated in grape juice had no significant difference in cell count during storage conditions, as presented in Table 2. A decrease from 5.5 to 4.6 on pH values was observed, after 28 days storage. Pathogens and LR were intentionally inoculated at the same time on beverage to evaluate a potential inhibitory aspect, the population behavior in the juice along the period was slightly different. E. coli had an increase of 2 log cycles from inoculum day (6.39 ± 0.07 CFU/mL) to final day (8.32 ± 0.29 CFU/mL). On the contrary L. monocytogenes had an initial inoculum of 7.23 ± 0.10 CFU/mL and after 28 days the population decreased 1 log cycle (6.13 ± 0.39 CFU/mL). S. enteretidis did not show any difference from the initial inoculum, in comparison to the last day of storage. All three samples inoculated with pathogens presented a decrease in the pH value. The pathogens were also inoculated after grape juice 12 h fermentation at 37°C using L. rhamnosus as a starter culture. E. coli and L. monocytogenes presented a decrease of approximately 1 log cycle each, however S. enteretidis increased 2 log cycles. The pH values decreased from 5.5 to 4.8–3.9 in all three samples (Table 2). The same L. rhamnosus population behavior was observed before and after fermentation, cell count was stable even with the pathogen presence. This result suggests a bio-preservative, and a bacteriostatic effect from L. rhamnosus against foodborne pathogens, mainly against L. monocytogenes.


[image: image]

FIGURE 1. Cell viability of Lactobacillus casei (LC), Lactobacillus delbrueckii (LD), Lactobacillus rhamnosus (LR) (A) and pH values (B) during pure grape juice fermentation for 24 h at 37°C.
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FIGURE 2. Comparison of Lactobacillus rhamnosus (LR) viability during 24 h fermentation of grape juice with and without grape pomace at 37°C.
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FIGURE 3. Lactobacillus rhamnosus viability during diluted grape beverage 24 h fermentation. Initial inoculum was 106 CFU/mL Formulation was storage for10 days at 4°C.




Table 2. Cell viability of pathogens added after and before fermentation in intentionally contaminated grape beverages fermented by Lactobacillus rhamnosus and stored for 28 at ±4°C(first latter indicates cell count difference a long time using Anova; second latter indicates cell count difference comparing to control using t-test.
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DISCUSSION

The consumer demand for non-dairy beverages with high functional value is increasing together with the trend of vegetarianism and the prevalence of lactose intolerance and allergies Coda et al., 2012. This work proposed a fermented beverage with probiotic LAB and supplemented with grape pomace. All probiotic bacteria tested were capable to ferment the integral grape juice used with no statistical difference.

All LAB were able to reduce pH, however LR had the higher pH reduction which was to < 5.0. Organic acids, hydrogen peroxide and bacteriocins produced by LAB during fermentation can decreasethe pH in solution (Albano et al., 2007). The ability to decrease pH is related to the bio-preservative proprieties of LAB to inhibit spoilage microorganisms growth.

During processing or storage of the probiotic product the viability and functionality should not be affected (Diepers et al., 2017). In this way the probiotic beverage formulated with juice, water, sugar and pomace was storage for 10 days at 10°C, LR was considered suitable for the study purpose as it remained stable with a count cell of 9 CFU/mL during the storage period, A functional beverage made with a mixture of rice and barley and concentrated red grape must were fermented with selected strains of L. plantarum, which remained viable at 8.5 log UFC g-1 throughout storage at 4°C for 30 days Coda et al., 2012. Probiotics not only have to survive at high cell numbers but do not have to impact unsuitable modifications of the sensory properties of the fruit juice (Mousavi et al., 2010).

After 24 h fermentation using LR on pure commercial juice with and without grape pomace cell count on juice supplemented with grape pomace was higher than in the juice without supplementation. Grape pomace is rich in polysaccharides that are classified as dietary fiber and can act as a prebiotic. The addition of prebiotic fiber led to a significant increase of antioxidant capacity, may contribute to health beneficial properties against several life style disorders such as diabetes, cancer, ulcer and atherosclerosis (Cassani et al., 2016; Kowalska et al., 2017). The use of fruit pomace in functional food preparation may lead to an improvement for the probiotic cell stability and growth. Another technological improvement of by-product utilization was demonstrated by (Di Cagno et al., 2011), where white grape juice and Aloe vera extract were mixed with red or green fruits and vegetables and were subjected to fermentation with mixed starters cultures, consisting of L. plantarum, W. cibaria and L. pentosus strains. Lactic acid fermentation by selected starters positively affected the content of antioxidant compounds and enhanced the sensory attributes.

The tested pathogenic were detected as food contaminants in different sources such as; orange juice (Patil et al., 2009), cabbage (Fukuyama et al., 2009), lettuce and parsley (Sengun, 2013). Öncül and Karabiyikli (2016) determined that E. coli and Salmonella spp. were part of initial microbiota of grape products. In this case, a natural preservative against these pathogens became interesting for a product with grape pomace and juice. The bio-preservative effect of LR was tested after co-inoculation a bacteriostatic action was observed. When the co-inoculation was performed before fermentation, E. coli was stable and S. enteridis decrease. L. monocytogenes presented an increased on cell count after 28 days when co-inoculated with LR. Listeria monocytogenes is the causative agent of listeriosis, a severe disease in humans and one of the most significant foodborne diseases in industrialized countries, is a psychrotrophic microorganism widely distributed in the environment that can grow at refrigerated temperatures and is highly acidic and salt-tolerant. Coelho et al. (2014) inoculated cheese with L. lactis and L. monocytogenes. After 7 days of refrigeration, a reduction of two log units was observed. E. faecalis strains decreased L. monocytogenes counts by 3 or 4 log units compared to the control. It is possible to determine that the co-inoculation of LAB and the pathogen can inhibit the cell count growth. However, inhibiting mechanism needs to be further examined. When LR was co-inoculated after fermentation both E. coli and L. monocytogenes had a decrease in cell count. After 28 days storage, all samples presented a pH decrease, in this case is possible to affirm that the lower pH was not able to decrease the pathogen population. In another study, Cizeikiene et al. (2013) tested Lactobacillus sakei KTU05-6, Pediococcus acidilactici KTU05-7, Pediococcus pentosaceus KTU05-8, KTU05-9, and KTU05-10 against Listeria monocytogenes, E. coli ATCC 25922, and Salmonella typhimurium. And E. coli ATCC 25922 was only inhibited by P. Acidilactici. Besides LAB metabolites effects, natural organic acids from grape pomace could influence in foodborne pathogens inhibition. Grapes present large amounts of phenolic compounds, mainly flavonoids, which are able to damage cytoplasmic membrane promoting a deregulation of electron flow, leading to cell death (Öncül and Karabiyikli, 2016). A better result was observed when pathogens were inoculated after LR fermentation on grape juice, this may be due to the induction on structural degradation on plant cell walls resulting in the liberation of phenolic compounds (Cho et al., 2018). The deleterious effect on microbial cell membrane was observed on Clostridium histolyticum by Cueva et al. (2013), who also demonstrated that this negative effect does not occur against LAB, on the contrary, the study showed that there was a stimulated growth of Lactobacillus and Entercoccus when grape pomace was used.

CONCLUSION

This study suggested a food application for an agricultural by-product using a probiotic bacteria as a bio-preservative. LABs used could grow in the grape juice with and without pomace supplementation. The probiotic grape beverage containig juice supplemented with grape pomace presented storage stability and a bacteriostatic action against pathogens indicators. The use of LAB fermentation to produce a non-dairy probiotic product may solve two market problems: reduction of environmental impact and market diversification for probiotic foods. Most studies use grape pomace extracts, what does not reduce significantly the residue amount and non-fermented juices, what is more expensive and may not provide biopreservation characteristics. In this case the whole pomace was used as source of polysaccharides that represent a dietary fiber supplementation, with a possible prebiotic function increasing the probiotic population.
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Beverage formulations Culture inoculum (CFU/mL)

LR LC LD SE LM EC

Pure grape juice (Experiment 1) 104 —
Pure grape juice (Experiment 1) - 10t - - - -
Pure grape juice (Experiment 1) - - 10 - - -
Grape juice and grape pomace 108 - - - - -
(Experiment 2)

Diluted grape juice, sugar and 108 - - = - -
grape pomace (Experiment 3)

Diluted grape juice, sugar and 108 - - 108 - -
grape pomace (Experiment 4)

Diluted grape juice, sugar and 106 - - - 108

grape pomace (Experiment 4)

Diluted grape juice, sugar and 108 - - - - 108

grape pomace (Experiment 4)

LR, Lactobacilus casei subsp. rhamnosus ATCC 7469; LC, Lactobacillus casei subsp.
casei ATCC 393 (L. case); LD, Lactobacillus delbruecki subsp. delbrueckii ATCC 9649;
SE, Salmonella enterica subsp. enterica serovar Enteritidis ATCC 13076; LM, Listeria
monocytogenes; EC, Escherichia coli ATCC 25922; CFU, colony-forming unit; mL, millter.
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