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ABSTRACT  
 

Successive saccharification and fermentation was to evaluate fermentation by Saccharomyces 
cerevisiae and/or Phanerochaete chrysosporium using the pre-saccharified rice straw (RS) compared 
to glucose source as control. P. chrysosporium cellulases produced on carboxymethyl cellulose 
(CMC) or pretreated RS were used in saccharifying new pretreated RS into fermentable sugars (4.5-
5.5%). The superiority of S. cerevisiae in fermenting pure glucose and RS was observed in all cases. 
Antagonism was absent between yeast and fungi during fermentation of pure glucose, as 42 g 
ethanol/100g glucose was produced when yeast was used individually or in mixed culture with the 
fungus. Nevertheless, ethanol production on the non-sterilized RS (saccharified with rice straw 
cellulases source) was positively correlated with fungal presence, as it reached 28.24 and 24.18 g 
ethanol/100g glucose, on the other hand sterilization decreased ethanol production to 16.20 and 20.1 g 
ethanol/ 100 g glucose, when yeast was used individually or mixed with fungi, respectively. There 
was no difference in production magnitude if correlated to cellulases source substrate whether it was 
rice straw or CMC. 
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Introduction 

 
The world economy is highly dependent on fossil energy sources used in the production of fuel, 

electricity and others. Natural resources are being explored with the aim of both reducing dependence 
on oil and increasing overall energy production. Among the natural resources currently being studied 
are lignocellulosic wastes (Marcello et al., 2016). In Egypt, rice cultivation and wood industries 
results in the accumulation of large quantities of wastes rich in cellulose, hemicellulose and lignin 
which are available with free cost throughout the year not only in farms but also in private homes. 
Rice straw in Africa gives 20.9 million tons annually, among which 2.6 million tons in Egypt that can 
produce 0.74 billion liters bio-ethanol, which is the largest amount from a single biomass feedstock 
that can indirectly prevent rice straw burning and the pollution consequences relaying on (Abo State 
et al., (2014). 

Polysaccharides as cellulose and hemicellulose are intimately associated with lignin in plant 
cell wall (Ballerini et al., 1994) that severely limits biological hydrolysis of cellulose and other 
polymers (Chularat and Woranart, 2012). Pretreatment is an important step in the economical 
conversion of cellulosic material into ethanol to break down the crystallinity of lignocellulosic 
materials and to facilitate the conversion of polysaccharides into sugars for ethanol production 
(Prachand et al., 2008). Considerable research efforts have been made to improve conversion yields of 
lignocellulosic materials by the insertion of a pre-treatment step prior to the enzymatic hydrolysis. 
Sodium hypochlorite (1.5% NaClO) with dilute sodium hydroxide (2% NaOH) was an effective pre-
treatment for delignifying lignocellulosic materials (Mohy et al, 2015).  

Phanerochaete chrysosporium secreted enzymes capable of hydrolyzing polysaccharides into 
oligo-, tri-, di- and mono-saccharides (Prachand et al., 2008). According to Jin et al., (2009) this 
fungus did succeed to saccharify pretreated rice straw with an efficiency of 64.9% and enhanced the 
ethanol production to be 10.1% when found in a  mixed culture with Sacharomyces cerevisiae as 
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mentioned by Zahangir et al.,(2007). 
Submerged fermentation (SmF) is advantages over solid-state fermentation (SSF) as purification 

of products is easier and it has better product recovery on which many of researches depend on to 
evaluate microorganism capability in ethanol fermentation (Subramaniyam and Vimala, 2012). 

The simultaneous saccharification and fermentation (SSF) technique overcomes the inhibition 
caused by the accumulation of end-products (e.g., glucose and cellobiose) which suppress the 
cellulase activity by converting these end-products into ethanol thus facilitating continuous cellulase 
activity (Manzanares et al., 2004). According to Gulibusitan et al., (2017), successive saccharification 
and fermentation (SUSF) requires more time, but produced more yield of ethanol than the former. 
This may be because SUSF method allowed each step to proceed under its optimum conditions. 

Therefore, in the present study an attempt was made for production of cellulases from P. 
chrysosporium and its application in the bioconversion of pretreated rice straw (RS) into glucose in a 
saccharification process done with submerged process. Subsequently, carrying on fermentation as 
SmF of the saccharified RS, in the same bioreactor with no aeration, into bio-ethanol using 
Saccharomyces cerevisiae or P. chrysosporium individually and in combination in a process called 
(SUSF). Using the same bioreactor for both processes might minimize production coast and product 
losses. 
 
Materials and Methods 

 
Fungal and yeast strains: 

Phanerochaete chrysosporium and Saccharomyces cerevisiae were generously supplied by 
Agric. Microbiology Research Department (SWERI-ARC), Giza, Egypt. Both  P. chrysosporium  and 
S. cerevisiae were maintained on potato dextrose agar. 

 
Pretreatment of Rice Straw: 

Rice straw (RS) collected from the Egyptian local market was pretreated by soaking in 
alkaline hypochlorite (1.5% NaClO) as mentioned by Sarabana (2017). 
 
Starter medium: 

P. chrysosporium was grown on Mandels medium (Mandels et al., 1974) as a starter on 
orbital incubator shaker at 38° C (125 rpm) for 5 days. S. cerevisiae was enriched in liquid potato 
dextrose medium and incubated on orbital shaker at 32°C (125 rpm) for 24 hrs. Starter of P. 
chrysosporium was used in Mandels medium supplemented with RS or CMC, as sole carbon source, 
for cellulases production (Sarabana, 2017). Both S. cerevisiae and P. chrysosporium were used for 
inoculating fermentation medium (FM) at a rate of 10 % v/v. 
 
Fermentation Medium: 

The fermentation Medium (FM) contained (g/l): Yeast extract, 5; (NH4)2SO4, 3 and pH was 
adjusted at 5 (Sarabana, 2006). It was added to the saccharified RS so that C:N ratio was adjusted to 
20:1 as recommended by Taylor et al., (1995) and Manikandan and Viruthagiri, (2010). The medium 
was filled to 2/3 of flask volume in order to have minor aeration conditions. It was compared to 
glucose as sole carbon source as control. All flasks were inoculated with either pure inoculant of S. 
cerevisiae and/or P. chrysosporium or mixed inocula from both of them. Inoculated triplicate flasks 
were arranged in a completely randomized design at room temperature for two weeks through which 
samples were daily collected for determination of ethanol. 
 
Cellulase production on RS and CMC: 

Cellulases production was performed, through submerged process, in 500 ml Erlenmeyer 
flasks using pretreated 20 g RS or 10 g CMC in Mandels medium according to Sarabana, (2017). 
 
Saccharification process: 

Filtered crude enzymes (Ers or Ecmc) obtained from P. chrysosporium grown on either RS or 
CMC were used in saccharifying new RS (Rers and Recmc) as described by Sarabana, (2017). 
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Samples were examined for the released sugars and saccharification % was calculated according to 
Vallander and Eriksson, (1985). 
Successive Saccharification and Fermentation: 

Successive saccharification and fermentation (SUSF) requires an additional fermentation step 
following the saccharification process. At the end of saccharification, the temperature was shifted to 
32°C for fermentation by 15th days after inoculation with either S. cerevisiae or P. chrysosporium in 
single cultures or mixed as mentioned above and three sets were done: one set, saccharified by Ers 
(Rers), was thermally sterilized by autoclaving (RersD), to kill fungal cells before fermentation, while 
two other sets were used without sterilization: the first saccharified by Ers (RersL) and the second 
saccharified by Ecmc (RecmcL). Control was done using glucose (5%) instead of saccharified RS in 
FM. Twelve sets of hydrolysates were done for ethanol production as illustrated in figure (1) and 
presented in table (1). 
 

 
 
 

Fig 1: Diagrammatic representation for all fermentation processes  
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Table1: Hydrolysates used in ethanol fermentation processes 
 

Substrates 
Crude cellulases 

produced on 
Saccharified 

new RS 
Sterilization 

treatment 
Yeast 

inoculum 
Fungi 

inoculum 
Yeast + fungi 

inoculums 

RS RS (Ers) Rers 
Sterlilized RersD RersD+Y RersD+F RersD+YF 

Non-sterilized 
RersL 

RersL+Y RersL+F RersL+YF 

CMC CMC (Ecmc) Recmc 
Non-sterilized 

RecmcL 
RecmcL+Y RecmcL+F RecmcL+YF 

Glucose (control) G+Y G+F G+YF 

 
Enzyme assay: 

Cellulase activity was determined according to the method recommended by the commission 
of Biotechnology IUPAC (Ghose, 1987).  
 
Estimation of sugars:  

The resulting free reducing sugars were spectrophotometrically estimated by 3, 5-di-
nitrosalycilic (DNS) method at 600 nm according to Miller (1959).   
 
Estimation of Ethanol: 

Ethanol was spectrophotometrically estimated by Potassium dichromate (K2Cr2O7) method at 
600 nm according to Caputi et al., (1968). Ethanol production was expressed in gram for 100 gram 
glucose abbreviated by g ethanol/100 g G. 

The basics of the following calculations were clarified by Hatzis et al., (1996): Ethanol 
production:  

������ ����� % =
��ℎ���� (� �)⁄

������� ������� (� �)⁄
× 100 

 

����� ���������� % =
������ �����

�ℎ��������� �����
× 100 

Where 
Actual yield %: � ��ℎ���� 100 � �������⁄  
Theoretical yield % of ethanol from hexoses = 52% 
 
Statistical analysis: 

Data in triplicates were statistically analyzed for the least significant difference (LSD) in 
completely randomized analysis of variance (ANOVA) at P ≤ 5% calculated using CoStat (6.311) 
software (Maruthai et al., 2012). Results being designated as small letters arranged in ascending order 
based on LSD. 

 
Results and Discussion 

 
Cellulases production and enzymatic saccharification of new rice straw: 
 

Cellulase production was done according to Sarabana (2017) using P. chrysosporium grown 
on RS and CMC producing cellulases Ers and Ecmc in their broth, respectively. Ers filtrate achieved 
38U while Ecmc filtrate achieved 32U, assumed as crude cellulases source. Following that, a new RS 
was saccharified at 50°C by either Ers or Ecmc at a concentration of 20g RS/ 200ml buffered filtrate 
enzyme and the process end time was adjusted so that approximately glucose of 5% was released in 
either cases. 
 
Ethanol production from free glucose: 
 

The fermentation experiment was carried out with S. cerevisiae, P. chrysosporium and a co-
culture of both. The fermentation was done depending on presence of free sugar (nearly 5%) adjusted 
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to a wide C:N ratio of 20:1. The C:N ratio was chosen based on the fermentation study done by 
Taylor et al., (1995) on glucose and by Manikandan and Viruthagiri, (2010) on Tapioca starch digest, 
as S. Cerevisiae had achieved best results at a wide range of C:N ratio close to 30:1. 

The test for yeast ability to ferment released sugars from RS was prolonged so as to detect 
any opportunity for further fermentation that could take place after 14 days depending on the fact that 
there are oligosaccharides accompanying glucose ( released from cellulytic action on RS) as clarified 
by Patrick (2006). As shown in figure (2), the fermentation of free glucose (5%) was done as a control 
experiment to be compared with saccharified non sterile RS (Fig 3 and 4) and sterile RS (Fig 5) cases. 
Results revealed that there was no antagonism between S. cerevisiae and P. chrysosporium (Fig 2), as 
yeast inoculation in a single or mixed culture with fungi achieved highest ethanol production in both 
cases with no significant difference specifically at day 4. Otherwise, there was a significant difference 
in fermentation magnitude and performance between yeast and fungi single inoculants. Kenealy and 
Dietrich, (2004) noticed that P. chrysosporium was able to grow under minimum 02 forming small 
amounts of ethanol but upon the removal of O2 it survived transient oxygen limitation by fermenting 
glucose but didn’t form new cells.  

 

 
  

Fig. 2: Ethanol production from free Glucose (5%). (LSD 0.05=1.41). 

 
Ethanol production from saccharified non sterile rice straw: 
 

The superiority of yeast single inoculant in fermentation was observed in both cases of 
saccharified non sterile rice straw (RersL and RecmcL) as shown in figures 3 and 4, without any 
significant difference between them, respectively. 

ElSayed, (2013) mentioned that the highest ethanol yielded from fermentation of RS by S. 
cerevisiae, after its enzymatic conversion to sugar by P. chrysosporium cellulase was after 7 days. 
Zahangir et al. (2007) clarified that the highest production of ethanol was shown on the 6 day when P. 
chrysosporium was in combination with S. cerevisiae,while in the present study the best ethanol 
production was achieved mostly after 4 days in all cases. This result was amended by Jin et al., 
(2009). As shown in figures (3) and (4), probable existence of spores and some fungi cells with 
filtered cellulases source used in cases of (RersL+ Y) and (RecmcL+Y) enhanced yeast production for 
ethanol to be 28.24 and 28.56 g eth/100g G after day 4, respectively. This could be explained as yeast 
favored the presence of both the active cellulases (Ers and Ecmc) and the cellulytic fungi in amending 
the fermentation media with prolonged cellulytic action on the residual RS that was not saccharified 
yet, releasing additional glucose that will be available for fermentation by yeast. While in case of 
RecmcL fermentation (Fig 4), the presence of extra fungal inoculant (YF) was reversibly proportional 
to ethanol production.  As with the alive fungal cells accompanying the Ecmc (in RecmcL+Y) the 
yeast produced 28.5g Eth/100g G. but when extra fungal inoculation was applied in RecmcL+ YF the 
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ethanol produced was 19.97g Eth/100g G. This means that when yeast and extra fungal inoculant 
competed on nutrients which decreased ethanol production in case of RecmcL+ YF only.  
 

 
  
Fig. 3: Ethanol production from none-sterilized saccharified RS (RersL) by 

filtered cellulases produced on RS. (LSD 0.05=0.91). 

 

 
 
Fig. 4: Ethanol production from none-sterilized saccharified RS (RecmcL) 

by filtered cellulases produced on CMC. (LSD 0.05= 0.82). 
 
Ethanol production from saccharified sterile rice straw: 
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(16.2 and 28.24 g eth/100g G), respectively. This indicates that the presence of cellulytic fungi in 
cooperation with yeast during fermentation process enhanced ethanol production. This result was in 
agreement with Prachand et al., (2008) who mentioned that co-culture of S. cerevisiae with P. 
chrysosporium enhanced ethanol production. 
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Fig. 5: Ethanol production from sterilized saccharified RS (RersD) by 

filtered cellulases produced on RS. (LSD 0.05= 0.78) 

 
Finally, using glucose as substrate for fermentation as in figure (2) revealed the superiority of 

ethanol quantity produced by either yeast single inoculant or mixed with fungi compared to other 
cases (Fig 3, 4 and 5) where saccharified RS was the source for glucose to be fermented. This could 
be due to absence of residual RS that was a source for competitive mono and disaccharides that block 
the transportation of glucose into yeast cells. This was clarified by Kattie et al., (2002) who 
mentioned the competitive action of hexoses on transportation of glucose into yeast and Rosario 
(1993) who added that both galactose and glucose competed on the same port responsible for 
transportation of glucose into the yeast cell. On the other hand, Patrick (2006) clarified the role of 
oligosaccharides specially sucrose in fermentation by yeast and its ability to be transported to inside. 

In all cases, under minor aeration, ethanol can be consumed by the micro-organism, as an 
electron donor by catabolic oxidation to form acetate, as mentioned by Zhou et al., (2002). Also, 
Paschos and Christakopoulos (2015) confirmed that the accumulation of ethanol and organic acids can 
have a toxic effect on the microorganism during the production of ethanol anaerobically. That was 
why the ethanol production declined after several days. 

 

 

 
 
 

Fig. 6: Comparison between effect of best treatments and inoculation 
on ethanol production efficiency (LSD 0.05=2.778). 
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was used in fermentation as a single inoculant or mixed with fungal inoculant proving no antagonism 
between yeast and fungi under study. Nevertheless, the existence of cellulytic enzymes and residual 
fungal cells, in the non-sterile saccharified RS (RersL and RecmcL), elevated yeast performance 
statistically than the sterilized forms (RersD) inoculated with yeast as single culture or mixed with 
new fungal inoculant. Moreover, increasing fungal load in fermentation by new fungal inoculant (YF) 
decreased fermentation performance only when non-sterile saccharified rice straw was used proving 
that more fungal cells might had consumed competitively nutrients and  released sugar in metabolism 
as discussed before. 
 
Conclusion 
 

There is no need for new fungal inoculation when non sterile saccharified rice straw is used 
while new fungal inoculation was crucial with the sterile one. Using the non sterile saccharified rice 
straw efficiently in this successive saccharification and fermentation process was more economic 
from the energy step consumption point of view. 
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