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Abstract

The main objective of this work is to study the characterization of physico-chemical
and microbiological of fermenting green olive brines at different times of fermentation.
The technological and probiotic properties of lactic acid bacteria strains isolated from
brines were also characterized, 24 brine samples were sampled from Triffa conserves
entreprise, an industrial zone of Oujda city in eastern Morocco, during 2014-2015 and
2015-2016 campaigns, 240 isolates of lactic acid bacteria have been isolated, and they
have undergone a series of tests to finally select the so-called probiotic bacteria. 41
strains were resistant to low pH (3, 2.5, 2), bile salts (0.3 and 1%, w/v) and 7 strains
among the 41 were resistant to saline stress (8%, w/v) and endowed with acidification
capacity and have a good enzymatic activity and a broad spectrum of antibacterial
activity against pathogenic and non-pathogenic bacteria such as (Escherichia coli,
Staphylococcus aureus, Listeria innocua, Pseudomonas aeruginosa and Micrococcus
luteus). These results show the ability of these strains to dominate and grow in the
digestive tract. These potential probiotic strains will be used as concentrated ferments in
the fermentation and bioconservation of foods.
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1. Introduction

Table olive production in Morocco was estimated about 120 000 Tones during 2015-2016 campaign (I0OOC, 2018).
Almost 88 000 Tones are exported mainly to European, American and Arab markets. The fermented green olive is the
main type produced and exported in Morocco. The Spanish style is the main method used worldwide and in Morocco
for the industrial preparation of Fermented green olive [1]. It is based on the alkali-treatment of the olive with sodium
hydroxide (2-2.5%, w/v) to eliminate oleuropein, the main phenolic glucoside responsible for its bitterness. The olive
is then washed in tap water and then brined at 10-12% (w/v) of Sodium Chloride and led to undergo a natural
fermentation process for 5 to 12 months. During the brining, the olives undergo a slowly conducted lactic
fermentation which ends up being rather important at the expense of the availability of fermentable substrates, salt
content, pH, temperature, aeration and the presence of spoilage microorganisms [2], [3]. Mastery of the processes
occurring during this development phase is fundamental to improve the preparation, storage and safety of the finished
product. Various groups of microorganisms are involved in both the fermentation of table olives and their
conditioning, determining the quality and flavor of the finished product. This heterogeneous flora is generally brought
by the fruit, the brining water or by the fermentation equipment [4]. The lactic fermentation of green table olives
occurs spontaneously by the natural microflora associated with olive fruits and containers, without addition of initial
culture. In general, the fermentation process is carried out by lactic acid bacteria (LAB) and/or yeasts. LABS are
highly desired for the success of the fermentation process. They are the main microorganisms involved in the
acidification of brine by the production of lactic acid from fermentable substrates, resulting in lower pH and thus
providing microbiological stability to the fermented olive, and therefore a successful of the fermentation process.
Thus, the strains of LAB involved in this process should display a wide biochemical activity, including production of
enzymes, osmotic regulators and antimicrobials [5], [6], to dominate in this environment and to assure a success full
lactic fermentation process of green olive. Furthermore, LAB strains encompassing probiotic properties, should lead to
the production of fermented olives with probiotic properties. The main objective of this work is to characterize the
microbiological and biochemical properties of natural fermenting industrial green olive brines, and the enzymatic
properties of the LAB strains isolated from the olive brines.

2. Materials and methods

2.1. Sampling

Samples of natural fermenting Picholine green olive brines, fermented according to the Spanish style, were randomly
taken at the Triffa Enterprise Oujda Morocco, during the 2014-2015 and 2015-2016 campaigns. These samples, were
harvested at different times of brining in aseptic conditions, and transported at 4°C to the laboratory for physico-
chemical and microbiological analyses. Samples were coded from B1 to B12 for those collected in 2014-2015; while
those collected during 2015-2016 were coded from B13 to B24.

2.2. Physico-chemical analyses of brines

PH

The pH was measured using the pH meter type Symphony SB70P, calibrated with pH4 and pH7 buffer solutions.
Three independent measurements were performed for each brine sample.

Titratable acidity

The titratable acidity was determined on a volume of 10 ml of brine sample using NaOH (0.1N) in the presence of
phenolphthalein as indicator. This assay is based on the shift from colorless phenolphthalein to persistent pink. The
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titratable acidity obtained is expressed in g/l of lactic acid. Three independent measurements were performed for each
brine sample.

Chlorides

The chlorides contents were determined using the Mohr method. Chlorides, expressed as a percentage (%), were
determined by silver nitrate (AgNO3) 0.1N in the presence of Potassium Chromate (K,CrO,) 0.5% as indicator. The
value is taken after the indicator turns from yellow to red. Three independent measurements were performed for each
brine sample.

2.3. Microbiological analyses of brines

The brine samples were diluted successively to 1/10 in sterile physiological water, and seeding was carried out on the
surface of 0.1 ml of each dilution. Enterobacteria were counted on the Mac Conkey Agar medium (BIOKAR, France)
after 48 hours of incubation at 30°C. Bacillus spores were counted after heating brines to 70°C for 15 minutes and
seeded on the Plate Count Agar (PCA) medium (BIOKAR, France). The incubation was carried out at 30°C for two
days. Staphylococci were counted on the Chapman medium (BIOKAR, France) after incubation at 30°C for 48 hours.
The leuconostocs were counted on MSE (MAYEUX, SANDINE and ELLIKER) agar medium (BIOKAR, France),
and incubated at 30°C for 24 hours. Lactic acid bacteria were counted on De Man Rogosa and Sharpe medium (MRS)
Agar (BIOKAR, France). After 3 days of incubation at 30°C, the colonies presumed to be lactic acid bacteria were
confirmed by Gram staining and catalase was testing. Colonies that are Gram positive and catalase negative have been
purified on MRS Agar and stored at 4°C for further studies. Yeasts and molds were counted on the Potato-Dextrose
Agar (PDA) medium (BIOKAR France) after 3-4 days of incubation at 25°C. The test was repeated twice.

2.4. Characterization of LAB strains

Forty-one strains of lactic acid bacteria isolated from brines were used in this study. These strains were selected from
280 isolates obtained, from fermenting olive brine and selected for their tolerance to bile-salts (0.3 & 0.1%) and acid
pH (3, 2.5 & 2) and their enzymatic activity.

Production of gas from glucose

Overnight cultures of the LAB strains were inoculated (0.1 ml) in tubes containing 5 mL of semi-solid MRS medium
with agar at 7g/l. After inoculation, 1ml of sterile white agar (20g/L) is added to the surface of each tube. After 24
hours of incubation at 30°C, isolates showing cracks or gas pockets in the culture medium are considered as gas
positive. The test was repeated twice for each strain.

Tolerance to acid pH and bile salts

The method of Tambekar and Buthada (2010) [7], was used in this work, with some modifications. A volume of 5 pl
of overnight culture of each LAB strain is inoculated in tubes containing 5ml of MRS broth previously adjusted with
HCI 1M to different pH values of 2, 2.5 and 3. The cultures were then incubated at 37°C for 24 hours. Positive results
showed a turbidity indicating the tolerance of the strain to the pH of the medium. For each strain, a tube of MRS
medium (pH 6.8) inoculated and incubated under the same conditions as the other tubes is used as a control. The test
was repeated twice. At the same time, bile salts were added to 5ml of MRS broth at a concentration of 0.3% (w/v) and
then inoculated with 5ul of an overnight culture of the LAB strains. The cultures were then incubated at 37°C for 24
hours. MRS medium, without bile salts addition, inoculated and incubated under the same conditions as the other
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cultures was used as controls. The tests were repeated twice. LAB strains showing growth after 24 hours are
considered acid or bile salts tolerant and are retained for further studies.

Enzymatic activity of LAB strains

Hydrolysis of arginine

For each strain, 0.2 ml of an overnight culture was inoculated in tubes containing 2 ml of Moéller arginine broth and a
control tube (Moéller medium without arginine) [8]. The cultures were covered with 4 to 5 mm of sterilized paraffin
oil (V/V). After 24 hours of incubation at 30°C, the culture in the control tube showed a yellow shift due to the
acidification of the medium (glucose metabolism) [9], [10]. The degradation of arginine, leading to the formation of
ammonia, is revealed by color change of the medium to purple, due to its alkalinisation. The test was repeated twice.

Glucosidase activity

Overnight cultures of LAB strains were spot-inoculated on the surface of the MRS agar containing 0.3% (w/v) X-Glu.
MRS agar without X-Glu was used as control. After incubation at 30°C for 5 days, the activity is revealed by black
zones obtained around developed colonies [11].The test was repeated twice.

Urease activity
Urease test was performed by culturing the isolates on a medium containing (g L-1) peptone 1, sodium chloride 5,
mono- potassium phosphate 2, glucose 1, urea 20, agar 15 and phenol red 0.1, incubation for 3 days at 34°C. [12].

Proteolytic activity

The proteolytic activity of the LAB strains was evaluated, on the MRS agar supplemented with 2% (w/v) skim milk,
according to the method of Van Den Berg et al. (1993) [13]. Overnight cultures of LAB strains were spot-inoculated
on the medium and then incubated at 30°C for 24 to 48 hours. The proteolytic activity resulted in the appearance of a
clear halo around colonies. The test was repeated twice.

Lipolytic activity

The lipolytic activity of the LAB strains was investigated on MRS agar buffered at pH 7 (Phosphate buffer
Na,HPO,/NaH,PO,; 0.2M) and supplemented with 1% (v/v) olive oil as the sole lipid [14]. Overnight cultures of LAB
strains were spot-inoculated on the medium and then incubated at 30°C for 7 days. The lipolytic activity resulted in the
appearance of an opaque halo around colonies. The test was repeated twice.

Hemolytic activity

The hemolytic activity of the LAB strains was evaluated on Triptycase Soy Agar (TSA) supplemented with 5ml of
fresh horse blood. Overnight cultures of the LAB strains were streaked on the medium and then incubated at 30°C for
24 hours. After incubation, the type of hemolysis was examined. The a-hemolysis “partial hemolysis” is indicated by a
green color around colonies. The B-hemolysis “total hemolysis” is indicated by clear zone around colonies; while o-
hemolysis indicated non hemolysis. The test was repeated twice.

Amylolytic activity
The amylolytic activity of the LAB strains was studied on modified MRS medium, where glucose was replaced by 20

g of soluble starch [15]. Overnight cultures of the LAB strains were spot-inoculated on the medium and then incubated
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at 30°C for 24 to 48hours. Amylolytic activity of the strains was assessed by the presence of clear area around colonies
obtained after using iodine solution [16]. The test was repeated twice.

Cellulolytic activity

The medium used to demonstrate cellulase production by LAB strains contained mineral salts, 0.1% (w/v) of yeast
extract, 0.5% (w/v) of (Carboxymethyl Cellulose) CMC and 1% (w/v) of agar, and adjusted to pH 7.0 [17]. In addition
to trace elements and phosphate salts, the mineral solution contained ammonium sulphate (1g/l) as a source of nitrogen
[18]. The agar medium was inoculated with overnight culture of the strains and then incubated at 30°C for 18h at 24h.
Cellulase activity was determined by measuring clear areas around the colonies after using phenol red. The test was
repeated twice for each strain.

2.5. Acidifying capacity of LAB strains

Culture assay

The acidification capacity of LAB strains was studied on MRS broth. For this purpose, 0.5ml of overnight cultures of
the strains were inoculated in 50 ml of MRS broth and incubated at 37°C for 24 hours. The test was repeated twice for
each LAB strain.

Determination of pH and acidity

The pH and acidity (A) were measured at initial time (pH; and Ap) and after 24 hours of incubation (pH; and Ay), using
the same methods as described above. The results are expressed according to the following formula:

A pH = pH¢ — pH; and A Acidity (g/1) = As— Ao. No inoculated medium was used as negative control.

Microbial biomass measurement

The biomass measurement was performed by measuring the OD at 600nm, using a spectrophotometer, at initial time
(OD;) and after 24 hours of incubation (ODy). The results of the OD measurement were calculated using the formula: A
OD = ODys- OD;.

2.6. Effect of NaCl on growth of LAB strains

The growth of the LAB strains was tested, in duplicate, at different concentrations of NaCl. 0.5ml of overnight
cultures of LAB strains were inoculated in 50ml of MRS broth supplemented with different concentrations of NaCl
(%, wiv) (2, 4, 6, 8 and 10%). The cultures were then incubated at 37°C for 24hours. The pH, acidity and the biomass
were measured initially and after 24hours of incubation, using the methods described above.

2.7 Antibacterial activity of LAB strains

The antibacterial activity of the LAB strains was evaluated, using the agar diffusion method. For this, 60 pl of the
overnight cultures were introduced in wells made in Mueller-Hinton agar, previously inoculated with target strains,
and then incubated at 37°C for 24hours. The strains used as targets were Listeria innocua, Escherichia coli,
Micrococcus luteus, Pseudomonas aeruginosa and Staphylococcus aureus. After the incubation, the inhibition zones
were measured (average of two perpendicular diameters). All the assays were made in triplicate.

2.8. API50CHL gallery identification of LAB strains
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Among the LAB strains studied, 7 Strains showing good results in terms of tolerance to low pH (2, 2.5, 3) and bile
salts (1%), acidification capacity and antibacterial activity, were identified using a gallery APIS0CHL Medium
(BioMérieux, France). Overnight cultures of LAB strains were inoculated in each tube of the gallery and then
incubated at 30 ° C for 48 hours. The biochemical profiles obtained were analyzed using identification software
APIWEB to obtain the LAB species.

2.9. Statistical analysis of the data

The data obtained were initially subjected to an analysis of the association between variables (OD, pH and acidity)
using Pearson correlation coefficients. The overall structure of the variability of the strains was described by Principal
Component Analysis (PCA).

3. Results and Discussions
3.1. Physico-chemical parameter of the analyzed samples
Table 1: Physico-chemical properties of brine samples of fermenting green olives

Samples Date of Date of fermentation period H Chlorides Titratable
Brine (B) brining sampling (Days) P (%) acidity(%o)
2014 — 2015

B.1 27/10/2014  07/01/2015 72 4.70+0.00 5.90+0.01 0.40+0.01
B.2 26/10/2014  07/01/2015 73 4.60+£0.10 6.60+0.02 0.44+0.05
B.3 16/10/2014  07/01/2015 83 4.50+0.00 7.01+0.01 0.51+0.06
B.4 24/10/2014  16/01/2015 84 4.90+0.10 6.00+0.09 0.40+0.10
B.5 24/10/2014  16/01/2015 84 4.60+0.10 6.50+0.13 0.43+0.04
B.6 15/10/2014  07/01/2015 84 4.80+0.10 5.90+0.01 0.45+0.09
B.7 15/10/2014  07/01/2015 84 4.50+0.00 5.65+0.02 0.44+0.07
B.8 12/10/2014  07/01/2015 87 4.50+0.10 5.65+0.00 0.44+0.06
B.9 11/10/2014  07/01/2015 88 4.50+0.10 5.65+0.01 0.44+0.03
B.10 01/10/2014  07/01/2015 98 4.40+0.10 5.85+0.01 0.45+0.05
B.11 26/10/2014  11/02/2015 108 4.20+0.00 5.85+0.02 0.45+0.07
B.12 26/10/2014  11/02/2015 108 3.90+0,10 7.20+0.11 0.90+0.01
2015 - 2016

B.13 02/11/2015  30/11/2015 28 4.60+0.00 6.73+0.03 0.45+0.03
B.14 31/11/2015  30/11/2015 30 4.60+0.00 7.31+0.09 0.53+0.05
B.15 28/10/2015  30/11/2015 33 4.60+0.00 7.60+0.11 0.44+0.06
B.16 26/10/2015  30/11/2015 35 5.00+0.10 6.73+0.13 0.37+0.05
B.17 10/11/2015  26/12/2015 43 5.25+0.01 5.85+0.030  0.18+0.02
B.18 09/11/2015  26/12/2015 44 5.00+0.00 5.85+0.10 0.18+0.03
B.19 08/11/2015  26/12/2015 45 5.14+0.01 7.605+0.10 0.19+0.01
B.20 08/11/2015  26/12/2015 45 5.1940.01 5.85+0.02 0.19+0.08
B.21 18/10/2015  26/12/2015 66 4.43+0.01 9.36+0.15 0.56+0.05
B.22 12/10/2015  26/12/2015 72 4.27+0.01 5.85+0.07 0.64+0.05
B.23 10/10/2015  26/12/2015 74 4.22+0.03 5.85+0.14 0.56+0.07
B.24 09/10/2015  26/12/2015 75 4.5+0.00 7.02+0.10 0.51+0.08

(Legend: *B. Samples Brine).
The results of the physico-chemical analyses of the olive brines are indicated on Table 1. Brine samples (B1, B2, B3,
B4, B6, B11, B12, B13, B14, B15 and B16) show pH values range of 3.9-4.5, acidity values range of 0.44-0.9%, and
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chlorides range of 5.65-9.36%. The pH values obtained are lower than the pH limit (pH 4.5) of microbiological
stability of fermented food recommended by FA/OMS. However, in the other brine samples, the values ranges
obtained were 4.6-5.25, 0.18-0.40% and 5.90-7.60% in their pH, acidity and chloride contents, respectively. All these
brine samples showing their microbiological stability (with pH<4.5) were subject to fermentation times range of 66 to
98 days. However, the brines of 28 to 45 days of fermentation were instable microbiologically (with pH > 4.5). These
findings indicate that the natural lactic fermentation process of alkali-treated Moroccan Picholine green olive took at
least 45 days of fermentation to pass the limit of spoilage of fermented olives. The acidification at pH lowers than 4.5
reduces the fermentation time by promoting the growth of lactic acid bacteria [19]. Similarly, the salt concentration of
brine has a great effect on biomass growth as well as acidification rate [20], especially at the beginning of

fermentation [21].

3.2. Microbiological analyses of brines

Table 2: Microbial profiles (cfu/ml) of brine samples of fermenting green olives

Samples Fermentation LAB Leuc. Y&M Entero. Staph. Rods
Brine  period(Days)
2014 - 2015
B.1 72 410%+0 <1 9.9 10°+0.17 <1 <1 <1
B.2 7 10°+3.46 <1 12 10°+0 <1 <1 5 10%+0.02
73

B.3 83 3.4 10°+0.4 <1 6.4 10°+0.69 <1 <1 4+0

B.4 84 10 10°+0 <1 8.6 10°+0.52 <1 <1  3.610%0.01

B.5 84 11.2 10°+0.52 <1 5.4 10°+0.69 <1 <1 2+0

B.6 84 6 10°+0 <1 7 10°+0 <1 <1 <1

B.7 84 11.5 10%2.5 <1 10 10°+0 <1 <1 <1

B.8 87 28 10°+0.52 <1 3.8 10%2 <1 <1 3+0

B.9 88 3.8 10°4+0.52 <1 5.5 10°+0.86 <1 <1 2+0
B.10 98 8 10°+2 <1 6 10%+1 <1 <1 110°+0.01
B.11 108 4 10°+0 <1 6.4 10°+0.4 <1 <1 <1
B.12 108 45 10°40.5 <1 11 10°+0 <1 <1 1

2015 — 2016

B.13 28 12 10°+1.73 <1 18 10°+0 <1 <1 <1
B.14 30 10 10°+3.46 <1 12 10°+0 <1 <1 <1
B.15 33 6 10°+1.73 2 10°+0 16 10°+0 <1 <1  2.7510%0.1
B.16 35 7 10°+1.73 <1 16.6 10°%4+2.94 <1 <1 8+0
B.17 43 510°+1.73 <1 20 10°+0 <1 <1 <1
B.18 44 8.210°0.72 210°%1  7.110°t0.17 <1 <1 <1
B.19 45 7.6 10°40.52 2 10°0 14 10°+0 <1 <1 1.98

10°+0.01

B.20 45 5 10°+0 410°41.73 5.2 10°+0.34 <1 <1 2+0
B.21 66 16 10°+2 <1 5.1 10°+0.17 <1 <1 3+0
B.22 72 15.5 10°+0.72 <1 6.5 10°+0.86 <1 <1 1+0
B.23 74 12 10°+1.73 <1 5.8 10°+0.34 <1 <1 <1
B.24 75 10 10°+0 <1 6 10°+0 <1 <1 <1

(Legend: *LAB: Lactic acid bacteria; *Leuc: Leuconostocs; *Y&M: Yeasts and moulds; *Entero: Enterobacteriaceae; *Staph:

Staphylococcus).

Table 2 showed the results of microbial flora counts in the different samples analyzed. When the pH is in the order of
4, yeasts and molds are lower important than lactic acid bacteria, so when the pH reaches values in the order of 5,
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yeasts become more important in brine. These two microbial groups remain interacting in the medium; lactic acid
bacteria tend to acidify it, while yeast tends to neutralize the brine. The staph and enterobacterial load are always
lower than 1 CFU/ml for the 24 samples of brine from the table olives studied, indicating that these samples are
exempts of staph and enterobacteria. These low levels may be due to the inhibitory effects of salt, bacteriocins produce
by lactic acid bacteria [22]; polyphenols [23], [24] and organic aci ds [25], Table 2. Hight acidification of fermented,
green olives brines in storage and high concentrations of sodium chlorides inhibit the growth of Gram-negative
bacteria [26], sporulating bacteria and certain lactic acid bacteria, particularly heterofermentative. Only yeasts and
certain lactic bacteria can tolerate these conditions. Yeasts play a very important role in improving the acidification
rate of the medium by lactic acid bacteria [27], [28]. This improvement could be due to the stimulation of the growth
and fermentation power of lactic bacteria by carbon dioxide and other metabolites produced by yeasts [29], [30]. For
the isolation of leuconostocs there was no problem with sodium azide. Given the pH of the samples, leuconostocs
were not dominant in the environment (Table 2).

3.3. Examination of morphological characteristics of LAB strains

The LAB strains obtained from brine samples were examined for their Gram and catalase activity. The results showed
that the strains were Gram positive and catalase negative, not sporulated and rod shaped. Concerning the fermentative
type, the strains showed no production of gas (CO2) from glucose, so they were considered as homo-ferments, except
leuconostocs. The results of the behaviour of the different strains subjected to the action of acidic pH (2, 2.5 and 3)
show that the different isolates are resistant to these pH values. In addition, the bile juice resistance study revealed that
all strains tested tolerated 0.3% and 1% of bile.(Table 3).

3.4. Enzymatic activities

Arginine hydrolysis

The search for the enzyme arginine decarboxylase is of great importance in the identification of bacteria. According to
the evaluation of the results of the test performed on our strains, there was acidification of the medium related to the
use of glucose but there was no realcalinization. The substrate (arginine) has therefore not been degraded (ADH-),
except in a few strains: (S109, S82, S15, S3, S97, S167, S107, S1, S193), There has been acidification of the medium
linked to the fermentation of glucose and then there has been realkalinization of the medium linked to the degradation
of the substrate (arginine) by the bacterium, the bacteria has ADH (ADH+).

Urease

Urease, enzyme hydrolyzing urea, this activity is detected by the red coloration which reflects an alcalinization of the
medium, following the hydrolysis of urea and formation of ammonium carbonate: urease+ and if the medium persists
orange then no alkalizing test urease -. Our strains tested are all urease -.

B-Glucosidase

Esculine is a glycoside consisting of a complex carbohydrate that can be degraded by esculinase. The reaction
products are glucose and the esculitine formed can react with iron ions to form a black halo around the colonies. The
hydrolysis characteristic of esculine appears to be variable in isolated strains, all of which are capable of degrading it
except for 239 and 240 strains, which are unable to hydrolyze esculine.
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Table 3: Morphological characteristics and physiological properties (activity)

Ph . . Strains
enotypic properties Number %
Form Rod 39 95
Cocci 2 5
Catalase - 41 100
Gas - 41 100
2 41 100
pH growth 2.5 41 100
3 41 100
Bile salt 0.3% 41 100
tolerance 1% 41 100
. o Strains
Enzymatic activity Number %
Urease - 41 100
Hemolysis - 41 100
ADH * 8 %8
- 33 20
B-Glucosidase 39 %
- 2 5
Proteolysis + 41 100
Lipolysis " 12 30
- 29 71
Amylolysis - 41 100
Cellulolysis - 41 100

(Legend: *ADH: Arginine hydrolysis; *+: positive reaction; *-: negative reaction.

Proteolysis

The proteolytic activity of the isolates is observed as around the colonies. Based on the results (Table 3), it was found
that the positive control and all isolates tested expressed proteolytic activity. Thus, the uninoculated negative control
does not give activity. The results obtained allow us to confirm the proteolytic character of lactic acid bacteria as
reported by other researchers [31], [32].

Lipolysis

The lactic isolates tested on MRS agar added with 1% olive oil are devoid of this activity. This could be due to the fact
that lactic acid bacteria are considered low lipolytic [33]. Lipases are widespread in bacteria, yeasts and molds. They
are as well produced by Gram-positive bacteria as by Gram-negative bacteria [34]. Lactic acid bacteria are considered
weakly lipolytic compared with other bacterial species.

Amylolysis
The hydrolysis of starch by bacterial amylases is revealed on MRS starch agar by the disappearance of the specific

coloring of starch with iodine (dark brown coloring). None of our strains showed amylolytic activity.
Mor. J. Chem. 8 N°2 (2020) 510-526

518



Cellulolysis
Cellulolytic bacteria are detected by a clear area around colonies obtained the CMC agar. The cellulolytic index was
calculated after the addition of 1% Congo red dye. None of our strains tested showed cellulolytic activity.

Hemolysis

The absence of haemolytic activity is a selection criterion for probiotic strains, as long as they indicate that these
bacteria are not virulent [35]. None of the strains examined in our work revealed hemolytic activity when cultured on
blood agar media; this finding confirms the results of Mami, Henni and Kihal (2008) and Kalui, Mathara, Kutima,
Kiiukuk and Wongo (2009) [36].

3.5. Study of acidifying capacity

Acidity

At zero time (before incubation), the pH is stable at an average of 5.8+0.03. After 24h of incubation, the pH decreases
towards an average of 4.2 +0.025. After incubation, the LAB ensures the fermentation of carbohydrates in lactic acid,
the medium becomes more acidic and therefore the pH value has decreased. All isolates had a good ability to decrease
pH with an average A pH of 1.55 + 0.4. Thus A pH ranged from 0.3 (isolates S71 and S97) to 2 (isolates S85 and
S114). These results are consistent with the results found by: Lairini et al (2014) [37]. The majority of isolates have a
higher acidifying capacity with an average of 13.3 g/ I, due to the accumulation of lactic acid. This acidifying capacity
ranged from 0.9¢/l (case of isolate S96) to 38.55 g / | (isolate S76). Isolates S96, S71, S97 and S117 have very low
acidifying properties. These results are based on the results by Anas (2013), and Latrech (2016) [38], [39].

Biomass measurement
After 24h of incubation, the cell concentration reaches higher values due to increased bacterial growth (biomass) in
their favorable MRS medium. The results obtained are consistent with the results found by: (Naouel et al., 2010) [40].

3.6. Effect of NaCl on physiological activity of LAB strains

Biplot (axes Flet F2: 96,04 %)

.
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Figure 1: Analysis of data for the three variables: OD; pH and acidity for Nacl concentration of 8%.

Growth tests of LAB isolates in the absence and presence of NaCl was carried out at different concentrations (0%, 2%,
4%, 6%, 8% and 10%). The culture of the isolates in the presence of different concentrations of NaCl allowed us to
see their ability to grow in the presence of osmotic stress. After incubation at 30°C for 24 hours, a bacterial disorder is
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observed for certain salt concentrations. This indicates that growth is different from one isolate to another, even if they
come from the same source of isolation. The results of the 41 isolates were subjected, like the analysis of the previous
data, to a Principal Component Analysis (PCA), but this time at different concentrations of NaCl. This analysis allows
an overall distribution of isolates (according to pH, acidity and OD) according to different NaCl concentrations.
Based on the results obtained from the pH, acidity and OD measurements of the 41 strains at different concentrations
of NaCl (0,2,4,6,8 and 10%) it can be inferred that the strains resisted a NaCl concentration of 8% are S240, S19, S77,
S90, S24, S118, S167, S122, S117, S25, S3 and S70. The results obtained lead to the following observations (Figure
1).

3.7. Study of the antibacterial activity of BL strains

The results of the antibacterial activity of the strains are expressed in mm (inhibition zone).

Inhibition of gram positive bacteria (Escherichia coli, Pseudomonas aeruginosa).

The results of the antibacterial test of the 41 strains against Escherichia coli clearly show that the majority of strains
had an inhibitory activity against E. coli. It is also noted that S240, S76, S1, S107, S122 and S239 have no inhibition.
Lengths of inhibition zones ranged from 1 (strain S193) to 14 mm (strain S20). LAB inhibition of E. coli strains has
already been described by several studies [41], [42], [43]. Whereas for inhibition results against pseudomonas
aeruginosa clearly show that the majority of strains had an inhibitory activity. It is also noted that strains S76 and
S122 have no inhibition. Thus, the lengths of the inhibition zones ranged from 2 (strain S117) to 13 mm (strain S82).
The inhibition of Pseudomonas aeruginosa strains by LAB has already been described by several studies [38], [40].

Inhibition of gram negative bacteria (Micrococcus luteus, Listeria innocua and Staphylococcus aureus)

The results show that most strains have an inhibitory activity against Micrococcus luteus except strains S240, S167,
S122 and S239. Thus, the lengths of the inhibition zones ranged from 1 (strain S86) to 15 mm (strain S118). The
inhibition of Micrococcus luteus strains by LAB has already been described by several studies [44], [39]. For results
of antibacterial activity against Listeria innocua, the majority of lactic strains show inhibitory activity, with inhibition
zone diameters ranging from 3 mm for strains S167, S193 and S155 to 15 mm for strains S9, S99, S31 and S70. The
absence of inhibition of S241, S83, S76, S25 and S107 strains was noted. The inhibition of Listeria innocua strains by
LAB has already been described by several studies: (Naouel et al., 2010), (Hwanhlem et al., 2014). [40], [43]. Based
on the results obtained of Staphylococcus aureus, it appears that there are lactic strains that have antibacterial activity
against the latter; whose diameters of the inhibition zones vary from 1 mm for strain S115 to 7 mm for strains S3, S71,
S97, and S186. The inhibition of Staphylococcus aureus strains by LAB has already been described by several studies:
(Naouel et al., 2010), (Anas, 2013), (Hwanhlem et al., 2014). [40], [38], [43]. The results obtained from the ANOVA
test for the relation between the inhibition diameter and the fermentation period did not show a good correlation so
there is not strongly a related relation between the inhibition diameter and the fermentation period (Figure 2; 3;4 5).
Olive brine samples that are fermented for more than 66 days are microbiologically stable because of their pH <4.5
(food codex) and titratable acidity which varies from 0.4 to 0.5 as well as good resistance to different concentrations
of NaCl (from 0% up to 10%). On the other hand, samples that have a fermentation period of less than 45 days are
microbiologically unstable, given their pH> 4.5 which shows a dominance of the alteration flora which therefore
requires adequate control.
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Table 4: Antibacterial activity (inhibition diameter, mm) of lactic bacteria strains

Sample Fermentation LAB E.coli L.innocua Ucc.Luteus P.aeruginosa S.aureus [NaCL]
brine Period
(Days)
2014-2015
B.1 72 S70 4+0 15+0.3 40 11+0.17 0+0 8%
B.3 83 S76 0+0 040 540 0+0 5+0.04 2%
B.4 84 S71 3+0 5+0 30 6+0 7+0.02 4%
S122 0+0 410 0+0 0+0 0+0 8%
B.5 84 S77 8+0 1340 5+0.04 11+0.17 0+0 8%
S82 6x0 9+0.08 1240.3 13+0.17 0+0 2%
S85 740 710.3 6+0 710 5+0.02 6%
S86 50 710 1+0 4+0.02 410 2%
sS87 410 5+0 30 8+0.04 310 6%
S89 5+0.05 5+0 8+0 710 0+0 2%
S96 3+0.03 50 620 510 0x0 8%
B.8 87 S23 2+0.03  440.02 410 7+0.02 6+0.02 2%
S25 740 040 8+0.05 940 0+0 4%
S34 5+0 540 340 7+0 30 6%
B.9 88 S186 740,03 710 710 8+0.017 7+0.02 0%
B.10 98 S1 0+0 410 4+0.02 6+0 5+0.03 2%
S20 14+0.17  9+0.3 8+0.04 5+0.01 0£0 6%
S90 740 9+0 810 9+0 0+0 8%
S24 8+0 540 840 7+0 0+0 8%
B.11 108 S118 3+0 5+0.08 1540 11+0 0+0 8%
S114 7+0 30 710 710 4+0.02 2%
S115 5+0 410 30 410 1+0 2%
B.12 108 S31 5+0.02 15+0 8+0 5+0.02 0+0 0%
S109 540 740 610 510 0+0 4%
S155 5+0.3 310 310 5+0.02 50 4%
2015-2016
B.13 28 S117 310 0+0 310 240 440 0%
S193 140 310 440 5+0 4+0.02 2%
B.14 30 S107 0+0 0+0 4+0.03 310 0+0 6%
B.15 33 S167 7+0.02 30 0+0 5+0.02 510 8%
B.16 35 S83 3+0.02 0+0 510.02 510 420 2%
B.18 44 S239 0+0 0+0 0+0 6+0.017 340 6%
B.20 45 S240 0+0 6+0.03 0£0 5+0.03 5+0.08 10%
B.22 72 S15 40 610 8+0.17 510 0+0 2%
S17 6+0 50 50 6+0.02 0+0 8%
S18 410 50 410 30 0+0 2%
S19 410 5+0.03 6+0.02 9+0 0+0 10%
B.23 74 S5 810 11+0.2 8+0 9+0 0+0 2%
S3 40 70 410 810 740.03 8%
S9 6+0.03  15+0.3 6+0.03 9+0.03 0+0 2%
B24 75 S97 340 5+0.02 3+0.02 6+0 7+0 2%
S99 5+0 15+0.04 70 520 0+0 6%
C. Lactic acid 27+0.2 350 28+0 330 24+0.3

(Legend: *E. coli : Escherichia coli ; *L.innocua: Listeria innocua ; *Ucc.Luteus : Micrococcus luteus ; *P.aeruginosa : Pseudomonas aeruginosa ; *S.aureus :

Staphylococcus aureus ; *C. : Control (lactic acid); *B.: Sample Brine).
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Figure 2: Inhibition diameter of LAB againt Listeria / fermentation time (2014-2015).
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Figure 3: Inhibition diameter of LAB againt Listeria / fermentation time (2015-2016).
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Figure 4: Inhibition diameter of LAB againt Pseudomonas/fermentation time(2014-2015).

Mor. J. Chem. 8 N°2 (2020) 510-526

522



R? Lingaire = 0,308
50,00

0,00+

50,00

Pseud

40,00

30,00 Gl

20,00

T T T T T
200 400 600 800 10,00

Temps

Figure 5: Inhibition diameter of LAB againt Pseudomonas/fermentation time(2015-2016).

3.8. Strain identification by APl 50 CHL gallery
The fermentation of carbohydrates and derivatives of the gallery has identified Lactobacillus species and which are all
lactobacillus plantarum. With percentages varying between 98.9% and 99.9%.

4. Conclusion

The physico-chemical study of the fermentation process showed that:

The isolation of lactic acid bacteria species from preserved Triffa samples from the Guercif region was interesting.
The identification of the different strains showed a fairly large diversity of species. Lactic bacteria belong to a group
of beneficial bacteria, whose virtues are no longer guestionable and which produce lactic acid as the final product of
the fermentation process. They are found throughout nature, and also in the digestive system of man. Among the kinds
of lactic acid bacteria we have been able to isolate lactobacillus, leuconostocs and lactococci. The results of physico-
chemical and microbiological tests carried out on the samples collected allowed us to isolate and purify different
species of: lactic bacteria and yeast. The microbiological study of the fermentation process showed that the
fermentation and stabilization of olives in brine are governed by the nature and strength of lactic bacteria that grow in
brine together with the yeast. The balance between these two microbial groups is an important factor in the success of
the table olive production process. Proper preservation of table olives and stabilization of brine requires a
predominance of the biochemical activity of lactic acid bacteria over that of yeast. In this study, we tested the
antibacterial activity of 41 strains of lactic acid bacteria. The results shown in Table 4 indicate that the strains had
varied antibacterial activities. They showed active activity spectra over the entire collection of indicator strains tested
both positive and negative grams, with inhibition zones up to 15 mm, showing good or high antagonistic potential.
According to the tests carried out we found that the 41 isolates of lactic bacteria have a good resistance to acidic pH
(3, 2.5 and 2) and to a concentration of 0.3% of bile. The salt concentration has a very important role in the evolution
of the fermentation process. As a result, at high concentrations (> 8%) the lactic acid bacteria responsible for the
fermentation can be inhibited. The concentration found, which is of the order of 6%, can very strongly inhibit a part of
the alteration flora, in particular coliforms, without affecting the lactic flora. This salt concentration is the same
optimal concentration for a recommended fermentation. However, too high a concentration of salt (10 to 14%) inhibits
the growth and metabolism of lactic acid bacteria, especially the production of lactic acid. So the degree or salt content
of the brine is a very important factor in the fermentation process and the conservation of table olives. The
identification by APl 50 CHL of lactic acid bacteria, selected, has shown that it is: Lactobacillus plantarum (7 strains).
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