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ABSTRACT. The purpose of this study was the investigation of the growth ability of 

lactic acid bacteria (LAB), isolated from traditionally made cheese from Southeastern 

Serbia, in the presence of different percent of sugars and sugar substitutes (fructose, lac-

tose, inulin, and mannitol). Dextrose was included for comparative purposes. The results 

indicated that fructose and lactose stimulated the growth of Lactobacillus strains, with 

exceptions of Lactobacillus plantarum KGPMF62 and Lb. plantarum LP 299v. Lactose 

showed similar effects like dextrose on the growth of Lactococcus strains, while higher 

growth rates of Enterococcus hirae KGPMF9, E. durans KGPMF10, E. faecium 

KGPMF14, and E. faecalis KGPMF47 were observed for lactose and mannitol. The re-

sults indicated the potential use of tested sugars and sugar substitutes as prebiotic com-

pounds for the development of symbiotics with tested LAB, in medical or food industry. 
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INTRODUCTION 

 

The probiotics are defined as feed additives, formed by live microbes that showed a 

beneficial effect on the host health (SCHREZENMEIR and DE VRESE, 2001). Lactic acid bacteria 

(LAB) are the most used microorganisms as probiotics because they have “Generally 

Recognized as Safe” (GRAS) status. Also, they are desirable members of the intestinal 

microflora (SHOKRYAZDAN et al., 2014). During the last decades, the researchers investigated 

the Lactobacillus and Lactococcus genera for potential beneficial use for humans as 

probiotics (KIMOTO-NIRA et al., 2007; HERNANDEZ-HERNANDEZ et al., 2012; SHOKRYAZDAN 

et al., 2014). It is noticed the increase of interest regarding the commercial utilization of 

Lactobacillus strains isolated from traditional and naturally fermented dairy products 

(MAGDOUB et al., 2015). But it is of great importance to mention that the biological effects 

revealed from probiotics bacteria are strain specific. There is no universal strain that would 

provide all the suggested benefits, not even strains of the same species (PAVLI et al., 2016). 
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The efficiency of added probiotic bacteria depends on dose level, their viability and 

they must be tolerant to the conditions in the gut environment (ARYANA et al., 2007). To 

improve these features of probiotic bacteria, fermented food is usually supplemented with 

prebiotics. Prebiotics has been defined as “nondigestible food components that beneficially 

affect the host by selectively stimulating the growth and/or activity of one or a limited number 

of bacteria in the colon, thus improving host health” (ROMANO et al., 2016). They are also 

defined as “nondigestible food ingredients that beneficially affect the host by selectively 

stimulating the growth and/or activity bacteria in the colon (probiotics)” (GUSTAW et al., 

2011). Glucose and lactose are sugars that are mostly used in glycolysis (fermentation of 

sugars) by LAB (BINTSIS, 2018). In addition to glucose, there are other hexoses such as 

fructose, mannose or galactose, which can be consumed by LAB (TAMIME and ROBINSON, 

1999). The most famous prebiotic compounds are fructooligosaccharides (FOS) and inulin 

(BURITI et al., 2007). It is known that FOS and inulin can improve the bioavailability of 

minerals (such as calcium, magnesium, and iron). They also can increase the activity of 

beneficial live active cultures and inhibition of harmful bacteria in the digestive tract. Inulin 

facilitates the digestion of high protein diets, retards fat absorption, provides roughage 

preventing constipation, remains in digestive tract providing satiety without carrying of extra 

calories, lowers blood cholesterol and triglycerides, helps with blood glucose control for 

diabetics and decreases the incidence of colon cancer (ARYANA et al., 2007). KAPLAN and 

HUTHINS (2000) indicated that the ability of probiotic bacteria to ferment oligosaccharides is 

an especially important characteristic.  

Probiotic cultures for food applications are frequently supplied in dried form, encapsu-

lated, spray-dried, or freeze-dried powders (ROSS et al., 2005). So, protective compounds for 

probiotic cultures are necessary to preclude inactivation during drying and warrant stabiliza-

tion during storage (ROMANO et al., 2016). There is a great variety of prebiotic compounds; 

among them, the most studied ones are inulin and FOS. Lipid capsules containing inulin or 

polydextrose are efficient in protecting Lactobacillus acidophilus exposed to simulated gastric 

fluids and intestinal fluids (OKURO et al., 2013). The combined use of probiotic strains and 

prebiotic is encouraged to form symbiotic products in which the prebiotic is an energy source 

increasing the intestinal survival of the beneficial bacteria. 

Due to the considerable scientific and commercial interest in prebiotics and probiotic 

bacteria as symbiotics, the purpose of this research was to study the capacity of some auto-

chtonous LAB, to ferment lactose, fructose, mannitol and inulin. 

 

 

MATERIALS AND METHODS 

 

Microorganisms used in study 

 

The tested strains were selected from the LAB isolated from three days old Sokobanja 

cheese (MURUZOVIĆ et al., 2018a; 2018b; GRUJOVIĆ et al., 2019a). The strains being 

identified to the genus level by physiological and biochemical tests. The chosen strains of 

LAB were identified as Lactococcus lactis subsp. lactis (one strain), Lc. lactis subsp. lactis 

biovar. diacetylactis (five strains), Lactobacillus fermentum (two stains), Lb. plantarum (one 

strain), Lb. brevis (one stain), Enterococcus faecalis (three strains), E. faecium (one strain), E. 

durans (one strain), and E. hirae (one strain), by using the MALDI-TOF mass spectrometry. 

The strains were frozen at -80°C in MRS broth with 20% glycerol. They were subcultured in 

the same medium at 37°C for 16-24 h before the various assays were performed. 
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Determination of the growth of LAB isolates in medium with different type of 

sugars 
 

The effect of different types of sugars on the growth of isolated LAB was examined 

according to the method described in RADA et al. (2008), with some modifications. Bacteria 

were grown in carbohydrate-free MRS media containing: Pepton Torlak 10.0 g/l, Meat extract 

10.0 g/l, Yeast extract 5.0 g/l, Potassium hydrogen phosphate 2.0 g/l, Sodium chloride 5.0 g/l, 

Sodium acetate 2.5 g/l, Magnesium sulfate 1.1 g/l, Manganese-sulfate 0.2 g/l. Lactose, 

fructose, mannitol, and inulin (individually) (Torlak, Belgrade, Serbia) were added to MRS 

media. MRS with 2% (w/v) of dextrose served as growth control. The inoculum was prepared 

from 24 h MRS grown LAB isolates cells and turbidity of initial suspension was adjusted 

using 0.5 McFarland densitometer (Biosan, Latvia). Initial bacterial suspensions contain about 

108 colony-forming units (CFU)/ml. Each bacterial strain (10 μl) (individually) was added to 

the MRS basal media containing different percent of lactose, fructose, mannitol, and inulin. 

Twofold serial dilutions of the tested sugars were made in sterile tissue culture 96-well 

microtiter plates (Sarstedt, Germany) containing 0.1 ml of MRS broth (Torlak, Belgrade, 

Serbia) per well. The tested concentration range was from 8 to 0.25% (w/v). The incubation 

was carried out at 37°C/24 h. Optical densities (ODs) of stained adherent bacteria were 

determined with an ELISA plate reader (RT-2100C, Rayto, Shenzhen, China) at 600 nm. 

According to MURUZOVIĆ et al. (2018a), Lb. fermentum KGPMF28, Lb. fermentum 

KGPMF29, Lb. brevis KGPMF35 and all Lactococcus isolates had no ability to ferment 

mannitol and inulin, so the growth in these two sugars was not investigated for mentioned 

isolates. 

Only broth or broth with sugars served as a control to check sterility and nonspecific 

binding of media. To compensate for background absorbance, OD readings from sterile 

medium and prebiotics extracts were averaged and subtracted from all test values. All tests 

were performed in triplicate. 

 

Statistical analysis 
 

All data for measuring the growth of bacteria in the presence of different sugars were 

presented as means ± standard deviations using Microsoft Excel (Redmond, Washington, DC, 

USA). Statistics 20. ANOVA analysis (SPSS Inc., Chicago, IL, USA) was carried out to 

determine statistical differences (p < 0.05) between the growth of bacteria in sugars, 

compared with growth control (2% of dextrose). The strains were tested three times for each 

concentration of tested sugars. 

 

 

RESULTS AND DISCUSSION 

 

The effect of different type of sugars on the growth of LAB isolates 
 

The ability of LAB, isolated from the cheese from Southeastern Serbia, to grow in the 

presence of different sugars (fructose, lactose, and inulin) and sugar alcohol (mannitol) was 

evaluated. Dextrose was also included in this study for comparative purposes. Results are 

shown in Tables 1, 2, and 3.  

Higher growth rates of all tested Lactobacillus cells were observed for fructose and 

lactose. The exceptions were Lb. plantarum KGPMF62 and Lb. plantarum LP 299v, which 

had better growth in the presence of fructose than in inulin (Table 1).  
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Lactose showed similar effects like dextrose, except for L. lactis subsp. lactis 

KGPMF23, which growth was stimulated in lower tested concentrations. Growth in the 

presence of fructose was limited, compared to growth in dextrose (Table 2). 

Higher growth rates of E. hirae KGPMF9, E. durans KGPMF10, E. faecium 

KGPMF14, and E. faecalis KGPMF47 were observed for lactose and mannitol. The growth in 

dextrose was significantly higher (p < 0.05) compared to growth in fructose.  

In general, tested isolates of LABs showed better growth in the presence of lactose 

compared with other tested sugars. Tested Lactobacillus and Enterococcus isolates showed 

better growth in the presence of mannitol than in fructose.  

 
Table 1. Growth of Lactobacillus spp. isolates in presence of sugars. 

 

Sugar 

Species Lb. fermentum Lb. brevis Lb. plantarum 

Isolate KGPMF28 KGPMF29 KGPMF35 KGPMF62 LP 299v 

Percent 

(%) 

Dextrose1 2 0.94 ± 0.06 0.94 ± 0.04 0.61 ± 0.09  0.95 ± 0.04 0.31 ± 0.03 

Fructose 8  0.51 ± 0.08*  0.52 ± 0.03*  0.53 ± 0.00* 0.06 ± 0.07*  0.14 ± 0.02* 

4  0.82 ± 0.03* 0.96 ± 0.01 0.60 ± 0.01 0.72 ± 0.02*  0.20 ± 0.02* 

2 0.90 ± 0.02  0.98 ± 0.00* 0.61 ± 0.00  0.96 ± 0.01  0.21 ± 0.01* 

1 0.92 ± 0.01  0.99 ± 0.02* 0.62 ± 0.04 1.03 ± 0.04* 0.34 ± 0.01 

0.5 0.96 ± 0.03  1.00 ± 0.00*  0.68 ± 0.03* 1.00 ± 0.02* 0.31 ± 0.02 

0.25 0.94 ± 0.00 0.92 ± 0.01  0.48 ± 0.01* 0.51 ± 0.02*  0.24 ± 0.01* 

Lactose 8  0.56 ± 0.02*  0.53 ± 0.04*  0.02 ± 0.06* 0.05 ± 0.06*  0.15 ± 0.01* 

4  0.81 ± 0.00*  0.74 ± 0.01*  0.12 ± 0.00* 0.77 ± 0.04*  0.19 ± 0.02* 

2 0.90 ± 0.02  0.82 ± 0.01*  0.25 ± 0.02*  0.94 ± 0.02  0.20 ± 0.02* 

1 0.91 ± 0.01  0.88 ± 0.03*  0.32 ± 0.00* 1.02 ± 0.03* 0.31 ± 0.02 

0.5 0.94 ± 0.03  1.01 ± 0.01* 0.58 ± 0.04  0.96 ± 0.03  0.24 ± 0.00* 

0.25 0.92 ± 0.00  0.86 ± 0.02*  0.41 ± 0.00*  0.44 ± 0.04*  0.23 ± 0.00* 

Mannitol 8 n.d. n.d. n.d.  0.09 ± 0.09*  0.21 ± 0.00* 

4 n.d. n.d. n.d.  0.87 ± 0.02* 0.28 ± 0.01 

2 n.d. n.d. n.d. 0.96 ± 0.01  0.30 ± 0.02 

1 n.d. n.d. n.d. 0.97 ± 0.03  0.26 ± 0.01* 

0.5 n.d. n.d. n.d. 0.94 ± 0.01  0.19 ± 0.03* 

0.25 n.d. n.d. n.d.  0.44 ± 0.03*  0.17 ± 0.01* 

Inulin 8 n.d. n.d. n.d.  0.60 ± 0.05*  0.18 ± 0.01* 

4 n.d. n.d. n.d.  0.68 ± 0.01*  0.20 ± 0.01* 

2 n.d. n.d. n.d.  0.88 ± 0.01*  0.23 ± 0.00* 

1 n.d. n.d. n.d.  0.79 ± 0.00*  0.22 ± 0.00* 

0.5 n.d. n.d. n.d.  0.47 ± 0.00*  0.21 ± 0.01* 

0.25 n.d. n.d. n.d.  0.38 ± 0.03*  0.19 ± 0.01* 

 

Values are presented as mean ± SD measured at 600 nm; 1growth control; n.d.-not determined 

(isolates did not ferment mannitol and inulin); * statistical significance (p ˂ 0.05) in the growth of 

bacteria compared with growth control (2% of dextrose). 
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Table 2. Growth of Lactococcus spp. isolates in presence of sugars. 
 

Sugar 

Species L. lactis subsp. lactis L. lactis subsp. lactis biovar. diacetylactis 

Isolate KGPMF23 KGPMF50 KGPMF54 KGPMF55 KGPMF57 KGPMF59 

Percent of 

sugar (%) 

Dextrose1 2 0.64 ± 0.03 0.34 ± 0.08 0.52 ± 0.02 0.36 ± 0.05 0.93 ± 0.02 0.81 ± 0.06 

Fructose 8 0.17 ± 0.02* 0.15 ± 0.01* 0.16 ± 0.02* 0.18 ± 0.00* 0.52 ± 0.04* 0.40 ± 0.02* 

4 0.19 ± 0.02* 0.17 ± 0.03* 0.34 ± 0.02* 0.19 ± 0.02* 0.73 ± 0.02* 0.64 ± 0.00* 

2 0.20 ± 0.03* 0.20 ± 0.02* 0.42 ± 0.01* 0.22 ± 0.01* 0.79 ± 0.00* 0.66 ± 0.00* 

1 0.30 ± 0.01* 0.27 ± 0.02* 0.46 ± 0.02* 0.27 ± 0.00* 0.84 ± 0.03* 0.67 ± 0.01* 

0.5 0.25 ± 0.02* 0.22 ± 0.04* 0.48 ± 0.00 0.33 ± 0.03 0.82 ± 0.01* 0.66 ± 0.00* 

0.25 0.21 ± 0.01* 0.22 ± 0.01* 0.45 ± 0.01* 0.31 ± 0.02* 0.81 ± 0.00* 0.64 ± 0.00* 

Lactose 8 0.08 ± 0.04* 0.31 ± 0.04 0.31 ± 0.02* 0.23 ± 0.00* 0.60 ± 0.04* 0.40 ± 0.02* 

4 0.11 ± 0.02* 0.18 ± 0.03* 0.33 ± 0.01* 0.25 ± 0.01* 0.79 ± 0.03* 0.58 ± 0.02* 

2 0.26 ± 0.01* 0.15 ± 0.04* 0.35 ± 0.02* 0.27 ± 0.02* 0.86 ± 0.04* 0.63 ± 0.01* 

1 0.65 ± 0.01 0.10 ± 0.01* 0.44 ± 0.02* 0.36 ± 0.01 0.90 ± 0.04 0.69 ± 0.02* 

0.5 0.64 ± 0.00 0.09 ± 0.00* 0.42 ± 0.00* 0.32 ± 0.00 0.89 ± 0.02 0.63 ± 0.00* 

0.25 0.52 ± 0.02* 0.09 ± 0.01* 0.41 ± 0.01* 0.30 ± 0.00* 0.88 ± 0.01* 0.60 ± 0.00* 

 

Values are presented as mean ± SD measured at 600 nm; 1growth control; *statistical significance (p ˂ 0.05) in the growth of bacteria 

compared with growth control (2% of dextrose). 
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Table 3. Growth of Enterococcus spp. isolates in presence of sugars 

 

 Species E. hirae E. durans E. faecium E. faecalis 

Sugar Isolate KGPMF9 KGPMF10 KGPMF14 KGPMF47 KGPMF48 KGPMF49 ATCC 29211 

Percent of  

sugar (%) 

 

Dextrose1 2 0.20 ± 0.02 0.23 ± 0.08 0.28 ± 0.02 0.27 ± 0.04 0.21 ± 0.02 0.28 ± 0.03 0.29 ±0.03 

Fructose 8 0.08 ± 0.05* 0.16 ± 0.00* 0.19 ± 0.01* 0.18 ± 0.01* 0.05 ± 0.06* 0.21 ± 0.04* 0.13 ± 0.02* 

4 0.15 ± 0.01* 0.18 ± 0.01* 0.21 ± 0.01* 0.23 ± 0.01* 0.12 ± 0.02* 0.21 ± 0.02* 0.16 ± 0.02* 

2 0.16 ± 0.02* 0.17 ± 0.02* 0.25 ± 0.00 0.25 ± 0.02 0.13 ± 0.02* 0.19 ± 0.02* 0.18 ± 0.01* 

1 0.15 ± 0.00* 0.24 ± 0.00 0.26 ± 0.00 0.25 ± 0.03 0.13 ± 0.01* 0.19 ± 0.02* 0.20 ± 0.03* 

0.5 0.19 ± 0.00 0.21 ± 0.03 0.28 ± 0.02 0.26 ± 0.02 0.17 ± 0.02* 0.19 ± 0.00* 0.17 ± 0.00* 

0.25 0.17 ± 0.00 0.20 ± 0.02 0.25 ± 0.01 0.24 ± 0.03 0.13 ± 0.03* 0.13 ± 0.02* 0.11 ± 0.01* 

Lactose 8 0.17 ± 0.01 0.18 ± 0.01* 0.22 ± 0.00* 0.22 ± 0.00* 0.13 ± 0.01* 0.22 ± 0.00* 0.17 ± 0.00* 

4 0.18 ± 0.00 0.18 ± 0.03* 0.24 ± 0.02* 0.24 ± 0.00* 0.10 ± 0.02* 0.19 ± 0.01* 0.19 ± 0.00* 

2 0.20 ± 0.01 0.20 ± 0.03 0.26 ± 0.01 0.26 ± 0.01 0.12 ± 0.00* 0.19 ± 0.00* 0.21 ± 0.01* 

1 0.16 ± 0.01* 0.24 ± 0.03 0.29 ± 0.00 0.27 ± 0.02 0.11 ± 0.00* 0.17 ± 0.00* 0.23 ± 0.02* 

0.5 0.16 ± 0.00* 0.25 ± 0.01 0.28 ± 0.00 0.29 ± 0.00 0.12 ± 0.00* 0.14 ± 0.02* 0.18 ± 0.00* 

0.25 0.14 ± 0.00* 0.16 ± 0.01* 0.27 ± 0.00 0.27 ± 0.01 0.11 ± 0.01* 0.11 ± 0.01* 0.13 ± 0.01* 

Mannitol 8 0.23 ± 0.02 0.19 ± 0.03* 0.22 ± 0.02* 0.23 ± 0.00* 0.19 ± 0.03 0.20 ± 0.03* 0.19 ± 0.02* 

4 0.18 ± 0.02 0.22 ± 0.01 0.23 ± 0.02* 0.26 ± 0.02 0.17 ± 0.02* 0.23 ± 0.03* 0.21 ± 0.02* 

2 0.15 ± 0.01* 0.23 ± 0.03 0.22 ± 0.01* 0.27 ± 0.00 0.15 ± 0.01* 0.23 ± 0.01* 0.25 ± 0.01 

1 0.15 ± 0.00* 0.27 ± 0.02* 0.21 ± 0.00* 0.29 ± 0.03 0.15 ± 0.00* 0.24 ± 0.01* 0.19 ± 0.01* 

0.5 0.13 ± 0.01* 0.24 ± 0.00 0.21 ± 0.00* 0.27 ± 0.01 0.13 ± 0.00* 0.23 ± 0.00* 0.16 ± 0.01* 

0.25 0.11 ± 0.02* 0.21 ± 0.00 0.17 ± 0.01* 0.24 ± 0.00 0.13 ± 0.01* 0.21 ± 0.00* 0.11 ± 0.02* 
 

Values are presented as mean ± SD measured at 600 nm; 1growth control; *statistical significance (p ˂ 0.05) in the growth of bacteria 

compared with growth control (2% of dextrose). 
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LABs from natural food sources can be promising probiotic candidates, which 

was confirmed in results presented in GRUJOVIĆ et al. (2019b). Therefore, in this paper, 

for the first time, it was evaluated the symbiotic effect between different types of sugars 

and sugar substitutes and selected LABs, isolated from traditionally made cheese, in order 

to determine the possible prebiotic for the growth of tested bacteria. It is well-known that 

symbiotic is a combination of probiotics and prebiotics and that symbiotic can 

beneficially affect the host by improving the survival and implantation of live microbial 

dietary supplements in the gastrointestinal tract (SARANGI et al., 2016). GUSTAW et al. 

(2011) indicated that fructooligosaccharides and inulin caused an increase in the numbers 

of all bacteria, in comparison to control yogurt obtained without the addition of 

prebiotics.  

In this paper, it was investigated the ability of some lactobacilli to ferment 

fructose and dextrose, as well as their ability to ferment inulin. But differences in growth 

absorbances in inulin, and fructose, and dextrose (individually) were not significant (p > 

0.05). It can be concluded that the ability of an organism to use a polysaccharide depends 

primarily on its ability to degrade the type of chemical bonds present in the molecule 

rather than the monomer itself. DA SILVA SABO et al. (2015) indicated that Lb. plantarum 

ST16 Pa, which grew in 1% inulin cultures, produced lactic acid at a level that was 36.5% 

higher than in the absence of the polysaccharide. But the growth of Lb. plantarum ST16 

Pa in medium without inulin, was 54% higher, which was confirmed in our work. Also, 

ALMSTÅHL et al. (2013) indicated that Lactobacillus strains had the ability to ferment, not 

only sugars but also the sugar substitutes like mannitol, which was also confirmed in our 

paper for some isolates.  

Mannitol, a naturally occurring polyol (sugar alcohol), is widely used in the food, 

pharmaceutical, medical, and chemical industries. The production of mannitol by fermen-

tation has become attractive because of the problems associated with its production 

chemically. Several homo- and heterofermentative (LAB) are known to produce manni-

tol. A several heterofermentative LAB are excellent producers of mannitol from fructose. 

These bacteria convert fructose to mannitol with 100% yields from a mixture of glucose 

and fructose (1:2). Glucose is converted to lactic acid and acetic acid, and fructose is 

converted to mannitol (SAHA and RACINE, 2011). In our study, tested Lactobacillus and 

Enterococcus isolates showed better growth in the presence of mannitol, than fructose. 

According to UROIĆ et al. (2014), L. lactis BGAL1-1 showed no ability to utilize manni-

tol, which is in accordance with our study. Most of the researches are focused on the 

influence of these sugars on the growth of bifidobacteria and lactobacilli, but little is 

known about how they affected on other beneficial bacteria from other genera, like 

Lactococcus spp., which are widely used in the food industry (PRANCKUTĖ et al., 2014).  

CHEN et al. (2007) investigated the growth of E. faecium MR006 in broths with 

different sugars and showed that the highest cell numbers were observed with dextrose, 

which is in accordance with our research. UROIĆ et al. (2014) showed that enterococci 

isolated from white pickled cheese growth better in MRS broth with mannitol, as 

prebiotic substrate, which also was in accordance with our research.  

 

 

CONCLUSION 

 

The tested LABs, isolated from Sokobanja’s cheese, previously showed potential 

for application as probiotic. In this paper, it was demonstrated their growth ability in the 

presence of different concentrations of different sugars and sugar substitutes, which can 

be used as prebiotics. Therefore, this paper contributes to a better knowledge about the 
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potential development of symbiotic. Further studies need to include in vivo clinical 

research and to evaluate the healthy aspect.   
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