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Fermentation is one of the necessary processes in the production of 

bioethanol. Reducing sugar from cellulose will convert it into 

bioethanol with microorganisms as catalysts. Microorganisms used in 

bioethanol production also need to be considered and adjusted to the 

selection of the fermentation process. A previous study examined 

bioethanol production. However, many still get relatively low yields 

and require a long time of fermentation to produce bioethanol. Also 

continuously developing to obtain bioethanol with high yield. The 

fermentation process included Separate Hydrolysis Fermentation 

(SHF), Simultaneous Saccharification and Fermentation (SSF), and 

Consolidated BioProcessing (CBP). The fermentation process has its 

respective advantages and disadvantages, mainly when applied to 

lignocellulosic-containing materials. This review will explain and 

develop future trends in each method. 
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Introduction:- 
Fermentation is a metabolic process that produces chemical changes in organic substrates through the action of 

enzymes. In biochemistry, it is narrowly defined as the extraction of energy from carbohydrates in the absence of 

oxygen. Food production may more broadly refer to any process in which the activity of microorganisms brings 

about a desirable change to a foodstuff or beverage [1]. Bioethanol is a form of renewable energy that can be 

produced from the fermentation of various feedstocks that contain sugars or carbohydrates, for example, rice, wheat, 

barley, potato, corn, and sugarcane. It is considered alternative fuel energy to replace fossil fuels. This first-

generation bioethanol has gained attention, but its production competes with the food supply and land utilization. 

The subsequent generation has been made for producing bioethanol from nonedible feedstocks, including 

lignocellulosic biomass [2]. Using lignocellulosic biomass as raw material for bioethanol can reduce the scarcity or 

competition with food ingredients and provide its challenges. Lignocellulosic material comprises cellulose, 

hemicellulose, and lignin, one of the most abundant components in nature. It represents an extremely large quantity 

of renewable bioresources available on the planet having numerous applications [3]. Therefore, many studies have 

led to the utilization of energy from renewable energy sources, one of which is lignocellulosic material, as a raw 

material for the manufacture of bioethanol Figure.1. 
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Figure1:- Themanufactureofbioethanol. 

 

Bioethanolis an effective sustainableenergysource.Bioethanolfuelscancontributetoacleanerenvironment and with 

the adoption of environmental protection laws in many countries, the demand for efficient bioethanol production 

processes may increase [4,5,6]. One of the important requirements is to have efficient microorganisms capable of 

fermenting various sugars as well as tolerating stressful conditions [7,8].Bacterial and yeast strains that have 

ethanol-production properties have been developed through metabolic engineering. After several rounds of 

modification, three major microbial platforms,were Saccharomyces cerevisiae, Zymomonas mobilis, and 

Escherichia coli [9]. Indonesia is a fairly abundant producer of biomass,both from agricultural waste, plantation 

waste, and industrial waste such as empty palm oil bunches, corn cobs,sugar cane bagasse, sweet sorghum 

bagasse, and rice bran [10,11,12]. Accordingly, Indonesia has a 

greatopportunitytodeveloptechnologyforconvertingbiomassintoenergysources.Thisreview will explain the 

characteristics of lignocellulose sources from cassava peel waste. Technology design and implementation from 

the conversion of simple sugars through the fermentation process to the multi-stage conversion of lignocellulosic 

material into bioethanol. The key to all research in this field is for reducing process costs thereby increasing the 

competitiveness of bioethanol against fuel oil earth (gasoline). The main factor being the cause is the high level of 

complexity that characterizes the processing of this material, so it requires pre-processing (pretreatment) to 

change the structure and chemical composition of lignocellulose 

tofacilitatehydrolysisefficiencycarbohydratesintofermentedsugars[13,14], as shown inFigure.2. 

 

 
Figure2:- Schematicofpretreatmentonlignocellulosicmaterial(Ref.[15,16,17]) 
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Fermentation methods are currently developing rapidly. The various types of lignocellulosic raw materials used 

result in various pretreatment methods. Various pretreatment strategies for producing bioethanol have 

alsobeenwidelyused.Variousfermentationtechnologiesforlignocellulosicmaterialshavebeentestedandreviewedinthisa

rticle. 

 

CharacterizationofCassava Peel 

Lignocellulosic materials consist mainly of three different polymers, known as lignin, hemicellulose, and cellulose, 

which are bonded together to form a unified whole. Each component’s content depends on the type of biomass, 

age, and environmental conditions in which the biomass grows and develops. The characteristics 

oflignocellulosesources fromcassavapeelwastewillbeexplainedinTable 1. 

 

Table 1:- Characterizationofcassavapeel(Ref. [18]). 

ChemicalComponent(%) CassavaPeels 

Ash Content 4.5 

HolocelluloseContent 66.0 

CelluloseContent 37.9 

HemicelluloseContent 37.0 

Lignin Content 7.5 

 

Cellulose is the main component of lignocellulose in the form of microfibrils, a homopolysaccharide consisting of 

beta-D-glucopyranose linked to glycosidic bonds. In general, the structure of cellulose is crystalline, but there are 

also amorphous parts. So, the crystalline structure is very influential in the ability to hydrolyze chemically and also 

enzymatically [19]. Another carbohydrate source contained in lignocellulosic material is hemicellulose also known 

as polyose because it consists of various monomer sugars, namely pentose (close, rhamnose, and arabinose); 

hexoses (glucose, mannose, and galactose); and uronic acid (4-O-methyl glucuronic, D-glucuronic,and D-

galacturonic). Hemicellulose has short polymer chains and is amorphous, so most of it is soluble in 

water.Therefore, hemicellulose isrelativelyeasytohydrolyze byacidstoform monomers[20]. 

 

Pretreatment 

The pretreatment process is the initial treatment of materials before they are converted into product 

derivatives.Pretreatment aims to eliminate lignin that binds cellulose.The purpose of pretreatment is to open the 

structure of lignocellulosic cellulose to become more accessible to enzymes that break down polysaccharide 

polymers into sugar monomers. If not pretreated first, lignocellulose is difficult to be hydrolyzed because lignin is 

very strong in protecting cellulose so it is very difficult to hydrolyze before breaking down the lignin 

barrier.Obtained sugar without pretreatment is less than 20%, with pretreatment can increase to 90% of the yield 

theoretically [21]. 

 

Table 2:- Varioustypesofpretreatmentsusedinlignocellulosicmaterials. 

Pretreatment Description Reference 

Biological Biologicalpretreatmentprocessesincludefungalpretreatment, enzymatic 

hydrolysis, and aeration.Theyareusedto break down 

thecrosslinkedstructuresoflignocellulosicwaste. 

[22] 

Chemical Thismethodisbasedontheuseofchemicalsforpretreatment, divided intofour 

main methods:alkaline,acidic,ionic liquid, and organic solvent. 

[23] 

Physical Physical/mechanical pretreatment can open up the structure of LCBsby 

disrupting their surface structure and reducing the size using 

shearorcompressionforces.Physicalpretreatmentsincludemilling,sonication, 

mechanical extrusion,ozonolysis, and pyrolysis. 

[24] 

Physicochemical Combining fungal pretreatment with other physical and chemical methods 

isawaytoovercomethisdrawback. 

[25] 

 

Hydrolysis 

Hydrolysis or saccharification is the process of breaking down polysaccharides in lignocellulosic biomass,namely 

cellulose and hemicellulose into their constituent sugar monomers. Complete hydrolysis of cellulose produces 
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glucose, while hemicellulose produces several monomers of sugars in pentose (C5) and hexose (C6).Hydrolysis can 

becarried out chemically (academically) or enzymatically [26]. 

 

Fermentation 

Fermentation is the process of chemical changes in organic substrates, whether carbohydrates, proteins, fats,or 

others, through the activity of biochemical catalysts known as enzymes produced by specific microbes. In 

summary,theiractionforconvertingglucose toethanol: 

                                                                     C6H12O6→2C2H5OH+2CO2 [27] 

 

Specific microbes that are oftenusedinindustrial ethanolfermentationareSaccharomyces cerevisiae, S.uvarum, 

Schizosaccharomyces sp.,and Kluyveromces sp. Saccharomyces cerevisiae is a microbial species (yeast) 

anaerobic that has a very high conversion power of sugar into ethanol. This microbe is commonlyknown as 

baker's yeast and its metabolism has been well studied. The main products of metabolism are ethanol, carbon 

dioxide, and water, while some other products are produced in small amounts.Saccharomyces 

cerevisiaerequiresatemperatureof30°CandapHof4.0-5togrowwell[28]. 

 

Methode:- 
Separated Hydrolysis Fermentation (SHF) 

SHF is one of the configurations that have been tested more extensively. Pentose fermentation, when it is carried 

out, is accomplished in an independent unit. In the SHF configuration, the joint liquid flow from both hydrolysis 

reactors first enters the glucose fermentation reactor. The mixture is then distilled to remove the bioethanol leaving 

the unconverted xylose behind. In a second reactor, xylose is fermented to bioethanol, and the bioethanol is again 

distilled. The advantage of SHF is the ability to carry out each step under optimal conditions, i. e. enzymatic 

hydrolysis at 45–50 °C and fermentation at about 30°C but this approach proves to be very costly [29]. So based on 

the different combinations of technologies adopted at the pretreatment, hydrolysis,and fermentation stages of 

ethanol synthesis, several integrated technologies have been developed. In the 

below,existingintegratedconversiontechnologiesare discussed. 

 

Table 3:- PreviousstudiesofmakingbioethanolusingtheSHFprocesswithcassavawasteasrawmaterials. 

Ref Raw Material  Operating Conditions Results 

[30] Cassavaplantsvariet

y Sree Jaya(such as 

stems,leaves,and 

peels) 

Pretreatmentusingmicrowaveirradiationfor

7minutesassistedby20galkali pretreatment 

in200 

ml3%NaOH.FermentationusingSaccharom

yces 

cerevisiaeandthefermentationprocesswasca

rriedoutfor168h(120hforsaccharification+4

8hoursforfermentation)atroomtemperature(

30±1°C). 

Thehighestpercentageofreducingsugaru

tilizationduringfermentation(48h) was 

91.02% in stems. The highest ethanol 

yield (ml/kg dry biomass) was 303 for 

the peel. 

[31] Cassava Pulp FermentationusingSaccharomyces 

cerevisiae, Trichoderma reesei, Bacillus 

licheniformis, Aspergillusniger, 

andcocktail 

enzymes.Thetemperaturewassetto37℃an

dpH5for120hours. 

The ethanol produced is29.39g/L 

[32] Cassava Peel  The powdered starch of Cassava peelwas 

hydrolyzedduringPEFB-SO3H in a 

250mLglass 

reactor.FermentationusingSaccharomyces

cerevisiaeBY4743 with a temperature of 

30℃for72hour,speed 

(50,100,150)rpm,andpH(4,4.5,5). 

The best result was found at pH 4.5 

and 50 rpm for a 24 h reaction with 

3.75 g/Lofbioethanol concentration. 

[34] Cassava andsweet 

potatopeels 

FermentationusingGloeophyllum 

sepiarium and Pleurotus ostreatusfor 

hydrolysis and Zymomonas mobilis and 

50g of cassava peel and 50g of 

sweetpotatopeelyieldethanolof11.97g/c

m
3
 (26%)and6.5g/cm

3
 (12%). 
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Simultaneous Saccharification and Fermentation (SSF) 

Saccharification and fermentation are carried out simultaneously in a single reactor, thus allowing for cost-saving 

and reduction of inhibitors, increasing the hydrolysis rate. The critical issue of this solution is the optimization of 

process conditions concerning both enzymes and microorganisms at the same time. The key to the SSF process 

from biomass is its ability to rapidly convert the sugars into ethanol as soon as they are formeddiminishing their 

accumulation in the medium. Bearing in mind that the sugars are much more inhibitory for the conversion process 

than ethanol, SSF can reach higher rates, yields, and ethanol concentrations compared to the SHF process.SSF 

offers an easier operation and a lower equipment requirement than the sequential process since no hydrolysis 

reactors are needed; moreover, the presence of ethanol in the broth makes the reaction mixture less vulnerable to 

the action of undesired microorganisms. Nevertheless, SSF has the inconvenience that the optimal conditions for 

hydrolysis and fermentation are different, which implies a difficult control 

andoptimizationofprocessparameters;inaddition,largeramountsofexogenousenzymesarerequired.Saccharification 

with cellulolytic enzymes is best done at around 50 °C, while most fermenting microbes have an optimum 

temperature for ethanolfermentation between 28 °C and 37 °C [35]. In practice, it would 

bedifficulttolowertheoptimumtemperatureofcellulasesthroughproteinengineering.Accordingly,high-

temperaturefermentationisinhighdemandforsimultaneoussaccharificationandfermentation,andthermotolerant yeast 

trainshavebeenscreenedfortheabilitytofermentethanol. Kluyveromycesmarxianus appears to be particularly 

promising. Many strains of K. marxianus grow well at temperatures as high as 45–52 °Candcanefficiently produce 

ethanol at temperatures between 38 °C and 45 °C.Moreover, K.marxianusoffers additionalbenefits including a high 

growth rate and the ability to utilize a wide variety of sugar substrates 

(e.g.,arabinose,galactose,mannose,xylose)atelevatedtemperatures[36]. 

 

Table 4:- PreviousstudiesofmakingbioethanolusingtheSSFprocesswithcassavawasteasrawmaterials. 

Ref. RawMaterial Operating Conditions Results 

[37] Cassava 

peelwaste 

FermentationusingSaccharomycescere

visiae, termamyl (α-amylase) 

120L,amyloglucosidase(glucoamylase

), and cellulite enzyme 

1.5L.Operatedatatemperatureof33.73°

CandpH5.31. 

Bioetanol concentration 

16,42±0,26g/L. 

 

[38] 

Cassava 

peelwaste 

Bioethanolproductionfromalkali-

assistedhydrothermalpretreatedcassava

peelbythermotolerantKluyveromycesm

arxianusMTCC4139strain,combinedw

ith(α-amylase, glucoamylase, and 

cellulase).TheSSFwasperformed at 

100 rpm,40°C for a 72h period. 

The ethanol produced was 0.44 g/g 

with a fermentation efficiency of 

86.11%.Theresultingreducedsugarwas

670.58±10.13mg/gwithasaccharificati

on efficiency of 81.25% ±3.20%. 

[39] Cassava pulp FermentationusingSaccharomycescere

visiae,Trichodermareesei,Bacilluslich

eniformis,Aspergillusniger,andcocktail

enzymes.Thetemperaturewassetto37℃
andpH5 for120h. 

The ethanol produced is43.35g/L. 

[40] Cassava pulp FermentationusingSaccharomycescere

visiaeTISTR5339andKomagataeibact

ernataicolaTISTR998.Enzymeusedα-

amylaseandglucoamylaseratio(75:25).

Thefermentationtemperaturewaskeptc

onstantat30°Cfor120h. 

Theyieldof0.38gethanol/gCP,andethan

olproductionrateof0.309 g/h. 

[41] Cassava pulp Fermentation usingSaccharomyces 

cerevisiae.Enzymeusedα-

Theyieldwas27.4 g/L of ethanol. 

Saccharomyces 

cerevisiaeforfermentation. The 

temperatureusedwas 28℃ with7 days 

forhydrolysis and5daysforfermentation 

https://www.sciencedirect.com/topics/earth-and-planetary-sciences/galactose
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amylaseandglucoamylase.Thefermenta

tiontemperaturewas kept 

constantat30°Cfor72h. 

 

Consolidated BioProcessing (CBP) 

All enzymes and bioethanol are produced in a single reactor by a single microorganism 

community.Thelogicalculmination of reaction–reaction integration 

forthetransformationofbiomassintoethanolisconsolidatedbioprocessing (CBP), known also as direct microbial 

conversion (DMC). The key difference between CBP and the other strategies of biomass processing is that only 

one microbial community carries out both the production of cellulases and fermentation,i.e., cellulase production, 

cellulose hydrolysis, and fermentation are carried out in a single step. This difference has an important advantage 

as no capital or operation expenditures are required for enzyme production within the process. Similarly, part of the 

substrate has not deviated from the production of cellulases. Moreover, the enzymatic and fermentation systems are 

entirely compatible. Thermophilic cellulolytic anaerobic bacteria have also been extensively examined for their 

potentialasbioethanolproducers.ThesebacteriaincludeThermoanaerobacterethanolicus,Clostridiumthermohydrosulf

uricum,Thermoanaerobactermathranii,Thermoanaerobiumbrockii, Clostridiumthermosaccharolyticum strain, etc. 

including others [42]. Thermophilic cellulolytic anaerobic bacteria have a distinct advantage over conventional 

yeasts for bioethanol production in their ability to directly use a variety of inexpensive 

biomassfeedstocksandtheirabilityto withstand temperatureextremes.Thelowbioethanoltolerance of thermophilic 

anaerobic bacteria (<2%, v/v) is a major obstacle to their industrial exploitation for ethanol production [43]. Cell 

surface engineering has been applied to a thermotolerant strain of the yeast K.marxianus 

forthedisplayofcellulolyticenzymesonthecellsurface.RecombinantK.marxianus straincodisplaying endoglucanase 

and β-glucosidase on the cell surface grew well at temperatures as high as 48 °C, which ethanol was produced from 

the cellulosic material β-glucan with a yield of 0.47 g ethanol per gram of consumed carbohydrate [44]. This study 

gives supports the development of CBP yeast for effective bioethanol production. Another proposed approach is 

the utilization of mixed cultures in such a way that the hydrolysis andfermentationoflignocellulosicbiomassbe 

carried out simultaneously. 

 

Table 5:- PreviousstudiesofmakingbioethanolusingtheCBPwithcassavawasteasrawmaterials. 

 

Conclusion and Future Trends:- 
The efficient utilization of lignocellulosic biomass is very important for the further development of bioethanol. In 

addition, using lignocellulosic biomass will help reduce people's dependence on non-renewable resources and 

reduce competition in using raw materials for food sources. In summary, many possibilitiesfor using 

lignocellulosic biomass especially cassava peel waste have been proposed in recent years, and promising results 

have been achieved. The selection of the fermentation process method will affect the product's quality. 

Undesirable conditions during the fermentation process will result in the formation of other derivative products 

Ref Raw Material  Operating Conditions Results 

[45] Cassava 

starchhydrolysis 

andfermentation 

Single-

stepfermentationbyS.cerevisiaeat34°C 

ina5-Lfermenter. 

Thisethanolwasproducedataconcentrati

on of 81.86 g/L (10.37% 

v/v)withayieldcoefficientof0.43 

g/g,productivityat 1.14 g/L/h,and an 

efficiency of75.29%. 

[46] Cassava pulp Engineered S. cerevisiae Kyokai strainK7 

(K7G). Recombinant: cell surface 

engineering system, displaying oryzae 

glucoamylases. 

91%ofthetheoreticalyield. 

[47] Cassavastem Fermentation using 

ClostridiumthermocellumATCC31,924. 

Pretreatmentusingdilutealkali. 

Bioethanolproduced7.84±0.31g/Lbioet

hanolwith62.37±0.25%cellulose 

conversionefficiency. 

[48] Cassava 

starchandrawcassav

atuberpowder 

Fermentation using

 K.marxianusstrainYRL009.Reco

mbinantexpressing α-

amylasefromA.oryzaeas well as αamylase 

andglucoamylasefromD.occidentalis. 

79.75 and 69.73 

g/lfromcassavastarchandrawcassavapo

wder,respectively. 

https://www.sciencedirect.com/topics/earth-and-planetary-sciences/microbial-community
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/clostridium
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and a separation process is required. From the method that has been conveyed, it is found that the use of the SSF 

method can produce ethanol in greater quantities and reduce the cost of the equipment. from the existing ethanol 

yield and good yield. some of the methods that have been describedin this review are very helpful for researchers 

in selecting the fermentation method and needfurtherresearchforotheragricultural wastes. 
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