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Lactococci were isolated from different types of raw milk (goat, cow, sheep and camel) from different regions of Algeria. 

From a collection of 254 cocci isolates, only 110 strains representative of the dominant flora were completely identified, by 

phenotypic methods. 

Phenotypic and genotypic identification of these isolates was performed using classical biochemical and physiological methods then 

by sequencing of the 16S rDNA gene. 

A molecular analysis was conducted where the phylogenetic tree was constructed using the Neighbor-Joining method. 

The results revealed a dominance of the species Lactococcus lactis subsp. Lactis with a percentage of 41%; followed byLactococcus 

lactis subsp. lactis. biovar. diacetylactis (12%), then Lactococcus lactis subsp. hordniae (11%), Lactococcus lactis subsp. Cremoris, 

Lactococcus plantarum and Lactococcus raffinolactis (10%), and lastly,Lactococcus lactis Subsp.tructae.,lactococcus hircilactis, 

lactococcus lendensis and lactococcus piscium are found with very low percentage. 

Keywords: Milk, Lactococci, Identification, Molecular tree, 16S rDNA gene, Neighbor-joing method. 

 

Introduction 

The food industry uses a number of processing aids, including lactic acid bacteria. 

They are involved in the dairy industry and in the fermentation of many other food products, contributing to the texture and flavor 

of foods and to the production of aromatic compounds. They ferment carbohydrates into lactic acid, which lowers the pH for the 

bio-preservation of foodstuffs. 

The interest of lactic acid bacteria in fermented foods lies mainly in certain technological properties, namely, the acidifying power 

that has an important influence on the formation of coagulant and gelation, as well as the flavoring power, the texturing power, the 

proteolytic and lipolytic activity that have a well determined role on the organoleptic quality of the fermented food (Randazzo et al., 

2009). 
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Since ancient times, lactic acid bacteria have been used for food manufacturing and preservation (Chammas et al., 2006; Zamfir et 

al., 2006), as they are generally recognized as safe, of "GRAS" (Generally Recognized As Safe) status (O'Sullivan et al., 2002). 

Today, lactic acid fermentation is a growing activity in both industrial and artisanal sectors. Several microorganisms are involved in 

the manufacture of fermented dairy products (Johnson and Steele, 2001). 

In the dairy industry, lactic strains are selected based on their technological properties (lactic acid production, aroma production, 

proteolytic activity and growth kinetics), and their functional characteristics (antibacterial activity) (Tamime, 2002; Molin, 2008); 

satisfying then the sanitary needs in food industry and to inhibit the proliferation of pathogenic microorganisms (Ross et al., 2002). 

 

Materials and Methods  

Sampling 

A total of 20 samples of raw milk of camel, ewe, goat and cow was collected fromhealthy animals in different regions in Algeria. 

Table 1. Milk samples. 

Samples Number of samples Collection period Region 

Cow’s milk 4  

2016, 2017, 2018 

Tiaret, Sidi Bel Abbes, 

Relizane Sheep’s milk 4 

Goat’s milk 5 

Camel milk  7 Ghardaïa, Béchar, El-

bayadh, Djelfa, M’sila 

 

The milk samples were collected in sterile 250 ml glass vials, transported in refrigerated coolers, and stored at 4°C then analyzed 

within 24 hours. 

 

Preliminary Analyses 

pH test 

The measurement of pH was carried out by pH meter (Inolab MLM). The reference electrode for the measurement of the 

concentration of H+ions (thus the pH) is the hydrogen electrode. This specially treated platinum electrode is immersed in the 

solution whose pH is to be measured (Lehninger, 1981). 

 

Reductase test 

The reductase test is used to estimate the microbial load of milk samples. Its principle is based on the decoloration of methylene 

blue. The speed of this discoloration is directly proportional to the number of germs present (Larpent et al., 1997). The higher the 

microbial activity, the shorter the duration of decoloration of samples (Ryffel, 2007). 

 

Isolation and purification of lactic acid bacteria 

Isolation 

Most bacteria that grow in milk can be isolated using conventional microbiological techniques, such as culture on suitable nutrient 

agar medium (Federico, 2012). 

 The selective isolation of lactococci is performed by culture on Elliker selective medium (Elliker et al., 1956): tryptone 20 g, yeast 

extract 5 g, gelatin 2.5 g, NaCl 4 g, sodium acetate 1.5 g, glucose 5 g, sucrose 5 g, lactose 5 g, ascorbic acid 0.5 g, agar-agar 15 g, 

1000ml distilled water, pH=7, autoclaving 120°C for 20minute. 

Depending on their concentration, a serial dilution of the sample in sterile physiological water (0.9% NaCl) is necessary before 

cultivation on Elliker medium; of which we inoculated 1 ml of each dilution by spreading in depth. The plates were incubated at 

30°C for 24 to 48 hours. 
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Purification 

After growth, whitish or milky colonies were subjected to preliminary tests including Gram stain and catalase test (Badis et al., 

2006). Only Gram-positive and catalase-negative strains were retained and transferred to liquid Elliker medium and incubated at 

30°C for 24 hours. After incubation, the appearance of cloudiness indicates thebacterial growth; 0.1 ml of each positive tube is 

streaked on solid Elliker. Incubation at 30°C for 24 hours. The operation is repeated until a pure culture is obtained. The purity of 

the strains is revealed by homogeneous colonies having the same external aspect (color, size and shape) (Guiraud, 2004). 

 

Conservation of the strains 

The strains were cultured on Elliker agar slants in tubes, then conserved at 4°C and the transplants were performed every two 

weeks. For long term conservation, a culture of 18 hours was centrifuged (4000 rpm during 10 min). Then the pellet was washed 

and transferred to skimmed milk added with 30% glycerol and 1% yeast extract. The culture was stored at-20°C (Samelis et al., 

1994 and Herrero et al., 1996). 

 

Identification of lactococci  

Phenotypic characterization 

The bacterial isolates were characterized using phenotypic methods to verify that the isolates are lactic acid bacteria. 

Gram-positive, catalase-negative isolates were analyzed at the genus level. 

The identification was established based on morphological characters (macroscopic study: (size, color, shape, appearance), 

microscopic study: (Gram, cell morphology, mode of association) and various physiological and biochemical characters: 

 Sherman test and thermoresistance at 60.5°C for 30 min (Samelis et al. 1994). 

 Fermentation type: This test allows defining the type of metabolism by which the carbon substrate is transformed. It consists in 

highlighting the fermentation of gas (CO2). Thus lactic bacteria can be classified as homo or hetero-fermentative on liquid 

Elliker with a Durham bell to notice the production of CO2. After incubation at 30°C for 48 hours, the presence or absence of 

gas in the bell indicates the fermentative type (Kihal, 1996; Hariri et al., 2009). 

 Growth on Elliker medium was monitored for temperatures: 10°C after incubation for 5,7 days) and 40°C, 45°C after incubation 

for 24h to 48h (Badis, 2004). 

 Production of arginine dehydrolase on the M16BCP medium of Tomas (1973). 

 Growth in Elliker alkaline pH=9.6 and acidic pH=4. 

 Growth in the presence of different concentration of sodium chloride NaCl on hypersaline bolin with 4% and 6.5% NaCl. 

 Production of acetoin on the Clark and Lubs medium (Samelis et al., 1994; Guiraud, 1998). 

 Hydrolysis of esculin on BEA medium (Dellaras, 2007). 

 Use of citrate in the presence of fermentable sugar (glucose): 

 The use of citrate is studied on Kempler and MC KAY (1980) medium. 

 Use of carbohydrates: The fermentation of carbohydrates was conducted on medium without meat extract and added 

bromocrysol purple (BCP) as a pH indicator, whose only carbon source would be one of the sugars: arabinose fructose, lactose, 

maltose, mannitol, raffinose, rhamnose, sucrose and D-xylose. 

 

Genotypic trait 

During the last decades, different methods of molecular identification of lactic acid bacteria have been developed in order to reduce 

the analysis time. 

 

DNA extraction 

Most protocols for the preparation of bacterial genomic DNA consist of lysis, followed by incubation with a nonspecific protease and 

a series of extractions before precipitation of the nucleic acids. Such procedures effectively remove contaminating proteins, but are 
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not effective in removing exopoly-saccharides that may interfere with the activity of enzymes such as restriction endo-nucleases and 

ligases. 

DNA extraction and purification was performed by the CTAB/NaCl method described by Wilson (1987), and modified using 1mg/mL 

lysozyme (BIOMATIK) for cell wall digestion (Fhoula et al; 2013).  

After a fresh culture of the strains to be identified for 18 hours on Elliker medium at 30°C, we go through the following steps: 

1. Centrifugation (12000 rpm) for 15 min and recovery of the bacterial pellet of 1.5 ml or 3 ml. 

2. Wash the pellet with 0.5 ml of sterile water. 

3. Re-suspend in 550 µl of sterile water. 

4. Add 17 µl lysozyme (35 mg/ml) and incubate at 37°C for 30min. 

5. Add 6 µl Proteinase K (20 mg/ml)+30 µl SDS (10%) and incubate at 37°C for 30 min. 

6. Add 100 µl NaCl (SM)+80 µl CTAB and incubate at 65°C for 10min. 

7. Adding 700 µl CAI (chloroform 24 ml/iso-amyl alcohol 1 ml) inversion then centrifugation (10000 rpm/10 min). 

8. Collect the supernatant using a new ependorff. 

9. Repeat the 7ème and 8ème steps. 

10. Add 800 µl of 97° alcohol and incubate for 2 hours at (-20°C). 

11. Cold centrifugation (8000 rpm/30 min). 

12. Pouring the supernatant gently. 

13. Drying for 30 min at 37°C. 

14. Re-dissolve the pellet in 30 µl of sterile water. 

15. Storage at -20°C. 

 

DNA amplification (PCR: Polymerase Chain Reaction) 

PCR amplification assays were performed with a Biorad Icycler thermocycler (Biorad, USA) with the universal primers described by 

LANE (1991) synthesized by Eurofins Genomics, (France) 

• 27f (forward): 5' AGAGTTTGATCCTGGCTCAG3'. 

• 1492R (Reverse): 5' GGTTACCTTGTTACGACTT 3'. 

These primers allow to amplify the 16SrDNA gene (1.5 Kb) approximately. 

DNA amplification reactions were performed in a 25 µl volume containing 1X reaction buffer, 1.5 mM MgCl2, 0.2 mM dNTPs mixture, 

0.5 𝜇M of each primer, 1UT aqpolymerase (Fermentas), and 150 ng of total DNA, using the following program: 94°C for 5min(initial 

denaturation), followed by 35 cycles of 94°C for 45S (denaturation), 55°C for 1 min (hybridization) and 72°C for 2 min (elongation), 

and a final extension step at 72°C for 7 min(final elongation). 

Stoker before development at 10°C until use. 

To verify the presence of a good amplification of the target gene, the PCR products are deposited on a 1.5% agarose gel in an 

electrophoresis tank containing 0.5% TBE (Tris, Borate, EDTA) buffer. The migration is done for 30 min. The DNA was visualized 

and photographed under UV. 

 

Sequencing 

Sequencing of 16S ribosomal DNA) was performed using the universal primers: 27F and 1492R. 

Sequencing of the amplified and purified DNA was performed by Eurofins genomic (France) according to the Sanger method 

(Sanger et al., 1977) using the BigDye® Terminator v3.1 cycle sequencing kit (Applied Biosystems) and universal primers (27F and 

1492R). 

The sequences obtained are then compared with those of the GeneBank database on the NCBI site (National Center for 

Biotechnology Information). 

The molecular phylogeny of the 16S rDNA gene 

We performed phylogenetic analysis using 16S rDNA sequences by MEGA version 6 software (Tamura et al., 2013), according to the 

Neighbour-Joining method (Saitou and Nei, 1987). For this purpose, we performed sequence alignment. In addition to the DNA 
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sequences resulting from our sequencing, so-called reference sequences were included to allow for better taxonomic 

characterization. The sequence of the gene coding the 16S rRNA of the Bacillus sublitis strain was added to serve as an outgroup, 

for the rooting of the tree. 

 

Table 2. Reference strains used as guide sequences to establish the phylogenetic tree. 

Strain name 16S rRNA gene ID 

CP064339.1 Lactococcus lactis subsp. Lactis 

MF354327.1 Lactococcuslactis.sp 

KP764102.1 Lactococcus lactis subsp. lactis 

MT185438.1 Lactococcus lactis subsp. lactis bv. diacetylactis 

AM406671 Lactococcus lactis subsp. cremoris 

MT573739 Lactococcus lactis subsp. hordniae 

X60646.1 Bacillus.subtilis 16S ribosomal RNA 

 

Results and Discussion 

All 20 samples from different dairy animals (camel, goat, sheep, cow) in different regions of Algeria Table 1 were collected and 

analyzed to isolate and identify strains belonging to the genus Lactococcus after milking performed according to different hygienic 

methods. 

The pH varies according to the type of milk. For all samples of milk analyzed, the pH values are between (6.3-7). 

The decoloration of the methylene blue by the analyzed milk took place after more than 4 hours. This milk is therefore of good 

bacteriological quality. It contains less than 2.106 germs/ml (Larpent, 1970; Guiraud, 1998). The discoloration of methylene blue is 

due to bacterial metabolism and its speed is directly proportional to the number of germs. 

The results revealed that the methylene blue decoloration time of the samples occurred after 4 hours. This slow reduction of 

methylene blue is explained by a low microbial load. This is in agreement with the results of Larpent (1997) where the hygienic 

quality of the collected milk can be considered as good. 

 

Phenotypic identification of strains 

After the morphological tests, only Gram positive and catalase negative bacteria that are in the form of isolated shells, pairs or 

chains are retained. 

The 317 lactic isolates from 20 samples of raw camel, goat, sheep and cow milk with a Gram-positive, catalase-negative 

homofermentative profile from which 254 cocci isolates were selected, from this collection of cocci based on the results of the 

Sherman blue test, only 110 isolates representative of the dominant flora were completely identified by phenotypic methods. 

The phenotypic, biochemical and physiological identification of lactococci shows a significant diversity of species in the genus 

Lactococcus. 

The criteria used to determine the species and subspecies and the results obtained are recorded in Table 3,4,5,6, followed by the 

fermentative profiles of the isolated strains in Table 7. 
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Table 3. Biochemical and physiological criteria for species of lactic acid bacteria of the presumed genus Lactococcus isolated from 

raw cow's milk. 

Origin of the 

milk 

Cow’s milk 

Strains 
L
v
1

1
 

L
v
6

 

L
v
5

0
 

L
v
9

 

L
v
6

3
 

L
v
3

 

L
v
8

1
 

L
v
4

3
 

L
v
3

2
 

L
v
2

4
 

L
v
6

0
 

L
v
9

1
 

L
v
1

7
 

L
v
5

4
 

L
v
9

8
 

L
v
7

8
 

L
v
5

3
 

L
v
6

 

L
v
6

2
 

L
v
1

5
 

L
v
4

4
 

L
v
7

6
 

L
v
2

9
 

L
v
1

6
 

Methylene 

blue 

1

% 

+ + + + + + + + + + + - - - + + + - - - - - - + 

3

% 

- - - - - - - - - - - - - - - - - - - - - - - - 

ADH + + + + + + + + + + + - - - + + + + + + + - - +/- 

CIT - - - - - - - - - - - - - - + + + + + + + - - - 

ACT - - - - - - - - - - - + + + + + + + + + + + + + 

T° 10°C + + + + + + + + + + + + + + + + + + + + + + + + 

40°C + + +

/- 

+ + + +

/- 

+ + + +/- + +/- + + + +/- - - - - + + - 

45°C - - - - - - - - - - - - - - - - - - - - - - - - 

pH 4 - - - - - - - - - - - + + + - - - - - - - - - - 

9.6 - - - - - - - - - - - - - - - - - - - - - - - - 

NaCl 4% + + + + + + + + + + + + + + + + + - - - - - - + 

6.5% - - - - - - - - - - - - - - - - - - - - - - - - 

RES at 63°C - - - - - - - - - - - - - - - - - - - - - - - - 

Esculine - - - - - - - - - - - + + + + + + - - - - - - + 

Identified at  

Lc.lactis subsp.lactis lc.platarum 

.lactis 

subsp.lactis 

biovar.diace

tylactis 

Lc.lactis 

subsp.hordnia

e 

Lc.lactis 

subsp.cre

moris 

lc.lendensi

s 

ADH: production of arginine dihydrolase. ESC: esculin hydrolysis. ACT: production of acetoïne. CTR: citrate degradation. RES: 

thermoresistance at 60.5°C for 30 min.T°: temperature. 

  

Table 4. Biochemical and physiological criteria for species of lactic acid bacteria of the presumed genus Lactococcus isolated from 

rawsheep’s milk. 

Origin of 

the milk 

Sheep’s milk 

strains 

L
b

2
2

 

L
b

4
 

L
b

6
5

 

L
b

8
9

 

L
b

1
6

 

L
b

4
5

 

L
b

1
9

 

L
b

2
5

 

L
b

6
6

 

L
b

4
 

L
b

1
 

L
b

7
3

 

L
b

8
0

 

L
b

9
2

 

L
b

4
6

 

L
b

9
 

L
b

2
1

 

L
b

6
5

 

L
b

1
4

 

L
b

4
9

 

L
b

3
0

 

meth

ylene 

Blue 

1

% 

+ + + + + + + + + - - + - - - - - - - V V 

3 - - - - - - - - - - - - - - - - - - - - - 
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% 

ADH + + + + + + + + + - - + - - - + + + + V V 

CIT - - - - - - - - - - - + - - - - - - - - - 

ACT - - - - - - - - - + + + + + + - - - - V V 

T° 10

°C 

+ + + + + + + + + + + + + + + + + + + + +/

- 

40

°C 

+ + + + + + + + + + + + + +/

- 

- - - - - - - 

45

°C 

- - - - - - - - - - - - - - - - - - - - - 

pH 4 - - - - - - - - - - - - + + + - - - - +/

- 

+ 

9.6 - - - - - - - - - - - - - - - - - - - - - 

NaCl 4

% 

+ + + + + + + + + - - + + + + - - - - + + 

6.5

% 

- - - - - - - - - - - - - - - - - - - - - 

RES at 

63°C 

- - - - - - - - - - - - - - - - - - - - - 

Esculine - - - - - - - - - - - + + + + - - - - - - 

Identified at  

Lc.lactis subsp.lactis 

Lc.lactis 

subsp.cre

moris 

.lactis 

subsp.lactis 

biovar.diac

etylactis 

lc.platarum 
Lc.lactis 

subsp.hordniae 

Lc.lactis 

subsp.tru

ctae 

ADH: production of arginine dihydrolase. ESC : esculin hydrolysis. ACT : production of acetoïne. CTR : citrate degradation. RES : 

thermoresistance at 60.5°C for 30 min.T° : temperature 

 

Table 5. Biochemical and physiological criteria for species of lactic acid bacteria of the presumed genus Lactococcus isolated from 

raw goat’s milk. 

Originof 

the 

milk 

Goat’s milk 

Strains 

L
c
6

 

L
c
5

5
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8

9
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4
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7
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c
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6
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8

5
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2

6
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2
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2
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1

6
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1

5
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2

9
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4

3
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6

5
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3

3
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1

3
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9

 

L
c
7

 

L
c
1

2
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c
5

9
 

L
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7

4
 

L
c
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1
 

L
c
2

5
 

L
c
9

3
 

L
c
9

5
 

L
c
4

7
 

L
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1

9
 

L
c
6

 

met

hyle

ne 

Blue 

1

% 

+ + + + + + + + + + + + - - - - - - - - - + + + + + + - + + - - 

3

% 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

ADH + + + + + + + + + + + + - - - + + + + + + + + + + + + - V V - - 

CIT - - - - - - - - - - - - - - - + + + + - - + + + + + + + - - - - 

ACT - - - - - - - - - - - - + + + + + + + - - + + + + + + - V V + + 

T° 10 + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + 
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°C 

40

°C 

+ + + +

/

- 

+ + + + + + + +

/

- 

+ + + + + + + - - - - - - - - + - - + +

/

- 

45

°C 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

pH 4 - - - - - - - - - - - - - - - - - - - - - - - - - - - - +

/

- 

- + + 

9.6 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

Na

Cl 

4% + + + + + + + + + + + + - - - + + + + - - - - - - - - + - - + + 

6.5

% 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

RES at 

63°C 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

Esculine - - - - - - - - - - - - - - - + + + + - - - - - - - - + + + + + 

 

Identified 

at  

Lc.lactis subsp.lactis 

 

 

 

Lc.lactis 

subsp.cre

moris 

.lactis 

subsp.lactis 

biovar.diacety

lactis 

Lc.lacti

s 

subsp.

hordni

ae 

Lc.raffinolactis 

 

 

lc.p

isci

um 

lc.hirc

ilactis 

lc.pla

taru

m 

ADH: production of arginine dihydrolase. ESC : esculin hydrolysis. ACT : production of acetoïne. CTR : citrate degradation. RES : 

thermoresistance at 60.5°C for 30 min.T° : temperature 

 

Table 6. Biochemical and physiological criteria for species of lactic acid bacteria of the presumed genus Lactococcus isolated from 

raw camel’s milk. 

Origin 

of the 

milk 

Camel’s milk 

strains 

L
m

9
5
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m

9
0
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m
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2
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1
1
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9
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1
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4
4
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7
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5
5
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hyle

ne 

Blue 
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% 

+ + + + + + + + + + + + + - - - - + + + + + - - - + + + + + V - - 

3

% 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

ADH + + + + + + + + + + + + + - - - - + + + + + - - - + + + + + V + + 

CIT - - - - - - - - - - - - - - - - - + + + + + - - - + + + + + - - - 

ACT - - - - - - - - - - - - - + + + + + + + + + + + + + + + + + V - - 

T

° 

10

°C 

+ + + + + + + + + + + + + + + + + + + + + + + + + + + + + + +

/

- 

+ + 
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°C 

+ + + + + + + + + + + + + + + + + + + + + + + +

/

- 

+ - - - - - - - - 
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The distribution of species in percentages shows the dominance of the species Lactococcus lactis subsp. Lactis with a percentage of 

41%; then Lactococcus lactis subsp.lactis. biovar. diacetylactis (12%), followed by Lactococcus lactis subsp. hordniae (11%), 

Lactococcus lactis subsp. Cremoris, Lactococcus plantarum and Lactococcus raffinolactis (10%), and lastly, the strains Lactococcus 

lactis Subsp.tructae. Lactococcus hircilactis, Lactococcus lendensis and Lactococcus piscium are found with very low percentage. 

According to the analyses, the 110 isolates identified showed an ability to grow at 10°C and 40°C but not at 45°C showing 

hemolysis y, some isolates grow on 0.1% Sherman's milk and not on 0.3% and also in a 4% hypersaline broth. They do not grow at 

pH 9.6, they do not survive after heat treatment and they do not grow at 6.5% NaCl except two strains Lactococcus lactis subsp 

lactis biovar diacetylactis and Lactococcus lactis subsp cremoris isolated from camel milk which are resistant to this salt 

concentration (Karam, 2006), they have been attached to the genus Lactococcus. 

In relation to the DHA test, acetoine production, esculin hydrolysis, citrate utilization and fermentative sugar profile, they were 

subdivided into species and subspecies: (Badis, 2004; Dicks et al., 1993; Hammes et al., 1992; Holzapfel and Schillinger 1992; 

Harrigan and Mc Cance, 1976). 

The pre-identification of isolates is completed by the study of the fermentative profile of sugars according to the bibliographic data 

(Lopez and Mayo, 1994; Mathara et al., 2004; Lee et al., 2006). 

The species Lactococcus lactis represents 76% of the total with 84 strains, have growth properties at 10°C and not at 45°C, they 

grow at 4% NaCl (except Lactococcus lactis. Subsp. cremoris), some subspecies can grow at 0.1% Sherman's milk (Kandler et al., 

1968). 

Among these isolates, 5 phenotypic profiles were distinguished: 

Profile A contains 45 strains: (Lv11, Lv6, Lv50, Lv09, Lv63, Lv3, Lv81, Lv43, Lv32, Lv24, Lv60, Lb22, Lb4, Lb65, Lb89, Lb16, Lb45, 

Lb19, Lb25, Lb66, Lc6, Lc55, Lc89, Lc46, Lc79, Lc3, Lc32, Lc60, Lc85, Lc26, Lc22, Lc1, Lm95, Lm90, Lm5, Lm36, Lm85, Lm76, 

Lm54, Lm17, Lm19, Lm23, Lm29, Lm26, Lm49) share the characteristics of growth at 10° and 40°C, grow at 4% NaCl, hydrolyze 

esculin, do not reduce citrate, do not produce acetoin, hydrolyze arginine and have the ability to grow at 0.1% Sherman's milk, their 

fermentation profile shows that these strains ferment mainly ribose, mannitol, lactose, starch, maltose, fructose, sucrose do not 
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ferment rhamnose and sorbitol. These isolates belonging to the species Lc. Lactococcus lactis subsp. lactis (Sharpe, 1979; Schleifer 

et al., 1985; Barlows et al., 1991). 

Profile B presents 11 strains (Lv76, Lv29, Lb4, Lb1, Lc72, Lc16, Lc15, Lm39, Lm9, Lm7, Lm82) that do not hydrolyze arginine, do 

not produce acetoin, do not degrade citrate, do not grow at 4% NaCl, grow at 40°C and hydrolyze esculin, ferment mannitol, D-

xylose, do not ferment raffinose nor ribose. These strains may be related to Lactococcus lactis.subsp.Cremoris (Guessas and 

Adjoudj., 2012; Hadef, 2012; Badis et al., 2014). 

Lc. lactis subsp. cremoris is commonly used as a lactic starter and is recognized as the best culture for making "Cheddar" cheese. 

Profile C contains 13 isolates (Lv98, Lv78, Lv53, Lb73, Lc29, Lc43, Lc65, Lc33, Lm64, Lm66, Lm57, Lm60, Lm33) that ferment 

arabinose and mannitol and do not ferment ribose, sorbitol, and raffinose, they are capable of metabolizing citrate. These strains 

belong to the species Lactococcus lactis subsp. lactis biovar. diacetylactis (Lopez and Mayo, 1994; Badis, 2004; Mathara et al., 

2004; Lee et al., 2006). 

Among lactococci, only Lc. diacetylactis has the ability to metabolize citrate from milk. The final metabolites from citrate are; 

diacetyl, acetoin, 2,3-butylene glycol, acetaldehyde, ethanol and lactic acid (Libudzisz and Galewska, 1991), which contributes to the 

development of flavour in dairy products. 

Among these two profiles B and C two subspecies (Lm82, Lm57) isolated from raw camel milk could grow at 6.5% NaCl as reported 

by Karam (2006). 

Camel milk is characterized by a relatively high salinity compared to other milks, which makes it a more or less special environment, 

this salinity is probably a physiological adaptation of the animal to the desert environment. The bacteria that grow in camel milk are 

adapted to its salinity and can therefore be exploited in its technological transformation and in the fermentation of salted products 

such as salted cheese, olives and cucumbers (Zadi-Karam and Karam, 2006). 

The D profile corresponds to the Lactococcus lactis subsp hordniae phenotype with 12 strains (Lm72, Lm55, Lc13, Lc9, Lb9, Lb21, 

Lb65, Lb14, Lv6, Lv62, Lv15, Lv44) that do not grow at 0.1% Sherman's milk, hydrolyze arginine, reduce citrate, produce acetone, 

do not grow at 4% NaCl, their fermentative profile shows that they do not ferment ribose, D-xylose, mannitol, lactose, maltose, 

mellibiose, raffinose, except sucrose. 

Three (3) of them (Lb49, Lb30, Lm42) belonging to profile E have the phenotype of Lactococcus lactis subsp tructae as they can 

grow in the presence of 4% NaCl, hydrolyze arginine, ferment ribose, raffinose, mannitol, lactose, mellibiose (Pérez et al., 2011). 

The species of Lactococcus lactis and its subspecies are used on a large scale in the dairy industry, they are generally recognized as 

safe (GRAS) for human consumption. They can be used in the bio-preservation of foods thanks to its ability to produce organic acids 

and bacteriocins, we take the example of nisin as the most known bacteriocin in the field of food bio-preservation, produced by Lc. 

lactis. Lactococcus species are also used as probiotic cultures (Kimoto et al., 1999, 2003; Suzuki et al., 2008). 

Some isolates (Lm12, Lm11, Lm96, Lm1, Lm44, Lc7, Lc12, Lc59, Lc74, Lc81, Lc25) also do not hydrolyze arginine and produce 

citrate, are resistant to a concentration of 4% NaCl and a temperature of 40°C, ferment raffinose and do not ferment sorbitol, and 

can be related to Lactococcus raffinolactis (Badis et al., 2004) (Lopez and Mayo, 1994; Mathara et al., 2004; Lee et al., 2006). 

The 11 strains (Lm38, Lm25, Lm20, Lc19, Lc6, Lb80, Lb92, Lb46, Lv54, Lv17, Lv91) do not hydrolyze arginine and produce acetoin, 

reduce citrate, ferment maltose and not sorbitol, lactose, starch, fructose, arabinose, raffinose These isolates can be related to 

Lactococcus plantarum (Lopez and Mayo, 1994 Badis et al., 2004; Mathara et al., 2004; Lee et al., 2006). 

A strain isolated from raw goat milk (Lc93) has a phenotype of the species Lactococcus piscium, it does not hydrolyze arginine, 

produces citrate, does not reduce acetoin, does not resist salt concentration higher than 2%. (Williams et al; 1990) 

Lastly, arriving the two species Lactococcus hircilactis (Lc47 and Lc95) isolated from raw goat milk (meucci et al., 2015) and 

Lactococcus laudensis (Lv16) isolated from raw cow milk (Meucci et al., 2015). 

Both strains Lc95 and Lc47 resist to grow at pH 4 and not at 4% salt concentration, hydrolyze arginine, ferment galactose, 

mellibiose, raffinose, sucrose, esculin and not ribose and D-xylose. 

The Lv16 strain hydrolyzes arginine, grows at 4% NaCl, does not resist pH4, does not ferment raffinose, ribose, mellibiose. 

However, the phenotypic characterization, although it is a fundamental and preliminary step, it remains sketchy and imprecise. Also 

and in order to assign acceptable and reliable profiles to the selected strains, a molecular identification is essential and mandatory 

(Ennadir et al., 2014). 
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Table 7. Fermentation profile of isolates of the putative genus Lactococcus sp. 

Sugars 1 2 3 4 5 6 7 8 9 10 

Mannitol - - + + - + - + + - 

Raffinose + V - + - + + + - - 

Rhamnose + +/- + v v V v +/- +/- - 

Lactose - - + + - + + + + - 

Fructose + V V v - + v +/- +/- - 

D-xylose + + + - - + + - + - 

Arabinose + + + - - + v +/- V - 

Sorbitol + V V v v - v + + - 

Saccharose - + - + + + + + + + 

Maltose V + + + -  v +/- +/- + 

Galactose + + v + - + + + + + 

Mellibiose - + +/- + - + + + - - 

Ribose + - +/- + - - - - - - 

V: variable,+: positive,-: negative 

1. Lc.lactis subsp.lactis(Lv11, Lv6, Lv50, Lv09, Lv63, Lv3, Lv81, Lv43, Lv32, Lv24, Lv60, Lb22, Lb4, Lb65, Lb89, 

Lb16, Lb45, Lb19, Lb25, Lb66, Lc6, Lc55, Lc89, Lc46, Lc79, Lc3, Lc32, Lc60, Lc85, Lc26, Lc22, Lc1, Lm95, Lm90, Lm5, 

Lm36, Lm85, Lm76, Lm54, Lm17, Lm19, Lm23, Lm29, Lm26, Lm49) 

2. Lc.lactis subsp.cremoris(Lv76, Lv29, Lb4, Lb1, Lc72, Lc16, Lc15, Lm39, Lm9, Lm7, Lm82) 

3. Lc.lactis subsp.lactis biovar.diacetylactis(Lv98, Lv78, Lv53, Lb73, Lc29, Lc43, Lc65, Lc33, Lm64, Lm66, Lm57, 

Lm60, Lm33) 

4. Lc.lactis subsp.tructae(Lb49, Lb30, Lm42) 

5. Lc.lactis subsp.hordniae(Lm72, Lm55, Lc13, Lc9, Lb9, Lb21, Lb65, Lb14, Lv6, Lv62, Lv15, Lv44) 

6. Lc.raffinolactis(Lm12, Lm11, Lm96, Lm1, Lm44, Lc7, Lc12, Lc59, Lc74, Lc81, Lc25) 

7. lc.piscium(Lc93) 

8. lc.hircilactis (Lc47 andLc95) 

9. lc.lendensis (Lv16) 

10. lc.platarum(Lm38, Lm25, Lm20, Lc19, Lc6, Lb80, Lb92, Lb46, Lv54, Lv17, Lv91) 

 

 

Fig. 1. Diagram of the percentage of the main species of Lactococcus isolated from different types of milk. 
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Fig. 2. Histogram showing the distribution of Lactococcus species isolated from different types of milk. 

 

Genotypic identification of strains 

Based on the biotechnological characteristics of the isolated lactococci, we select the best of them and identify them by the 

molecular method. 

After DNA extraction (CTAB/NaCl wilson method) and amplification of the 16S rDNA gene by PCR, we compared the sequences of all 

the isolated strains. 

Then a purification of the 16S rDNA PCR amplicons is performed as previously mentioned, after arriving at the analysis of these DNA 

sequences using a Big Dye Terminator V3.1 cycle sequencing kit (Applied Biosystems) and an Applied Biosystems 3130XL capillary 

DNA sequencer. 

The sequences obtained after correction and computer processing with several software using the GenBank DNA databases 

(http://www.ncbi.nih.gov) (Altschul et al., 1990), and an alignment is performed using the site 

(https://mafft.cbrc.jp/alignment/server). 

 

 

Fig. 3. Amplification of the 16S rRNA gene of the examined strains. 

 

Phylogenetic analysis of the 16S rDNA gene sequences was performed using MEGA (molecular evolutionary genetics analysis) 

software, version 6 (Tamura et al., 2013). This software was also used to construct interactive phylogenetic trees and estimate 

evolutionary distances based on the method using the Neighbor-Joining method (Weisburg et al., 1991). With 1000 bootstrap 

values and the Maximum Composite Likelihood (MCL) method to estimate evolutionary distances between all pairs of sequences 

(Felsenstein, 2004). 
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Fig. 4. Phylogenetic tree of 16S rRNA gene of strains isolated from raw milk of sheep, cow, camel and goat using Neighbor-Joining 

method NJ Saitou and Nei, 1987 with Bacillus subtilis as Outgroup. 

 

The tree groups two clades with bootstrap values of 70% and 92%.  

The first is composed of two sub-branches: isolates 1, 2, 3, and the reference strains Lactococcus lactis subsp.lactis. biovar. 

diacetylactis, Lactococcus lactis subsp. hordniae, Lactococcus lactis subsp. Cremoris form the first sub-branch with a boostrap value 

of 100%. The second sub-branch is formed by isolates identified as Lactococcus sp. 

The second clade, with a boostrap value of 92%, the strains (Lm85, Lv50, Lb19, Lv3) identified as lactococcus lactis. 

All bootstrap values are significant because they are above 70%, so the tree is robust. 

 

Conclusion 

The microflora of raw milk is essentially composed of bacteria. These bacteria can be Gram positive or Gram negative. The 

technological microflora is useful for the food industry. Among the important lactic groups are the lactococci, which are of great 

importance on an industrial scale and are widely used in the food industry as starter strains in the production of cheese and 

fermented milk. 

The aim of our study is to establish a collection of 110 Lactococcus strains extracted from raw milk of (goat, cow, camel and sheep). 

First, a phenotypic characterization based on morphological and biochemical criteria was performed followed by a genotypic 

characterization by PCR and sequencing of the gene coding for 16S rRNA using advanced molecular techniques and large database 

bioinformatics software. 

The phenotypic, biochemical, physiological and genotypic identification of lactococci shows a significant diversity of species in the 

genus Lactococcus. 
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