
Australian Journal of Basic and Applied Sciences, 5(7): 808-816, 2011
ISSN 1991-8178

Corresponding Author: Parveen Jamal, Bioenvironmental Engineering Research Unit (BERU), Department of
Biotechnology Engineering, Faculty of Engineering, International Islamic University Malaysia,
Malaysia.
Phone: 03-6196-4558; Fax: 03-6196-4422; 
E-mail: jparveen@iium.edu.my; jparveen3@yahoo.com

808

Valorization of Cassava Peels by the White Rot Fungus Panus tigrinus M609RQY

Tijani I.D. Ruqayyah, Parveen Jamal, Md Zahangir Alam and Md. Elwathig S. Mirghani

Bioenvironmental Engineering Research Unit (BERU), Department of Biotechnology Engineering,
Faculty of Engineering, International Islamic University Malaysia (IIUM), P.O. BOX 10, 50728

Kuala Lumpur, Malaysia.

Abstract: The upgrading of cassava peel into a nutritionally enriched animal feed by the white rot
fungus Panus tigrinus M609RQY was investigated. Positive contributing media components were
determined by Plackett- Burman design (PBD) and optimized by one-factor-at-a-time (OFAT) method.
In the screening of media constituents, protein and lignin content were chosen as the responses from
the experiments. Two media constituents, wheat flour and MgSO4, contributed positively to the
responses. In the OFAT experiments, particle size was also optimized alongside the positive
contributing factors from PBD. Plackett–Burman design gave 55.42% lignin degradation and 67.58%
protein increase. Results from OFAT revealed the following optimum levels: Wheat flour, 4% (w/w);
MgSO4, 0.7 g/kg dried cassava peel and particle size 2 mm. Under this condition, 61.66% lignin
degradation and 71.31% protein increase were achieved. This study revealed the Enrichment ability
of Panus tigrinus on cassava peel which can be employed in other biotechnological applications.
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INTRODUCTION

The competition between man and livestock over some basic feed ingredients has necessitated the search
to provide cheap alternatives especially for livestock so as to minimize the cost of feed production. In
Malaysia, poultry farming is one of the most successful livestock industry segments; as a result, large amount
of grains are been imported to the country annually, thus, escalating the cost of feed which is around 70% cost
of poultry production. In order to solve this problem, the use of other alternatives that are readily available
and have no direct importance to human can be explored. 

Cassava is a cheap source of carbohydrate in the diet of the increasing population of the third world
countries where it is largely grown (Aro, 2008). Aside its use as a staple food, it is also used in livestock
feeding, serving as a source of energy, especially for monogastrics. Cassava peel is the first waste generated
during the processing of cassava. It can serve as a potential resource for animal feeds contributing up to 10%
or more if properly processed (Antai, 1994). Cassava peel has been used as an energy source for pigs and
poultry, but inclusion at higher levels in monogastrics feed or as part of formulation of diets is limited due
to its fibrous nature, which is made up of high amount of non starch polysaccharides resulting in low
digestibility (Iyayi, 2001). Utilization of the peel is also limited due to its toxicity from extremely high level
of hydrocyanic acid and low protein content (Ubalua, 2007). 

Most of the times, this waste is dumped openly causing serious environmental problem associated with
its decomposition. Its limitation as an ideal animal feed called for the improvement in its nutritional values
especially in terms of protein content, reduction of the non starch polysaccharides and lowering of its cyanide
content. Fungi fermentation has been identified as an inexpensive tool for increasing the protein level of
substrates in solid state (Iyayi, 2004). According to Ubalua (2007), fermentation can also help in reducing
toxicity, and the enzyme-resistant ligno-cellulose material can be converted into a more digestible substrate.

In most studies on microbial degradation of cassava peel (Antai, 1994; Iyayi, 2001; Aderemi, 2007;
Ezekiel, 2010; Iyayi, 2004; Obadina, 2006; Oboh, 2006; Okpako, 2008) enhancement of the protein content
has been given more priority. The cell wall contents are either slightly degraded or not degraded at all, thus
reducing the digestibility of the bioconverted cassava peel. Increasing the nutritional value of cassava peel in
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terms of both protein content and cell wall degradation could enhance its use as an ideal animal feed, since
protein and simple sugar will be easily available. In light of this, bioconversion using edible white rot fungi
will be more efficient in meeting these objectives; since white rot fungi have been identified as perfect
degrader of lignin and are also capable of degrading cellulose and hemicellulose at different rates. 

The white rot fungus Panus tigrinus (P. tigrinus) belongs to a group of lignin-degrading basidiomycetes.
In contrast to earlier report that the ligninolytic system of P. tigrinus is composed of manganase peroxidase
(MnP) and laccase and no lignin peroxidase( LiP) (Maltseva, 1991), P. tigrinus M609RQY was observed to
secrete lignin peroxidase, laccase and MnP when grown on artificial mediation 2011.  P. tigrinus has been
identified as a producer of peroxidase, laccase, cellobiase, endoglucanase, and xylanase which had caused an
increase in biopolymer degradation during the first 10 days of its incubation (Akhmedova, 1994) and as a
selective lignin degrader of sugar cane bagasse prior to pulping (Costa, 2002). Exploiting the above
characteristics, the nutritional value of cassava peel could be enhanced by solid state fermentation, which is
a better choice in the bioconversion of agro industrial wastes to animal feed considering the nature of feed
(Pandey, 1992).

Selection of media composition is a vital tool to an efficient cell growth and improved secretion of various
enzymes that help in degradation. The secretion of ligninolytic enzymes by white rot fungi is mainly influenced
by carbon sources, nitrogen sources and inorganic salts (Mikiashvili, 2006). Hence, screening of media
constituents will go a long way in improving the production yield and decreasing the cost of production.
Screening of media constituents can be carried out either by varying one factor at a time or non-conventionally
by using statistical methods (Singh, 2010). Moreover, for effective bioconversion of cassava peel, sufficient
amount of macro and micro nutrients is required. 

In this study, for achieving optimum operating conditions, two steps were employed. Firstly,
Plackett–Burman design (PBD) was applied to screen the most significant media constituents that contributed
to enhancing the nutritional value of cassava peel. Plackett–Burman design helps in reducing the number of
factors to be used in an optimization study through screening of factors. Recent reports on the use of PBD
include its application towards improving citric acid production (Bari, 2009), Phenolic acid (Jamal, 2010),
amylases (Gouda, 2008), and enhancing the decolourization of dyes (Singh, 2010). Secondly, the one-factor-at-
a-time method was carried out to obtain the possible optimum operating level of all selected factors from PBD.

 From literature so far, there is no report about the use of P. tigrinus for enhancing nutritional value of
cassava peel by using Plackett–Burman experimental design and one-factor-at-a-time (OFAT) method.
Therefore, this study aimed at enhancing the nutritional value of cassava peel as animal feed through screening
and optimization of media constituent using PBD and one-factor-at-a-time respectively under solid state
fermentation.

MATERIALS AND METHODS

Microorganism and Inoculum Preparation:
The white rot fungus Panus tigrinus M609RQY was selected based on its potential in enhancing the

nutritional value of cassava peel through the process of screening some white rot fungi on selected agro
industrial wastes to enhance their nutritional value (data not shown). This white rot fungus was maintained on
malt extract agar (Merck) slant at 4 oC and subcultured forth nightly. For inoculum preparation, the fungus was
subcultured on 4 malt extract agar plates for 7 days at 30 oC. Mycelia suspension was prepared by washing
each of the malt extract agar plates with 15 ml of sterilized distilled water. The suspension was prepared in
250 ml sterilized Erlenmeyer flask with a concentration of 0.865 g/l of biomass.

Substrate Preparation:
Cassava peels were collected from a small scale Kerepek (local snack) industry in Kuala Langat, Selangor,

Malaysia. They were immediately washed properly to remove sand, tuber head and dried at 60 oC in an air
forced oven for 48 h to avoid deterioration and growth of unwanted microbes. The dried cassava peel was
milled to pass through 2 mm sieve and stored in air tight container. The chemical composition of dried cassava
peel is composed of acid detergent fiber 31.00%, acid detergent cellulose 16.42%, acid detergent lignin 14.50%
and protein content 17.33 mg/g.

Solid State Fermentation:
The total fermentation media was fixed at 20 g, consisting of 30% solid (Cassava peel and co- substrate)

and 70% (v/w) moisture content in the form of inoculum 6% (v/w), mineral solution and distilled water. The
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fermentation media was prepared in 250 ml Erlenmeyer flasks and autoclaved at 121 oC for 20 min; after
inoculation at room temperature, the flasks were incubated at 30 oC for 15 days based on earlier experiment
(data not shown). The initial pH ranges from 5.5 to 5.62. 

Analytical Methods:
The bioconverted substrates were milled in order to have a homogeneous sample which was used for

analysis of protein, acid detergent fiber, cellulose, lignin and ash content. Protein content was estimated by
using Folin method (Lowry, 1951). 10 mg of sample was dissolved in 5 ml of 1 M NaOH and allowed to
stand for 24 h. It was then centrifuged at 5000 rpm for 15 min. The supernatant was used for protein
estimation using Bovine serum albumin as standard. The method of (Goering, 1970) was used for the
estimation of acid detergent cellulose and acid detergent lignin. Acid detergent fiber was determined by using
Cetyl Trimethyammonium Bromide (CTAB). Acid detergent cellulose was determined by solubilization of acid
detergent fiber residue with 72% sulfuric acid. Acid detergent lignin was calculated as the organic matter loss
during ashing of residue left in estimation of acid detergent cellulose at 500 oC for 3 h.

Screening of Media Constituents Using Plackett Burman Design and Single Factor Optimization:
Two experiments were performed for screening of media component. First is the screening of media

component using Plackett Burman design whereby experimental designs and experimental data analysis were
generated by the statistical software package design Expert 6.0.8 Stat- ease, Minneapolis, MN. Then
conventional single factor optimization was carried out as a pre-optimization step to get the operating range
for each variable.

Plackett–Burman Design (PBD):
This design was used to effectively screen the significant medium components that helped in improving

the nutritional value of cassava peel in terms of lignin degradation and protein increase. PBD is widely
employed in the screening of major constituents of the media that have significant effects on the response
allowing insignificant factors to be eliminated so as to obtain a manageable set of variables (Plackett, 1946).
Using 11 variables, 12 experimental runs were generated by the design (Table 1). All the experiments were
carried out in triplicate and the average was used as the response for protein and lignin content (dependant
variables). Based on PBD, each variable was examined at two levels (low and high) denoted by -1 and +1.
The main effect of each variable was calculated as the difference between the average of measurements made
at the high value and at low value. The Plackett–Burman experimental design is based on the first order model
which is as follows:

   (1)oZ b bixi 
Where Z is the response (Protein and lignin content) b0 is the model intercept and bi is the linear

coefficient, and xi is the level of the independent variable. Interactions among the factors are not considered
by this model. It is basically used to evaluate and select the important factors that influence the response in
a small number of experiments (number of factors plus one). The independent variables selected for the
experiment were wheat flour, sago flour and cassava flour as carbon sources; (NH4)2SO4 and malt extract as
inorganic and organic nitrogen sources respectively; KH2PO4 as K–P source; MgSO4.7H2O, CaCl2.2H2O,
MnSO4. H2O, FeSO4.7H2O and CuSO4 .5H2O as Mg, Ca, Mn, Fe, Mn, Cu, sources respectively.

Single Factor Optimization (OFAT):
Based on the results of PBD, single factor optimization was carried out so as to arrive at possible optimum

range for each variable investigated. The effect of wheat flour, MgSO4.7H2O as contributing factors to both
responses from PBD and particle size was examined. Each variable was investigated at four different levels.
Wheat flour was varied at 0, 2, 4 and 6% (w/w); MgSO4.7H2O at 0, 0.25, 0.45, 0.65 g/kg and particle size
at 0.5, 1, 2, and 3 mm while the concentration of KH2PO4, (NH4)2SO4 and MnSO4. H2O were fixed at 0.8
g/kg, 1.5 g/kg and 0.05 g/kg respectively. Experiments were replicated three times.

RESULTS AND DISCUSSION

Plackett- Burman Design for Selection of Significant Media Components:
Screening and selection of significant media components was done by selecting eleven independent
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variables (wheat flour, sago flour cassava flour, (NH4)2SO4, malt extract, KH2PO4 MgSO4.7H2O, CaCl2.2H2O,
MnSO4. H2O, FeSO4.7H2O and CuSO4 .5H2O), based on previous study on screening of fungi and substrate
(data not included). These media constituents were studied to evaluate their effects on nutrient enrichment of
cassava peel as animal feed by the white rot fungi P. tigrinus M609RQY. Experiments were carried out
according to the combination of variables as shown in (Table 1). The main effects of each variable on
enrichment of cassava peel was estimated as the difference between the average of the measurements taken
at high (+) and low (-1) levels of each factor. Positive effect means the independent variable is contributing
at higher concentration or level while negative effect means the independent variable is contributing at a lower
concentration to the response. The results were analyzed statistically using the analysis of variance (ANOVA),
which is a statistical technique that subdivides the total variation in a data set into component parts associated
with specific sources of variation for the purpose of testing null hypotheses on the parameters in a model
(Montgomery, 1991). Both the fisher variation ratio (F- value) and p- value from ANOVA were used to
confirm the significance of the variables studied. The fisher value was calculated by dividing the mean square
(MS) to the model by the MS to the error. A large F value and a corresponding low value of p for a term
in the model indicate high significance of the term or model (Montgomery, 1991). Small p-value associated
with a larger F-value, simply implies that the effects is greater than its standard error and the greater the F-
value, the better the variables explained adequately the variation about the mean. The result of the main effect
of each variable on protein content is shown in Fig. 1. It was observed that six out of the eleven independent
variables in the form of wheat flour, cassava flour, malt extract, KH2PO4, MgSO4.7H2O and CaCl2.2H2O
contributed positively to protein increase while the remaining five contributed negatively. Wheat flour, being
a good source of carbohydrate with some essential amino acids may have led to the positive contribution to
protein content, suggesting that higher concentrations of wheat flour would positively increase the protein
content. Malt extract, a source of organic nitrogen to the medium have been reported to stimulate high biomass
yield (Jonathan, 2001). The positive contribution also suggests a higher concentration may likely increase the
protein content. The positive contribution of KH2PO4, MgSO4.7H2O and CaCl2.2H2O indicated their individual
requirement for the growth of P. tigrinus. The report of Jonathan and Fasidi (2001) showed that calcium is
the most utilizable macro-element, followed by magnesium and potassium for the growth of Psathyerella
atroumbonata. However, the case was opposite in this study, as the level of utilization of component can be
different for growth of different strain.

Table 1: Plackett–Burman design showing actual and coded values for the screening of media with responses.
Run A B C D E F G H J K L Protein Lignin 
 (mg/g) (%)
1 0(-1) 2.5(+1) 2.5(+1) 2(+1) 0(-1) 1(+1) 0.5(+1) 0(-1) 0.05 0(-1) 0(-1) 47.66 7.26
2 0(-1) 0(-1) 2.5(+1) 2(+1) 0.5(+1) 0.6(-1) 0.5(+1) 0.2(+1) 0(-1) 0.01(+1) 0(-1) 51.58 6.83
3 2.5(+1) 0(-1) 0(-1) 1(-1) 0.5(+1) 1(+1) 0.5(+1) 0(-1) 0.05 0.01(+1) 0(-1) 56.59 7.47
4 2.5(+1) 0(-1) 2.5(+1) 2(+1) 0(-1) 1(+1) 0.3(-1) 0(-1) 0(-1) 0.01(+1) 0.001(+1) 53.46 6.45
5 0(-1) 0(-1) 0(-1) 1(-1) 0(-1) 0.6(-1) 0.3(-1) 0(-1) 0(-1) 0(-1) 0(-1) 47.42 7.16
6 0(-1) 0(-1) 0(-1) 2(+1) 0.5(+1) 1(+1) 0.3(-1) 0.2(+1) 0.05 0(-1) 0.001(+1) 52.25 7.31
7 0(-1) 2.5(+1) 2.5(+1) 1(-1) 0.5(+1) 0.6(-1) 0.3(-1) 0(-1) 0.05 0.01(+1) 0.001(+1) 38.45 6.45
8 2.5(+1) 0(-1) 2.5(+1) 1(-1) 0(-1) 0.6(-1) 0.5(+1) 0.2(+1) 0.05 0(-1) 0.001(+1) 52.97 8.11
9 2.5(+1) 2.5(+1) 0(-1) 2(+1) 0.5(+1) 0.6(-1) 0.5(+1) 0(-1) 0(-1) 0(-1) 0.001(+1) 43.27 7.62
10 2.5(+1) 2.5(+1) 0(-1) 2(+1) 0(-1) 0.6(-1) 0.3(-1) 0.2(+1) 0.05 0.01(+1) 0(-1) 38.22 7.98
11 0(-1) 2.5(+1) 0(-1) 1(-1) 0(-1) 1(+1) 0.5(+1) 0.2(+1) 0(-1) 0.01(+1) 0.001(+1) 45.57 6.61
12 2.5(+1) 2.5(+1) 2.5(+1) 1(-1) 0.5(+1) 1(+1) 0.3(-1) 0.2(+1) 0(-1) 0(-1) 0(-1) 50.03 6.42
(A, Wheat flour; B, Sago flour; C, Cassava flour; D, (NH4)2SO4; E, Malt extract; F, KH2PO4; G, MgSO4.7H2O; H, CaCl2.2H2O; J, MnSO4.H2O; K, FeSO4.7H2O; L, CuSO4 .5H2O)

Fig. 1: Main effects of medium constituents in Plackett Burman experimental results on protein content (A,
Wheat flour; B, Sago flour; C, Cassava flour; D, (NH4)2SO4; E, Malt extract; F, KH2PO4; G,
MgSO4.7H2O; H, CaCl2.2H2O; J, MnSO4.H2O; K, FeSO4.7H2O; L, CuSO4 .5H2O).

Ammonium sulphate, a source of inorganic nitrogen was found to contribute negatively towards protein
increment. According to Jonathan and Fasidi (2001) sulphate ion, has been considered as a large radical, thus
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making it difficult to be transported across the fungal membrane where it can promote growth. As a result,
more nitrogen is needed for growth and this has been supplied by other constituents like wheat flour and malt
extract that gave positive contribution, further increase will drastically affect protein content. From the
corresponding ANOVA (Table 2), sago flour, KH2PO4 and MgSO4.7H2O were found to have significant effects
on protein (p<0.005). This shows the importance of MgSO4.7H2O and KH2PO4 as critical components to protein
increase; both serving as a source of nutrient and as buffer to stabilize the pH of the medium. In a similar
study on screening of media constituent for bioprotein production from pineapple skin, KH2PO4 contributed
significantly above 95% confidence level (Jamal, 2009). Sago flour also contributed significantly, but its
contribution was at low level, so it was discarded in further study.

Table 2: Analysis of variance for selected factorial model for protein content.
Source SSa dfb Mean square F-value  p-value
Model 349.3 4 87.32 20.83 0.0005**
Wheat flour (A) 11.24 1 11.24 2.68 0.1455
Sago flour (B ) 217.29 1 217.29 51.83 0.0002*
KH2PO4 (F) 94.35 1 94.35 22.51 0.0021*
MgSO4.7H2O (G) 26.42 1 26.42 6.3 0.0404*
a Sum of square
b degree of freedom
* P < 0.05, 
** P < 0.01 
R2 = 0.9225, Adj R2 = 0.8782

The results of the main effect on lignin degradation is shown in Fig. 2: Wheat flour, (NH4)2SO4,

MgSO4.7H2O, CaCl2.2H2O and MnSO4.H2O contributed positively while the remaining constituents contributed
negatively. Carbon source is an important factor to be considered in the culturing of white rot fungi for
ligninolytic enzyme production that are essential for degradation.

From literature, carbon source has been reported to be specific for different strains (Mikiashvili, 2006).
The corresponding ANOVA table is shown in (Table 3). It was observed that only MnSO4. H2O had significant
effect and also contributed positively to lignin degradation. The presence of metals such as manganese (II) ions
has been reported to enhance fungal colonization and enzyme production during bioconversion of
lignocellulosic residues (Alemawor, 2010). Thus, due to its positive contribution only on lignin degradation,
its maximum value was fixed for further experiment. 

Fig. 2: Main effects of medium constituents in Plackett Burman experimental results on Lignin content (A,
Wheat flour; B, Sago flour; C, Cassava flour; D, (NH4)2SO4; E, Malt extract; F, KH2PO4; G, MgSO4.7H2O; H,
CaCl2.2H2O; J, MnSO4.H2O; K, FeSO4.7H2O; L, CuSO4 .5H2O).

From the results of both responses, wheat flour contributed positively to protein increase and lignin
degradation. Its presence as a growth initiator is highly critical in the medium. Based on this it was selected
for further optimization. Sago flour and cassava flour had significant effect to protein and lignin content
respectively, but their contribution was negative. Therefore, these parameters were discarded. The significant
contribution of KH2PO4 to both responses was at high and low level. For further experiment, its value was
fixed at the centre of both low and high concentration. Magnesium sulphate had a highly significant effect on
protein content of cassava peel and also contributed positively to both responses; based on this; it was selected
for further optimization. Ammonium sulphate, the nitrogen source in the medium did not show any significant
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Table 3: Analysis of variance for selected factorial model for lignin content.
Source SSa dfb Mean square  F-value  p-value 
Model 3.4 6 0.57 5.99 0.0342
Wheat flour (A) 0.49 1 0.49 5.21 0.0713
Cassava flour (C) 0.58 1 0.58 6.11 0.0564
KH2PO4 (F) 0.57 1 0.57 6.05 0.0572
MgSO4.7H2O (G) 0.38 1 0.38 4.01 0.1017
MnSO4.H2O (J) 1.01 1 1.01 10.65 0.0224*
FeSO4.7H2O (K) 0.37 1 0.37 3.9 0.1052
a Sum of square
b degree of freedom
c p < 0.05 are considered significant
R2 = 0.8778, Adj R2 = 0.7312

effect in the enrichment process, but its positive and negative contribution to the process was observed. Hence,
its value was fixed at the centre of both low and high concentration. According to the study of Antai and
Mbongo, (1994) on utilization of cassava peels for crude protein formation, the supplementation of cassava
peel with urea was better than NaNO3 and (NH4)2 SO4 as an inorganic nitrogen source for the growth of S.
cerevisiae and C. tropicalis. Moreover, from literature, it has been reported that excess nitrogen do inhibit the
degradation of lignin by white rot fungi (Kachlishvili, 2006). Thus, this indicated that the level of nitrogen in
the medium was not in excess to have inhibitory effect on lignin degradation. Therefore, based on the main
effect, F-value and p-value and due to their significant and positive contribution to enrichment of cassava peel
as animal feed, Wheat flour and Magnesium sulphate were selected for further optimization.

Determination of Optimum Operating Range of the Media Constituents by One-factor-at-a-time (OFAT)
Method:

The possible optimum operating level of the two parameters (wheat flour and Mg2+) obtained after
screening of eleven parameters by PBD, was investigated by OFAT method using protein and lignin content
as the response. Information on effect of different nutrient constituents on enrichment of cassava peel available
in the literature was very scanty. Wheat flour, Mg2+ and particle size were optimized by the OFAT method.
The three factors were varied at four different levels for improvement in the protein content. Wheat flour
concentrations was examined from 0- 6% (w/w) while other factors were kept constant (Fig. 3a).

The effect of wheat flour at 4% (w/w) was found to be highest in terms of protein content (57.62 mg/g)
as compared to the control, which produced 52.03 mg/g with an increase of 9.70%. Further addition of wheat
flour brought a decrease in the protein content. On the other hand, the concentration of Mg2+ was examined
at its varied levels (0 - 0.65 g/kg), because this factor contributed positively towards protein increment and
lignin degradation. It was observed that a possible optimum level was not attained as the protein level
continued to increase with an increase in Mg2+ concentration (Fig. 3b). Thus, another set of experiments was
carried out by further increasing the concentration of Mg2+ from 0.7 to 0.9 g/kg cassava peel (Fig. 3c). From
the result, it showed that 0.8 g/kg Mg2+gave the highest protein content of 68.09 mg/g as compared to the
medium without Mg2+. Further increase resulted in decrease in the protein content. 

The effect of particle size has been reported as an important factor in SSF for growth and product
formation (Membrillo, 2008; Zadrazil, 1995). No reports are available concerning the effect of particle size on
nutrient enrichment of cassava peel. The effect of varying levels of particle size did not show much difference
on protein content (Fig. 3d). Though, the difference between the protein content (58.12 mg/g) at 0.5 mm
particle size and at 2 mm (60.36 mg/g) particle size was low, further increase in the particle size of cassava
peel caused a further decrease in the protein content. This could be attributed to poor growth of the fungi as
a result of poor water retention.

A similar result was observed in a separate study carried out by Zadrazil and Puniya [30] on different size
of sugar cane bagasse, when assessed for their potential as animal feed, maximum nitrogen content was
obtained by using particle size less than 1 mm . However, they reported no correlation between the particle
size and protein content. Membrillo et al. (2008), in their study on sugar cane bagasse cultured with Pleurotus
spp reported 48% increase in protein content on particle size of 1.68 mm which is better compared to a low
particle size of 0.92 mm and high particle size of 2.9 mm. 

The effect of these three factors on lignin degradation was also investigated. Wheat flour at 4% (w/w)
concentration (Fig. 4a) gave the lowest (6.6%) lignin content and this level was also found to give the highest
protein content. Thus, 4% wheat flour was selected as the possible optimum level for further optimization. The
effect of Mg2+ on lignin content also gave a similar trend when compared with the result on protein response;
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Fig. 3: (a) Effect of wheat flour on protein content; (b) Effect of MgSO4 .7H2O on protein content; (c) Effect
of MgSO4 .7H2O on protein content; (d) Effect of particle size on protein content.

Fig. 4: (a) Effect of wheat flour on lignin degradation; (b) Effect of MgSO4.7H2O on lignin degradation (c)
Effect of MgSO4.7H2O on lignin degradation; (d) Effect of particle size on lignin degradation.

lignin content tend to decrease continuously within the selected range (Fig. 4b). Thus, some sets of experiment
were carried out to investigate the possible optimum range. The new range of MgSO4 was from 0.7 to 0.9
g/kg. It was found that 0.7 g/kg Mg2+ gave the lowest lignin content of 7.7% (Fig. 4c). However, this is
slightly higher than the lignin content observed for 0.65 g/kg Mg2+. From the observed effect of Mg2+ on
Lignin and protein content, different results were found; 0.65 g/kg as the concentration for highest lignin
degradation and 0.8 g/kg as the concentration for highest protein production. Considering this, a balance was
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created between the two responses by selecting the average of these levels. Thus, selection of 0.73 g/kg Mg2+

for further optimization was considered. In order to study the effect of particle size on lignin degradation, four
levels of particle size ranging from 0.5 mm to 3 mm were also examined (Fig. 4d). The lowest lignin content
of 6% was observed at particle size of 1 mm. 

Further increase in particle size increased the lignin content. This may be attributed to poor degradation
caused as a result of limited contact with the hydrolytic enzymes and or poor ability of the big particle size
to absorb the extracellular lignocellulolytic enzymes secreted. This study is in agreement with the conclusion
of Zadrazil and Puniya (1995) that degradation of substrate should not be based only on fungal strain and
substrate composition, but also on the particle size.

To validate these results, an experiment was carried out with the optimum level from OFAT method:
Wheat flour 4% (w/w), MgSO4.7H2O 0.73 g/kg and particle size of 2 mm. The result of the validation
experiment gave 5.56% lignin content and 67.33 mg/g protein content. Comparing this with the OFAT result,
9.13% protein increase and 7.49% lignin degradation was achieved.

Conclusion:
In the present study, two independent variables, Wheat flour and MgSO4 were identified by Placket

Burman design as significant factors in enriching cassava peel as animal feed by the white rot fungi P.
tigrinus. Particle size of the dried cassava peel was also considered as an additional factor for further
optimization using OFAT. Wheat flour at 4% (w/w), MgSO4.7H2O, 0.73g/kg and particle size of 2 mm was
found as optimum conditions during OFAT. At these optimum levels, the protein content of dried cassava peel
was increased by 71.31% with a decrease of 61.66% in lignin content.
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