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ABSTRACT

Response surface methodology (RSM)-based central composite rotatable design (CCRD)
on four variables viz. temperature (20-40°C), pH (4-8), substrate concentration (5-25 %),
and fermentation period (1-5 days) were employed for optimizing the production of
biomass and protein from Aspergillus niger using banana fruit peel. The experimental
results were significantly (P<0.05) fitted into second-order polynomial models to describe
and predict the response quality in terms of the biomass and protein with R? of 0.9669 and
0.9521, respectively. The linear, quadratic and interactions effects of the four variables on
the yield of biomass and protein were investigated. It was found that the effects of process
variables on production of biomass and protein were significant (P<0.05) and the strongest
effect was given by the fermentation period. After numerical optimization, the predicted
optimum conditions were obtained as temperature of 34.27°C, pH of 6.32, substrate
concentration of 10% and fermentation period of 4 days which were verified through
confirmatory experiments. Under these optimal conditions, the experimental values
(biomass: 18.56 + 0.16 g/L and protein: 59.06 + 0.13 %) agreed well with the predicted
values (biomass: 18.1105 g/L and protein: 58.7177 %) indicating the suitability of

developed models within the acceptable range of the responses.
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CHAPTER |

INTRODUCTION

1.1 Background Information

Single cell protein (SCP) refers to edible unicellular microorganisms. It is the dead, dry
microbial cells or total proteins extracted from pure microbial cell culture and is produced
using a number of different microorganisms including yeast, bacteria, fungi and algae
(Anupama & Ravindra, 2000) which grow on different carbon sources. It is also known as
biomass, bioprotein or microbial protein. Single cell protein is considered to be suitable
since most of the microorganisms grow as single or filamentous individuals (Mondal et al.,
2012). Besides high protein content (about 60-82% of dry cell weight), SCP also contains
fats, carbohydrates, nucleic acids, vitamins and minerals (Jamal et al., 2008). Moreover,
SCP is rich in certain essential amino acids like lysine, methionine which are limiting in
most plant and animal foods. This protein can be used as an additive, added to the main
diet instead of sources known very expensive such as soybean and fish (Ghasem, 2007;
Gad et al., 2010).

1.2 Problem Statement and Justification

A growing concern for the acute food shortages for the world& expanding population
generates the challenge of providing necessary food sources. A large population of the
world, especially those who are living below poverty line is suffering from malnutrition.
Protein supply poses a problem since essential amino acids cannot be replaced. Proteins are
present in all living cells as building block components of the body and key dietary
component for the supply of nitrogen as well as sulfur (Yousufi, 2012).

There is a large gap between the demand for protein-rich food and its supply to the ever
increasing world population. About 25% of the world population has the protein deficiency,
which is a glaring example of protein gap (Azam et al., 2014). Therefore, it is essential to
search for unconventional or novel proteins to supplement the available sources and in
order to bridge this gap, single cell protein (SCP) is an innovative and an alternative
approach to this way.

Production of bioprotein by fermentation of agricultural waste is one of the most promising

approaches for increasing the availability of proteins in the world (Saheed et al., 2016;
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Jamal et al., 2009). Currently, microbial protein is produced from different microorganisms
including fungi, bacteria and algae. The enhancement of yield for bioprotein production
can be achieved by selection of potential strains, substrates and optimum conditions (Jamal
et al., 2008). Fungi especially Aspergillus niger is the most common due to their capability
to propagate on agricultural wastes within a short period and ability to produce high protein

content in their biomass (Anupama & Ravindra, 2000).

A significant quantity of wastes generates during agricultural activities and in food
processing industry, which is rich in organic matter and could constitute new materials for
value-added products (Bacha et al., 2011). Almost 50 % of the agricultural biomass
produced is not used as a food or feed (Foyle et al., 2007), representing lignocellulosic
residues. The majority of these waste materials are often improperly disposed, hence
constitute huge environmental disorders (Essien et al., 2005; Lim et al., 2010). These
wastes are the most abundant raw material consisting of cellulose as the major component,
which is suited for the growth of microorganisms (Yunus et al., 2015), and the production
of microbial proteins to enhances the nutritional supplements and achieve food stability
(Yassine et al., 2013). Moreover, the utilization of fruits and vegetables wastages in the
production of single cell protein will help in controlling pollution and also in solving waste
disposable problem to some extent in addition to satisfy the world shortage of protein-rich
food (Mondal et al., 2012; Najafpour, 2007; Khan et al., 2009). Among various fruit waste,
banana peel constituted a considerable amount of lignocelluloses (Reddy et al., 2010) and
other nutrients (Anhwange et al., 2009), which can be used to support microbial growth
and single cell protein production (Yabaya & Ado, 2008; Adoki, 2008; Enwefa, 1991).
Therefore, banana peel extract can be taken into consideration as an alternative
fermentation medium for the production of Aspergillus niger biomass (Sankar et al., 2011).

Optimization of a fermentation medium is an important step during development of
economically feasible bioprocesses. Optimization of process conditions could increase the
amount of protein having high nutritional value and will have no competition with food for
human consumption (Jamal et al., 2009). The classical optimization method for the medium
and culture condition involves varying one parameter at a time while keeping the others at
a constant level. This method is inappropriate for optimization and has various
disadvantages since the effects of interaction among variables are neglected and does not

guarantee the determination of optimal conditions (Luo et al., 2009; Survase et al., 2006).
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In addition, as the process is time-consuming, determination of the optimum levels would
be expensive and necessitates a number of experiments (A - & k e | e ffenga& Xu,,
2008; He & Tan, 2006; Kaushik et al., 2006). Response surface methodology (RSM) is a
collection of mathematical and statistical techniques useful for the modeling and analysis
of problems in which a response of interest (output variable) is influenced by several
independent variables (input variable) and the objective is to optimize this response (Khuri
& Mukhopadhyay, 2010; Rezaei et al., 2010; Montgomery, 1997). Furthermore, the
application of RSM to design optimization is aimed at reducing the cost of experiments by
only a few experimental trials (Malinowska et al., 2009). Nowadays, RSM has been
successfully used in the optimization of bioprocesses where the target production could be
enhanced (Hao et al., 2010; Luo et al., 2009; Kumari et al., 2008; Kalil et al., 2000).

In most cases, single cell protein was produced from the waste of feed industries and few
studies related to single cell protein production from Aspergillus niger using banana waste

as the substrate.
1.3 Research Objectives

On the basis of the information so far accumulated, the main objectives of this research
work is to produce microbial protein i.e. single cell protein from Aspergillus niger using
banana peel as substrate. Therefore, the specific objectives are:
I.  To investigate the effects of culture conditions on the production of microbial
biomass and single cell protein.
Il.  To optimize the culturing conditions for the production of microbial biomass and

single cell protein.

3| Introduction
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CHAPTER Il

REVIEW OF LITERATURE

2.1 General Introduction

The continued population growth especially in developing and third-world countries is
resulting in increased food demand in parallel and is posing serious threats to food security
due to yawning gap in demand and supply (Anupama & Ravindra, 2000). Chronic
malnutrition and hunger are typically most prevalent in developing countries. Malnutrition
is a consequence of not taking appropriate amount or quality of nutrients comprising diet.
The gap between demand and supply is expected to grow unless planned actions are taken
to improve the situation. Therefore, it is essential to search for un-conventional or novel

proteins to supplement the available sources.
2.2 Single Cell Protein

The term single cell protein (SCP) was used for the first time in the 1960"s in aim to
embrace microbial biomass products which were produced by fermentation, in order to
solve the problem of worldwide protein shortage. The production methods of SCP evolved
as bioconversion processes which turned low value by-products, often wastes, into products
with added nutritional and market value (Ugalde & Castrillo, 2002). During the last decades
the focus has shifted to exploit microbes as food sources for fortification of the food supply

or for consumption as single cell protein.

Single cell protein is defined as the dead, dry microbial cells or total proteins extracted from
pure microbial cell culture (Anupama & Ravindra, 2000) and for use as a protein source
for human and animal consumption (Jamal et al., 2007; Yabaya & Ado, 2008). This
microbial protein is referred to as a whole microbial biomass or bioprotein which can be
derived from a variety of microorganisms both unicellular and multicellular namely
bacteria, yeast, fungi and microscopic algae (Dunlop, 1975). It is convenient to use fungi

and bacteria for production of SCP when grown on inexpensive waste material.
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2.2.1 History of Single Cell Protein Production

The production of single-cell protein is not a recent development. Since 2500 B.C. a
number of microorganisms (Saccharomyces sp.) have been used as a part of the diet in the
form of fermented food (Frey, 1930). Cultured dairy products contain 107 to 1010 lactic
acid bacteria per gram of product. During the first century B.C., edible mushrooms were
extensively consumed in Rome. In the 16th century blue green algae (Spirulina) was
consumed as a major source of protein (Nangul & Bhatia, 2013). The mass production of

micro-organisms as a direct source of microbial protein was realized during World War-I

in Germany, and consequent]| y, Sactbhadomyces ceréviside)ewasd s

produced (Ugalde & Castrillo, 2002). In post war period, the Food and Agriculture
Organization of the United Nations (FAO) emphasized on hunger and malnutrition
problems of the world in 1960 and introduced the concept of protein gap, showing that 25%
of the world population had a deficiency of protein intake in their diet ((Ugalde & Castrillo,
2002)). In the 1960s, researchers at British Petroleum developed a "proteins-from-oil
process”, a technology for producing microbial protein using yeast fed with waxy n-

paraffin, a byproduct of oil refineries (Bamberg, 2000). The method had a capacity to

produce 10,000 tons of microbial protein
replaced by a new term fASingl e (DGHel 1B9;Pr ot e

Bud, 1989).

2.2.2 Properties of Single Cell Protein

Single-cell organisms comprise proteins, fats, carbohydrates, ash ingredients, water and
other elements such as phosphorus and potassium. The composition depends upon the
organism and the substrate on which it grows. There are some typical compositions which
are compared with soya meal and fish meal (Nangul & Bhatia, 2013). If SCP is to be used
successfully, there are five main properties that must be satisfied. It must be safe to eat. It
must have a high nutritional value, particularly of amino acid (Bhalla et al., 2007). It must
be acceptable to the general public. It must have the functionality, i.e. characteristics, which

are found in common staple foods. It must be economically viable to produce.

2.2.3 Main Criteria to be Single Cell Protein

In order to produce the single cell protein, some key factors must be keep in mind so that a

good amount of pure, stable, and highly nutritious SCP can be produced (Nangul & Bhatia,
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2013). The key criteria used in selecting suitable SCP include that any microorganism
which is used as SCP must be easy to modify genetically so that any desired improvement
can be made. Protein content should be 45-85% of the dry cell weight. The microorganism
must have a short life cycle so that a large amount of SCP can be produced in a short time.
The microorganism must be pH and temperature tolerant. It must be easy to grow in a
number of cheap substrates, especially waste products, so that a cost-effective SCP can be
produced. Microorganisms should be genetically stable so that the strain with optimal
biochemical and physiological characteristics can be maintained easily.

The microorganism must have high specific growth rate, productivity and yields on a given
substrate. It must be resistant to change in environmental conditions so that small variations
in the environmental conditions do not decrease the production of SCP. Aeration
requirements and foaming characteristics should be well studied before the production of
SCP at industrial scale. Protein, RNA and nutritional composition of the product should

have adhered to recommended parameters (Nangul & Bhatia, 2013).

2.2.4 Importance of Single Cell Protein

There have been studies as well as efforts to improve the protein quantity and quality of the
finished food products by augmenting protein-rich cheaper ingredients in food formulations
(Nasir & Butt, 2011; Hussain et al., 2007). Although animal proteins are considered to be
best quality proteins (Saima et al., 2008), however microbial protein also known as single
cell protein grown on agricultural wastes is one of the important optional proteins because
of higher protein content and very short growth cycle of microorganisms, thereby, leading
to rapid biomass production (Bekatorou et al., 2006). Moreover, microbes are also able to
grow on cheap nutrient sources resulting in economical, potentially supplemental protein
biomass for balanced nutrition. Yeasts and molds are the most promising source to produce
single cell protein using cheap raw materials. It is also easy to harvest due to bigger cell
size and flocculation ability with lower amount of nucleic acids compared to bacteria (Wolf
et al., 2003). The microbial protein has also been reported to contain better percentage of

essential amino acids and better chemical score than soya protein (Lyutskanov et al., 1990).

2.2.4.1 Advantages of Single Cell Protein

First of all, it is a promising industry, because the raw materials are almost free, at least can

buy at a very cheap price but the product to sell are relatively expensive. Besides this, it
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helps to reduce the environmental pollution and promote recycling. Microorganisms can
grow faster and produce large quantities of single cell protein from relatively small area of
land and time. Single cell protein have a much higher protein content of 307 70% in the dry
mass than vegetables or grains (Nasseri et al., 2011). The amino acid profiles of many SCP
microorganisms often have excellent nutritional quality, comparable to a hen's egg. The
scientist can alter the component of amino acids from single cell protein by genetic
engineering. In many countries, use of microorganisms or biomass of microorganisms as a
diet supplement has met with skepticism because of certain psychological barriers. But in
the future even in these countries microbial biomass will play a major role via single cell

protein feeds to the animals which will in turn be consumed by humans.

2.2.4.2 Disadvantages of Single Cell Protein

Although SCP shows very attractive features as a nutrient for humans, however there are
some problems that deter its adoption on global basis. Fast growing microorganisms such
as bacteria and yeast tend to have a high concentration of nucleic acid, notably RNA. Levels
of must be limited in the diets of monogastric animals to <50 g per day. Ingestion
of purine compounds arising from RNA breakdown leads to increased plasma levels
of uric acid, which can cause gout and kidney stones. Uric acid can be converted
to allantoin, which is excreted in urine. Nucleic acid removal is not necessary from animal
feeds but is from human foods. A temperature hold at 64 °C inactivates
fungal proteases and allows . However, this problem can be remediated (Nasseri et al.,
2011). One common method consists in a heat treatment which kills the cells, inactivates
proteases and allows endogenous RNasesto hydrolyse RNA with release
of nucleotides from cell to culture broth (Halasz & Lasztity, 1990). Similar to plant cells,
the cell walls of some microorganisms such as algae and yeast contain non-digestible
components, such as cellulose. The cells of some kind of SCP should be broken up in order
to liberate the cell interior and allow complete digestion (Nasseri et al., 2011). Some kind
of SCP exhibits unpleasant color and flavors. Depending on the kind of SCP and the
cultivation conditions, care must be taken to prevent and control contamination by other
microorganisms because contaminants may produce toxins such as mycotoxins or
cyanotoxins (lvarson & Morita, 1982). Many types of microorganisms produce some
substances which are toxic to the humans and also to the animals. Therefore, it has to be
made sure that the produced microbial biomass does not contain any of these toxic

substances. Some microbial biomass when taken as diet supplements may lead to
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indigestion and allergic reaction in humans. The high nucleic acid content of many types
of microbial biomass may lead to poor digestibility, gastrointestinal problem and also some
skin reactions in humans. Single cell protein production is a very expensive procedure as it

needs high level of sterility control in the production unit or in the laboratory.

2.2.5 Sources of Single Cell Protein

2.2.5.1 Bacterial sources

Bacteria have short generation time, the cell mass of bacteria multiply within 20min-2hrs
and they can grow rapidly, due to these characteristics bacteria are suitable in the
production of SCP. They also have the ability to grow on different types of raw material
ranging from liquid hydrocarbons such as fractions of petroleum and methane to gases and
carbohydrates like sugars and starches (Saeed et al., 2016) to wastes of organic nitrogen
and petrochemicals which include nitrogen, ethanol and methanol. It is also suggested to
add mineral nutrient supplement that help the bacterial culture to fulfill deficiency of
nutrients which is required in sufficient concentration for the growth in natural water.

Potential phototrophic bacterial strains are recommended for single cell protein production.

Some researchers also suggest use of methanotrophic and other bacterial species for single
cell protein production. The Methylophilusis generation time almost 2 hrs is useful for
animal feed but generally they can produce favorable composition of protein than fungi or
yeast. Therefore animal feed can produce a large quantity of single cell protein by using
bacteria like Brevibacterium (Adedayo et al.,, 2011), Acinetobacter calcoacenticus,
Methylophilus methylitropous, Bacillus megaterium, Acromobacter delvaevate, Bacillus
subtilis (Gomashe et al., 2014), Aeromonas hydrophilla, Cellulomonas species,
Methylomonas methylotrophus, Lactobacillus species, (Piper, 2004), Thermomonospora
fusca, Flavobacterium species, Pseudomonas fluorescens, Rhodopseudomonas capsulate
(Dhanasekaran et al., 2011).

2.2.5.2 Algae

Since ancient times, Spirulina was cultivated by people in Africa near Lakechad and in
Mexico near Texcoco. They used it as a food after drying it. Spirulina is the most widely
used algae so much that even astronauts during their space travel take it to space. Similarly,
biomass obtained from Senedessmus and Chlorella has been harvested and used as source

of food in many parts of world. Alga is used as a food in many different ways and its
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advantages include high content of protein, simple cultivation, rapid growth and beneficial
use of solar energy. The algae Spirulina has been considered for use as a supplementary
protein (Raja et al., 2008). It is a green alga that excite the free radical in enzyme system
and exhibits antioxidant activity. Healthy diet containing nutraceuticals and Spirulina
maxima have the ability to protect progenitor/stem cells. This can also prevent the
development of fatty liver due to carbon tetrachloride (CCla4). It is concluded that the use
of Spirulina should be encouraged in patients suffering from malnutrition, immune
suppression, hepatic, neural compromise and etc. In a study, the production of SCP from
five different strains of Chlorella (M150, M122, M121, M109 and M138) was isolated from
a variety of habitats and also studied the effects of eight environmental factors (Saeed et
al., 2016). Although, there is a need of further investigations on the antiviral effects of this
alga and its clinical implications.

2.2.5.3 Fungal Sources

As a source of protein rich food many fungal species are used (Bhalla et al., 2007). Many
other filamentous species are also used as source of single cell protein. In 1973 during
second international conference convened held at MIT, it was reported that Actinomycetes
and filamentous fungi produced protein from various substrates. For the period of the world
war I, trials were made to utilize the cultures of Rhizopus and Fusarium (Yousufi, 2012)
as a source of protein food are grown in fermentation. The inoculums of Rhizopus arrhizus
(Anupama & Ravindra, 2000) or Aspergillus oryzae were selected due to their nontoxic
nature. On complex organic compounds saprophytic fungi are grow and convert them into
simple structures. High amount of fungal biomass is produced as a result of growth.

Mycelia yield vary greatly which depends upon substrates and organisms.

There are some species of moulds such as Aspergillus niger (Yabaya & Ado, 2008), A.
fumigates, Fusarium graminearum which are very dangerous for human, that the reason,
such fungi, must not be used or before recommending to use as SCP toxicological
evaluations should be done. Very recently, SCP technology is using fungal species for
bioconversion of lignocellulosic wastes (Lenihan et al., 2010). The type of filamentous
fungi that have been used are Fusarium graminearum, Chaetomium celluloliticum (Saeed
et al., 2016), Aspergillus fumigates, A. oryzae, A. niger, Cephalosporium cichorniae,
Rhizopuschinensis, Scytalidum aciduphlium, Penicillium cyclopium, , Tricoderma alba
Paecilomyces varioti and Tricoderma viridae (Jaganmohan et al., 2013).
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2.2.5.4 Yeast

Yeast single-cell protein (SCP) is a high nutrient feed substitute (Burgents et al., 2004).
Among these, most popular are yeast species Candida (Saeed et al., 2016), Hansenula,
Pitchia, Saccharomyces and Torulopsis. The production of SCP by using Saccharomyces
cerevisiae grown on various fruit waste (Khan et al., 2010). The usual oily yeasts genera
contain Yarrowia, Candida, Cryptococcus, Rhodotorula, Rhodosporidium, Lipomyces and
Trichosporon. Orange peels and cucumber were evaluated for the production of SCP by

using Saccharomyces cerevisiae by submerged fermentation (Saeed et al., 2016).

2.2.6 Production of Single Cell Protein by Fermentation

Precisely, SCP is the manufacture of cell mass by using different microorganisms that
culturing on profusely available industrial and agriculture wastes. The production of
microbial biomass is done either by a solid state or submerged fermentation process.
Biomass is harvested after fermentation and it may be subjected towards different
downstream processing steps such as washing, protein extraction, cell disruption and
purification. The fermentation process requires a pure culture of specified microorganisms
which was grown on suitable raw materials and then it is separated by screening in correct
physiological state. This process contains a fermenter for the process to be carried out. A
fermenter is provided with all the equipment needed to run the process smoothly. It is
included a thermostat for the temperature regulation, pH detector for the measurement of
pH, aerator for continuous supply of oxygen and a stirrer. Culture medium is placed in
fermenter and the process is carried out leading to the cell separation and the supernatant
of the cell is collected. The product is then obtained by protein extraction and purification
and the effluent is treated (Nasseri et al., 2011; Anupama & Ravindra, 2000).

2.2.6.1 Submerged Fermentation

Submerged fermentation is one in which the liquid form of substrate is used to provide all
the nutrients required by the microorganism for their growth. Operational conditions are
applied continuously during fermentation process and the product is harvested after regular
intervals. The harvested biomass is filtered and the centrifuged. Single cell proteins are then

obtained after the process of drying. (Nasseri et al., 2011).
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2.2.6.2 Semisolid Fermentation

The substrates preparations in solid state fermentations is less clear and are used more in
the solid form rather than liquid. The process of cultivation is carried out by stirring of
multiphase. The oxygen is transferred to the microorganisms in the form of bubbles through
liquid phase. This liquid phase also regulates the temperature of the process. A special
bioreactor called u-loop fermenter is used in solid state fermentation. Process is carried out
by sterilization of the fermenter and growth medium, growth medium with suitable carbon
source, production of specific microorganisms, harvesting of product biomass, its
processing and purification (Nasseri et al., 2011).

2.2.6.3 Solid State Fermentation

Solid state fermentation is being extensively used for the production of solid cell proteins,
enzymes, organic acids, pigments and flavor. Solid state fermentation is carried out in solid
substrates with no free water and does not require pre arrangements of preparation of
growth media. Fungi show good growth in low water activity and yields high product
biomass as compared to submerged fermentation. Solid state fermentation involves
efficient utilization of waste which act as solid substrate and produce commercial viable
cells. The process mainly involves seeding of the rice or bran substrate with microbial cells.
Then the substrate is left for several days in the form of flat beds. Then harvesting of cells,
further processing and finally drying of the cells is carried out (Nasseri et al., 2011).

2.2.7 Nutritional Significance of Single Cell Proteins

Nutritional assessment of single cell proteins includes the content and composition of
nutrients, amino acids and vitamins. Hence it can be used as an alternative food by the
living microorganisms. Moreover, the nutritional benefits depend on its digestibility and
allergic reactions when used for human consumption. Single cell proteins include not only
proteins but also characterized as an important source of essential amino acids,
carbohydrates, lipids and nucleic acids. The composition of single cell proteins depends on
the substrate used for the production and suitable microorganism for high yield (Bogdahn,
2015; Zepka et al., 2010). Yeast is the most suitable microorganism for single cell protein
production and produces the products with 50-55% protein. Yeasts are used as animal feed
and are characterized by high contents of amino acids, B-group vitamins and lysine. Yeasts
contain fewer amounts of methionine and cysteine and hence limit their use as single source

of proteins. Yeast contains 2-6% fats and 6-12% nucleic acids. Pitchia, Candida,
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Hansenula, Saccharomyces and Torulopsis are the important species used in the production
of single cell proteins. Saccharomyces cerevisiae is the probiotic strain of yeast utilizes
fruit waste as substrates (Ferreira et al., 2010; Gao et al., 2007). A number of fungal species
are being consumed as rich protein sources. It was reported that Fusarium and Rhizopus
are tried to be used as alternative protein sources during World War 11 (Yousufi, 2012).
Algae contain large amounts of proteins, vitamins and fats. Alga is used as food for its high
protein content. An Alga Spirulina is blue green algae is used as supplementary proteins
and have strong antioxidant activity (Anupama & Ravindra, 2000).

2.3 Aspergillusniger

Aspergillus niger is one of the known filamentous fungus that give an important role in
biotechnology. It is a fungus, but it is specified as a mold (Wadman et al., 2009).
This eukaryotic organism belongs to the Fungi kingdom and the Aspergillus genus. The use
of microorganisms in biotechnology is common, however Aspergillus niger is considered
to be one of the most essential of those microorganisms (Schuster et al., 2002). The
significance of Aspergillus niger is the industrial role that it plays in the production of
proteins, enzymes and fermentation. It is capable of producing heterologous proteins
(Semova et al., 2006), This very useful microbe is even referred to as an "industrial
workhorse™ because of the frequent use in many applications (Andersen et al., 2008; Pel et
al., 2007). Aspergillus niger does have spores and reproduces asexually meaning that it can
produce its offspring individually (Daud, 2012). Purwanto et al. (2009) discovered the

morphology of Aspergillus niger using Scanning Electron Microscope (SEM).

2.3.1 Ecology

Aspergillus niger grows aerobically on organic matter, therefore it can be found almost
everywhere in environments that contain soil. Also, it is found in waste, decaying plant
material and compost in outdoor environments (Deepake, 2008; Schuster et al., 2002).
Aspergillus niger has been exhibited to sustain growth in freezing temperatures, which
indicates it as a thermotolerant that canal so survi ve at ver
thermotolerant abilities that enable growth in a wide temperature range from 6 to 47°C with
a preferred optimum temperature at 35-37°C. The fungus is capable of growing over a very

wide pH range, from 1.4 to 9.8 pH. The growth ability in various temperature ranges, pH
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ranges as well as the abundant amount of conidiospores allow the species to be

continuously widespread. Conidiospores are distributed by air (Schuster et al., 2002).

2.3.2 Industrial use

Aspergillus niger is one of the most important microorganisms used in biotechnology. It
has been in use already for many decades to produce extracellular (food) enzymes and citric
acid. In fact, citric acid and many Aspergillus niger enzymes are considered GRAS by the
United States Food and Drug Administration (Schuster et al., 2002). In addition, A. niger
is used for bio-transformations and waste treatment. In the last two decades, Aspergillus
niger has been developed as an important transformation host to over-express food
enzymes. In addition to citric acid, Aspergillus niger is a rich source of enzymes. Pectinase,
protease and amyloglucosidase were the first to be exploited, and were originally produced
in surface culture (Schuster et al., 2002). Aspergillus niger in submerged culture, the
technology was first applied to the production process of penicillin G by Penicillium
chrysogenum in 1942. After 1950, production technology for fungal products gradually
changed from surface culture to stirred-tank processes, but up until the mid1960s
companies used surface culture processes (Barbesgaard et al., 1992). Several additional
enzymes like cellulase and hemicellulase were manufactured using black Aspergillus
strains in stirred tank processes. The glucose syrup and the alcohol industries are the
principal users of amyloglucosidase produced by Aspergillus niger (Schuster et al., 2002).
It is established practice to improve the baking process by adding hemicellulases from
Aspergillus niger when mixing the dough. The enzymes modify the rheological properties
of the dough and give higher loaf volume and better crumb structure of bread and pastry
(Schuster et al., 2002). With the development of fermentation technology, species of
Aspergillus niger has been used for the production of single cell protein using fruits and
vegetable wastes as substrate (Anupama and Ravindra, 2001; Omwango et al., 2013;
Madhumithah et al., 2011; Oshoma et al., 2005; Jaganmohan et al., 2013).

2.4 Factors Influence the Growth of Microorganisms

In the production of single cell protein from microorganisms, various factors such as carbon
and nitrogen sources, temperature, pH of growth medium, phosphorus and potassium

primarily influenced the fermentation process (Irfan et al., 2011; Tsao, 1976). To make the
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production process cost effective prior to commercial scale production optimization of

these parameters are essential (Irfan et al., 2011).

2.5 Agricultural Waste as Substrate for Microbial Growth and SCP

Production

Agricultural wastes are basically the most useful substance for the production of single cell
protein. I n recent years, wastes such as pi
and other industrial wastes has been used as substrates for growing single cell protein (SCP)
and its production (Nwufo et al., 2014). This is because proteins from other sources are
costly and are not much affordable for the poor masses, but the use of agricultural wastes
has been found to be very cheap in the production of high quality protein. Agricultural
wastes are the most abundant raw material consisting of cellulose as the major component,
which is suited for the growth of microorganisms and the production of single cell protein
(SCP) biomass (Yunus et al., 2015). Mondal et al. (2012) used cucumber and orange peels
to evaluate the production of single cell protein using Saccharomyces cerevisiae by
submerged fermentation. The authors state that the bioconversion of fruit wastes into single
cell protein production has the potential to solve the worldwide food protein deficiency by
obtaining an economical product for food and feed. Fruit wastes rich in carbohydrate
content and other basic nutrients could support microbial growth. Apple, turnip, papaya
and banana peels were used for alcohol fermentation and biomass production by Kandari
& Gupta (2012). The use of legume seeds as alternative nutrient media for bacteria and
fungi has been reported (Shipra & Dikshit, 2017; Arulanantham et al., 2012; Tharmila et
al., 2011).

2.5.1 Banana Peel as Substrate

| mproved fruit and vegetable production th
huge investments in fruit and vegetable processing across the world. Waste generation
through these fruits is on the increase due to sustained surge in world population, improved
economic growth in developing nations and improved access to nutrition education in high
fruit producing countries (Saheed et al., 2016). Banana (Genus: Musa) plant is commonly
cultivated all over the world. It is grown extensively in tropical and subtropical countries
(Gabhane et al., 2014). Wastes emanating from fruits include peels, pulp and seeds that

constitute about 40% of the total mass (Saheed et al., 2016). Most of these residual waste
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produced due to banana cultivation is discarded by farmers into nearby rivers, lakes and on
roads, which causes a serious environmental concern (Lim et al., 2010; Shah et al., 2005;
Essien et al., 2005). However, banana waste contains good amount of lignocelluloses which
can be converted into biofuels and other chemicals. These wastes contain simple and
complex sugars that are metabolizable by microorganisms through secretion of
extracellular products ( Saheed et al., 2013). The cellulose, hemicellulose and lignin content
of banana waste is reported as 28.92% 25.23% and 10.56%, respectively (Reddy et al.,
2010), although minor variation could be possible with the change in species of banana,
growth and other environmental conditions. Anhwange et al. (2009) studied chemical
component of banana peels. It was found 0.90% protein, 1.70% crude fat, 59.00%
carbohydrate, 31.70% fiber and 6.70% moisture. The high amount of carbohydrate and
other basic nutrients content in banana fruit peel could support microbial growth and single
cell protein production. In tropical climates, such as in Bangladesh, the banana trees
continue bearing fruit throughout the year. Sugar represents that part of the fruits which is
used by microorganisms for single cell protein production for both food and feed
applications (Yabaya & Ado, 2008; Adoki, 2008; Enwefa, 1991). Previous studies reported
that banana waste has been utilized for the production of biogas (Del Rosario & Pamatong,
1985), starch (Sharma et al., 1988), biomass (Enwefa, 1991), Lactic acid (Lopez-Baca &
Gobmez, 1992) and lignolytic enzymes (Robinson et al., 2001). Shah et al., 2005; Sharma et
al. (2007) and Bello et al., (2014) used banana waste for the production of ethanol. The use
of such a cheap and readily available substrate is desirable to lower the cost of production,
reduce waste disposal and management problems, converse natural resources and provide

feed for livestock purposes.

2.5.2 Others Agricultural Waste as Substrate

Production of single cell protein from orange peels using Aspergillus niger and
Saccharomyces cerevisiae was conducted by (Azam et al., 2014) and it was found that
Aspergillus niger had shown a tremendous increase in its protein content (27.15 to 29.75
%).

Growth of Aspergillus niger on rice bran medium in submerged fermentation was studied
by Oshoma and Ikenebomeh (2005). They found that Aspergillus niger biomass cropped
on rice bran medium supplemented with glucose, (NH4)2SO04, KH2PO4, MgS04.7H-0 and
ZnS04.7H,0 designated as Glucose supplemented rice bran (GRB) medium was highest at
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2.03£0.02g/1 while the un-supplemented rice bran medium (RBM) has the lowest value of
0.97+0.00g/1.

A studies on production of single cell protein by Aspergillus niger in solid state
fermentation of rice bran was investigated by Anupama and Ravindra (2001). They
reported that the biomass yield was best with rice bran based medium with sodium nitrate

as the nitrogen source for single cell protein production.

Jamal et al. (2008) conducted a study on media optimization for bioproteins production
from cheaper carbon source and observed that maximum biomass produced was 21.89 g/L
with optimum fermentation conditions of wheat flour (4 g/L), nitrogen concentration (0.5
g/L), nutrient concentration (0.1 g/L), and four days of fermentation.

The effect of temperature and substrate moisture content on the growth and production of
amylase, protease and phytase by Aspergillus niger during solid-state fermentation was
investigated by Saithi et al. (2016).

Khan et al. (2010) investigated the growth performance of Rhizopus oligosporus on various
fruit wastes such as papaya waste, cucumber peelings, pomegranate fruit rind, pineapple
fruit skin and watermelon skin for the production of single cell protein. The study revealed
that papaya fruit waste generates highest amount of protein per 100 g of substrate used,
followed by cucumber peelings, pomegranate rind, pineapple fruit skin and water melon
skin respectively with 59.5 mg, 57.3 mg, 51.6 mg, 48.0 mg and 43.2 mg crude protein

respectively.

A study aimed to assess the feasibility of using beles fruit peel for single cell protein
production by Haddish (2015) and showed that beles fruit peels generates about 63.5 % of
single cell protein when fermented with yeast cell Saccharomyces cerevisiae.

Bioconversion of various fruit wastes into single cell protein production was conducted by
Mondal et al. (2012). The result revealed that cucumber peel generates higher amount of
protein followed by that of orange with 53.4% and 30.5% crude protein respectively per

100 gm of substrate used.

Saheed et al. (2016) conducted a study by utilizing different fruit peels (banana peel,
pineapple peel and papaya peel) as carbon source for white rot fungi biomass production
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under submerged state bioconversion and observed that all the sole and composite

substrates supported fungal growth.

Production of microbial biomass protein by sequential culture fermentation of Arachniotus

sp. and Candida utilis was done by Ahmed et al. (2010) and reported 23.51% crude protein.

A research was conducted by Khan et al. (2010) on single cell protein production from
Saccharomyces cerevisiae by utilizing fruit wastes and reported that banana skin generates
highest amount of protein, followed by that of rind of pomegranate, apple waste, mango
waste and sweet orange peel respectively with 58.62%, 54.28%, 50.86%, 39.98% and
26.26% crude protein per 100 g of substrate used. Saccharomyces cerevisiae growth was
also evaluated by Hezarjaribi et al. (2016) to specify an optimum culture medium to reach

the highest protein production. They reported 44.6 % protein content.

A study was taken up by Madhumithah et al. (2011) to utilize different vegetable wastes as

substrate for protease production using Aspergillus niger.

Sankar et al. (2011) conducted a study on single cell protein production by Trichoderma
harzianum using waste banana peel as substrate and reported that the maximum sporulation

and biomass was observed when medium supplemented with sucrose as carbon source.

Gomashe et al. (2014) utilized liquid whey as potential substrate for single cell protein
production from Bacillus subtilis. A research on utilization of Opuntia ficus indica waste
for production of Phanerochaete chrysosporium bioprotein was carried out by Gad et al.
(2010).

Optimization of process parameters for the production of single cell biomass of Candida
utilis in solid state fermentation was conducted by Irfan et al. (2011). They utilized wheat
bran as substrate and reported that incubation period of 4 days was suitable for maximum
cell biomass of Candida utilis with 10% (v/v) inoculum size at P 6.5 and also obtained

48% crude protein.

Jamal et al. (2009) optimized the media composition for the production of bioprotein from
pineapple skins by liquid state bioconversion and stated 514.2 g/kg bioprotein after 5 days

of fermentation.

A study was planned by Bacha et al. (2011) to assess the feasibility of using agro-industrial

wastes for Saccharomyces cerevisiae production and to evaluate protein quality of
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produced single cell protein (SCP) biomass. On the basis of higher SCP biomass
production, potato peels were selected for further biomass production and the SCP biomass
contained 49.29+1.126% crude protein.

A study conducted by Babu et al. (2014) on the optimization of biomass production using
Kluyveromyces marxianus isolated from paneer whey. Various parameters like pH,
temperature and nitrogen source were optimized for maximum biomass yield. Babu et al.
(2014) also produced single cell protein using Kluveromyces marxianus isolated from

paneer whey.

Protein enrichment of pineapple waste with Saccharomyces cerevisiae by solid state
bioprocessing was investigated by Correia et al. (2007) and reported that optimum protein
content (22% dry basis) was reached at 48 h of incubation when 0.25% (NH4)2SO4 was
added to pineapple waste powder (10 g).

Jaganmohan et al. (2013) produced single cell protein (SCP) with Aspergillus terreus using
solid state fermentation and the results have shown that the A. terreus possesses a high
protein value and can be used as a better choice for SCP production using cheap energy
sources like eichornia and banana peel. Four types of agro-industrial waste products were
tested for their suitability as substrates for Chlorella single-cell protein production
(Zafaralla et al., 1990).

Amande & Itah (2011) conducted a study on single cell protein (SCP) production using
banana peels as mono i substrate. The results showed that the percentage crude protein
doubled within the fermentation period ranging from 5.00 7 10.94% with reduction in the

total carbohydrate content.

Extracts of papaya fruit were used as substrate for single cell protein (SCP) production
using Saccharomyces cerevisiae by Ojokoh & Uzeh (2005) and reported that the dry

biomass contained 35.5% protein.

A study conducted by Omwango et al. (2013) on nutrient enrichment of pineapple waste
using Aspergillus niger and Trichoderma viride by solid state fermentation. Results showed
that fermentation of pineapple waste by solid state fermentation using the fungi A. niger
and T. viride significantly (P < 0.05) enriches the nutrient content of the waste, particularly

increasing the crude protein and ash content while lowering the crude fiber content.
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Rudravaram et al. (2006) conducted an optimization study for protein enrichment of deoiled
rice bran by solid state fermentation using Aspergillus oryzae and various process
parameters effect such as moisture, pH of the substrate, inoculum size, temperature and

nitrogen source for maximum protein enrichment were studied.

Dhanasekaran et al. (2011) accompanied a study on production of single cell protein from
pineapple waste using yeast. In this study, pineapple waste was used as sole carbon source
in five concentrations for preparation of fermentation media on which two strains of yeasts,

Saccharomyces cerevisiae and Candida tropicalis were grown.

In a research study on production of single cell protein from fruits waste by using
Saccharomyces cerevisiae was carried out by Uchakalwar and Chandak (2014). In this
study pomegranate waste, Orange waste, Banana waste, Watermelon waste was used as

sole carbon source for preparation of fermentation media.

Ogbonda et al. (2007) investigated the influence of temperature and pH on biomass
production and protein biosynthesis in a putative Spirulina sp. and the results showed that
the combination of 30 °C and pH 9 gave the highest values of 4.9 mg/ml and 48.2 g/100 g
for biomass and total crude protein, respectively. The effect of pH was modulated by

temperature and vice versa during biomass production.

Rajoka et al. (2006) conducted a study on production of single cell protein from rice
polishings using Candida utilis and the results showed that the dried biomass showed crude
protein content of 27.8% and a gross metabolizable energy value of 2678 kcal/kg and
contained all essential and non- essential amino acids. Single cell protein was produced
from the defatted rice |Candida stilis imapéeatedby f er

fermentor to optimize bioprocess variables (Rajoka et al., 2004).

Paraskevopoulou et al. (2003) studied the functional properties of single cell protein
produced by keyr micropor a. The experiment

and temperature (30°C) conditions. The protein obtained from the biomass was 53.9%.

Optimization of fermentation technology for producing single cell protein from yam starch
by orthogonal test was performed by Chen et al. (2016). The production of SCP reached
241.54+0.15 g wet weight/100 g dry starch under optimal conditions were showed as
followed: 30 mL the medium volume in 250 mL flask, inoculum size 17%, fermentation
time 69 h, pH 5.0.
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2.6 Optimization of Fermentation Process

The optimization of a fermentation medium is an important step in the development of
economically feasible bioprocesses. The successful design of a fermentation process
involves optimizing the media composition, fermentation conditions, and fermenter design
as well as developing superior strains by mutation (Singh et al., 2017). Medium
optimization by employing the one-factor-at-a-time method involves changing one in-
dependent variabl e whi |l e el XHissiggle-dirhehsionalh e ot h
approach is laborious and time-consuming, especially for a large number of variables, and
frequently does not guarantee the determination of optimal conditions (Luo et al., 2009;
Survase et al., 2006). Such drawback of the one-factor-at-a-time method can be overcome
by statistical optimization techniques (Chen et al., 2008). Thus, Statistical optimization,
allows rapid screening of a number of factors and factor interactions, and reflects the role

of each component (Vimalashanmugam & Viruthagiri, 2012).
2.7 Response Surface Methodology (RSM)

Response surface methodology (RSM) is a three-factorial design method, which provides
the relationship between one or more measured dependent responses and a number of input
(independent) factors (Coman et al., 2012). RSM s a statistical modeling technique used
for multiple regression analysis of quantitative data obtained from rationally designed
experiments to solve multivariable equations simultaneously (Kumari et al., 2008; Rao et
al., 2000). The response surface method is advantageous because it requires a small
numbers of experiments, it is suitable for multiple factor experiments, it seeks relativity
between multiple factor experiments, and it finds the most suitable correlation and forecast.
Therefore, it finds the optimum values of the factors under investigation, and it predicts the
response to the optimum conditions (Popa et al., 2007). Limitations of the single factor
optimization can be eliminated by employing response surface methodology, which is used
to explain the combined effects of all factors in a fermentation process (Montgomery, 2013;
Zheng et al., 2008; Popa et al., 2007).

20 | Review of Literature



CHAPTER IlI

MATERIALS AND METHODS




CHAPTER III

MATERIALS AND METHODS

The present study was conducted in the Laboratory of Plant Pathology and Food Processing
and Preservation, Hajee Mohammad Danesh Science and Technology University, Dinajpur
during the period of September, 2016 to June, 2017. This chapter describes the
methodology used during the production of Aspergillus niger biomass and protein.

3.1 Collection of Culture Strain

Cul t ur e Agpdrgillas higerswase fo | | ot elhd or at ory of Pl ant

Hajee Mohammad Danesh Science and Technology University, Dinajpur-5200.
3.2 Inoculum Preparation

Inoculum preparation (spore suspension) was carried out according to the method
suggested by Jamal et al., (2005) with little modification. The fungal strain was cultured on
3.9% potato dextrose agar (PDA) at 32°C for 7 days and then transferred into Erlenmeyer
flask (250ml) using 100 ml of sterile distilled water. It was shaken in a rotary shaker at 150
rpm for 24 hours and then filtered. The filtrate was used as inoculum after measuring its
concentration (s p o r nel®.sThe spore suspension obtained was counted by a
haemacytometer (Labtronics, Model No. 37, Korea) and spore concentration was adjusted
to 2 x 107 spores/ml. The suspension inoculums were subcultured every 2 weeks and kept
in chiller at 4°C until further use. All flasks, funnels, filter papers, and distilled water were

sterilized in a sterilizer (LS-2D, Rexall Industries Co. Ltd., Taiwan) prior to use.
3.3 Collection and Preparation of Substrate

Fresh banana (Musa sapientum) peels was collected from fruits vendors near to Hajee
Mohammad Danesh Science and Technology University, Dinajpur. Peels were thoroughly
washed with tap water to remove attached foreign materials. Fruit peels were dehydrated
in a cabinet dryer (Model- 136-120, Seoul, Korea) at 60°C for two days immediately after
cleaning to stop destructive activity of microorganism. The dried peels were ground to
prepare powder by a laboratory grinder (Jaipan CM/L-7360065, Japan) and the prepared

powder was passed through a sieve (Sieve no.MIC-300) to achieved 2 mm particle size.
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The screened powder was packed in high density polyethylene (HDPE) pouches and stored
in an airtight container for subsequent use while ungrounded ones were kept at room

temperature in airtight plastic bags.
3.4 Preparation of Fermentation Media

Banana peel powders were degraded to convert cellulose content into more available sugars
by chemical treatments with little modification to the procedure of Lenihan et al. (2010).
For this, 10 % (w/v) HCI was added to the banana peel powder in conical flask maintaining
liquid to solid ratio of 10:1. The mixture/solution was then placed in water bath (VS-
1205SW1, Vision Scientific Company Ltd.) at 100°C for 1.5 h. After being allowed to cool,
it was filtered through Whatman No. 1 filter paper. The residue was washed with 10 %
NaOH until neutralization (confirmed by litmus paper). The filtrates were diluted with
sterile distilled water at varying concentrations and autoclaved at 121°C for 15 minutes.
The sterile solution/broth thus prepared was used as carbon and nitrogen source for biomass
production.

3.5 Fermentation Process

Submerged fermentations were carried out in 250 ml Erlenmeyer flask containing 100 ml
media as per experimental design. The process conditions used in all experiments were
based on the central composite design (CCD) from Design Expert (Version 7.0.0, Stat -
Ease Corp. Minneapolis, MN, USA) software. In all experiment, the media was initially
adjusted to different P level according to the design using 1N H2SO4 and/or 1N NaOH to
obtain the maximum biomass. Appropriate amounts of each medium was transferred into
250 ml Erlenmeyer flasks and sterilized at 121°C for 15 minutes. Inoculum (2 x10”cfu/ml)
from suspension of culture strain (microbes) was aseptically transferred into each medium.
However, fermentation was carried out in shaking incubator (VS-8480SN, Vision
Scientific Co. LTD.) at different conditions as per the design of the experiments for
optimization of the process parameters intended for biomass and single cell protein

production.
3.6 Harvesting of Biomass

After fermentation, the biomass was collected by centrifugation in a laboratory centrifuge

(Korea MF-300, Human Lab Instrument Co.) at 3500 rpm. The biomass was filtered by
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vacuum filtration using Whatman No. 1 filter paper and washed three times with 20 ml of
distilled water. Before taking the weight of the biomass, it was transferred into an aluminum
disk and dried in a hot air oven (101C-3B, Shanghai Experimental Apparatus Co. Ltd.) at
103°C-105°C for one hour followed by cooling in desiccators to balance the temperature

and weight (Jamal et al., 2005). The collected biomass was analyzed for biomass protein.

3.7 Estimation of Biomass Protein

Preparation of Standard Curve: Stock solution of Bovine Serum Albumin (BSA) was
prepared by adding 5 mg BSA to 1 ml distilled water. 500, 1000, 1500, 2000 and 4000 pl
of stock solution was taken in 6 different falcon tubes to which distilled water was added
to make the final volume of 5000 pl. Five (5) millilitre of Bradford reagent was then added
to each of the 6 falcon tubes and mix by vortexing (KMC-1300V, Korea) for 4-5 minutes.
In another falcon tube, 5000 pl of distilled water was taken for use as blank. The absorbance
of the prepared solution was measured at 595 nm using spectrometer (T80 UV/VIS
Spectrometer, PG Instruments LTD.) against the blank. The absorbance of the standards
solution was plotted against their concentration. The best fit of the data to a straight line in
the form of the equation "y = mx + c¢" was determined; where, y = absorbance at 595 nm

and x = protein concentration (mg/ml).
Estimation of Protein

Protein content of the biomass was measured spectrophotometrically according to Bradford
method (Bradford, 1976) with little modification. 0.5g of sample was taken in a beaker and
then 10 ml of distilled water was added to it. Then the sample was stirred with magnetic
stirrer and filtered with a filter paper. Then 500 pl filtered samples was taken into a falcon
tube and diluted to 4500uL with distilled water. Then 5 ml of Bradford reagent was added
and mixed by vortex (KMC-1300V, Korea) for few minutes. The concentration of protein
in the solution was determined from the absorbance at 595 nm (T60 U, PG instrument,
United Kingdom) against the blank (containing same reagents without sample). Protein
content was determined using the following formula by a comparison of the values obtained

with the standard curve of BSA and the results were expressed as percentage.
X (mg/ml) X Voume made (ml)

% Protein — x 100
/o Protein Weight of sample (g)

23 | Materials and Methods



3.8 Experimental Design

In this study, four factors and five levels Central Composite Rotatable Design (CCRD) was

employed to investigate and optimize the effect of process variable on the maximum vyield

of biomass and single cell protein. Temperature (20-40°C), pH (4-8), substrate

concentration (5-25%), and fermentation period (1-5 days) were selected as independent

variables (Table 3.1), whereas biomass and protein was selected as the response. A total

number of thirty (30) experiments with 6 center points (used to estimate experimental error)

were ascertained. EXxper i-orderpolyromial chath¢maticave r e y t
equation in order to express the relationship between independent variables and responses.

The generalized form of second order polynomial equation was given by (Moorthy et al.,

2015) as follows:

Y =B, + i B X; + i B X? + z i Bii XiXi oo (31)
=1 =1

i <j=2

where, Y istheresponse; Xiand Xjar e vari abl es (i oath@modgel r ange
intercept jgeatigbeennt ebacti on doateéngthei ent s
second-order terms, respectively; k is the number of independent parameters (k = 4 in this

study). Statistical analysis of the experimental data was performed using the Design Expert

7.0.0 statistical software (Stat-Ease Inc., Minneapolis, USA).

Table 3.1. Range and levels of independent variables.

Independent Variables Symbol Level

Temperature (°C) 20 25 30 35 40
pH

Substrate Concentration (% w/v)

5 10 15 20 25

ol O W >
IS
ol
o
~
oo

Fermentation Period (day)

3.9 Statistical Analysis

Statistical software package Design Expert 7.0.0 was used for regression analysis of the
data obtained and to estimate the coefficient of the regression equation (Eq. 3.1). The

equations were validated by the statistical tests called the ANOVA analysis. Design-based
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experimental data were matched according to the second order polynomial equation. The
independent variables were fitted to the second order model equation and examined for the
goodness of fit. The quality of fit of the second order equation was expressed by the
coefficient of determination R?, and its statistical significance was determined by F-test
(Balasubramani et al., 2015; Maran et al., 2015; Lee et al., 2000). To establish the individual
and interactive effects of the test variable on the biomass and single cell protein production

response surfaces were drawn.
3.10 Optimization and Validation of Optimized Condition

Numerical optimization technique was adapted in this study to optimize the process
conditions. For optimization of process variables, the regression model developed in this
study was used to determine the optimal condition which could provide maximum biomass
and single cell protein yield. The nature of the optimal condition (point of maximum or
minimum or a saddle point response) was also evaluated by transforming the developed
regression model into conical form and the Eigen values were computed using the Design
Expert 7.01 statistical software (Stat-Ease Inc., Minneapolis, USA).

For finding a solution, the goals were combined into an overall composite function called
desirability function (Giri & Prasad, 2007), which is defined as:

D (X)=(dy X dy e er e e X )™ st (3.2)
Where, di, d2 € €  qdhre responses and n expressed as the total number of responses in the

measure.

The function D(X) considers as the desirable ranges for each response (di), desirability is
an objective function that ranges from zero to one. The maximum point of desirability
function considers as optimize point. The goal-seeking starts at a random starting point and
keep forward the steepest slope to a maximum point. Because of curvature nature in the
response surface, there may be two or more ma x i nara &hsir combination into the

desirability function.

To determine the validity of optimized condition, additional duplicate experiments were

performed under optimal conditions and average values of the experiments were compared

with the predicted values of the optimized
suitability of the optimized conditions.
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CHAPTER IV

RESULTS AND DISCUSSION

The present study was conducted to improve the production process for microbial biomass
and single cell protein from Aspergillus niger using banana peel extracts as substrates and
to optimize the production process using response surface methodology (RSM). The
response data (Table 4.1) were analyzed by using multiple regression techniques to develop
response surface models. Moreover, the results of the experiments were handled based on
the experimental design. The statistical significance of linear, quadratic, and interaction
effects was calculated using ANOVA for each response. The multiple regression
coefficients for each response were obtained by employing a least square technique to
predict the polynomial models. To examine the interactive effect of four process parameters
(independent variables) on the biomass and single cell protein production, a central
composite rotatable design (CCRD) of response surface methodology (RSM), a total
number of thirty (30) experiments (with 6 center points) with different combinations of the

factors were performed (Table 4.1).
4.1 Model Fitting and Statistical Analysis

The experimental data in terms of the biomass and protein yield are recorded in Table 4.1.
These tabulated values were used as a raw data in response surface methodology (RSM)
program to generate the best predicted model and its statistical analysis. By applying
multiple regression analysis on the experimental data, second-order polynomial equations
including linear, quadratic and interactive terms was developed which can express the
relationship amongpr ocess variables and the re

terms of coded factors is given below:

Biomass Yield = 19.77 + 1.17A + 0.57B + 1.66C + 3.23D + 0.38AB — 0.29AC + 0.50AD + 0.55BC
+ 0.18BD + 1.36CD — 2.86A? — 1.63B2 — 0.57C% — 0.90D? ... ... cce e vvv v e e (4.1)

Protein Yield = +50.71 + 7.32A + 2.11B + 3.11C + 10.95D + 1.73AB — 0.38AC + 3.10AD + 0.38BC
— 0.24BD + 0.63CD — 5.65A% — 3.17B? — 0.88C% — 4.06D? ... ... cee\ v vevee e e o (4:2)

Where, Y is the biomass yield, A, B, C and D are temperature, pH, substrate concentration

and fermentation time, respectively.
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Table 4.1. Central composite rotatable design (CCRD) matrix of factors and real values

along with biomass and protein as response.

Uncoded process variables Responses

ORr léer Temperature oH Substrgte Ferr_nentation Biomass Protein

(°C) Concentration (%) | Period (Day) (g/L) (%)
1* 30 6 15 3 19.90 47.46
2 25 5 10 2 9.13 20.89
3* 30 6 15 3 20.77 52.87
30 6 15 1 9.12 10.26
20 6 15 3 7.84 15.49
30 6 15 5 24.68 65.11
7* 30 6 15 3 19.23 51.01
8 25 7 10 2 9.39 18.50
9 25 7 20 4 18.44 38.91
10 25 5 10 4 11.63 31.16
11 30 6 5 3 14.19 40.95
12 35 7 10 2 11.33 33.39
13* 30 6 15 3 19.47 52.86
14 35 5 10 2 11.87 23.64
15 30 6 25 3 22.28 59.87
16 25 5 20 2 9.72 22.50
17 30 8 15 3 15.09 45.28
18 35 7 20 4 22.73 61.02
19* 30 6 15 3 20.77 53.24
20 35 5 20 4 18.83 54.38
21 30 4 15 3 12.84 37.21
22 25 5 20 4 16.79 37.05
23* 30 6 15 3 18.49 46.84
24 25 7 20 2 10.13 25.54
25 35 7 10 4 16.47 55.34
26 35 7 20 2 12.87 35.24
27 35 5 10 4 15.19 49.43
28 25 7 10 4 10.76 32.06
29 35 5 20 2 9.91 26.49
30 40 6 15 3 10.32 47.14

*Center Point
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The statistical signiycance of thebasddevel op:
on the results of analysis of variance (ANOVA). The r egr essi on -wloeef yci e
for the second-order polynomial equations are presented in Table (4.2), and it indicates that
the equation adequately represents the actual relationship between the response and their

signiycant variabl es.

As shown in Table (4.2), ANOVA of regression model demonstrates that the models are
highly significant, as it is evidentfro m t h e h i gtést value & $uah B1®%S andF
21.28 for biomass and protein, respectively with a very low probability value (p <0.0001).
These indicate that most of the variation in the response could be explained by the
developed models (Prakash Maran et al., 2017). R? describe the degree of fitness of the
models (Prakash Maran et al., 2013). The high values of R? (0.9669 and 0.9521 for biomass
and protein, respectively) clearly demonstrated that the developed models are precise in
exhibiting the relationship between the response and independent variables. The value of
adjusted R? for biomass (0.9359) and protein (0.9073) is also high and advocates a high
correlation between the observed and predicted values. In this study, the predicted R? values
for biomass (0.8343) and protein (0.7522) are in reasonable agreement with the adjusted
R2. Moreover, the low CV values for biomass (8.25%) and protein (11.31%) clearly
indicated that the deviations between experimental and predicted values are low and also
showed a high degree of precision and a good deal of reliability in conducted experiments
(Prakash Maran et al., 2013).

Adequate precision measures the signal to noise ratio. A ratio of greater than four is

desirable. In this study, the adequate precision (signal to noise ratio) was found to be greater

than four for all responses, which indicat
that these models can be used to navigate the design space (Manivannan & Rajasimman,

2011). The 66ytnessdd of the models were eva
indicated the adequacy of models to accurately predict the variation as it was not significant

(P > 0.05) relative to the pure error.

28 | Results and Discussion



Table 4.2. Analysis of Variance (ANOVA) for response surface quadratic model for the production of biomass and single cell protein.

Source df Biomass Single Cell Protein
B Sum of square | F- value P level B Sum of square | F-value P level
Model 14 19.77 669.78 31.25 0.0001 50.54 6005.26 21.28 0.0001
Temperature (A) 1 1.17 33.06 21.59 0.0003 7.48 1285.02 63.76 0.0001
pH (B) 1 0.57 7.67 5.01 0.0408 1.94 106.76 5.30 0.0361
Substrate Conc. (C) 1 1.66 66.15 43.21 0.0001 2.77 231.73 11.50 0.0040
Fermentation period (D) | 1 3.23 250.99 163.94 0.0001 10.62 2878.42 142.83 0.0001
AB 1 0.38 2.36 1.54 0.2330 1.73 47.68 2.37 0.1448
AC 1 -0.29 1.38 0.90 0.3567 -0.13 2.30 0.11 0.7404
AD 1 0.50 3.98 2.60 0.1279 3.35 154.17 7.65 0.0144
BC 1 0.55 4.83 3.16 0.0958 0.13 2.34 0.12 0.7380
BD 1 0.18 0.52 0.34 0.5703 -0.49 0.92 0.045 0.8341
CD 1 1.36 29.76 19.44 0.0005 0.13 6.28 0.31 0.5850
A2 1 -2.86 223.62 146.07 0.0001 -5.69 875.96 43.47 0.0001
B? 1 -1.63 73.27 47.86 0.0001 -3.21 275.59 13.67 0.0021
c? 1 -0.57 8.82 5.76 0.0298 -0.92 21.17 1.05 0.3217
D? 1 -0.90 22.31 14.57 0.0017 -4.10 451.93 22.43 0.0003
Lack of fit 10 18.92 2.34 0.1806 261.0 3.16 0.1080
R? 0.9669 0.9521
Adjusted- R? 0.9359 0.9073
Predicted- R? 0.8343 0.7522
Adequate Precision 19.573 16.724
CV.% 8.25 11.31
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Figure 4.1a. Diagnostic plots showing the closeness between experimental and predicted
values for biomass.
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Figure 4.1b. Diagnostic plots showing the closeness between experimental and predicted
values for protein.
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Il n general, the exploration of ytted resfg
mi sl eading results, unless the model exhibi
adequacy essential (Prakash Maran et al., 2015). The diagnostic plot such as predicted
versus actual values (Fig. 4.1 a & b) is used to evaluate the relationship and model
satisfactoriness between experimental data and predicted data obtained from the developed
models. The data points lie very closely to the straight line (Fig. 4.1a & Fig. 4.1b), which
exhibited high correlation between the experimental data and predicted data obtained from

the models.
4.2 Influence of Process Variables

In the present study, four factors at five level central composite rotatable design (CCRD)

used to study the i npue s Enperatoré, pHy sulistate s s v a
concentration, and fermentation were investigated on the two response, such as Aspergillus

niger biomass and protein. Response surface and contour plots are graphical
representations of a regression equation that illustrate the main and interactive effects of

i ndependent variables on a response variat
variables (substrate concentration-fermentation time on biomass and temperature-

fermentation time on protein) are represented in three dimensional (3D) plots. The 3D

contour plots of the quadratic model with one parameter maintained constant at the

midpoint and the other parameters changed within the experimental limits are presented in

Fig. 4.2 and Fig. 4.3.

4.2.1 Effects of Process Parameters on Biomass Production

Table 4.2 showed that all the process parameters such as temperature, pH, substrate

concentration and fermentation period have a positive and significant (P < 0.05) effect on

the biomass yield. For bi omass 2rindisatpsthem s e, t |
maxi mum positive e ect of fermentation p €
concentration (b = 1.66), temperature (D
positive signs of linear terms revealed that with the increase of linear independent variables,

there will be an increase in biomass production. However, all the quadratic terms (A2, B?,

C? and D?) have a negative impact on biomass yield which is significant at 5% level of

significance.
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The response surface and contour plot (Fig. 4.2) was generated for the fitted model to
visualize the combined effect of different variables on the yield of biomass. Moreover, the
interaction term Osubstrate concentration
influence on the biomass production (P < 0.05). From Fig. 4.2, it is inferred that an increase
in fermentation period (2 to 4 days) with combination of substrate concentration (10 to
20%) resulted in an increase in biomass production. An incubation time of 4 days was also
reported by various researchers for enzyme production using microbial strains
(Managamuri et al., 2016; Mohan et al., 2014). Dasari et al. (2011) also reported that
Amycolatopsis alba var. nov. DVR D4 strain produced maximum bioactive compound after

4 days of incubation.

25
21

17

262

2%

Biomass

4.00 20.00

2.50

D: Fermentation Period 1230 C: Substrate Concentration

2.00 10.00

Figure 4.2. Three dimensional (3D) plot showing the effect of fermentation period and

substrate concentration on biomass production.

In addition, carbon and energy sources are the most important nutrient required for the
growth of the microorganism and biomass formation (Nasseri et al., 2011; Suman et al.,
2015). Since banana peel contains a huge amount of lignocellulosic compounds, which
during fermentation converted into the reducing sugar by microorganisms. Therefore, sugar
components of the substrate are metabolized by fungal strains resulting in an enhanced
production of biomass (Saheed et al., 2015; Yabaya & Ado, 2008; Adoki, 2008). Similar

outcomes was also found by Jamal et al. (2009) and Essien et al. (2005).
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4.2.2 Effects of Process Parameters on Protein Content

The F and P values in Table 4.2 reveals that all the process variables have a positive and
significant effect on the protein yield from biomass. The b v al ue idearlyfabl e
il lustrates that f er ment aninanbfactorpoe theiprotein ( b =
yield followed by temperature (b = 7.48),
1.94). This outcome revealed that as the fermentation period increases protein production
also increased. This is possibly due to the high content of lignocellulosic compounds in
banana peel, which during fermentation converted to sugars that helped to proper
distribution of nutritional contents required for the growth of microorganisms at different
fermentation period (Isaac & Chiedu, 2016). It is clearly identified in Table 4.2 that all the
quadratic terms of temperature, pH, substrate concentration and fermentation period have
negative and significant (P < 0.05) effect on protein content with the exception of

fermentation period.

To obtain a better understanding of the parameters effect, response surface 3D contour plots
are drawn (Fig. 4.3.) from the developed mathematical model (Eq. 4.2).

66
%z
.E 38 2 = 4 2 e
2
0 24
? \
4.00 ~ 35.00
3.50 3250
300 oo —— 30.00
D: Fermentation Period 2% ~~__— 2% A: Temperature
2.00 " 25.00

Figure 4.3. Three dimensional (3D) plot showing the effect of temperature and

fermentation period on protein content.
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The interaction term O0temperature and fer mi
statistically significant effect on the protein content at 95% confidence level. The results
showed that the protein content increased with the increasing temperature from 25 to 35°C
and fermentation period from 2 to 4 days. Generally, the temperature of the cultivation
medium is one of the most important variables for the growth of microbes. The range of
temperature affects growth rate, nutritional requirement, chemical and enzymatic
composition of the cells (Chi & Zhao, 2003; Umesh et al., 2017). Shehu & Bello (2011)
and Dinarvand et al. (2017) reported that the optimum temperature for the growth of

Aspergillus species ranged from 30-35°C which supports the present findings.
4.3 Optimization of the Process Parameters

Numerical optimization was performed using the developed models for the biomass and
protein yield. The temperature, pH, substrate concentration and fermentation period were
set in the range. Moreover, the response for biomass and protein were set at maximum. The
Design Expert program was run for the optimum conditions and the solutions. The best
solution was found with a maximum desirability value selected as the optimum conditions
for biomass and protein production. Therefore, the predicted optimum conditions were
obtained as temperature of 34.27°C, pH of 6.32, substrate concentration of 10% and
fermentation period of 4 days.

4.4 Validation of the Models

In terms of model verification, duplicate experiments were carried out under the
recommended optimum condition with a slight modification in temperature by 34°C and
pH by 6 in exchange of 34.27°C and 6.32, respectively. The experimental values (means of
two replications) and predicted values of various responses are presented in Table 4.3. It is
clearly shown in Table 4.3 that the obtained experimental values were adequate with the
predicted values of the response surface model because the experimental values were very

close to the predicted values, which satisfy the predicted model.

Table 4.3. Comparison of experimental values with predicted values.

Response Predicted Value Experimental Value (Mean = SEM)
Biomass (g/L) 18.1105 18.56 + 0.16
Protein (%) 58.7177 59.06 £ 0.13
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CHAPTER V

SUMMARY AND CONCLUSION

Central composite rotatable design coupled with response surface methodology (RSM) was

successfully employed to optimize and study the individual and interactive effect of process

variables such as temperature (20-40°C), pH (4-8), substrate concentration (5-25%) and
fermentation period (1-5days) on the production of biomass and protein from Aspergillus

niger using banana fruit peel. From this study, second-order polynomial models were

developed to describe the relationship between the independent variables and the responses

which was significant at 95 % confidence level (P < 0.05). The developed models could

have the ability to predict the biomass and protein and was found to be comparable with

t hat o f the experimental val ues. enAofal ysi s
determination values (R?) of 0.9669 for biomass and 0.9521 for protein, ensuring a
satisfactory yt eifderpolpnemialdrodele with theeexberimeatad o n d
data. Results also revealed a significant positive effect of the process variables (e.g.
temperature, pH, substrate concentration and fermentation period) on the biomass and

protein yield. Furt her mor e, 0 s u b s tfarnmrtatton permadd@e nt r at |
6t emperature and f er mabavettharmostognificenteffeitanthd wer e
production of biomass and protein, respectively. After numerical optimization, temperature

of 34.27°C, pH of 6.32, substrate concentration of 10% and the fermentation period of 4

days was found as the optimum conditions for biomass and protein production from

Aspergillus niger using banana peel as the substrate, which predicted 18.1105 g/L biomass

and 58.7177% protein, respectively. Under the optimized conditions, the experimental

values (biomass: 18.56 g/L and protein: 59.06%) closely agreed with the predicted values

and indicated the suitability of the developed models. Overall, the results of the present

study suggest that the model obtained through response surface methodology is adequate

for the improved production of biomass and protein from Aspergillus niger using banana

peel as substrate. However, further study is recommended to confirm the toxicity levels of

the produced biomass before using as protein.
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Appendix I. Bovine Serum Albumin (BSA) standard curve for estimation of protein.
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