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Abstract   

Peanut botanically known as Arachis hypogeae belongs to Leguminosae family. China (2-2.5 million tons), 

India (1.5-2 million tons) is the chief producers of groundnut shell. It is of great economic significance to 

explore the increasing value utilization of peanut shell.  Peanut shell used in composting of wet materials, 

for treatment of waste water, plastic, wardrobes. And also used as insulation board, metal casting, a 

medium for pesticides, as well as activated carbon. The idea of using peanut shell for the production of 

ethanol has been investigated.  Peanut shell contain cellulose (40.5%), lignin (26.4%), and hemicelluloses 

(14.7) are rich with cellulosic substances because of this they are also used in bioethanol production. This 

study is related to the utilization of peanut hull for fuel industry. 

Keywords:  

 Peanut shell, Pretreatment, Microorganism, Fermentation, Bioethanol production 

 

 

 

 

 

 



INTERNATIONAL JOURNAL OF ADVANCE RESEARCH, IJOAR .ORG                                                                                        
ISSN 2320-9178  2 

IJOAR© 2014 
http://www.ijoar.org 

 

Introduction 

Nowadays, waste are scattered all around. Burning them is one of the ways to hasten waste but it can only add 

pollution to our environment (Gutang et.al. 2012). After harvesting peanuts, they are then transported to a 

processing facility where they are dried and stored. At this point they are sent to a sheller, where the shell or hull 

is separated from the nut. Peanut shells is also known as peanut hulls  account for approximately 20% of the 

dried peanut pod by weight, meaning there is a substantial amount of shell residual left after peanut processing 

(Palmer JM, 2010). Peanut shell fiber characterization average length of the peanut shell fibers was found to be 

38mm and 0.25mm diameter. Average tenacity of peanut shell fiber is of 1.06 g/den. Also, average strain of the 

fibers was 7.45 % and average modulus 25.3 g/den. The selected peanut shells are used in the present study. 

Clean and dried peanut shells are initially washed with water to remove the sand and other impurities. The 

washed shells are then chemically treated with 10 % NaOH solution for 1 hour and later washed with distilled 

water. Subsequently, the shells were dried at room temperature for 24 hours. The dried shells were ground and 

particles were sieved through 600μm BS sieve. The similar procedure was followed by the authors [20, 22] for 

the preparation of material. (George et al., 2004)  China (2-2.5 million tons), India (1.5-2 million tons) is the 

main producers of peanut shell, followed by Sub-Saharan African countries and Central and South America. 

Peanut shell is abundant and inexpensive byproduct of peanut processing operation. Most of the peanut shell l is 

set on fire or arbitrarily discarded, plastic stuffing and agglutinant etc. As of April 30, 2010, the farmer stock 

corresponding peanut production was 1.25 mill metric tons, resulting in 250,000 metric tons of peanut shells 

produced in the United States (NASS, 2010c). In past years peanut shells have been willing of by incineration 

outside of the shelling facilities. By means of environmental concerns in mind, other means of disposal have 

been sought out. During the agriculture practice, a large quantity of wastes accumulates with the process of food 

materials and, this waste or by product can be recovered and often be upgraded to useful products (Gunjal et al., 

2012) .Peanut shell have been used as fuel for moving boilers in manufacturing processes, bedding, mulch in 

poultry houses, kitty litter, soil conditioners, carriers for chemicals and fertilizers, and most important to this 

paper, peanut shells are often used as a roughage source in cattle diets (Hill, 2002). It contains many functional 

components that have been demonstrated to be safe to humans. They also contain cellulose (40%), lignin 

(26.4%), hemicelluloses (14.7) and Luteolin. soda, potassium oxide, magnesium oxide, calcium oxide, and 

phosphorous oxide (Guire et.al. 2013). 

 Yearly production of Indian Peanuts and Indian Peanuts shell are about 5-8mln and 1.5 mln bags 

correspondingly. Peanuts Production is extremely susceptible to rainfall deviations and display huge fluctuation 

between years. Regional estimates are Tamil Nadu (1million tons), Gujarat (1-3.5 million tons), Andhra Pradesh 

(1-2 million tons), Karnataka (0.5 million tons), Maharashtra (0.5 million tons) are the main producers of 

Peanuts. Approximately 75% of the harvest is produced in khariff (June - September) and residual 25% in Rabi 

(November - March). India exported just about 100000 tons of peanut oil in 2003-04 following 4 decades, as 

crop unsuccessful in Senegal and Argentina.  Peanut shell is use in composting of wet materials, for waste water 

treatment, plastic, wardrobes (Zaaba et. al., 2013). And also used as insulation board, metal casting, a medium 

for pesticides, as well as activated carbon. Charcoal made from peanut shells is a more viable option. The peanut 

shells must be carbonized. Since peanut shells are a relatively homogenous mixture of substances and do not lend 

itself to ample airflow, the operator must burn the peanut shells in a incinerator (Jamie Cummings.2010). Peanut 
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shell is quite cumbersome and transportation is difficult. Pelleting peanut shell vastly improves their storage and 

logistics, given they are readily available in the Southeast this makes them an ideal feedstuff. However, for them 

to be acceptable they must work as an effective fiber source. 

Peanut Shells are sold in three major forms: loose (unprocessed), ground, and pelletized. The shells market is 

relatively new. New uses for shell are continuing to arise, causing the price to trend uphill. Current prices are 

about $40/ton pelletized and $10-20/ton loose with purchasers generally paying for transport system (Abedi1 

Jalal et.al, 2001). 

Table no.1 

Chemical composition of peanut shells 

 

S. No. 

 

Characteristics 

 

Shell 

 

References 

 

1. 

 

Cellulose 

 

65.5-79.3% 

 

(Kiran et.al. 2013) 

 

 

2. 

 

Hemicelluloses 

 

10.1% 
 

http://www.squidoo.com/peanut-shell 
 

 

3. 

 

Carbohydrate 

 

10.6%-21.2% 

 

(Kiran et.al. 2013) 

 

 

4. 

 

Proteins 

 

4.8-7.5% 

 

(Kiran et.al. 2013) 

 

 

5. 

 

Calcium  

 

0.24%-0.27% 
 

http://www.squidoo.com/peanut-shell 

 

 

6. 

 

Phosphorous  

 

0.08%-0.09% 

 
http://www.squidoo.com/peanut-shell 

 

 

7. 

 

Crude ash  

 

1.9%-4.6% 
 

http://www.squidoo.com/peanut-shell 

 

 

8. 

 

Minerals  

 

4.3% 

 

(Kiran et.al. 2013) 

 

 

9. 

 

Amino acids  
 

- 

 
http://www.squidoo.com/peanut-shell 

 

 

10. 

 

Vitamins  
 

- 

 
http://www.squidoo.com/peanut-shell 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

http://www.squidoo.com/peanut-shell
http://www.squidoo.com/peanut-shell
http://www.squidoo.com/peanut-shell
http://www.squidoo.com/peanut-shell
http://www.squidoo.com/peanut-shell
http://www.squidoo.com/peanut-shell
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Table no. 2 

Elemental analysis of Groundnut shell (Kiran et al., 2013) 

S. No. Element % age 

1. C 45.5% 

2. H 6^.7% 

3. N 0.9% 

4. O 33.9% 

5. Ca 0.28% 

6. Fe 0.001% 

7. Mg 0.009% 

8. Mn 0.002% 

9. Na 0.004% 

10. K 0.024% 

 

 

Substrate for microorganism  

Biomass as a product of photosynthesis is a renewable resource. Although large number of microorganisms that 

are capable of degrading cellulose in their simple sugar and convert it in bioethanol. Microorganisms are capable 

to produce ethanol at the different carbon source like peanut shell which have (cellulose, glucose fructose 

sucrose) and produce ethanol directly or through the acid or enzyme. 

A. Niger is cellulolytic fungal organism and used as a source of cellulase enzyme which grows on the cellulosic 

substrates it hydrolyzes cellulose of the substrate and release simple sugars which can be fermented to produce 

bioethanol (Ali et.al. 2013). Bacillus coagulans & Geobacillus stearothermophilus are the cellulolytic bacteria 

they were isolated from soil of rice field and produce cellulase enzyme which are helpful in ethanol production 

(Sharma et. al., 2013). 

 

Table no.3 

 

 

Peanut shell is main natural sources of the world and key resource of renewable organic matter. The plant 

biomass regarded as wastes they are ecological and in natural course they are degraded by fungal microorganism. 

 

S. No. 

 

Microorganism 

 

Type of organism  

 

Product 

 

References 

1.  

Aspergillus niger 

 

Fungus 

 

Cellulase, 

 

(Ali et.al. 2013). 

2.  

Bacillus coagulans 

 

Bacteria 

 

Cellulase 

 

(Sharma et. al., 2013) 

 

3.  

Saccharomyces cerevisiae 

 

Yeast 

 

Ethanol, Lactic 

acid 

 

(Ali et.al. 2013). 

4. Geobacillus 

stearothermophilus 

 

Bacteria 

 

Cellulase 

 

(Sharma et. al., 2013) 
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Utilization of peanut shell in bioethanol production  

Peanut shell is a carbonaceous, fibrous solid waste which encounters disposal problem and is generally used for 

its fuel value. Therefore, it was of interest to prepare a higher value product such as activated carbon from peanut 

shell Were studied (Idris et. al. 2012).The production of ethanol from lignocellulosic compounds, which involves 

saccharification by acid hydrolysis.  The production of ethanol from low added value carbohydrates is a reality in 

some countries. However, higher medium-term expectations for the viability of cellulosic ethanol focus on the 

possible use of microbial metabolism in the degradation and saccharification of the plant cell wall to minimize 

the presence of inhibitors during fermentation and maximize the fermentation of hexoses and pentose.  

Hydrolysis of peanut shells polysaccharide and consequently shows a way of utilizing this peanut waste as a raw 

material. Various pretreatment methods has been employed for separating cellulose a, lignin, hemicelluloses 

from the peanut shell for obtain their monosaccharide  

1.1. Mechanical method  

 
 Chipping, grinding, and/or milling can be applied on peanut shell for degradation crystalline of cellulose. The 

mass of the substances is generally 10-30 mm behind chipping and 0.2-2 mm subsequent to milling or grinding. 

Vibratory ball milling was established to be more effectual than normal ball milling in reducing cellulose 

crystalline of spruce and aspen chips and improving their digestibility. This method is far too expensive, 

however, to be used in a full-scale process (Kumar et.al. 2009).. 

1.2. Pyrolysis 

  
Pyrolysis generally used for the pretreatment of peanut shell. Cellulose quickly decomposes to gaseous products 

and when biomass is treated at elevated temperatures > than 300 °C.27, 28 at inferior temperatures, the 

decomposition is to a great extent slower, and the formed products are less none vaporize (Sun et.al. 2011). 

2. Physical Pretreatment 

 

2.1. Steam Explosion 

 
Powdered groundnut shell was pretreated by autoclaving for one hour by maintaining the temperature at 121°C 

and pressure 15Psi. Autoclaved Sample was filtered when hot, supernatant was discarded. Pre treated groundnut 

shell was used as substrate for saccharification by Bacillus coagulans and Geobacillus stearother- mophilus 

(Sharma et. al., 2013). 

Steam explosion is the most frequently used way for the pretreatment peanut shell in this method, biomass is 

treated with high-pressure saturated vapor, and then the pressure is unexpectedly reduced, which makes the 

materials undergo an unstable decompression. Vapor explosion is classically initiated at a temperature of 160-

260 ⁰C (corresponding pressure, 0.69-4.83 Mpa) for some seconds to a few minutes prior to the material is bare 

to atmospheric pressure (Sun et.al. 2011). 
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Limitations of vapor explosion include obliteration of a part of the xylan fraction, unfinished disruption of the 

lignin-carbohydrate medium, and generation of compounds that could be inhibitory to microorganisms used in 

downstream processes. 

3. Chemical pretreatment  

3.1. Acid Hydrolysis.   

  
0.25 N HCl used for treating peanut shell must be recovered after hydrolysis to make the process cheaply feasible 

(Sharma et. al., 20130). Dilute acid hydrolysis has been effectively developed for pretreatment of peanut shell. 

The dilute sulfuric acid pretreatment can get high reaction rates and importantly improve cellulose hydrolysis 

(Sun et.al. 2011). 

3.2. Alkaline Hydrolysis  

 
potassium hydroxide is use for the pretreatment of  peanut shell , and the effect of alkaline pretreatment is depend 

on amount of lignin present in materials. Alkali pretreatment require lower temperatures and pressures than other 

pretreatment methods. Alkaline processes cause degradation of less sugar, and most of the caustic salts could be 

recovered and/or reproduce. Calcium, Sodium, and ammonium hydroxides are appropriate as alkaline 

pretreatment agents (Kumar et.al. 2009). 

4. Enzymatic hydrolysis / Biological Pretreatment 
 

Enzymatic hydrolysis of sodium sulfate pretreated peanut shell was carried out for depolymerization of cell wall 

carbohydrate fraction into fermentable sugar. Pretreatment of lignocellulosic biomass is important for cellulose 

conversion process. The amount of sugar released after enzymatic hydrolysis depends on the several factor like 

availability of total carbohydrate in lignocellulosic material, removal of lignin from the substrate, amenability of 

substrate to cellulose surface, amount and ration of enzyme loaded and the condition employed for hydrolysis. 

Mainly pretreatment technologies have need of expensive equipment or instruments that have elevated Power 

requirement depend on the method. In meticulous, thermo-chemical and physical processes need abundant power 

Intended for conversion of biomass.  Researcher shows the Biological treatment of peanut shell with the help of 

fungus (Kumar et.al. 2009). 

 Pretreatment studies showed that 0.25 N HCl was better for lignin removal from peanut shell while steam 

explosion was least efficient method for delignification (Sharma et. al., 2013) 

Fermentation  

  
This is the most vital and rate limiting step in the overall method. Further steps involve isolation and hydrolysis 

of cellulose and hemicelluloses toward produce fermentable sugars (saccharification) followed by means of 

fermentation and distillation. The pretreatment methods include the use of alkalis, acid and/or organic solvents. 

In this method hemi-cellulose, lignin, cellulose and pectin removed from lignocellulosic material and keep it 

separately (Gupta et al. 2009).  Post pretreatment, the recalcitrant substrate becomes at risk to acid and/or 

enzymatic hydrolysis. Underneath pretreatment process, minute amounts of cellulose and most of hemicelluloses 
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is hydrolyzed to sugar monomers; mainly D-xylose and D-arabinose. The pretreated substances are subsequently 

subjected to filtration toward separate solid (solid (lignin + cellulose) and liquids (hemicelluloses 

hydrolysis).This method is mainly designed by enzymatic methods using cellulase. Acid hydrolysis is done by 

using   HCL is a alternate procedure (Krishna et. al., 2001). The hydrolyzed sugars such as D-glucose, D-

galactose, and D-mannose, can be able to willingly ferment to ethanol by using various strains of Saccharomyces 

cerevisiae. The hydrolysis of hemicelluloses resources and sugar fermentation is not possible through 

Saccharomyces strains; because it resistant for fermenting the pentose and hexoses to ethanol and additional 

value-added products on rising yields (Joshi et al., 2011). 

Bioconversion of lignocellulosic substrate, it is opportunity to create a biorefinery, producing value-added co-

products plus fuel bioethanol. For instance, sugars may be subjected to bacterial fermentation under aerobic and 

anaerobic conditions, producing a variety of other products including lactic acid (Balat et. al.2008). 
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Mechanism of bioethanol production  

 

Peanut shell 

 

Pretreatment 

(Milling & size reduction) 

 

Filtration 

 

     Solid (lignin+ cellulose)                     Liquid (pentose +water) 

 

                    Cellulose hydrolysis 

 

  Hexose sugar                       Pentose sugar 

(Glucose, galactose, mannose, lignin)        (Xylose, arabinose) 

+ 

     Fermentation by microorganism 

 

Citric acid, lactic acid acetic acid              cellulase, laccase, glucogenase 

          Ethanol 

 

          Distillation 

                                                   Lignin 

                    Ethanol (Fuel)   

                   Figure no. 1.0 

                  Mechanism of bioethanol production  
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Techniques of bioconversion of peanut shell for bioethanol production  

  
The fermentative production of bioethanol through peanut shell was carried out in two steps- a) saccharification 

and b) fermentation.  

Saccharification  
 
In saccharification process hydrolyzes complex cellulosic substrates by the release of extracellular cellulase 

enzyme and produce simple sugar. Two methods i.e. stationary and shaking were adopted. Saccharification of 

cellulose as a substitute to pure cellulase enzyme, lactose can be added as an enzyme inducer to enhance the 

cellulase activity (Ali et.al. 2011). Saccharification and fermentation (SF) is defined as any fermentation method 

performed on a insoluble material that acts both as physical support and source of supplement without presenting 

free flowing liquid. The little moisture content means that fermentation can only be carried out through a limited 

number of microorganisms, mainly yeasts and fungi (Chandel, et.al. 2007). 

Throughout saccharification and fermentation (SF) method in teamwork of cellulose hydrolysis and fermentation 

of glucose are approved out in presence of fermentative microorganisms in a single step method optimally 

operates at 37 to 38°C. 

Stationary Fermentation 

 In stationary fermentation of peanut shell increasing trend in ethanol production was observed from day 1 to day 

6. The results of ethanol produced are presented. Highest amount of ethanol was produced on 6th day which is in 

accordance with release of total sugars. Among two substrates highest amount of ethanol was obtained from 

peanut Shell (Ali et.al. 2011). In the case of peanut shell high amount of ethanol was obtained from chemically 

defined medium + peanut combination (6.2g/100g), followed by peanut shells + lactose combination (5.8g/100g) 

and least ethanol was recorded from peanut shell alone (4.0g/100g) (Ali et.al. 2011). 

But in shaking fermentation comparatively less yield of ethanol was obtained than the stationary method. Highest 

yield of ethanol was obtained from groundnut hulls with chemically defined medium (Ali et.al. 2011). 

This method removes the number of steps in this method, and is a accomplished way for cellulose to ethanol 

(Lynd et al., 2005). In simultaneous saccharification Fermentation method, the lingo-cellulosic biomass is 

primarily pretreated by means of a dilute acid (1.1% sulfuric acid at 160°C for 10 min) to break lignin, hemi-

cellulose, and pectin complex. The resultant broth is drinkable to drain the fluid from the system. Remaining 

solid having cellulose and lignin’s are hydrolyzed and fermented together by using cellulase enzymes and yeast. 

The cellulose enzymes capable to hydrolyze cellulose to D-glucose, which in turn and fermented to ethanol by 

yeast (Krishna et al., 2001). This combined process enhance both kinetics of fermentation as well as financial 

side of biomass processing by means of minimization of buildup of hydrolysis product (glucose) that is inhibitory 

to cellulases. The problem of using SSF method  include (i) the working temperature should be  approximately 

37 to 38°C and (ii) much of the sugar released by means of cellulose hydrolysis is used for the growth of yeast 

and necessary to make sure good ethanol production (Demain et al., 2005).  
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This interprets that, stationary fermentation give the high yield of ethanol production than shaking fermentation 

process.  Fermentation through saccharification is useful when the material is insoluble and performed in 

combination of cellulose hydrolysis and ferment glucose with the help of microorganism.  

Conclusion   

 
Peanut shell (PS), a residue after separation of pod, is available in copious amount in the world. The harvest 

residue is of low economic value and generally used in burning, gasifiers as a fuel source or sometimes as 

manure to improve the soil conditions. The residue have a 65.5 % cellulose content (dry weight) in its cell wall 

makes it an appropriate substrate for bioconversion to ethanol. The researches show that, peanut shell is utilize 

for making various product because it is non toxic in nature and have the various constituents. Products like 

Biosorbant, charcoal, ethanol plastic, glass and composite are made by peanut shell. Cellulosic agricultural 

wastes particularly peanut shell is a potential substrate which can be exploited in industries for bioethanol 

production on a commercial scale as they are cheap and more importantly renewable. This study on groundnut 

shell hydrolysis reveals that physically pretreated peanut shell by steam explosion was not better comparative to 

chemical pre-treatment for peanut shell and in chemical pre-treatment 0.25 N HCl was far better than 0.25 N 

NaOH. There is an immense need and security to have an alternative source, which can be fulfilled by ethanol 

production. Thus the lignocellulosic peanut shell could be utilized for production of bioethanol.  

Accessible data support the conclusion that ecological impact associated with dedicated production of cellulosic 

biomass appears to be generally acceptable and can be positive. It interprets that Peanut shell is renewable energy 

sources and cheaply available it’s content as lignocellulosic substances that can be hydrolyzed and converted in 

simple sugar (hexose and pentose). These sugars are generally utilized in fermentation process. 
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