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PEA PEEL WASTE: A LIGNOCELLULOSIC WASTE AND ITS 
UTILITY IN CELLULASE PRODUCTION BY Trichoderma reesei 
UNDER SOLID STATE CULTIVATION 
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A wide variety of waste bioresources are available on our planet for 
conversion into bioproducts. In the biological systems, microorganisms 
are used to utilize waste as an energy source for the synthesis of 
valuable products such as biomass proteins and enzymes. The large 
quantities of byproducts generated during the processing of plant food 
involve an economic and environmental problem due to their high 
volumes and elimination costs. After isolation of the main constituent, 
there are abundant remains which represent an inexpensive material that 
has been undervalued until now. Pea peel waste is one of the 
undervalued, unused sources of energy that can serve as a potential 
source for cellulase production. Batch experiments have been 
performed, using pea peel waste as a carbon source for cellulase 
production under solid state cultivation by Trichoderma reesei. It was 
observed that 30 oC temperature and pH 5.0 are the most favorable 
conditions for cellulase production by T. reesei. FPase activity 
significantly increases by incorporation of whey as well as wheat starch 
hydrolysate in the basal salt media used in the production study. The 
present study describes the utility of pea peel waste, whey as well as 
wheat starch hydrolysate in cellulase production by T. reesei. The 
utilization of economically cheap, pea peel waste for cellulase production 
could be a novel, cost effective, and valuable approach in cellulase 
production as well as in solid waste management. 
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INTRODUCTION 
 

Lignocellulosic biomass is the most abundant solid waste in the world; thus it can 
provide some of the most promising feedstocks for the production of energy, food, and 
chemicals. Lignocellulose comprises more than 60% of plant biomass produced by 
photosynthesis on the Earth. It generally contains up to 75% of cellulose and 
hemicelluloses, which are the potential source for the production of glucose and other 
chemicals. Most microbial cellulases are inducible enzymes, and like other extracellular 
enzymes, they are secreted when the microorganisms are grown on cellulose or cellulosic 
components present in the raw materials (Jecu 2000).   

Commercial bioconversion of lignocellulosic waste requires the most economical 
methods of cellulase production. Keeping in view the high demand for cellulases in 
various process industries, bioconversion processes, and solid waste management, 
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effective and economical production of these enzymes is of utmost importance. 
Therefore, intensive search is being carried out for novel, cheap, and easily available 
lignocellulosic biomass. Peels form a major portion of whole fruits. At present peels are a 
waste product, and their disposal has become a great problem. With a view to exploiting 
pea peel as a source of valuable components, it can be serve as a solid substrate for 
cellulase production. 

Pea peel waste is an outer covering of pea (Pisum sativum L) vegetable, not the 
peel of seed. It is cheap and easily available lignocellulosic biomass that can be serve as 
potential raw material for cellulase production. Pea (Pisum sativum L) is an annual plant 
of cool season, belonging to the family leguminosae, and grown in many parts of the 
world. (Choi and Han, 2001). Pea (Pisum sativum) is the second most important food 
legume worldwide after common bean (Phaseolus vulgaris L.). It is cultivated on over 
5.9 million hectares with a production of about 11.7 million tons annually. In India it is 
grown on over 0.7 million hectares, yielding about 0.6 million tons. The increasing 
demand for protein-rich raw materials for animal feed or intermediary products for 
human nutrition have led to greater interest in this crop as a protein source (Ahmad et al. 
2010; Sharma et al. 2006). 

Pod of the legumes provides a protective envelop to the developing seeds, acting 
as a catchment, transport link, and temporary reservoir for solute mobilized from 
vegetative parts to seeds. The pod wall of pea (Pisum sativum L) contains two distinct 
photosynthetic layers. The outer layer, comprising chlorenchyma of the mesocarp, 
captures CO2 from the outside atmosphere, and the inner chloroplast-containing layer is 
the epidermis lining (Atkins et al. 1977). 
 Pulse crops are an excellent source of protein, carbohydrates, as well as fiber and 
provide many essential vitamins and minerals (Tosh and Yada 2010). Pea cotyledon cell 
walls are mainly composed of arabinose-rich pectins (26%) and hemicelluloses (22%), 
whereas hulls contain primarily cellulose (69%) (Roy et al. 2010). Sosulski and Wu 
(1988) also reported that field pea hulls contained 82.3% (DMB) total dietary fiber with 
8.2% hemicellulose and 62.3% cellulose. The influence of meteorological conditions 
such as cultivation years, soil characteristics of the cultivation area, and their nutrient and 
antinutrient composition strongly affect the composition of pea. Gunaseelara et al. (2007) 
reported the composition of Pisum sativum L (garden pea) pods without seeds in terms of 
lignin and cellulose (g/g volatile solid) as 0.087 and 0.174, respectively. 
 Peas have the potential to provide high antioxidant compounds other than 
polysaccharides, proteins, and micronutrients. Generally, phenolics found in fruits and 
vegetables are bonded to dietary fibers, proteins, or to sugars in plants to form complex 
structures (Wen et al. 2010). Sultana and Anar (2008) reported the presence of flavanols 
such as kaempeferol, querecetin and myricetin in the pea seeds. Flavanols are naturally 
occurring phenolic substances .  

On the other hand wheat is among the most important raw materials in the world 
for obtaining starch and its by-products. Wheat starch grains are bimodal in size: B-starch 
(15 to 20%) is 2 to 15µm in diameter, and the larger A-starch granules (80 to 85%) are 20 
to 35 µm. B-starch is always highly contaminated with pentosans, fine fibres, lipids, and 
protein (Anon. 2011). Wheat gluten is the water-insoluble protein complex in the wheat 
endosperm. As suggested in the literature, the water-soluble acid hydrolyzed starch also 
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serves as excellent inducer for growth and cellulase production. It induces the enzymes to 
the same extent as pure cellulose (Chen and Wayman 1993).  

The dairy industry is another example of a process industry where a number of 
effluents are generated, some of which contain nutritionally valuable constituents such as 
proteins, lactose, fats, etc. One such effluent is whey. Whey is the liquid generated during 
the manufacture of cheese. Whey samples have a biological oxygen demand in the range 
of 35,000 to 40,000 mg/L (Marwaha and Kennedy 2007; Anekar and Rao 2009). Due to 
the higher biochemical oxygen demand (BOD5) of whey, it poses a major world-wide 
disposal and pollution problem; thus an effective and permanent solution is urgently 
needed (Marwaha and Kennedy 2007; Venkatraman and Achi 2004). The use of soluble 
carbon sources such as lactose present in the whey for cellulase production allows greater 
control on fermentation, simplifies the operational process, and induces the cellulase 
production (Verma et al. 2009).  

The present paper describes the utilization of novel, cheap pea peel waste as 
carbon source for cellulase production along with the utility of dairy industry waste 
(whey) and wheat starch hydrolysates on its production by Trichoderma reesei. 

 
 
EXPERIMENTAL 
 
Materials  

All the chemicals and reagents used to perform the experimental work were of 
Himedia, Sigma Aldrich, and Merck make. Trichoderma reesei NCIM 1186 was 
procured from National Chemical Laboratory, Pune. Whey was collected from the local 
dairy industry, whereas pea peels were collected from local market. Separate sets of batch 
experiments were carried out in 250 mL Erlenmeyer flasks containing sieved pea peel 
waste as the raw material for the growth and production of organisms impregnated with 
the following production media in (g/L) urea, 0.3; (NH4)2SO4, 1.4; KH2PO4, 2.0; 
MgSO4.7H2O, 0.3; peptone, 1.0; Tween 80, 0.2; FeSO4.7H2O, 0.005; MnSO4.7H2O, 
0.0016; ZnSO4.7H2O; 0.0014; CaCl2.2H2O; CoCl2.6H2O, 0.02. Pea peel waste bed 
soaked with basal salt media were autoclaved and then inoculated with specific volume 
(0.56 g/L cell dry weight) of potato dextrose broth culture solution of Trichoderma 
reesei. The production flasks were placed in an incubator at 25, 27, 30, 32, and 35 oC for 
6 days at pH 5.0. Another set of experiments was performed to study the effect of 
different initial pH (3 to 8) of basal salt medium at 30 oC. A separate set of batch 
experiments was performed to investigate the effect of whey and wheat starch 
hydrolysate. For this, 2%(v/v) of wheat starch hydrolysate separately and along with 10% 
(v/v) whey was mixed in basal salt media, which was further used for impregnation of 
pea peel solid bed. All the pea peel bed containing production flasks inoculated with 
culture solution to study the effect of pH, whey, and wheat starch hydrolysates were 
placed in an incubator at 30 oC for 6 days.  
 
Estimation of Holocellulose Content in Pea Peel Waste 

This method was used to determine the total carbohydrate contents of non-wood 
materials. Holocellulose in non-wood raw materials was estimated by the TM1-A-9 test 
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method mentioned in the laboratory manual of Central Pulp and Paper Research Institute 
(CPPRI) Saharanpur, U.P., India. 5 g of ground sample on O.D. basis (passed through 
mesh size 40) was taken in a 250 mL conical flask, wetted thoroughly with 10 mL of 
distilled water, followed by the addition of 1.5 g of sodium chlorite along with 0.5 mL of 
acetic acid. The mixture was incubated in a conical flask for one hour at 70 oC in a water 
bath. After cooling the conical flask, the supernatant was transferred to a tared crucible 
(W1). Treatment of water, sodium chlorite, and acetic acid was repeated. The filtered 
contents of the conical flask were transferred into a tared crucible, followed by washing 
the residue with acetone. The solids were dried it in oven at 105 oC for two hours, and the 
filtering crucible was weighed with its contents (W2). 

Holocellulose percentage was evaluated by the following equation (Laboratory 
manual 2001): 

 
Holocellulose % = (W2 –W1) x 100 / O.D. weight of sample   (1) 

 

Estimation of Lignin Content in Pea Peel Waste 
Acid-insoluble lignin was estimated as per the TM1-A-7 test method mentioned 

in the laboratory manual of CPPRI (Laboratory manual 2001). It involves addition of 2 
mL 72% H2SO4 into 1 g of oven-dry-basis sample in a 100 mL beaker, followed by 
addition of 13 mL of 72% H2SO4. The mixture was kept in the beaker in a water bath at 
20 oC with continous stirring for 2 hours. The contents of the beaker were filtered through 
a tared G2 crucible that weighed (W1). The residue was dried with the crucible in an oven 
at 105 oC overnight and weighed (W2). The acid-insoluble lignin was assessed by the 
following expression:  
 

Acid insoluble lignin %= (W2-W1) x 100/ O.D weight of sample (2) 
 

The filtrate obtained from the G2 crucible was kept for soluble lignin estimation, 
which was measured spectrophotometrically at 280 nm. Acid-insoluble lignin can be 
estimated through the following expression (Laboratory manual 2001): 
 

Acid soluble lignin % ={ (Absorbance at 280 nm x Dilution factor / 20) x 
100} /1000 x O.D weight of sample 
          (3) 

 
Determination of Ash Content 
 5g of ground OD sample (passed through mesh size 40) were taken in a sintered 
crucible and then placed inside a muffle furnance at 600 oC for two hours, followed by 
cooling in a desicator. Ash content was calculated by the following expression: 
 

Ash % = W2(weight of ash with crucible) – W1(weight of only crucible) x 
100/OD weight of sample 
          (3) 
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Measurement of Moisture Content 
The moisture content of the medium was estimated by drying 5 g of the wet 

sample to a constant weight at 105 oC, and the dry weight was recorded. 
 

XRD Analysis 
XRD was used to determine the crystalline content of raw materials. XRD 

diffraction of samples was recorded on a Bruker AXS D8 Advance diffractometer, 
having copper target with a scanning rate of 2 o/min operating at 40 KV and 30 mA. The 
sample was mounted horizontally while the Geiger counter moved in a vertical arc. The 
samples were scanned in the range from 0o to 70o angle. 
 
FTIR Spectral Analysis  

Fourier transform infrared (FTIR) spectroscopy is a promising tool for the rapid, 
noninvasive, and multiparameter analysis of samples. The method was used for 
identifying the constituents of lignocellulosic samples. FTIR spectroscopy was performed 
by using a Nicolet 6000 spectrophotometer. Samples were oven-dried at 105 oC for 4 h, 
mixed with KBr in the ratio of 1:200 mg (raw material: KBr), and pressed under vaccum 
to form the pellets. Transmittence was measured over a range from 4000 to 500 cm-1. 
 
Lactose Analysis 
 Lactose content of the cheese whey was estimated by a spectrophotometric 
method (Nickerson et al. 1976). The absorbance of the sample was evaluated at 540 nm. 
 
Pretreatment of Starch  

Acid pretreatment of starch was carried out by using 2%, 5%, and 10% HCl (v/v) 
solution. 10 g of wheat starch powdered biomass was taken, and 40 mL of diluted HCl 
solution with specific strength was added to maintain the slurry of about 25%. Afterwards 
wheat starch slurry was subjected to steam treatment under a pressure of 15 psi at 121 oC 
for 1 hr and 3 hr time duration. The treated starch slurry was used in the production 
medium as pure hydrolyzates.  
 
Inoculum Development 

Trichoderma reesei NCIM 1186 strain was procured from National Chemical 
Laboratory (NCL), Pune, India. For inoculum development an experiment was performed 
in 250 mL Erlenmeyer flasks containing 100 mL of potato dextrose broth (PDB) medium 
(In g/L peeled potato, 200; dextrose, 20; and yeast extract, 0.1), in which 5 loopfull 
cultures of mycelial conidia were added and shaken at 180 rpm at 30 oC in an incubator 
shaker for 3 to 4 days (Domingues et al. 2004). A definite volume of prepared cultures in 
PD broth suspension (having 0.56 g/L cell dry weight) were used as inoculum for further 
production studies. 
 
Dry Weight Determination 

  5.0 mL of culture solution was taken from potato dextrose broth medium. It was 
then filtered on a dried and preweighed Whatman filter paper No 1. Further the solids 
collected were washed thoroughly with cold distilled water and with 5.0 mL of 0.9% 



 

PEER-REVIEWED ARTICLE  bioresources.com 
 

 
Verma et al. (2011). “Pea peel waste for cellulase,” BioResources 6(2), 1505-1519.  1510 

sterile saline solution. The filter with mycelium was then dried for 24 h at 105 oC until 
attainment of constant weight and weighed. The determination of fungal growth by cell 
dry weight were expressed as the mean of three independent readings. 
 
Preparation of Production Media 
 Three types of production medium were used for production studies. (I) Normal 
basal salt media was used for production studies having the following constituents (g/L): 
urea, 0.3; (NH4)2SO4, 1.4; KH2PO4, 2.0; MgSO4.7H2O, 0.3; peptone, 1.0; Tween 80, 0.2; 
FeSO4.7H2O, 0.005; MnSO4.7H2O, 0.0016; ZnSO4.7H2O; 0.0014; CaCl2.2H2O; 
CoCl2.6H2O, 0.02. (II) In whey containing production media, 10%(v/v) whey were 
incorporated in the earlier described production media. (III) In whey + starch 
hydrolysates containing production media 10%(v/v) whey as well as 2%(v/v) wheat 
starch hydrolysate were incorporated in the earlier described production media. 
 
Preparation of Raw Material 
 Pea peel waste was dried then ground and sieved with a mesh screen. Ground raw 
material of 850 µm particle size was used as a solid substrate for cellulase production 
studies. 
 
Solid State Fermentation Process  

A separate set of fermentation experiments was carried out in 250 mL Erlenmeyer 
flasks containing sieved raw material as the carbon source, which was impregnated with 
the earlier discussed production medium. Raw material soaked with normal as well as 
modified basal salt medium was autoclaved, cooled, and then inoculated with a specific 
volume having (0.56 g/L cell dry weight) of PD broth culture solution of T. reesei. The 
autoclaved and inoculated flasks were placed in an incubator at 30 oC for 6 days.  
 
Extraction and Assay of Enzyme  

Distilled water was added to the fermented samples (in a 1:5 proportion in 
Erlenmeyer flasks, and the extraction was done after shaking in shaker at 150 rpm for 1 h. 
The sample was then filtered and the extract obtained was centrifuged at 6000 rpm. The  
resulting supernatant was stored and used as an enzyme source. All extractions were 
conducted in duplicate. 

 
Total Cellulase Activity (Filter Paper Activity)  

Filter paper activity (FPase) was determined by the method recommended by 
Ghose (1987).  

 
Scanning Electron Microscopy (SEM) 

Scanning electron microscopy was used to investigate the surface properties of 
treated and untreated raw materials. In this study the samples were coated with a gold 
film. The samples were then examined using scanning electron microscope model LEO-
435 VP. 
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RESULTS AND DISCUSSION 
 
Characterization of Pea Peel Waste 
Proximate analysis of pea peel waste 

To determine the suitability and effectiveness of pea peel waste for cellulase 
production, separate set of experiments and analysis have been performed. To resolve the 
major constituent of pea peel waste, proximate analyses were executed.  

Table 1 describes the major constituents as holocellulose and lignin present in the 
dried and grounded peapeel waste. The rest of the valuable constituents present in this 
raw material may be pectins and antioxidants. The crystallinity of cellulose, accessible 
surface area, protection of cellulose by lignin, the heterogenous character of the biomass 
particles, and cellulose sheathing by the hemicellulose, all contribute to the recalcitrance 
of lignocellulosic biomass to hydrolysis (Mielenz 2001). 
 
Table  1. Content of Major Constituents of Ground, Sieved, and Oven-dried Pea 
Peel Waste 

Constituents % composition 
Holocellulose 61.35 ± 4.96 

Lignin 22.12 ± 3.18 
Ash 4.80 ± 1.76 

Moisture 3.53 ± 0.67 
Data are reported as mean ± standard deviation based on the repeated trails. 
 
XRD pattern of pea peel waste 

The XRD pattern of pea peel waste showed a greater number of peaks with 
modest peak height, as can be observed form Fig 1. This XRD pattern revealed random 
crystallinity of raw materials, which might create some impediment to easy cellulose 
availability for microbial hydrolysis.     

                                                                        

 
Fig 1. XRD pattern of pea peel waste 
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FT-IR spectra of pea peel waste 
FTIR spectroscopy was used for identifying the constituents of lignocellulosic 

structure. The lignocellulosic composition of peawaste could be identified from the peak 
presence between 3436 cm-1 and 895 cm-1. FTIR spectra of pea peel waste showed 
several peaks (3436 cm-1, 2921cm-1, 1640 cm-1, 1421 cm-1, 1326 cm-1, 1252 cm-1, 1152 
cm-1,1069 cm-1, and 895 cm-1) in this region, as shown in Fig 2. The spectra of pea peel 
waste show intense band at 3436 cm-1 related to the –OH stretching vibration of either 
hydrogen bonded hydroxyls or hydroxyl groups in the phenolic (guaiacyl or syringyl 
monomer unit of lignin) and aliphatic compounds (Ibrahim et al. 2010a).Vibrational 
spectra at 2921 cm-1 may be assigned to the (C-H) stretch band of methyl groups in lignin 
(Ibrahim et al. 2010b). The spectral band at 2843 cm-1 may be due to the methoxyl groups 
(-OCH3) that are present in the lignin (Guo et al. 2009). 

The peak in the spectrum near 1640 cm-1 is assigned primarily due to the C=O 
stretching vibration of alpha-keto carbonyl for cellulose (Ibrahim et al. 2010b; Guo et al. 
2009). The spectral band at 1421 cm-1 may be due to C-H deformation vibrations of CH2. 
The band near 1326 cm-1 may be ascribed to syringyl ring breaking C-O stretching of 
phenol, whereas the band at 1252 cm-1 may possibly be due to C-O stretching in the 
acetyl and phenolic groups (Tserki et al. 2005; Kumar et al. 2010). 

 

 
Fig 2. FTIR spectral diagram of untreated dried, grounded pea peel waste 
 
 The spectral band near 1152 cm-1 might be due to presence of C-O-C 
antisymmetric bridge stretching vibration in cellulose and hemicelluloses (arabinoxylan) 
structure (Tserki et al. 2005). The absorption band at 1069 cm-1 may be due to C-OH 
streching vibration of the cellulose backbone (Spiance et al. 2009). The presence of the 
vibrational peak at 895 cm-1 may be assigned to C-H deformation of cellulose as well as 
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β-glucosidic linkage between sugars (Tserki et al.2005; Yang et al,2009). The FTIR 
spectral diagram showed peaks at 3436 cm-1, 2921 cm-1,1326 cm-1, and 1252 cm-1, 
suggesting the presence of lignin and phenolic compounds in reasonable amounts, which 
creates some hindrance to the uptake of cellulose by the fungal system. FTIR spectra of 
pea peel waste also showed the presence of a sizeable amount of cellulose required for 
efficient production of cellulases. 
 
Utilization of Pea Peel Waste in Cellulase Production 

Separate sets of batch experiments were performed for the cellulase production 
studies by T. reesei. It was observed that  Trichoderma grew well when pea peel based 
solid bed was used as the carbon source, as shown by Fig. 3b and 3c, which proves that T. 
reesei  has the ability to grow and produce cellulases on pea peel waste solid support. 
During thermal treatment in autoclaving a blanching process occurred, which disrupted 
the cell membrane, cell walls, and hydrolysed bonds, making more available the 
cellulosic as well as antioxidant and phenolic constituents. Under these critical situations 
T. reesei has the ability to grow well, as observed from Figs. 3b and 3c. As literature 
suggested, T. reesei have the tolerance to grow in the phenolic environment up to a 
certain level (Selvakumar et al. 2007).  

 

 
(a) 

 
(b) 

 
(c) 

 
Fig  3. Ground and sieved raw pea peel waste (3a), Growth of Trichoderma reesei on pea peel 
waste based solid bed at 30 oC and pH 5.0 (3b,3c)   
 

To study the magnified view of novel raw material as well as fungal treatment on 
this, scanning electron microscopy of the desired samples was carried out.  
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Fig 4. SEM micrograph of untreated pea peel waste under 50 X magnification(4a),Trichoderma 
reesei treated pea peel waste solid bed under 500X magnification(4b),1000X magnification (4c) 
 

As show in the SEM micrograph (Fig. 4a), the untreated pea peel waste had both 
rough and smooth types of surfaces with shapeless pointed morphology. Figures (4b and 
4c) give magnified views of T. reesei-treated pea peel waste. It was observed that the 
surface of raw material became ruptured due to the fungal action, as they are utilizing raw 
material as a carbon source.  

 
Table 2. Cellulase Activity by Trichoderma reesei on Pea Peel Solid Bed, used 
as Raw Material at Different Temperatures and pH 

 
Raw material used 

 
Parameters 

 
    

 
FPase(IU/mL) 

 
 
 

 
Pea peel waste 

 

 
 
    Temp (oC) 

 

25 1.65 ± 0.15 

27 2.13 ± 0.18 

30 2.86 ± 0.10 
32 2.35 ± 0.16 

35 1.97 ± 0.20 
 

    pH 
3.0 1.89 ± 0.12 
4.0 2.41 ± 0.21 
5.0 2.86 ± 0.10 

6.0 2.07 ± 0.17 
7.0 1.71 ± 0.15 
8.0 1.53 ± 0.13 

Data are reported as mean ± standard deviation based on the repeated trials. 
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Cellulase production was compared under various temperature and pH conditions 
with T. reesei treatment. As shown in Table 2, temperature above or below 30 oC was 
somewhat unfavorable for cellulase production by T. reesei, which might be due to their 
physiological nature and protein synthesis capability. At 35 oC temperature, significant 
decrement in the enzyme activity has been observed, which might be due to the fact that 
at higher temperature enzyme biosynthesis decreases due to thermal deactivation, while 
at lower temperature (25 oC) the transport of nutrients in the cells is hindered, and due to 
this the microbial enzyme production capability is decreased (Pirt 1976). Maximum 
cellulase (2.86±0.10IU/mL) activity was exhibited by T. reesei at 30 oC. 

On the other hand, pH 5.0 was found to be highly favorable for cellulase 
production. Cellulase activity was significantly decreased in higher or lower pH-based 
production media. This suggests that a highly acidic or alkaline condition becomes 
unfavorable for microbial growth and for the cellulase production system. An acidic pH 
favored cellulase production, while this was significantly decreased towards much acidic 
as well as neutral and slight alkaline pH, as observed from Table 2. The most effective 
temperature and pH for T. reesei growth and production system was 30 oC and 5.0.  

To investigate the role of starch hydrolysates in cellulase production, a separate 
set of experiments was performed. Pretreatment of starch was performed by taking 2 and 
5% HCl with varying pretreatment time.  
 
Table 3. Growth of Trichoderma reesei on Acid Pretreated Wheat Starch 
Hydrolysates at 30 oC and pH 5.0.(Mandal et al. 2010) 

Starch 
type 

Acid treatment 
dosages 

Pretreatment 
time (hr) 

Temp oC Trichoderma reesei growth in 
pure starch hydrolysate-based 

medium 
 
 

Wheat 

Untreated - 
 

- No growth 

 
2% HCl 

1  
 
     121 

Good growth 
3 Very light growth 

 
5% HCl 

1 Very light growth 

3 Not suitable 

   
From the above experimental observation we have observed that wheat starch was 

converted into soluble form after hydrolysis. 2% HCl treatment was more favorable than 
5% for starch hydrolysis. Pretreatment of wheat starch with 2% HCl having pretreatment 
time of 1 h was found most suitable for the Trichoderma growth in comparison to higher 
acid dosages with higher pretreatment time.            

At higher acid dosages with higher pretreatment time, extreme hydrolysis 
occurred therefore essential components present in the starch were destroyed or burnt out 
due to higher acidity with prolonged pretreatment time as observed from Table 3.  

It has been stated from Table 3 that inclusion of wheat starch hydrolysate in basal 
salt media used for production study provides significant results. Under this situation, 
increment in the FPase activity (3.02±0.03IU/mL) was observed. In all the media 
combinations having hydrolyzates, growth and cellulase induction both took place, 
presumably due to the release of some dimeric sugars in the hydrolyzates, which induces 
cellulase production. The inducing ability of the acid-hydrolyzed starch may be attributed 
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to the reversion product of glucose, by increasing the acid strength, resulting in more 
reversion products of glucose in the hydrolyzates, which are responsible for the induction 
capability of the starch. But when the starch is overhydrolyzed, other byproducts may be 
generated, which might have served as inhibitors for cellulase production (Chen and 
Wayman 1992). 
 
Table  4. Cellulase Activity Produced by Trichoderma reesei  on Normal Basal 
Salt as well as Modified Basal Salt Media Incorporated on Pea Peel Waste based 
Solid Bed at 30 oC and pH 5.0 

Raw material used Basal salt media used FPase(IU/mL) 
 
 

Pea peel waste 
 

Normal basal salt media 2.86 ± 0.10 
Basal salt media incorporated with 
2%(v/v) wheat starch hydrolysates 

3.02 ± 0.03 

BSM incorporated with 10%(v/v) 
whey +2%(v/v) wheat starch 

hydrolysates 

3.29 ± 0.08 

 Data are reported as mean ± standard deviation based on the repeated trails. 
 

In the previous study it was found that starch itself was a poor inducer for 
cellulase production, but it was rendered highly effective by acid hydrolysis. This was 
because of the acid hydrolysis of starch resulted in the formation of reversion products, 
such as sophrose, a disaccharide, which has been considered to be to the real inducers for 
the cellulase biosynthesis (Sternberg and Mandels 1979). 

In the other set of experiments, dairy industry whey was incorporated in the basal 
salt media for the production study on pea peel substrate. FPase activity 
(3.29±0.08IU/mL) was further enhanced by incorporation of 10%(v/v) whey in the earlier 
starch hydrolysate supplemented basal salt medium, as shown in Table 4. This might be 
due to the presence of lactose in the whey, which itself act as inducer for cellulase 
production in T. reesei. Lactose is a low commercial cost disaccharides and it is 
generated in large amounts during the cheese and other dairy products manufacturing, act 
as the source of carbon as well as inducer for the cellulase production by fermentation 
(Sehnem et al. 2006). 

On the other hand Pea peel waste was found to be a suitable raw material for 
cellulase production by Trichoderma reesei under solid state fermentation, which might 
be due to the presence of cellulose, which significantly induces the cellulase production.  
 
 
CONCLUSIONS 
 

Waste utilization is an alternative approach for waste management. Keeping in 
view the importance of cellulases in various process industries, effective and economical 
production of these enzyme is of utmost importance.  

 Cellulase production by utilizing cheap lignocellulosic waste such as pea peel 
waste would be a novel approach, which can allow cost-effective cellulase production. 
Consumption of dairy industry waste (whey) as well as wheat starch hydrolysate in the 
cellulase production could meets in the cost reduction strategy. Hence the utilization of 
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all waste material, not only provides a cost effective and environmental friendly 
technology, but is also helpful up to some extent in the solid as well as liquid waste 
bioresource management. Application of recombinant cultures or application of phenol 
degrading microbes along with cellulase producing cultures should be investigated in the 
future research for the effective and proper utilization of phenol/lignin enriched 
lignocellulosic wastes. 
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