
 

ENZYMATIC HYDROLYSIS OF MAIZE FOR SYNTHESIS OF ETHANOL 

A S JADHAV, M Y NANIWADEKAR & SHILA RANANAVARE 

Department of Chemical Engineering, AISSMS College of Engineering, Pune, Maharashtra, India 

 

ABSTRACT 

The continuous rise in global prices of crude oil, increasing threat to environment due to exhaust emissions, the 

problem of global warming and the threat of supply fuel oil instabilities have adversely impacted the developing countries, 

more so to the petroleum importing countries like India. 

From the point of view of long term energy security, it is necessary to develop alternative fuels with properties 

comparable to petroleum based fuels. 

Ethanol is one of source to fulfill growing demand of energy. Maize is major source of ethanol due to its higher 

starch content in seed and kernel. 

Ethanol is a renewable alcohol-based fuel that can be produced from starches, sugars, and cellulosic biomass.. 

Present study of our research focus upon enzymatic hydrolysis of maize, thus found energy efficient result for synthesis of 

ethanol. 
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INTRODUCTION 

The environment concern over the use and depletion of fossil fuels, the search for alternative fuel is desirable. 

Ethanol has attracted worldwide attention due to its potential use as a transportation fuel ethanol is traditionally produced 

in the batch fermentations by yeasts, mostly Saccharomyces cerevisiae and their interspecies hybrids, which provide the 

low productivity. 

High ethanol productivity from cheaper and renewable sources and minimum energy input are important aspects 

in the alcoholic fermentation research. 

Ethanol is a renewable alcohol-based fuel that can be produced from starches, sugars, and cellulosic biomass.. 

With recent advances in cellulosic technology, ethanol can also be produced from agricultural waste products like sugar 

cane bagasse, rice hulls, potato waste, and brewery waste; from forestry and paper wastes; and from municipal solid waste.  

Maize is a major source of starch., Cornstarch (maize flour) is a major ingredient in home cooking and in many 

industrialized food products. 

Maize is also a major source of cooking oil (corn oil) and of maize gluten. Maize starch can be hydrolyzed and 

enzymatically treated to produce syrups, particularly high fructose corn syrup, a sweetener; and also fermented and 

distilled to produce grain alcohol.  
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METHODS 

 

Figure 1: Flow Sheet of Enzymatic Hydrolysis of Maize for Synthesis of Ethanol 

RESULTS 

Fehling Factor 

Fehling factor   

=       

=      0.053 

Starch Percentage after Milling 

Fehling factor  = 0.053 

Dilution factor = 500/3 = 166.66  

Burette reading = 12.4 

Starch %            =  X 0.9 

            = 64.1 % 

Liquification 

Liquefaction initiates the conversion of starch into simple molecules of dextrin .It is divided into three sub 

processes. 

 Pre Liquefaction: This involves partial liquefaction of starch, in presence of enzyme, at a temperature well below 

the gelatinisation temperature.  
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 Jet Cooking: This step involves the cooking of starch slurry with live steam so as to instantaneously raise its 

temperature. This gelatinises and opens up starch molecules, thus making it accessible to enzyme action. Jet 

cooking also sterilizes the slurry.  

 Post Liquefaction: The jet cooked slurry is again held at high temperature in presence enzyme to complete the 

process of liquefaction.  

Saccharification 

Saccharification is the formation of sugars. It is done enzymatically by breakdown of dextrin. The dextrin are 

acted upon by a second enzyme for further breakdown and release of sugar. Saccharified slurry from saccharificaion secion 

is pumped into Fermentor & is diluted to appropriate sugar concentration by adding water. It is, then inoculated with 

required quantity of suitable yeast. The assimilable nitrogen is added in the medium in the form of Urea & DAP. 

Temperature in the Fermenter is maintained with the help of plate heat exchanger. 

 

Figure 2 

Liquefaction Process 

Reagents:-  

Starch powder   – 250 gm 

Water   - 750 ml 

Liquozyme  – 87.5 ml  

 Take 250 gm Starch powder 

 Add 750 ml water 

 Maintained pH 6.0 – 6.5 by adding caustic & lime 

 Heat slurry at 105 – 110
 0 

C for 2 – 3 hrs. 

 Add 87.5 ml liquozyme enzyme 

Sugar Percentage after Sacchrification 

 First filter sample  



10                    A S Jadhav, M Y Naniwadekar & Shila Rananavare 

 Taken 25 ml sample in burette 

 Taken 5 ml Fehling A& B in conical flask. 

 Taken 20 – 30 ml water. 

  Put on heating plate till boil 

 Added dropwise sample from burette in conical flask till color changes to redish brown. 

Calculation 

Sugar %  =  

=  

= 4.8 % 

Fermentation 

 After the hydrolysis filter the solution & maintained the pH 

 Cover the flask mouth with the help of cotton plug to make it air tight 

 Allow the flask in autoclave for sterilization for about 15 min at press of 15 lb 

 After cooling the media, the pure culture of dry yeast is added to an amount of 0.25 gm 

 Add 0.25 gm MgSO4, 0.38 gm Urea & 87.5 ml Sacozyme enzyme 

 Keep flask in incubator at 32 
0
C for about 48 hrs  

Alcohol Percentage after Fermentation 

 Take 250 ml fermented wash + 250 ml water. 

  Distilled sample & maintain temp 78 0c. 

  After that collected 250 ml distillate in measuring cylinder. 

 The deeped sykes hydrometer & thermometer in measuring cylinder. 

 Write thermometer & hydrometer reading  

 According to this two reading see spirit table reading. 

Calculation 

Alcohol % = (100 + Spirit table reading) * 0.5714 

Observations  

Thermometer reading    = 10
0
 F 

Hydrometer reading    = 88
0
 F 

Then spirit table reading over proof  = 68.5 
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= 100/175 = 0.5714 

                       Alcohol %    = (100+68.5) X 0.5714 

= 96.28 % 

MATERIAL BALANCE 

Over Crusher 

 

Figure 3 

 64.1 % starch = ( 64.1 X 980)/ 100 

        = 628.18 gm. 

 10 % water     = (10 x 980) / 100 

                       = 98 gm. 

 26 % waste     = (26 X 980) / 100 

                       = 254.8 gm 

Over Hydrolyser 

 

Figure 4 

Density of water = 993 gm / cm3 

Volume of water = 2940 ml 

Assume 60 % of starch are converted for glucose molecule. 

Amount of glucose = ( 628.18 X 60 ) / 100 

    = 376.90 gm. 

Over Fermentor 

For fermentation reaction we are feeding 11609 .70 gm of sterilize sludge According to fermentation reaction 2 % 

of glucose are unconverted. 
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Amount of glucose unconverted = ( total glucose feed X 2 ) / 100 

         = (376.90 X2 ) /100 

                 = 7.6 gm 

 

Figure 5 

The reaction occurred in fermentor. 

C6 H12 O6 2 C2 H5 OH + 2 CO2 

! mol of C6 H12 O6  = 2 moles of C2 H5 OH 

Moles of glucose reacted  = 376.90 / 180 

 = 2.09 moles of glucose 

2.09 moles of glucose   = 2 X 2.09 moles of ethanol 

 = 4.18 moles of ethanol 

Amount of ethanol formed = 4.18 X mol. Wt 

 = 4.18 X 46 

 = 192.6 gm 

Total amount of ethanol produced in 11609 .70 gm of maize  

Amount of CO2 formed  

! moles of glucose      = 2 moles of CO2 

   = 2 x 2.09 

 = 4.18 moles of CO2 

Amount of CO2 Formed     = 4.18 X 44 

= 183.92 9m 

Energy Balance 

Energy Balance Data 

 C 2 H 5 OH              = - 277.5 Kcal / mol. 

 HCl       = - 167 .169 Kcal /mol. 
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 CO2   = -393.53 Kcal /mol. 

 C 6 H 12 O6   = - 1104.57 Kcal / mol. 

 H2O   = - 285.8 Kcal /mol. 

 C 6 H 10 O 5   = - 2221 Kcal / mol. 

Energy Balance over Hydrolyser 

(C6 H10 O5 )n + 2H20                 C6 H12 O6 + C6 H12 O6 

 = 2  HF (C6 H12 O6) – ( 2H2O + HF C6 H10 O6) 

= (-2 X 1104.57) – (2 X (- 285.8) + (-2221)) 

= - 2209 .14 – ( -571.6 – 2221) 

= - 2209.14 + 571.6 + 2221 

= 583.46 KJ / mol. 

Q =  = 583.46 KJ / mol. 

Q     = m. cp.  

583.46    = m X 4.2 X 77 

M     = 1.804 KJ / mol 

Energy Balance Over Fermentation 

C6 H12 O6 2C2 H5 OH + 2CO2 

  =  PRODUCT -  REACTANT 

  = 2 (  C2 H5 OH +  CO2) -  C6 H12 O6 

= 2 (-227.5 – 393.57) – (-1104.57) 

= -1342 + 1104.57 

= 237.43 

Q            = m. cp.  

237.43  = m X 4.2 X 32 

m ` = 1.766 KJ / mol. 

CONCLUSIONS 

 Ethanol has attracted worldwide attention due to its potential use as a transportation fuel. High ethanol 

productivity from cheaper and renewable sources and minimum energy input are important aspects in the 

alcoholic fermentation present research. 

 Ethanol produced is about 96.28% is due to starch quantity present in maize. 
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 Material balance over fermentor shows good amount of production of ethanol ,similarly energy balance shows 

that process is energy efficient .  
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