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ABSTRACT The demand of energy specially an eco-friendly clean biofuel is increased due to shortage of resources 
which leads to search for alternate fuel to replace fossil fuels.Sugarcane molasses (the by-product of sug-

ar industry from sugarcane) is a main raw material for bioethanol production in many countries. The cost of molasses 
in increasing sothere is a need to improve the ethanol production from cane molasses. Molasses nearly involved about 
10 % unfermentable sugars relative to the fermentable sugars. as alpha amylase, glucoamylase, dextranase and cel-
lulase were applied to break down the biopolymer such as starch,dextran and cellulose to monosacchadides can be 
fermented to ethanol by Saccharomyces cerevisiaeduring the process of fermentation. Enzymes level addition of alpha 
amylase, glucoamylase,dextranase and cellulase to fermentation molasses medium were optimized to be 4,6,3 and 2 
mg /100g unfermentable sugars, respectively.The fermentation applied in sugar cane molasses Brix 21 contained 16.6 
% total sugars involved 1.8 % unfermentable sugars. The fermentation was carried out for 36 hrs at 35oC by S. cerevi-
siae F-514 giving ethanol yield 8.89% v/v compared to 8.17% v/v in untreated enzyme molasses.The obtained ethanol 
yield increase resample 8.81% v/v.
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Introduction
The demand of energy specially an eco-friendly clean bio-
fuel is increased due to shortage of resources which leads 
to search for alternate fuel to replace fossil fuels.Sugarcane 
molasses (the byproduct of sugarindustryfrom sugar cane) 
is a main raw material for bioethanol production in many 
countries. The cost of molasses in increasing so there is a 
need to improve the ethanol production from cane molas-
ses. Molasses nearly involved about 10 % unfermentable 
sugars relative to the fermentable sugars. Depolymerising 
enzymes such as alpha amylase, glucoamylase, dextranase 
and cellulase were applied to break down the biopolymer 
such as starch; dextran and cellulose to monosaccharides 
can be fermented to bio-ethanol by S. cerevisiae dur-
ing the process of fermentation.  Alpha-amylase acting 
at random locations along the starch chain breaks down, 
yielding  maltotriose  and  maltose from  amylose, or  .malt-
ose, glucose and “limit dextrin” from amylopectin (Ghalan-
bor,2008 andKadziola et al.,1998). Glucose only instead of 
other product can be ingest by S.cerevisiae and excrete 
alcohol in the fermentation medium Glucoamylase is an 
enzyme which decomposes the above smaller fragments 
into glucose by tearing-off glucose units from the non-
reduced end. The liberated glucose fermented by S. cer-
evisiae to ethanol yield, and thus added value to ethanol 
production from molasses.

Molasses contains biopolymer dextran which produced from 
sucrose by microorganisms.The most prevalent of these is Leu-
conostocrnesenteroideswhich is generally the source of the 
dextran in sugarcane products.  Dextran cannot crystallize dur-
ing sugar manufacture. So go to loss in molasses. Dextranase 
hydrolyzes the biopolymer dextran to glucose units.The glu-
cose units increased the fermentable sugars concentration in 
the fermentation medium led to more ethanol yield by yeast. 

Cellulase contains three types responsible for saccharifi-
cation of cellulose polymer to glucose (Worthington Bio-
chemical Corporation,2014),1-Endocellulase which break 
down of the non covalent interactions present in the amor-
phous structure of cellulose; 2-Exocellulase which hydro-
lyze of cellulose chain from reducing ends to break the 
polymer into smaller sugars (both endocellulase and exo-
cellulase resulting disaccharide cellobiose or tetrasaccha-
rides); and 3-Beta-glucosidase responsible for hydrolysis of 
disaccharides and tetrasaccharides into glucose (Zverlov et 
al., 2005 and Telke, et al., 2013).

In Egypt about 400,000 tons annually of sugar cane molas-
ses used for ethanol production in Egyptian distillery facto-
ries. This amount contains about 40,000 ton unfermentable 
sugars can be hydrolyzed by enzymes to added value of 
about 24,000 cubic meter of ethanol annually.

The aim of the present study was using enzymes to hydro-
lyze the unfermentable sugars in cane molasses to added 
value to ethanol production from sugars in cane molasses.  

MATERIALS and METHODS
Sugarcane Molasses:
Molasses sample (Brix.79. total sugars 55.2%, fermentable 
sugars 50.1% and unfermentable sugars 5.1%) was sup-
plied by Egyptian sugar and integrated industries Com-
pany (ESIIC)

Yeast Strain:
Saccharomyces cerevisiae F-514, which are already .ap-
plied for ethanol production in Egyptian distillation fac-
tories supplied by Microbial Chemistry Lab .National Re-
search Centre, Dokki, Cairo Egypt 
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Depolymerising enzymes
Enzymes such as alpha amylase, glucoamylase, cellulase, 
and dextranase were gained from commercially available 
sources and were of industrial grade from Stern Enzym 
GmbH and Co.KG 

Table (1): commercial depolymeryzing enzymes
Enzyme Product name Activity U/g  source
Alpha amyl-
ase SternEnzymC21032 60000 Bacteria

Glucoamylase SternEnzym 
GA14400L 5000 Fungi

Dextranase SternEnzymDX1oL 700 Fungi
Cellulase SternEnzym 2800 Fungi

Individual enzymes were assayed by routine biochemistry 
before the start of the experiments as follows:

Alpha-amylase assay
Alpha-amylase activity was determined by measuring the 
amount of starch hydrolyzed in the reaction mixture by the 
iodine method (Manning and Campbell 1961). One unit 
of enzyme activity has been defined as the amount of en-
zyme that hydrolyses one mg of starch min-1 under assay 
conditions.

Glucoamylase assay
Glucoamylase activity was determined according to the 
method reported by Miller (1959), by incubating 1 % (w/v) 
maltose with 0.9 mL sodium citrate buffer (0.05 M, pH 5.0) 
and 0.1 mL of diluted enzyme solution at 35oC for 30 min. 
The reaction was terminated by placing tubes in a boiling 
water bath for 10 min. The released reducing sugars were 
measured with DNS reagent using glucose as a stand-
ard. Glucoamylase activity unit (U) was expressed as the 
amount of enzyme releasing 1µ mol of glucose per min 
under assay conditions.

Dextranase assay
Dextranase activity was analyzed with the 3,5-dinitrosalicyl-
ic acid (DNS) method by assaying the reducing sugars re-
leased during a 25 min reaction (1% (w/v) dextran, 0.05 M 
acetate buffer, pH 5.0, 50°C). The absorbance was read at 
550 nm using a spectrophotometer. The amount of reduc-
ing sugar was calculated from the standard curve based on 
the equivalent glucose. One enzyme activity unit (U) was 
defined as the amount of enzyme that liberates one micro-
mole of glucose per min reaction under assay conditions 
(Miller 1959). The results of the analysis are the mean val-
ues of duplicate separate experiments

Cellulase assays
Endo cllulase and exocellulase ) activities were assayed ac-
cording to the method described by Mandels et al.(1974). 
Endo cellulase activity was determined in assay mixture 
contained 50 mg of Whatman No.1 strip (1 × 6 cm) in 1 
ml of 0.05 M citrate buffer (pH 5) and 0.5 ml of diluted 
crude enzyme. The mixture was incubated at 35 °C for 30 
min. Exocellulase activity was determined in the assay mix-
ture contained 0.5 ml of 1 % of carboxyl methyl cellulose 
(CMC) in 0.05M citrate buffer (pH 5.0) and 0.5 ml of dilut-
ed crude enzyme. The mixture was incubated at 35 °C for 
30 min. β-glucosidase activity was estimated using p-nitro 
phenol-β-D-glucoside as substrate (Kubik, 1981). 

Inoculum Preparation:
Sterilized  500 ml capacity conical flasks each contained 
200 ml of medium containing (g /L) malt extract,3,yeast ex-
tract,3, peptone ,5 and sucrose,30 was steam sterilized at 
121°C for 15 minutes, cooled to room temperature, then 

inoculated with a loop  of yeast strain S. cerevisiae(F-514) 
and incubated statically at 34°C for 24 hrs, then transferred 
to flat round bottom flasks of 2L capacity each containing 
1L sterilized molasses diluted to 4-5% sugar content sup-
plemented with 0,4% DAP and 0,2% yeast extract. The 
inoculated flat round bottom flasks incubated statically at 
34°C for 24 hrs. (Fadel et al., 2013)

Preparation of molasses medium
The sugar cane molasses was diluted with water to 21 Brix 
gave total sugars involved1.8 % unfermentable sugars and 
the rest 14.8 was fermentable sugars. The previous diluted 
molasses supplemented with 4 g/l urea and4 g/l diammo-
mium phosphate as a source for nitrogen and phosphorus 
and0.5 g/l magnesium sulfate.Molasses medium was dis-
pensed into 500 mL Erlenmeyer flasks contained 200 ml.

Fermentation and enzyme addition 
The molasses fermentation was carried out for 36 hrs at 35 
oC under anaerobic conditions using S. cerevisiae F-514 
(0.5% v/v) inoculum. Fermentation of molasses was carried 
out with the addition of carbohydrate depolymerising en-
zymes as follow:

1.	 	 Alpha amylase was added at various levels such as 
1,2,3,4 and 5mg/100 g US to fermentation medium 
such as Enzyme unit /100 g US in the beginning of 
the fermentation and let to ferment for 36 hrs. At the 
end of fermentation time both ethanol and US were 
determined.

2.	 	 Second trail was carried out by adding the optimum 
level of alpha amylase 3 mg /100g US and after 30 
minutes different levels such as 2, 4, 6 and 8 mg 
/100g US of glucoamylase were added and let to fer-
ment for36 hrs. At the end of fermentation time both 
ethanol and US were determined.

3.	 	 Third trail: was carried out  by adding  the optimum 
level of  alpha amylase 3mg /100g US and after 30 
minutes optimum level of glucoamylase gained from 
Second trail  6mg /100g US  and different  levels 
of dextranase such as 1, 2, 3, 4 and 5mg/100 g US   
were added and let to ferment for 36 hrs. At the end 
of fermentation time  both ethanol and US were de-
termined  

4.	 	 Fourth trail: was carried out  by adding  the optimum 
level of  alpha amylase 3 mg /100g US  and after 30 
minutes optimum level of glucoamylase gained from 
Second trail( 6mg /100g US)    , optimum level of 
dextranase  gained from third  trail (3mg /100g US ) 
and different levels of  cellulase i.e. 1, 1.5, 2 and 2.5 
mg /100g US were added and let to ferment for 36 
hrs. At the end of fermentation time  both ethanol 
and US were determined

 
Analytical determination
Determination of unfermentable sugar (US) as residual 
sugarsin fermented wash: The sugar concentration was 
determined by Fehling’s titrimetric method (Lane and Ey-
non,1923). The 20 ml of fermented sample was taken 
and completed to 70 ml of distilled water and mixed with 
5 ml of conc. HCL acid and heated at 70oC for a period 
of 10 min. The obtained sample was neutralized by add-
ing NaOH (6 N) and it was prepared to 100 ml with tap 
water and taken into burette solution. The 5 ml of Fehling 
A and 5 ml of Fehling B were taken and mixed with 10 
to 15 ml of distilled water in a conical flask and boil this 
solution,once boiling, add 3-4 drops of methylene blue in-
dicator. The conical flask solution was titrated with burette 
solution in boiling conditions until disappearance of blue 
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color. The sugar concentration was calculated by using the 
formula given below:

                               5.128 
US (%gm) = ــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ
                 Dilution factor x Fehling factor x Titratevalue
Dilution factor:           20/100 = 0.2

Ethanol content:
Ethanol content of the fermented samples was measured 
by ebulliometer approved in distillation factories (Fadel et 
al.,2014).

Increase in ethanol %
Increase in ethanol % was calculated as follow:
Ethanol in fermented mash treated by enzyme minas etha-
nol in fermented mash without treated by enzyme x100di-
vided by ethanol in fermented mash without treated by 
enzyme.
 
Results and Discussion
Effect of alpha amylase
Data presented in Table (2) show that little increase in 
ethanol yield was achieved by addition of alpha-amylase 
enzyme to fermentation molasses medium.The decrease 
in US and increase in ethanol yield were more when the 
enzyme was supplemented at 4mg /100 g US. The ob-
tained results can discussed on the light ofα-amylase per-
forms the first step of breaking starch into small pieces 
acting at random locations along the starch chain breaks 
down, yielding  maltotriose  and  maltose from amylose, 
or maltose,glucose  and  “limit dextrin”  from  amylopec-
tin (Ghalanbor,  et al., 2008 andKadziola et al .,1998). 
Glucose only instead of other product can be ingest by 
S.cerevisiae and excrete alcohol in the fermentation me-
dium. Alpha amylase was used previously to enhance etha-
nol yield from sugar cane molasses(Viviani et al.,2014).

Table(2):Effect of α- amylase on the ethanol yield from 
cane molasses fermentation  by S.cerevisiae F-514 

% Ethanol 
increase

Related to 
control

Ethanol yield 
%

US*

%

α- 
amylase

mg/100g 
UN

0.08.171.280
0.128.181.251
0.258.191.222
0.458.211.193

0.618.221.184

0.378.201.205

*Unfermentable sugars

Effect of glucoamylase
Remarkable decrease in US followed by increase in ethanol 
yield was achieved by addition glucoamylase to fermenta-
tion medium along withalpha-amylase Table (3). The most 
suitable enzyme activity was achieved when 6mg/100 g 
US was added.Alpha-amylase begins the process of starch 
digestion as a liquefaction enzyme since it a takes starch 
chains and breaks them into smaller pieces with two or 
three glucose units. Glucoamylase is an enzyme which de-
composes the above smaller fragments into glucose by 
tearing-off glucose units from the non-reduced end (Juge 
et al.,2002and Hiromi et al.,1966). The liberated glucose 
resulted in availability of surplus fermentable sugars which 
fermented by S.cerevisiaeto ethanol yield,and thus added 
value to ethanol production from molasses.

Table(3):Effect glucoamylase on the ethanol yield from 
sugar cane molasses fermentation  by S.cerevisiae F-514 

% Ethanol 
increase

Related to 
control

Eth-
anol 
yield 
%

US***

%

GA**

mg/100g US

A A*

mg/100g 
US

0.08.171.2800
0.618.221.1804
4.288.521.0624
5.148.590.9844

6.248.680.8964

5.888.650.8684

**Alpha amylase                              ** Glucoamylase      
 ***Unfermentable sugars                
 
Effect of dexranase
Molasses contains biopolymer dextran which produced 
from sucrose by microorganisms (speciallyLeuconos-
tocrnesenteroides). Dextran cannot crystallize during sug-
ar manufacture, so go to lossinmolasses. Dextranasehydro-
lyzes the biopolymer dextran to glucose units (Fischer and 
Stein,1960).The glucose units increased the fermentable 
sugars concentration in the fermentation medium led to 
more ethanol yield by yeast. Table (4) reveals that addition 
of dextranase at level 3 mg/100g US was more suitable 
than other used levels, where unfrmantable sugars was 
reduced from 0.89 % t0 0.68% resulting in other increase 
in ethanol yield  in fermentation mash  from 8.68% v/v to 
8.76 v/v  resample 7.22v/v % in ethanol yield related to 
control without enzymes treatment. 

Table(4): Effect of dextranase on the ethanol yield from 
sugar cane molasses fermentation  by S.cerevisiae F-514 

% 
Ethanol 
increase

Related 
to con-
trol

Ethanol 
yield %

US

****

%

DX***

mg/100g 
UN

GA**

mg/100g 
UN

AA*mg/100g 
UN

0.08.171.28000
0.618.221.18004
6.248.680.89064
6.738.720.78164

6.988.740.72264

7.228.760.68364

7.228.760.68464

6.738.720.62564

*Alpha aamylase     ** Glucoamylase ****Dextranase

 ***Unfermentable sugars                

4-Effect of cellulase
Data tabulated in Table (5) show an increase in ethanol 
yield in the fermentation mash by increase the amount of 
cellulase till 2mg/100g US. Cellulase actions achieved hy-
drolyzing for US to glucose and decreasingit from 0.62% 
to 0.42%. So, the fermentable glucose was increased in 
the fermentation medium and lead to an increase in etha-
nol yield from 8.76 % to 8.89 % v/v. Another enzyme addi-
tion was no efficient. Cellulase contains there types of en-
zymes responsible for saccharification of cellulose polymer 
to glucose (Worthington Biochemical Corporation, 2014). 
1-Endocellulase which breaks dawn the noncovalent inter-
actions present in the amorphous structure of cellulose; 
2- Exocellulase which hydrolysis of cellulose chain from re-
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ducing ends to break the polymer into smaller sugars. The 
results of cellulose hydrolysis by both endocellulase and 
exocellulasewere disaccharides(cellibioses) or tetra-saccha-
rides and3- Beta-glucosidase responsible for hydrolysis of 
disaccharides and tetra-saccharides into glucose (Zverlov et 
al.,2005 and Telke, et al.,2013).

Table(5): Effect of cellulase on the ethanol yield from 
sugar cane molasses fermentation  by S.cerevisiae  
F-514

% 
Etha-
nol 
in-
crease

Relat-
ed to 
con-
trol

Eth-
anol 
yield 
%

US

*****

%

CEL****

mg/100g 
UN

DX***

mg/100g 
UN

GA**

mg/100g 
UN

AA*

mg/100g 
UN

0.08.171.280000

0.618.221.180004

6.248.680.890064
7.228.760.620364
7.598.790.561364

7.968.820.461.5364

8.818.890.422.0364

7.718.800.422.5364

*Alpha amylase   ** Glucoamylase ***Dextranase **** Cel-
lulase   *****Unfermentable sugars 

Conclusion:
The addition of commercial alpha amylase, glucoamylase, 
dextranase and cellulase to sugar cane molasses medium 
contained total sugars 16.6% involved 1.8 unfermentable 
sugars was examined in this study for ethanol production. 
Fermentation was carried out for 36 hrs at 35oC by Sac-
charomyces cerevisiae F-514 giving ethanol yield 8.89% 
v/v compared to 8.17% v/v in untreated enzyme molasses 
medium.The obtained ethanol yield in   enzyme treated 
molasses increase by 8.81 % v/v relative to molasses with-
out enzymes treatment.
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