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In this work we have tried to valorize by biotechnological means a sub-product of olive cultivation; olive 
pomace from the oil mill of Bejaia (Sidi Aiche) using it as fermentation substrate in the production of an 
entomopthogenic fungal biomass. A physico-chemical and microbiological characterization was 
conducted on this olive residue.The results of the olive pomace physicochemical analysis  show fairly 
variable rates, which are estimated at 91%, 5.4% and 1.54% respectively for dry matter, ashes and 
soluble sugars. Low cellulose content was recorded in the order of 18%. With a slightly acid pH= 
hydrogen potential (6.02), the pomace will provide a medium for the development of fungal strains. 
Conducting the solid-state fermentation of B.bassiana on the olive-pomace substrate matrix as energy 
and carbon sources, in order to produce a biomass of Beauveria bassiana, yielded encouraging results 
(biomass production of 1.2 x 108 spores / ml), accompanied by a variation in pH and degradation rates 
of the appropriate cellulosic compounds and soluble sugars. 
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INTRODUCTION 

Olive oil production is an important agricultural 
sector in countries located in areas bordering the 
Mediterranean Sea, where more than 97% of olive 
oil is produced (Belkassem, 2013; Boubekka and 
Dahache, 2020). The three major olive oil 
producers worldwide are Spain, Italy, and Greece, 
followed by Turkey, Tunisia, and to a lesser extent 
Portugal, Morocco, and Algeria (Tsagaraki et al. 
2007). In addition to the main production (virgin 
olive oil and olive oil), the olive oil industry 
generates two residues, one liquid (margines) and 
the other solid (olive pomace); the latter have a 
well-developed value chain, but are partially or 
totally lost to many countries. Olive pellets can be 
revalued as fuel (Ayas and al. 2019); fertilizer 
(Innangi et al. 2017); as a source for polyphenols 
extraction (VitaliCipo et al. 2017), hydrogen 

production (Sert et al. 2017).  Other reports have 
been suggested that olive pomace could be used 
as biomasse source and it enhance protein and 
carbohydrates content (Ruschioni, 2020). 

 According to Kumar and Singh (1984), the 
pomace as by-product is described by great-fiber 
content (70%) and little-protein content, ≃ (6%). 
The data regarding the biochemical and chemical 
composition of olive pomace (OP) are insufficient 
to fulfill the need and sometimes differ because of 
the use of different kind of cultivar and the climate 
indifference affect this information. In general as 
stated above the OP has high content of fiber and 
relatively low of nitrogen amounts. 

Solid-state fermentation (SSF), is a 
fermentation method using a solid or dry substrate 
and less water (Mushollaeni et al. 2017), it has 
been historically used for the cultivation of 
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microorganisms as it approximates the natural 
growth condition of most microorganisms 
(particularly of filamentous fungi). Fungi can grow 
on solid substrates and have applications in 
fermentation processes. Filamentous fungi remain 
the most widely used group of microorganisms in 
solid fermentation with a wide range of 
applications, according to their physiological, 
enzymological and biochemical properties (El-
Shora and El-Sharkawy, 2020). They are 
considered the best adapted to this type of crop 
close to their natural habitat (Duchirone and 
Copinet, 2011). While preserving environmental 
integrity, microorganisms can be used in 
biological control of these microorganisms, fungus 
Beauveria bassiana in site the known infections it 
causes in some harmful insects and is considered 
an excellent candidate for the development of 
microbial insecticide (Wraight, 1987).  

  So, this study aimed to, firstly, estimate the 
pH value, the content of dry matter, moisture and 
mineral matter, and so the determination of 
cellulose and soluble sugar concentration in the 
olive pomace collected from north of Algeria.  

The production of the biomass of this 
entomopathogen is made possible by 
fermentation processes; therefore the purpose of 
our work consists in studying the possibility of 
upgrading olive pomace as a fermentation 
substrate in a solid medium for the mass 
production of a locally isolated entomopathogenic 
fungal strain Beauveria bassiana. 
 
MATERIALS AND METHODS 

1.1. Biological material 

1.1.1. Fungal strain 
 Our experiments were carried out on a local 

fungal strain Beauveria bassiana, isolated by 
Hamid (2013) from an agricultural soil at 
Boumerdes region (Algeria). Its identification was 
carried out at the Botanical Department (Mycology 
Service) of the National Agronomic Institute (El-
Harrach) by professor Keddad. 

1.1.2. Olive pomace 
In our study, we used a natural culture 

medium based on olives pomace from Algerian 
milling located in the Province of Bejaia (Northern 
Algeria), with the aim of producing biomass of the 
local fungal strain Beauveria bassiana based on 
fermentation on a solid medium. The sample was 
transported to the laboratory in cooler at 4° C, and 
then kept at the same temperature for later use. 

 
1.2. Methodology  

1.2.1. Physico-chemical analysis of olive 
pomace 

  The olive pomace undergoes treatments by 
drying it in the oven at a temperature of 65 °C for 
48 hours according to (Frezzotti et al.1956). After 
that thedried pomace was grind and passed 
through a sieve of 500 μm diameter in order to get 
fine particles. 

PH measurement 
  It is based on the determination, in pH units, 

of the difference in isoelectric potential between 
two glass electrodes immersed in an aqueous 
solution of medium (Gaudet and Kowalski, 2002). 

Determination of moisture and dry matter 
content 

5 g of the sample to be analyzed is introduced 
into a pre-dried porcelain dish; the capsule is 
placed in an oven set at 105 ° C ± 1°C for 24 
hours. After cooling in the desiccators, the 
capsule is weighed (Jarrige, 1989). 

The water content of the sample is given by 
the following formula: 
 

 
 
 
 
M1: the capsule mass in grams with the 

sample before dehydration 
 
M2: the capsule mass in grams with the 

sample after dehydration 
 
P: mass in grams of the test portion. 
 

 The dry matter is calculated as follows: 
 

 Determination of mineral matter 
 
 

 
The capsule containing previously the residue is 
brought to the muffle furnace, the residue used to 
determine the dry matter by drying in an oven; the 
muffle furnace is gradually heated in order to 
obtain carbonization without ignition of the mass: 
first incineration is carried out for 1 hour and 30 
minutes at 200 ° C and then at 500 ° C for 3 
hours. The combustion of the coal is said to be 
complete when the residue formed is of a white or 
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light gray color. The capsule containing the 
residue is cooled in the desiccators and then 
weighed (Jarrige, 1989).  

 The mineral content is calculated by the 
following formula: 

 
 
 
 
M cr: the empty crucible mass (g)  
 
M1: crucible mass and mineral matter (g)  
 
M2: the empty crucible mass (g) and the olive-

pomace. 

Determination of crude cellulose content 
    The crude cellulose content is determined 

by the conventional Weende method (Jarrige, 
1989) which consists in introducing 1 g of the 
sample into a flask equipped with a refrigerant 
and then adding 100 ml of a boiling solution of 
0.26N sulfuric acid, heated to obtain a rapid 
boiling, this is maintained for exactly 30 minutes. 
The balloon is stirred regularly during hydrolysis. 

After 30 minutes of boiling, the refrigerant is 
separated from the flask and passed through 
centrifuge tubes. The mixture is centrifuged at 
3000 rpm for 15 minutes, the liquid is separated 
from the residue, which is washed with boiling 
water and centrifuged each time until the washing 
water become non acidic. 

The residue is introduced into the same flask 
with 100 ml of 0.23N sodium hydroxide solution. 
Boil for 30 minutes exactly as in the first part of 
the operation. The crucibles containing the 
residues are then placed in an oven set at 105 ° C 
until a constant weight is obtained. 

   The weighing are carried out after cooling in 
a desiccator, followed by incineration in the muffle 
furnace at 500 ° C for 4 hours, cooled in a 
desiccator and weighed again. 

 The difference in weight between the two 
weightings represents the cellulosic substances: 

 

 
 
A: weight of crucible + residue after 

desiccation 
B: weight of crucible + residue after 

incineration. 
MS: weight of the dry matter. 
 

 Determination of soluble sugar content: 
 
The determination of the soluble sugars is 

carried out in two stages: the first step is the 
extraction; the second is the dosage, done by 
anthrone method (Jarrige, 1989). 

Extraction: it is carried out on 0.5 g of the 
sample using 80% of ethanol, the solution is 
brought to the boil and then centrifuged at 3000 
rpm, and the supernatant which contains the 
soluble sugars is recovered in a flask (The 
operation is repeated three times). The extracts 
are adjusted with distilled water to 100 ml and 
then incubated in a refrigerator at 0 ° C for 24 
hours. 

The dosage: the anthrone reagent is prepared 
by mixing 20 mg of anthrone and 100 ml of 
sulfuric acid, the solution is kept at low 
temperature until use. 

The sugars are assayed by removing 0.6 ml 
of supernatant to which 0.4 of distilled water, 1 ml 
of formic acid (90%) and 4 ml of the anthrone 
reagent are added. The blank is replaced by 
distilled water; the tubes are homogenized for 5 
minutes by vortexing and then placed in a water 
bath at 100 ° C. for exactly 12 minutes followed by 
a cold bath for Block the colorimetric reaction. 

The optical density of the colored solution is 
determined by spectrophotometry at a wavelength 
of 630 nm. 

In order to determine the sugars contents, a 
standard range is obtained by measuring the 
optical densities of a range of glucose 
concentration ranging from 0 to 1000 pg / ml. 

1.2.2. Conduct of fermentation on solid 
medium 

The cultures are carried out in Erlenmeyer 
flakes containing 30 g of olive residue. Before 
fermentation process, the olive-pomace powder 
was moistening with 65% distilled water and 
sterilized at 120 ° C for 20 minutes. 

Preparation of the spore suspension 
(inoculum) 

The spore suspension is prepared by 
introducing several fungal colonies from 7-15 day 
old cultures into an erlenmeyer containing sterile 
physiological water which is hermetically sealed to 
avoid contamination. 

 To allow a maximum release of the spores, a 
few drops of tween reagent 80 are added, with 
stirring at 150 rpm for 30 minutes. After filtration, 
the filtrate is recovered and the enumeration is 
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performed using Mallassez cell.  The fungal spore 
concentration is calculated as follows: 

 
C:  number of cells per liter; 
N:  number of spores counted 
V:  volume counting;  
d:  dilution factor 

Inoculation 
The medium is inoculated with 5 ml of fungal 

suspension, at a rate of 107 spores / ml; the erlens 
are incubated at 27 ° C in the oven for 15 days. 
The pH is maintained at 6.  

Follow-up of fermentation 
During the unfolding of the olive-pomace 

fermentation, we are interested in determining: 

- Evolution of pH, the production of biomass 
which is realized with the count of the number 
of spores produced the degradation of soluble 
sugars and the determination of cellulose 
degradation.  

- 5g of fermentation substrate are taken from 
each erlen every 72 hours for 15 days. 
* PH measurement, Cellulose content and the 

concentration of soluble sugars are achieved by 
the techniques described above. 

Production of biomass 
The biomass produced during the 

fermentation of B.bassiana on olive pellets is 
expressed by the count of the spores by the 
Mallassez cell by preparing a stock solution of 0.5 
g of olive pomace with 15 ml of sterile 
physiological water and homogenize following the 
same steps of preparation of the stock solution. 

Linear growth: 
The technique consists in measuring the 

linear and diametrical growth of the colonies using 
two cultures media; OGA (Oxytétracycline-
Glucose Agar) and OP (olive pomace), the 
formula below (Rappily, 1968) was used: 

          L = D-d / 2  
L: mycelia growth 
D: diameter of fungal colony 
d: diameter of the  explants 

 
RESULTSAND DISCUSSION 

2.1. Characterization of the fungal strain 
The results of the macroscopic and 

microscopic observation of the B. bassiana grown 

on OGA medium show the following 
characteristics (figure 1) Progressive and 
important development in the box with cottonous 
colonies of whitish color. While the microscopic 
observations reveal a transparent and septal 
hyphae, conidiospores arranged in a bouquet and 
giving a false appearance (figure 1). 

2.2: Physico-chemical characterization of olive 
pomace 

   The composition of the olives depends 
closely on the variety of olives, the degree of 
maturation of the olives and the system used in 
the extraction of olive oil (Lakhtar, 2009; El Kassis 
et al. 2019). 

The physicochemical analyzes on olive-
pomace carried out in our study gave the following 
results: 

pH 
The pH obtained from our sample is 6.02; 

Previous work of while Mennane et al. (2010) 
found a pH of 5 for pomace grown from Maâsra of 
Beni Mellal (Morocco). Similarly, the work of 
(Alburqueque et al. 2004) on olive pomace from 
three regions on Spain shows pH values that are 
slightly acidic between 5 and 5.7. 

   On the other hand Benamara et al. (2013) 
have recorded a neutral pH of 6.8 of the pomace 
resulting from a modern oil mill in Oued-Aissi 
(TiziOuzou, Algeria). 

This variation is mainly due to the following 
factors: Olive maturation stage, olive variety, 
cropping system, storage time of olives before 
crushing, nature of olive preservation, olive oil 
extraction process which represents the most 
important element (Simon and Meunier, 1970). 
The acidic pH of olive-pomace is favorable to the 
development of the fungi supporting this type of 
medium. This acidity is probably due to the 
presence of organic acids such as fatty acids 
which originate from the hydrolysis of lipids by 
microorganisms. This hydrolysis is carried out by 
the lipase enzyme which has an intracellular or 
extracellular origin (Leulmi, 2011). 

Most of the work done on olive pomace is 
based on physicochemical characterization to 
determine their nutritional value as well as their 
biotechnological valorization. 

Figure 2 represents the graph of the 
physicochemical composition of the treated olive 
pomace (moisture, dry matter content, mineral 
matter and crude cellulose content): 
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Figure 1: Macroscopic and microscopic appearance of the fungal strain (Beauveria bassiana) 

(Hamid, 2013) 
 

 
Figure 2: Content of the physico-chemical composition of olive pomace 

Ms: dry matter; H: humidity; CB: crude Cellulose; Mn: mineral matter 
Results of the physicochemical analyzes of 

the olives found in the above graph; Show an 
average found content for dry matter, moisture, 
ash and raw cellulose which are successively 
91%, 9%, 5.4% and 18%.  

 The result obtained from the dry matter 
content does not correspond to the results of the 
previous studies reported by Mennane et al 
.(2010) finding 65.13%, this difference may be 
due to temperature and mechanical sieving 
treatment. However, our results are similar to 
those found by Alburquerque et al.(2004), were 
the agrochemical characterisation showed that al 
samples has a high moisture content, and a very 
high content of organic matter, mainly composed 
by lignin, hemicellulose and cellulose. It also has 
a considerable proportion of fats, proteins, water-
soluble carbohydrates and a small but active 
fraction of hydrosoluble phenolic substances.  

  According to the literature, the moisture and 
the dry matter content very widely and are closely 
related to the type of olive pomace, olive oil 

extraction systems, storage conditions and the 
olives maturation stage (Munir et al. 2016). 

The result obtained from the mineral content 
is 5.40, this value is close to those found by 
Nefzaoui (1996), Mennane et al (2010) and 
Chemani (2013), the ash content vary from 3 to 
5%. 

Our results are different from those found by 
M'sadak et al. (2015), whose contents are 
between 7% and 10%. 

   According to Djadoun (2011), the ash 
content of olive pomace is normally low (must be 
between 3% and 5%); and varies according to the 
geographical area, the method of olives picking, 
their washing at the oil mill before crushing and 
also the extraction processes of olive oil. In 
addition, the high values in mineral matter are 
probably due to lack of washing and the presence 
of soil fractions with olives during crushing 
(Bouknana et al. (2014). 

In the same way, the crude cellulose content 
obtained is similar to that recorded by Nefzaoui 
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(1996), whose cellulose content varies from 15 to 
20%, but is different from that found by Mennane 
et al. (2010) which is about 59%. The low crude 
fiber content is explained by the mechanical 
treatment which consists of the partial separation 
of the core shell by sieving. This has the effect of 
reducing significantly the level of crude cellulose 
and true cellulose, but paradoxically, very little 
lignin. 

3.3. Following of the fermentation  

3.3.1. Evolution of pH 
The evolution of pH during the fermentation is 

represented in the following graph (Figure 3): 

 
Figure 3:Evolution of pH during the 
fermentation process of Beauveria 

bassiana in the olive pomace 
According to this graph: It is observed that the 

pH of the medium in the presence of the B. 
bassiana fungal strain decreases during the 
fermentation at the first nine days. For this 
purpose it decreases from 6 to 4.94. This result is 
similar to those found by Sridevi et al. (2009) in 
growing Aspergillus niger on wheat bran. This 
decrease in pH may be due to the acidic 
metabolites produced in the medium resulting in 
degradation of the cellulose, lipid and soluble 
sugars, resulting in an increase in the level of 
organic acids which gradually acidify the medium 
(Botton et al. 1990). 

 From 9th day, The pH increases again to 
reach the value of 5.08 to the 15th day, this 
increase being due to the degradation of the 
organic acids carrying COO- and / or OH groups, 
such as lactic acid and acetic acid, Which results 
in a rise in pH, or by the fact that our strain 
produces basic metabolites such as ammonia 
which neutralizes the acidity of the medium 
(Bidochka and khchatourians, 1991). Such results 
have been obtained by Halouane et al. (2015), 
with the specie of Beauveria bassiana in different 
media. 

3.3.2. Production of biomass  
The results of the counting on the Mallassez 

cell of the spores produced by B. bassiana during 
the 15 days are represented on the plot below 
(Figure 4). 

 
Figure 4: Evolution of the biomass (number of 

spores) during the culture of Beauveria 
bassianain the olive-pomace 

The monitoring of B. Bassiana biomass 
production during fermentation on olive pomace 
shows a progressive increase in the number of 
spores from the first to 15th day: From 107 to 0.12 
.109 spores / ml. The result obtained shows that 
the B. bassiana strain adapted to the olive-
pomace medium because it consumed the 
organic and mineral matter of the medium to 
produce a biomass. 

   Our results are close to those found by 
Herta Stutz et al. (2005); the production of B. 
bassiana spores recorded on the coffee bean 
increased from 107 to 109 spore / ml. On the 
coffee beans with the PDA environment, the same 
authors recorded spores of 2.7.109 spore / ml and 
on PDA only; the biomass was 1.9 109 spores / 
ml. So the natural subtract (olive pomace) used in 
the present study is very favorable for fungus 
developpement. 

3.3.3. Degradation of soluble sugars 
 The kinetics of degradation of soluble sugars 

during fermentation is shown in Figure 5. 

 
Figure 5:Evolution of degradation of soluble 
sugars during the fermentation of Beauveria 

bassiana in the olive-pomace 
From the results shown in Figure 5, the 

concentration of soluble sugars in olive 
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pomacedecreases during fermentation and this 
indicates that the molds consumed the soluble 
sugars contained in the medium (olive pomace). 
The concentration of soluble sugars decreased 
from 1.54 to 0.86 g / l during the fifth first days of 
the fermentation. 

Thus, an increase in the concentration of 
soluble sugars from the 6th to the 9th day was 
observed, up to 1.49g / l.Then a gradual decrease 
until the 15th day, from 1.49 to 1.14g / l. The 
decrease in the concentrations of soluble sugars 
during the first 5 days, explains that the B. 
bassiana fungus consumed the sugars found in 
the environment (olive pomace) as a source of 
carbon to multiply:This corresponds to the 
production of the spores. The increase in the 
concentration of soluble sugars from 6 days may 
be due to the massive degradation of cellulose by 
B. bassiana (Figure 6). Beyond day 9, the 
concentration of soluble sugars decreases and 
this shows their consumption by B. bassiana. Our 
results are different from those found by Halouane 
et al. (2015), which recorded a decrease in the 
concentration of soluble sugars during the 
fermentation conducted on the whey for the same 
species.  

3.3.4. Cellulose degradation:  
The degradation of crude cellulose during  

fermentation is shown in figure 6. 

 
Figure 6:Evolutionof the degradation of crude 
cellulose during the fermentation of Beauveria 

bassiana in the olive-pomace 
Our results show a decrease in the cellulose 

content during fermentation. In the first 6 days, the 
low decrease in crude cellulose content is 
explained by a low degradation of cellulose by B. 
bassiana due to the low acid pH (pH 6). While 
cellulase activity is optimal for pH Ranging from 4 
to 5 (Lynd et al. 2002). 
    After the sixth day, the crude cellulose content 
is considerably reduced, it is estimated that the 
substrate undergoes a 10% decrease in the initial 
crude cellulose, it is reported that B. bassiana 
secretes the cellulase enzyme according to 
Leopold and Samsinakova (1970).This sharp 

decrease in the corresponding content of the 
amount of carboxymethylcellulose-degrading 
enzyme to carbohydrates.  

3.4. Linear growth 
Through the results displayed in figure 7, it 

can be seen that, on the two tested media B. 
bassiana, the rate of growth varied from one 
medium to another.  

 
Figure 7: Evolution of the linear growth of 

Beauveria bassiana depending on the culture 
medium 

The development rate was faster on OGA 
than on OP. However, this development was 
completed on the 3rd day on OGA and GO media. 
In addition, with regard to Figure 7, it was found 
that on the 2 media selected, the start was the 
best on OGA with a maximum growth of 2.15cm in 
the 9th Day, and a maximum growth recorded on 
the GO medium of 2.15 cm on the 15th day. The 
results obtained show that our fungus has 
developed well on the natural environment tested. 
They had enough enzymatic baggage: proteases, 
amylase, glucose isomerase; Hydrolases; 
Oxydoreducases (Garett and Grisham, 2000) and 
cellulase to degrade the cultural substrate. We 
can qualify our strain according to the nutritional 
or energetic type as being a microorganism 
Chimiolithoorganotrophe. Our results are quite 
similar to those found by various authors such as 
Halouane (1997) who demonstrated that B. 
Bassiana behaves similarly on organic and 
mineral media. At the same time, Rombach 
(1989) reported a maximum growth of B. 
Bassiana on a medium having carbon as CaCO 3. 

CONCLUSION 
Remaining agricultural rejections from olive 

trituration, the evacuation and treatment of which 
generate disturbing environmental problems in 
most mediterranean olive-growing countries. This 
is also the case for the Maghreb countries such as 
Morocco, Tunisia and Algeria, where the total 
volume of olive pomace  eliminated annually by 
Oil mills are very important, causing serious 
damage to the natural environment with heavy 
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pollution of watercourses, groundwater, etc. 
  For the purpose of valorization of olive 

residues, a solid culture is set up of an 
entomopatogenic B. bassiana fungus used in 
biological control against harmful insects.The 
physicochemical analyzes of these olive pomace 
from Algerian milling located in the province of 
Bejaia show an acidity of these substrates and a 
high content of mineral matter and an average 
content of cellulose and soluble sugars. The 
results of the study showed a good growth of B. 
bassiana on olive pomace in FMS with a number 
of spores reaching a value of 109 spores \ ml. It is 
much more interesting to project our test in the 
large scale to materialize within a biotechnology 
unit that works in the service of agriculture and 
environment service. 
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