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Abstract
Alcohol is an indispensable ingredient in medicinal preparations like cough syrup, antiseptic, antidote,
disinfectant, etc. In the present study, the alcohol production using Saccharomyces cerevisiae (yeast) and
its growth kinetics were investigated in presence of the following bio-additives: Liquozyromol (plant
extract), Avena sativa (oats), and Cicer arietinum (Bengal gram). The yeast’s speci�c growth rate and
generation time for fermentation during alcohol production were determined to be 1.35 h-1 and 1.57 h-1

respectively. The Optimal concentration of Avena sativa (oats), Cicer arietinum (Bengal gram), and
Liquozyromol for alcohol production were determined to be 8.6 g/l, 8.9 g/l, and 9.8 g/l respectively. Under
the optimal conditions, the introduction of Cicer arietinum (Bengal gram) and Avena sativa (oats) had a
minuscule impact on the alcohol quantity produced, while it increased considerably in presence of
Liquozyromol. Also, the rate of fermentation decreased and volatile acidity was affected in presence of
additives. Thus, the use of Liquozyromol as an additive greatly reduces the effect of secondary
metabolites thereby increasing the quantity and the quantity of ethanol produced.

1. Introduction
The pursuit for sustainable energy production to ful�ll global energy demands has been the focus of
major key players in the industrial landscape. This surge in energy demand is prompted by the rise in
living standards [1]. The study of liquid biofuels was prioritized over other renewable energy resources
since they account for 40% of global energy use [2]. One such alternate fuel that is eco-friendly is bio-
ethanol. It can be distributed through the current fueling infrastructure and is easily compatible with
modern combustion engines when mixed with gasoline [3].

Bioethanol production from molasses using Saccharomyces cerevisiae MTC181 under varied
fermentation conditions has an impact on the quality and quantity of ethanol produced. As a result,
bioethanol production under various fermentation conditions is being examined in this study to generate
in-depth knowledge on this topic. The goal of this research is to 1) determine the ethanol concentration
during bioethanol production using sugarcane molasses as the media with different bio-additives such
as Avena sativa (oats), Cicer arietinum (Bengal gram), and liqozyromol, 2) Evaluate the effect of kinetic
parameters on alcohol production. 3) To improve the alcohol's quality by reducing the impurities such as
aldehydes and ketones to fewer than 1 ppm/gm.

2. Results And Discussion
The e�ciency of ethanol production is increased and the need for the distillation process is decreased to
some extent due to an increase in the purity of the production. During the fermentation process, the
following parameters were measured: the number of viable cells, amount of ethanol produced, residual
sugar content, and dry matter production. The production of by-products such as methanol, acetic acid,
and higher alcohols (1-propanol, 1-butanol, 2-butanol) as well as aldehyde appearance time was
measured and the �ndings are depicted in the graph [14].
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The yeast grew and proliferated well under fermented conditions, with a CFU of 3.24 × 106 CFU/mL. After
36 hours of incubation, the number of yeast cells increased. Saccharomyces cerevisiae produces
metabolites like the alcohol dehydrogenase enzyme, which converts carbohydrates to ethanol. Sugar in
yeast media which aids in the growth and proliferation of yeast cells during fermentation also gets acted
upon by the alcohol dehydrogenase enzyme to produce ethanol. Glycolysis converts glucose in the
substrate to pyruvic acid. The pyruvic acid is subsequently transformed into acetaldehyde and CO2, and
the acetaldehyde is then turned into ethanol by an enzyme called alcohol dehydrogenase [13]. The
simultaneous sacchari�cation and fermentation of converted lignocellulosic content resulted in a higher
fermentation yield, and a comparison of the potential of Saccharomyces cerevisiae and Kluyveromyces
marxinus in ethanol production revealed a signi�cant increase in the latter species with 65 percent
activity [12].

The �nal biomass and ethanol production were measured at various time intervals with varying sugar
levels. The residual sugar increased until the 32nd hour of fermentation, after which it drastically declined
until the 72-hour mark. The reduction in residual sugar and biomass generation are important indicators
of ethanol output.

The use of chemicals throughout the fermentation process has greatly boosted the amount of ethanol
produced. After adding liquozyromol as an additive, the highest amount of ethanol production (12.4 %)
was observed (Figure 1a). Industrial ethanol production from several starchy components such as corn,
wheat, potato, and cassava root has been documented and has been actively adopted for large quantity
ethanol production [10, 11]. The synthesis of higher alcohols, such as 1-propanol, 1-butanol, and 2-
butanol, were measured using gas chromatography. Cell growth was found to be hindered by increasing
ethanol synthesis due to the osmotic pressure exerted on the yeast cells by the generated alcohol (Figure
1b, and 1c). .

The kinetic parameters were calculated and the maximum speci�c growth rate was found to be higher in
all three additives when compared with control. Throughout fermentation, yeast produced alcohol along
with some by-products. [14] Stated that during alcoholic fermentation, Saccharomyces cerevisiae was
producing by-products such as organic acids and acetaldehyde which can decrease alcohol production
(Figure 1d). The accumulated alcohol interacted with organic acids to form ester compounds thus
resulting in reduced alcohol production. Aldehyde appropriate for therapeutic application was found in
the alcohol quality after Liqurozymol was added.

4. Conclusion:
When chemically synthesized, a decent amount of ethanol was produced from biomass with higher
e�ciency, resulting in a clean biofuel. The increase in biomass-generated fuel is aided by the addition of
substrates and additives, resulting in increased yield co-e�ciency and the generation of reliable
convertible biomass for further processing. This research was conducted to improve ethanol production
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by using additives and the results indicate that the employed approach was superior when compared to
conventional ethanol production techniques.

4. Materials And Methods

4.1. Microorganism and culture media
IMTECH in Chandigarh provided the Saccharomyces cerevisiae MTC181 strain. Sucrose (10.0), Yeast
extract (3.0), (NH4)2SO4 (2.0), and MgSO4 (0.5) were used to cultivate the chosen strain (g/L). For the
inoculum preparation and molasses fermentation, good grade molasses with 78Bx, 50 percent (w/v) total
reducing sugars (TRS), nitrogen, and phosphorus were used.

4.2. Molasses pre-treatment
Diluted molasses was settled in tanks with conical bottoms for the removal of sludge, ash contents, and
other particulates during molasses preparation. The pH was adjusted to 4.0 – 4.5 by adding sodium
hexametaphosphate and commercial sulfuric acid, which transformed the available Ca2+ into calcium
sulfate [5]. The substrate's Brix was set at 32, 36, and 40, and the sugar content in pre-treatment
molasses was maintained at 20 percent, 22 percent, and 24 percent (w/v), respectively.

4.3. Inoculum preparation
Initially, yeast was propagated in a 1m3 jar till the cell count reached 3.24 × 106 CFU/mL, after which it
was switched to a growth medium to maintain the proper cell count. This inoculum was employed for
molasses fermentation.

4.4. Effect of additives
To study the effect of additives on the rate of alcohol production, three additives Avena sativa (Oats),
Cicer arietinum (Bengal gram), and Liquozyromol (an herbal product of plant extract containing enzymes
and polymers) were chosen. To �nalize a suitable additive from our shortlisted candidates and to
determine its optimal concentration, a screening study was carried out with various concentrations (1-5%)
of each additive for four days.

4.5. Fermentation
Batch scale experiments were performed in the conical �ask. The temperature was maintained at 32 ±
1°C and the medium was stirred at 300 rpm. To control the foaming, a silica-based antifoaming agent
was used. The fermenter was �lled with appropriately diluted molasses 16hrs after the transfer of
inoculum (25%). After transferring the inoculum, the substrate was supplied continuously with
supplements and incubated. Samples of the fermented broth were withdrawn at various time intervals for
determining ethanol content. The fermentation e�ciency was calculated based on total fermentable
sugars left in the fermentation medium.

4.6. Analytical methods
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The total soluble solids and yeast cell counts in the fermentation broth were determined using the direct
counting method [6]. The dinitro salicylic acid technique was used to determine the reducing sugar left
behind. This aids in estimating the amount of substrate consumed during fermentation [7]. The
concentration of ethanol (P, g/L) was determined using the Chamber Conway method, with alcohol 96
percent serving as an internal standard [8]. The ethanol yield (Yp/s) was determined as (g) of ethanol per
(g) of substrate used (g/g) by dividing the ethanol concentration generated (P, g/L) by the substrates
consumed (S, g/L). By dividing the ethanol concentration generated (P, g/L) by the fermentation period,
the ethanol productivity (Qp, g/L/h) was computed. The fermentation e�ciency (ή) was calculated by
dividing the amount of produced ethanol by the theoretical amount of ethanol calculated and multiplying
by 100%.
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Article Highlights:

Bioethanol generation from molasses using Saccharomyces cerevisiae MTC181 is compared in this
study.

This comparative study used sugarcane molasses as the media and several additives including
Avena sativa (oats), Cicer arietinum (Bengal gram), and liqozyromol to estimate the ethanol
concentration during bioethanol alcohol production.

To determine the impact of kinetic parameters on the generation of alcohol.

To improve the quality of the alcohol. The alcohol produced will contain impurities such as
aldehydes, ketones, and water.
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Fermentation Kinetic Parameters after addition of additives

 

Additives Oats Bengal
gram

Liquorozymol              (a herbal product to be
patented)

Fermentation time (h) 48-
72

48-72 48-72

Residual sugars (g/L)
max

42.1 41.6 44.4

Residual sugars (g/L)
min

14.5 13.8 17.4

µ max (h−1) 1.24 1.16 1.35

µ min (h−1) 1.12 1.04 1.18

X max (g/L) 23.2 22.5 24.8

X min (g/L) 17.4 19.6 20.1

Ethanol max (g/L) 8.6 8.9 9.8

Ethanol min (g/L)

 

7.4 7.8 8.1

Figures
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Figure 1

a. GS MS data for the ethanol standard b. GS MS data for ethanol after addition of additive ceicer
arietinum c. GS MS data for ethanol after addition of additive Avena sativa d. Gas chromatography
showing the presence of by products in the production of bioethanol
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