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ABSTRACT:   
  

 The fermentation of sugar to produce ethanol can be carried out by two methods one using simple sealed glass 

container or second by using a   fermentor. In this context a comparative study was carried out. between lab scale 

fermentor and sterilized glass vessel for production of ethanol from fruits of Vitis lanata  Roxb. which are rich in 

fermentable sugars. Saccharomyces cerevisiae NCIM 3176 was used to initiate fermentation in fermentor and glass 

vessel respectively. Production of ethanol increased by 1% in fermentor (10.1% v/v) as compared to glass vessel 

(9.05%v/v)  Similarly total acidity was found to be high in fermentor (0.78 %) than glass container(0.62%).The 

present investigation indicates that fermentor is more efficient system for ethanol production by fruits of Vitis lanata 

Roxburgh.  

Keywords: Bioethanol, grapes, Saccharomyces cerevisiae 

                                                                    
INTRODUCTION: 
A large amount of renewable biomass is 
available for conversion to liquid fuel ethanol 
[1-4].Ethanol is produced at large scale from 
fermentation of sugars, starch and other 
Cellulosic materials. 
Vitis lanata (grape) cultivation is one of the 
remunerative farming enterprises in India.[5]. 
According to the available reports of food and 
agricultural organization(India) and India is 
worlds second among leading fruit producing  
country sharing 11.8 percent of fruit production 
in world after leading fruit producer china 
18.7%. India is also largest grape producer in 
terms of productivity per hectare with 80000 
hectare land under cultivation and 1878000 MT 
of grapes produced annually which is 23.5 
MT/Hectare. This productivity is higher than 
any other country. Fuel ethanol production from 
grapes is already a reality in Europe [6]. 
Although bioethanol production from grapes has 
negative energy yield but it is possible to 

improve the performance of grapes as an energy 
crop, principally by raising yield the suitability 
of incineration for dried grapes and exhausted 
grape stalks. This  has been tested with good 
results[7]. In India, native species of. Vitis 
lanata and Vitis palmate grow wildly in North 
Western Himalayan foothills [5,8]. 
Vitis lanata Roxburgh is found throughout the 
sub-Himalayan tract, ascending up to 1,500 
meters from Hazara eastwards up to Myanmar, 
Including some agro-climatic zones subtropical, 
hot tropical and mild tropical climatic regions of 
India [8]. The complexities of grape cultivation 
and ethanol production are influenced 
tremendously by climatic condition prevailing in 
the native geographical region.[9].. 
Saccharomyces cerevisiae has been associated 
with wine making since 3150 BC. [10] Grape 
juice which contains sugar is fermented by a 
complex microbial process producing ethanol, 
carbon dioxide and glycerol.[11-15] Earlier 
studies reveal that large numbers of other 
compounds are also formed as byproduct during 
fermentation process. 
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it has been earlier cited that typical wine 
producing vine yards cannot produce ethanol 
with a positive net energy balance, and cost 4-6 
times higher than those using wheat or sugar 
beet as raw material [6,7] The concentration of 
ethanol produced during fermentation process 
depends largely upon physical parameters like 
pH , temperature.  Presence of certain killer 
yeasts that has been described earlier which 
secretes toxic substances that kill other yeast 
strains [16-19], which may cause decrease in 
ethanol final concentration. The carbon dioxide 
generated during fermentation must be allowed 
to escape for increasing efficiency of 
fermentation   process. The earlier studies 
indicated that the optimum temperature for yeast 
strain varies between 28-30 °C [20].Therefore 
the physical parameters may be one of the 
constraints which may cause deterioration in 
ethanol formation during fermentation process. 
The present study describes the comparison 
between fermentation process carried out under 
strictly controlled physical parameters in a 
laboratory scale fermentor and a simple glass 
container. The objective was to find out which 
methodology is more efficient for production of 
ethanol for production of ethanol from Vitis 
lanata  
 [II] MATERIALS AND METHODS: 
(i)Preparation of production media 
Grape fruits bunch(1.2 Kg) purchased from local 
market of Jaipur, washed under running  tap 
water for 15 minutes .The fruits were carefully 
separated from the bunch to finally weigh 1000 
g followed by immersion in 1 % (v/v) times 
diluted liquid detergent labolene for 2 – 3 
minutes until foams appeared.[21] After 
washing with distilled water to remove traces of 
labolene and dirt, the grapes were finely grinded 
using juicer (Moulinex - X  0A – 0253) to obtain 
fine paste and was poured into a 5 L sterile flask. 
Sucrose (480 – 500  g) was added and volume 
was raised to 4 L  with luke warm distilled water 
to increase the solubility of sucrose, followed by 

addition of potassium metabisulphite (0.1 
mg/ml) to prevent growth of contaminating 
microorganisms[9,22] 
(ii)Activation of yeast- 
Saccharomyces cerevisiae NCIM 3176, obtained 
from National Collection of Industrial 
Organisms, NCL, Pune, grown and proliferated 
on MPYD agar plates at 30 °C for 24 hrs. The 
media was prepared by mixing the following 
constituents in distilled water. Malt extract;0.3% 
,Peptone;0.5%, Yeast extract;0.3%, Dextrose 
1.0%, Agar;2.0% respectively .The media was 
autoclaved at 121°C at 15 psi pressure for 20 
minutes  and 15 mL was poured aseptically into 
sterile Petri plates . After inoculation the strain 
was incubated and sub cultured for three weeks, 
Saccharomyces cerevisiae from sub cultured 
media was inoculated in sterile MPYD Broth (50 
mL) and incubated for 24 hours at incubator 
shaker on 80 rpm. The concentration of cells in 
suspension was determined by taking 
absorbance at 660 nm. Ten mL of Inoculum 
containing 3 × 105 cells mL-1 was transferred 
aseptically to 250 mL conical flask containing 
50 mL of sterile grape juice, incubated at 30°C 
for another 24 hrs. at 80 rpm .This was used to 
inoculate the fermentation media present in set 
A and B 
(iii)Fermentation 
The fermentation process of wine was carried 
out in two steps a) primary fermentation and b) 
secondary fermentation 
(a)Primary fermentation 
Diluted grape juice (4 L) was divided equally(2L 
each)  into two glass containers labeled as set A 
and set B .Saccharomyces cerevisiae 3176 was 
inoculated (20 mL) aseptically into both the 
vessels containing two liters grape juice to 
initiate the primary fermentation process. After 7 
days incubation at 30 °C the partially fermented 
juice was passed through cheese cloth for 
filtration to remove  solid particles and pomaces 
was used to initiate secondary fermentation 
process  
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(b)Secondary fermentation 
In set A, the filtered juice from vessel was 
poured into fermentor. A 1.3 L capacity 
Bioreactor (New Brunswick BioFlowR 

/celligen/115) was utilized for secondary 
fermentation. Cell culture monitoring and 
control was performed by computer (Advanced 
Fermentation Software New Brunswick sc.) 
External heating blanket and immersed stainless 
steel cooling coil were used to maintain 
convective temperature. at 30 °C. Magnetic 
Drive was used to control agitator shaft rotations 
at 50 rpm. Three Rushton style standard 
impellor blades mounted on agitator shaft were 
used for churning of grape juice. pH was 
maintained at 6.0 using proportional–integral–
derivative controller (PID) .No antifoaming 
agents were added and neither aeration was 
performed. One liter of partially fermented juice 
was poured into autoclaved fermentor 
aseptically the lid was resealed before operating 
fermentor (Fig.1). The fermentation was carried 
out for 5 days. 
 In set B partially fermented grape juice (1 L) 
after filtration was       aseptically poured into 
sterile glass   container of 3 L capacity (fig 4) . 
To prevent O2  entry  and promote CO2  removal 
a conventional and simple method was utilized 
.A rubber balloon  was fixed at top rim of glass 
vessel. The balloon was punctured at 5 – 10 
positions using fine needle before initiation of 
fermentation process. The fermentation was 
carried out for 5 days at room temperature. 
 
(iv)  Ethanol concentration measurement 
 
The titration using potassium dichromate and 
hydrometer device was used to measure the final 
concentration of ethanol in both the sets.  

(a) Titration method 
For titration the 500 ml solutions of    Ferrous 
Ammonium Sulfate, Fe(NH4)2(SO4 )4  ; 0.3M , 
and Potassium Dichromate, K2Cr2O7 ; 0.1M  

were prepared in 1 L  beaker .55.7 g of ferrous 
ammonium sulfate in a sulfuric acid solution 
(1N) that was  prepared by dissolving 25 ml of 
concentrated sulfuric acid in 250 ml of water. 
Volume was raised to 500 mL 

Potassium dichromate reagent was prepared by 
dissolving 29.4g of potassium dichromate in 1L 
of distilled water.  

The standardization of the ferrous ammonium 
sulfate was performed with 10 ml of potassium 
dichromate and it was titrated in a 250 ml 
Erlenmeyer flask, with the ferrous ammonium 
sulfate and labeled as standard. Readings were 
repeated in triplets and mean reading was 
considered. 

N-phenyl anthranilic acid (0.25g) was dissolved 
in about 10mL of 0.1M NaOH. Then it was 
diluted by adding 200 ml. of water. This solution 
was used as indicator. 

25 ml of potassium dichromate solution was 
taken in a 100 ml Erlenmeyer flask. Then 1 ml 
of wine sample was added to it. This flask was 
then incubated for 30 minutes at 60 °C.  

1 ml of the N-phenyl anthranilic acid indicator 
was added to the mixture of potassium 
dichromate and wine and then volume was 
raised by adding 150 ml of distilled water. The 
samples from both the sets A and B were titrated 
with the ferrous ammonium sulfate until the end 
point was reached (light green color)  

 (b) Hydrometer  
The ethanol concentration in fermented wine 
was also verified using Hydrometer. The 
specific gravity difference was utilized for 
calculating exact percentage of ethanol produced 
during fermentation process. 
(v) Brix measurement  
The Brix was measured (60° F) before 
initiation(in glass container) and after 
completion of fermentation process (fermentor 
and glass vessel) in both the sets respectively. 
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Digital handheld refractometer was utilized for 
the actual measurements. 
(vi)  Acidity measurements 
The acidity was measured using titrating 
fermented samples of the 2 sets respectively 
against NaOH (0.1M) using phenolphthalein 
(0.1 gm in 95 % ethanol) as indicator 
The phenolphthalein powder (0.1 gm) was 
dissolved in 10 ml of 95 % ethanol to prepare 
phenolphthalein indicator. About 100 ml of 0.1 
M NaOH was poured in burette followed by 
preparation of blank and fermented juice sample 
 
(a) Blank preparation  
Two or three drops of phenolphthalein indicator 
was added to 20 ml distilled water and was used 
as blank 
(b) Sample preparation 
About 20 ml of fermented juice from both the 
sets A and B were taken in 100 ml flask, 
followed by addition of 2 - 3 drops of 
phenolphthalein indicator and was used as 
sample. 
The initial burette and final burette readings 
were measured for calculation of acidity 
Formula used  
(a) Moles of NaOH utilized – 
 
 Conc. of NaOH (0.1M) × Titer value (F.R. -
I.R.) 
                                   1000 
 
(b) No. of moles equivalent H+ in 1 L 
fermented juice- 
0.5 × conc. Of NaOH × titer value   × 1000   
             1000 × vol. of fermented juice 
(c) Mass value of equivalent H+ in 1 L 
fermented juice- 
150 × 0.005 × titer value 
i.e. 0.75 × titer value 
 
RESULTS AND DISCUSSION: 
Ethanol concentration  

The organism yeast strain Saccharomyces 
cerevisiae NCIM 3176was obtained as slant 
culture (preserved from National Chemical 
Laboratory, Pune.) Lacto phenol blue dye was 
used for staining on the glass slide and observed 
under binocular microscope (Motic BA 300) 
The juice was subjected to the process of alcohol 
fermentation by employing Saccharomyces 
cerevisiae in two sets A and B. In set B(Fig-2), 
the CO2 formed during fermentation resulted in 
vigorous bubbling .The CO2 so formed escaped 
from the perforated balloon, simultaneously the 
entry of O2 was prevented due to high partial 
pressure of CO2 escaping from the perforations. 
The ethanol concentration were measured using 
potassium dichromate method and hydrometer 
respectively. Ethanol concentration in set A 
(Potassium chromate   method) was found to be 
10.0 % (approx.), while in set B the 
concentration was found to be 9.0 %  
The ethanol percentage calculated using titration 
method were verified with hydrometer as 
follows: 
 
Set A  

Original gravity = 1.092 

 Finishing gravity = 1.015 

1.092 - 1.015 = 0.077  

0.077 x 105 = 8.085% a.b.w.  

8.085 x 1.25 = 10.1% a.b.v.  

Set B 

Original gravity = 1.092 

Finishing gravity = 1.023  

1.092 - 1.023 = 0.069  

0.069 x 105 = 7.2% a.b.w.  
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7.2 x 1.25 = 9.05% a.b.v.  

3.2 Brix measurement 

The Brix was adjusted to 22 º with the help of 
sucrose before initiation of fermentation in both 
the sets and re measured after completion of 
fermentation .after fermentation the Brix value 
was found to be 3.82º Brix/ Plato in set A and 
5.83º Brix/ Plato in Set B 

Total Acidity 

 The T.A .of fermented juice was measured 
before fermentation and after fermentation using 
following calculations for both the sets A and B  

 In Set A ,the final acidity was measured as 
discussed in this section. 10 ml of fermented 
juice was taken in 100 ml conical flask, and was 
titrated using 100 mM solution of NaOH  Since 
1 mole of tartaric acid requires 2 moles of NaOH 
for neutralization – 

                                ½ = 0.5 

Initial burette reading= 35 

Final burette reading = 25.5 

Titer value = initial burette reading- final burette 
reading- 
35.0-25.5 = 10.5, therefore A) moles of 

NaOH used =   0.1×10.5=   1.05 mM 

                           1000 
b) No. of moles equivalent H+ in 1 L fermented 
juice- 
 0.005 × 10.5 = .0525 M 
 
c) Mass value of equivalent H+ in 1 L fermented 
juice- 
0.75 × 10.5 = 7.87 

The similar calculations were repeated for 
calculating acidity in set B  
A brief comparison for various parameters 
between set A and set B is shown in Table 1.  
The use of solid state fermentation for ethanol 
production from flowers of Madhuca latifolia L. 
has been reported [23].According to this study 
the higher ethanol production was observed was 
pH-6.0 and temperature 30 °C respectively. 
The yield of ethanol from other substrates such 
as cane molasses [24], cassava [25, 26] and 
sweet potato [27, 28] was approximately 
comparable to grapes  
 
CONCLUSION: 
The present study reveals comparison between 
ethanol production using a simple glass 
container and a laboratory fermentor. The 
ethanol producing efficiency appears to be 
depending upon various factors. The final 
concentration of ethanol in glass container (set 
B) was    9.05   % (A.B.V.) as compared to      
10.1%   (A.B.V.) produced in lab fermentor (set 
A).    This result indicates that the ethanol 
concentration may increase by strictly 
controlling physical parameters using fermentor. 
similarly reasons behind variations observed in 
total acidity of both the sets may be explained by 
considering high efficiency of fermentor in 
controlling physical factors . In set A the 
temperature was maintained constant and the 
process was carried out in completely closed 
environment, due to which the concentration of 
volatile acids may have been increased 
contributing to the high acidity in wine obtained 
from fermentor. on other hand the in set B 
acidity was low because the system was not 
completely isolated. the volatile acids may have 
escaped from the container through the 
perforations present in balloon resulting in 
decrease in acidity. The temperature is not 
controlled in set B, which might resulted in low 
acidity levels and higher glycerol content. In 
conclusion the findings of present study are 
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important stating that fermentor is more efficient 
system for production of ethanol in comparison 
to glass container system 
ABBREVIATIONS: 
v/v  = Volume by Volume 
MT = Metric ton 
NCIM = National Collection of Industrial 
Microorganisms 
Roxb. = Roxburg 
CO2      =  Carbon Dioxide 
Ph=  Power of Hydrogen ion 
°C= Centigrade 
Kg= Kilogram 
G = Grams 
L = Liter 
T.A. = Total Acidity 
NCL National Chemical Laboratory 
MPYD = Malt extract –Peptone-Yeast 
Extract-Dextrose  
rpm = Revolutions Per Minute 
M = Molar 
N  = Normal 
F.R. = Final Reading 
I.R. = Initial Reading 
NaOH = Sodium Hydroxide 
a.b.w./A.B.W = Alcohol By Weight 
a.b.v. /A.B.V. = Alcohol By Volume 
mg = Milligrams 
mL = Milliliter 
psi = pounds per square inch 
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TABLE 1 comparative study of secondary 

fermentation in set A and set B  

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Parameters Reading SET A SET B 

1 pH Initial 5.1 5.1 

Final 3.8 4.2 

2 Temperature 
(C) 

Initial 30 Room temp. 

Final 30 Room temp. 
3 °Brix Initial 22 22 

Final 3.82 5.84 

4 Acidity 
(per 100 ml) 

Initial 0.53 0.51 

Final 0.78 0.62 

5 Specific 
gravity 

Initial 1.092 1.092 

Final 1.015 1.023 

6 A.B.W 
(per 100 ml) 

Initial --- --- 

Final 8.08 7.20 

7 A.B.V. 
(per 100 ml) 

Initial --- --- 

Final 10.1 9.05 
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Fig.1. Bioreactor 1.3 L capacity containing 

partially fermented juice  

 

 

 

 

 
Fig.3. Fermentation sampling after 5 days 

incubation 

 

 

 

 

 

 

 

 
Fig.2. Primary fermentation Left: (set B) ,  Right 

:(set A) 

 

 

 

 

 
 

Fig.4. Secondary  fermentation in set B. 

 

 

 

 

 

 

 


