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Abstract   

Now a day’s many countries are facing the problem of fuel shortage it could be solved 

by finding alternative sources of fuel or by producing bioethanol. Production of 

bioethanol through waste material can proves as good approach.  Lignocellulosic waste 

(peanut shell) contains sufficient amount of sugar (0.18/1ml) that can be use as 

feedstock.  Fungi Mucor indicus has already known as ethanol producing organism, 

capable to produce ethanol in (4.5%) which equals to S. cerevisiae. Chemical 

hydrolysis with 4.5M H2SO4 is suitable to hydrolyze the peanut shell, lignin and 

hemicelluloses are degraded and cellulose is converting into the fermentable sugar 

.Batch fermentation is generally used for fermentation process. Minitab software is 

helpful to design setup of fermentation process and analyze the results. Three 

parameters (Temp. pH, glucose conc.) were optimized during the following experiment.  

All experiment was performed in triplicate form.  
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Introduction  

Rising prices of fuel due to less availability and global warming has become a major 

political and scientific issue for every country (Khan et al., 2013). It can be reduced by 

founding alternative sources or by producing bioethanol. The rapid growth of industries 

and technological advancement in the world call for development in the chemical 

sector. The production of industrial chemicals will enhance the economic progress of 

any nation (Akpan et al. 2005). Ethanol and ethanol blended with petrol have a long 

history as automotive fuels and have recently received the growing attention as 

alternative fuel due to their possible role in reducing problems such as peak oil, climate 

change, high oil prices and political instability (Nelson Mojaro, 2014).  Production of 

bioethanol is helpful for reducing the increasing prices of fuel and dependency on oil 

producing countries. Ethanol is colorless, flammable; volatile liquid which is made by 

the replacement of one hydrogen atom with one hydroxyl group in ethane then it is 

called ethyl alcohol or ethanol (C2H5OH). Bio-fuels can be produced by most countries, 

thus they can potentially reduce the demand of oil import (Buekes N. 2011). Bio-

ethanol is obtained from the alcoholic fermentation of sucrose or simple sugars by 

using the biomass. Utilization of waste for bio-ethanol production will help to reduce 

net emission of CO2 and global warming. Emission of carbon dioxide is hazardous for 

atmosphere (Kumar et al., 2009). Many products are formed through waste material 

biodiesel, bio-plastic, bio-ethanol biogas, etc (Cheng, et al., 2009).  Waste material are 

low cost, easily available and can be use by investing little amount of money (Sarkar et 

al., 2012).  

Peanut shell 

Peanut shell is waste material, agriculture waste (peanut shell) is also considered as 

lignocellulosic waste. Peanut shell botanically known as Arachis hypogeae belongs to 

Leguminosae family. India is the second largest producer of peanuts after China. 

Lignocellulosic waste contains lignin, cellulose, hemicelluloses, and pectin, 

carbonaceous fibrous. It contains It contains carbohydrate substances that present in 

form of cellulose (35-40%), hemi-celluloses (18.7%), lignin (30.2%) and generally 

used for its fuel value. Cellulose is the chief component of this type of material and has 

concentration range about 40% of dry mass (Joshi et.al, 2011). 

There is a huge amount of low value or waste lingo-cellulosic materials that are usually 

burned or wasted. Ethanol production through lignocellulosic waste involves 

saccharification by acid hydrolysis.  The waste materials are first to hydrolyzed for 

getting the appropriate form of reducing sugar and removing impurities by the various 

techniques (Chemical treatment, physical treatment, biological treatment, 

physicochemical treatment). Therefore, it has great interest to prepare a higher value 

product bioethanol from peanut shell (Idris et. al. 2012).. 
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Mucor indicus (rouxii) 

Mucor is a filamentous fungus. It is found in solid, plants, rotten fruits and vegetables. 

The colour is white, becomes grayish-brown by time. Mucor indicus is a one of the 

most important strains of zygomycetes fungi, this fungus, regarded as a non-pathogenic 

dimorphic microorganism, and is use for production of beers and food (Karrimi & 

Zamani 2013). It is primarily saprophytic, capable of assimilating several sugars & able 

to utilize a wide range of hexoses, pentose (monosaccharide) and disaccharides 

(cellobiose) (Horthy et. al., 2005). The Biomass of   Mucor indicus contains relatively 

high concentrations of chitosan, which is useful in many applications (Millatti et. 

al.2011). Various species of Mucor have capacity to grow as a mycelium or yeast-like 

cycle. There are many parameters that control morphology in a fermentation process 

such as size of inoculums, type and amount of carbon sources, pH of medium and type 

of nitrogen source.  Mucor indicus is an asexual form of dormant spores called as 

sporangiospores can develop as vegetative mycelia grown either on a surface of solid 

moist media or in liquid media. The dimorphic growth of Mucor indicus is reversible. It 

means if aerobically grown mycelium is transferred to a carbon dioxide atmosphere, it 

starts to grow yeast-like. If anaerobically grown yeast populations transferred to aerobic 

atmosphere. It starts growing mycelia form (The yeast cells, cell wall is thicker, less 

dense and chemically differs from the mycelia cell wall (Vanden B. et al., 1993).  The 

initial stages of spore development are independent of atmospheric composition until 

the spore wall is swollen; oxygen starts the mycelia life cycle and carbon dioxide in the 

absence of oxygen, starts the yeast life. Anaerobic incubation of M.indicus under 

atmosphere of N2 results filamentous growth. The rate of growth and total amount of 

growth in the anaerobic incubation under N2 atmosphere were less than the aerobically 

growth, but morphological features are similar. The ethanol yield and productivity of 

this microorganism from hexoses are as high as Saccharomyces cerevisiae, and it is 

also able to utilize xylose (Millatti et.al.2011). That is the reason of why it is one of the 

candidates for ethanol production. 
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Material & Methods 

Microorganism  

The fungus Mucor indicus used in this research was procured from microbial type 

culture collection (MTCC) center.  A spore suspension was prepared by adding 5ml of 

sterile distill water and shaking vigorously. One ml or one loop full of the suspension 

was used for inoculation of the medium to initiate the fungal growth.   

Peanut shell  

Peanut Waste (peanut shell) was collected from the market and washed 2 times for 

removing dust, dried in sunlight to remove the moisture content. Then ground it to 

make the fine e powder and stored in air tight containers. 

Revival of culture and sub culturing  

The freeze dried microorganism (Mucor indicus) was procured from microbial type culture 

collection (MTCC) canter and stored at -4⁰C.  

Preparation of culture media  

Culture media was prepared by adding potato dextrose broth 4.8 gm, agar 3 gm in 200 ml 

distilled water. Then pH was adjusted at 5.6 and autoclaved at 121⁰C for 20 min.  

Preparation of inoculum  

Bio-safety cabinet was used for inoculum preparation, this bio-safety cabinet was 

wiped using 70% ethanol followed by UV light for 20 min. Culture media was added to 

the 5 petridish about 20 ml in each petriplate. The freeze dried culture ampoule was 

marked (Mucor indicus) near the middle of the cotton wool with a sharp file. The 

surface was disinfected around the mark with alcohol then wrapped with thick cotton 

wool around the ampoule. It was broken at the marked area.  The pointed top of 

ampoule was gently removed and carefully removed cotton plug and added about 0.4 

ml of sterile water and left it stand for 20 min. Few drops of suspension to 

recommended liquid medium (solidified with agar) was Streaked on petriplate. Rest of 

the suspension may be transferred to 5 ml of recommended liquid medium in test tube 

.then incubated at 25⁰C for 5 days at 150 rpm. The growth of Microorganism (Mucor 

indicus) was occurred on petriplate after 5 days (www.MTCC.com). 

Pre-treatment & Chemical hydrolysis  

10g of powder peanut shell was first to treat with 30ml di-ethyl ether to extract the 

cellulose and removal of lignin.  Then label it and kept it for shaking at 150rpm and 

25⁰C for 20min.Cellulose was extracted then treated with the different concentration of 

H2SO4 (14M, 5M, 4.5M, and 4M) and kept it for shaking at 25⁰C at 150 rpm for 2-3 hr. 

After that, sample was filter and the filtrate was kept for analysis. Anthrone method 

was used to analyze the concentration of glucose in following sample. This experiment 
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performed in duplicate form. Benedict & anthrone test was done for confirmation of 

sugar. 

Batch fermentation 

Before starting the fermentation process, fermentation setup was designed by the help 

of Minitab software. The full factorial design resulted in setup of 27 experiments. 

Inoculum was prepared in potato dextrose broth (growth medium) and fermentation 

medium was prepared. Which contains g/l (NH4)2SO4 7.5g, K2HPO4 3.5g, Cacl2.2H2O 

0.1g, MgSO4.7H2O 0.75g, yeast Extract 5g. Glucose (Hydrolyzed sugar) 277.7ml and 

make the volume 1 liter with distil water. The pH was adjusted at 5.6 then autoclaved at 

121⁰C for 20 min. After cooling fermentation medium, it was inoculated with 1ml or 

one loop full suspension culture of (Mucor indicus) and incubated for 5 days at 25⁰C at 

150 rpm. Whole experiment was done in triplicate form repeatedly; fermentation 

medium was optimized under the following parameters temperature, pH, and glucose 

conc.  

Analysis  

Detection of ethanol by chromic acid test  

The ethanol was determined by preparing chromic acid solution (0.5g of potassium 

dichromate dissolved in 5ml of distilled water and 45 ml of sulphuric acid ). One ml of 

chromic acid solution was added to one ml of the sample and kept in a water bath at 

80⁰C for 10 min. then cooled and measured the absorbance at 600 nm. Ethanol 

concentration was measured using a standard curve prepared by using different 

concentrations (1-10% v/v) of ethanol as a standard (Chakravarthy et.al. 2014) 

 

 

GC analysis 

a. Sample preparation  

 Broth sample was collected and centrifuges at room temperature, at 6000rpm for 

20min. Supernatant was collected and discard the pellet. Standard sample of n-butanol 

(1%) was prepared by addition of distill water. Add the 500µl sample solution to the 

uppendrop tube and add 5µl n–butanol solution (internal standard) to it then kept on 

vortex meter for 30 seconds at room temp and maximum speed after that  about 1ml 

ethyl acetate solution was added  and vortexes it for 5min at maximal speed. Then 

sample solution was centrifuged at 50000rpm for 5 min. supernatant was collected and 

pellet was discarding. 
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b. GC analysis   

Gas chromatography equipment was used in analysis, which is equipped with the 

column size 25 M×0.22 mm, ID Apx 5×0.25 um temp. Was 250 ⁰C and carrier gas N2 

air flow 100ml/min. the G H ra  a  o qeriiqs rin  a  i nqs a  ais dopisq  os a s   C2 

rq qsanos.  

e q td ra  do  qdnqs no dopirnqs sr  i r dqac  ipi q  ocnrasq,  8osnqe 2.v  o8q  

nqpi( . Co rp  a s i eqdnos nqpisanrsq ( ra  i nia  t  qn o n n q lo⁰C  n q  q q8anqs no 

0oo⁰C .T q  ri8i r nona  sr  niq no  pi .  api q ra  i eqdnqs avorn e2µ ( pa  ra  t  qn 

nipq o r i r lµ   tsi rq.  nqpisanrq dtd q ra   nasnqs.  tsi rq ra  thoroughly ra  qs 

rin  qn t q adqnanq vqnrqq  n q i eqdnio  no a8ois do naipi anio  qad  i eqdnio  ra  

sqiqanqs n sqq nipq  qn a o  sorni  t dopq .  

 

Results 

 
Bioethanol formation through biomass is one way to reduce both consumption of crude oil 

and environmental pollution. Bioethanol is suitable for the mixed fuel in the gasoline 

engine because of its high octane number, and its low cetane number and high heat of 

vaporization impede self-ignition in the diesel engine (Balat et al., 2008). Large number of 

researches has been done in this area. They described, bioethanol production was depended 

on ethanol producing capability of microorganism, biomass production, and presence of 

fermentable sugar in the substrate. Microorganism Mucor indicus was showed good 

potential for bioethanol production which was similar to saccharomyces cerevisiae (Millatti 

et al., 2011).  

Morphology of fungi Mucor indicus  

 

This experiment was conducted to study the morphology of fungus Mucor indicus. It was 

observed after the 5 days of incubation in both broth and solid medium. In this 

investigation, white colour culture was observed consisting cotton like mycelia.  

 

 

 
 

Figure 2.Images of fungus (M.indicus) cultured on plates 
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Fig.2 showed the colony morphology of the Mucor indicus isolate. The colony was white 

colored and displayed hairy appearance typical of the mold. The grown colonies were 

found after overnight incubation, which increased significantly on further incubation. The 

optimum growth temperature of the fungi was found 25⁰C. 

 
Figure 3.Microscopic image of fungus (M. indicus) at 100X 

 

  
Figure 4.Microscopic image of fungus (M. indicus) at 100X 

 

(Panmei et al., 2003) was also carried out similar investigation on morphology of 

fungus Mucor indicus. They were described that, fungus was occurred in white colored 

,showed hyphe & conidia like structure, where optimal temperature 26⁰C-30⁰C was 

observed, at 15⁰C poor growth was recorded but at 40⁰C and above fungus was not able 

to grow.  

Present study was supported the previous data. Fungi Mucor indicus is cotton like and 

their spores’ formation take place after 24 hr. of incubation. It was showed hyphe like 

character in the beginning followed by the development of conidia shape. The full 

growth was observed after the 5th day of incubation.  
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Growth profile and Cell biomass of Mucor indicus  

The growth profile was observed by inoculating Potato dextrose broth with 20μl of 

suspension culture, at temperature 25⁰C and 15rpm for 8 days. The reading was taken 

at 540 nm using spectrophotometer with the time interval (24hr). The observation was 

given. 

Table 1.Growth profile of M. indicus optical density at 540nm and time interval (24hr) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

S. 

No. 

No. of sample /day  Optical density at( 540nm ) 

1. 0 day 0.085 

2 1 day 0.113 

3 2 day 0.242 

4 3 day 0.361 

5 4 day 0.438 

6 5 day 0.425 

7 6 day 0.424 

8 7 day 0.420 
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Figure 5.Growth curve of M. indicus 
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Based on the data presented in Fig. 5, a typical cell growth phase can be observed during the 

aerobic development, including the following phases: lag phase (0 day), exponential growth 

phase (1 – 4day) and stationary phase (5-8 day). After the first 24hrs fungus adapted 

themselves to growth conditions. During the exponential phase, the periods of exponential 

growth were of limited duration due to the depletion of some rate-limiting resources. After 

the stationary phase growth rate was found to slow down as a result of cell depletion.  

Panmei et al. carried out the similar experiment previously. They were described that, growth 

of fungi started after 24 hr. and reached to its maximum value in (48hr.) during exponential 

phase .Stationary phase was recorded from 48-72 hrs (Panmei et al., 2003). 

Throughout the study of observed data, it interoperated that, maximum growth of M. indicus 

was recorded on 4
th

 day, where the minimum growth was founded at 0- day.  The .stationary 

was showed from 5
th

 - 8
th

 day. That was completely supported to   earlier .data. 

Cell biomass 

This result reflects that biomass of this fungus (M. indicus) has increased in every 24 hr. 

Following 4 days called exponential phase, at this stage biomass of fungus has continuously 

increased and then it comes in stationary phase for about 2 days. 

Table 2.Biomass of cell /10ml of suspension culture 

 

 

 

 

 

 

 

According to this observed data, maximum cell biomass was found at O.D.-0.398 and the 

minimum was recorded at O.D. - 0.0025. 

S. No. No. of sample /day Biomass of cell 

/10ml 

1. 0 day 0.0025mg 

2. 1 day 0.0052mg 

3. 2 day 0.0211mg  

4 3 day 0.0295mg 

5 4 day 0.0398mg 

6 5 day 0.0395mg 

7 6 day 0.0392mg 

8 7 day 0.0384mg 
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Time interval (24hr) 

Figure 6.Growth curve of M. indicus by weighing biomass per day 

(Sue’s et al., 2005) was carried out cell biomass of fungus M. indicus. They were investigated 

that, density of the cell begun at the time of inoculation and thicker when reached to its 

maximum value.  

It interprets that, the fungus Mucor indicus started their growth in the growth medium from 

the time of inoculation. Growth was increased day by day and reached their maximum 

growth on 4
th

 day. At this point cell biomass of this fungus was about 0.0398mg /10ml of   

suspension culture.  

Extraction and chemical hydrolysis of substrate (Peanut shell) 

Chemical hydrolysis is most preferable technique to hydrolyze the sugar because of low cost 

and easily available than the other chemicals. It was degraded the lignin or hemicelluloses in 

good amount but its handling is major task. Through this technique peanut shell is generally 

hydrolyzed. During dilute-acid hydrolysis, lignocellulosic material is degraded into its sugar 

components and other by-products according to the chemical reaction.  

 

In this investigation, it was observed that the cellulose was extracted by treating powdered 

peanut shell with 30ml di ethyl ether. 4.5 M H2SO4 is best suitable for acid hydrolysis of 

PPPS by keeping the temperature at 80⁰C for 2.5hr. It gave about 45-48ml hydrolyzate.  

Benedict test of hydrolyzate was showed the presence of glucose by colour change (orange). 

Anthrone testing was proved the presence of 0.18mg sugar in 1ml hydrolyzate that means 

18mg sugar of /100ml hydrolyzate. 
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Figure 7.Hydrolyzate after acid hydrolysis of peanut shell 

After the pretreatment of Peanut shell with diethyl ether it was chemically hydrolyzed by 

H2SO4 (4M, 4.5M, and 5M) and filtered it, extracted liquid was obtained in brown colour 

which was shown in figure. 

Table 3.Concentration of sugar (glucose) in standard solution 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

S. no. Conc. of 

glucose /ml 

Conc. of 

water/ml 

Anthrone 

reagent(ml) 

O.D. at 

620nm 

0 0.0 1.0 4 0.00 

1 0.1 0.9 4 0.09 

2 0.2 0.8 4 0.21 

3 0.3 0.7 4 0.33 

4 0.4 0.6 4 0.41 

5 0.5 0.5 4 0.50 

6 0.6 0.4 4 0.62 

7 0.7 0.3 4 0.70 

8 0.8 0.2 4 0.79 

9 0.9 0.1 4 0.84 

10 1.0 0.0 4 0.99 

Sample (4M) 1.0 0.0 4 0.72 

Sample (4.5) 1.0 0.0 4 0.99 

Sample (5M) 1.0 0.0 4 0.81 
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Concentrations of presented sugar in hydrolyzed sample (Peanut shell) were estimated by 

anthrone method. In this experiment standard solution of sugar with different concentration 

was prepared then 4ml anthrone reagent was added in each of the sample and took the 

observation at 620nm   

 

 

 

 

 

 

 

 

Standard curve of sugar concentration was showed the observed readings (0.72) when the 

sample treated with (4M H2SO4), (O.D.-0.81) when sample treated with (5M H2SO4) and   

(O.D.-0.990) when sample treated with (4.5M H2SO4 has highest amount of glucose present 

in sample which has 1ml concentration of glucose.  

Akpan showed when pretreated peanut shell was hydrolyzed at 5 M H
2
SO

4
, this was done, at 

a higher concentration of acid, glucose was converted to levulinic and formic acid (Akpan, 

2005) which leads to reduced in glucose yield. This suggested that, highest glucose yield can 

be obtained at moderate acid concentration of 4.5M H
2
SO

4
 (Adams and Moses, 1995).  

Based on the data, it was interpreted that the acid hydrolysis of PPS, when treated with 4.5M 

H2SO4 at temperature 80⁰C was favorable condition for dilute acid hydrolysis to hydrolyze 

pretreated peanut shell, which contained about 1.81 mg/1ml sugar. 

Fermentation  

Similar to the previous experiments, ethanol production from hydrolyzate of peanut shell was 

performed using fungus M. indicus .The most important results are summarized in Table 9 & 

10. 
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Figure 8.Standard curve of sugar (glucose) concentrate with optical density at 620nm 

Sugar concentration in sample (0.1ml-1ml) 
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Estimation of ethanol by chromic acid test   

Table 4.Detection of standard ethanol solution by chromic acid test optical density at 600nm  

 

 

 

 

 

 

 

Detection of ethanol sample was done by the chromic acid test. In this experiment conc. of 

ethanol were determined by preparing the standard solution of ethanol at different conc. and 

took the observation at 600nm by the help of UV-Spectrophotometer. 

 

 

Through this plotted curve, it was observed that highest concentration of ethanol (equal to 

1%) was noted at (O.D – 0.941) and the minimum conc. of ethanol near to (.1%) was 

recorded at (O.D.-0.101). 
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Optical 
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S. no. Conc. of 

Ethanol(ml) 

Conc. of 

water(ml) 

Chromic acid 

solution(ml) 

Optical 

density 

1. 0.0 1 1 0.000 

2. 0.1 0.9 1 0.101 

3 0.2 0.8 1 0.158 

4. 0.3 0.7 1 0.279 

5. 0.4 0.6 1 0.349 

6. 0.5 0.5 1 0.428 

7. 0.6 0.4 1 0.571 

8. 0.7 0.3 1 0.662 

9. 0.8 0.2 1 0.755 

10. 0.9 0.1 1 0.847 

11. 1 0.0 1 0.941 

Figure 9.Standard curve of ethanol at different concentration 
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Table 5.Detection of ethanol by Optical density at 600nm 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Throughout the study of standard graph of ethanol detection it was observed that, maximum 

concentration of ethanol production was found by observing (O.D.-0.44) which was near to 

optical density of standard plot. Medium concentration of ethanol was found by observing 

(O.D. - 0.35) and the lowest concentration of ethanol was showed by observing (O.D.-0.16).  

In order to ferment the hydrolyzate of peanut shell a hexose-assimilating microorganism 

M.indicus was used.  Ethanol concentration was studied by the help of figure no. 10, and 

Table no.10.  It was observed that, maximum ethanol production was done by the 0.45g 

ethanol g
-1

consumption of sugar. In this work observed that, fungi Mucor indicus is able to 

 

S. No. 

 

Sample 

 

Temp

(⁰C) 

 

PH 

 

Sugar 

conc. 

(mg) 

Optical 

density at 

600nm after 

calculating 

dilution(1
st
 ) 

 Optical 

density at 

600nm after 

calculating 

dilution(
2nd 

 ) 

1. Sample 30 5.6 60 4.2 4.3 

2. Sample 20 6.6 50 3.8 2.7 

3. Sample 25 4.6 50 2.0 4.4 

4. Sample 20 5.6 40 1.8 3.6 

5. Sample 30 5.6 50 4.2 3.1 

6. Sample 30 6.6 60 3.8 4.1 

7. Sample 20 4.6 60 4.2 4.4 

8. Sample 25 5.6 40 4.1 3.7 

9. Sample 25 4.6 60 4.2 4.4 

10. Sample 30 4.6 60 3.5 4.2 

11. Sample 20 6.6 40 2.0 2.5 

12. Sample 30 5.6 40 2.7 3.1 

13. Sample 25 6.6 60 4.0 4.5 

14. Sample 25 5.6 60 4.1 4.9 

15 Sample 30 6.6 50 4.0 3.6 

16. Sample 20 4.6 40 1.8 2.2 

s17. Sample 25 5.6 50 3.6 4.0 

18. Sample 25 6.6 50 4.0 3.0 

19. Sample 30 6.6 40 3.3 1.2 

20. Sample 20 5.6 60 4.2 3.8 

21. Sample 25 4.6 40 2.9 1.5 

22. Sample 20 5.6 50 3.9 4.2 

23. Sample 20 4.6 50 3.9 3.8 

24. Sample 25 6.6 40 1.6 2.0 

25. Sample 30 4.6 50 3.0 3.0 

26. Sample 20 6.6 60 3.8 3.0 

27. Sample 30 4.6 40 2.4 1.8 
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eat more amount of extracted sugar for the production of ethanol about (0.45%) followed by 

the temp at. 25⁰C& pH 5.6 

It was also described in earlier investigation, that was showed 5gm or more than 5gm sugar 

was favorable for better ethanol production. The profile of ethanol formation was quite 

similar to the previous investigation in which they showed that, the fermentable hydrolyzate 

with the help of their corresponding microorganisms despite of the presence of inhibitors 

such as furfural, ethanol yields were at reasonable levels 0.45 and 0.46 g ethanol g
-1

 sugar 

consumed (Millatti et al., 11). In another investigation on M. indicus, high yields of ethanol 

have been obtained only when a fermentation media, containing at least 5 g glucose was used 

(Sues et al., 2005; Karrimi et al., 2008; Lennartsson et al., 2009).  

Through this current work it was interpreted that, the fungal biomass was needed more 

amount of sugar and have the tendency to consumed excess sugar for better ethanol 

production.   

Fermentation medium was also optimized with the help of plotted graphs, designed by 

Minitab software. Fermentation medium was optimized on the basis of three factors  

Curve designed with the help of Minitab software by taking three parameters  

1.  Concentration of ethanol at different temperature (20⁰C, 25⁰C, 30⁰C) 

  

Figure 10.Curve of ethanol concentration at different temperature 

Through this plot it was found that, overall ethanol production was increased by increasing 

temperature. It was also observed that, rate of ethanol production was minimum at the 

temperature 20⁰C and maximum at the temp. 25⁰C. but at the 30⁰C rate of ethanol production 

was low than 25⁰C and higher than 20⁰C.  
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This interprets that, maximum ethanol production was done at temp 25 ⁰C. This is most 

suitable temperature for fungus Mucor indicus to producing ethanol. 

2. Concentration of ethanol at different pH level(4.5, 5.6, 6.6) 

  

Figure 11 Curve of ethanol concentration at different pH 

It was studied that, ethanol production was simultaneously increased by increasing the pH 

upto 4.6 – 5.6 but gradually decreased by increasing pH 5.6 to 6.6. Higher yield of ethanol 

was obtained at PH 5.6 and lower yield was found at pH 6.6 but at the pH 4.6 ethanol 

productions was found very low. 

This interprets ethanol production can change by increasing or decreasing pH from its 

optimum pH (5.6) 

3 Concentration of ethanol at different concentration of sugar in mg (40, 50, 60) 

  

Figure 12.Curve of ethanol concentration at different concentration of sugar  
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Present study showed on the basis of plotted curve. Through this it was found that ethanol 

production was continuously increased by increasing the sugar concentration in the 

fermentation medium and reached to its maximum value which was observed, when the 6 mg 

sugar was added in the medium but ethanol production observed very low with 4 mg sugar. 

The average ethanol production was found, when the 5 mg sugar present in fermentation 

medium.  

 In another investigation which was done by (Karrimi et al., 2008; Lennartsson et al. 2009) 

similar result was observed and described that, best suitable amount of sugar for good ethanol 

production is at least 5gm and increasing ethanol production depended on excess amount of 

sugar. 

Followed by this observed data, it interpreted that high conc. of sugar helps to increase the 

ethanol production, which was supported to the previous investigation. 

Estimation of ethanol by GC analysis  

A. Gas chromatogram of  standard ethanol  

 

 

Figure 13.Gas chromatogram of standard ethanol 
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B. Gas chromatogram of control sample  

 

Figure14. Gas chromatogram of control sample 

C. Gas chromatogram of sample 

 

Figure15. Gas Chromatogram of Sample  

Table 6. Sample analysis by GC  

S. 

No. 

Name of the  samples Retention 

time (min.) 

Area 

% 

1. Ethanol 0.650 100 
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2. Control sample 0.700 93.8 

3. Sample (temp. 25⁰C, pH5.6,sugar 

6mg) 

0.667 97.1 

 

The retention time of peak (Standard ethanol=0.650 min.), (Control sample 1=0.700min.) & 

(Sample2=0.667min.). Retention time of both peaks (control sample1& sample2) was near 

about retention time of standard ethanol that showed the presence of ethanol. 

Statistical analysis 

Table 7.Ethanol concentration in sample by variation in factor   (Temp. pH, sugar Conc.) 

 

 

S. 

no, 

 

Sample 

 

Temp.

(⁰C) 

 

PH 

 

Sugar 

conc. 

(mg) 

Optical 

density at 

600nm after 

calculating 

dilution(1
st
 ) 

 Optical 

density at 

600nm after 

calculating 

dilution(
2nd 

 ) 

% of 

ethanol 

by  

Mean 

value  

1. Sample 30 5.6 60 4.2 4.3 4.2  

2. Sample 20 6.6 50 3.8 2.7 3.2 

3. Sample 25 4.6 50 2.0 4.4 3.2 

4. Sample 20 5.6 40 1.8 3.6 2.7 

5. Sample 30 5.6 50 4.2 3.1 3.6 

6. Sample 30 6.6 60 3.8 4.1 3.9 

7. Sample 20 4.6 60 4.2 4.4 4.3 

8. Sample 25 5.6 40 4.1 3.7 3.9 

9. Sample 25 4.6 60 4.2 4.4 4.3 

10. Sample 30 4.6 60 3.5 4.2 3.8 

11. Sample 20 6.6 40 2.0 2.5 2.2 

12. Sample 30 5.6 40 2.7 3.1 2.8 

13. Sample 25 6.6 60 4.0 4.5 4.2 

14. Sample 25 5.6 60 4.1 4.9 4.5 

15 Sample 30 6.6 50 4.0 3.6 3.5 

16. Sample 20 4.6 40 1.8 2.2 2.0 

17. Sample 25 5.6 50 3.6 4.0 3.8 

18. Sample 25 6.6 50 4.0 3.0 3.5 

19. Sample 30 6.6 40 3.3 1.2 2.2 

20. Sample 20 5.6 60 4.2 3.8 4.0 

21. Sample 25 4.6 40 2.9 1.5 2.2 

22. Sample 20 5.6 50 3.9 4.2 4.0 

23. Sample 20 4.6 50 3.9 3.8 3.8 

24. Sample 25 6.6 40 1.6 2.0 1.8 

25. Sample 30 4.6 50 3.0 3.0 3.0 

26. Sample 20 6.6 60 3.8 3.0 3.4 

27. Sample 30 4.6 40 2.4 1.8 2.1 
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Present study based on the result of statistical analysis which was showed in table no. 12 .The 

yield of ethanol production was determined by calculating the mean value of ethanol 

production at different parameters (Temp. pH, conc. of sugar). It was found that, the 

maximum ethanol production about (4.5%) was done at the pH 5.6 temp., 25⁰C, & sugar conc. 

6.0 mg. but low amount of ethanol (1.8%) was produced at the temp. 20⁰C, pH 6.6, and sugar 

conc. 6 mg. suggesting that, 7 samples out of 27 samples were produced above 40 % ethanol 

and 13 samples produced more than 3.0% ethanol where the 6 samples were produced the 

above 2.0% ethanol and 1 sample produced more than 1.0% ethanol.  

The recorded data was also analyzed on the basis of temperature and described that, 5 samples 

out of 9 samples were produced more than 3.0% ethanol at 30⁰ C temperature, 3 samples were 

produced above 2.0% ethanol where the 1 sample was presented in this data that produced 

4.2% ethanol at this temperature. Where at 20 ⁰C temperature 3 samples were produce more 

them 4.0% ethanol, 3.0% and above ethanol was produced by 3 samples and remaining were 

produced more than 2.0% ethanol but at 25⁰C highest ethanol production was found by 3 

sample s produced more than 4.0% ethanol and lowest ethanol production was also observed 

in this by 1 sample which was produced 1.8% ethanol and remaining 2 samples were produced 

between 2.0-3.0% ethanol. This data was also studied on the basis of pH range upto 4.6-6.6. 

by the data presented here it was observed that, at 4.6 pH 2 samples were produce above 4.0% 

ethanol, 4 samples produced 3.0% ethanol and 3 sample were produced more than 2.0% 

ethanol but at the 5.6 pH 4 samples were produced more than 4.0% ethanol where the 3 

sample were produced above 3.0% ethanol and 2.0% ethanol was [produced by 2 sample. at 

the 6.6. Highest yield of ethanol was found 4.2% by 1 sample at pH6.6 and more than 3.0% 

ethanol was produced by 5 samples  where more than 2.0%  ethanol was found by 3 samples 

and the lowest yield of ethanol 1.8% were also observed at this pH by 1 sample. Followed by 

statistical data sugar concentration was analyzed. It was found that 4mg sugar gave the lowest 

yield for ethanol production. At this sugar concentration 1 sample was produced highest 

ethanol 3.9% where lowest yield was also found 1.8% ethanol by 1 sample and the remaining 

7 samples were produced average ethanol between 2.0 to3.0 percent. 5mg sugar was produced 

more than 3.0% ethanol by 8 samples and 1 sample was produced 4.0% ethanol.6 sample were 

able to produced more 4.0% ethanol and 3 sample were gave more than 3.0% ethanol when 

6mg sugar present in fermentation medium. 
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According to Millatti et al. were described the profile of ethanol formation in which the 

fermentable hydrolyzate with the help of their corresponding microorganisms despite of the 

presence of inhibitors such as furfural, ethanol yields were at reasonable levels 0.45 and 0.46 

g ethanol /g sugar consumed (Millatti et al., 2011). In another investigation on M. indicus, 

high yields of ethanol have been obtained only when a fermentation media, containing at 

least 5 g glucose was used (Sues et al., 2005; Karrimi et al., 2008; Lennartsson et al. 2009).  

 

Throughout the study, it was interpreted that optimum temperature for ethanol production was 

25⁰C and best suitable was pH 5.6 but 6mg sugar gave the high yield for ethanol production in 

place of 5mg sugar conc. this showed that fungus M. indicus needed more amount of sugar for 

better ethanol production.      

Conclusions 

In order to increase the bioethanol yield, the production of ethanol from biomass received 

more attention in the United States (U.S.) and worldwide. During the last decades several 

countries have initiated new alternatives for gasoline from renewable feedstock’s can serve as 

a potential source of biofuel to meet the present and future energy and also the fuel needs. 

Bioethanol is considered as an environmental friendly alternative fuel source due to its 

biodegradability and ability to effective blend with gasoline without any engine modification 

have the potential to solve the global energy problem in future in view of increasing demand 

for fossil crude which results in environmental pollution due to green house gas emissions. 

Present study clearly signifies that, effect of three parameters amount of sugar, temperature 

and pH on ethanol production by M. indicus purchased from MTCC and cultured. The 3 level 

3 factor experimental set up of fermentation process was designed according to Minitab 

software. Accessible data results support the conclusion that ecological impact associated 

with dedicated production of cellulosic ethanol by using peanut shell has prove as positive 

approach. After sub-culturing; the colony of fungus Mucor indicus was white colored and 

displayed hairy appearance, showed hyphe like character. The full growth was observed after 

the 5
th 

day of incubation. Maximum growth was recorded on 4
th

 day & highest cell biomass 

of fungus M. indicus was observed about 0.0398mg /10ml of   suspension culture on 4
th

 day. 

Sugar concentration in peanut shell was noticed about 1.81 mg/1ml sugar which was 

observed after the acid hydrolysis of PPS with 4.5M H2SO4 at 80⁰C temperature. Peanut shell 

contained sufficient amount of sugar about (18mg/100ml) which can be converted into 

bioethanol by using organism (M. indicus).After the fermentation process, presented data 
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were proved that, M. indicus has good potential to ferment cellulosic sugar extracted from 

peanut shell as feedstock and produce ethanol about (4.5% at the temp. 25⁰C, pH 5.6, sugar 

6.0 mg 33.3ml &1.8% at the temp.25⁰C pH6.6, sugar 6.0 mg.). Factors were also played an 

important role for ethanol production. pH 5.5 & temp. 25⁰C was optimum temperature for 

ethanol production where the ethanol production was increases by increasing quantity of 

sugar in fermentation medium. Gas chromatography results were also proved presence of 

ethanol. 

This interprets that M .indicus is ethanol producing microorganism which is capable for 

produce the ethanol at different parameters in fermentation medium and utilize the 

lignocellulosic waste (peanut shell) as feedstock as well as produces ethanol in quantity 

equals to give by S. cerevisiae. Peanut shell has good environmental impact and safe for 

human, it is easily available, cheap and shows the good capability to use for the ethanol 

production.  

Future Prospects  

 M. indicus is ethanol producing fungi as already known but still in context of industrial 

application, there are lots of drawbacks, so there is need to work more in this field. 

 Some work should be done in the area of Co- fermentation though M. indicus and other 

microorganism to get maximum output in ethanol production. 

 There is requirement of new and convenient technology for degradation of lignin and 

hemicelluloses in peanut shell. Peanut shell is hard material and does not hydrolyze 

easily. Chemical hydrolysis of peanut shell is not very effective to get more amount of 

fermentable sugar and hazardous in nature also. 
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