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Abstract

objectives of this article. In addition, according to the

Biotechnology is a broad field that deals with the

authors' approach regarding the familiarity of the student

exploitation of living organisms to develop products

community with this technology, present article has

beneficial for sustainable development. Biotechnology

been written with fluent composition and avoidance of

develops cellular and molecular processes to produce

expressing specialized details.

products and technologies that can help improve human
life. This technology has a variety of applications that

Keywords:

play a major role in human well-being. In this article,

Biopharmacy; Chemical Engineering; Genetics

Biotechnology;

Biofuels;

Biology;

after defining and describing biotechnology and
providing a brief review of the history of this

1. Introduction

technology, its important and effective applications are

The word biotechnology is formed from the two words

addressed and eminent recent publications have been

of living (meaning life or living system) and technology.

thoroughly

relationship

Biotechnology has been constantly advancing in recent

between biotechnology and other scientific disciplines,

years. The field of biotechnology deals with applying

especially chemical engineering, has been one of the

scientific and engineering principles in the production or

reviewed.

Explaining

the
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conversion of some materials with the help of biological

it synonymous with industrial microbiology and the use

agents (microorganisms, plant and animal cells, enzymes,

of microorganisms, while some define it as equivalent to

etc.). In this way, goods and services in agriculture and

genetic engineering [1]. Some other sources provide a

animal husbandry (such as improving the quality of

broader definition of biotechnology and refer to it as

plants and animals), food, pharmaceutical, medical and

applied biology [2]. Biotechnology comes from sharing

other industries are provided. The breadth and diversity

the sciences of chemistry, biology and engineering.

of biotechnology applications has made its definition

Figure 1 shows a schematic view of this concept.

and description a bit difficult and varied. Some consider

Figure 1: Biotechnology related sciences

Compared to biology, molecular biology, genetics,

and trunk [3].

chemical engineering or biochemistry, biotechnology is
not a basic or applied science whose scope can be easily

The division of biotechnology into different branches

defined. Biotechnology includes common fields of

also differs according to the views of different experts

different sciences that have been created by the overlap

and scientists, and in the most common classification,

and intersection of these sciences with each other.

they use the intersection and connection of different

Biotechnology can be likened to a tree whose roots are

sciences with biotechnology and thus name a branch of

rooted in ancient sciences such as biology, especially

biotechnology.

molecular

biotechnology, which arose from the sharing of

biochemistry,

biology,

genetics,

immunology,

microbiology,

chemistry,

chemical

Two

instances

are

medical

biotechnology with medical science, and agricultural

engineering, botany, zoology, pharmacology, computer,

biotechnology,

etc. The branches of this tree, which are more or less

biotechnology in agriculture. Thus, we can name

newly grown, and each time with their growth create

pharmaceutical biotechnology, microbial biotechnology,

more sub-branches, are very numerous and diverse. In

marine

fact, the branches of this tree represent different

environmental

biotechnology,

technologies and applications that arise from its roots

bioinformatics,

industrial
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biotechnology, diagnostic biotechnology, etc. [4]. In

well-being, most believe that this science will be one of

fact, biotechnology requires a wide range of engineering

the most powerful tools for human existence in the near

knowledge and basic sciences. The prerequisites and

future. Today, the scope of biotechnology activity is

outputs of this technology are schematically shown in

very wide and includes the diagnosis, prevention and

Figure 2 [3].

treatment of diseases to the production of new chemicals
and drugs, new food sources, environmental protection,

Due to the great impact of biotechnology on human

energy conservation, etc. [3].

Figure 2: Diagram of requirements and outputs of the biotechnology industry [3].

2. History

achievement that has just been proposed and scientists

The term biotechnology was first coined in 1919 by

have entered a competition with each other in this field.

Karal Ereky, a Hungarian engineer, to mean the

The history of using microorganisms to produce food

application of biological sciences and their interactions

items such as beer, vinegar, yogurt and cheese dates

in man-made technologies. He is known by some as the

back to more than a thousand years ago, but the

father of biotechnology [4]. Biotechnology is not a new

mechanism of production of these products was

development, and studies by microbiologists over more

unknown to anyone [5]. Observing the fact that sour

than a hundred years have shown that there is a very

milk has a much better storage capacity, man soon

close vital link between humans and microbes that can

realized that by adding a small amount of sour milk the

be both beneficial and harmful. But using this science to

day before to fresh milk, he could begin the

develop and improve human food resources is a new

fermentation process. Ethanol was the first chemical to
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be produced biotechnologically to increase the alcohol

skin growth factor and etc.

content of wine and beer. Apart from distillation,
biotechnology changed little from the Christian era to
the first of the twentieth century, and like the
advancement of other sciences, the advancement of this

The main techniques that have given rise to
modern biotechnology are [9, 10]:
•

technology was motivated by war [1,6].

Genetic engineering: This method involves
changing the nature of a living genetic material
and inserting it into the host organism to

The development of biotechnology can be divided into
•

five periods [7,8]:
•

change its nature.

hormones, antibiotics, vaccines, and drugs.

Pastor Period, 1865-1940

The world has entered modern biotechnology with new

ethanol,

butanol,

acetone,

glycerol, organic acids such as citric acid and
aerobic

wastewater

treatment

are

the

achievements of this period.
•

•

of

penicillin

applications

of

biotechnology

from

traditional

biotechnology [11]. In the last century, due to the
uncontrolled increase in population and the need for
food supply, agricultural biotechnology has received
special attention. High-yielding and hardy transgenic

Antibiotic Period, 1940-1960
Production

technique

processes to receive products such as enzymes,

and other fermented derivatives.

of

This

optimal microorganisms in biotechnological

beverages and dairy products such as cheese

Production

engineering:

involves maintaining the sterile conditions of

Pre-Pasteur period, before 1865
The products of this period are alcoholic

•

Biochemical

(immersion

crops such as corn, rice, soybeans, tomatoes and wheat

fermentation technology), various antibiotics,

have

animal cell building technology, viral vaccines

techniques have been effective in increasing milk and

and microbial steroid transfer are some of the

cattle production. The application of biotechnology in

achievements of this course.

the 21st century is so great that it will have a profound

Amino acids, protozoan proteins, enzymes, cell
and

fixed

enzymes

produced,

and

new

biotechnological

impact on the economy, health, environment, education,

Post-Antibiotic Period, 1960-1975

technology

been

(glucose

isomerization), anaerobic wastewater treatment,
and bacterial polysaccharides are the results of
this course.

agriculture, industry, nutrition, and other aspects of
human life. For this reason, some thinkers in the world
have

called

the

21st

century

the

century

of

biotechnology [12].

3. Applications of Biotechnology
The applications of biotechnology are so wide that they

•

New biotechnology period, years after 1975
The results of this course are: hybridoma
technology (monoclonal antibodies), genetic
engineering, production of human growth

affect almost all aspects of human life. It is predicted
that in the near future, a word bio or biotech will be
added to most of the common science and technology
branches, which indicates the effect of this science on

hormone, production of insulin, production of
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those disciplines [4,13].

Genetic engineering with many applications as one of
the most prominent signs of progress in the present age

The use of biotechnology has expanded in various
sectors such as industry, agriculture, environment and
medicine. In fact, biotechnology can be used not only in
fields related to living organisms, but also in all

and one of the tools and branches of biotechnology, tries
not to limit the realm of life to the current boundaries
but expand these boundaries with new methods to solve
human problems.

activities that use living organisms or biological
compounds to improve the quality of a product [14].

The process of identifying suspected genetic defects
before starting treatment and using genetic testing is

A number of terms have been coined to identify

called genetic diagnosis. Depending on the inherited

branches of biotechnology:

patterns of a pathogenic gene, family members are



Green biotechnology: This technology is used
in agricultural processes.

advised to have genetic testing. Treatment plans are



Red biotechnology: This technology is used in
medical applications.

type of disease. If the disease is caused by inherited gene



Blue biotechnology: This is a term used to
describe the aquatic and marine applications of

genetic testing and periodic screening. According to

mutations, other relatives are also advised to undergo
many scientists, the birth of gene therapy in the early

biotechnology.


based on the findings of genetic tests that determine the

White biotechnology: This technology is used

1990s was a major and revolutionary event that created a

in industrial processes [11].

new perspective in the field of molecular medicine;

In the following, various applications of biotechnology

Because for the first time in the history of life sciences,
the application of very sensitive and new methods and

in the production of products are presented [14].

techniques to transfer healthy genes into the cells of the
3.1. Medical biotechnology

body and the correction and treatment of mutated and

Medical biotechnology involves the use of living cells

defective genes, a new window to serious, fundamental

and other cellular compounds to improve human health.

and causal struggle is open to many diseases. Gene

Basically, biotechnology is used to find treatments to

therapy is the transfer of genetic material into the cells

treat or prevent disease. This science includes the use of

for therapeutic purposes in a variety of ways, i.e.

research tools to find different or effective ways to

physical, chemical, and biological.

maintain

The discovery of many important pathogenic genes in

human

health,

identify

pathogens

and

understand the biology of human cells [15]. The
following are some examples of important achievements
of biotechnology in the medical sciences, which have
created or will bring about great changes in various
areas of human life [16].

the near future, the use of diverse and unprecedented
methods of genetic screening and very accurate
predictions about the fate of the fetus in terms of genetic
diseases before and after birth, are other capabilities of
genetic engineering and gene therapy. Researchers have
overcome many of the limitations of gene therapy

3.1.1. Genetic diagnosis and gene therapy

through extensive research. Significant progress has also

Many scholars refer to the present century as the century

been made in the highly specific targeting of cells and

of genetic engineering and molecular biotechnology.

the transfer of naked genes or DNA into them (as drugs)
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[17,18]. Although gene therapy is currently a costly

transfer of cancer-inhibiting genes into cells, are

method

increasingly taking place. Inhibition of genes that are

that

requires

advanced

and

specialized

techniques, it will soon be used for a wide range of

overgrown

diseases. There is also growing and promising evidence

replacement of a defective or deleted gene are some of

that the use of molecular medicine techniques will

the strategies in this treatment. Recently, US researchers

reduce treatment costs hundreds of times over in the not-

have developed a "smart" virus that could multiply

too-distant future, compared to the current situation. The

inside cancer cells and kill all malignant cells in the

International Human Genome Project (IHGP) is one of

body, but not harm healthy cells. The results of this new

the most important and massive biology research

method have been successful in model mice and have

projects of the present age, which, by deciphering the
human genome, has opened countless nodes and
conquered many peaks. This project, which is the result
of new advances and information of researchers in the
field of genetic engineering, will bring about profound
and unexpected developments in the medical sciences in
the near future. The International Human Genome
Project can be considered a turning point in the history
of life sciences, especially genetic engineering and
molecular biotechnology [19].

(such

as

activated

oncogenes)

and

been able to kill about 60% of cancer cells. Relying on
the

processes

and

capabilities

of

molecular

biotechnology, a number of pharmaceutical companies
around the world are working on the design of drugs and
therapeutic agents with the aim of stopping the
proliferative machine of cancer [20]. Undoubtedly, these
studies, which in the near future will lead to useful
results in the treatment of a number of human cancers,
would not have been possible without the application of
the principles and techniques of genetic engineering and

3.1.2. Identification of molecular mechanisms of

biotechnology [21].

cancer genesis
Today, through the use of genetic engineering and
molecular biotechnology, the question of how cancer
develops is no longer one of the unknown scientific
mysteries. Over the past two decades, researchers have
made stunning advances in identifying the molecular
causes and stages of cancer using molecular methods
and the achievements of the human genome decoding
scheme. These advances will lead to revolutionary
approaches to cancer treatment in the near future.
Although no one is yet able to predict the exact time of
the complete defeat of cancer, the outlook is very
promising. In this regard, extensive efforts to treat
cancer using gene therapy methods, e.g. such as the

3.1.3. Cloning
Another very important topic in the field of genetic
engineering and molecular biotechnology, which is
closely related to the medical sciences and is likely to be
the source of great developments in this field in the
future, is the issue of cloning or asexual proliferation of
cells; during which, by replicating from the adult cell of
an organism, similar copies of the original organism are
made. It is worth noting that the first human success in
cloning an adult mammal (Dolly the sheep) was in 1996
by Ian Wilmot and his colleagues at the Russell Institute
(Edinburgh, Scotland) by transferring the nucleus of a
somatic cell into the cytoplasm of an oocyte whose
nucleus had been removed was obtained (Figure 3) [3].
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Figure 3: The first mammal produced by cloning [3].

3.2. Agricultural biotechnology

grow in areas where there are stressors such as drought,

There are many constraints that severely affect global

specific climatic conditions, and the presence of pests, with

agricultural production and productivity. These factors

the resistance and beneficial properties they have acquired

include increasing rate of population growth, loss of

during genetic modification; whereas in the past,

natural resources, climate change and pests, which

without the use of genetic engineering techniques, the

among them, biological limitations or known pests cause

use of chemical pesticides was required to repel pests

the loss of 25-50% or the entire plant production [22].

and make plants resistant to adverse environmental

Scientific and research advances in the field of

conditions; in this case, in addition to environmental

biotechnology in developed and developing countries

hazards and soil and water pollution, these toxins

indicate that in recent years, much attention has been

remain stable in the plant. An example of the

paid, especially to the field of plant biotechnology.

production of pest-resistant crops is a gene that is

Increasing the tendency to use biotechnology to create

transmitted to crops by the bacterium Bacillus

food security for the growing population will be a good

thuringiensis. The reason for using the bacterial gene is

way to overcome poverty and hunger in the coming

that the bacterium produces a toxic protein called Bt

years. Since the Green Revolution and classical plant

which is very effective against pests such as the

breeding methods alone cannot provide food security

European corn borer. Bt protein is a useful trait that

and overcome common problems in agriculture, the use

scientists want to create in plants, so they identified the

of

production

gene for Bt protein in bacteria and transferred it to the

problems and barriers such as biological and non-

corn plant. In such a situation, corn can produce protein

biological stresses can be useful [23].

toxin naturally and by eliminating the cost of treating

plant

biotechnology

to

overcome

crops with pesticides, the production cost is reduced
Agricultural biotechnology focuses on the production of

(Figure 4) [24].

genetically modified crops in order to increase crop
yield or create beneficial properties in crops. For

In some cases, to produce plants with beneficial

example, genetically modified plants can continue to

properties, scientists must find the desired trait in other
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plants, identify the gene that produced the trait and,

yields and resistance than before [25,26]. In a review

through genetic engineering, insert it into the genome

study, the use of DNA and protein-based diagnostic

or cells of the plant. In this case, by transcribing the

methods in agricultural biotechnology was investigated

input gene in the plant cells, proteins to produce the

[27].

desired trait are produced and the plant can have higher

Figure 4: Comparison of corn with Bt protein and natural corn that suffers from perforating pest [24].

3.3. Industrial biotechnology

such as biotransistors, biochips and protein polymers

Industrial applications of biotechnology range from the

using protein engineering methods, production of

production of cellular structures to the production of

fermented beverages, production of high performance

biological elements for innumerable uses. In recent

detergents, production of personal healthcare with

years, molecular biotechnology has found a unique place

biological characteristics, preparation of breads using

in various industries. Today, in some mines of the

yeasts and biological enzymes, production of resistant

world, extraction and recycling of valuable minerals

fibers for military use (such as production of bulletproof

such as gold, silver, copper and uranium is done with the

vests from spider webs), and bio-assisted environmental

help of microorganisms and by bioleaching [28].

cleanup are another new and valuable fields of

Industrial production of many organic acids such as

biotechnology in industry and the environment [29,30].

citric, acetic and lactic acids, as well as the production

For example, the laccase enzyme can be used in

of oils with special fatty acid compounds that have high

bioremediation to destroy plastic waste containing olefin

value in the food industry and detergents, are other areas

units. This enzyme is also used in the food, the pulp and

of biotechnology presence in industry. Production of

paper, and the textile industries [31-34]. Table 1 lists

biodegradable plastics, production of renewable energy

some of the enzymes and their industrial uses.

using biomass, design and production of nanostructures
Journal of Biotechnology and Biomedicine
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Enzyme

industry

application

Lipases

Food

Increases the taste of cheese [35]

Lipozyme TL IM

Food

Transparency of vegetable oil [36]

Amylase

Food/Biofuel

Amidase

Chemical

Laccases

Pulp and paper

Cellulase

Biofuel

A group of enzymes that break down starch into glucose
monomers [37]
A group of enzymes used to produce pure non-protein
amino acids [38]
Improving the quality of production paper [39]
A group of enzymes that break down cellulose into
glucose monomers [40]

Table 1: Some enzymes and their industrial applications.

Another important application of biotechnology is

and managing marine ecosystems as well as sustainable

wastewater treatment [41]. Indeed, biological methods

and safe fisheries and aquaculture. Also, marine animals

play an important role in the removal of contaminants,

and plants are the source of unique compounds that have

including emerging methods, integrated biotreatment

industrial potential in areas such as the production of

processes, and biosensors [42-44]. A review article on

pharmaceuticals, cosmetics, food additives, molecular

waste gas treatment biotechnology was written by

probes, enzymes, special chemicals and chemicals used

Burgess et al. In this article, the progress made in the

in agriculture [49,50]. In the book of "Handbook of

field of odor control was studied [45]. Biotechnology

Marine

techniques can also be used to increase oil recovery and

Phycology" the properties of seaweed materials, source

desulfurization of crude oil [46,47]. Bachmann et al.
conducted a review study on biotechnology in the
petroleum industry [48].

Macroalgae:

Biotechnology

and

Applied

species, types, production and applications have been
expressed [51]. Freitas and colleagues reviewed
advances in marine biotechnology to produce new
functional foods containing marine ingredients [52].

3.4. Marine biotechnology
Marine biotechnology is a growing field of technology
that uses organisms such as fish, algae, or bacteria
directly and indirectly. In fact, marine biotechnology is a
type of biotechnology that explores and exploits aquatic
organisms to produce new products. One of the most
important benefits of marine biotechnology can be the

Furthermore, marine sources such as algae can be a
potential and reliable biomass source and produce a
plethora

of biofuels including biodiesel,

biogas,

biomethane, biobutanol, bioethanol, syngas, bio-oil, etc.
A basic summary of the production of biofuels from
marine algae sources through biotechnological advances
is provided in a book written by Hossain et al [53].

production of new and improved products; provide new
techniques for tracking, assessing, storing, protecting

4. Biotechnology and Chemical Engineering
This section describes several terms related to

Journal of Biotechnology and Biomedicine

177

J Biotechnol Biomed 2021; 4 (4): 169-186

DOI: 10.26502/jbb.2642-91280043

biotechnology in relation to engineering sciences,

separations [59]:

especially chemical engineering.
a. Removing insoluble components

a. Bioengineering
A general term includes measures taken by medical and
agricultural systems specialists in the fields of chemical
engineering, electronics, mechanics, industry, and the
environment. Biological engineering is a term similar to

Bioprocess engineering is the application of engineering
rules to the design, development, and analysis of
processes in which biocatalysts are used. These
processes may lead to the formation of desirable
compounds or the removal of undesirable substances.
Engineering sciences, especially chemical engineering,
for

concentration is done and as a result, there is a slight
improvement in the quality of the products [60].

At this stage, significant concentration takes place and

b. Bioprocess engineering

essential

main units of this section. In this step, a little

b. Separation of products

bioengineering [54].

are

Filtration, centrifugation and cell disintegration are the

the

successful

exploitation

of

as a result, a relative improvement in product quality is
achieved. Adsorption and solvent extraction are among
the operations used in this section [61].
c. Purification
The techniques used in this step have a high selectivity
towards the products and remove impurities with similar
physical and chemical properties. Chromatography,
electrophoresis, precipitation and ultrafiltration are good

bioprocesses [55,56].

examples of these processes [62].

c. Chemical bioengineering
Biochemical engineering is the application of chemical
engineering to perform that group of chemical processes
in which biological catalysts are used. Biochemical
engineering is often divided into two subgroups:
bioreaction engineering and bioseparation engineering

d. Finishing
The polishing step is the final separation step that
involves processes such as crystallization and drying
[63,64].
4.2. Biological reaction
In the process of bioreaction, feed or substrate is

[57].

consumed and by the activity of a microorganism or

d. Biomedical engineering
Although biomedical engineering is considered as a
separate branch of biochemical engineering, the
boundary between the two is not completely clear. The
field of biomedical engineering is animal cell culture

catalytic components of organisms (such as enzymes)
reaction products are produced. Substrates needed for
cell survival include carbon sources such as sugar and oil,
nitrogen sources such as ammonia and amino acids, and
electron receptors such as O2. In addition, bioactive

and cell surface receptors [58].

products can include a variety of organic compounds,
4.1. Bioseparation

biomass and CO2. To achieve the optimal reaction rate,

Biochemical products always need to be separated and

it is necessary to know the mechanism and manner of

purified

separation

mass transfer in the processes of transfer of substrate to

processes are often much more difficult and costly than

the surface of the enzyme or cell and transfer of

their production process. Based on experience, the

products from the surface of the enzyme or organism to

following four steps can be considered for most

the reaction medium. Bioreactor and biocatalytic

after

production.

Biochemical
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 Direct biological treatment processes
In these processes, Thiobacillus bacteria oxidize sulfur
species as a source of energy. The oxidation reaction

4.3. Some applications of biotechnology in chemical

takes place in the presence of the following compounds:

engineering

Final electron receiver such as NO3-;

4.3.1. Application of biological processes in gas

Source of carbon such as carbon dioxide in gas streams

sweetening

or HCO3- present in the culture medium;

So far, a variety of biological processes for sour gas

NH4+ as a source of reduced nitrogen [68].

sweetening containing the acidic compounds of H2S and
CO2 have been identified, although a limited number of
these methods are used on an industrial scale. Biological
processes take place at ambient temperature and
pressure, and thus energy consumption is minimized.
The relatively high costs of providing chemicals,

4.3.2. Biological treatment of soil
One of the main problems facing the industrial world
today is the pollution of soils, sediments and surface and
groundwater. The most common contaminants are

catalysts, and waste disposal related to conventional

chlorinated solvents, hydrocarbons, polychlorinated

physicochemical processes have been eliminated in

biphenyls, and metals. Biological treatment is the use of

biological processes.

microorganisms to reduce or detoxify contaminants.
Bioremediation technology is basically based on

Conventional physicochemical technologies for the

biodegradation. Bacteria, fungi and plants are usually

removal of sulfur compounds from sour gas at capacities

involved in reducing or eliminating toxic contaminants

of less than 100 Million Standard Cubic Feet Per Day

[69,70]. Biological treatment processes try to accelerate

(MSCFD) for the amine process and 5 MSCFD for the

the deformation or natural decomposition of chemical

reduction oxidation process are not economically viable.
Therefore, the gas refining industry is looking for new,
biocompatible and simple technology that can be used
for small volumes of gas produced. Common biological
processes are of two types [67]:
 Indirect biological treatment processes

compounds by providing the nutrients needed by
bacteria and other limiting factors. This method is
common in the case of hydrocarbon pollutions [71,72].
The basis of the biological treatment process is the use
of petroleum hydrocarbons as a source of carbon and
energy [69].
4.3.3. Biological treatment of water

In the indirect method, the sulfur species is first

Bacteria that use these substances as an energy source

converted to sulfur by the catalyst, and then the catalyst

are used to remove organic matter from the water. This

is recycled by bacteria and microorganisms (such as

can be done aerobically or anaerobically:

microorganisms such as thiobacillus ferroxidan) using

 Aerobic purification

air. In this case, the process, in addition to being safer,

"Aerobic" is a process in which there is oxygen. In this

requires less energy and, as a result, the process is more

method, the water to be treated is sent to an aeration

economical.

tank where the organic matter in it is oxidized to carbon
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dioxide, nitrate and phosphate by aerobic bacteria [73].
Dissolved

Organic

Matter+O2

→

New

 Anaerobic treatment and production of biogas
Anaerobic conversion of organic compounds to biogas is a
multi-step process in which different groups of bacteria are

to the metal surface. In this way, anaerobic bacteria can
grow

under

favorable

conditions

for

sediment

production.
Many types of anaerobic bacteria produce organic acids

involved in reducing the substrate:
Acidogens

set of microbial cells that encapsulate in extracellular
polymer molds and act as adhesives, adhering the scale

Biomass+CO2+HNO3+H3PO4

Hydrolytic

called bilayers are formed. Biomass is an interconnected

bacteria

convert

polymers into short-chain fatty acids.
Syntrophic Acetogens convert fatty acids to
acetate and H2.
Mathanogens bacteria convert acetate and H2 to
CH4 and CO2 (biogas) [74, 75].

themselves as part of metabolic processes. These
bacteria are called acid-producing bacteria. Under the
influence of acid production process, the pH of the water
in the sediment decreases and as a result, the corrosion
rate of the cavities under the sediment increases.
Anaerobic bacteria obtain the oxygen they need by
reducing oxygenated compounds and ions in the water.

4.3.4. Microbial corrosion

For example, sulfate-reducing bacteria, known as SRBs,

Microbial corrosion is a form of galvanic corrosion in

reduce sulfate ions. Reduction of sulfate ions by SRB is

which galvanic cells are formed based on differences in

a complex process that produces a variety of sulfate-

oxygen concentration. For example, consider the

containing compounds. The final product that causes

sediment created in cold water pipes. Sediment may

corrosion is sulfide. Sulfide reacts with hydrogen ions in

contain corrosive products and various particles and

water to form the corrosive acid H2S [77]. The

mineral shells, etc.

prevention operation of microbial corrosion can be

These materials are often adhered to the metal surface
by microbiological sludge. Cold water does not come

chemical, biochemical or biological, which includes
washing,

adding

oxidizing

and

non-oxidizing

into direct contact with the metal parts under the scale,

microbiocides and cultivating SRB-killing bacteria, etc.

but must penetrate the scale. Oxygen dissolved in water

[78,79].

under sediment is completely consumed by metal
reactions with sediment. The non-precipitated metal

4.3.5. Fermentation

comes in direct contact with water and acts as a cathode

Fermentation is derived from the Latin word fervere,

because the cathode is where oxygen is reduced. On the

meaning boiling, because yeast produces CO2 gas by

other hand, the surface of the metal under the deposit

anaerobic fermentation of sugars by culturing on fruit

where the oxygen concentration is low or zero becomes

and sprouted seeds, which is emitted from the extract

anode, because the anode is where iron is oxidized and

and is similar to fermentation [80]. According to

dissolved. Thus, the formation of corrosion cavities
begins. Corrosion products such as iron oxide also
increase the amount of scale and increase the rate of
corrosion. Such corrosion cells form wherever there is
stagnation or poor water flow in the system [76]. If the
system is microbially active, biological substances
Journal of Biotechnology and Biomedicine

biochemists, fermentation is an exothermic process that
results from the metabolism of sugars, and the organic
matter in it acts as an electron donor or electron
acceptor. According to the industrial microbiologist, the
concept of fermentation is more general and refers to
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any process that is performed to produce biological

eight, skin growth factor, calf chymosin, and bovine

products using microorganisms on an industrial scale

somatostatin can be produced [87].

[81-83]. The five groups of fermented products are:

 Products from biotransmission
Microbial cells can be used to convert a compound to

 Biomass

another due to its high catalytic power at low

Such as bread yeast and protozoan protein [84].

temperatures and pressures. Biomodifications are:

 Enzymes

dehydrogenation, oxidation, isomerization, amination,

The most important sources for enzymes are microbial,

deamination, etc. Products in this category include the

plant and animal sources. Microbial sources have an

production of vinegar from alcohol, fructose syrups,

advantage due to their high production efficiency and

steroids, etc. [88,89].

simplicity. Enzymes with animal sources can be
produced in microbes and stimulants and inhibitors can

4.3.6. Biofuels
Biofuel production is one of the largest applications of

be used [85].

biotechnology in the field of energy production. Given
 Metabolites

the concerns about declining global oil resources and the

These products are obtained from the biological activity

environmental impact associated with them, finding an

of microorganisms, which are divided into two

alternative environmentally friendly fuel source can

categories:

prevent a leading energy crisis. Biotechnology, with
advances such as the use of corn to produce combustible

- Primary metabolites

fuels for car engines, makes it possible to use clean

These metabolites which are produced in the growth

alternatives

stage and are essential for cell growth, include amino

environmentally friendly because they do not produce

acids, proteins, nucleotides, lipids and carbohydrates,

greenhouse gases [90].

ethanol,

citric

acid,

glutamic

acid,

to

fossil

fuels.

These

fuels

are

lysine,

polysaccharide, vitamins, and phenylalanine, etc.

5. Conclusions and Outlook
Biotechnology is a broad technology that has been

- Secondary metabolites

introduced in various industrial fields using basic

These metabolites are not produced in the growth phase,

sciences and engineering and the role of chemical

but in the dormancy phase. They are important in their

engineering in it is very significant. Certainly, the

antimicrobial properties, enzyme inhibitors and growth

applications of this technology in various industries such

promoters. Types of antibiotics fall into this category

as medicine, pharmaceuticals, agriculture, environment,

[86].

oil and gas, etc. are much wider than can be included in
this brief. In developing countries, despite the significant

 Recombinant products

expansion of scientific and research activities in

The genes of higher organisms can be transferred to host

academic

microorganisms such as Escherichia coli, and products

unfortunately, we have not yet witnessed a broad and

such as insulin, interferon, albumin, coagulation factor

comprehensive change in industrial sector that reflects

Journal of Biotechnology and Biomedicine

departments

and

research

centers,
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the approach of the country's industry to this advanced

financial interests or personal relationships that could

technology. Meanwhile, according to a market forecast

have appeared to influence the work reported in this

report, biopharmacy segment dominated the overall

paper.

biotechnology market demand, accounting for more than
50% market share in 2018 [91].
Increasing usage of bio-recombinant proteins in several
vaccines used to treat chronic and infectious diseases is
anticipated to foster the biopharmacy market growth.
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