




Advanced Fermentation and Cell 
Technology





Advanced Fermentation and Cell 
Technology

Urvashi Swami and  
Kunwar Digvijay Singh Thakur

www.delvepublishing.com



Advanced Fermentation and Cell Technology
Urvashi Swami and Kunwar Digvijay Singh Thakur

Delve Publishing
224 Shoreacres Road
Burlington, ON L7L 2H2
Canada
www.delvepublishing.com

Email: orders@arclereducation.com

© 2022 Delve Publishing

ISBN: 978-1-77469-100-7 (Hardcover)

This book contains information obtained from highly regarded resources. Reprinted material 
sources are indicated and copyright remains with the original owners. Copyright for images and 
other graphics remains with the original owners as indicated. A Wide variety of references are 
listed. Reasonable efforts have been made to publish reliable data. Authors or Editors or Publish-
ers are not responsible for the accuracy of the information in the published chapters or conse-
quences of their use. The publisher assumes no responsibility for any damage or grievance to the 
persons or property arising out of the use of any materials, instructions, methods or thoughts in 
the book. The authors or editors and the publisher have attempted to trace the copyright holders 
of all material reproduced in this publication and apologize to copyright holders if permission has 
not been obtained. If any copyright holder has not been acknowledged, please write to us so we 
may rectify.

Notice: Registered trademark of products or corporate names are used only for explanation and 
identification without intent of infringement.

Delve Publishing publishes wide variety of books and eBooks. For more information about Delve 
Publishing and its products, visit our website at www.delvepublishing.com.

e-book Edition 2022

ISBN: 978-1-77469-282-0 (e-book)



Dr. Urvashi is a microbiologist. She completed her Masters from Chaudhary 
Charan Singh Haryana Agricultural University, Hisar, after which she joined 
Panjab University, Chandigarh for completing doctorate. Her main area of 
research was fermentation and phytotherapy. After completion of PhD, she 
moved to Kuwait where she is running her own business of medical writing 
and editing. 

ABOUT THE AUTHORS



Kunwar Digvijay Singh Thakur is an enthusiatic learner, researcher and academic 
writer with formal degrees in biotechnology and laws. He has drafted and editorialized 
many scientific projects at college and university level. An amateur trekker, avid reader 
and chef at heart, he has a nerve for learning new pursuits and improvising with his 
academic skills.



 List of Figures ................................................................................................xi

 List of Tables .................................................................................................xv

 List of Abbreviations ...................................................................................xvii

 Preface........................................................................ ............................ ....xxi

Chapter 1 Introduction to Fermentation and Cell Technology ................................... 1

1.1. Introduction ........................................................................................ 2

1.2. Microbial Fermentation Processes Examples ....................................... 3

1.3. Animal Cell Culture .......................................................................... 13

1.4. Plant Cell Culture ............................................................................. 18

References ............................................................................................... 19

Chapter 2 Microorganisms in the Fermentation Process .......................................... 25

2.1. Introduction ...................................................................................... 26

2.2. Diversity of Microbes ........................................................................ 26

2.3. Methods of Fermentation .................................................................. 42

2.4. Measurement of Growth During Fermentation Process ..................... 45

2.5. Factors Affecting Microbial Growth in Fermentation ......................... 55

2.6. Cultures of Starter ............................................................................. 60

2.7. Facets of Fermentation ...................................................................... 61

2.8. Representative Metabolites Produced Through Microbes................... 62

References ............................................................................................... 70

Chapter 3 Fermentation Miniaturization ................................................................. 83

3.1. Introduction ...................................................................................... 84

3.2. Fundamentals of Miniaturization of Culture ...................................... 85

3.3. Cultivation in Microtiter Plates .......................................................... 88

3.4. Cultivation in Test Tubes .................................................................... 99

3.5. Governed Mini-Bioreactor Systems ................................................. 101

TABLE OF CONTENTS



viii

References ............................................................................................. 103

Chapter 4 Aerobic and Anaerobic Solid-Phase Fermentation ................................ 111

4.1. Introduction .................................................................................... 112

4.2. Characteristics of SPF ...................................................................... 113

4.3. Advantages and Disadvantages of SPF ............................................. 114

4.4. Process Control ............................................................................... 116

4.5. Bioreactors/Fermentors ................................................................... 119

References ............................................................................................. 125

Chapter 5 Scaling-Up of Industrial Microbial Processes ........................................ 129

5.1. Introduction .................................................................................... 130

5.2. Procedure Scale-Up’s Guiding Values ............................................. 134

5.3. Main Factors for Fermentation Scale-Up ......................................... 137

5.4. A Fruitful Scale-Up’s Ground Plan ................................................... 138

5.5. Main Trials and Enhancement Prospects.......................................... 140

References ............................................................................................. 142

Chapter 6 Dietary Uses of Microbial Fermentation ............................................... 147

6.1. Introduction .................................................................................... 148

6.2. 1α-Amylase Enzyme ....................................................................... 151

6.3. Glucoamylase (GA) Enzyme ........................................................... 152

6.4. Protease Enzyme ............................................................................. 153

6.5. Lactase (β-Galactosidase) Enzyme .................................................. 155

6.6. Lipases Enzyme .............................................................................. 156

6.7. Phospholipase Enzyme ................................................................... 158

6.8. Esterase Enzyme ............................................................................. 160

6.9. Lipoxygenase Enzyme ..................................................................... 161

6.10. Cellulase Enzyme ......................................................................... 162

6.11. Xylanase Enzyme .......................................................................... 164

6.12. Pectinase Enzyme ......................................................................... 166

6.13. Glucose Oxidase (GO) Enzyme .................................................... 167

6.14. Laccase Enzyme ........................................................................... 168

6.15. Catalase Enzyme ........................................................................... 169

6.16. Peroxidase Proteins ....................................................................... 170



ix

6.17. α-Acetolactate Decarboxylase Enzyme ......................................... 172

6.18. Asparaginase Enzyme ................................................................... 173

6.19. Debittering Enzyme-Naringinase .................................................. 174

References ............................................................................................. 176

Chapter 7 Role of Microbial Fermentation in Food Quality Enhancement ............. 185

7.1. Introduction .................................................................................... 186

7.2. Effects of Lactic Acid (LA) Fermentation on the  
Nutritional Aspects of Food .......................................................... 188

7.3. Enrichment and Changes of Biological Components in  
Fermented Foods .......................................................................... 189

7.4. Nutritional Value of Fermented Dairy Products ............................... 197

7.5. Biochemical Changes in Meat-Based Fermented Food Products ...... 199

References ............................................................................................. 203

Chapter 8 Medical Applications of Industrial Fermentation .................................. 209

8.1. Introduction .................................................................................... 210

8.2. Fermentation in Industry ................................................................. 212

8.3. Industrial Fermentation Types .......................................................... 213

8.4. Fermentation Stages ........................................................................ 217

8.5. Fermentation Products Having Medical Significance ....................... 219

References ............................................................................................. 237

 Index ..................................................................................................... 247





LIST OF FIGURES

Figure 1.1. Ethanol production example processes. (a) Conventional batch molasses 
fermentation; (b) bourbon fermentation; (c) white wine fermentation
Figure 1.2. Fusarium graminearum produces SCP
Figure 1.3. The control of L-lysine synthesis in B. flavum and C. glutamicum
Figure 1.4. Classical sketch of the fermentation of fed-batch penicillin (Ryu and 
Hospodka, 1980)
Figure 1.5. Fermentation sketches for the formation of glucoamylase using α-amylase 
and Aspergillus niger by Bacillus amyloliquefaciens [S: inclusion of starch]
Figure 1.6. Culture attributes of a ten-liter growth culture of E. coli RV308 forming 
hGH in the existence of ampicillin (Atkinson et al., 1986)
Figure 1.7. The contrast of accumulative antibody formation (mg) in perfusion (•) and 
constant stirred (■) culture by the line of Sp 2/0 hybridoma (Seaver, 1987)
Figure 1.8. Method for massive formation of IgG, monoclonal antibody (reformed by 
the consent of Lebherz, 1987)
Figure 1.9. Antibody production and cell growth in microencapsulated cells (reformed 
by the consent of Posillico, 1986)
Figure 1.10. Durable constant perfusion culture of murine hybridoma excreting IgG in 
a chemically specified medium (reformed by the permission of Von Wedel, 1987)
Figure 2.1. A typical cell of gram-negative bacteria
Figure 2.2. Two eukaryotic cells schematic description
Figure 2.3. The regular structure of mitochondria
Figure 2.4. The life cycle of normal yeast cell
Figure 2.5. Asexual reproduction and structure of molds
Figure 2.6. Four main microbial development stages
Figure 2.7. Count of the plate of live bacteria that form a colony
Figure 2.8. Series of in order dilution of store solution
Figure 2.9. Graph showing optical density (O.D.) with the factor of dilution
Figure 2.10. MPN method of microorganisms per volume of sample
Figure 2.11. The Beer and Lambert law signifies A = εCl [where; A is the absorbance; 
constant ε is called molar extinction; l is the light path; C is the solution concentration, 
which is equivalent to the breadth of the cuvette]



xii

Figure 2.12. The method turbidimetry (optical density with the incubation period) of 
the growth of bacteria (Aeromonas sp., Klebsiella sp., Pseudomonas sp.)
Figure 2.13. Development of bacteria (temperature vs. development rate in degree 
Celsius) based on temperature (mesophiles, thermophiles, psychrophile, and 
hyperthermophiles)
Figure 2.14. Archae members observed near hydrothermal vents of great depths in the 
ocean (b, d) and Antarctic and Arctic areas (a, c) in the watercourse supplied by glaciers
Figure 2.15. Microbes developing in the range of various pH
Figure 2.16. The comparison/difference among primary and secondary metabolites
Figure 3.1. The reduced culture compartment of cell. (a) The work pattern of the 
production. (b) The layout of the microcavity chip. This chip comprises six × seven 
reduced cell culture compartments. (c) Picture of the MCC [scale bar five millimeters]
Figure 3.2. High-speed picture displaying the capability of the gravitational force 
of 2.50 (produced by orbital shaking at 300 revolutions per minute and the shaking 
diameter of 50 millimeters) to tempt the movement of rotating of the aqueous solution 
of bromocresol blue in polyacrylate vessels having numerous diameters
Figure 3.3. Cultivation of cells in MTPs
Figure 3.4. Representation of a sandwich cover utilized for (a) the avoidance of cross-
pollution of the wells of 96 square deep well microtiter plate throughout dynamic orbital 
shaking; and (b) the restraint of evaporation
Figure 3.5. The pattern of hydrodynamic flow within wells of several microtiter plates 
during orbital shaking at almost 300 revolutions per minute, at the shaking amplitude of 
25 mm (right) or 50 mm (left)
Figure 3.6. Synchronization of 12 isogenic cultures of the E. coli top 10 in the wells 
of the 24 narrow-well microtiter plate throughout orbital shaking (50-millimeter 
amplitude, 250 revolutions per minute, 30°C)
Figure 3.7. Illustration of the distribution of bacterial cells in the thioglycolate tubes
Figure 3.8. Summary of diverse bioreactor technologies accessible, from large to micro 
and mini-scale, and contrast with a typical size of the biological systems
Figure 4.1. The simple solid-state fermentation procedure
Figure 4.2. Flow cart of solid-state fermentation procedure
Figure 4.3. Anaerobic solid-state fermentation of biohydrogen
Figure 4.4. Diagram of a solid-state bioreactor
Figure 4.5. Schematic diagram of the tray bioreactor. (1) Chamber; (2) temperature and 
humidity indicator and controller; (3) fan, (4) tray
Figure 4.6. Diagram of the packed-bed bioreactor. Reactor working volume = 1.616 L
Figure 4.7. Rotating-drum bioreactor
Figure 4.8. Schematic diagram of fluidized bed bioreactor structure



xiii

Figure 5.1. Categorized by gliding changes, arrangement generally showing the phases 
and theoretical stages of fermentation scale-up and procedure enhancement
Figure 5.2. In diverse industrial areas, the significance of MSM (microbial synthetic 
metabolites) is shown in an organized illustration
Figure 5.3. Enzymes’ industrial manufacturing
Figure 5.4. For industrialized scale-up, an enhanced conversion scheme from a proof-
of-principle strain progress’s system
Figure 6.1. Various chemicals produced in crude glycerol by microbial fermentation. 
Circles/positions specify the aerobic conditions in which these chemicals are created 
through fermentation and the main microbial producing groups
Figure 6.2. α-Amylase structure
Figure 6.3. The structure of glucoamylase (GA) and its catalytic mechanism 
demonstrating the action of the catalytic base E400 (left) and acid E179 (right) in the 
water-assisted hydrolysis of the substrate comprising inversion of the configuration of 
the anomeric carbon
Figure 6.4. The mechanism of protease enzymes action. The proteases cleave proteins 
by a hydrolysis reaction-the addition of a molecule of water to a peptide bond
Figure 6.5. The enzymatic action of lactase hydrolyzing lactose to produce beta-D-
galactose and beta-D-glucose
Figure 6.6. The microbial lipase and its use
Figure 6.7. Phospholipase cleavage sites. An enzyme displaying both PLA1 and PLA2 
activities is known as a phospholipase B
Figure 6.8. Example reactions for regio- and stereoselectivity of esterases
Figure 6.9. The use of lipoxygenases in the physiology of plants
Figure 6.10. Cellulase enzymes extracted from insects
Figure 6.11. The modern techniques to increase the thermostability of xylanases in 
industrial applications
Figure 6.12. Applications of pectinases
Figure 6.13. The reaction catalyzed by glucose oxidase
Figure 6.14. The breakdown of the biotechnological applications of laccases
Figure 6.15. The typical structure of peroxidase
Figure 6.16. The reaction catalyzed by-acetolactate decarboxylase. 1: oxidative 
decarboxylation; 2: enzymatic nonoxidative decarboxylation
Figure 6.17. The general mechanism of L-asparaginase catalyzed reaction. Dashed 
arrow displays the nucleophilic attack
Figure 6.18. The typical structure of Naringin
Figure 7.1. On the characteristics of the ending fermented maize product, the influence 
of microbial activities



xiv

Figure 7.2. To show yeast and L.A.B., the sugar breakdown by Saccharomyces and 
Lactobacillus
Figure 7.3. Lactic acid formula
Figure 7.4. Nutritional improvement in fermented foods
Figure 7.5. During fermentation, variations in fermented dairy products
Figure 7.6. Quality fluctuations in fermented meat products
Figure 8.1. Microbial proteases having medical utilization/application
Figure 8.2. A typical bioreactor and its various components are depicted in the diagram
Figure 8.3. The batch fermentation process is depicted schematically in the diagram
Figure 8.4. Continuous batch fermentation diagram
Figure 8.5. An overview of cellulase synthesis using the Koji chamber as solid-state 
bioreactor of fermentation
Figure 8.6. Schematic representation of submerged fermentation
Figure 8.7. The two primary stages of the fermentation process are depicted in the flow 
diagram
Figure 8.8. The pharmaceutical industry’s drug production
Figure 8.9. In alcoholic fermentation, several strategies for preventing undesired yeast 
and bacteria contamination



LIST OF TABLES

Table 1.1. Outline of a key facet of the citric acid production by Candida guilliermondii
Table 2.1. Contrast among eukaryotes and prokaryotes (Gomez et al., 2015)
Table 2.2. Fulfills with certain features inherent in such groups
Table 2.3. Characterization of different components of bacteria (Gomez et al., 2015)
Table 2.4. Comparison between solid and liquid substrate fermentation (Mienda et al., 
2011)
Table 2.5. Examples of key groups of microbes concerned with SSF and SMF processes
Table 2.6. Representative metabolites produced through various groups of microbes
Table 2.7. Comparison among primary metabolites and secondary metabolites
Table 5.1. Typical errors during scale-up and advised actions
Table 5.2. Scale-reliant fermentation limitations
Table 6.1. Various applications of food enzymes of microbial origin
Table 7.1. Few frequently prepared fermented beverages/foods and their fermenting 
microorganisms
Table 7.2. Few important commercial enzymes used in fermented beverages/foods
Table 8.1. Fed-batch fermentation method producing antimicrobial substances
Table 8.2. A collection of recombinant proteins that have been employed for medicinal 
purposes (Liras, 2008)
Table 8.3. A collection of monoclonal antibodies that have been utilized for medical 
reasons (Wu and Ataai, 2000)





LIST OF ABBREVIATIONS

5′-GMP   guanosine 5′-monophosphates
5′-IMP   inosine 5′-monophosphates
AA   acetic acid
ADH   alcohol dehydrogenase
AldDH   aldehyde dehydrogenase
ASS   adenylosuccinate synthetase
ATP   adenosine triphosphate
BCG   Bacillus Calmette-Guérin
BOD   biological oxygen demand
CAGR   compound annual growth rate
CBHs   cellobiohydrolases
CBM   carbohydrate-binding module
CEs   carbohydrate esterases
CGD   chronic granulomatous disorder
CHO   Chinese hamster ovary
CO2   carbon dioxide
COD   chemical oxygen demand
CPT   camptothecin
DAPA   diaminopimelic acid
DNA   deoxyribonucleic acid
DSP   downstream processing
EMP   Embden-Meyerhof pathway
EPS   exopolysaccharide
ER   endoplasmic reticulum
FAD   flavin adenine dinucleotide
GA   glucoamylase
GHs   glycoside hydrolases
GI   gastrointestinal tract



xviii

GMP   good manufacturing practices
GO   glucose oxidase
GOS   galactooligosaccharides
HPLC   high-performance liquid chromatography
HPV   human papillomavirus
HSD   homoserine dehydrogenase
IDH   isocitrate dehydrogenase
IFN-α   α-interferon
IMP   inosine monophosphate
LA   lactic acid
LC-MS   liquid chromatography-mass spectrometry
LF   liquid fermentation
LOX   lipoxygenases
LPF   liquid phase fermentation
MAb   monoclonal antibodies
MPF   mixed-phase fermentation
MSM   microbial synthetic metabolites
NH3   ammonia
NH4

+   ammonium
O2   oxygen
PDC   pyruvate decarboxylase
PLA1   phospholipase A1
PLA2   phospholipase A2
PLC   phospholipases C
PLD   phospholipases D
RER   rough endoplasmic reticulum
rRNA   ribosomal ribonucleic acid
SCID   severe combined immune deficiency
SCP   singled cell protein
SER   smooth endoplasmic reticulum
SMF   submerged fermentation
SPF   solid-phase fermentation
SSF   solid-state fermentation
SSI   site-specific immunotherapies



xix

STD   sexually transmitted disease
TCA   tricarboxylic acid
TPC   total phenol content
VLPs   virus-like particles
WBC   white blood cells
WWT   wastewater treatment





Many traditional enzyme and microbial systems are included in fermentation and cell 
culture technologies that have been employed in the pharmaceutical, biochemical 
bioenergy, and agri-food industries. Novel technologies like protein engineering, 
systems biology, genetic engineering, and plant cell and mammalian cell systems, as 
well as the requirement for biomaterials, pharmaceuticals, bioenergy, and sustainable bio 
ingredients, are fast advancing. Industrial practitioners, students, and researchers must 
develop and implement new fermentation methods, and a range of cell technologies as 
the biobased economy continues to drive innovation.
Written by an expert in fermentation and cell technology, this comprehensive book 
contains information about the plant cells, mammalian cells, and various microbial 
technologies used in the contemporary biochemical processes. This convincing 
textbook illustrates the association between cell culture biopharmaceutical actives and 
food fermentation in conjunction with the crucial features of advanced fermentation 
and cell technology. Comprehensive chapters of this book have been divided into 
different that explain plant and animal cell technology, microbial cell technology, new 
biotechnologies’ safety concerns, and the use of microbial fermentation in food items, 
pharmaceuticals, and chemicals.
This book is composed of eight chapters, and all these chapters explain a particular 
topic. To start with Chapter 1, readers will find a thorough introduction of fermentation 
and cell technology along with animal and plant cell cultures. Chapter 2 gives a detailed 
explanation of microorganisms in the fermentation process with their methods and 
diversity.
In Chapter 3, readers will be familiarized with the concept of fermentation miniaturization. 
Chapter 4 discusses the concept of aerobic and anaerobic solid-phase fermentation 
(SPF) with their advantages and disadvantages, phase control, and bioreactors.
Chapter 5 offers the explanation of the scaling-up of the industrial microbial process with 
its procedures. Chapter 6 thoroughly discusses the dietary uses of microbial fermentation 
along with a detailed explanation of several enzymes. Chapter 7 covers food quality and 
explains the role of microbial fermentation in food quality enhancement. This book 
ends with Chapter 8 that explains the medical applications of industrial fermentation, 
its various types, stages, and products.

PREFACE
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Advanced Fermentation and Cell Technology is an ideal reference for technologists, 
researchers, and food scientists through the food industry, mainly in the fermented 
beverage, bakery, and dairy sectors, and is a valuable source for students of microbiology, 
biotechnology, food science, agricultural sciences, biochemistry, and biochemical 
engineering.
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1.1. INTRODUCTION
To produce enzymes, biomass, pharmaceuticals, and chemicals, the 
processes of fermentation may be utilized. In such culture processes, 
traditionally used cell types are fungi, bacteria, and yeasts. Withal, lately, 
industrial fermentation processes incorporating plant and animal cells are 
being introduced (Marino and Gaggìa, 2013). Reactor configurations are 
required by the aerobic fermentation incorporating microbial cells which 
expedite oxygen transfer and aeration. These include rotating-drum, air-lift 
reactors, stirred-tank reactors, and tray systems concerning solid substrate 
fermentation, and several other specialized systems. A simpler bioreactor 
design is required by the anaerobic fermentation as there is no need for 
aerated facilities. Minerals, nitrogen, carbon, and at times growth factors, 
oxygen, and water (if aerobic) are required by the microorganisms as energy 
sources for cell maintenance and biosynthesis, and as constituents for cell 
biomass. Growth factors are not required by some of the microorganisms 
in the medium, whereas others need complex media involving some 
nucleotides, vitamins, or amino acids. The design of the media and the 
parameters of alternate fermentation is in such a way that optimizes both 
product formation and cell growth. Chemical and physical environmental 
conditions affect the yield and cell growth rate, involving pH, temperature, 
toxic metabolites production, and the presence of growth-limiting substrates. 
Medium constituents (e.g., inducers, precursors, inhibitors, repressors), 
morphology, growth rate, temperature, oxygen/carbon dioxide (CO2) 
concentration, rate of substrate assimilation, pH, and secretion of by-product 
and other factors may affect the formation of product. They need conditions 
of gentler agitation in culture and are very fragile as mammalian cells are 
inadequate to a tough outer cell wall (against microbial cells).

Moreover, their nutritional needs are too complicated, and cells are very 
receptive to change in parameters like pH, temperature, CO2, and dissolved 
oxygen. Based upon cell type, animal cells can grow in monolayers cultures 
connected to surfaces (i.e., anchorage-dependent) or being suspended cells 
(i.e., anchorage-independent). The contact inhibition property is shown by 
some animal cells, that is, they quit raising on the contact surface with other 
cells (Fröhlich, 2018). These properties dramatically affect environmental 
conditions and the nature of media used in the culture of an animal cell. 
Sometimes, air-lift or gently stirred fermenters concerning the growth of 
suspension cultures are involved in the reactor types, which incorporates 
the usage of microcarrier beads concerning anchorage-dependent cells. For 
the elimination of sensitivity of cells to shear, cell encapsulation has been 



 Introduction to Fermentation and Cell Technology 3

utilized. Semi-permeable membranes, in other systems, are used to regulate 
concentrations of nutrients, toxic metabolites, and gases through perfusion. 
Usually, newborn calf-, fetal calf-, calf-, or horse-serum (5–10% v/v) 
involved in the animal cell culture media creates a supply of growth factors. 
Where for a specific cell type, there is an optimization of basal media, where 
the serum content can be minimized to 1 to 2%. Usually, these basal media 
involve 13 to 22 amino acids, 6 to 12 types of inorganic salt, glucose, 9 
to 13 vitamins, and alternate compounds. The detection and supply of the 
key serum-containing growth factors are required by the formulation and 
development of serum-free media for usage in mammalian cell culture 
(Jayme and Blackman, 1985). In suspension culture, there is a growth of 
several plant cells in chemically defined media involving a nitrogen source 
like nitrate, and organic carbon source like sucrose, growth regulators, and 
inorganic salts (Mir et al., 2018).

1.2. MICROBIAL FERMENTATION PROCESSES 
EXAMPLES

1.2.1. Alcohol Production
Perhaps, the most significant example of anaerobic fermentation is the 
formation of alcohol using fermentable sugar. The oxidative enzymes of 
the cytochrome system and the tricarboxylic acid (TCA) cycle are repressed 
catabolite at higher than 250 mg/l glucose concentrations, and yields of 
yeast biomass remain little with many sugars being transformed to alcohol 
under aerobic conditions. Alcohol yields are increased further by the 
maintenance of anaerobic conditions and minimized biomass production 
because of the phenomenon called the Pasteur effect (Gualdrón et al., 2012). 
Efficient recycling of minimized NADH under such conditions, formed 
at the glyceraldehyde-3-phosphate dehydrogenase phase in glycolysis is 
concluded from the ensuing reduction of acetaldehyde to ethanol. The 0.49 
g CO and 0.51 g ethanol are the theoretical yields by 1 g glucose. Practically, 
the glucose of around 10% is transformed to biomass. Therefore, yields of 
CO and ethanol, may attain theoretical values of 90%. Whereas alcoholic 
fermentations are highly anaerobic, a little oxygen is required to facilitate 
the yeast to unsaturated fatty acid membrane elements and synthesize little 
sterols. For the supplementation of the fermentation medium with oleanolic 
or oleic acid, this need for oxygen vanishes.
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Around 12% to 14% of ethanol concentrations can be achieved by 
several yeast strains. However, choosing strains has been shown to be able 
to produce alcohol of 18 to 20%, the rate of fermentation is reduced greatly 
with the increase of ethanol concentration (Contreras et al., 2014). The 
yeast’s alcohol tolerance is affected greatly by the phospholipid composition 
of the yeast plasma membrane. Increased alcohol tolerance is observed when 
membrane unsaturated fatty acid (incomplete sentence).

Figure 1.1(a) illustrates the time course of a conventional batch molasses 
fermentation. The density of the initial yeast cell comes to about 5 to 10 
billion cells per liter; it increases to around 100 billion at the completion 
of fermentation (Collett, 1851). The primary growth stage ends at around 
15 hours, with the accumulative fermentation consuming approximately 
30 hours. Around 80% cells are recycled in the process of Melle-Boinot 
(Logomasino, 1949), thus, the density of the initial yeast becomes 80 billion 
cells per liter, consequent to a greater rate of the production of the ethanol 
with a too minimized time of fermentation. Figure 1.1(b and c) illustrates the 
instance patterns of alcohol production and yeast growth patterns in methods 
for the production of white wine and Bourbon, respectively. It must be noted 
that the lower levels of the yeast biomass turn to protracted fermentation 
times. Generally, variations in the alcohol fermentation rate in a broad range 
of processes can be associated with the variables like the fermentation pH, 
the fermentation composition of broth nutrients, and the yeast concentration 
and temperature.


