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ABSTRACT
Background:The cellulase enzyme is one of the most industrially important
Received: 25/09/2023 enzymes. Its cost represents a significant barrier to other valuable commercial
products. Reducing the cost of cellulase production is an important approach.
Objectives: For this purpose, this work investigated the production of cellulase
enzyme using olive oil production waste (olive mill wastewater (OMW). Materials
and methods: The ability of Trichoderma viride to utilize OMW as a substrate for
cellulase production was studied. Optimization of cellulase production was
2024. This is an open investigated to find out the optimum OMW concentration, agitation speed, aeration
?ﬁeceséc ag'c'e”c‘ézgssr rate, and cellulose addition. Results:The results showed that 75% v/iv. OMW
Y submerged shake flask culture was the most suitable culture for T. viride growth and

http://creativecommons N ..
.org/licenses/by/4.0 cellulase enzyme production (0.82 U/ml endoglucanase activity and 0.25 U/ml

exoglucanase activity). When this culture was supplemented with cellulose, the

activity of endoglucanase and exoglucanase was significantly improved (10.24 U/ml
- and 2.17 U/ml respectively).The agitation speed of 200 rpm enhanced the production

to reach 9.1 U/ml of endoglucanase and 6.38 U/ml of exoglucanase. The effect of the

aeration rate on enzyme production was studied under batch cultivation. The highest

cellulase activity was at 2.0 vvm, where the endoglucanase and exoglucanase

activities were 55.96 U/ml and 32.62 U/ml respectively. Conclusions: Therefore, it

is claimed that OMW is a suitable medium for cellulase enzyme production after
optimization of the process.
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1-INTRODUCTION

One of today's greatest challenges for scientists and technologists is to have a sustainable growing energy
demand to feed industry processes, transportation, and residential uses. Renewability is the lit-motive and biological
energetic resources, of which lignocellulosic biomass is a major component as a renewable nature abundant and
inexpensive material and is comprised mainly of cellulose (1). There are many sources for lignocellulosic biomass
such as municipal waste, agricultural residues, forestry or pulp, and by-products of food production (2). One of the
most economically and technically critical steps in the production of biofuels and other important products is the
enzymatic hydrolysis of raw materials, especially cellulase (3,4). Olive Mill Wastewater (OMW), a residue of the
olive oil industry, is one of the major environmental problems in the Mediterranean olive-growing countries, such as
Jordan, Palestine, Tunisia, Italy, Morocco, Turkey, Greece, and Spain. Mediterranean regions have an annual OMW
production of about 3x10” m® (6,7). This wastewater contains organic fractions including sugar, polyalcohol, pectin,
polyphenols, lipids, and tannins. Sugars and polyphenols can serve as carbon and energy sources for microbial
growth. This material induces serious problems because of its high organic load, phytotoxicity, and phenolic
compounds which resist biological degradation (8,9). Olive mill wastewater (OMW) pollution is becoming a serious
problem, especially in the Mediterranean area since they are responsible for 95% of the worldwide olive oil
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production (10,11). To resolve the environmental problems related to OMW, several physio-chemical processes,
including simple evaporating, ultra-filtration, and anaerobic digestion processes were proposed to reduce the
polluting effects of OMW. Alternatively, great interest focused on biological treatment using aerobic bacteria and
fungi (12). Treatment of OMW is a huge challenge because it contains biological resistance compounds and both
high capital and processing costs of proposed treatment. Cellulase is one of the most extensively investigated
multicomponent enzyme systems, because of its ability to break down the cellulosic biomass into glucose, which in
turn can be converted to other valuable chemical products (13). Cellulase can be divided into three types:
endoglucanase, cellobiohydrolase (exoglucanase), and B-glucosidase.

They together with other related enzymes, such as hemicellulases and ligninases are among the most
important groups of enzymes, which are employed in the processing of lignocellulosic materials (14,15,16).
Filamentous fungi were the best-known cellulase-producing organisms because of their ability to produce high
enzyme yield, and capacity to secrete active and separable enzyme types. Studies on hypersecretory microfungi
especially Trichoderma spp., have been extensively studied due to their strong cellulolytic activity against
crystalline celluloses which results in saccharification (17). Among them T. viride, T. harzianum, T. reesei and T.
konigii were studied (17,18, 19). However, T. viride was proven as an efficient candidate for biodegradation (19).
The high cost of cellulase enzymes represents a significant barrier to the commercial deployment of important
products. Much research efforts have been directed toward improving the production of cellulolytic enzymes. There
are a number of approaches that have been adopted, aiming towards reducing the cost of enzyme production by
focusing on optimizing the fermentation process parameters, and improving the efficiency of known enzymes and
microorganisms. These included the use of industrial wastes such as agricultural waste (20), and corn cob (21), as
examples of low—cost materials. For this purpose, this study focuses on the use of OMW as a fermentation medium
since it is a valuable source of native lignocelluloses with negligible cost for the production of cellulase enzyme by
T. viride at different operating conditions. Therefore, the objectives of this study were to study the ability of T. viride
to produce cellulase enzyme complex during OMW fermentation and to study the necessity of aeration and agitation
in the fermentation process.

2-MATERIALS AND METHODS

All experiments were conducted under aseptic conditions, and all media was autoclaved at 121 °C for 15
min (HIRAYAMA, Japan). The pH was adjusted by using 1.0 M NaOH and 1.0 M HCI. All chemicals used were of
analytical grade and mostly purchased from (BDH laboratory supplies, England).

Microorganism

The fungus T. viride (a local isolate obtained from the Department of Microbiology, Faculty of
Agriculture, Jordan University of Science and Technology) was grown on potato dextrose agar (PAD) at 28°C for 4-
7 days and stored at 4°C until use. Stock cultures were sub-cultured every 3 months.

Olive Mill Wastewater (OMW)

Throughout the study, the olive mill wastewater was used as a fermentation medium. It was collected from
a three-phase centrifugal olive mill located at Na'our city of Jordan during the olive oil extraction seasons. This
byproduct was stored at 4°C to prevent biodegradation by the action of microorganisms.

Inoculum preparation
The shake culture flasks of OMW were inoculated aseptically by 3 mycelia plugs (radius of 7 mm) cut at
the advancing edge of T. viride grown on PDA plate culture using sterile Pasteur pipettes.

Screening for the best OMW dilution for cellulolytic enzyme production

Different dilutions (25, 50, 75, and 100 %) of OMW shake cultures of 100 ml adjusted to pH 5.5 were
prepared using Erlenmeyer flasks of 250 ml. After sterilization, each flask was inoculated aseptically with three
mycelium plugs (radius of 7mm) cut at the advancing edge of T. viride and placed on an orbital shaker with agitation
speed of 150rpm and 28°C as incubator temperature for 4 days. Every day, a 5ml sample was withdrawn from the
flasks in order to measure the enzyme activity and dissolved protein content.
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Optimization of fermentation process:
Effect of cellulose addition on enzyme production

The shake flask cultures of 75% OMW were chosen for further studies. The effect of cellulose addition was
assessed by preparing a shake culture containing 75% OMW supplied with 0.5 g of cellulose.

Effect of the agitation speed on cellulolytic enzymes production
The effect of agitation was studied in the same procedure mentioned but using different agitation speeds
(100, 150, 200, and 250rpm)

Effect of aeration rate on cellulolytic enzyme production

The effect of aeration was assessed on batch operation. Shake flask cultures of 75% OMW were aerated at
(0.0, 0.5, 1.5, 2.0vvm) by using air pump. The air flow rate (vvm) was calculated by counting the gas volume flow
per unit of liquid volume per minute.

Enzyme extraction )
A 5ml sample was obtained from flasks after each experiment, centrifuged at 6000 rpm for 15 min (NUVE,
Turkey), and filtrated using Whatman no.1 filter paper. The filtrate was used as a crude enzyme source.

Enzyme assay: The endoglucanase enzyme activity was assayed using DNS method (Miller, 1959) (22).
Exoglucanase enzyme activity was analyzed according to filter paper assay (FPase) (23). One unit (U) of enzyme
activity was defined as the amount of enzyme required to liberate 1 umol of glucose from the appropriate substrates
per minute per crude filtrate under the assay conditions.

Protein content determination: Dissolved protein content was measured according to (24).

Statistical analysis:

The standard curves for cellulase enzyme activity (endoglucanase, exoglucanase and [-glucosidase) and
protein content were prepared using GraphPad PRISM (version 5.02) program. One-way analysis of variance
(ANOVA) was used for testing the difference between the groups and Tukey's Multiple Comparison Test was used
to determine the difference between each factor. Data were expressed as the mean + SEM, and P < 0.05 was
considered statistically significant.

3-RESULTS
Submerged shake cultures of OMW:

Shake flask cultures were conducted using OMW as the main substrate for cellulase enzyme production.
OMW was used at 4 different concentrations (25, 50, 75, and 100%). It was observed that the maximum
endoglucanase and exoglucanase activity were achieved in cultures employing 75% OMW. T. viride grown in 75%
OMW cultures revealed 0.82 U/ml endoglucanase activity, 0.25 U/ml exoglucanase activity, and 1.1 mg/ml
dissolved protein contents after 3 days of the fermentation process (Figure 1). There was no significant difference
between the four experiments conducted.
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Figure (1): Enzymes activity of T.viride submerged cultures of different concentrations of OMW (25%, 50%, 75%,
and 100%) after 3 days of the fermentation process. Error bars indicate the standard error of the mean of three
replicates.

Effect of cellulose addition on enzyme production:

The cellulolytic enzyme production by T.viride in cultures of 75% OMW supplied with 0.5 g of cellulose
was studied. Results shown in (Figure 2) revealed that cellulose addition was necessary for growth and enzyme
production compared with results to previous results. The highest activity of Endoglucanase and Exoglucanase was

10.24 U/ml and 2.17 U/ml respectively after 3 days of the fermentation process. The dissolved protein content was 4
mg/ml.
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Figure (2): Enzyme activity and dissolved protein content in cultures of T. viride. Growing on 75% OMW after
cellulose addition throughout the 4 days of fermentation. Error bars indicate the standard error of the mean of three
replicates.

Effect of agitation on enzyme production:

To assess the effect of agitation on cellulase production, different culture agitation speeds (100, 150, 200,
and 250 rpm) were studied using 75% OMW in shake flask culture. Maximum enzyme activity was achieved at 200
rpm and 250 rpm and showed significant differences compared to 100 rpm and 150 rpm (Figure 3; Table 1). The
best agitation speed for both endoglucanase and exoglucanase was 200 rpm. The highest endoglucanase activity was
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9.1 U/ml whereas exoglucanase activity was 6.38 U/ml after 4 days of fermentation (Figure 3). Figure (3C) shows
the effect of the 4 agitation speeds on dissolved protein contents and the highest dissolved protein contents was 3.8
mg/ml at 200 rpm.

Table(1): Effect of agitation speed on enzyme production; endoglucanase, exoglucanase, and dissolved protein
throughout the fermentation days.

Agitation speed(rpm)

Enzyme activity (U/ml)

Dissolved proteins (mg/ml)

Endoglucanase Exoglucanase
100 rpm 1.69+0.61ns 1.10+0.26ns 1.43+0.30ns
150 rpm 4.6440.70 2.38+0.39 1.56+0.24
200 rpm 6.32+1.12** 3.3440.72** 2.97+0.17**
250 rpm 6.68+0.75** 3.2340.45** 2.10+0.16ns

" Each value is represented as mean+ SEM of replicates for 5 days at 100 and 150 rpm, 7 days at 200, 250 rpm .**
indicate correlations significances at p < 0.05. ns indicates no significant differences. Significance was compared

with values acquired at 150 rpm.

Endoglucanase activity (U/ml)

Exoglucanase activity (U/ml)
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Figure (3):Effect of agitation speed on enzyme activity and dissolved protein content throughout the time profile of
the experiment. (A) Endoglucanase (B) Exoglucanase (C) dissolved protein. ** indicate correlations significant
differences at P < 0.05 on enzyme activity and protein content. Each column represents the time after which a
sample was withdrawn for analysis. Error bars indicate the standard error of the mean of three replicates.
Significance was compared with values acquired at 150 rpm.

Effect of process operation mode

In order to study the effect of operation mode on enzyme production, a fed-batch process and a semi-
continuous process were performed using a 75% OMW shake flask with 200 rpm agitation speed at a temperature of
28°C and pH of 5.5. Maximum enzyme activity of endoglucanase and exoglucanase was achieved at semi-
continuous mode (7.5 U/ml and 3.15 U/ml respectively). The highest endoglucanse activity at semi-continuous
mode was after seven days of fermentation whereas the highest endoglucanase activity was after eight days of
fermentation at fed-batch mode (Data not presented). The dissolved proteins were 3 mg/ml in semi-continuous mode
(Table 2). There were no significant differences comparing fed-batch and semi-continuous processes to batch mode
for cellulase enzyme complex production. Therefore, we decided to continue our investigation using batch cultures.

Table (2): Effect of operation mode on cellulase enzyme production and dissolved protein throughout the
fermentation days of each mode.”

Mode of process operation | Enzyme activity (U/ml) Dissolved proteins (mg/ml)
Endoglucanase Exoglucanase

Batch 3.20+0.63 2.01+0.35 2.25+0.19

Fed batch 3.09+0.13ns 1.48+0.07ns 2.06%0.46ns

Semi-continuous 3.91+1.63ns 2.31+0.57ns 2.95+0.13ns

“ Each value is represented as mean+ SEM of replicates of fermentation days at each mode. ns indicates no
significant differences. Significance was compared with values acquired in batch mode.

Effect of aeration rate on the fermentation process:

Different aeration rates (0.0, 0.5, 1.5, and 2.0 vvm) were studied for their effect on cellulase enzyme
production using 75% of fresh OMW shake flask cultures with the previous optimum condition obtained. Maximum
enzyme activity was achieved at 1.5 and 2.0 vvm (Table 3). The highest cellulase enzyme activity was at 2.0 vvm.
The endoglucanase and exoglucanase activities were 55.96 U/ml and 32.62 U/ml respectively after 4 days of
fermentation (Figure 4). In the case of dissolved proteins content, there was a significant difference compared to 0.0
vvm as a control whereas there was no significant difference when compared to 0. 5 vvm.
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Figure (4): Effect of aeration rate on cellulase enzyme activity after 4 days of fermentation. ** indicate correlations
significant differences at P < 0.05 on enzyme activity. Significance was compared with values acquired at zero vvm
as a control.

Error bars indicate standard error of the mean of two replicates.

Table (3): Effect of aeration rate on enzyme production; endoglucanase, exoglucanase and dissolved protein.”

Aeration rate( vvm) Enzyme activity (U/ml) Dissolved proteins
Endoglucanase Exoglucanase (mg/mi)

0.0 vwm 30.78+2.50 12.79+1.41 1.3740.31

0.5 vwwm 30.35+0.21ns 11.1942.20ns 1.4040.29ns

1.5 vwm 40.62+4.51** 21.41+3.39** 2.46+0.88ns

2.0 vwm 42,3145, 72** 21.49+3.97** 2.50+0.81ns

“ Each value is represented as mean+ SEM of replicas of 4 days of the fermentation at each aeration rate. ** indicate
correlations significant differences at P < 0.05 on enzyme activity. ns indicates no significant differences.
Significance was compared with values acquired for the control at zero vvm.

4-Discussion

Cellulase enzyme was produced using olive mill wastewater by T. viride. The suitable dilution of olive mill
wastewater (OMW) for cellulolytic enzyme production is important for T.viride metabolism, growth, and enzyme
production system, So submerged shake cultures of T.viride were investigated for the best dilution. In this study, it
was observed that the endoglucanase, exoglucanase, and dissolved protein contents were at the maximum levels
when 75% OMW was employed. The enzyme activities were 0.82 U/ml for endoglucanase activity, 0.25 U/ml for
exoglucanase activity, and 1.1 mg/ml dissolved protein contents (Figure 1). These low values of enzyme activity
and protein content might be explained form the data of dissolved protein where it indicates that the microorganism
was utilizing the cellulosic portion of OMW slowly. When cellulose was added, the endoglucanase, exoglucanase
activity, and dissolved proteins rose to become 10.24 U/ml and 2.17 U/ml and 4.0 mg/ml respectively (Figure 2).
Abu Mie, (2009) (25,26,27,28) reported that 10, 25, 50, 75, 100% were employed to investigate the suitable dilution
for hydrolytic enzyme production. It was observed that the maximum endoglucanase and exoglucanase activity was
achieved in cultures employing 50, 75 and 100% OMW cultures, but from general observation and biomass growth,
it was highest at 50% OMW cultures (29,30,31,32,33). This might be due to the high concentration of carbohydrates
presented in the OMW. The highest endoglucanase and exoglucanase activities were (16.33 U/ml and 8.76 U/ml
respectively). The dissolved protein content was 5.99 mg/ml. Azbar et al. 2004 (9) reported that the quality and
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quantity of the constituents of olive mill wastewater (OMW) are dependent on many factors i.e. type of olives, type
of soil, cultivation system, and production process. These factors and others could play an important role in
demonstrating the suitable concentration of OMW for microorganisms’ growth and cellulolytic enzymes’
production. Dissolved oxygen and agitation speed are important parameters for performing a desired fungal
fermentation with a given strain and medium (26). The availability of oxygen is a major parameter to be considered
for effective microbial cell growth rate; agitation is directly related to oxygen transported from the gas phase to the
liquid phase followed by oxygen uptake by individual microbial cells (27). Therefore, the effect of different aeration
and agitation rates on enzyme activity and growth was investigated. Agitation is important for proper oxygen
transfer and homogenous mixing of nutrients in the fermentation process. To create an optimal environment in a
culture, agitation is required for cells to have access to all substrates including oxygen in an aerobic culture (27). At
100 rpm and 150 rpm, low cell growth and enzyme activity compared to results of other agitation speeds was
observed. This could be attributed to improper mixing which led to oxygen limitation. 200 rpm of agitation speed
was found to be most conducive for cell growth, enzyme production, and stability for both endoglucanase and
exoglucanase activity. A further increase to 250 rpm showed a reduction effect in endoglucanase stability and
exoglucanase activity, which could be attributed to shear stress and heterogenous mixing effects. Similar results
were also reported in other studies as (Nadeem et al., 2009) (28). Present results supported by Gunjikar et al (2001)
(29) who studied cellulase deactivation in a stirred tank bioreactor and concluded that: (1) the extent of deactivation
increased with an increase in agitation speed, (2) the extent of deactivation for cellulase and its three components
differed significantly and that (3) exoglucanase contributes to the major decrease in cellulolytic activity in the initial
stage of shearing. Maximum enzyme activity was achieved at 4-7 days depending on the experiment's conditions.
Comparing the results of batch shake cultures to fed-batch and semi-continuous shake cultures enzyme activity from
general observation and biomass growth was highest at semi-continuous mode. The highest enzyme production at
semi-continuous might be due to the availability of nutrient requirements and reducing of accumulated waste which
were more suitable for growth and enzyme production. Whereas a comparison between batch and fed-batch showed
that batch had slightly higher enzyme activity and dissolved protein than fed-batch mode. Fed-batch seems to be not
good for cellulase production compared to others of operation mode. This may be due to the insufficient availability
of nutrients for microbial growth. Statistically, there was no significant difference compared the fed-batch and semi-
continuous process to batch mode for cellulase complex enzyme production. To understand the importance of batch
production of cellulase and to enhance the whole process, oxygen was supplied at varied flow rates. The agitation
rate was fixed at 200 rpm while aeration was varied. Dissolved protein content (which indicates growth) at 1.5 and 2
vvm showed a rapid rise followed by slower growth. This observation could be the result of rapid conversion of
nutrients in the medium to cell mass, corresponding to the rapid growth in the first 2 days of culture. In this study,
the elevated aeration rate was accompanied by a corresponding increase in cellulase enzyme production, with the
highest enzyme activity of endoglucanase and exoglucanase observed at 2.0 vvm. As stated by Xu and Yun (2004)
(30), aeration results in better mixing of the exopolysaccharides from Paecilomyces tenuipes C240 in a stirred-tank
fermenter. This in turn helps to maintain a concentration gradient between the interior and exterior of the cell,
allowing better diffusion of nutrients to the cells. Increasing the aeration rate leads to an increase in dissolved
oxygen and then raises the growth. Fadzilha and Mashitah (2010) (31,34) studied the effect of aeration and agitation
rate on cellulase enzyme production in a submerged culture of Pycnoporus sanguineus in a 2.5 L stirred-tank
bioreactor using palm oil mill effluent as a substrate. They noticed that maximum cellulase activity was obtained at

an aeration rate of 1.0 vvm and agitation speed of 300 rpm.

5-Conclusion:

This study confirmed the remarkable cellulase production potential of  T. viride using olive mill
wastewater. The utilization of OMW for the biological production of valuable products may have a good effective
impact on the environmental problem of OMW management since it can also be as a first step of effluent treatment.
Attempts were made to find the optimum fermentation conditions for successful cultivation of T. viride, and also
for enhancing the production of one of the most industrially important enzymes with lower cost. Aeration and
agitation rates affect cell growth and cellulase production. Therefore, the suitable aeration rate and agitation speed
were essential for optimum cell growth and cellulase production. 200 rpm of agitation speed and 2.0 vvm of aeration
rate were the most suitable for cellulase production. 2.0 vwm enhanced the enzyme activity up to 55.0 U/ml of
endoglucanase and 32.0 U/ml of exoglucanase. When operation mode processes (batch, fed-batch, and semi-
continuous) were studied, there were no significant differences in enzyme activity between these operation mode
processes. The ability of T. viride to grow on relatively high phenolic-content OMW and produce notable quantities
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of cellulase, make this fungus worthy of further investigation. Specifically, the utilization of OMW as a carbon
source in order to avoid the supplementary addition of nutrients to reduce the overall process cost, as well as the
study of a potential process scale-up.
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