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Abstract 
The present study was undertaken for isolation and characterization of lactic acid bacteria (LAB), from fruits and vegetables for potential probiotic properties. Eighty-four LAB were examined in vitro for potential probiotic properties based on their low pH tolerance, bile-salt resistance, antibiotic sensitivity, antibacterial and phytase activity. Out of eighty-four isolates, twenty-eight lactic acid bacterial isolates were selected from screening of acid and bile tolerance test. Among these twenty-eight LAB isolates, five isolates exhibited antibacterial activity against Escherichia coli and Staphylococcus aureus. All five LAB isolates showed intermediary resistance to most of the antibiotics tested and two isolates (BAN1 and JM3) showed phytase activity. Except BAN1 remaining four LAB isolates exhibited gas production. All five lactic acid bacteria were identified as Lactobacillus based on their biochemical and morphological characters. The selected LAB isolates with potential probiotic properties were JM3, TL4, BAN5, KIW3 and BAN1. Therefore, selected five LAB isolates were thought to survive through the intestinal ecosystem and is considered to be suitable as bio preservatives and can be recommended for development of various probiotic food products. 
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Introduction 
Lactic acid bacteria (LAB) are a large heterogenous group of Gram-positive and non-spore forming bacteria which were categorized based on their morphological, metabolic and physiological characteristics (Morelli et al., 2011). The core of this microorganism group conventionally consists of Lactobacillus, Leuconostoc, Pediococcus, Aerococcus and Streptococcus (Whitman et al., 2009). Most of them grow in the carbohydrate-rich environments such as plants, fermented food and mammalian mucosal surfaces such as the mouth, gut and vagina. Lactic acid bacteria are nutritionally fastidious bacteria, requiring rather complete nutritional supplementations. They chiefly need media enriched with vitamins, amino acids, and lipids for growth. This group of bacteria has been widely used in various industries, especially the food industry, due to certain specific characteristics (Aureli et al., 2011). The importance of lactic acid bacteria as a main group of probiotics is known to most scientists. Recently, numerous studies have been performed on the identification of probiotic microorganisms. Some of these studies were conducted for the production of probiotic dairy products, fruit juices, fermented agricultural products such as cabbage, squash, green beans, and olives. 
Plant leaves may be a potential source of bacterial genus such as Lactobabillus, Enteroccocus and Weissela. In the literature, few reports have confirmed the functional and biochemical properties of probiotic strains from the food crop plant leaves as potential sources of probiotic bacteria (Prasad et al., 1998; Yang et al., 2016). Currently, fruit juice could be serves as a good medium for cultivating probiotics (Mattila-Sandholm et al., 2002). The nutrients present in fruits may serve as an ideal food matrix for carrying probiotic bacteria. Thus, the aim of this study was to identify LAB isolates as probiotics, based on assessment of attributes necessary to qualify them as potential probiotic agent.
2. Material and methods 
2.1 Probiotic properties of the LAB strains
	A total eighty-four lactic acid bacteria which were previously isolated from fruits and medicinal plants were evaluated for potential probiotic properties. The methods used for evaluation of probiotic properties were mentioned in the following headings.

2.1.1 Resistance to low pH and bile salts
Resistance to bile salt was tested as described previously (Pelinescu et al., 2009) with some modifications. The LAB isolates were grown for 24 h in MRS broth at 37 °C. One millilitre of 24 h old culture was inoculated into 100 mL MRS broth whose pH was adjusted to 2, 3 and 7 using 1N HCl or NaOH. The growth of bacterial isolates was monitored by determination of OD at 620 nm after 24 h of incubation at 35 °C. Percentage difference between the variation of OD at pH 7 and OD at pH 2 and 3 would give an index of isolates surviving. The viable cell population was determined by spread plate method.
% Survival = ODpH7 - ODpH2/3   × 100
                           ODpH7
 The tolerance of LAB isolates to bile salt (BS) was evaluated in MRS media supplemented with bile salts using a modified method described by Pereira and Gibson (2002).  An aliquot of one mL of the 24 h old culture was inoculated to nine mL of sterile MRS broth containing 0.3, 0.6 and 1 % w/v bile salt. The growth of bacterial isolates was monitored by determination of OD at 620 nm after 24 h of incubation at 35 ºC. The viable cell population was determined by spread plate method. The percentage survival was calculated using the following formula.
% Survival = OD0%BS – OD0.3 %BS        × 100
                                 OD0%BS 
2.1.3 Antibiotic susceptibility test 
The antibacterial susceptibility of the isolates on MRS agar plates was assessed by using disc diffusion method (Klare et al., 2005). The assay was performed as follows: MRS broth inoculated with LAB isolates were kept for incubation at 37 ºC. Turbidity was adjusted to 0.5 McFarland and with the help of sterile cotton swab a lawn was made of this culture on MRS agar plate by streaking the entire surface of the MRS agar plates three times and turning the plate 60 degree between streaking to obtain uniform inoculation. Later, seven antibiotics like, neomycin (30µg), tetracycline (30µg), chloramphenicol (30µg), gentamycin (10µg), penicillin(10µg), co-trimoxazole (25µg) and streptomycin (10µg) were placed aseptically on the inoculated plates and incubated at 37 ºC for 24 h. The diameter of the zone of inhibition was measured and expressed as sensitive (S: 26-33 mm), intermediate (I: 12-16 mm) and resistant (R: 0-11 mm).
2.1.4 Antibacterial activity 
The antagonistic activity of the bacterial isolates against Escherichia coli MTCC 1687 and Staphylococcus aureus MTCC 737 was assessed by using spot-on lawn-assay (Schillinger and Lucke, 1989). Plates were incubated with inoculated culture for 24 h at 37 ºC and were observed for clear zone formation. The size of the clear zone was taken as directly proportionate to antagonistic activity of the bacterial isolates. Inhibition zone of more than 21 mm, 11-20 mm and less than 10 mm was reviewed as strong, intermediate and low inhibition, respectively (Anas et al., 2012).
2.1.5 Phytase plate assay
       The phytase activity of bacterial isolates was performed by using a specific method described by Bae et al. (1999) is as follows. The bacterial isolate grown in sodium phytate-containing medium at 30 ºC and was examined after 48 h of incubation for clear zone around the spots. To eliminate false positive results caused by microbial acid production, plates were flooded with 2 % (w/v) aqueous cobalt chloride solution. After 5 min of incubation at room temperature, cobalt chloride solution was removed and then added to a freshly prepared solution containing equal volumes of a 6.25 % (w/v) aqueous ammonium molybdate solution and a 0.42 % (w/v) ammonium vanadate solution. After incubation for 5 min, the ammonium molybdate/ammonium vanadate solution was removed and plates were examined for zone of phytate hydrolysis.
2.2 Identification of finally selected lactic acid bacterial isolates by morphological and biochemical tests
 Gram’s staining, methyl red test, gas production from glucose, H2S production and catalase test were performed as per the standard procedures for the preliminary identification of LAB. The LAB strains were purified on MRS agar and studied for their form, colony characters by visual appearance. 
3. Results and discussion 
In this paper, significant effort has been made to select lactic acid bacteria isolated from fruits and medicinal plant leaves on the basis of the most important technological criteria in order to obtained probiotic lactic acid bacteria. To test the potential health benefits of probiotics, various features such as acid tolerance, bile tolerance, antibacterial activity, antibiotic susceptibility and phytase activity should be tested before its application in food. 
  
3.1 Probiotic potential of the LAB strains 
3.1.1 Resistance to pH and Bile 
Eighty-four strains were previously isolated from fruits and medicinal plant leaves, were used to screen potential probiotics. Twenty-four strains showed excellent survival at pH 2 and 3 (Table 1). One of the major criteria for selection of probiotic strain is to survive under low pH condition of stomach. Before reaching the gastrointestinal tract, probiotic bacteria must first survive transit through the stomach and have their health promoting effects as metabolically viable active cells when they reach the colon (Dunne et al., 2001). Interestingly, twenty-eight LAB strains presented > 80 survivability at pH 2 and >45 per cent at pH 3, > 65 per cent percent for 0.3 per cent bile. Collectively, twenty-eight LAB strains performed best in vitro and were selected for further study. In a related study, Akalu et al. (2017) have found that out of thirty isolates, seventeen isolates showed remarkably high resistance to bile salt concentration of 0.3 per cent. Previous studies have reported that and more strains of L. plantarum isolated from various sources presented a survivability of about more than 80 per cent at pH 2 (Akalu et al., 2017; Rajoka et al., 2017). 
Table 1: Per cent survivability of lactic acid bacterial isolates at different pH and Bile salt levels
	Sl. No.
	Isolate code
	Per cent survivability 

	
	
	pH
	Bile

	
	
	2
	3
	0.3 %

	1
	AML
	70.44
	56.27
	19.23

	2
	APL1
	99.08
	71.08
	91.38

	3
	APL2
	96.57
	82.49
	89.53

	4
	APL3
	96.79
	69.03
	93.70

	5
	APL4
	92.76
	64.77
	69.97

	6
	APL5
	80.29
	78.40
	93.00

	7
	BAN1
	97.02
	50.80
	99.88

	8
	BAN2
	95.52
	60.30
	62.33

	9
	BAN3
	91.50
	57.67
	59.15

	10
	BAN4
	92.72
	65.48
	58.00

	11
	BAN5
	96.39
	92.59
	96.65

	12
	BAN6
	61.63
	69.03
	62.70

	13
	CL
	56.37
	41.97
	51.31

	14
	CUS
	46.10
	29.87
	90.76

	15
	GRP1
	31.42
	43.42
	8.45

	16
	GRP2
	73.94
	61.46
	36.70

	17
	GUA1
	97.57
	79.49
	65.16

	18
	GUA2
	99.21
	89.54
	68.16

	19
	GUA3
	98.49
	79.02
	91.53

	20
	GUA4
	86.36
	61.74
	92.92

	21
	GUA5
	87.07
	58.17
	99.59

	22
	GUA6
	82.34
	66.02
	77.65

	23
	INB1
	88.78
	84.60
	99.31

	24
	INB2
	86.06
	48.48
	96.45

	25
	INB3
	98.56
	77.70
	88.78

	26
	INB4
	98.81
	87.91
	85.82

	27
	INB5
	97.97
	82.94
	11.20

	28
	INB6
	98.00
	83.14
	18.63

	29
	JM1
	89.64
	86.47
	32.12

	30
	JM2
	94.31
	86.29
	85.18

	31
	JM3
	98.84
	86.30
	76.88

	32
	JM4
	80.03
	72.50
	91.66

	33
	KIW1
	85.98
	69.80
	36.67

	34
	KIW2
	8.80
	76.60
	82.18

	35
	KIW3
	86.40
	81.65
	91.10

	36
	KIW4
	78.69
	54.43
	17.30

	37
	KIW5
	30.99
	8.99
	16.98

	38
	KIW6
	66.50
	39.15
	8.66

	39
	MNT1
	76.23
	60.94
	33.40

	40
	MNT2
	97.74
	75.60
	44.45

	41
	MNT3
	72.14
	82.66
	28.37

	42
	MNT4
	76.61
	65.69
	6.87

	43
	MNT5
	97.71
	77.77
	18.49

	44
	ML1
	99.66
	66.00
	97.09

	42
	ML2
	78.62
	65.55
	17.68

	46
	ML3
	50.00
	66.36
	76.00

	47
	ML4
	63.56
	68.28
	23.98

	48
	ML5
	88.29
	9.57
	45.24

	49
	MM1
	96.1
	81.51
	65.15

	50
	MM2
	70.67
	75.73
	20.97

	51
	MM3
	79.20
	73.48
	52.13

	52
	MM4
	91.67
	24.76
	43.93

	53
	ORG1
	74.79
	67.89
	5.81

	54
	ORG2
	99.58
	77.70
	94.20

	55
	ORG3
	99.01
	82.00
	93.96

	56
	PAP1
	65.81
	74.10
	15.80

	57
	PAP2
	86.03
	66.19
	38.63

	58
	PAP3
	47.65
	10.46
	37.37

	59
	PAP4
	64.70
	71.93
	48.01

	60
	PAP5
	16.53
	13.46
	44.20

	61
	PAP6
	67.43
	69.85
	39.51

	62
	PAP7
	54.52
	66.55
	53.60

	63
	PL
	97.23
	80.78
	99.89

	64
	PR1
	25.00
	72.03
	71.92

	65
	PR2
	17.57
	67.57
	66.70

	66
	PINE1
	99.03
	85.71
	3.71

	67
	PINE2
	41.48
	19.25
	89.52

	68
	PINE3
	83.01
	40.09
	43.04

	69
	PINE4
	95.28
	81.57
	49.66

	70
	PINE5
	83.51
	36.26
	47.50

	71
	PMG1
	43.00
	61.08
	77.53

	72
	PMG2
	69.12
	68.87
	12.18

	73
	PMG3
	95.25
	47.79
	55.64

	74
	SPT1
	86.42
	62.50
	26.20

	75
	SPT2
	19.80
	88.81
	65.02

	76
	SPT3
	68.73
	78.03
	69.16

	77
	SPT4
	72.98
	71.93
	53.89

	78
	TMT
	82.65
	65.30
	9.56

	79
	TL1
	57.48
	68.02
	10.73

	80
	TL2
	96.88
	77.37
	96.08

	81
	TL3
	93.24
	42.34
	25.50

	82
	TL4
	96.13
	50.00
	85.91

	83
	TL5
	94.37
	95.62
	75.86

	84
	WM
	59.07
	68.32
	29.28



3.1.2 Antibacterial activity
Antimicrobial activity is one of the most crucial selection precedents for effective and novel probiotics. All twenty-eight LAB strains were subjected against the indicator microorganisms such as Staphylococcus aureus and Escherichia coli. Out of twenty-eight, five LAB isolates exhibited antibacterial activity against the indicator microorganisms tested, but degrees of antagonism varied among the LAB strains. Lactic acid bacterial strains BAN1 and KIW3 exhibited intermediary inhibition zone (11-20 mm) towards Escherichia coli. BAN5, JM3 and TL4 showed intermediary inhibition zone of diameter against the Staphylococcus aureus. The zone of lower inhibition was observed by remaining twenty-three isolates exhibited against Escherichia coli and S. aureus. However, none of the isolates showed strong inhibition towards tested pathogens. Overall, five of twenty-eight lactic acid bacterial strains JM3, TL4, KIW3, BAN1 and BAN5 were the most effective noticeable strains in inhibiting the growth of the test pathogens, were selected for further screening (Table 2). 
Antimicrobial effects of all Lactobacillus isolates are sustained by producing some substances such as organic acids (lactic, acetic, propionic acids, succinic acid etc), hydrogen peroxide, low molecular weight antimicrobial substances and bacteriocin. In the study of Osuntoki et al., 2008 Lactobacillus spp. isolated from fermented dairy products showed antibacterial activity against some clinically important pathogens such as Enterotoxigenic E. coli (4.2 mm). Isolates of the present study have better antimicrobial capability than this Lactobacillus spp. isolates. Our isolates showed nearly similar antagonistic activity against E. coli and S. aureus as compared to Lactobacillus rhamnosus isolated by Rajoka et al., 2017, from human milk.
Table 2: Antibacterial activity of lactic acid bacterial isolates against bacterial pathogens
	Sl. No.
	Isolate code
	Escherichia coli 
MTCC 1687
	Staphylococcus aureus 
MTCC 737

	1
	APL1
	L
	L

	2
	APL2
	L
	L

	3
	APL3
	L
	L

	4
	APL4
	L
	L

	5
	APL5
	L
	L

	6
	BAN1
	I
	L

	7
	BAN5
	L
	I

	8
	GUA1
	L
	L

	9
	GUA2
	L
	L

	10
	GUA3
	L
	L

	11
	GUA4
	L
	L

	12
	GUA5
	L
	L

	13
	GUA6
	L
	L

	14
	INB1
	L
	L

	15
	INB2
	L
	L

	16
	INB3
	L
	L

	17
	INB4
	L
	L

	18
	JM2
	L
	L

	19
	JM3
	L
	I

	20
	JM4
	L
	L

	21
	KIW3
	I
	L

	22
	ML1
	L
	L

	23
	ORG2
	L
	L

	24
	ORG3
	L
	L

	25
	PL
	L
	L

	26
	TL2
	L
	L

	27
	TL4
	L
	I

	28
	TL5
	L
	L


Degree of inhibition: 0-10mm, Low; 11-20mm, Intermediate; 21-30mm, strong
3.1.3 Antibiotic susceptibility 
The sensitivity of LAB to antibiotics is an important criterion for evaluating the safety of potential probiotics because they can be used for host antibiotic resistance genes, which can be transmitted horizontally to pathogens (Jomehzadeh et al., 2020). The antibiotic sensitivity of JM3, BAN1, BAN5, KIW3 and TL4 exhibited intermediary resistance to most of the antibiotics used (Table 3). All the five selected LAB strains were intermediary resistance to gentamycin and penicillin. The LAB strain JM3 showed sensitive to streptomycin but resistance to co-trimoxazole. All five LAB strains were resistance to neomycin except TL4. Except KIW3, all four LAB strains were intermediary resistance to tetracycline. BAN1 exhibited resistance to chloramphenicol while other four LAB strains showed intermediary resistance to chloramphenicol. BAN1, BAN5 and TL4 exhibited intermediary resistance to streptomycin and KIW3 showed resistance to streptomycin and co-trimoxazole. Collectively, the five LAB strains were preformed best in antibiotic sensitivity and were selected for further study. Similar result of antibiotic sensitivity of Lactobacillus species was reported by Rajoka et al. (2017). Tigu et al. (2016) reported that all of the lactic acid bacterial isolates obtained from fermented condiments were susceptible to erythromycin, ampicillin and tetracycline.
3.1.4 Phytase activity 
Among five LAB strains were tested, two strains exhibited phytase activity (Table 3).  This property of probiotic bacteria plays an important role in increasing the bioavailability of minerals during fermentation. Phytic acid has often been considered as an antinutrient due to its ability to bind minerals and proteins, either directly or indirectly, and thus change their solubility, functionality, absorption, and digestibility. 
BAN1 showed phytase activity by forming a halo clear zone (12 mm) on agar medium containing sodium phytate. JM3 showed phytase activity of about 5 mm lesser than BAN1. Other three LAB strains exhibited lesser activity compared to JM3 and BAN1. This was in agreement with Damayanti et al. (2017) that showed out of eighteen lactic acid bacterial isolates obtained from soil sample thirteen isolates were able to degrade sodium phytate based on qualitative screening. Similar to our results, Osswald et al. (2015) investigated phytase activity for LAB which was well performed by Bifidobactrium bifidum and Bifidobactrium longum. Further these five LAB strains obtained in the present study were used for preliminary identification by morphological and biochemical tests.
Table 3: Antibiotic susceptibility of lactic acid bacterial isolates

	Sl. No.
	Isolate code
	Antibiotics
	Phytase activity (mm)

	
	
	N
	TE
	COT
	C
	GEN
	S
	P
	

	1
	BAN1
	R
	I
	I
	R
	I
	I
	I
	12

	2
	BAN5
	R
	I
	I
	I
	I
	I
	I
	Nil 

	3
	JM3
	R
	I
	R
	I
	I
	S
	I
	5

	4
	KIW3
	R
	R
	R
	I
	I
	R
	I
	Nil

	5
	TL4
	I
	I
	I
	I
	I
	I
	I
	Nil


Note: N-Neomycin (30 µg), TE-tetracycline (30 µg), C- chloramphenicol (30 µg), GEN-gentamycin (10 µg), P-penicillin (10 µg), COT-co-trimoxazole (25 µg) and S- streptomycin (10 µg) 
Zone of Inhibition: Sensitive (S; 16-33 mm), Intermediate (I; 12-16 mm) and Resistant (R; 0-12 mm).
3.2 Morphological and biochemical characterization of lactic acid bacterial isolates
The LAB strains were identified as Lactobacillus based on the results of morphological and biochemical tests (Table 4). All the isolates were Gram positive and catalase negative bacilli which appeared in pairs or single cells. Therefore, they were identified as genus Lactobacillus. This might be due to resistance offered by the thick layer of peptidoglycan with numerous teichoic acids cross linking present in the cell wall of gram-positive bacteria, thus remains purple in color up on gram reaction. The results of catalase test indicating that lactic acid bacteria could not mediate the decomposition of H2O2 to produce oxygen. Many studies have reported that lactic acid bacteria isolated from foods were shown gram positive, catalase negative and rod-shaped bacteria when observed under microscope (Mithun et al., 2015 and Prabhurajeshwar and Chandrakanth, 2017). 
All isolates were negative to H2S production and positive methyl red tests. This character is similar to the character of the genus Lactobacillus described by Sandarenu et al. (2017). In H2S production test, no blackening of media was observed in all the isolates. This indicates that lactic acid bacteria were not able to reduce the sulphur compounds to the sulphide because sulphide compounds would then combine with iron compounds to produce FeS, a black precipitate. 
The lactic acid bacterial strains JM3, BAN5, KIW3 and TL4 exhibited gas production and confirmed as homofermentative LAB. The lactic acid bacterial isolate (BAN1) did not show any gas production and confirmed as heterofermentative LAB. All five LAB strains exhibited positive for methyl red test. Similar results were obtained by Jagadishwari et al. (2010). 
All five LAB strains were circular in shape, creamy white in color and their microscopic examination revealed that all are short rod in shape. Similar observations were recorded by Sandarenu et al. (2017). These results revealed that LAB strains JM3, BAN1, BAN5, KIW3 and TL41 showing phenotypic characters similar to Lactobacillus were selected as potential probiotic bacteria. These five strains were tentatively identified as Lactobacillus and JM3, BAN1 were the best performer and can be recommended for use in various fermented products.













Table 4: Biochemical and morphological characteristics of lactic acid bacterial isolates

	Sl. No.
	Isolate code
	Catalase test
	Gram reaction
	Gas production
	Methyl red test
	H2S production
	Colony shape & Color

	1
	JM3
	-
	+
	+
	+
	-
	Circular & creamy white

	2
	TL4
	-
	+
	+
	+
	-
	Circular & creamy white        

	3
	KIW3
	-
	+
	+
	+
	-
	Circular & creamy white

	4
	BAN1
	-
	+
	-
	+
	-
	Circular & creamy white

	5
	BAN5
	-
	+
	+
	+
	-
	Circular & creamy white


Note: Microscopic observation indicated that all the isolates were rod in shape.
Conclusion 
In conclusion of the work, lactic acid bacterial strains isolated in this study from the different fruit samples and medicinal plant leaves having in vitro properties that make them potential candidates for probiotic applications. Among the strains, LAB isolates from fruits samples predominantly exhibited interesting probiotic properties such as excellent pH and bile tolerance, suppression of pathogen growth under in vitro conditions. Moreover, all tested strains were predominantly shown intermediary resistance to a number of clinically effective antibiotics. These results collectively suggest that isolates from fruits and medicinal plant leaves have promising properties that are important for potential probiotics. Hence, more research is needed to exploit other potential probiotic properties of these strains. Further, in-vivo trials are needed to determine whether they function as probiotics in real-life situations for human health benefits. A promising isolate, BAN1, BAN5, KIW3 JM3 and TL4 having good probiotic traits has been identified as favourable candidate for the production of probiotic products and also confirmed some probiotic properties which suggest their possible use in the medical field and most of the food industry. 
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