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Abstract: Ethanol has been known for a long time, being perhaps the oldest product obtained through
traditional biotechnology. A study was taken up to evaluate the role of some fermentation parameters like
substrate concentration, pH, temperature andinoculum concentration on ethanol production from cashew apple
juice using immobilized yeast cells by Saccharomyces cerevisiae. This paper mainly focused on identifying the
optimum conditions resulting revealed that the substrate concentration 10 per cent, pH 6.0, temperature 32.5°C
and inoculum level of 8 percent (v/v) on 24 hours which gives maximum yield of ethanol 7.62 per cent
respectively. This study could establish the effective utilization of cashew apple juice for bioethanol production
with optimized fermentation parameters using immobilized yeast cell technology. 
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INTRODUCTION MATERIALS AND METHODS

Total demand for ethanol is expected to reach around Substrate and Pretreatment: Waste cashew apples were
3x10  in 2010 [1]. However due to increasing petroleum brought from a factory processing cashew apples to11

shortage, fermentation production of ethanol from extract the juice. Cashew apples are cut into slices in order
renewable resources has received considerable attention to ensure a rapid rate of juice extraction when they are
[2]. Nowadays, fermentation technology produces nearly crushed in the juice press. The fruit juice is sterilized in
80% ethanol as clean fuel and for which Saccharomyces stainless steel pans at a temperature of 85°C in order to
cerevisiae is considered to be of most important yeast eliminate any wild yeast. This juice, which contains high
strain because of its biotechnological application in the levels of tannins, was clarified by adding gelatin to
field of fermentation technology [3]. In order to improve remove tannins and suspended solids [9]. Then the
its substrate utilization range, several manipulation of the clarified juice was filtered and treated with either sodium
strains was carried without any success [4].However or potassium metabisulphite, to destroy or inhibit the
immobilized cell technology has been suggested as an growth of undesirable types of micro-organisms such as
effective mean for improving ethanol production [5] acetic acid bacteria, wild yeast and moulds. Juice sample
Ethanol production by immobilized yeast cells has been was filled in jars (capacity 2.5 liters) and was preserved at
extensively  investigated  during  the last few decades. 4°C to prevent any possible degradation or spoilage
The  most  widely  used  immobilization methods are during storage. This treated juice sample (contains 26.5%
based on cell entrapment in gels, such as carrageen and of total reducing sugars) was used throughout the
Ca alginate [6, 7]. experimentation

Among  the  different substrates cashew is
considered to be an in expensive substrate for ethanol Microorganism and Growth Condition: The laboratory
production [8].  However   the  conditions  optimum  for mutant strain of yeast was used throughout the
ethanol production has not been studied extensively. experiments. The yeast strain was maintained in
Hence to present study was undertaken to optimize the MYmedium (in g/L): glucose, 20; yeast extract, 3;
conditions suitable for ethanol production using cashew polypeptone, 5; malt extract, 3; agar, 20. In all cases,
apple juice as substrate. cultures  were maintained at 30 °C for 24 h and then stored
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at 4 °C. Subculturing was done in every 2 months. The Effect of Operational Parameters: The effect of inoculum
composition  of  the  pre-culture  medium  for yeast  was
(in g/L): glucose, 15; sucrose, 15; yeast extract, 3;
polypeptone, 5; malt extract, 3. The cells were cultivated
in this medium in a controlled environment shaker at 28°C
for 20 h in order to obtain high cell density. At the end of
incubation period, cells were centrifuged aseptically and
resuspended in fresh preculture medium to be used as
inoculum.  The  compositions of the fermentation media
(in g/L) were: (a) glucose, 70; sucrose, 80; polypeptone,
50; MgSO , 10; KH PO , 0.5; (b) glucose, 100; sucrose,4 2 3

100; polypeptone, 80; MgSO , 12; KH PO , 0.6. All the4 2 3

mediums were adjusted to pH 5.5 and autoclaved at 116°C
for 20 min before use.

Immobilization and Cultivation Procedure: The yeast
cells were immobilized in Ca-alginate using an electrostatic
drop generation method. The 2 % (by mass) Na-alginate
solution was prepared by dissolving 4.8 g of sodium
alginate powder into 240 ml of distilled water. Polymer/cell
suspension was formed by mixing 240 ml of Na-alginate
solution with 60 ml of thick yeast suspension at room
temperature. Spherical microbeads were formed by
extrusion of Na-alginate/yeast cell suspension through a
blunt stainless steel needle using a syringe pump with a
20-ml plastic syringe and an electrostatic droplet
generator. The cell suspension was forced out of the tip
of the needle at constant flow rate (0.25 ml/min)
anddroplets were formed by the action of electrostatic and
gravitational forces. Electrostatic potential was formed by
connecting the positive electrode of a high voltage DC
unit to the gelling bath, which was 2.65 % (by volume per
mass) CaCl  solution. In this way, the yeast cells were2

entrapped in a gel matrix of Ca-alginate. The immobilized
particles were rather uniform in size with the mean
diameter of 0.6 mm. After gelling, the microbeads were
placed in double distilled water to remove the unreacted
material. Until use, the microbeads with cells were stored
in a physiological solution at 4 °C.

Fermentation Parameters for Ethanol Production
Preparation of   Inocula   for   Fermentation:   The
freshly  prepared  yeast  cultures  of  S.  cerevisiae  on
agar  slants  were  inoculated  into  100  ml  MY  broth  in
250  ml  Erlenmeyer fl   asks   and   incubated   at  30±2°C
for  24  h  on  a  rotary  shaker. A cell count of about
3.6x10  and 2.1x10  cell ml  respectively was obtained8 8 1

after  24  h  and  the  same were used as inoculum for
future experiments.

size on ethanol fermentation by the process of
immobilized cultures of S. cerevisiae was carried out by
varying the inoculum concentration of both S. cerevisiae
from 2 to 10 % (v/v). Effect of temperature on ethanol
fermentation  by  the process of immobilized mixed
cultures of S. cerevisiae was carried out by varying the
temperatures to 25, 27.5, 30, 32, 32.5 and 35°C and
temperatures were established only at the beginning of
the experiment. Effect of incubation period and agitation
time on ethanol fermentation was carried out by varying
the incubation period and agitation time from 0 to30 h.

Continuous Flow Reactor: Continuous flow reactor is
provided with an inlet foe substrate intake and an outlet
for product output.the height of the reactor is 50 cm and
diameter is 5 cm approximately.the top and bottom ends of
the reactor were embedded with perforated plates for the
ingress of the substrate and for retaining of packing
material an air inlet is provided to supply air for growth of
organisms. Gas outlet is provided at the top of the reactor
to   release   gas   formed   during   fermentation  process.
A peristaltic pump is connected to the reactor to maintain
the flow rate of the substrate. 

The column was packed with fibrous material of
cashew apple to retain the organism. The substrate with
culture was passed to the reactor countercument flow
through inlet provided at the bottom of the reactor the
product was taken out from outlet provided at top of the
reactor up to the specific fermentation time the product
was recycled with substrate. Sample was collected for
every four hours and analyzed in gas chromatography.

Analytical   Procedures:  Juice   sample   was  analyzed
for  total  sugar  and  glucose  by  DNS  (Dinitrosalicylic
acid) reagent[10] and was confirmed at 540 nm by
Biospectrophotometer (Elico). Ethanol was estimated
using NUCON 5765 Gas Chromatography (GC) with a
flame ionization detector and Poropak Q (3m x 0.32 cm)
column  using  Nitrogen  as  the  carrier  gas  at  the  rate
of  35 ml/min.  The  oven temperature was held at 80°C.
The  injector  and  detector  temperature  was  maintained
at 200°C. 

RESULTS AND DISCUSSION

Effect   of  Substrate   Concentration   on   Ethanol  Yield
of  Cashew Apple Juice: Effect of substrate concentration
was studied by conducting experiment with different
substrate    concentration    values    (6,7,8,9,and   10%).
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Fig. 1: Effect of substrate concentration on ethanol apple juice
concentration of cashew apple juice

Fig. 2: Effect of pH on ethanol yield of cashew apple juice

The experiment   with out   for   the   fermentation   period apple juice
of 24 hour’s of the optimum pH of 6 and temperature 30°C.
the maximum ethanol concentration of 9.35% were Ethanol Production Through Optimized Parameters:
obtained at 10% substrate concentration at 30°C There was a continuous increase in ethanol production,
Saccharomyces cerevisiae (Fig. 1). ethanol yield and fermentation efficiency from 12 to 36 h

Effect of pH Concentration of Ethanol on Cashew Apple in all the parameters was observed with increase in
Juice: The ethanol yield significantly influenced by fermentation  time  beyond  24 h. The highest ethanol
different pH level such as (4, 5, 6, 7 and8).the ethanol yield yield of 7.64 %, respectively were observed at 26 h of
increased significantly from 4 to 6 beyond this level there incubation. These results suggest that various
is decrease in ethanol yield. The maximum ethanol yield of fermentation parameters drastically influenced the
6.91 % was obtained at pH 6. (Fig. 2). production of ethanol by S. cerevisiae to a large extent.

Effect of Temperature Concentration on Ethanol Yield of parameters for effective utilization of cashew apple juice
Cashew Apple Juice: The ethanol yield increase due to for ethanol production. 
the increase temperature from 25 to 32.5°C with the
incubation of sacharomyces cervisiae. Beyond this level CONCLUSION
the ethanol content decreases significantly. The maximum
ethanol yield at 32°C was 8.53% 24 Hrs of fermentation This  study  could  establish  that  cashew  apple
time. (Fig. 3). juice commercially for any industrial application and are

Effect of Cell Concentration (Inoculum Size) of Yeasts: production through the process of immobilized yeast and
For different inoculum size (2,4,6,8and 10%v/v)the fermentation. The process with optimized fermentation
experiments was carried out for a period of 24 hrs at the parameters described in the paper could be used for
optimum pH of 6 and optimum temperature of 32.5°C the scaling up of the process to a pilot scale or commercial
maximum ethanol concentration at 10% inoculum size for fermenter level thereby making the process more cost
the fermentation time was 8.8%.(Fig. 4). effective.

Fig. 3: Effect of temperature on ethanol yield of cashew

Fig. 4: Effect of inoculum size on ethanol yield of cashew

of incubation using the optimized conditions. A slight fall

This study could establish the optimized fermentation

poorly disposed could effectively be used for ethanol
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