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ABSTRACT

The aim of this study was to analyze the physicochemical parameters and diversity of
bacteria isolated from soil samples in the south of Brazzaville (Republic of Congo). Two
zones were targeted, Diata and Bacongo, and two composites were produced for the two

Keywords zones. Measurements of physicochemical parameters gave the following values:
I — tempera.tu.re (t°C) from 25.7 to 25.9, hydrogen potential (pH) from 7, 44 to 7.47, electri.cal
dive}sity, conductivity EC from 106 to 154 and dissolved oxygen (O) is 2.60 to 2.71. Enumeration
physicochemical and isolation were carried out by composite on different media and the results showed the
parameters following variations: compositel (C1) on PCA 12.7+7.8(10°CFU/g), on EMB
—— 13.9+7.4(10°CFU/g), on Cetrimide 1.9+0.04(10*CFU/g); on Mossel 9.8+0.07(10*CFU/g)
and on Chapman 8.4+0.5(10*CFU/g); composite 2(C2) on PCA 17.9+0.75(10*)CFU/g), on
Raad i EMB  8.1+2.6(10°CFU/g), on  Cetrimide  12.5+5(10°CFU/g), on  Mossel
08 May 2025 14.5+0.4(10°CFU/g), and on Chapman 8.6+7.4.10°CFU/g. Phenotypic identification of the
Accepted: isolates revealed four genera, namely : Bacillus, Pseudomonas, Enterobacteriaceae and
18 June 2025 Staphylococcus. Bacteria from the Total Aerobic Mesophilic Flora (TAMF) group were
Available Online: . . . .
10 July 2025 also identified. Various shapes, colours and aspects of the different cells were also
observed. The isolates obtained were either catalase positive or catalase negative. The

isolates obtained showed their capacity to degrade cellulose with values ranging from
58.06% to 66%.
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Introduction

Soil is the natural surface formation with a loose
structure and variable thickness, resulting from the
transformation of the underlying bedrock under the
influence of various processes, physical, chemical and
biological. Because of its very specific composition, soil
is made up of three fractions: the solid fraction (mineral
and organic constituents), the liquid fraction (soil
solution) and the gaseous fraction or soil atmosphere
(oxygen, nitrogen and carbon dioxide) (Beauchamp,
2003). Soil is rich in organic inputs through the living
process of pedogenesis and plays an essential role in the
functioning of terrestrial ecosystems. It is an important
resource that must be protected given the acceleration in
its degradation, often linked to human activities (Antunes
et al., 2008). Soil functioning encompasses a range of
functions performed by living organisms that interact
with the soil's physical and chemical components,
enabling the dynamics of organic matter and water, and
the recycling of nutrients (Boudiaf Nait Kaci et al,
2014). Micro-organisms benefit from and contribute to
the disintegration of the rocks of the Earth's crust, co-
producing the soil and drawing water and nutrients from
it (Gobat et al, 2013). The biological activities of
bacteria, i.e. the production of bioactive substances such
as exocellular enzymes, are crucial to the balance and life
of microorganisms in soils (Lina et al, 2008).
Microorganisms are an important part of soil bacteria
(Hugenholtz et al., 2002). Soil bacteria are involved in
biogeochemical cycles and this helps to improve soil
quality, which means that many elements are recycled.
Bacteria have several metabolic activities, including the
production of hydrolytic enzymes. Many bacteria
produce exocellular enzymes, but the Bacillus genus is
one of the main producers of these enzymes used in
industry.

These exocellular enzymes include: Cellulases or
cellulolytic enzymes, which hydrolyse cellulose.
Cellulose is the major constituent of plant cell walls and
is the most abundant biological polymer on earth.
Bacteria that produce cellulases are used in the paper
industry, the detergent industry, animal feed and the
textile industry (Singh et al., 2004; Kuhad et al., 2011),
For a very long time, micro-organisms remained the most
ignored of the biosphere. When their existence was
recognised, it was perceived above all as a threat linked
to the existence of pathogens (Yakinov et al., 2005; Head
et al., 2006). These bacteria of different genera were
isolated from soil samples in Brazzaville.

In the Republic of Congo, few studies have been carried
out on the functional biodiversity of bacteria isolated
from soils, apart from those by NGO- Itsouhou et al.,
(2019) who worked on the biological activities of soils
and biodiversity. Those of Moutali et al., (2022), who
worked on the Conditions in bacteria isolated from soils
in Optimisation de la production de cellulase Brazzaville.
There is also the work of Mboukou Kimbatsa et al.,
(2023), who analysed the bacterial diversity of soils
using meta-genomic sequencing of TDNA16S, showing
that this analysis technique provides a better
understanding of bacterial diversity in soils.

In this work, soils taken from different sites in two zones
to the south of Brazzaville were mixed by zone (Diata or
Bacongo), and the two resulting composites were
analyzed for physicochemical parameters and
microbiological diversity. Bacteria capable of degrading
cellulose were isolated.

Materials and Methods
Sampling

Soil samples were collected during the rainy season,
using a spatula and sterile glass tubes. The tubes
containing the samples were then sent to the Cellular and
Molecular Biology Laboratory of the Faculty of Science
and Technology at Marien Ngouabi University for
analysis.

Six (06) sampling sites were targeted, spread over two
areas in the south of Brazzaville (Diata and Bacongo).
Soil samples were collected to a depth of 0.5 millimetres
from the surface.

After collection, the samples were mixed to form
composite samples. Two types of composite samples
were formed. Composite 1(C1) for the mixture of the
three soil samples taken from the three garages in Diata.
Composite 2(C2) for the mixture of the three soil
samples taken at Bacongo. The composites were stored at
room temperature in Falcone tubes for further analysis
(NGO-Itsouhou et al., 2019).

Measurement of
parameters

some  physicochemical

Parameters such as pH, temperature (T), electrical
conductivity (EC) and dissolved oxygen were determined
and analysed in the laboratory of the Unité de Chimie du
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Végétal et de la Vie (UC2V) within the Faculté des
Sciences et Techniques (FST)/UMNG (Gabriel et al,
2023).
Measurement and
temperature

of hydrogen potential

The pH and temperature were determined by taking 10g
of the soil using a balance, then transferring it into a
250mL Erlenmeyer flask containing 50ml of distilled
water. Stirring was maintained for one hour using a
magnetic stirrer with a bar magnet. In addition, the pH
meter probe was immersed in the soil/water solution after
decantation. Finally, the pH was measured using a Water
Quality Meter (EZ9908). It was measured in accordance
with standard NF X 31-103 and the international standard
(ISO-10390, 2005) and for temperature, the reading was
taken by plunging vertically after stabilisation of the
displayed value.

Measurement of electrical conductivity (EC)

10 g of soil sample was weighed and transferred to a
beaker, to which 50 ml of distilled water was added. The
mixture was placed on a magnetic stirrer (HANNA HT
130M) for 1 hour to homogenise it. The resulting
solution was then left to settle for 30 minutes (Clement &
Pieltain, 2003). Finally, the conductivity of the solution
was measured after filtration of the leachate using a
Water Quality Meter (EZ9908). The EC is determined in
accordance with the standard (ISO-11265, 1994 or NF X
31-113) by measuring a suspension of soil in distilled
water at a ratio of 1:5 (mass/volume).

Measurement of Dissolved Oxygen

Dissolved oxygen was measured using the DO-66A
oximeter, which uses electrochemical reduction of
molecular oxygen (Rodier, 2009). The oximeter electrode
is immersed vertically in a beaker containing 50ml of the
sample, and the reading is taken after the value displayed
has stabilised.

Genus identification and enumeration

Decimal dilutions were made. In an Erlenmeyer flask,
10g of soil was mixed with 90ml of physiological water
to make the stock solution. A series of 6 sterilised tubes,
numbered 1 to 6 and each containing 9 ml of sterile
physiological water, were placed on a rack. After
shaking, 1 ml of the stock solution was taken and poured

into tube 1 to make the 10¢!) dilution. 1 ml of was taken
from tube 1 and transferred to tube 2, after shaking this is
dilution 102, This was followed by dilutions 1073, 10¢%),
10, 10¢6) (Soloka et al., 2020).

A volume of 100ul of each dilution was inoculated by
spreading onto a Petri dish containing nutrient agar
(PCA), Mossel, EMB, Chapman and Cetrimide,
previously poured and then solidified (Agrebi et al,
2009). The plates were incubated at 37°C for 24 hours.

After culture, the number of colonies able to grow was
counted on the media (Mossel, EMB, Chapman,
Cetrimide) (Bouderhem, 2011). For the total aerobic
mesophyll flora on PCA, the number of colonies was
between 30 and 300, while for the selective medium, the
number of colonies must be between 15 and 150 (Ngo-
Itsouhou et al., 2019). The following relationship for
estimating colony-forming units (CFU per g / ml) was
used.

UFC/g = NeBUFC/g = Nc.Vd

Where: Nc¢ = number of colonies, V = volume inoculated,
d = dilution factor

Observation of the colonies in each culture medium made
it possible to identify the different genera.

Isolation

Colonies were purified on the same media as the
inoculation by three replicates until distinct,
homogeneous colonies were obtained. Microscopic
observation was performed to ensure colony purity (Ngo-
Itsouhou et al., 2019). Mboukou Kimbatsa et al., (2023)
Isolates were preserved in cryotubes containing 10%
glycerol and stored at +4°C (Soloka et al., 2017).

Phenotypic diversity of isolates from different
genera

Phenotypic diversity was assessed according to
macroscopic, microscopic and biochemical
characteristics.

Macroscopic Characterization

Macroscopic observation was carried out using a
magnifying glass on a 24-hour-old colony from a fresh
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culture. Isolates were identified in accordance with
Bergey's Manual of Morphological Identification
modified by wulff et al., (2002). The isolates obtained
were then prepared for the (Harrigan et al., 1976) tests.
Classical microbiology techniques, based on the search
for a certain number of phenotypic characteristics
(morphology, colour and appearance of colonies), were
applied (Didine et al., 2018).

Microscopic Characterization

This involves determining the shape, arrangement and
mobility of the bacterial cells. This consists of carrying
out a microscopic preparation with a drop of sterile
physiological water on the slide and the bacterial
suspension using the loop, then the whole covered with a
coverslip. Different isolates can be characterised using an
optical microscope with a Gx 40 objective.

Biochemical Characterization
Potassium hydroxide test (KOH 3%)

A portion of the test colony was emulsified in a drop of
3% aqueous KOH reagent. When the suspension is
viscous and slimy, the test is positive (KOH positive) and
the bacteria are classified as gram negative. The absence
of sliminess (KOH negative) indicates that the isolate is a
Gram+ bacterium Ngo-Itsouhou et al., (2019).

Catalase test (H20>)

This test looks for the enzyme responsible for eliminating
hydrogen peroxide, catalase. The principle is to bring a
colony of the strain into contact with a fresh drop of 10-
volume hydrogen peroxide. The presence of the enzyme
results in the immediate release of gas bubbles (Heath
Protection Agency, 2011); (Leyral et al., 2007).

Cellulase production

Demonstration of cellulase production

0.5g of cellulose and 1.5 g of agar are dissolved in 100
ml of sterile distilled water. After the agar had solidified
and been poured into Petri dishes, wells were made on
the agar at different distances, then a volume of 100 pul of

the bacterial suspension was placed in each well.

The plates were incubated in an oven at 37°C for 48

hours. Cellulolytic enzyme production was observed by
the appearance of a translucent zone around the wells
after staining with lugol.

Evaluation of cellulase production

Cellulase activity was assessed by measuring the
diameter of the hydrolysis zone using a graduated ruler
as described by Andro et al, (1984). Diameters are
measured in this way in order to assess the expression of
enzymatic activity as described by Ngo-Itsouhou et al.,
(2019); Moutali et al., (2022).

Analysis of results

Statistical analyses and graphical representations were
processed by Microsoft excel, using means and standard
deviations. A Principal Component Analysis (PCA) was
used to analyse the correlation between the different
isolates, taking into account two factors: optical density
and cellulase production. In this analysis X1; X2, X3
represent the OD and Y1, Y2, Y3 represent the isolates.

Results and Discussion
1 GPS coordinates of sampling sites

Table I shows the areas, sites, GPS coordinate
composites and attitude of the various soil samples.

Analysis of physicochemical parameters

Table II presents the physicochemical parameters of the
soil samples taken. The table shows that: pH is close to
neutral (7.44; 7.49), temperature is around 25°C (25.9 a
25.7), EC is around (154; 106), Oais between (2.71;
2.60).

pH: Hydrogen potential, T: Temperature, EC: Electrical
conductivity, O,: Dissolved oxygen.

Identifed genera

Table III shows the estimated counts in CFU/g of soil for
each type of medium and different bacterial genera. All
the soil samples contained microorganisms, although the
quantity of microorganisms in CFU/g varied from one
sample to another. Composite 2 contained more
microorganisms than composite 1.
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The total aerobic microbial flora of the soil samples on
PCA; Mossel; EMB; Cetrimide and Chapman are listed
in Table III, which shows the mean and standard
deviation obtained on the different media. Figure 1
shows the appearance of colonies on different culture
media observed in each soil sample.

Figure 2 shows the distribution of the different types of
bacteria obtained by suspicion of the result on culture
medium, in total we have four (04) groups (Bacillus,
Pseudomonas,  Enterobacteria, Staphylococcus) of
bacteria divided into five (05) genera or species (Bacillus
Cereus, Spp, Staphylococcus Spp; Pseudomonas Spp,
Aeruginosa; Enterobacteria Spp).

Phenotypic diversity

After isolation and enumeration, colonies of different
colours were selected and purified in the different culture
media. The pure colonies were stored under ice at a
temperature of 4°C.

Macroscopic characteristics of bacterial isolates

Macroscopic observation of the colonies on different
culture media showed colonies of different colours, some
red, green and yellow and others pink and white. The
size, shape, contour, appearance and other
characterisation criteria are illustrated in Figure 3.

Figure 3 shows the macroscopic characteristics of the
bacterial isolates. Of the 53 bacterial isolates used, 41%
of isolates were flat and creamy; 39% of isolates had
regular and circular outlines (35%); some isolates had a
slimy consistency (18%); 9% of isolates had a dry and
creamy shape; 1% of isolates were spindle-shaped and
filamentous. Other isolates are up to 41% yellow, 28%
white, 20% pink and 3% green.

Microscopic characteristics of bacterial isolates

Figure 4 shows the microscopic characteristics of the
different bacterial isolates. Six (06) essential forms were
observed, the results of the microscopic observation are
expressed in percentage (%) in Figure 4.

It can be seen that more than 39% of the isolates have the
isolated form, followed by the coccobacillus form at
22%, other bacterial isolates are mobile at 71% and
immobile at 28%.

Biochemical characteristics of isolates

Figure 5 shows the different biochemical characteristics
of the bacterial isolates. After the biochemical test, 62%
of the isolates were catalase negative; 36% of these
isolates were catalase positive; some were Gram + with a
percentage of up to 70% and others were Gram - with a
percentage of 38%.

Cellulotylic activity of isolates

Figure 6 shows clear zones (light halo) around the wells
in which the supernatants were placed after isolate
culture. These clear zones illustrate the degradation of
cellulose, indicating cellulolytic activity. The absence of
clear zones around certain wells shows that certain
isolates are not capable of hydrolysing cellulase.

Table IV shows the cellulolytic activity of isolates
obtained from samples of the two soils. This table shows
that: in the ordinary soil sample, out of a total of 30
isolates tested, 18 isolates, i.e. a percentage of 58.06%,
showed a clear halo around the pits,

In the garage soil sample, out of a total of 24 isolates
tested, 13 isolates (41.93%) showed a halo around the
pits.

The presence of a clear halo around the pits is therefore
synonymous with the presence of cellulase, an enzyme
capable of degrading cellulose.

Evaluation of cellulase production of tested
isolates

Figure 7 shows the histogram of the diameters of the
cellulolytic activity of the isolates obtained from the
garage soil samples. Hydrolysis diameters ranged from
12mm to 43mm. Isolate Sg13 had a larger diameter than
the other isolates in this sample. Out of a total of 24
isolates tested for this sample, only 13 isolates
synthesised cellulase, a percentage of 41.93%.

Figure 8 shows the histogram of the diameters of the
cellulolytic activity of isolates obtained from the
Ordinary soil sample. This figure shows that the
hydrolysis diameters vary between 8mm and 42mm.
Isolate Sd21 had a larger diameter than the others. Out of
a total of 30 isolates tested for this sample, only 18
isolates hydrolysed cellulose, i.e. had hydrolytic activity,
i.e. a percentage of 58.06%. 12 isolates showed very high
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hydrolytic activity, i.e. a percentage of 66.66%.

Figure 9 shows the Principal Component Analysis, which
illustrates the correlations between different cellulose-
producing bacterial isolates and the variation in Optical
Density.

The two axes are respectively: Axisl 60.1% and Axis2
34.9%.

The positive part of Axis 1 distinguishes the following
isolates: Sd40, Sd28, Sd23, Sd12, Sd50, Sd38, Sd43,
Sg3, Sgl, Sg20, Sd9, Sgb, Sd27, Sd11, Sd52, and in its
negative part, isolates Sd21, Sgl5, Sg8, Sd44, Sd16, Sg5,
Sd22, Sg13, Sg13, Sd15, Sg2,Sg14, Sg7,Sg18, Sd10. The
positive part of this axis discriminates isolates on the
basis of optical density and the negative part
discriminates isolates on the basis of cellulotic enzyme
production.

Axis 2 discriminates in its positive part isolates Sdl15,
Sg2, Sgl4, Sg20, Sg7, Sd9, Sgl1, Sd27, Sg6, Sd10, Sd17,
Sgl18, Sd52, Sd11 and in its negative part Sg13,Sg4,Sg3,
Sd43, Sd38, Sd50, Sdi12, Sds0, Sd40, Sdle,
Sd44,Sg15,Sd21, Sg8. In this negative part,
discrimination is based on two factors simultaneously
(cellulolytic enzyme production and optical density).

The objective of this study was to analyse the
physicochemical parameters and diversity of bacteria
isolated from soil samples in the south of Brazzaville.
Because of the proximity of the Faculty of Science and
Technology, two sampling sites were chosen, Bacongo
and Diata, which are in the south of Brazzaville. The
geographical coordinates are as follows: Diata (S:
04.27326°, E: 015.24576°) and Bacongo (S 04.28799°, E
015.25403°). Their capacity to degrade cellulose and
physical parameters such as pH, T°, EC and O..

From the pH values recorded in Table I, it can be seen
that these values range from 7.44 to 7.47. The soil has a
neutral pH. Our results are close to those of Bidaud ef al.,
(1998) who worked on a polluted soil showing that the
optimum growth of bacteria was between pH 6 and pH 8.
Temperature Our results were obtained at around 25°C
(25.9 and 25.7), with the temperature of the soil sampled
varying according to the sampling sites. Our results differ
from those of (Bouzenzana, 2015), who worked on
physicochemical parameters and found temperatures

between 21.5 and 26.3. One study showed that
Brazzaville soils are generally rather acidic and have
high temperatures, (Saito et al., 2005). The electrical
conductivity values of our soil samples ranged from 154
to 106uS/cm, revealing a relatively high ionic strength.
Our results differ from those of Bouzenzana (2015), who
found values between 1232 and 1310uS/cm, which are
higher than ours, indicating higher contamination. High
conductivity in the soil may in fact result from the
presence of mineral pollutants, such as metal ions or
hydrocarbon  residues, testifying to  possible
environmental contamination (Toth et al, 2016). Our
results indicate that contaminated soils have a higher
conductivity value than uncontaminated soils. With
regard to dissolved oxygen, our results indicate values of
between 2.60 mg/L and 2.71mg/L for contaminated and
uncontaminated soils respectively. These relatively low
concentrations reflect poor aeration of the soils studied,
which may be due to intense microbial activity
consuming the available oxygen. According to Chapman
and Kimstach (1996), a dissolved oxygen level of less
than 3mg/L in natural environments affects many aerobic
micro-organisms, thus affecting the ecological balance of
the soil. These results are in line with those of Rodier et
al., (2009), who emphasise that soils that are polluted or
saturated with organic matter often have a dissolved
oxygen deficit, linked to biological activities.
Furthermore, our results on the identification of bacterial
genera enabled us to detect several bacterial genera:
Staphylococcus;  Enterobacteriaceae,  Pseudomonas,
Pseudomonas; Bacillus. Our results differ from those of
Itsouhou et al., (2019), who worked on the soils of
Brazzaville centre and identified only two bacterial
genera. Staphylococcus and Bacillus.

These results can also be explained by the diversity of the
different bacterial genera living in the soil, in line with
the hypothesis of Colinon et al., (2013), which states that
soils contain bacteria from several genera. The total flora
count revealed a significant variation in CFU/g in all the
samples analysed. Values ranged from
12.7+7.810°CFU/g on PCA, to 13.9+7.410°CFU/g on
EMB, to 1.9+0.0410°CFU/g on Cetrimide; Mossel
9.8+0.0710*°CFU/g and Chapman 8.4+0.510°CFU/g for
compositel (contaminated soils) depending on the
culture media, and 17.9+0.7510°CFU/g on PCA, EMB
8.1£2.610°CFU/g, Cetrimide 12.5+510*CFU/g, Mossel
14.5+0.410°CFU/g, and Chapman 8.6+7.4.10°CFU/g
composite2 (uncontaminated soil).
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Table.1 Distribution of soil sampling zones in Brazzaville

Zones Sites GPS coordinates Attitude Composite
Garage 1 S 04.27326° A :300m
Diata E 015.24576°
Garage 2 S 04.27361° A :312m Cl
E 015.24319°
Garage 3 S 04.27576° A :318m
E 015.24343°
FST S 04.27599° A :290m
Bacongo E 015.24446°
FD S 04.28805° A :320m C2
E 015.25374°
Hugosse S 04.28799° A :324m
E 015.25403°

Table.2 Physicochemical Parameters

Samples Composite 1 Composite2
pH 7,47 7,44
T 25,9 25,7
EC 154 106
0, 2,71 2,60

Table.3 Enumeration of Bacteria (CFU/g)

Media PCA Mossel Cetrimide EMB Chapman
Genres FMAT Bacillus Pseudomonas Enterobacteriaceae Staphylococcus

Composite 1 = (12.7+7.8).10)CFU/g = (9.8+0.07).103)CFU/g = (1.9+0.04).10 2CFU/g = (13.9+7.4).103)CFU/g = (8.4+0.5).10°CFU/g
Composite 2 (17.9+0.7).10)CFU/g ~ (14.5+0.4).10)CFU/g ~ (12.5+5).102CFU/g  (8.142.6).10°CFU/g  (8.6+7.4).10°CFU/g

Table.4 Variation of cellulolytic activity among isolates

Samples Percentage of isolates showing Percentage of isolates showing
activity
Ordinary soil (Compositel) 18 (58,06%) 12 (66,66%)
Garage floor (Composite 2) 13 (41,93%) 7(53,84%)
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Figure.1 Colonies isolated as a function of medium
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Figure.4 Microscopic characterization of bacterial isolates
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Figure.6 Cellulolytic activity of isolates from the different soils tested

Figure.7 Cellulolose degradation diagram for isolates obtained from garage soils
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Figure.8 Cellulose degradation diagram for isolates obtained from Ordinary soils
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These results show a dominance of total flora in
composite 2, irrespective of the media used, meaning that
composite 2 from unpolluted soils contains many more
microorganisms than composite 1 from polluted soils.
This confirms the hypothesis of Daniel (2005), according
to which the soil constitutes a heterogeneous and
complex ecosystem harbouring & significant diversity of
microbial communities. Our results are similar to those
obtained by Itsouhou et al, (2019), who studied the
microbial biodiversity of soils in central Brazzaville and
showed that the bacterial biomass expressed in CFU/g
varient according to the soil.

With regard to phenotypic identification, our results
showed a variety of colony shapes and colours. In terms
of cells, the shapes varied from rod to cocci, associated in
various ways, in clusters, in strings and also isolated. The
cells were mobile or immobile. These results are similar
to those of (Itsouhou et al., 2019), who worked on the
soils of Brazzaville centre and are also similar to those of
(Mboukou Kimbatsa et al., 2024), who also worked on
the soils of Brazzaville north and also showed the
diversity of colonies and cells.

The present study results showed that the bacteria
produced cellulases in large quantities, with percentages
ranging from 60% to 66.66% for compositel and from
54.16% to 53.84% for composite2. Our results are
similar to those of (Mboukou Kimbatsa et al., 2024), who
also obtained cellulase-producing bacteria.

Principal component analysis of cellulose digestion
(degradation) diameters revealed significant variability
among the bacterial isolates studied. On the positive part
of axis 1, isolates Sd52, Sd11, Sd27, Sg6 and Sd28
showed the smallest cellulose digestion diameters,
suggesting limited cellulolytic activity. These isolates are
closely grouped in the analysis, indicating functional
similarity to isolates Sd40, Sd23, Sd42, Sd50, Sd38,
Sd43, Sg3, Sgl, Sd9 and Sg20, which are distinguished
by larger degradation diameters, reflecting an increased
capacity to degrade cellulose.

A principal component analysis explains these
correlations more clearly. Axis 1, in its negative part,
shows that isolates Sg18, Sg7, Sg14, Sg2, Sg5, Sd16 and
Sd10 also have reduced cellulose degradation diameters,
but their proximity to more efficient isolates such as
Sd44, Sgl15, Sd21, Sd22 and Sgl3 in the PCA could
indicate that these isolates hydrolyse cellulose in large
quantities. This difference could be attributed to genetic
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variations linked to the expression of genes for more
efficient cellulolytic enzymes. Axis 2 discriminates in its
positive part between isolates Sg2, Sg14, Sg20, Sg7, Sd9,
Sgl, Sd27, Sg6, Sd17, Sgl18, Sd52 and Sd11 which are
characterised by relatively low values.

These isolates probably share common traits, whereas
isolates Sd15 and Sd10 stand out with significantly
higher values indicating distinct properties. In this
negative part, discrimination is based on two factors
simultaneously (cellulolytic enzyme production and
optical density). In this negative section isolates Sgl3,
Sgl4, Sgl5, Sd44 and Sg8 showed high cellulose
inhibition values, their values were close to each other
and isolates Sg3, Sd43, Sd38, Sd12, Sd50 and Sd16
showed reduced cellulose inhibition, reflecting limited
enzyme production.

This low activity could be due to factors such as
unsuitable culture conditions or adaptation to alternative
substrates. With regard to optical density (O.D.), isolates
Sg13, Sd15, Sd10, Sg2 and Sgl8 showed very low
values, reflecting limited cell growth or low bacterial
concentration in the medium. These results suggest a
moderate proliferation rate or a reduced ability to use
available nutrients. Conversely, isolates Sd22, Sgl5,
Sd21, Sg8, Sd44, Sg5 and Sd16 showed higher O.D.
values, indicating more active growth and better
adaptation to environmental conditions. Optical density
is an indirect but weak indicator of microbial biomass
and reflects the overall activity of an isolate in a given
medium. A high optical density is often associated with
isolates with interesting biotechnological potential,
particularly in enzyme production.

The results of the microbiological analyses showed that
the two soil samples used contained a large number of
microorganisms and we identified more than four groups
(04):  Bacillus, Enterobacteria, Staphylococus and
Pseudomona. This reflects the diversity of bacteria
isolated from the soil. Physicochemical parameters
varied from sample to sample for both soils. Out of a
total of 54 isolates tested, 31 isolates showed significant
cellulolytic activity towards cellulose, with percentages
ranging from 58.06% to 66.66 for compositel and from
41.93% to 53.84% for composite2. The biological
activities of the micro-organisms, such as the production
of cellulolytic enzymes, need to be demonstrated to pave
the way for the purification, isolation and identification
of the different bacterial genera and these bioactive
substances.
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