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generated in 2009–2010, which amounts to over 1000 Kg 
of kitchen waste per house [2]. The present methods for 
MSW management are landfill, incineration, anaerobic 
digestion, and composting. In recent years, the conversion 
of MSW into biogas by anaerobic conversion has attracted 
much more attention as a successful method to minimize 
environmental pollution and generate more renewable fuel. 
Interestingly, some MSW contain about 50% lignocellulosic 
material and anaerobic fermentation may not be effective in 
this process [3]. One of the important alternatives to meth-
ods is to hydrolyze the available lignocellulosic material 
into simple sugar. Then bioconversion of simple sugars into 
ethanol is a possible alternate of waste management. A ton 
of MSW generates about 150 L of ethanol after the fermen-
tation of lignocellulosic from the waste [3]. Production of 
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Abstract
The main aim of this study is to utilize municipal solid waste (MSW) and date molasses as a culture medium to reduce 
the production cost of enzymes. A novel cellulase-producing fungus, Trichoderma reesei Al-K1 149, was isolated from the 
date molasses. MSW and date molasses were processed and used as the substrate (1:1 ratio) in solid-state fermentation. 
The proximate composition of the substrate revealed that the MSW was enriched with cellulostic material and contrib-
uted about 33% of the available biomass. Elements such as Ca, K, S, P, Mg, Fe, Cu, and Na were found in the MSW. 
Fungal cellulase production was at its maximum after 96 h of incubation with the yields of β-glucanase (98 ± 3.9 U/gds), 
carboxymethyl cellulase (CMCase) (241 ± 12.8 U/gds), and filter paperase (FPase) (31.2 ± 3.1 U/gds). The combination of 
municipal solid waste and date molasses was found to be the best source of nitrogen and carbon for the biosynthesis of 
cellulase by T. reesei Al-K1 149. The optimal temperature and moisture content of the medium for cellulase production by 
T. reesei Al-K1 149 were 40 °C and 60%, respectively. The optimal pH and inoculum were 6.0 and 8% (v/w), respectively. 
The optimized culture condition was used to produce cellulases in a laboratory-scale tray reactor, and enzyme production 
was enhanced twofold compared to the unoptimized medium. The cellulolytic ability was tested in biomass saccharifica-
tion with various plant materials (palm sawdust, palm leaves, palm fruit waste, and filter paper) and saccharified plant 
materials effectively. These findings revealed that the enzymes secreted by strain Al-K1 149 may have significant value 
for the industrial saccharification process.
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ethanol from MSW biomass is one of the viable technolo-
gies for renewable energy and the major constraints in cel-
lulase production are low yield and the cost of cellulases 
[4]. In recent years, there has been an increasing interest 
in using various thermophilic fungi and bacteria for the 
production of cellulases, saccharification processes and fer-
mentation of various lignocellulostic materials due to their 
broad substrate range and high operating temperature [5, 6]. 
Generally, the complete hydrolysis of cellulose substrate 
can be achieved by a combination of glucosidase, endoglu-
canases and exoglucanases [6]. Hence, it is desirable that 
the selected organism synthesize these types of enzymes. 
The Kingdom of Saudi Arabia shared more than 4 million 
tons of date’s production and the contribution was about 
72% of the Global share [7]. In KSA, palm trees cover about 
162,000 hectares with about 23 million palm trees [8]. Other 
than fruits, leaves, trunks can be effectively used as raw 
materials for industrial processes. Date palm, Phoenix dac-
tylifera is rich in lignin (25.82%), hemicelluloses (29.13%) 
and cellulose (45.3%) [9]. The lignocellulosic materials are 
processed through chemical, physical and mechanical pre-
treatments for saccharification by microbial cellulases [10].

Solid-state fermentation (SSF) is defined as the transfor-
mation of biomass in the near absence of free water or in the 
absence of water [6]. Recently, SSF has received more atten-
tion to explore the production of value-added products such 
as, biological lead molecules, biological control substances, 
enzymes and biopolymers [11]. Wilson [12] and Srivastava 
et al. [13] reported the optimization of hemicellulases, cel-
lulase production and economic biofuel production. Both 
SSF and submerged fermentation have been widely used in 
the production of cellulases [14]. SSF required minimum 
equipment support was easy to operate, and was useful to 
handle large numbers of solid wastes, such as lignocel-
lulose materials for enzyme production. Hence, SSF has 
been widely applied in the fermentation of food process-
ing wastes and agricultural residues. The substrates, such 
as, oil palm biomass, sugar cane bagasse and wheat straw 
have been evaluated for cellulolytic enzyme production 
using Trichoderma reesei and A. niger. The fungus, T. reesei 
reportedly utilized water hyacinth, sugar cane bagasse, oil 
palm empty fruit branches, and rice bran substrates for cel-
lulase production [15–17]. In a study, wheat straw was used 
as the substrate for cellulase production by A. niger [18]. 
Substrates such as, coconut coir pith, banana fruit stalk, rice 
husk, corn cob residue, rice straw, cow dung and banana 
peel have been utilized for cellulase production [14, 19, 20]. 
The Kingdom of Saudi Arabia is the second-largest pro-
ducer of palm dates in the world. The annual production of 
dates was approximately 1.07 million tonnes [21]. In order 
to store the produced dates, date producers opted to store 
them as molasses. Date syrup or date molasses has a shelf 

life of about 24 months if stored under prescribed environ-
mental conditions. After 24 months, it starts to crystallise 
and becomes inedible. It is rich in reducing sugars. In date 
molasses, fructose and glucose are the two major compo-
nents [22]. The amount of these sugars varied based on the 
type of tree. For instance, glucose and fructose were deter-
mined to be the major sugar components and contributed 
51.80% and 47.50%, respectively. The other components, 
such as fructose, sucrose, and galacturonic acid, were found 
in trace amounts [23]. Although date molasses and MSW 
contain large quantities of lignocellulosic material, there 
has been very limited work on the mixture of date molas-
ses and MSW to produce cellulolytic enzyme using SSF. In 
this study, an attempt has been made to use the mixture of 
date molasses - MSW as the substrate for the production of 
cellulases.

Materials and Methods

Materials

The major chemicals, including, sodium hydroxide pel-
let, and glucose, were purchased from SigmaeAldrich, Co. 
USA. Carboxymethyl cellulose, acetic acid, and sodium 
acetate, methanol, and dichloromethane were purchased 
from Merck, Germany. The bacteriological culture medium 
was purchased from Himedia, India. The fungal DNA 
extraction kit (AllPrep DNA extraction kit) was purchased 
from Qiagen, Germany. Date molasses was purchased from 
the local market and municipal solid waste was collected 
in Chennai, India. Acetic acid, sodium acetate, citric acid, 
trisodium citrate, succinic acid, sodium succinate, disodium 
hydrogen phosphate, sodium dihydrogen phosphate, tris 
base, and hydrochloric acid were Analytical grade and these 
were used for the preparation of buffers between pH ranges 
4.0 and 8.0.

Date Molasses and Municipal Solid Waste

Date molasses and MSW were used as substrates for cel-
lulase production. The selection of these substrates was 
based on nutrient contents and availability. The MSW was 
autoclaved and an organic rich fraction was obtained after 
30 min of incubation. Date molasses was directly used with-
out filtration and MSW was sieved individually using a stan-
dard sieve (2 mm diameter). The sieved substrate was dried 
at 70 °C for 12 h. Date molasses and MSW were mixed at 
a 1:1 ratio and used as the substrate until otherwise stated.
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Determination of Components MSW and Date 
Molasses

Hemicellulose and cellulose were tested using acid hydro-
lysis based on the methods suggested by the National 
Renewable Energy Laboratory (NREL/TP-500-42618). 
About 100 mg of sample was mixed with 1 mL of sulphuric 
acid (12 M) and incubated for 1 h at 37 °C. Then 10 mL of 
double distilled water was added, and the sample was incu-
bated in a water bath for 2 h [24]. Finally, the hydrolyzed 
sugars were tested using a High Performance Liquid Chro-
matography (Shimadzu, Japan). (1100 series) equipped with 
a refractive index detector (RID) (Agilent, CA). A Shodex 
sugar SP0810 column was used for analysis. HPLC grade 
water was sterilized using 0.2 μm filter and degassed using 
a sonicator (Analab Scientific Instruments Private Limited, 
India) for 20  min. About 10 µL of sample was injected, 
and the flow rate was set to 0.5 mL/min. The lignin con-
tent of the sample was tested by the acetyl bromide method, 
as suggested by Sluiter et al. [24]. The absorbance of the 
sample was tested at 280 nm, and lignin was used as the 
standard [25]. The nitrogen content of the sample was tested 
using a nitrogen analyzer (G6 Leonardo, Bruker, Germany) 
[26]. The total lipid content of the sample was tested by the 
method of Folch with little modification [27]. MSW was 
extracted with methanol and dichloromethane at 1:2 (v/v) 
ratios and incubated for 3 h at 30 ± 2 °C. The trace element 
of MSW was tested after the extraction of the MSW sample 
with 20 mL of concentrated nitric acid. The available trace 
element was determined as described by Hokura et al. [28]. 
Proximate analysis of date molasses was carried out. The 
components, such as tannin, pectin, sugar, ash and protein 
content were analyzed from date molasses [29].

Pre-Treatment of Substrate by Alkali and Acid

About 1 kg of substrate was mixed with 2% sodium hydrox-
ide (100 mL) or 1% sulphuric acid (100 mL) and kept in an 
autoclave for 15 min, 30 min, respectively. After 30 min, 
samples were neutralized using 1 M H2SO4 or 1 M NaOH. 
The solid fraction of the sample was retained, rinsed twice 
by adding double distilled water and centrifuged. Finally, 
the sample was dried at ambient temperature.

Isolation and Characterization of Fungus for 
Cellulolytic Enzyme Production

A total of 34 fungi were isolated from date molasses and 
cellulase screening was carried out. Date molasses was seri-
ally diluted and plated on potato dextrose agar plates. Then 
it was incubated at 28 ºC for five days. The isolated colonies 
were selected and further grown on potato dextrose agar. 

Based on productivity, one strain (Al-K1 149) was selected 
for characterization. A cellulase producing potent fungal 
strain was purified as described earlier [30]. 18  S rDNA 
was amplified and sequenced using a forward and a reverse 
primer [31]. The amplified PCR amplicon was purified and 
sequenced using Applied Biosystems (USA). The 18  S 
rDNA genes were sequenced at SciGenom Labs, Cochin, 
India.

Inoculum

Ten grams of substrate were transferred into 90 mL of 
double distilled water in a 250 mL Erlenmeyer flask. The 
medium was sterilized for 20 min at 121℃ and incubated at 
28 ± 2°C. In this culture medium, a plug (about 1 × 1 cm2) of 
8-day old mycelia was gently inoculated and incubated in a 
shaker incubator at 175 rpm for three days.

Production of Cellulases in SSF

Solid state fermentation was performed in a 250-mL Erlen-
meyer containing 5.0 g of substrate. The dry substrate was 
moistened with sodium phosphate buffer (pH 6.5, 0.1  M) 
and the moisture content of the substrate was maintained at 
a ratio of 1:1.5. The culture medium was mixed, autoclaved 
at 121 °C for 30 min and inoculated with inoculum. Erlen-
meyer flasks were incubated for 96  h under static culture 
conditions. After 96 h, cellulases were extracted by adding 
50 mL of double distilled water and shaking the fermented 
medium on an orbital shaker for 30  min. The contents 
were filtered using a metallic sieve and further centrifuged 
(10,000  g, 4  °C). The clear supernatant was used as the 
crude enzyme [32].

Enzyme Assays

The crude enzyme was subjected to carboxymethyl cel-
lulase (CMCase), β-glucosidase and filter paper activity 
(FPase) assay. A unit of b-glucosidase, FPase and CMCase 
was defined as being equivalent to the enzyme that liber-
ates 1 µmole of glucose from salicin, Whatman filter paper, 
and carboxymethyl cellulose, respectively, in 0.05 M ace-
tate buffer (pH 4.0) under standard assay conditions using 
dinitrosalicylic acid reagent method [33]. Enzyme activities 
were expressed as U/g dry substrate (U/gds) tested in the 
Erlenmeyer flask [34].

Optimization of Physical Factors for Cellulases 
Production in SSF

The mixture of MSW and date molasses is used as the sub-
strate for enzyme production, unless otherwise stated. The 
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used as the standard to validate the saccharification process. 
The saccharification process was performed at 45 °C at pH 
5.0. The experiments were performed in a 250 mL Erlen-
meyer flask containing various substrates (plam saw dust, 
palm leaves, palm fruit waste and filter paper), and 50 mL 
acetate buffer (pH 5.0, 50 mM). Then the Erlenmeyer flask 
was kept on a water bath for 5 min for constant heat transfer 
throughout the flask. To this end, cellulases obtained from 
the tray reactor were applied, and commercial enzymes 
were also added and validated. The saccharification process 
was continued for 24  h and the reducing sugar level was 
evaluated by the DNS method as suggested by Miller [33] 
using a UV-Visible spectrophotometer.

Results and Discussion

Composition of Substrates

In this study, the chemical composition of MSW was 
evaluated as suggested previously in materials and meth-
ods. In MSW, hydrocarbons contributed about 60%, show-
ing that they were rich sources of carbon, which could be 
effectively applied as a novel medium for the production 
of biofuels. The co-fermentation of municipal sludge and 
date molasses was evaluated as a promising way to com-
bine renewable energy production and waste management. 
The co-fermentation of food waste and municipal sludge 
[36], waste-activated sludge-distillation residue [37], green 
waste, and municipal solid waste [38] were used as culture 
media to improve productivity and yield of biomolecules. 
Kamyab et al. [39] used activated sludge and date syrup 
as inexpensive substrates for biohydrogen production. The 
stiff and loose properties of co-substrates led to improved 
fungal growth and product formation. The cellulose con-
tent of the MSW was about 33% which was similar to the 
results by Hussin et al. [40] and Barlaz et al. [41]. In some 
cases, the cellulose content in MSW was found to be high, 
where MSW obtained mainly from the milling, wood, and 
paper industries [42, 43]. In this study, the lignin content 
of the MSW sample was about 13% (Fig.  2), which was 
similar to the study of Hussin et al. [40]. The hemicellulose 
content of the MSW was determined to be 16%. However, 

time course of cellulase synthesis was evaluated by prepar-
ing various sets of Erlenmeyer flasks (250 – mL) contain-
ing 5 g of substrate adjusted to 70% moisture content. The 
fermentation experiment was performed as described pre-
viously [35]. The Erlenmeyer flask was incubated for five 
days, and the production profile of cellulases was moni-
tored every 24 h. The selected substrate (date molasses and 
MSW) is rich in carbon, nitrogen sources, and essential 
minerals. Hence, nutrient requirements were not considered 
for optimization studies, and only physical factors were 
optimized. The effect of different fermentation temperatures 
(25–50 °C), moisture content (40–80%), pH (4.0–8.0) and 
inoculum level (1–10%) on cellulase yield was analyzed. To 
adjust the pH, various buffers were used at a 0.1 M concen-
tration (citrate buffer 4.0, acetate buffer 5.0, succinate buffer 
6.0, phosphate buffer 7.0, and tris-buffer 8.0).

Fermentation of date molasses and MSW in a tray 
bioreactor

The optimized culture medium was selected, and the pro-
cess parameters were validated using an open trays bioreac-
tor. The open tray bioreactor consists of rectangular shaped 
stainless steel trays with a 4 cm depth and a 10 × 5 cm size. 
The tray reactor consists of three layers of trays, and the top 
of the tray was gently covered with a lid, and the bottom of 
the tray was arranged in such a way as to allow air inflow 
(Fig. 1). The solid medium was carefully mixed and trans-
ferred into a tray reactor. In all trays, solid substrate was 
filled, and the optimum level of inoculum was introduced. 
These stainless steel trays are autoclavable and compatible. 
After complete sterilization, 10% inoculums were intro-
duced and incubated at 28 ± 2 ºC for four days. Enzyme was 
extracted as described previously, and CMCase, FPase and 
β-glucosidase activity were assayed.

Saccharification of Biomass

In this study, lignocellulosic materials such as palm saw-
dust, palm leaves, palm fruit waste and filter paper were 
used for saccharification process. The cellulolytic enzymes 
were obtained from lignocellulosic fermentation in tray bio-
reactor with T. reesei Al-K1 149. Commercial cellulase was 

Fig. 1  Cellulases production in SSF using a 
tray bioreactor. The trays were filled with solid 
medium and culture was inoculated (10%)
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13,005 ± 198 mg/kg in MSW. The toxic metals such as Al, 
Hg, Au, Cd, and Ag were determined at a very low level 
which was similar to that of the previous study [51]. The 
date molasses was composed of tannin, pectin, sugar, ash 
and protein. The pH of the date molasses ranged between 
4.7 and 5.4. Pectin content was about 0.32%, and tan-
nin content was 0.45%. Reducing sugar contributed 69%, 
and the share of ash content was approximately 1.9%. The 
chemical and physical properties of the date molasses were 
described in (Table 2).

Physico-Chemical Factors Affecting Cellulase 
Production

In the study, the influence of the fermentation period on 
cellulase production was optimized. In the case of fungi, 
the fermentation period is one of the important factors for 
the biosynthesis of enzymes. Cellulase production was at 
its maximum after 96  h of incubation with the yields of 
β-glucanase (98 ± 3.9 U/gds), CMCase (241 ± 12.8 U/gds) 
and FPase (31.2 ± 3.1 U/gds) as described in (Fig. 3). After 
four days of incubation, cellulase yield decreased gradually 
due to the drop in the medium pH and the release of proteo-
lytic enzymes. In a study, Singhania et al. [15] also reported 
the maximum cellulase yield in T. reesei after 96 h incuba-
tion (102.65 U/gds). In another study, Trichoderma sp. was 
used for cellulase production on apple pomace as the sub-
strate and showed a dramatic increase in the enzyme yield 
after 120 h of incubation (2.3 U/gds) [52]. The amount of 
cellulase production varied based on the substrate selected 
for fermentation. Campos et al. [53] used green coconut 
fibers for the production of carboxy methyl celluase (5.19 
U/g) and filter paperase (1.19 U/g). Environmental factors 
affected enzyme production and the growth of microorgan-
isms. In this study, enzyme production by T. reesei Al-K1 
149 on biowaste was optimized with respect to moisture 
content, temperature, inoculum and pH of the substrate. In 
SSF, the optimum temperature range for enzyme production 
has been reported to be 25 to 30 °C [15]. Maximum yields 
of β-glucosidase (104 ± 3.2 U/gds), FPase (39.1 U/gds) 
and CMCase (264 U/gds) were found after 96 h at 40 °C, 
as described in (Fig. 4a). In A. niger YL128, the optimum 

in some studies, a low level of hemicellulose availability 
was reported. For example, Ham et al. [44], and Price et al. 
[45] reported low availability of hemicellulose in the MSW. 
Moreover, lignocellulose accounts for more than 30% of 
municipal solid waste [46]. Lipid and total protein content 
contributed about 9.1%, 6.1%, respectively. di Bitonto et al. 
[47] reported low lipid content (4–10%) in MSW and it was 
higher (13%) in other MSW [48]. The chemical composi-
tion of the compost varied based on the source and country 
of origin [14]. The lipid content of the MSW was extremely 
low compared to previous reports. Generally, MSW derived 
from hotels, households, vegetable markets, fruit markets 
and juice processing units has a lower lipid content [36]. 
The contribution from total protein content was about 6.5%. 
This result was in accordance with the observations made 
previously by Ponsá et al. [49] and Hartmann and Ahring 
[50]. In this study, the composition of the trace element was 
described in (Table 1).

The elements such as Ca, K, S, P, Mg, Fe, Cu, and Na 
were determined from the MSW. The sulphur content 
was 4217 ± 13.2  mg/kg and the determined Ca level was 

Table 1  Chemical composition of municipal solid waste. Mean ± SD 
(n = 3)
Metals mg/kg
Ca 13,005 ± 198
K 1812 ± 21.4
S 4217 ± 13.2
P 912 ± 5.6
Mg 2115 ± 3.1
Na 1903 ± 21.3
Cu 412 ± 19.2
Fe 419 ± 12.6
Al 291 ± 10.2
Hg 41.5 ± 2.8
Au 0.2 ± 0.03
Cd 27 ± 1.31
Ag 1.2 ± 0.13

Table 2  Physical properties of date molasses
Physical properties Composition (%)
Moisture 40–42
Protein 1.2–1.4
Total sugar 77.2–77.4
Ash 1.6–1.9
Tannin 0.3–0.4
Pectin 0.2–0.25
TDS 79–81
pH 4.4–5.1

Fig. 2  Structural components of date molasses. The error bar repre-
sents the standard deviation
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microorganisms. In SSF, both low and high moisture levels 
affected enzyme productivity. A lower moisture level causes 
a complete reduction in the solubility of available nutrients 
in the substrate, high water tension, and a higher moisture 
content of the solid substrate which decreased porosity, low-
ers oxygen transfer etc. [57]. The optimum moisture content 
was 60% and the enhanced yield was 108.4 ± 13.3 U/gds 
(β-glucosidase), 46.4 ± 11.4 U/gds (FPase) and 278 ± 10.5 
U/gds (CMCase) as described in (Fig. 4b). In a study, 50% 
moisture content was reported as optimum for maximum 
FPase production in SSF [58] in the case of A. niger culture. 
In another study, moisture content ranging between 40 and 
60% was optimum for CMCase and FPase yield for Tricho-
derma koningii in SSF [59]. In Aspergillus sp. S4B2F, cel-
lulase yield was maximum when it was cultured at a 60% 
moisture level [60]. In this study, the pH of the substrate was 
adjusted between 4.0 and 8.0 using suitable buffers, and the 
results are depicted in (Fig. 5a). The highest enzyme yields 
were 117.4 ± 5.1 U/gds (β-glucosidase), 54.8 ± 8.2 U/gds 
(FPase) and 281 ± 10.8 U/gds (CMCase) at pH 6.0. At the 
acidic pH level (4.0), enzyme biosynthesis was decreased, 
and it gradually increased up to pH 6.0, then declined. The 
enzyme yields obtained in this study were highly con-
sistent with previous studies on cellulase production by 
Trichoderma sp. and Aspergillus niger [61]. Likewise, the 
solid medium inoculated with 8% inoculum showed the 
highest enzyme yields of 120 ± 8.3 U/gds (β-glucosidase), 
60.1 ± 13.2 U/gds (FPase) and 250 ± 10.3 U/gds (CMCase) 
which were decreased at the higher inoculum level (10%) as 
described in (Fig. 5b). Lower enzyme production at higher 
inoculum levels was mainly due to nutritional imbalance or 
an initial high concentration of conidial cells and anaero-
bic conditions in the medium, while the decreased yield 
at lower inoculum sizes was mainly due to the availability 
of fewer conidial cells, which are not enough to utilize the 
available fermentation medium [62]. In a study, Iqbal et al. 
[55] reported 10% inoculum as optimum carboxymethyl 
cellulase production from T. harzianum, and enzyme pro-
duction was reduced above the optimum level.

temperature was 30 °C for cellulase production [54]. In a 
study, saw dust was used as the substrate for cellulase pro-
duction by A. niger and obtained the maximum yield at 
28 °C. In Trichoderma harzianum, enzyme biosynthesis is 
enhanced with an increase in temperature up to optimum 
(35 °C) [55]. This incubation temperature was lower (32 °C) 
in Aspergillus fumigates for cellulase production [56]. 
Water is an important factor for microbial activity, and the 
depletion of available water affects functional changes in 

Fig. 4  Production of CMCase, β-glucosidase and FPase in solid state 
culture at various temperatures (a) and moisture levels (b) by T. reesei 
Al-K1-149 on MSW and date molasses

 

Fig. 3  Production of CMCase, β-glucosidase and 
FPase in solid state culture at various incubation 
times by T. reesei Al-K1-149 on MSW and date 
molasses
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Production of Cellulases in a Tray Bioreactor

Tray bioreactors have been used for the production of vari-
ous enzymes. In a study, Nahid et al. [63] extensively studied 
the application of tray bioreactors on enzyme production. 
Also, Mitra et al. [64] compared the yield of enzymes in 
different types of tray bioreactors. Gupta and Kar [65] ana-
lyzed the use of tray bioreactor on cellulolytic enzyme pro-
duction. Also, Dhillon et al. [66] have used tray reactor for 
the production of xylanase and cellulase using co-cultured 
fungi. In this study, the tray reactor enhanced the produc-
tion of cellulases over twofold than unoptimized conditions. 
Earlier, tray bioreactors were used for the production of fer-
mented products such as, soy sauce, koji and tempeh, and 
various enzymes in SSF. Brijwani et al. [67] used Asper-
gillus oryzae and Trichoderma reesei for co-fermentation 
using agro industrial wastes. The combination of wheat bran 
and soybean has been utilized for cellulase production. And, 
the optimum composition of C: N ratio was obtained for the 
production of enzymes and the controlled release of nutri-
ents. Dhillon et al. [66] recently used apple pomace as the 
substrate for the production of β-glucosidase and the pro-
cess parameters were optimized by response surface meth-
odology. Then, the optimized medium was applied for the 
production of enzymes in the tray bioreactor [68].

Saccharification of Agro-Wastes

Lignocellulosic materials such as palm sawdust, palm 
leaves, palm fruit waste, and filter paper were used for sac-
charification process. In this study, saccharification process 
was maximum up to 12 h of incubation and declined slowly 
(Fig. 6). In this case, until 12 h incubation reducing sugar 
level was found to be high, and about 89% saccharification 

Fig. 6  Enzymatic saccharifica-
tion at various incubation times 
with cellulases. The substrates 
(plam saw dust, palm leaves, 
palm fruit waste and filter paper) 
were treated with cellulases and 
the reducing sugar level was 
estimated

 

Fig. 5  Production of CMCase, β-glucosidase and FPase in solid state 
culture at various pHs (a) and inoculum levels (b) by T. reesei Al-K1-
149 on MSW and date molasses
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