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Abstract  
In the present study, a Central Composite Design (CCD) from Response Surface Methodology 

(RSM) was adopted to produce bio-ethanol using pre-treated pea peel (Pisum sativum). With an aim to 
achieve optimal yield the concentration of acid load; 1.0, 1.5 and 2.0%, treatment time; 15, 30 and 45 
min, and temperature in the range of 100, 110 and 120 °C was selected. Solid P. sativum loading of 
10% (w/v) was selected during pre-treatment. After dilute sulfuric acid pre-treatment maximum 
increase in glucose content (35.97%) of pea peel was achieved at their optimized conditions (1.80%, 
30min. and 120°C). Maximal yield of glucose (after 72 h) from pea peel after dilute sulfuric acid pre-
treatment and enzymatic saccharification (50 °C, pH 4.8 and 120 rpm) by using an enzyme loading of 
0.11 g celluclast 1.5 g/L cellulase and 0.05 g cellubiase/g was 17.72 g/L. Fermentation, the last and 
important step of bio-ethanol production was carried out using fermentative fungal S. bayanus and F. 
oxysporum. The bio-ethanol yield from pre-treated enzyme saccharified pea peel solid fraction (50 g) 
by S. bayanus at pH 4.8, and 25 °C in 72h was 0.37 g/g of available glucose and 0.16 g/g of dry pea 
peel whereas in case of F. oxysporum under the same conditions except at pH 6, the ethanol yield was 
0.29 g/g of available glucose and 0.13 g/g of dry matter. From these results we come to know that pea 
peel can also prove a better candidate for bio-ethanol production on large scale. 
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1. Introduction
In whole of the world fossil fuels (petroleum natural gas and coal) are playing vital role 

to fulfill the energy needs. But with every passing day, due to their huge consumption in 
different fields of life, they are declining very rapidly. It is assumed that with their current rate 
consummation that is 27.3 billion barrels, 84.2 trillion cubic feet and 4.7 billion short tons of 
above mentioned fossil fuels that is petroleum, natural gas and coal respectively, they would 
be no more available within next 98,166 and 230 years respectively. Other researchers have 
also pointed out that the era of fossil fuels will come to an end in near future that is in the 
years between 2050-2075 [1, 2]. The excessive use of these fossil fuels results an increase in 
the green-house gases level up to a huge extent [3]. A steady rise in temperature is also 
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observed due to their excessive use and is one of the major causes of global warming [4]. 
Although they have certain demerits but still their importance cannot be ignored.  

Fossil fuels are actually are non-renewable and are actually not regarded as proper 
sustainable sources of energy. so whole of the world is forced to think about other alternative 
options to produce biofuel and bio-ethanol production from lignocellulosic materials is one of 
the best alternative renewable source of energy [5]. At present food crops like sugarcane 
bagasse and several cereal grains are proving predominant feed-stocks for biofuel production 
(bio-ethanol), but the draw backs of these resources is that they have to compete with food 
sector directly [6-10]. Researchers are interested to select the raw materials having large 
amount cellulosic content that can be used easily for extraction of ethanol on large scale 
without any drawback [8, 10]. So, in order reduce ethanol production cost as well as 
considering food security lignocellulosic materials (2nd generation bio-fuel) are regarded one 
of best and cheap source of energy (bio-fuel). 

For the two last decades lignocellulosic biomass has been given due respect for the bio-
ethanol production [9]. It is imagined that in near future transport sector as well as industrial 
sector will depend on alternative fuel produced from different types of biomass. Others 
important aspects which make LCM the best choice for energy production (ethanol) are the 
presence of high percentage of carbohydrate fractions (cellulose, hemicellulose) in it. The 
percentage of these carbohydrate fractions in many LCMs can reach more than 60%, which, 
in turn, supports the concept of biofuel production more realistic [11]. 

The most promising technology for the conversion of the lignocellulosic biomass to fuel 
ethanol is based on the enzymatic breakdown of cellulose using cellulase enzymes. The best 
way to resolve this above discussed problem (fuel) is to use agricultural wastes especially 
lignocellulosic materials to produce bio-ethanol [8, 10, 11]. Pea peel a low cost waste can also 
prove a better candidate for bio-ethanol production, because the share of feed-stocks is more 
than 58% to the production cost for bio-ethanol production. 

2. Materials and Methods
2.1.  Collection and preparation of samples. Samples of pea peel collected from 

Rawalpindi, Punjab (Pakistan) were used as substrate for bio-ethanol production. These pea 
peel samples were first dried in sun light followed by overnight oven drying at 55 °C. After this 
samples were grounded into fine powder form with electric grinder and then passed from 40 
mm mashes standard sieve size. Samples were stored in refrigerator (4 °C) in air tight bags. 

2.2.  Proximate analysis of pea peel. Standard methods given by Ehrman, [12] were used 
to estimate total solids as well as moisture content of the given sample (pea peel).  For 
determination of the raw material composition (cellulose, hemicellulose and lignin) as well as 
solid fraction obtained after dilute H2SO4 pre-treatment, strong acid hydrolysis was conducted. 

2.3. Dilute sulfuric acid pre-treatment of pea peal. Pre-treatment was performed by 
using various concentrations of dilute H2SO4 (1.0, 1.5 and 2%) at different temperatures (100 
°C , 110 °C and 120 °C) for various time periods (15, 30, and 45 min). Ten percent solid 
loading (w/v) was used during this process. Solid and liquid fractions were separated by 
vacuum pump. The liquid fraction was analyzed for sugars and inhibitory compounds and 
solid fraction for carbohydrate content. 

2.4. Optimization of dilute H2SO4 Pre-treatment by Response Surface Metho-
dology.Three variables namely acid dose, treatment time and temperature were investigated 
using CCD of response surface methodology. For this twenty trials were conducted. The 
optimum values of selected variables were obtained by solving regression equation and by 
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analysing the response surface contour plots by using design expert 8.0. Contour plots 
actually helped to determine the effect of three factors by changing five selected levels as 
shown in Table 1. Independent variable values with coded level as well as coded values are 
shown in Table 2. 

Table 1. Independent variable actual values with coded levels for various substrates 
Coded value Non-coded value 

H2 SO4 (% age) Time (min) Temperature (°C) 
-1.68 0.5 10 100
-1.0 1.0 20 110

0 1.5 30 120
+1 2.0 40 130

+1.68 2.5 50 140
 

Table 2. Independent variables with actual values with coded levels used in trial 
Non-coded actual values Coded values 

Acid conc. 
(%) 

Temperature 
(°C) 

Reaction time 
(min) 

Acid conc. 
(%) 

Temperature 
(°C) 

Reaction time 
(minute) 

1.5 120 30 0 0 0
1.5 120 30 0 0 0
1.5 120 30 0 0 0
1.5 120 30 0 0 0
1.5 120 30 0 0 0
1.5 120 30 0 0 0
1.5 120 10 0 0 -1.68
2.0 120 30 +1 0 0
1.0 110 20 -1 -1 -1
2.0 110 20 +1 -1 -1
0.5 110 30 -1.68 -1 10
1.5 110 30 0 -1 20
1.0 110 40 -1 -1 0
1.0 110 40 -1 -1 40
1.5 110 40 0 -1 50
1.0 130 20 -1 +1 -1
2 130 20 1 +1 -1
1 130 40 -1 +1 0

2.5. Enzymatic hydrolysis. The strategy of SHF was selected for this experimental work. 
For enzymatic hydrolysis 5 % DM (w/v) of substrate was added into 50 mM sodium citrate 
buffer (pH 4.8) in 250 mL Erlenmeyer flask. It is reported that cellulase and β- glucosidase 
worked better especially when used in combination rather than using them separately. So by 
keeping this in idea in mind, hydrolysis was carried out at pH 4.8 by using an enzymes loading 
of 0.11 g celluclast 1.5 g/L cellulose and 0.05 g cellubiase/g for 72 h at 50 °C. 

2.6. Microorganisms used for fermentation. For production of bio-ethanol selection of 
strain is regarded an important step. S. bayanus (DSM 70412) and F.oxysporum (DSM 62316) 
were selected for this purpose. Both S. bayanus (DSM 70412) and F.oxysporum (DSM 62316) 
active growing culture were imported from DSMZ Germany. Fungal cultures of these strains 
were streaked onto PDA medium in slants and these cultures were then further used for 
inoculation. For the growth of these fungal strains, S. bayanusand F. oxysporum Universal 
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medium DSMZ medium 186 and Potato Dextrose Agar DSMZ medium 129 respectively were 
used. Attached bubble loop trap with all of flask and took them to nitrogen station. Water was 
added into bubble loop trap to prevent oxygen back diffusion into the medium followed by 
sparged with N2 gas for ~5 min. Up to 2 mL of fresh inoculum of S. bayanus and F. 
oxysporum was added into each flask. Samples were collected after 0, 6, 12, 24, 30, 36, 48 
and 72 h of controlled incubation. 

2.7. Determination of sugars and ethanol. The sugars and acids (organic) present in 
liquid samples produced during enzymatic hydrolysis and fermentation was determined by 
HPLC (Agilent). To separate the components in the liquid sample a special column, Bio-Rad 
Aminex HPX-78H was used. During this H2SO4 was used as mobile phase. The eluent flow 
rate was maintained at 0.6 mL/min and in the meantime column temperature was kept at 
64oC. Inhibitory compounds like furfural, acetic acid and HMF present in the liquid fraction 
samples were detected via UV detector set at 280 nm while refractive index (RI) detector was 
used for sugars and ethanol estimation.  

2.8. Statistical analysis. The whole scheme of experimental work that is proximate 
analysis, dilute acid pre-treatment, enzymatic hydrolysis and fermentation was carried out in 
duplicates. The data obtained during this research activity was expressed as average values. 
For graphical and regression analysis, the statistical analysis system software (SAS) was used 
(SAS institute, version 8.0 Cary, NC, USA). The optimum values to obtain maximum glucose 
and minimum xylose and lignin content were achieved by solving regression equation and by 
analyzing the response surface contour plots. 

3. Miscanthus Results and Discussion

3.1. Proximate analysis of pea peel. For the success of experimental work Proximate 
analysis of the biomass is vital. If we know the composition of the biomass accurately then 
we are actually in better position to transform them into useful products. Pea peel was 
interesting in the sense that it also contained a high percentage of holocellulose content than 
expected as shown in Table 3. 

 

Table 3. Proximate analysis of pea peel (Pisum sativum) on dry weight basis 
Substrate Glucose (%) Xylose 

(%) 
Lignin 

(%) 
TS (%) Moisture 

(%) 
Ash (%) 

Pea peel 32.36.12±1.14 18.85±1.18 6.93±0.44 90.33±1.85 9.67±0.54 5.77±0.46 

3.2. Dilute sulfuric acid pre-treatment of pea peel. Pea peel is a valuable agricultural 
waste. The annual production of pea was 57,000 tons in 2010-2011 [13]. After dilute sulfuric 
acid PT solid and liquid fractions are obtained.Inhibitory compounds (in the liquid fraction)  fall 
in the range of 0.0441- 0.1317 g/L for furfural and  1.1161-2.0528 g/L for 5-HMF, much lower 
to inhibit the enzymatic hydrolysis as reported in literature that is 3.75 g/L for furfural and 6 g/L 
for 5-HMF [14].Glucose content in dry raw pea peel was 32.36% (Table 3) and the after pre-
treatment it became 44.00% (Figure 1). There was 35.97% increase in the glucose content. 
Contour plots (Figure 1 A and B) showed that maximum glucose (cellulose) in solid fraction was 
obtained after dilute acid pre-treatment at an acid concentration of 1.80% and reaction time of 30 
min, when the temperature was maintained at 110 °C. It proved that moderate temperature and 
acid concentration play a key role to enhance the glucose content during pre-treatment. Similar 
finding on acid hydrolysis of orange peel at low temperature has been reported by Aberuagba 
[15].In raw sample of pea peel xylose content of pea peel was 18.85% (Table 3) and after pre-
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treatment just 0.24% was left (Figure 2), so there was tremendous decrease in xylose content, 
98.73%. An acid concentration of 1.10% and incubation temperature of 110 °C for 30 minutes 
was found optimum to achieve minimum xylose in the solid fraction (Figure 2 A and B). 

 

 
Figure 1.Contour plot for glucose content in relation to acid concentration and reaction time (A) and acid 

concentration and temerature (B) 
 

 
Figure 2.Contour plot for xylose content in relation to acid concentration and reaction time (A) and acid 

concentration and reaction temperature (B) 
 

 
Figure 3. Contour plot for lignin  content in  relation to acid concentration and reaction time (A) and acid 

concentration  and temperature (B) 
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With dilute SA acid pre-treatment 100% removal of hemicellulose is possible [16]. 
Contour plot indicates that optimum acid dose of 2.0% for 37 min at 125 °C is sufficient 
enough to get minimum lignin in solid fraction (Figure 3 A and B). Although there is 
apparently 7.32% increases in lignin content but this lignin content is actually decreasing. The 
apparent increase in lignin content was due to huge removal of xylose after H2SO4 pre-
treatment. If the temperature is kept constant, then the solublization of lignin becomes higher 
and higher with increasing reaction time to a certain maximum value. 

3.3. Enzymatic Hydrolysis. Pea peel is also a rich source of carbohydrate. After dilute 
acid pre-treatment, the glucose content in solid fraction became 44.00% (Figure 2). For 
enzymatic hydrolysis of Pea peel 5% solid loading (w/v) was used. For this 2.5 g of solid 
fraction was added along with sodium citrate buffer (pH, 4.8) and enzymes (cellulases and 
cellubiases) into 250 mL Erlenmeyer flasks. More readings were taken after the start of 
enzymatic hydrolysis with less time interval, because maximum saccharification takes place 
in the beginning. The maximum glucose yield (17.72 g/L) was obtained after 72 h of 
incubation time (Table 4). Lignin is actually a non-carbohydrate polyphenolic fraction of 
lignocellulosic material and acts as a major obstacle in the biodegradation of lignocellulosic 
materials [9]. It also blocks the enzymes, to transform the carbohydrate fraction of the 
substrate into fermentable sugar [17]. Lesser lignin in pea peel content can prove proves an 
asset for bio-ethanol production on large scale.  

 

Table 4. Maximum sugar yield after enzymatic hydrolysis of Pea peel at pH 4.8, 50 °C, 120 rpm 
Substrate GlucoseSF 

(2.5g/50mL) 
GlucoseSF (50g/L) Glucose(g/L) Ratesac (%) TimeOPT (h) 

Pea peel 1.10 22.00 17.72 80.54 72 
* SF = Solid fraction  Y = Yield   Sac = saccharification  Opt = optimum 
 

 
The reason behind higher saccharification (80.54%) was achieved as no accumulation of 

cellubiose due to large amount of cellubiases in reaction mixture. Ruiz et al., [18] has also 
pointed out that the performance of cellulases was actually enhanced (due to absence of 
cellubioses), and the results in higher sugar recovery after enzymatic hydrolysis. The 
optimum conditions for enzymatic hydrolysis of pea peel were achieved when enzyme 
concentration of 1: 1.75 of cellulases and beta glucosidases was maintained at pH, 4.8, 120 
rpm, for 48 h, while keeping the temperature of shaker at 50 °C. In this study the glucose 
yield on the basis of glucan available in solid fraction of SA pretreated pea peel after 72 hours 
of EH was 80.54 %.The higher enzymatic saccharification may be attributed due to less 
compact structure of the plant cell wall as well lesser amount of lignin in this substrate (Table 
4) after dilute SA pre-treatment. All these factors offer more accessibility to enzymes and so 
in return increase the enzymatic digestibility up to certain extent [6, 7]. 

3.4. Fermentation performance of S. bayanus and F. oxysporum. Fermentation in the 
presence of S .bayanus as a fermenting microbe provided higher percentage of theoretical 
yield from pea peel, 72.55% much higher as compared to F. oxysporum (56.86 %). The 
theoretical yield of ethanol, 72.55% in this research work is comparable to Ohgren et al., [19], 
who obtained 74% ethanol, yield from cornstover by using 10% solid loading during SSF on 
the basis of available glucose in raw material, and 25.7 g/L ethanol concentration after 72 
hours in the presence of baker’s yeast. Ethanol yield obtained at the end fermentation for both 
the fungus is shown in Table 4. In an earlier study, Ruiz et al., [18] has reported that 
performance of F. oxysporum to produce bio-ethanol was much higher (0.38 g/g) when 
glucose was sole source of fermenting material. But in this xylose and lignin both were 
present in the solid fraction used for enzymatic hydrolysis and fermentation that is why the 
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performance of fungus is badly affected, resulting a lower ethanol yield that is 0.29 g/g on the 
basis of available glucose (in this study). Whereas, Modugo [20] has also obtained an ethanol 
yield of 9.2 g/L by using 29 g/L of glucose corresponding to 62.26% of the theoretical value. 

Figure 4.Optimum conditions (pH 4.8, 50 °C and 120 rpm) to get maximum sugar yield 

Figure 5.Optimum conditions for S .bayanus(pH 4.8, 25 °C and 120 rpm) and F. oxysporum (pH 6.0, 25 °C and 
120 rpm) to get maximum ethanol yield after 72 h of fermentation 

Table 5. Comparison of fermentation results for S .bayanus and F. oxysporum 

Substrate Ferm.org GIC(g/L) TYE(g/L) AYE(g/L) Eg/g  
DM 

F(g/g)AG(%) Feffi 

(%) 
TY(%) 

Pea peel S.bay 17.80 9.08 8.21 0.16 0.37 90.42 72.55 
Pea peel F.oxy 17.54 8.94 6.31 0.13 0.29 70.58 56.86 

GIC = Initial concentration of glucose TYE = Theoretical yield AYE = Actual yiel 
*Eg/gof DM = Ethanol g/g of dry matter  Eg/g (%) of AG = Ethanol g/g of available glucose
*FEffi (%) = Percentage fermentation efficiency  TY (%) = Percentage theoretical yield
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4. Conclusions 
Response surface methodology accurately predicted the optimum condition (1.80%, 30 

min. and 120 °C), to get maximum increase, 35.97% in solid fraction of pea peel after dilute 
acid pre-treatment. Although inhibitory compounds, furfural and 5-HMF were present in the 
liquid fraction but they were much lower to inhibit the enzymatic hydrolysis as reported in 
literature.Both the strains S. bayanus and F. oxysporum were able to produce bio-ethanol 
however the performance of S. bayanus was much higher (90.42 %) as compared to F. 
oxysporum (70.58%).After enzymatic hydrolysis and fermentation 8.21 and 6.31 g/L bio-
ethanol was obtained from S. bayanus and F. oxysporum corresponding to 72.55 and 56.86% 
of the theoretical value, respectively. From these experiments we conclude that pea peel 
which is purely a low or no cost vegetable waste worldwide can prove an excellent source for 
bio-ethanol production on large scale. 
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