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ABSTRACT 

 Rice is staple food and the byproduct of husk which is rich in cellulose, can be converted into 

Bio-ethanol production. Rice husk is one of the lignocelluloses feed stocks in the world. It 

contains mixture of pentose and hexose sugars. It is selected for ethanol production. Rice husk is 

also major byproduct of rice milling. Rice husk is the important biomass byproduct of the rice. 

An industry produces 20% of the total cereal production and is considered as a waste. Bio-

ethanol is an environmental alternative to petroleum energy sources. Bio-ethanol produced by 

lignocellulosic waste such as rice husk can be most economical and efficient. Lignocellulosic 

material is an important feedstock for Bio-ethanol production because of increasing 

environmental and food security concerns. The production of bio-ethanol from lignocellulosic 

waste comes under the second generation bio-fuel production.  The use of   agricultural residual 

wastes is the cost effective way for the ethanol production.  

Keywords:  Energy · Bio-ethanol ·Rice husk · Pretreatment · Lignocellulosic biomass · 

Food and environment ·Pre-treatment · inhibitors · Fermentation 

INTRODUCTION 

Bio-ethanol production is the agricultural 

wastes due to food and feed competition [4]. 

The use of the agricultural residual wastes is 

the cost effective for the production of bio-

ethanol. Rice is the third most important 

grain crop around the world. As per food and 
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agriculture organization, the world yearly 

rice production in 2007 was 650 million tons. 

Accordingly it’s estimated that the 650-975 

million tons of rice straw produced every 

year all around world [60]. Large part of rice, 

residual waste is made up of complex 

carbohydrates like cellulose and 

hemicelluloses. Cellulose and hemicelluloses 

can be converted into sugars and ethanol 

fermenting microorganisms can utilize the 

sugars convert into ethanol. Chemical 

composition for rice straw consists of 

cellulose (32-47%), hemicelluloses (19-27%) 

and lignin (5-24%) [60] Composition of rice 

husk it contains 75-90% of organic matter 

such as lignin, cellulose and hemicelluloses 

[75].  
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Figure 1: Production of bio-ethanol from different waste 

 
Rice husk generally contains approximately 

29.3% hemicelluloses and approximately 

34.4% cellulose which can be degraded to 

get reducing sugars [13]. Rice straw is one of 

the most important lignocellulosic materials 

which is easily found anywhere around the 

world. Its yearly production is about 73 

million tons globally produce a huge amount 

of bio-ethanol per year. The worldwide 

yearly rice husk out is about 80 million tons 

with an annual energy potential of 1.2 × 109 

GJ, corresponding to a heating value of 15 

MJ/kg [85]. The technology of using rice 

husk is usually in trend in Asia whereas the 

rice straw is rarely used as the renewable 

resource in industries. The reason for this is 

that rice husk is easily available at the rice 

mills at any time throughout the year whereas 
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the availability of rice straw is limited to 

harvest time. Rice husk constitutes about one 

fifth of the annual gross rice production of 

the world [2]. The production of ethanol 

from lignocellulosic waste comes under the 

second generation bio-fuel production. It is 

an alternative to the first generation bio-fuels 

which are produced directly from the food 

crops such as sugarcane, potatoes, corn etc. 

and emerges into the food and fodder 

concerns [10]. This residual waste contains 

cellulose, hemicelluloses and lignin. Several 

pretreatment techniques are required to 

remove hard outer covering. Bio-fuel has the 

potential to reduce greenhouse gas emissions 

produced from the vehicles; since 

atmospheric carbon dioxide is removed 

through renewable biomass feed stocks 

during biomass growth. Bio-ethanol is a 

renewable bio-fuel which can be used as a 

valuable alternative for gasoline or a suitable 

blend for it. Although corn has a limited 

capacity for ethanol production, it has been 

known as the primary feedstock for the 

production of commercial ethanol. Bio-

ethanol production with the use of 

lignocellulosic biomass (LB) is most 

promising as an alternative for the traditional 

starch feedstock [38]. The lignocellulosic 

biomass formed by three structural polymers: 

cellulose, hemicelluloses, lignin, and small 

quantities of other compounds. 

Lignocellulosic biomass contain five major 

sugars such as glucose, mannose, galactose, 

xylose, and arabinose. All sugars, glucose, 

the major unit of cellulose, are the first most 

abundant sugar in lignocellulosic biomass. 

There are numerous lignocellulosic 

agricultural wastes available for bio-ethanol 

production, which included sugarcane 

bagasse, rice husk, willow, switch grass, 

softwood, rice straw, wheat straw and etc. 

[70]. Rice husk (RH), the outer cover of rice 

grain, which accounts for about 20% w/w of 

rice, has the potential to produce 

approximately 0.4 g sugars per 1 g of dry rice 

husk, and further process sugars can be 

fermented into bio-ethanol [49]. It’s widely 

available at a low cost and relatively high 

ethanol production makes rice husk a 

favorable raw material for the future of 

ethanol production. For increasing carbon 

conversion efficiency the rice husk need 

pretreatment in order to remove lignin, 

reduce cellulose crystallinity, increases 

porosity, and release the monomeric sugars 

that can be fermented to bio-ethanol [6]. 

Pretreatment is one of the most expensive 

and crucial step-in the process of bio-ethanol 

production. An effective pretreatment must 

be economical, minimize sugar loss, 

maximize lignin removal, and limit inhibitor 
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formation which includes furfurals and acetic 

acid. Various pretreatments such as alkaline 

[6], lime [71], microwave alkali [70], acid 

[19, 6], dilute acid [36], alkaline peroxide 

[72], microwave [83], Hot-compressed water 

[62], ultrasonic and H2O2 [91], biological 

[63], ionic liquid pretreatment [65], and air 

oxidation [7] pretreatment have been tested 

on rice husk. However, these systems (in the 

case of acid or alkaline methods) include 

some drawbacks such as high cost of 

neutralizing, corrosion problems, and 

implications in reusability [42]. Ammonium 

carbonate ((NH4)2CO3), can be a promising 

solvent in pretreatment, and a substitute for 

ammonia, since they both have a weak base. 

This pretreatment, which could be applied to 

CO2 capture system, has the advantage of 

being employed as a continuous and massive 

treatment system [43] have employed this on 

rice straw pretreatment, they have found that 

ammonium carbonate pretreatment increased 

the external surface area and removed the 

amorphous fraction of rice straw, result in 

enhanced enzymatic digestibility. Several 

strategies for the bio-ethanol production may 

be applied at the fermentation stage, such as 

separate hydrolysis and fermentation (SHF), 

simultaneous saccharification and 

fermentation (SSF), and semi-simultaneous 

saccharification and fermentation (SSSF), the 

main advantages of SSF process are 

comparatively lower costs, higher ethanol 

yields due to removal of feedback inhibition 

on enzymatic saccharification and reduction 

in the required number of vessels or reactors 

compared to SHF [44]. However, the 

difference between the optimal temperatures 

is an issue for the enzyme action and 

microorganism growth for an efficient SSF 

[74]. Because of the novelty and effectively 

of ammonium carbon-ate pretreatment 

method. Rice husk was first pretreated by 

ammonium carbonate solution at 80˚C. Next 

is the glucan digestibility yield of the 

pretreated RH was conducted with the use of 

commercial cellulase enzyme. Third is the 

ethanol yield was investigated in SSF process 

using active Saccharomyces cerevisiae yeast. 

The substrates before and after pretreatment 

are characterized and compared with 

analytical methods. Briefly, the scanning 

electron microscopy (SEM) was applied to 

map the substrate morphological changes and 

Fourier Transform infrared spectroscopy 

(FTIR) were used to characterize the 

chemical compositional and physical 

structural changes. The issues of global 

warming and the depleting oil reserves 

throughout the world is allow to discovery of 

the resources which could be renewable and 

be utilized as a feedstock for the production 



Panchal B and Shrivastav A*                                                                                                         Review Article 
 

 
1684 

IJBPAS, July, 2020, 9(7) 

of bio-ethanol, an alternative energy resource 

for the crude oil. Due to the increasing 

pressure for the crude oils, there is a huge 

necessity for the finding of an alternative 

energy or a suitable blend for it [52]. The 

benefit of the bio-ethanol using 

lignocelluloses agro wastes (LCAWs) as a 

feedstock with respect to that of the fossil 

fuel is that it reduces the greenhouse gas 

resource. Bio-ethanol becomes the renewable 

fuel possessing the probability of replacing 

the crude oils because of its positive net 

energy balance and life cycle is compatible 

instead of being competitive with the world 

food and feed production chains [61]. Due to 

the renewability and inexpensive availability 

of the LCAWs, these are the propitious 

renewable resources for the production of 

bio-ethanol. Utilization of the LCAWs which 

are non-food sources for the production of 

bio-fuels becomes the alternative source of 

energy. they are cheap, unutilized and locally 

available most of the times [1]. They are 

appraised to be a better source for the 

production of bio-ethanol. they are composed 

of a large amount of polysaccharide which 

can be fragmented to produce fermentable 

sugars. Every year, LCAWs husks, seeds and 

whole pomace are generated which can 

initiate a form of dissipating which are left 

on the land or inadequately degraded. They 

are chemically made up of cellulose (35–

50%), hemicelluloses (25–35%) and lignin 

(10–15%) with the insignificant amount of 

ash [88]. LCAWs for the production of bio-

ethanol rely on the bio-conversion of 

cellulose, hemicellulose and lignin. The 

lignin have a polyphenolic complex mainly 

composed of p-coumaryl, sinapyl and 

coniferyl alcohols, hydroxyphenyl and 

syringyl units [53]. Which limit the 

bioconversion of the cellulose and 

hemicellulose to reducing sugars by 

enzymatic hydrolysis and finally to ethanol 

[32]. Hence the process of conversion of the 

LCAWs to ethanol is becoming a difficult 

process [80]. The production of bio-ethanol 

utilizing the LCAWs involves treatment such 

as pre-treatment, enzymatic hydrolysis and 

fermentation. The pre-treatment process is 

considered for the transformation of 

carbohydrate of bio-residues to simple 

sugars. Several pretreatment methods for 

delignification have been reported using 

alkali [35], acid pretreatment [78] and 

microwave pretreatment [54]. These 

pretreatments hydrolyze lignin and make the 

cellulose and hemicellulose easily available 

for the hydrolytic enzymes to produce 

fermentable sugars. Moreover, by the 

pretreatment methods, some of the inhibitors 

are produced [54] such as acetic acid, formic 
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acid, furfural and 5-hydroxymethylfurfural 

(HMF) which are considered as the inhibitors 

of fermentation of ethanol [55]. Furthermore, 

an additional step for the detoxification of the 

inhibitors formed during the pretreatment of 

biomass. A satisfactory detoxification 

consequence can be reached by the 

combination of two or more methods [31]. 

However, pretreatment methods to detoxify 

the hydrolysates add cost weight.  the 

LCAWs steam pretreated which require a 

very low amount of energy in contrast to the 

mechanical where 70% of higher energy is 

required for size reduction by the 

conventional methods as compared with 

steam pretreatment [57]. Bio-ethanol 

production in India is basically from the 

sugarcane molasses and sweet sorghum 

which are of high industrial demand and 

blending them with petrol is not feasible and 

hence, bio-ethanol production should 

incorporate more crops and forestry residues 

[1]. LCAWs via; corn husk, coffee cherry 

husk and peanut husk are available 

abundantly in local crop fields were burnt or 

left as such. The saccharified hydrolysate of 

LCAW was further fermentation by 

Saccharomyces cerevisiae, Candida tropicalis 

and also with their co-culture to bio-ethanol. 

The purpose of coculture is the utilization of 

both hexose and pentose for this process is 

the ethanol tolerance by pentose fermenting 

yeasts [25].   Production of bio-ethanol using 

for various pretreated LCAWs. 

saccharification of LCAWs which is the 

main step for the maximum production of 

ethanol. Bio-ethanol is derived from corn 

grains (starch) and sugarcane (sucrose) and 

these are for fertile land as well as food 

production. The food crops are modified to 

improve yield at very short periods, in the 

future, utilization of these food sources for 

ethanol production will further complicate 

the already existing food and energy in 

human population continue to increase [16]. 

Therefore, utilization of lignocellulosic 

biomass is an attractive feedstock for future 

supplies of ethanol considering its great 

availability, low cost and non-competition 

with human food sources [37]. Economic and 

environmental concerns are the major 

propelling factors that have made the search 

for alternatives to fossil fuels a subject of 

intensive research; demands for these 

alternative sources continue to increase and 

lignocellulosic plant biomass have been 

identified as promising renewable Feedstock 

for bio-fuel production [30].  Lignocellulosic 

biomass from plants is cheap and readily 

available. the cellulose and hemicelluloses 

components of lignocellulosic biomass can 

be efficiently converted to ethanol 
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considering the large amounts of glucose 

monomers present in them [34]. In Nigeria, 

rice is widely cultivated principally for its 

grains and its husks are abundantly available 

as waste and in few areas used as feeds for 

ruminant. Rice husk is little economic use 

presently; therefore, it used as suitable 

lignocellulosic substrate for bio-ethanol 

production. Cellulose is the most important 

source of glucose, and is found in 

lignocellulosic biomass and wastes including 

agricultural residues such as forestry residues 

and pulping wastes, cereal straws, and 

threshing husks, as well as food processing 

coproduces such as brewers spent grain [29, 

64] reported in 1990, there were about 2900 

million tons of lignocellulosic waste from 

cereal crops, 160 million tons from pulse 

crops, 14 million tons from oilseed crops and 

540 million tons from plantation crops. Rice 

is the most widely grown cereal crops an 

abundance of rice husk and rice straw 

lignocellulosic wastes [93]. The world annual 

production of rice husk has been reported as 

approximately 120 million tons [5, 41] 

reported that 667.59 million tons rice straw 

were at that time produced in Asia, and 

Binod and colleagues [8] calculated that this 

could theoretically be converted into 281.72 

billion liters of ethanol. Which hampers the 

hydrolysis of the polysaccharides to 

fermentable monosaccharide [46] generally, 

four important steps: hydrothermal pre-

treatment, enzymatic or chemical 

saccharification, fermentation and 

purification. The aim of pre-treatment is to 

separate the lignin from the cellulose, reduce 

cellulosic crystalline and improve the 

accessibility of cellulose to celluloses [11]. 

The fermentable sugars released can be 

latterly converted to products by 

microorganisms such as bacteria and yeasts 

[12]. Finally, the product can be recovered 

from the fermentation liquor, for example by 

distillation. Each of all steps has a range of 

options, and the different combinations of 

four steps can cause various results. 

lignocellulosic ethanol process includes: 

efficient pretreatment methods of 

lignocelluloses, availability of low cost 

hydrolytic enzymes, and use of optimal 

microbial strains is capable of converting 

hexose and pentose sugar to ethanol at high 

rated yield, and final concentrations [15]. 

Rice husk is agricultural waste, accounting 

for about one fifth of the annual gross rice, 

545 million metric tons, of the world [5]. 

Rice husk predominantly contains 

hemicellulose and cellulose and these can be 

hydrolyzed into sugars at approximately 

0.426 g of sugars per 1 g of dry rice husk 

[49]. With further process the sugars can be 
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fermented into ethanol at about 0.21 g of 

ethanol per 1 g of dry rice husk [17]. The 

pre-treatment is necessary to making 

carbohydrates for enzymatic hydrolysis and 

fermentation [50]. The biological conversion 

of lignocellulosic biomass to ethanol is to 

release of the cellulose portion (and 

subsequently glucose) from the 

lignocellulosic structure [21]. Pretreatment 

includes physical, chemical, biological and 

thermal methods and their combinations. 

High temperature acid treatments are 

hydrolyzing cellulose to yield sugars. This 

process in formation of degradation products 

like 5-hydroxymethyl furfural which will 

interfere microbial fermentation [50]. Alkali 

pretreatment is a typical chemical 

pretreatment method and a combination of 

microwave irradiation with alkali may be an 

alternative pretreatment approach for 

lignocellulosic materials at lower 

temperature to solve the pretreatment 

problem [68, 69]. The cellulose component 

from the pretreatment process can be 

converted to ethanol in a two-step process 

where the cellulose is first converted to 

glucose sugars by hydrolysis; then after 

sugars can in turn converted to ethanol by 

fermentation [67]. Cellulose is mixture of 

three different enzymes: first is 

endoglucanase, which attacks regions of low 

crystalline in the cellulose fiber, creating free 

chain-ends; second is exoglucanase or third 

one is cellulobiohydrolase, Which are further 

degrade by removing cellobiose unit from the 

free chain-ends; and beta-glycosidase, Which 

hydrolyzes cellobiose to produce glucose, in 

much smaller amounts [27]. The most widely 

used cellulase from Trichoderma reesei is 

poor in cellobiase, and thus re strict the 

conversion of cellobiose to glucose [67]. The 

accumulation of cellobiose will cause severe 

feedback inhibition to the cellulase reaction 

[23]. Therefore, cellulose complex system is 

crucial to increase enzymatic hydrolysis 

yield. Glucose and xylose are the two 

prevailing sugars in lignocellulosic 

hydrolyzates after saccharification. Both 

need to be fermented efficiently, but current 

approaches are inefficient, since no native 

microorganisms can convert all sugars into 

ethanol at high yield [68, 69]. Enzymatic 

hydrolysis of alkali pretreated rice husk 

biomass by crude enzymes produced by 

Aspergillus heteromophus. Enzymatic 

hydrolyzes fermented by Saccharomyces 

cerevisiae, Scheffersomyces stipitis and their 

co-culture for bio-ethanol production. 

Importance of pretreatment 

Rice straw is heterogenous complex 

composed of carbohydrate polymers. 

Cellulose and hemicelluloses are packed by 
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layers of lignin, which protect against 

enzymatic hydrolysis. It’s necessary pre-

treatment step to break lignin seal to expose 

cellulose and hemicelluloses for enzymatic 

action. Pre-treatment is used to decrease 

crystalline of cellulose and increase biomass 

surface area it also remove hemicelluloses 

and break lignin seal. Pretreatment make 

cellulose more accessible to enzymes so the 

conversion of carbohydrate polymers into 

fermentable sugars can be achieved more 

rapidly and with more yields. Pre-treatment 

include also physical, chemical and thermal 

methods and their combinations. Pre-

treatments one of the most expensive process 

in cellulosic biomass conservation of 

fermentable sugar [50]. 

 Physical pretreatment 

Physical pretreatment increase the accessible 

surface area and size of pores, and decrease 

the crystalline and degree of polymerization 

of cellulose. Commonly this method used for 

physical treatments to degrade 

lignocelluloses residues includes steaming, 

grinding and milling, irradiation, temperature 

and pressure. 

Chemical pretreatment 

Enzymes can’t effective to convert 

lignocelluloses to fermentable sugars without 

chemical pre-treatment. The chemicals pre-

treatment of rice straw include alkali and 

ammonia. 

Alkali pretreatment 

Alkali pre-treatment involves the application 

of alkaline solutions like NaOH or KOH to 

remove lignin and a part of the 

hemicelluloses and increase the accessibility 

of enzyme to the cellulose. Pretreatment can 

be performed at low temperatures but with a 

long time and high concentration of the base. 

This is compared with acid and oxidative 

reagents. Alkali treatment is the most 

effective method for breaking the ester bonds 

between lignin, hemicelluloses, cellulose, 

and avoiding fragmentation of the 

hemicelluloses polymers [26]. Alkaline pre-

treatment of rice straw with 2% NaOH and 

20% solid, is loading at 85 degree Celsius for 

1 hour it’s decreased the lignin by 36% [92]. 

The separated and unguarded micro fibrils 

increased on external surface area hereby 

facilitating enzymatic hydrolysis. The main 

effect of sodium hydroxide pre-treatment on 

lignocellulosic biomass is delignification by 

breaking ester bonds cross-linking lignin and 

xylan, it’s increasing the porosity of biomass 

[79]. 

Ammonia treatment 

Ammonia pretreatment reagent ammonia has 

number of desirable characteristics. It is an 

effective reagent for lignocellulosic 
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materials. It is a non-polluting and 

noncorrosive chemical. One of the known 

reaction of aqueous ammonia with lignin is 

the cleavage of C–O–C bonds in lignin as 

well as ether and ester bonds in the lignin–

carbohydrate complex [39]. A flow through 

process is called Ammonia Recycle 

Percolation (ARP) it’s developed for pre-

treatment. In this process, ammonia is 

pumped through a bed of biomass maintained 

at 170 degree Celsius. By this process up to 

85% delignification and yield of glucose in 

enzyme hydrolysis can be achieved [20]. 

Soaking in Aqueous Ammonia (SAA) 

pretreatment at mild temperatures ranging 

from 40 to 90 degree Celsius for longer 

reaction times has been used to preserve most 

of the glucan and xylan in the sample, which 

is subsequently, fermented using the 

simultaneous saccharification and co-

fermentation (SSCF) process [39]. Soaking 

in Aqueous Ammonia (SAA) is a new 

method and its effectiveness has not yet been 

tested for many lignocellulosic feedstock 

including rice straw. Comparing to other 

alkalis such as sodium hydroxide or lime, 

ammonia is highly selective for lignin 

removal and shows significant effect on 

lignocellulose. Also it is easily recoverable 

due to its high volatility [84]. The SAA 

process is dependent on the pretreatment 

temperature. The ammonia 

fiber/explosion/expansion (AFEX) process 

uses for the anhydrous ammonia instead of 

aqueous ammonia. Similar to the ammonia 

recycle percolation and soaking in aqueous 

ammonia process, the ammonia used in the 

AFEX process it can be recovered and 

recycled due to its high volatility. After 

treatment the only exit steam is a gas mix 

containing ammonia and water vapor. All 

biomass components exist with the treated 

solids all of the ammonia will quickly 

evaporate, there is no need for pH adjustment 

of the treated material before it can be used 

in subsequent enzyme hydrolysis and ethanol 

fermentation. Enzyme hydrolysis of Aqueous 

Fiber/Explosion/expansion is treated biomass 

can produce glucose with greater than 90% 

yield and xylose with up to 80% yield. There 

is no production of inhibitory compounds 

[20]. Aqueous fiber/explosion/expansion is 

reported as an effective pretreatment process 

for rice straw as it resulted 3% sugar loss 

during pretreatment. [94] Carried out 

pretreatment of rice straw a process called 

Ammonia Pressurization and 

Depressurization (PDA). PDA using lab-

scale ammonia reactor unit consisting of  4-

Litre with appropriate equipment. 

Pretreatment followed by enzymatic 

hydrolysis is increase in sugar yield [45] 
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carried out aqueous ammonia pretreatment 

and the optimum conditions were 21% 

ammonia concentration at 69 degree Celsius 

for 10 hour. When Aqueous 

Fiber/Explosion/expansion was used in 

conjunction with 60 FPU of cellulose/glucan, 

b-glucosidase, xylanase and other 

supplements. The glucose yields after 72–

168 hour of hydrolysis were 60–100% of 

maximum yield [58]. 

Acid pretreatment 

Acid Pretreatment of lignocellulose with 

acids at temperature enhances the anaerobic 

digestibility. Dilute acid pretreatment affect 

on hemicellulose with little impact on lignin 

degradation. Acid pretreatment will 

solubilize hemicellulose, and by this, making 

the cellulose better accessible to enzymes. 

Acid pre-treatment used mineral Acids such 

as HCl and H2SO4.  Dilute acid treatment, the 

enzyme cellulase is needed for hydrolysis of 

the remaining carbohydrates in the treated 

biomass. Dilute acid pre-treatment can be a 

simple single-stage process in which biomass 

is treated with dilute sulfuric acid at suitable 

acid concentrations and temperatures for a 

period of time to reduce enzyme 

requirements, a two-stage process was 

developed at the National Renewable Energy 

Laboratory (NREL) in Golden, Colorado. 

Diluted acid hydrolysis of rice straw is 

limited because of the inability of the process 

to remove lignin and low sugar yield [77]. 

Analytical method 

Different analytical methods were used to 

determine whether the degradation of sample 

has done and further for the qualitative 

changes in the sample. The estimation of 

ethanol yield done by gas chromatography.  

Total reducing sugar in enzymatic hydrolyses 

was estimated by DNS method [51]. The 

enzymatic hydrolyses was concentrated by 

the methods of Dehkhoda et al. [18]. The 

estimation of ethanol was done by 

Spectrophotometer [14]. 

Fermentation  

Concentrated enzymatic hydrolyses of 

different sugar concentration was use for 

ethanol production. The hydrolyses was 

inoculated with 2% v/v of a 48 h old seed 

culture of S. cerevisiae, Pichia stipitis and 

co-culture (1:1) of both yeast. Incubation was 

carried out in Stoppard flasks at room 

temperature (28 ± 2 degree Celsius) without 

agitation.  Sample were withdrawn after 36 

hour (optimized fermentation time) [67], 

centrifuged for 10 min at 4 ˚C at 10,000 rpm 

and supernatant analyzed for ethanol and 

residual reducing sugar contents. 

Ethanol obtained from fermentation 

media 
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Yeast (S. cerevisiae) has been historically 

used for second generation bio-ethanol 

production because of its fermentative 

capacity and ethanol tolerance. The rice husk 

being non-edible and of low economic 

profile makes the utilization of the plant part 

of advantage in ethanol production. The 

yields of ethanol from FeCl3 and NaOH 

pretreatments methods showed that these 

pretreatment methods on rice husk did not 

produce substances which were capable of 

inhibiting the yeast cells from converting the 

reducing sugars to ethanol; as FeCl3 treated 

sample were observed to have yield the 

highest amount of reducing sugars compared 

to other treatments. Analysis of the 

fermentation broth after fermentation 

indicates that most of the initially present 

reducing sugars converted to ethanol via 

fermentation unlike the water treated samples 

which still have much reducing sugars left 

(0.270 ± 0.018 and 0.232 ± 0.048 mg/ml for 

separate hydrolysis and fermentation and 

simultaneous saccharification and 

fermentation, respectively) after 

fermentation. The inhibition of enzymatic 

activities in the water treated fermenting 

media of direct inhibition of catabolic 

enzymes, generation of reactive oxygen 

species, decreased intracellular pH, ATP 

depletion and toxic anion accumulation. The 

ethanol produced from water pretreatment 

was the lowest. However, its yield was 

comparable to that of the HCl treatment. 

Water treatment could be advantageous to 

the industry as no additional chemicals are 

required costly materials that are resistant to 

corrosion for the scale-up.   

Simultaneous saccharification and 

fermentations (SSF) 

 Simultaneous Saccharification and 

Fermentation was carried out at a low 

temperature (25 °C) by simultaneously 

adding cellulose (Ctec-2) and a yeast strain 

(Saccharomyces cerevisiae NCYC 2826) 

which ferment hexose sugars, but not 

pentoses [82]. Four pretreatment severities 

spanning the range used above were selected 

from low to very high.  Bio-ethanol yield 

higher from rice straw compared with Rise 

husk after pre-treatment, indicating that yeast 

behave different on the different 

lignocelluloses hydrolyses.  Bio-ethanol yield 

were very low in both Rice husk and Rice 

straw pre-treated, which suggest that yeast 

behavior was being suppressed [82] and 

washing pre-treated. In Rice straw 

simultaneous saccharification and 

fermentation (SSF) reduced in and that’s due 

to the removal of fermentation inhibitors. 

The impact of inhibitors appears to be 

predominantly on the fermentation. 
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Chemical analysis of supernatants from 

pre‑treated rice husk and rice straw by 

using nuclear magnetic resonance (NMR) 

A range of breakdown and solubilized 

components during pre-treatment of the rice 

husk and rice straw is analyzing by the 

liquors by Nuclear Magnetic Resonance.  

The 25 different compounds were readily 

detectable and quantifiable. The diagnostic 

spectral regions of the compounds for rice 

husk and rice straw samples pre-treated. The 

quantities of this compounds as affected by 

severity of pre-treatment. The components 

identified and categorized as: unidentified 

compounds, seven sugars and established 

fermentation inhibitors. The compounds 

released during low severity pre-treatments. 

Several organic acids typically found in 

intermediary metabolism such as pyruvic 

acid, succinic acid, fumaric acid and 2-

oxoglutaric acids. In addition, acetone, 

glycolic acid and glycerol were detected. 

Succinate acid, fumarate acid and pyruvate 

acid were produced in higher quantities at 

higher severities, and particularly in pre-

treated rice straw. Ethanol was produced in 

small quantities from both pre-treated rice 

husk (PTRH) and pre-treated rice straw 

(PTRS). Betaine levels and trends differed 

between PTRH and PTRS, showing 

degradation at higher severities in PTRH. 

Generally, rice husk released higher amounts 

of sugar compounds more than rice straw. 

The presence of galactose may reflect the 

hydrolysis of small quantities of peptic 

polymers in the cereal biomass while the 

xylose, xylo-oligomers and arabinose are 

likely to be derived from xylans and 

arabinoxylan hemicelluloses Compounds to 

cause significant inhibition on 

saccharification or fermentation released 

[81]. Most of the inhibitors increase with 

increasing severities. Hydroxyl-methyl 

furfural (5-HMF), furfural (2-FA) and acetic 

acid were the most abundant inhibitors 

produced from both pre-treated rice husk and 

pre-treated rice straw. [81] reported higher 

levels of all the inhibitors were produced 

from rice husk, consistent with the higher 

levels of sugar release and break down. The 

levels of 5-HMF, 2-FA and acetic acid 

produced at the much higher severities were 

very much greater [81] (Confirmed by 

HPLC). This due to two factors: firstly by the 

maximum pre-treatment severity, while the 

severity went to higher levels. Secondly it is 

very likely considerable quantities of volatile 

compounds were lost into the steam during 

the explosion process. The amount of formic 

acid, acetol, acetaldehyde and methanol 

produced from pre-treated samples. Choline 

acid and levulinic acid also produced lower 
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level than the other inhibitors and produced 

more from pre-treated rice straw less than 

pre-treated rice husk. 

CONCLUSION 

Rice husk and rice straw are important 

sources of biomass for bio-refining. The 

acidic treatment is better compared to 

alkaline treatment in lignin content. the 

ethanol yield obtained after SSF is maximum 

at 2% H2SO4 in acidic pretreated samples 

and 3% NaOH in alkali pretreated samples. 

Bio-ethanol produced by lignocelluloses 

waste such as rice husk. It’s most economical 

and efficient. It is produced under optimum 

condition and strategies. SSF is an effective 

way of production of bio-ethanol 
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