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CHAPTER 1 

INTRODUCTION 

 

Amino acids are the basic units that build up the body tissues, which show an 

important role in human as well animal nutrition. For chemical industry these amino acids 

have a worth because of their functional and chiral features (Leuchtenberger et al. 2005). 

Therefore the demand of amino acids has grown rapidly (5- 7% annually) accompanied by 

the development of their mass production. For every amino acid with the exploitation of new 

uses such as they are supplemented as food additives, feed supplements. They have great 

applications in the manufacturing of cosmetics, polymer materials, pharmaceuticals and 

agricultural chemicals. From the last 20 years, the essential amino acids like lysine, 

methionine, threonine and tryptophan are used as feed additives with maximum share (56%) 

of the total amino acids (Ikeda, 2003; Bhalla et al. 2006). From the naturally occurring twenty 

amino acids, nine essential amino acids have an important and prominent place in the feed or 

food of animals and human because they cannot synthesize these amino acids in their body. 

These essential amino acids that must be ingested through the food and feed are lysine, 

threonine, methionine, valine, leucine, isoleucine, histidine, phenylalanine, and tryptophan 

(Anastassiadis, 2007). 

Lysine is the key element in health as it proved helpful to overcome heart symptom 

like angina pectoris and prevent from cancer. It is an important and essential ingredient in 

body that has a role in cleaning arteries (Javaid et al. 2012). The cell division is also 

promoted in its presence and is necessary for carnitine production, which is a vital substance 

to bring long chain fatty acids to the site of oxidation in mitochondria and convert it into 

simpler compound and ATPs (Rambabu, 2007). Some studies revealed that it also performs a 

critical role with arginine in the synthesis of collagen. Collagen is a protein that is necessary
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for connective tissues and bones integrally found in cartilage, tendon and skin. Lysine and 

arginine are mostly found on the protein surface and have a vital role on protein stability by 

forming special electrostatic interactions (Sokalingam et al. 2012). It is very essential for 

children and growing animals. It also supports bone health by insuring adequate absorption of 

calcium and therefore prevents osteoporosis (Christensen, 2011). It is a ketogenic amino acid 

and gives rise to acetyl Co A that has very important functions and produce energy through 

citric acid cycle. Lysine plays an important role in production of antibodies for healthy 

immune system hence it is efficient against herpes virus. It also plays an important role in 

body building and most of the athletes over use it for development of their muscles. This 

amino acid helps in speed recovery of damage cause by over fatigue (Haas, 2006). In addition 

to all, it has pharmaceutical applications both in the formulation of diets with a balanced 

amino acid composition (Nasab et al. 2007). 

With the development of amino acid market, a new era for the production of these 

amino acids by many companies and academic associations have enthusiastically arisen with 

the start of research and development in this field to increase the rate of amino acid 

production. This technological race has expedited the expansion of amino acid manufacture 

by various methods. Now these days, almost all the amino acids can be manufactured by any 

of the four methods as extraction from chemical synthesis, protein hydrolysates, enzymatic 

synthesis and fermentation. However, industrially, the most advantageous and economical 

method used for amino acids manufacture is microbial method, that is fermentation (Ikeda, 

2003). For almost fifty years, amino acids have been produced through fermentation 

(Rastegari et al. 2013). Out of nine essential amino acids, lysine has the high priority due to 

that it stands first in the list as it commercially very important amino acid used in feed of 

animals (Javaid et al. 2012). 
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Lysine, which is 2, 6 diamino hexanoic acid has the molecular formula C6H14N2O2 

and molecular mass 146.19 g. It is a basic amino acid having two amino groups, one of them, 

on α - position and other at the end of a 6- carbon aliphatic chain (Tome and Bos, 2007; Rao 

et al. 2011; Malothu et al. 2012). It is the second most amino acid that is produced on large 

scale with 800,000 tons of production per year and its requirement has been increased day by 

day (Anastassiadis, 2007). 

Lysine is not synthesized in monogastric animals. This speciality is only equipped in 

plants and bacteria that can synthesize this critical amino acid. It is an essential constituent of 

every protein that is present in body. The important plant sources of lysine are soybean, 

common bean, buffalo gourd, lentil and buckwheat. It is observed in a small amount in 

cereals, while pulses are a significant source of lysine. Some important plant sources of lysine 

are soybean, berro, common bean, lentil, buffalo gourd and buckwheat. In addition to these, 

lysine is found rich in meat especially red meat, in pork and poultry. The cheese and fish are 

the rich sources of it. It is also significantly found in eggs. It is generally recognized as the 

most deficient and first limiting amino acid in the food supply of man and meat producing 

animals (Pellett and Ghosh, 2004). Since monogastric animal feed is usually deficient in 

lysine therefore it must be added to their feed to provide a balance diet. Moreover, it is used 

to enrich human foods which lack this essential amino acid (Shah, 1998). It is the first 

limiting amino acid in virtually every cereal grain known to man, thus it has large potential 

for enlightening the protein quality of cereal based human diets especially in those countries 

that owing to their high dependence on cereal foods (Nasab et al. 2007).  

Both chemical and biochemical methods are used for lysine production 

(Anastassiadis, 2007; Nelofer et al. 2008). From the commercially manufactured lysine, 80 % 

is manufactured by biochemical method and only 20 % by chemical means (Malothu et al. 

2012). Among biochemical methods, fermentation is the most economical and practical 
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means of producing lysine, as in this method low temperature and low cost carbon sources 

are used for the lysine production (Ekwealor and Obeta, 2005). Fermentation is eco-friendly 

and most economical. This microbial process is currently gaining ground because it has 

produced the high cost compounds from the low cost industrial and agricultural wastes.  

Microorganisms have a protruding role in producing a variety of products having 

solicitations in different zones of life, such as energy, food, chemicals, diagnostics, 

pharmaceuticals etc. They also used to produce enzymes, organic acids, amino acids, 

vitamins, antibiotics, single cell proteins and other useful chemicals that are commercially 

very important (Bhalla et al. 2006, Gupta et al. 2012). 

Thus, lysine is being produced on industrial scale using Corynebacterium glutamicum 

(C. glutamicum) as fermenting agent. The other sub species are Brevibacterium flavum, 

Brevibacterium lectofermentum, Corynebacterium lilium, Brevibacterium dicvaricatum 

(Kircher and Pfeerle 2001; Sindelar and Wendisch, 2007). The special features of these 

strains included; gram-positive, coccal or rod-like, non-sporulating and non-motile. They all 

require biotin for their growth. Now these days all of these strains are supposed to belong to 

the genus Corynebacterium (Kumagai, 2000). Among them Brevibacterium flavum (B. 

flavum) is considered the most suitable organism for the lysine production (Ali et al. 2009). 

B. flavum is an industrially important microorganism that is used for the production of 

lysine (Sattar et al. 2008). It has the potential to utilize diversity of carbohydrates as single 

sources of carbon and energy for their growth and amino acid production (Kircher and 

Pfeerle 2001). However, for the industrial fermentation, the use of complex sugar substrates 

such as cane molasses, beet molasses, or hydrolysates from corn, wheat or cassava became 

standard. The type of sugar which preferably used for the production of amino acids is also 
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determined by the geographic location of that production plant (Hermann, 2003; Ikeda, 

2003). 

As a nitrogen source, numerous inorganic and organic compounds such as ammonium 

salts and other similar compounds, urea can be used. However some complex compounds are 

also used as a nitrogen source such as naturally protein containing substances that are 

peptone, casein hydrolysate, yeast extract, corn steep liquor and soybean hydrolysate. Some 

of the extracts of vegetal and animal tissues can be employed as a nitrogen source. In addition 

to carbon and nitrogen sources, the culture media employed normally contain usual inorganic 

essential nutrients for production of amino acids and for microorganism growth (Coello et al. 

2000). 

Microorganisms have a regulatory mechanism to control the quantities and qualities 

of enzymes that are involved in the synthesis of amino acids. Therefore, it is necessary to use 

this regulatory mechanism in order to get the mass production of the target amino acid. 

Moreover the titre of amino acid increases if the enzymes involve in the production of the 

required amino acid are found in large amounts under workable situations. For this purpose, 

strains of microorganisms are improved using several techniques to make this process 

possible (Kothari, 2009). 

Microorganisms employed for amino acid production are categorized into four 

groups; including the wild-type, auxotrophic, regulatory and auxotrophic regulatory mutant. 

The species of Corynebacterium or Brevibacterium are famous for glutamic acid production 

also employed for lysine fermentation. Moreover, their mutant strains that are also 

auxotrophic or resistant to certain chemicals gave the enhanced production of lysine 

(Anastassiadis, 2007). Auxotrophs are developed that excreted large quantities of lysine 

(Ikeda, 2003). In the wild coryneforms, when their metabolic control of lysine production is 
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studied it showed that in their metabolic pathway the first key step is the conversion of 

aspartate to aspartyl phosphate. This conversion step is catalyzed by aspartokinase and is 

controlled through feedback inhibition by two end products; lysine and threonine that are 

synthesized after a number of steps. The over producing strains have faults in this feedback 

inhibitory control mechanisms. They are lacking by homoserine dehydrogenase activity and 

are consequently homoserine auxotrophs (Kavita, 2003). It was reported that homoserine 

auxotrophs were the most powerful producers of lysine (Sano and Shiio, 1970). Thus, 

homoserine auxotrophs can be established by random mutation of wild B. flavum which can 

be utilized in the hyper- production of lysine that can be a good source required for food and 

feed (Ali et al. 2009). First homoserine auxotroph of C. glutamicum was produced by 

inducing mutation by physical mean such as UV radiation. That strain accumulated large 

amount of lysine in the fermented broth by utilizing various carbohydrates (Kinoshita et al. 

1957; Nakayama et al. 1961). 

As Pakistan is an agricultural country and hundred thousand tons of agricultural 

wastes are produced annually. These wastes can be utilized as substrates for fermentation 

because they might offer an inexpensive alternative for microbial products such as amino 

acids. Among those wastes, molasses is an agro-industrial waste and also a by-product of the 

sugar industry which has a perceptible amount of reducing and non- reducing carbohydrates. 

In fact, it is a dark brown thick solution that is achieved in the last process of table sugar 

crystallization. It is commonly used in chemical industries for the production of baker yeast 

and ethanol. Upgraded and pre-treated molasses are the major inexpensive source of 

carbohydrate for amino acid fermentation. Molasses confined reduced polymeric 

carbohydrates that can additionally be treated by dilute acids to produce monomeric 

fermentable carbohydrates. After giving pre- treatment to molasses the most prominent 

carbohydrate that produced is glucose that can be efficiently assimilated by the 



INTRODU CTION 

7 
 

microorganism as a raw carbon source (Shafaghat et al. 2010). Sugar and poultry industries 

are considered as main industries in Pakistan (Ali, 2004). It has reported that Pakistan sugar 

sector has the capacity to produce over 2.5 million metric tons (MMT) of molasses (Aazim, 

2013) which could be a good source of carbon, minerals and energy. 

Wheat bran is the outer covering of wheat that is separated from the starchy endosperm 

during the first stage of milling. It is rich in vitamin B, minerals, fibre (50%), high level of 

carbohydrates and proteins (Sramkova et al. 2009). Rice polishing is also an agricultural 

waste that is produced as bulks in rice milling. It can also be used as cheapest source of 

energy for fermentation. It is a good source of vitamins specially vitamin B, minerals and 

protein. It also contains about 10% of paddy and accessible in large amounts in major rice 

developing regions of the world (Ambreen et al. 2006). 

As Pakistan is a developing country and its feed industry utilized a huge amount of 

foreign exchange for the import of lysine that is required for livestock and poultry feed. For 

the annual production of 542.74 million broilers in Pakistan, minimum requirement of lysine 

is around 0.1- 0.4% in broiler feed formulations. Therefore, there is gigantic prospective for 

utilization of locally produced lysine in broiler feed (Rehman et al. 2012) to boost up the 

economy of Pakistan. 
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CHAPTER 2 

LITERATURE REVIEW 

2.1: Amino acids and their production 

The vital and fundamental unit of protein; amino acids are basically biomolecule 

accomplishing the imperative structural and functional roles in human and animal life. There 

are various twenty types of amino acids divided into two categories depending upon their 

need to body system; such as essential and non- essential amino acids. Essential are those 

amino acids that are not produced in body and their supply is requisite for numerous body 

functions and fulfilled by consuming food enriched with essential amino acids. The rest of 

amino acids are non-essential amino acids as they synthesized in body and their presence in 

food is not requisite. Therefore, demand of essential amino acids for animal and human 

nutrition is growing gradually. Consequently, fermentative production of amino acids has 

encouraged a superior interest for scientists due to its nutritional values (Mahmood, 1996). At 

this time, the amino acids are preferably mass-produced through fermentation of natural 

materials; similar to yogurt, beer, vinegar, miso (bean paste), soya-sauce, etc. Actually amino 

acid fermentation is a process that is used for the production of amino acid operating the 

phenomenon in which microorganisms transform nutrients to various vital components 

needed to them. During this process, the substrate that serves as a carbon and energy source 

comprised of agricultural wastes; like cereal bran, molasses, corn steep liquor and 

hydrolysates. These are added to the fermentation media to culture microorganism and 

allowed to produce amino acids. The choice of microorganism is very important in the
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 production of a particular amino acid. Therefore microorganisms are first screened to find 

their potential for secretion of desired amino acid (Kothari, 2009).  

2.2: Lysine production through fermentation 

Amino acids are biomolecules of diverse nature. They are prime mediators of virtually every 

cellular process; therefore, their deficiency can lead to a vast variety of health problems. 

Among all essential amino acids lysine is the most deficient one that must be supplemented 

to the feed of livestock and poultry (Joseph et al. 1962; Faurie and Thommel, 2003; Ekwealor 

et al. 2005; Nelson et al. 2008). Children as well as growing animals require ample amounts 

of lysine for bone formation and tissue synthesis. It has been reported that nausea, dizziness 

and hypersensitivity are among the few symptoms experienced by people having lysine 

deficiency (Fig 2.1).  

 

Fig. 2.1: Structure of L-lysine adopted from Nelson et al. 2008. 

Lysine is cationic in nature with numerous potential uses in agricultural, medicine and 

pharmaceutical industries. Its primary use is as a feed additive (Ekwealor and Obeta 2005) to 

meet the nutritional requirements of chicks, humans and animals,  as crude feed materials are 

found to be deficient in lysine (Kircher and Pfeerle, 2001; Koffas and Stephanopoulos 2005). 

From medicinal point of view, lysine blocks the bio-availability of arginine that is required 

by herpes virus for reproduction; thus, it can inhibit the symptoms of Chronic Fatigue 

Dysfunction Syndrome. It also increases body’s interferon level and helps in combating 

immune infections.  In pharmaceutical industries, lysine is used in formulating diets and in 

amino acid infusion (Nelofer et al. 2008). For all these reasons, lysine demand has steadily 
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increased over the years with an inevitable increase in supply. It is currently being produced 

worldwide at a rate of 6 ×10
5
 to 8×10

5
 tons per year (Gunji and Yasueda, 2006; 

Anastassiadis, 2007; Ali et al. 2009). It is reported to be second largely produced amino acid. 

Moreover, lysine market has been speculated to have growth potential of 7-10% per year 

(Koffas and Stephanopoulos, 2005). As the world population is increasing at alarming rate 

and therefore the demand of food in the form of protein is also increased with that rate. By 

taking in view of these aspects scientists are working day and night to develop some 

conventional and non- conventional method to enhance the productivity of meat producing 

animals (Tryfona and Bustard, 2004). Moreover Pakistan being a developing country, its feed 

sector need to develop such process that are economical and beneficial (Ali et al. 2009).   

Lysine is an essential amino acid for both human and animals. Majority of amino 

acids are commercially produced by fermentation process. Corynebacterium has been widely 

used for industrial production of lysine (Eggeling and Sahm, 1999; Herman, 2003). After the 

evolutionary changes that occur during 1970 several successful mutation methods were 

discovered that produce a valuable amount of this amino acid that lead to the expansion of 

amino acid industry using fermentation with several microorganisms such as C. glutamicum, 

B. flavum, B. lactofermentum (Hirose and Shibai, 1980). During 1960s, fermentation of lysine 

was first time started in Japan. The valuable and high cost compounds are manufactured 

through fermentation by using cheap industrial and agricultural wastes. Moreover this method 

of amino acid fermentation is environmental friendly and more efficient. The fermentative 

method of amino acids production is more advantageous as it produced 100 % L amino acids 

that is metabolized by the microorganism whereas by chemical method 50% D amino acids 

and 50% L amino acids are synthesized that cannot be assimilated for protein synthesis by 

living organisms (Khan et al. 2006). It was reported by Anastassiadis (2007) that 

fermentation has more attraction for biotechnologist as compared to synthetic methods of 
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amino acid manufacture due to stereo specificity. Furthermore after identification of more 

lysine producing strains, mutant strains of Brevibacterium and Corynebacterium were 

developed that are used to produce lysine and other amino acids. Moreover fermentation 

technology also replaced the classical methods such as acid hydrolysis that was costly and 

low yield method as compared to these emerging techniques of fermentation.  

Fermentation is carried out by following two types of culturing; such as continuous 

and fed-batch culture. Some fermentation experiments were performed by Kiss and 

Stephanopoulos (1991) with the C. glutamicum (A lysine producer) to determine the 

maximum lysine producing culture process with biomass production as well as respiratory 

measurements were also determined. The fed batch was found to be the best suitable 

culturing method with reference to product and biomass formation. Moreover they developed 

two schematic methods to find that either the microbes get affected by environmental factors 

during the culturing process of continuous and fed batch. Moreover metabolism of microbes 

was greatly affected by environmental factors for over production. They reported after their 

studies that fed batch was a successful method for maintaining the yield. Microbes are 

cooperated with facility to synthesize all the amino acid as an essential components but their 

production is limited. For this purpose to enhance its productivity scientists have developed 

large variety of mutant strains by using various techniques. For fermentation the selection of 

substrate is as important as microbe selection. But during the selection it was preferred to use 

cheap and economical substrate such as molasses, cereal bran and starch hydrolysate (Shah 

and Khan, 2008). 

2.3: Industrially important microorganisms 

Microorganisms are able to synthesize both essential and non-essential amino acids. 

They tend to produce extracellular lysine that can be easily recovered from the fermentation 

broth. Lysine can be produced via following methods; preparation of protein hydrolysates 



LITERATURE REVIEW 

12 
 

and then extraction of amino acids, enzymatic method of amino acid manufacture, chemical 

and fermentative processes that was used for amino acid manufacture (Faurie and Thommel, 

2003). Initially extraction from protein hydrolysate was the main process through which 

lysine was produced but then gradually chemical and enzymatic synthesis took over (Shah et 

al. 2002). Chemical synthesis produced only D and L form of amino acids and required 

additional step of optical resolution to render biologically active L-isomers. Enzymatic 

synthesis, on the other hand, produced optically active D& L amino acids in high 

concentrations. It also produced lesser amounts of by-products making the downstream 

process simpler. This method employed use of substrates that were converted to their 

corresponding amino acids with the help of microorganisms (Faurie and Thommel, 2003). 

However, none of these methods were cost-effective and practicable on industrial scale level. 

Fermentative processes opened up a vast arena for the production of industrially 

important metabolites and L-lysine is one of them. C. glutamicum was discovered to produce 

Lysine through fermentation in 1958 at Kyowa Hakko’s plant in Japan (Kelle et al. 2005). 

Since then, there has been no turning back for fermentation industry. Recombinant DNA 

technology and strain improvement of microbes producing amino acids have enabled 

production of lysine at industrial scale (Ali et al. 2009). Fermentation contributes 80% of the 

lysine that is annually produced worldwide while the remaining 20% is contributed by other 

processes (Coello et al. 2000 & 2002) This method is preferred over all the other methods 

because it employs low temperature, low pressure, low cost carbon sources and renders 

biological form of lysine as the final product (Nasab et al. 2007).   

Microorganisms that have been reported to produce lysine include Corynebacterium 

glutamicum (Nelofer et al. 2008), Bacillus megaterium (Ekwealor and Obeta, 2005), 

Brevibacterium linens, Streptomyces Albulus IFO (Shih and Shen, 2006), Brevubacterium 

flavum, Methylotrophus methylophilis (Ishikawa et al. 2008), Brevibacterium lactofermentum 
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(Tosaka et al. 1979), Bacillus subtilis (Leuchtenberger, 1996) and Bacillus laterosporus 

(Umerie et al. 2000). Among these, C. glutamicum has been widely exploited industrially for 

lysine production (Pfefferle et al. 2003). C. glutamicum and its other subspecies are known to 

be well lysine producing stains including B. flavum, B. lactofermentum and C. lilium.  They 

have their specific characteristic features that are rod shaped, gram positive and aerobic 

bacteria. Coryneform bacteria that was famous for amino acid production was first time 

identified in 1950s (Wittmann and Becker, 2007). Therefore, these strains are industrially 

important and famous for amino acid fermentation. In order to investigate the control of sugar 

transportation mechanism and lysine production mechanism, these strains are under 

observation. Moreover, it was explored that B. flavum, C. glutamicum and B. lactofermentum 

are genetically closely related to each other (Ruklisha and Ionina, 2000).  

2.4: Fermentation media for lysine production  

Fermentation media for lysine production must have a good substrate, organic or 

inorganic nitrogen source, some growth nutrients, minerals and essential additives. Some 

complex media contains special component including; peptone, tryptone, yeast extract, corn 

steep liquor and molasses that serves not only as substrates but also mineral reservoir. The 

vitamins and minerals that used for fermentation are biotin, thiamine, iron and manganese 

salts and various types of inorganic ions are used in lysine fermentation which are 

dipotassium hydrogen phosphate that is the source of phosphate and potassium with 

potassium di- hydrogen phosphate, magnesium sulfate and magnesium chloride provides the 

magnesium that is the macro nutrient whereas ferrous chloride, ferrous sulfate and 

manganese sulfate serves as micro nutrient (Gubler et al. 1994). Whereas Adnan et al. (2011) 

reported lysine 23.57g/L with the organism B. linen. They had utilized the agricultural wastes 

for solid state fermentation and utilized rice husk, rice bran, wheat bran and soya bean meal 

and had also optimized different physical and nutritional parameters like 13.0g soybean 
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meal,4.0% inoculum size,87.50% moisture level, and 0.65g ammonium sulphate. All over the 

world carbohydrates are exclusively used as significant feedstock. Different researcher 

utilized various components for the production of their required product through 

fermentation, as Ahmed et al. 2010 performed the fermentation by sequential culturing 

Arachniotus sp. followed by Candida utilis at 35oC for 72 h of incubation and produced 

microbial biomass protein that is enriched with essential amino acids. The fermentation 

medium used was 1% molasses, 6% corn stover, 0.0075% CaCl2.2H2O, 0.01% KH2PO4, 

0.005% MgSO4.7H2O and (30:1).C: N ratio.  

With the passage of time to accomplish the increasing demand of lysine 

manufacturers are building various project to optimize numerous levels of carbohydrates and 

other condition (Ishikawa et al. 2008). Moreover the coryneform bacteria have special 

metabolism to utilize beet pulp, molasses, sucrose and other sugars as major carbon source 

that is an important cost reducing factors of finally produced amino acid on industrial scale. 

Different researchers worked to optimize the fermentation media for hyper production of 

lysine. Among them Sattar et al. (2008) described their finding after their studies on B. 

flavum that was found as one of the important coryneform bacteria used for lysine 

production.  Actually they enhanced the lysine contents in yeast sludge from 1.54% to 4.78%. 

They found molasses (1%), protein hydrolysate (25 mg/100mL) and corn steep liquor (4%) as 

optimum level for maximum lysine production with yeast sludge as substrate at 30
o
C and pH 

7. The time course of 48 hours was mentioned in their study by using B. flavum as fermenting 

agent. 

Lysine synthesis was also investigated by Nasab et al. (2007), they reported that a 

number of valuable products like single cell proteins, enzymes and amino acids can be 

produced by utilizing agricultural wastes as a cheap source of carbon and energy. Therefore 

they used a variety of agricultural wastes as a carbon source in their studies for fermentation 
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by using a reported strain of C. glutamicum. The agricultural by products; like date pulp and 

molasses were used and then results were related with glucose as substrate. They found the 

maximum production of lysine (48 g/L) after 96 hours of incubation with molasses as 

substrate.  They also optimized different nitrogen sources for hyper production of lysine and 

found during the investigation that ammonium sulphate was a best nitrogen source. 

Furthermore after increasing the incubation time from the optimum time lysine titre was 

decreased. 

Ekwealor and Obeta (2005) optimized different ionic and minerals concentration and 

described their effect on lysine production by using Bacillus megaterium as fermenting agent. 

Use of complex substances like molasses, yeast extract, corn steep liquor necessitates the 

process of optimization that involves optimizing parameters such as culture media, 

temperature, pH etc. It is a pre-requisite for scaling up of all biotechnological process and 

determining the feasibility of any process (Eggeling, 2005). Optimization of cultural 

conditions in fermentation aims to increase the titre of lysine production and reduce the 

amount of by-products that are likely to be formed under unfavourable conditions (Kircher 

and Pfeerle, 2001). 

As those mutant strains that are auxotroph, they needed special nutrients for their 

growth such as lysine are produced more by those mutants that are auxotroph of homoserine 

and homoserine or its source is required by those strain. A study was conducted by Tada et al. 

(2000) to optimize the concentration of threonine in homoserine auxotroph of B flavum. 

During that process, the continuous addition of L-threonine was investigated in an automatic 

glucose supplying system that maintained 10% glucose with the production of 70 g/L of 

lysine. It was observed during their study that three folds lysine production was increased by 

the exponential addition of L-threonine. Actually L-threonine increased the metabolic flux of 

carbon for lysine biosynthesis pathway than in normal growth phase use. The essential amino 
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acids like valine and lysine was produced in high amount by using B. flavum as fermenting 

agent. On commercial scale it is also manufactured by aspartate kinase resistant mutant of C. 

glutamicum that were obtained after classical screening. Overproduction and secretion carrier 

of lysine is closely related to each other in organism as reported by (Tryfona and Bustard, 

2004). Although secretion carrier of lysine is present in both wild and mutant strains, but over 

production is shown only by mutant strain. Therefore wild strains of coryneform are 

subjected to mutation to enhance their potential for lysine secretion. 

2.5: Mutagenesis  

Wild strains of these organisms have very low potential for L-lysine production. To 

date, many studies on strain improvement have been carried out using various methods 

including conventional mutagenesis and screening, genetic engineering, and metabolic 

engineering (Malothu et al. 2012). Recent work on C. glutamicum was the development of 

complete genome sequence, and the genetic information is very valuable for strain 

development for higher performance, in coordination with various “omics” analyses. Through 

random mutation and selection a large number of amino acid producers were developed from 

over many years (Kelle et al. 2005). Many regulatory and auxotrophic mutants of this species 

have been developed that have been well characterized hyper-producers of L-lysine. 

Homoserine and threonine auxotrophs have been developed as these amino acids are 

produced via similar metabolic pathway as lysine (Shah et al. 2002). Amongst the regulatory 

mutants, feedback resistant mutants are common that are developed by screening mutants for 

their ability to tolerate lysine analogues so to obtain mutants that resist feedback inhibition 

phenomena and overproduce L-lysine. Many recombinant strains of C. glutamicum have been 

developed that are used to improve the production of lysine (Blombach et al. 2009, Shah et 

al. 2012). The over production of desirable product by microbial metabolism, strains require 

different techniques. Mutagenesis is one of them which are applied to modify organism. 
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Chemical and physical are two types of mutagens which may be used for genetic removal of 

feedback control in wild organism but the rate at which mutations are induced in organism 

and nature of mutation is an important factor. After mutation strain should not be revertible. 

Strong chemical mutagens are nitroso compounds and alkylating agents like ethyl methane 

sulfonate (EMS). And physical mutagens are heat, UV- radiations (254 nm), X-rays and 

ionizing radiations. Exposure of UV-radiations is most recommended physical mutagen 

because both frame shift and base pair mutations can be induced. But it can be reversed when 

culture is incubated in darkness under non growth conditions (Ali, 2004). B. flavum produced 

maximum lysine at pH 7and 37
o
C temperature. As far as mutations are concerned, exposure 

of UV radiations to organism for 30 minutes produced maximum lysine. Substrate water 

ratio, quantity of molasses and corn steep liquor were optimized. Highest efficiency of 

organism for lysine production was achieved at 40% substrate water ratio, (Naz et al. 2001). 

Lysine was the first amino acid that was produced with the help of mutant strains that 

require homoserine for hyper production in industry (Shah and Khan, 2008). Homoserine 

auxotrophic mutants were developed from a local strain of C. glutamicum (PCSIR-BI4) 

through mean of N-methyl-N-nitro-N nitrosoguanidine (MNNG) as a mutagen. The produced 

mutants were screened for the lysine production through fermentation by using cane molasses 

as substrate in fermentation medium. Different initial sugar levels of molasses were engaged 

to obtain better lysine production in the medium by using selected homoserine auxotroph. 

The optimal sugar concentration was investigated to be 60g/L
 

at 30°C after 120 hours of 

incubation, which enhanced lysine production from 4.00 to 25.05g/L. All the kinetic 

parameters including yield coefficients and volumetric rates shown the hyper production of 

lysine by the mutant exhausting black strap molasses as a single source of carbon (Nelofer et 

al. 2008). For maximum lysine biosynthesis in shake flask selection was completed for two 

strains of C. glutamicum and B. flavum.  In the comparison of these two strains the optimum 
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culture was developed by Mutagenesis of B. flavum was done by ethidium bromide, 

irradiation to UV rays and treatment of nitrous acid in order to develop improved 

manufacturer of lysine. Five different mutants isolates were screened to get the best lysine 

producer and B. flavum (IIBUV2) were found to excellent producer of lysine. Optimization of 

(IIBUV2) and its wild strain were performed in order to find comparison and found the 

constant optimal condition for basal medium. Maximum lysine production of 8.8 g/L was 

attained when mutant was growing on basal medium requiring (w/v): 0.5% peptone, 0.1% 

(NH4)2SO4, 5 mg% K2HPO4 and 3.0% glucose at 7.5 pH, 32°C and 8% inoculums size. 

When the mutant was cultured in 7.5 L stirred glass fermenter was following 120h 

incubation, agitation of 300 rpm and aeration of 4.0 VVM. After scale up studies lysine 

production was raised up to 17.8 g/L (Javaid et al. 2012). 

N-nitroso-N-ethyl urea (ENU) was used as chemical mutagen for extreme lysine 

production. The mutant of B. flavum was developed by refreshing the wild strain on suitable 

medium having reported concentrations. The refreshed bacterial growth after centrifugation 

at 10,000 rpm was washed with citrate buffer and then exposed to 35 mM ENU for 5-30 

minutes. Consequently the excess of ENU was removed by successive washing with sodium 

citrate buffer (pH= 4.2). After that the mutated strain was inoculated to fermentation medium 

that is supplemented with methionine and threonine as auxotrophic needs. From  mutant 

strain the biosynthesis of lysine was improved more than the wild; as from 81 to 125 g/L.it 

was concluded at the end that lysine production by using B. flavum as fermenting agent was 

enhanced by supplemented with optimum levels of vitamins and minerals in fermentation 

medium alongside with optimum physical parameters (Javed et al. 2011).the researcher 

Ekwealor and Obeta (2006), also developed UV- mutant that was also resistant to analogue of 

lysine that is 2-amino ethyl L-cystein (AEC) and showing auxotrophy for L-homoserine. 

Another mutant was produced by researchers (Rehman et al. 2012) using UV exposure as 
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physical mutagen. That mutant was selected to optimize nutritional and physical conditions 

for fermentation and produced lysine was 8.2 mg/mL in shake flask. They optimized different 

conditions such as; 30°C temperature, 7.6 pH and 60 hours of incubation at 300 rpm. By 

using sugars 15% (wt/vol.) cane molasses and corn starch hydrolysate as a mixture and 

kysine titre was enhanced from 8.2 mg/mL to 18 mg/mL. Thus it was concluded that by using 

mutant strain lysine demand can be achieved. They was found that UV radiations were most 

potent one to induce mutations for that it created pyrimidines dimmers among adjacent and 

complementary strands. Subsequently auxotrophic mutants of B. flavum and C. glutamicum 

were developed and exposed to lysine over production. In mutant strains feedback inhibition 

was noticed by L-lysine in first step where aspartokinase enzyme is responsible to catalyse 

this step in lysine synthesis from aspartate. Development of regulatory mutant is another 

method in which mutant should be insensitive to feedback inhibition of repression. Typically 

such type of mutants is deficient in regulatory enzymes. B. flavum also showed such sort of 

performance in lysine production (Shah and Khan, 2008). In this way an insensitive 

aspartokinase containing mutant was developed for lysine production at higher ranks. For 

overproduction of lysine in C. glutamicum alteration of metabolic flux has a significant 

importance. It was perceived that aspartokinase enzyme of mutant C. glutamicum 

investigated double flux after entering into pentose monophosphate shunt (Radmacher and 

Eggeling, 2007). 

Seven homoserine, 42 methionine, 42 threonine, and 15 isoleucine auxotrophs were 

achieved from B. flavum No. 2247 (ATCC No. 14067) by physical and chemical mutagens 

such as x ray irradiation and (MNNG) treatment. Considering the lysine-producing 

capability, the homoserine auxotrophs were found to be the best lysine producer and the next 

ranked was one-half of the threonine auxotrophs. The rest of threonine auxotrophs and all of 

the methionine and isoleucine auxotrophs were manufactured less lysine. The exploration of 
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enzyme activities of threonine was conceded by Sano and Shiio, (1970). One of the 

Escherichia coli was isolated from irrigation water channel by Nadeem et al. 2001. That 

strain was formerly accomplished of producing 1.8 g/L of glutamic acid and then strain was 

progressively upgraded through mutation for lysine production. The wild bacterial cells were 

exposed to MNNG (100 μg/mL) as a mutagen for 90 minutes. The mutant showed resistance 

against (AEC), a lysine analogue, and produced lysine (0.1-0.5 g/L). They developed three 

mutants; from them AR305 strain was over exposed to MNNG. Three mutants, thus produced 

were able to produce 13-15 g/L of lysine  

2.6: Biosynthetic pathway of lysine in microorganism 

The biosynthesis of L-lysine by coryneform bacteria via fermentation includes the 

following steps. Glucose is oxidatively converted to pyruvate by both HMPs (Hexose 

monophosphate shunt) and EMP (Embdon Meyerholf) pathways. From pyruvate and 

phosphoenol pyruvate, oxaloacetate is formed by pyruvate carboxylase and phosphoenol 

pyruvate carboxylase respectively. Pyruvate from Acetyl Co A enters in the central 

metabolism by condensation with oxaloacetate and forms α-ketoglutarate. Its oxidation step 

is blocked in glutamate producing organism (C. glutamicum). Aspartate is formed by the 

transamination of oxaloacetate in said organism. It involves three reactions from aspartate to 

two branched points intermediate compounds aspartic β-semialdehyde and homoserine. It 

converts to aspartyl phosphate through aspartate kinase and aspartyl phosphate is converted 

to aspartic β-semialdehyde by aspartate kinase and aspartate β-semialdehyde dehydrogenase. 

The other branch point homoserine is formed by the action of homoserine dehydrogenase on 

aspartic β-semialdehyde. In the next step the condensation of aspartic semialdehyde with 

pyruvate yields a compound that cyclizes to 2,3-dihydrodipicolinate which then reduces in an 

NADPH linked reaction forming piperdine-2,6-dicarboxylate which then forms L-α-amino-ε-

ketopimelate,  this compound forms L-lysine by diaminopimelic acid (DAP) pathway and 
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DAP dehydrogenase (DDH) by path. In case of DAP pathway, L-α-amino-ε-ketopimelate is 

trapped by succinylation or acetylation forming N-succinyl-α-ε-diaminopimelate. The acetyl 

is removed to yield L, L-diaminopimelate. Decarboxylation of a substrate, that is the 

mesoform of DAP, catalyzes the final step in biosynthesis of L-lysine. In DDH bypath L-α-

amino-ε-ketopimelate is converted to meso-α-ε-diaminopimelate by DDH, decarboxylation of 

this form L-lysine (figure 2.2). Contribution of DAP pathway to the L-lysine production is 

about 60-70 % and that of DDH by path is 30-40%. Another branch point intermediate 

homoserine is formed from aspartate semialdehyde which forms threonine on one side and 

methionine on the other side (Weinberger and Gilvarg, 1970; Yamaguchi et al. 1986).        

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.2: L-lysine synthesis pathway in prokaryotes (Weinberger and Gilvarg, 1970) 
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The biosynthetic pathway of lysine in Brevibacterium linens was investigated by 

Chatterjee, (1998) before and after mutations and it was observed that aspartate kinase (AK) 

and aspartaldehydate dehydrogenase (AD) show maximum activity during exponential phase 

of organism. In mutated strains activity of these enzymes was enhanced 10 to 20%. 

Dihydrodipicolinate synthase (DS) and diaminopimelate decarboxylase (DD) are two 

enzymes in wild type which are inhibited and repressed by lysine but mutant AEC NV 20
r
50 

of B. linens show insensitivity in these two enzymes to repression and inhibition. So, 

persistent activity of these enzymes and large excretion of lysine from mutant AEC NV 20
r
50 

was obtained at late stationary phase. 

The fermentative production of lysine in B. flavum and C. glutamicum depends on 

oxaloacetate, pyruvate and two ammonia molecules with the addition of four NADPH 

molecules as reducing powers. It is interesting to note that these organisms split the pathway 

into branched form (Wittmann and Becker, 2007). Lysine belongs to the family of amino 

acids depending on aspartate biosynthetic pathway so it is expected that lysine has a close 

relationship with aspartate family amino acids. For lysine production three different pathways 

are present in bacteria. First step is   phosphorylation of aspartate by aspartate kinase and this 

is the most critical step because it is related to concerted feedback inhibition. On the other 

hand E.coli and gram positive bacteria initiate this step through succinilase pathway and lead 

towards d, l-diaminopimelate, directly which is lysine precursor. Lot of hypotheses is 

proposed for lysine efflux in C. glutamicum. One such hypothesis is that physical change can 

increase membrane permeability. Another hypothesis put forward is that membrane 

permeability may be enhanced with limited supply of air (Tryfona and Bustard, 2004). Lysine 

synthesis in C. glutamicum and B. flavum takes place via (DAP) pathway. This synthetic 

pathway begins from the central metabolite of L-aspartate. During the first two steps of lysine 

synthesis aspartate is phosphorylated by aspartokinase and it is reduced by aspartate 
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semialdehyde dehydrogenase to produce L-aspartate semialdehyde. It is located on the branch 

points of methionine, threonine, iso-leucine and lysine biosynthesis. Other steps are catalysed 

by Dihydrodipicolinate synthase and dihydrodipicolinate reductase respectively. These 

enzymes also regulate the flux to the meso-diaminopimelate and lysine synthesis (Yang et al. 

2000). 

Transport and uptake of lysine is an important aspect for it excretion outside the 

microorganisms. In C. glutamicum lysine uptake occurs through lysine/alanine exchange 

carrier. In case of limited lysine inside the wild type or auxotrophic mutant cells lysine uptake 

occurs by exchange with alanine, valine, or leucine. But if lysine concentrations are high in 

organism then lysine/lysine counter-exchange mechanism helps with no net transport. Trans- 

membrane spanning helices are present hydro- phobically so it acts as a dimmer and works as 

secondary mechanism in which lysine gradient and electrochemical proton potential are 

driving forces (Burkovski and Krämer, 2002; Eggeling and Sahm, 2001; Ruklisha and Ionina, 

2000). 

2.7: Down streaming of Lysine 

The estimation of lysine can be performed by following different qualitative and 

quantitative methods used by different researchers. Qualitative analysis of lysine was carried 

out by paper chromatography while quantitative estimation was performed by 

spectrophotometric method using ninhydrin copper reagent (Shah et al. 2002). Paper 

chromatography was used by Khan et al. (2006) applying small volume of sample on filter 

paper whattman and the developing solvent had the ratio of solvent n-butanol: acetic acid: 

water (4:1:5) for18 hours to upsurged the solvent. Then spots were visualized after sprayed 

with 1% ninhydrin at 70
o
C for 15 minutes. Overlapping of amino acids was resolved by paper 

electrophoresis. The quantitative valuation was conceded out by spectrophotometer by 

cutting the spot and eluting their complete colour in 3ml of methanol. The absorbance was 
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tested at 550 nm by using methanol as blank. The quantification of each amino acid was 

determined by using standard curve. Nasab et al. (2007) employed thin layer chromatography 

(TLC) for the detection of L-lysine in the culture broth the solvent used was n-butanol, acetic 

acid and water (1:2:4) and the spots were visualized by 0.5% ninhydrin in butanol. The 

quantity of Lysine was measured by scrapping the developed spots and diluting with water, 

then centrifuged to separate microorganism from silica at 2000 rpm. The supernatant was 

lyophilized using SPEDI-VAC-GAUGE freeze dryer. After one day brown crystalline solid 

was obtained. Anatassiadis (2007) used High Pressure Liquid Chromatography (HPLC) and 

acidic ninhydrin method for the estimation of lysine. HPLC with pre-column deriviatization 

with ortho phthaldehyde and amino acid separation was used Ion exchange chromatography 

was used for the detection of amino acid composition by auto-analyzer. Post column reaction 

was also used with ninhydrin. L-lysine can also be detected by bioassay method with the use 

of amino acid analyzer. Lysine is extracted by different methods like crystallization, 

centrifugation, ion exchange extraction and drying process.   

Sometimes fermentation broth is also used as source of lysine in animal feed. Due to 

increasing demands of lysine in poultry feed industries are seeking for innovative research 

projects to lead in the business of amino acid production. High Pressure Liquid 

Chromatography method is employed for assessment of lysine from biomass liquor and 

ninhydrin solution in acetone process is also employed for lysine estimation. Ion exchange 

chromatography containing column of cation resins of ammonium type was used for 

purification of amino acids. Amino acids composition was checked by using auto-analyzer 

(Anatassiadis. 2007).  A novel ion-exchange moving bed has been developed which uses 

resin-liquid slurry tanks, thereby allowing fermentation broth to be fed directly to the resin 

process without pre- treatment. A previous study using Lysine fermentation broth 

demonstrated that clogging by bacteria did not occur, but such problems as poor performance 
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in the elution process and instability of the equipment remained. To overcome these 

problems, the experimental apparatus was improved by using a new type of resin separator. 

Stable operation was achieved, and the production of L-Lysine reached 15.4 ton in 12 days. 

The elution process was especially improved compared to the previous work. The amount of 

the eluent could be reduced and the concentration of L-Lysine in the eluent increased. The 

novel method also produced a smaller amount of waste water than the conventional fluidized 

bed. In addition, a numerical simulation model was constructed in order to optimize the 

operation. The predictions from the simulation agreed well with the experimental data 

(Kusunose et al. 1999). 

Pure lysine is recovered in the form of its monohydrochloride from fermentation 

broths also containing neutral amino acids and inorganic cations by passing the broth at about 

pH 2.0 over a strongly acidic cation exchange resin of the ammonium ion (NH4
+
) type, 

eluting the lysine with ammonium hydroxide solution, and crystallizing the lysine as an acid 

salt from the partly evaporated and acidified eluate. The resin is regenerated by the eluent and 

ready to return to the process after elution (Moriyoshi et al. 1971). L-lysine is critical amino 

acid and it has great importance in human diet as essential element and also added as 

supplement for chicks and animal feeds in order to get maximum growth. Due to its great 

importance and utility in nutrition has motivated the attention of researcher to explore the 

metabolic pathways of lysine producing strain and their metabolic engineering in order to 

productivity, and also find out others strains capability to produce bulk of Lysine.  Some of 

the strains which were used for biosynthesizing of lysine were found early in few years. A 

total of 7.5 lacs tons of lysine, produced by efficient biotechnological techniques is due to the 

known physiology of C. glutamicum, its optimization on large scale for the production of this 

strain (Ohnishi and Ikeda, 2006).   
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2.8: Statement of problem 

Keeping in view facts and problems in mind, the present project was designed with the 

following objectives: 

1. Utilization of different agriculture wastes for Lysine production. 

2. Random mutagenesis; for strain improvement to get improved production of Lysine.  

3. Optimization of fermentation medium utilized by wild and mutated strains for 

maximum production of Lysine. 

4. Pilot scale production of Lysine was studied with optimized conditions in an 

automatic fermenter. 

5. Biological evaluation of produced Lysine on Broiler chicks.  
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CHAPTER 3 

MATERIALS AND METHODS 

 

3.1: Study plan 

 Most of the present research work was performed at Institute of Biochemistry and 

Biotechnology, University of Veterinary and Animal Sciences (UVAS) and Institute of 

Industrial Biotechnology, Government College University (GCU), Lahore, Pakistan. Some 

experimental work was performed in the Department of Microbiology (UVAS), Lahore, 

Pakistan. Proximate analysis of fermented broth was analyzed at Food analysis laboratory in 

Department of Food Science & Human Nutrition (UVAS), Lahore, Pakistan. Amino acid 

analysis was performed at Sadiq feeds (Pvt) Limited, Rawalpindi, Pakistan. Toxin evaluation 

was executed at Romers Labs, Rawalpindi, Pakistan. Biological evaluation of produced 

lysine was performed at Hi- Tech feeds Mill, Raiwind Road Lahore, Pakistan. 

3.1.1: Materials 

Different industrial agricultural wastes like rice polishing and wheat bran were 

procured from the local market of Lahore. Molasses was provided by Humza sugar mills and 

distillery Shahkot, Jhumra road Faisalabad Pakistan.  

3.1.2: Chemicals 

Analytical grade chemicals were used during the research work. These were bought 

from local distributors of different companies (American Sigma Chemicals Company, 

German company Merck, Across Belgium, BDH of U.K and Fluka of Switzerland) with the 

assistance of local agents. 
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3.1.3: Bacterial strain and maintenance   

Brevibacterium flavum (NRC- 207 F Rev. 2/78) was procured from the International 

University Tokoyo, Japan. The organism was revived and maintained on nutrient agar plates 

shown in table 3.1. 

Table 3.1: Composition of Nutrient agar 

Ingredients Composition (g/L) 

Beef extract 5.0 

Peptone 10.0 

NaCl 5.0 

Agar 15 

pH= 7± 0.1 

3.2: Substrate selection 

For the production of lysine through microbial fermentation different agro- industrial 

wastes were used as substrate B. flavum as fermenting agent (Adnan et al. 2011). These 

substrate that were used to select the maximum lysine producers included wheat bran, rice 

polishing and cane molasses.  

3.2.1: Proximate Analysis 

Before using different agricultural wastes as substrate, the proximate analysis was 

performed by following AOAC method (1990) on as such basis. The description of the 

method used was as under. 
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3.2.1.1: Moisture 

Firstly samples were weighed and kept for two hours in oven at 100
o
C. Then to dry 

the sample completely its temperature was reduced to 70
o
C. The moisture contents were 

determined by finding the difference in weights between the raw sample and its dried form. 

The moisture percentage (%) was calculated as: 

 

 % of moisture = (wet sample weight- dried sample weight) × 100  

Weight of sample 

 

3.2.1.2: Ether extract 

Moisture free samples were used to obtain ether extract by Soxhlets apparatus. Ether 

was evaporated at 70
o
C by hot air oven and weight of extracted fat was recorded.  

3.2.1.3: Crude fibre  

It was determined by completely removing the acid and alkali soluble extractives and 

weighing the un-hydrolysed, insoluble dried residue which was then incinerated to ash and 

finally weighed. The differences in weights of the extracted and incinerated samples were 

recorded as crude fibre.  

% of crude fibre = weight of residue – ash weight × 100 

                                                                  Sample total weight 

 

3.2.1.4: Crude protein 

It was calculated by Kjeldhel method. It was calculated by multiplying the percentage 

of total nitrogen with protein factor (6.25).  
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3.2.1.5: Ash  

The ash was obtained by igniting the weighed samples on burner and incinerated at 

550
o
C in muffle furnace. 

% of ash =   Sample weight – ash weight × 100 

                                         Total sample weight 

 

3.2.1.6: Nitrogen free extracts (NFE) 

The value of NFE was calculated by subtracting the total concentrations of crude 

fibre, ash, moisture, crude protein and crude fat from 100. 

% of NFE = 100 – % of (moisture+ ash+ crude fat+ crude protein+ crude fibre) 

3.3: Pre-treatment of Molasses 

First hand molasses in equal volume was mixed with water and kept at 40
o 

C for 5 

hours then centrifuged at 5000 rpm for 5 min. The pH was adjusted at 3.0 with 0.1 N H2SO4. 

Thereafter it was allowed to stand at room temperature for overnight and then it was 

centrifuged at 3000 rpm for 15 minutes. Supernatant was taken to make the required bricks 

with the help of refractometer (Inamdar, 1994). The pre-treated molasses was used as a 

substrate for fermentation studies (Shafaghat et al. 2010). 

3.4: Media used for fermentation 

Medium-1; Glucose 10 gL
-1

, Peptone 10 gL
-1

, Meat extract 5gL
-1

, Yeast extract 2gL
-

1
, NaCl 2.5gL

-1
 (Modified Baullin medium)  

Medium-2; Clarified cane molasses 20 gL
-1

, (NH4)2SO4 40 gL
-1

, CaCO3 20 gL
-1

, 

NaCl 2gL
-1

, MgSO4 0.4 gL
-1

, KH2PO4 0.5 gL
-1

, K2HPO41 gL
-1

 (Nelofer et al. 2008) 

Medium-3; (NH4)2SO4 5 g/L, Urea 5 g/L, MgSO4.7H2O 0.25 g/L, KH2PO4 0.5 g/L, 

K2HPO4 0.5 g/L, FeSO4.7H2O 0.01 g/L, MnSO4.H2O 0.01 g/L, Calcium chloride 0.01 g/L, 
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Zinc Sulphate hepta hydrate 1 mg/L, copper sulphate 0.2 mg/L, Nickle chloride 0.02 mg/L, 

Biotin 200 µg/L, Glucose 50 g/L (Broer et al. 1993) 

Medium-4; Glucose 70 gL
-1

, Peptone 1%, NaCl 3 g/L, potassium dihydrogen 

phosphate 0.5 g/L, Yeast extract 0.5%, di-potassium hydrogen phosphate1.5 g/L, MnSO4 0.5 

g/L, ammonium sulphate5 g/L, Biotin 25 µg/L (Slightly modified Anastassidis, 2007) 

Medium-5; Glucose 80 g/L, K2HPO4 0.12% , potassium di-hydrogen phosphate 

0.12%, MnSO4.2H2O 12 mg/L, ammonium sulphate 60 g/L, Biotin 2 mgL
-1

, Magnesium 

sulphate hepta hydrate 0.5 gL
-1

, FeSO4 2 mgL
-1

, manganese sulphate 12 mgL
-1

, Calcium 

pentothenate 2 mgL
-1

, Corn steep liquor 40 g/L (Gulbler et al. 1994) 

Medium-6; Glucose 5 g/L, Trypton 5 g/L, Yeast extract 3 g/L, NaCl 5 g/L (Modified 

LB medium) 

Medium-7; For one litre: Ammonium sulphate 20 g, Urea 3 g, MgSO4.7H2O 0.5 

g,KH2PO4 1 g, MnSO4.H2O 4.2 mg, Biotin 100 µg, Glucose 30 g, Thiamine 100 µg, Soya 

hydrolysate 20 g ( Oh et al. 1993) 

Medium-8; Sucrose 50 g/L, CaCO3 30 g/L, ammonium sulphate30 g/L, Urea 2 g/L, 

Magnsium sulphate hepta-hydrate 0.5 g/L, potassium di-hydrogen phosphate 0.05%, 

dipotassium hydrogen phosphate 0.05%, FeSO4.7H2O 20 mgL
-1

, MnSO4.4H2O 10 mgL
-1

, 

NaCl 1.0 g/L, zinc sulphate10 mg/L (Bathe et al. 2004) 

Medium-9; Malt extract 0.3%, Peptone 3 g/L, yeast extract 2.5 g/L, Glucose 30 g/L, 

di-potassium hydrogen phosphate 2.5 g/L, MgSO4.7H2O 0.2 g/L (Slightly modified, Rattray 

and Fox, 1997) 

Medium-10; Urea 6 g/L, Magnesium sulphate hepta-hydrate 0.4 g/L, potassium di-

hydrogen phosphate 1 g/L, FeSO4.7H2O 0.01 g/L, Biotin 1 µg/L, Glucose 60 g/L, Thiamine 

HCl 80 µg/L (Calik et al. 2001) 
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Medium-11; Glucose 30 g/L, Peptone 5 g/L, Yeast extract 2.5 g/L, ammonium 

sulphate30 g/L, Biotin 2 mg/L, CaCl2 0.5 g/L, potassium di-hydrogen phosphate 0.5 g/L, di-

potassium hydrogen phosphate 0.5 g/L (Locally designed) 

 

3.5: Random mutation for culture improvement 

The culture of wild B. flavum was improved by using various physical and chemical 

mutagens. The methodology of these treatments was given below;  

3.5.1: Ultraviolet (UV) and gamma (γ) irradiation  

From freshly prepared 18 hours inoculum, 1.00 mL transferred to a sterilized nutrient 

agar petri plates and these cells were subjected to UV irradiation exposure with 05 minutes 

time interval for 15- 60 minutes under the beam (λ= 253nm and 220V at 50c/s) of UV lamp 

(Model: Mineral Light, UVS- 12, California, USA). For each cell suspension to get the 95 % 

kill rate, a distance of 8.0 cm was adjusted between lamp and cell suspension (Azin and 

Noroozi, 2001). Fresh streaked slant were exposed for different time interval by 80Gy γ- 

irradiation at by Mark IV irradiator Co (60) at Pakistan atomic research reactor (PARR) in 

order to get 99% death. Survivals were further subjected to mutant selection medium and 

screened out for their potential to produce Lysine. 

3.5.2: Ethidium bromide (EtBr) & Ethyl methyl sulphonate (EMS) treatment 

The fresh inoculum of parent strain was grown that have a cell proportion in medium 

with approximate population density of 3×10
8
 cells per mL. These cells were subjected to 

induce mutation. The pellet of cells was obtained after centrifugation at 10,000 rpm for 5 

minutes. Thereafter double washing was given to the pellet of cells with 0.1M citrate buffer 

(pH 7.5) and re-suspended in the buffer (4.0 mL). To the cell suspension of (final 
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concentration 100 mg/ mL) 0.2 mL (EtBr) of 2.0 mg/mL concentration was added whereas 

ethyl methyl sulphonate (EMS) with concentration of 1000µL/mL and incubated in shaking 

incubator working 200 rpm, at 30
o
C for 45 minutes (Dhawan et al. 2003; Sharaf et al. 2009). 

After these mutagenic treatments the treated cells were separated by centrifugation (10,000 

rpm) for 5 minutes. These treated cells were re- suspended with the same volume of 

phosphate buffer and their dilutions were made and each dilution was then spread on nutrient 

agar plates and incubated over night at 30
o
C. On the next day those colonies were calculated 

which appeared on the plate after treatment of EtBr. Every colony was picked and plated with 

sterile toothpick. Survivals were further subjected to mutant selection medium and screened 

out for their potential to produce L- lysine.  

3.5.3: Nitrous acid treatment 

Parental cell pellet (18 hour freshly grown) was treated with HNO2 for 10 minutes 

with one minute time interval at 4± 1
o
C (Sinha and Chakrabarty, 1977; Carlton and Brown, 

1981; Azin and Noroozi, 2001). The solution was shaken thoroughly and one mL of the 

reaction mixture was diluted 5 folds in phosphate citrate buffer (pH 7.5) to stop the reaction. 

After centrifugation at 10,000 rpm for 5 minutes, cells were subjected to triple washing with 

phosphate citrate buffer (pH 7.5) and were suspended again in the same buffer. Treated cells 

appearing on the plates were counted next day. Each colony was picked with sterile toothpick 

and plated. Survivals were further subjected to mutant selection medium and screened out for 

their potential to produce L- lysine. 

3.5.4: N- nitroso-N-ethylurea (ENU) treatment 

Protective ceil of ENU was carefully opened and various concentrations 100mM, 

150mM, 200mM, 250mM, 300mM and 350mM were prepared to make the death curve. 
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3.5.4.1: Procedure of mutation by ENU 

Seed culture of 18 hour was freshly prepared by using nutrient broth medium. Pellet 

of 1mL parent cells was obtained after 5 min. of centrifugation (10,000 rpm). It was re-

suspended in 1mL sodium citrate buffer (pH 4.2) and re- centrifuged for 5 minutes at 10,000 

rpm (Javed et al 2011). Then pellet obtained was incubated with 1mL optimum concentration 

of ENU (250mM) for 5, 10, 15, 20, 25 and 30 minutes. During each interval, every 

concentration of ENU was centrifuged for 5 minutes at 10,000 rpm and then pellet was 

washed with sodium citrate buffer (pH 4.2) to remove excess of ENU. The pellet thus 

obtained was re-suspended in NB medium for growth. The growth medium of 100µL was 

spread on plates of nutrient agar medium with the help of spreader. The plates were incubated 

for 24 hours at 30
o
C. Those plates which have 99% kill were further subjected to mutant 

selection medium and also screened out for more lysine production.        

3.5.5: Mutant selection 

For the mutant selection, plates were prepared having minimal medium (MM) for the 

selection of mutant. The composition of MM is given in (table 3.2). The colonies were 

aseptically transferred to the MM plates with and without homoserine, threonine and S-(2-

amino ethyl cysteine (AEC) through replica plating method (Rehman et al. 2012). The 

colonies appeared on MM supplemented with 0.1 mM homoserine, 0.1 mM threonine and 10 

mM (AEC) and not on without these components were considered as homoserine and 

threonine auxotroph and resistant to AEC (AEC)
r
. 
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Table 3.2: Composition of MM for mutant selection 

Ingredients Composition (g/100 mL) 

Glucose 0.8 

MgSO4. 7H2O 0.01 

(NH4)2SO4 0.2 

NaCl 0.5 

K2HPO4 0.3 

Biotin 5µL 

Agar 1.5 

(1 mM) Homoserine 400 µL/ 20mL 

(1 mM) threonine 500 µL/ 20mL 

(10 mM) AEC 200 µL/ 20mL 

 

3.6: Fermentation 

3.6.1: Inoculum preparation 

For the preparation of inoculum, loop full of the refreshed culture of B. flavum was 

aseptically transferred to sterilized inoculum medium (25 ml) in 250 ml Erlenmeyer flask. 

The inoculum medium contained 0.8 % nutrient broth (pH= 7.0± 0.2) was kept for 18 hours 

on an orbital shaker at 30
o
C and 120 rpm (Nasab et al. 2007). The optical density of the 

culture was adjusted to 0.6 at 600 nm by diluting the culture with sterilized distilled water 

(Athar et al. 2009). 

 

 



MATERIALS AND METHODS 

36 
 

3.6.2: Basal medium 

During fermentation, for optimization of the parameters, like substrate water ratio 

with incubation time period, temperature, pH, inoculum size, concentrations of salts, 

concentration of calcium carbonate and biotin, the basal medium was prepared by adding 

MgSO4.7H2O 4 g, KH2PO4.H2O 8 g, NaCl 1 g, (NH4)2SO4 2.5 g, CaCO3 20- 40 g, urea 5 g, 

biotin 4 mg, vitamin B complex 3 ml/L. The initial pH was adjusted at 7± 0.1 with 1N NaOH 

and medium having different concentrations (1-5%) of substrate (wheat bran, molasses and 

rice polishing) was autoclaved for 15 min. The growth medium was inoculated by fresh 

inoculum of 18 hours old of B. flavum. The fermentation was carried out for specific 

optimum conditions on orbital shaker at 180 rpm at 30
o
C. 

3.6.3: Shake flask 

Twenty millilitre of fermentation medium was taken in 250 ml Erlenmeyer flask. It 

was plugged properly with cotton plug and autoclaved at 121˚C for 15 minutes. Autoclaved 

medium was inoculated with seed inoculum and incubated under different conditions to be 

optimized. 

3.6.4: Scale up studies (Stirred fermenter) 

Pilot scale study was carried out in a 7.5 L stirred glass vessel fermenter (Model: 

Bioflow-110 Fermentor/Bioreactor, USA) with two impellers having six blades and 5.0 L 

working volume. The fermenter glass vessel containing approximately 4.7 L fermentation 

medium was sterilized for 25 minutes at 15 lb/in
2
 pressure (121ºC) in a stainless steel 

autoclave (Model: KT-40 L, ALP, Japan) and after that at room temperature it was cooled. 

Under aseptic conditions through a hole at the top plate inoculum was moved to the vessel. 

The incubation temperature was automatically retained at 301C throughout the 

fermentation period whereas the aeration and agitation rates were maintained. The sterilized 
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air was supplied by passing through membrane filters of 0.45 µm pore size. To control 

foaming the sterilized 10% (v/v) silicone oil (prepared in distilled water) was used that was 

formed during the fermentation process. 

3.7: Parameter to be optimized 

Following parameters were optimized for Lysine production by using wild and mutant 

B.  flavum. 

1. Substrate water ratio (1 to 5%) with incubation period 24, 48, 72 hrs. 

2. Temperature (25
o
C, 30

o
C, 35

o
C and 40

o
C) 

3. Initial pH (6.6, 6.8, 7.0, 7.2 and 7.4) 

4. Inoculum size (1 to 5 %) 

5. Nitrogen source (urea, (NH4)2SO4 and NH4NO3) 

6. Concentration of salts (MgSO4. 7H2O, KH2PO4 and NaCl from 0.1- 0.5%) 

7. Concentration of CaCO3 (1 to 5%) 

8. Addition of corn steep liquor (0.2, 0.4, 0.6, 0.8 and 1%) 

9. Inclusion of soybean hydrolysate (0.25- 1%) 

All the parameters of fermentation were optimized on micro- scale in 250 mL Erlenmeyer 

flasks having 25 mL of total fermentation medium. 

3.7.1: Substrate water ratio with incubation period 

Various agricultural wastes such as wheat bran, rice polishing and molasses were used 

to optimize different levels of substrate water ratio with 1, 2, 3, 4 and 5 percent. The different 

substrates were used to find the best carbon source that will produce the highest yield of L- 

Lysine. The fermentation medium contained all the basal nutrients as mentioned in basal 

medium. It was monitored after 24, 48 and 72 hours for lysine production.   
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3.7.2: Temperature 

To find the metabolically favoured temperature of B. flavum to secrete more Lysine, 

different degrees of temperature like 25
o
C, 30

o
C, 35

o
C and 40

o
C were optimized. At the 

termination of fermentation period, the produced lysine was estimated to find the optimum 

temperature that produced maximum lysine. 

3.7.3: Effect of pH 

Among different physical parameters that drastically effect fermented product, pH is 

very important. Therefore, various ranges 6.6, 6.8, 7.0, 7.2 and 7.4 of pH were used to 

optimize favourable pH for hyper production of Lysine. 

3.7.4: Inoculum size 

The size of seed culture medium (inoculum) is a deciding parameter that utilize 

fermentation medium and confirm its conversion into required product completely. Different 

percentages of inoculum (1, 2, 3, 4 and 5%) were used to optimize the size of inoculum to get 

high titre of Lysine. 

3.7.5: Nitrogen source 

Various organic and inorganic nitrogen sources like urea, (NH4)2SO4 and NH4NO3 

were used for high Lysine production. Different ranges as 0.25%, 0.5%, 0.75%, 1% and 

1.25% of above sources were tested with pre- optimized substrate and other physical 

parameters to find best optimized concentration.  
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3.7.6: Concentration of salts 

The concentration of macro and micro nutrients has great importance in basal medium for 

fermentation. Various concentrations of ionic salts like 0.1, 0.2, 0.3, 0.4 and 0.5 % like 

MgSO4.7H2O, NaCl and KH2PO4 were used for optimization. 

3.7.7: Concentration of CaCO3 

The concentrations (1, 2, 3, 4 and 5 %) of CaCO3 were optimized to get high yield of 

Lysine with pre- optimized conditions. It was dry sterilized with respect of other medium and 

added later with sterilized conditions in sterilized fermentation medium at the time of 

inoculation. 

3.7.8: Addition of corn steep liquor 

The fermentation of pre-optimized parameters of basal medium was further carried 

out by addition of corn steep liquor (CSL) as complex nitrogen source. CSL with numerous 

concentrations such as 0.2, 0.4, 0.6, 0.8 and 1.0 % v/v was used to get optimized 

concentration for maximum production of lysine. 

3.7.9: Inclusion of soybean hydrolysate 

Soybean hydrolysate as a complex medium was used to enhance the Lysine 

production. Various increasing concentration 0.25%- 1% was used to have an optimized 

concentration of soybean hydrolysate for enhance Lysine production. 

3.8: Analytical Methods 

3.8.1: Lysine estimation 

The fermented broth was autoclaved and cell mass was separated by centrifugation 

(10,000 rpm) for 10 minutes. Then qualitative and quantitative estimation of produced lysine 
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from the supernatant was done (Ekwealor and Obeta, 2005) by following these methods 

given below; 

3.8.1.1: Qualitative method 

TLC technique was used to find lysine qualitatively. The developing solvent 

comprised of chloroform (CHCl3), methanol (CH3OH) and 17% ammonia (NH3) with 2: 2:1 

ratio. A spot of (5µl) sample and standard was spotted on pre-coated TLC plate. It was kept 

in the chromatographic tank for 4-6 hours at 4
o
C for good separation of amino acids. To 

identify the produced lysine on dried plate was sprayed with 0.2% ninhydrin in acetone and 

coloured spots were developed by heating the plate for 5 minutes at 110
o
C in oven (Stock and 

Rice, 1967). 

3.8.1.2: Quantitative method 

The lysine produced in the fermented broth was quantitatively measured by 

spectrophotometric method following Chaves et al. 1988, which is described as under. 

To 1 mL of biomass liquor, 4 mL of acetone was added. Then 1 mL of 5% sodium 

nitroprusside and 5 mL 5% sodium tetra-borate was added in 100 mL conical flask. Flask was 

kept on shaker for 60 minutes at 150 rpm and 30
o
C. Finally the volume of flask was raised to 

20 mL with distilled water. Same procedure was applied for other samples, standard and 

blank having 1 mL of distilled water rather than sample. The absorbance at 545 nm of each 

sample and standard was estimated by spectrophotometer. 

3.8.1.2.1: Standard curve of Lysine 

To estimate lysine quantitatively by spectrophometer method followed Chaves et al. 

1988, the standard curve was firstly plotted between various diluted concentrations (0.075- 

0.2%) of standard lysine and their respective (optical density) OD at 545 nm. The trend in 
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(fig. 3.1) represented the increasing OD with increasing standard lysine concentrations. The 

maximum OD (1.932) at 540nm was corresponded to high standard lysine concentration 

(0.2%). 

 

 

 

 

 

 

 

Figure 3.1: Standard curve of Lysine 

 

3.8.2: Estimation of residual sugar 

The residual sugar was estimated by DNS method (Tasun et al. 1970). Supernatant of 

fermented broth was used for the estimation of residual sugar. 

3.8.2.1: Standard curve of glucose 

To draw the standard curve, a stock solution of 0.1 gm of D- glucose was prepared in 

a volumetric flask (100 mL) in 80 mL of distilled water and then volume was raised to 100 

mL so that each mL of solution contained 1mg of D- glucose. Ten dilutions (0.1- 1 mg) were 

prepared in distilled water. To perform DNS test, each dilutions (1 mL) were taken in ten 

clean, dried test tubes and 2 mL of DNS reagent was added in each test tube. All the test 

tubes were placed in boiling water bath for 5 minutes and mixture was cooled. Final volume 
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of mixture was raised to 20 mL with distilled water. One test tube of blank was also run 

parallel to above samples having 1 mL of distilled water and 2 mL of DNS reagent. The 

developed colour was measured by spectrophotometer at 540 nm. Graph was plotted between 

glucose concentration along x- axis and absorbance along y- axis as shown in fig. 3.2. Slop of 

the graph was used for the determination of residual sugar. 

 

 

 

 

 

 

 

 

 

Figure 3.2: standard curve of glucose 

 

3.8.3: Estimation of Biomass 

Fermented broth was subjected to centrifugation (10,000 rpm) for 5 minutes in 50 mL 

falcon tube. Then the pellet was separated through filtration and was dried at 90
o
C overnight 

in a hot air oven. Then dried pellet was weighed on an electrical balance.  

3.8.4: Estimation of protein from fermented broth 

Protein was determined by the estimation of nitrogen by Micro- kjeldahl method after 

digesting the sample with concentrated H2SO4 and SeO2 mixture.  

The dried sample of about 200 mg was weighed in digestion bulb and then added in it 10 mL 

concentrated H2SO4 and few tablets of SeO2 as a catalyst. It was heated on direct flame and 
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when the sample was cleared it was considered to be digested. Thereafter at room 

temperature sample was allowed to cool. After that, the digested sample was diluted with 

distilled water and total 100 mL volume was maintained. Digested solution 10 mL was 

poured into the Markham apparatus of distillation and then pH was raised to become basic 10 

mL of 40% NaOH solution was added. Steam distillation was carried out, and ammonia was 

collected in beaker containing 5 mL of 2% boric acid and methyl red solution (used as 

indicator). The distillate was titrated against N/70 hydrochloric acid to pink colour end point. 

The volume of acid consumed during neutralization was noted (Markham, 1942). Percentage 

of protein in the dried biomass was determined by the following formula; 

Percentage of protein= x × 100 × 0.0002 × 100   ×6.25 

       10× 0.2  

 

Where x is the volume of N/70 HCl used against the ammonia released.                 

 

3.9: Down-streaming (recovery and purification) of L-lysine 

The biomass liquor was subjected to various techniques for down streaming of lysine 

from fermented broth through cell lysis, cell separation, purification, evaporation and 

crystallization (Anastassiadis, 2007). 

3.9.1: Cell lysis 

The biomass liquor was autoclaved for 20 minutes to cease the growth of culture 

cells. Cell lysis was executed by adding 400 mL of acetone to the 200 mL fermentation broth 

containing cell mass. Cell wall of fermented organism was ruptured as it come in contact with 

acetone and released intracellular lysine. Moreover acetone also precipitated out the soluble 

protein from the fermented broth. 
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3.9.2: Cell separation 

The cell debris was separated from the liquor by centrifugation (10,000 rpm) for 5 

minutes. The supernatant was collected and concentrated at 80
o
C in water bath up to 500 mL 

of the total volume 2.5 L (Tanaka et al. 1978). The concentrated fermented broth was 

adjusted to pH 3 with 8N H2SO4 so all the Lysine present must acquire charge for binding 

with cation exchanger (Rouy and Yerres, 1992).  

3.9.3: Ion exchange chromatography 

3.9.3.1: Packing of column  

Glass column was clamped on an iron stand in exactly vertical position. The bottom 

of the washed, dried glass column was sealed with glass wool up to 2- 3 cm. About 50 gm of 

cation- exchange resin was taken in a 250 mL beaker. The resin was first soaked in 4 N HCl 

(100 mL) to remove contaminating metal ions while shaking at 120 rpm on an orbital shaker 

at room temperature for 20 minutes. The HCl was drained out and then soaked for 20 minutes 

in 2N NaOH (100 mL) to charge the resin in the form of Na
+
. The NaOH was drained out. 

The resin was washed with sodium citrate buffer pH 3 and the column was packed with resin 

slowly while swirling. When all of the resin beads were settled, buffer was poured in to 

column until the over- head volume remained 2- 3 mL of buffer on the packed column 

(Rodney FB, 1993). Now column was ready for sample loading. 

3.9.3.2: Loading of sample and collection of fractions 

The concentrated centrifuged fermented broth (5 mL) having pH 3, was loaded on the 

packed column of cation exchange resin for the separation of Lysine. Sample was fractionally 

eluted in labelled test tubes up to 2 mL each, first with citrate buffer of pH 3 for the elution of 

acidic amino acid there after it was eluted with citrate buffer pH 6 to elute neutral amino 
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acids and finally it was eluted with tris HCl (pH 9- 10) to elute Lysine as its iso- electrical 

point 9- 10 pH. To test fractions for the presence of Lysine, 1 drop from each fraction were 

placed on to a strip of chromatography paper. Spots were dried on hot plate and it was 

sprayed in the fume hood with 0.2% ninhydrin in acetone. Violet spots appeared after 2 

minutes in preheated oven at 110
o
C indicating the presence of Lysine in that fraction. The 

fractions were collected until there was no violet colour spot appeared on chromatographic 

paper with ninhydrin. It was further confirmed by spectrophotometric method. 

3.9.4: Crystallization 

The fractions containing lysine obtained by eluting with tris HCl buffer (pH 9) were 

concentrated to 1/4
th

 of volume on water bath at 70- 80
o
C. Then crystallization of L-lysine 

was carried out firstly by acidification of fraction with 8N HCl and adjusted its pH 4. Three 

volumes of 95% ethanol were added to concentrated fractions to get the crude crystals of 

lysine of brown colour at 4
o
C, those were re-dissolved in distilled water and decolourized 

with 0.5% activated charcoal. Concentrated and needle like yellowish colour pure crystals of 

Lysine were obtained after addition of 95% ethanol (Su et al. 1990). 

3.9.5: Drying 

Yellowish colour crystals of L-lysine HCl were dried for 3 hours in water bath at 

80
o
C. 

3.9.6: TLC of purified Lysine crystals 

The purity of lysine crystals was tested. Its 100 mg / 100 mL solution of purified 

lysine was prepared and spotted 5 µL of it on TLC plate (10 x 20 cm coated with silica gel) 

along with standard lysine HCl solution (100 mg / 100 mL). The impregnated plate was 

placed in chromatographic tank containing 100 mL of solvent mixture containing chloroform, 
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Methanol and 17% NH3 solution in the ratio of (2: 2: 1) for development at 4
o
C temperature 

(Stock and Rice, 1967).when the solvent raised 10 cm from the spotted line. The TLC plate 

was taken out of the chromatographic tank. It was dried in the oven at 80
o
C thereafter it was 

sprayed with 0.2% ninhydrin in acetone. The plate was again placed in the preheated oven at 

110
o
C for 5 minutes to develop colour. 

3.10: Proximate analysis of fermented broth 

 Fermented broth was analyzed at Food analysis laboratory in Department of Food 

Science & Human Nutrition for proximate composition analysis. This analysis was performed 

to determine the (%) composition of the material in terms of moisture, ash, crude fiber, ether 

extract, nitrogen free extract and crude protein.   

3.11: Amino acid analysis of fermented broth and purified Lysine crystals 

Amino acid analysis of fermented broth and purified Lysine crystals was performed 

by amino acid analyser (Biochrom Cambridge UK. Bio30+) at Sadiq feeds Pvt Limited, 

Rawalpindi, Pakistan. 

3.12: Toxicity evaluation of produced lysine 

Toxicity evaluation of produced lysine was performed at Romers Labs, Rawalpindi, 

Pakistan. 

3.13: Biological evaluation of produced Lysine 

Biological evaluation of produced lysine was performed at Hi-Tech feed industry, 

Raiwind Road, Lahore. The produced lysine was evaluated by feeding trials in Broiler chicks 

in terms of feed consumption (kg), weight gain (kg) and feed conversion ratio (FCR). For this 

purpose, 80 day old broiler chicks were selected on uniform weight basis. Chicks were 

divided into two groups, test (T) and control (C). That were further randomly sub divided into 

four units in a way that there were 20 birds in each unit. Two diets C and T were prepared 

and composition is given in appendix XII. Diet C served as control diet containing 0.4 % 
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commercial lysine sulphate. Diet T was containing the same ingredients as that of C diet, but 

also supplemented with 0.4 % lysine in the form of microbial biomass produced. These 

rations were randomly assigned to the four units such that there were two replicates on each 

ration. All the birds were weighed before the start of feeding trial and after that on weekly 

basis. The birds were offered feed and water ad libitum for a period of five weeks. During 

feeding trial all prophylactic measures were adopted and proper vaccinations were made to 

keep birds healthy. The data thus obtained have been expressed in terms of feed intake, 

weight gain and feed conversion ratio to evaluate the quality of Lysine produced from 

fermentation of molasses under predetermined conditions with B. flavum.  

 

3.14: Kinetics studies  

All kinetic parameters were determined as described earlier (Aiba et al. 1973). The 

differential equations which captured the dynamics of cell mass formation (X), mixed 

carbohydrates consumption (S), and lysine synthesis are given as follows: 

 

dX/dt = µX,                                                           (1) 

dLys/dt = QLys × X,                                             (2) 

-dS/dt=-µX/Yx/s - QLys X/YLys/s,                             (3) 

dP/dS=YLys/S,                                                        (4) 

dP/dX=YLys/X,                                                       (5) 

 

Where QLys, µ, qP, YX/S, YLys/S and YLys/X   are the volumetric rate of lysine formation, 

specific growth rate, specific rate of lysine production, substrate consumption yield 

coefficient with respect to growth, lysine synthesis based on substrate uptake and cell mass 

formation respectively. 
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3.15: Statistical analysis 

Processing of data was carried out through a statistical method by SPSS 13.0 soft-

ware (Levesque, 2007). All the optimization parameters were analysed by compare of mean 

through One-Way ANOVA and multiple comparisons were made through LSD and 

Descriptive analysis given in appendices (VI- XI). Biological evaluation result was 

statistically studied by applying an independent sample t. test. 
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CHAPTER 4 

RESULTS 

 

4.1: Bacterial strain and maintenance 

Brevibacterium flavum (NRC- 207 F Rev. 2/78) as a fermenting agent used for L- 

Lysine production through fermentation by utilizing agricultural wastes as substrate. The 

organism was revived in sterilized nutrient broth and after 18 hours of incubation at 30
o
C 

turbidity obtained in clear medium. The purity of organism without contamination was 

observed by making slide of that turbid medium. Further turbid medium was streaked on 

sterilized nutrient agar plates at pH (7.0± 0.2) and pure single colony growth was observed 

after 24 hours of incubation at 30
o
C as shown in fig. 4.1. 

 

 

Figure 4.1: B. flavum on nutrient agar plates at 30 
o
C and pH 7.0± 0.2 
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4.2: Screening of fermentation medium  

Eleven different fermentation media (M1, M2, M3, M4, M5, M6, M7, M8, M9, M10 

and M11) were screened to find the high lysine producing medium by using B. flavum as 

fermenting agent. Impact of different media on production of L-lysine was studied in 250 ml 

Erlenmeyer shake flask. Fermentation process was carried out at 37˚C for 48 hours and 200 

rpm. Summarized (fig. 4.2) showed L-lysine production in all these media as follows: 

Medium M11 gave maximum production (7.6 g/L) of lysine as compared all others media 

that produced lysine such as M1 (2 g/L), M2 (3.48 g/L), M3(3.52 g/L),  M4 (4.36 g/L), M5 

(4.8 g/L), M6 (2 g/L), M7 (6.4 g/L),  M8 (4.4 g/L),  M9 (6.4 g/L) and M10 (3.96 g/L).  
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Figure 4.2: Screening of fermentation medium on the basis of L-lysine production by 

wild B. flavum in 250ml Erlenmeyer shake flask 
(Media = M1, M2, M3, M4, M5, M6, M7, M8, M9, M10 and M11; Temperature = 37˚C; pH= 7.5; Agitation = 

200 rpm, and Time of fermentation 48hrs) 
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4.3: Optimization of fermentation medium by using wild B. flavum 

4.3.1: Effect of different substrates with incubation 

Different agricultural wastes i.e.; wheat bran, rice polishing and molasses were 

subjected for the selection of best carbon source as a substrate. Various concentrations (1 to 

5%) of these substrates were investigated and it was found that from the various levels of 

wheat bran, 4% gave the highest production of Lysine (6.6 g/L) after 72 hours of incubation. 

Whereas rice polishing with different levels (1 to 5%) high titre of lysine (4.3 g/L) was 

obtained with 3% of its concentration after 72 hours of incubation. After optimizing the 

various concentrations of molasses, it was found that 4% molasses produced the highest 

concentration of lysine (9.1 g/L) as shown in fig. 4.3. 

Figure 4.3: Influence of different substrates (%) on Lysine production. 

 Error bars show the different percentages of Lysine produced with different (%) substrates 
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4.3.2: Effect of temperature 

Various degrees of temperature (25, 30, 35 & 40 
o
C) were used to optimize the 

maximum lysine producing temperature from wild B. flavum with 4% molasses and 2% 

inoculum. The maximum lysine (10.1 g/L) was produced at 30 
o
C as shown in (fig. 4.4). By 

increasing temperature, the decrease of lysine titre was found. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.4: Effect of various degrees of temperature on 

Lysine production 
Error bars show the different percentages of Lysine produced at various 

temperature 
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4.3.3: Effect of inoculum size 

Different sizes (1, 2, 3, 4 & 5%) of inoculum were used to find the optimum level for 

maximum lysine production by using wild B. flavum with pre-optimized conditions. Fresh 

inoculum size (3%) of 18 hours produced the maximum lysine (10.4 g/L) after that by 

increasing the size of inoculum, the titre of lysine start decreasing as shown in (figure 4.5).     

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.5: influence of inoculum size on Lysine production 
Error bars show the different percentages of Lysine produced at different inoculum 

size 
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4.3.4: Effect of initial pH 

The effect of various levels of initial pH (6.6, 6.8, 7.0, 7.2 & 7.4) were investigated by 

using 4% molasses and 3% inoculum at 30
o
C with wild B. flavum as fermenting agent. The 

high production of lysine (16.06 g/L) was observed at pH 7.0. Further decrease of lysine was 

found with increasing pH as shown in (fig. 4.6).     

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.6: Effect of pH on Lysine production 
Error bars showed the different percentages of Lysine produced with increasing initial pH 
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4.3.5: Effect of different nitrogen source 

Different concentrations (0.25, 0.5, 0.75, 1 & 1.25%) of organic and inorganic 

nitrogen sources were used to optimize the maximum lysine producing concentration. The 

maximum lysine was produced (14.6 g/L) with 1% NH4NO3, whereas high concentration of 

lysine (15.09 g/L) was observed with 0.5% of urea. The maximum lysine (16.89 g/L) was 

produced with 0.25% (NH4)2SO4 with pre- optimized parameters with wild B. flavum as 

shown in (fig. 4.7).   

 

Figure 4.7: influence of organic and inorganic nitrogen source on Lysine production  

(a) NH4NO3 (b) Urea (c) (NH4)2SO4.  N stands for nitrogen. Error bars represent increasing percentage of lysine 

with different nitrogen source 
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4.3.6: Effect of different salt concentrations 

Various concentrations (0.1, 0.2, 0.3, 0.4 & 0.5) of salts like MgSO4. 7H2O, NaCl and 

KH2PO4. H2O were used to find the maximum lysine producing concentration by using wild 

B. flavum with pre- optimized parameters as shown in (fig. 4.8). MgSO4. 7H2O with 0.4% 

level produced the maximum lysine (17.4 g/L). The optimum concentration of NaCl (0.1%) 

was found the optimum level to produce the high lysine titre (17.8 g/L). From various levels 

of KH2PO4. H2O 0.2% was found to be optimum for the maximum lysine (18.08 g/L) 

production. 

 

 

Figure 4.8: Effect of different concentrations of salts on Lysine production 

(a)MgSO4.7H2O (b) NaCl (c) KH2PO4.H2O. Error bars represent increasing percentage of Lysine during 

optimization of different ionic salts concentrations 
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4.3.7: Effect of corn steep liquor 

Corn steep liquor (CSL) with different concentrations (0.2, 0.4, 0.6, 0.8 & 1%) were 

used to get the maximum lysine producing level by using wild B. flavum with pre- optimized 

conditions. The maximum lysine (19.4 g/L) was observed by using 0.6% CSL. With the 

increase of CSL concentrations lysine titre was decreased as shown in fig. 4.9.  

 

 

 

 

Figure 4.9: Optimization of different percentages of CSL for Lysine hyper-production 

 

 

 

 

 

18.6

18.7

18.8

18.9

19

19.1

19.2

19.3

19.4

19.5

0.2 0.4 0.6 0.8 1

Ly
si

n
e

 g
/L

 

% of CSL (v/v) 



RESULTS 

59 
 

4.3.8: Effect of biotin concentration 

Various concentrations (0.1, 0.2, 0.3, 0.4 & 0.5 mg/ 100mL) of biotin were used to get 

the maximum lysine producing level with pre- optimized conditions by wild B. flavum. The 

high concentration of lysine (19.5 g/L) was obtained by 0.4% of biotin and with high 

increasing concentration of biotin the titre of lysine was decreased as shown in fig. 4.10. 
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Figure 4.10: Optimization of concentration of Biotin in (mg) per 100 mL for 

hyper production of Lysine 

Error bars represent the increasing percentage of Lysine with different concentration of Biotin 
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4.4: Strain improvement through Random Mutagenesis 

B. flavum (wild culture) was exposed to various physical and chemical mutagens with 

different time interval and achieved more than 90% kill (fig. 4.11 to 4.16). The survivors at 

more than 90% kill were streaked on the minimal medium supplemented with L- homoserine, 

threonine and S-(2-aminoethyl)-L-cysteine. Fifteen AEC resistant mutants and homoserine 

auxotrophs were developed after different treatments. These mutants were named as per 

mutagen exposure. These mutants were further maintained on LB medium and screened for 

L-lysine production with pre-optimized condition with wild types culture. BF
ENU2 

mutant 

gave high yield (21.64±0.11 g/L) as compared to other fifteen mutants (Table 4.1). This strain 

was further optimized and compare with wild types in all kinetic parameters. 
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Figure 4.11: Survival/ kill curve of B. flavum after UV irradiation 
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Figure 4.12: Survival/ kill curve of B. flavum after nitrous acid treatment 
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Figure 4.13: Survival/ kill curve of B. flavum after Ethidium bromide treatment 
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Figure 4.14: Survival/ kill curve of B. flavum after EMS treatment 
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Figure 4.15: Survival/ kill curve of B. flavum after exposure to gamma irradiations 
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Figure 4.16: Survival/ kill curve of B. flavum after (ENU) treatment 
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Table 4.1: Screening of mutants for L-lysine production 

Sr. # Homoserine 

auxotroph 

and AEC 

resistant 

mutant 

Mutagen Lysine Yield 

(g/L) 

Residual glucose 

(g/L) 

Biomass 

(g/L) 

1 BF
UV1

 UV 20.99±0.09 2.44  0.1 18.8 0.2 

2 BF
UV2

 UV
 

20.66±0.13 2.55 0.019 16.11 0.2 

3 BF
UV3

 UV
 

19.17±0.11 2.38 0.015 20.3 0.15 

4 BF
UV4

 UV
 

19.19±0.04 2.87 0.02 17.620.09 

5 BF
UV5

 UV
 

19.79±0.11 2.64 0.019 16.01 0.2 

6 BF
HN1

 Nitrous Acid 19.59±0.08 2.48 0.01 18.0 0.12 

7 BF
HN2

 Nitrous Acid 19.29±0.12 2.57 0.019 15.11 0.2 

8 BF
EB1

 Ethidium Bromide 18.07±0.03 2.66  0.1 17.8 0.22 

9 BF
EB2

 Ethidium Bromide 19.19±0.08 2.46  0.11 18.6 0.12 

10 BF
EB3

 Ethidium Bromide 20.69±0.09 2.55 0.019 16.11 0.2 

11 BF
EMS1

 EMS 19.99±0.06 2.49 0.018 16.41 0.12 

12 BF
EMS2

 EMS 19.77±0.11 2.54 0.017 15.01 0.12 

13 BF
EMS3

 EMS 20.23±0.05 2.88 0.02 17.660.07 

14 BF
G1

 Gamma Irradiation 20.11±0.09 2.77 0.02 16.680.09 

15 BF
ENU1

 ENU 21.34±0.04 3.23± 0.03 18.29±0.15 

16 BF
ENU2

 ENU 21.64±0.11 3.41±0.01 18.41±0.10 

17 Wild (Control) ------ 19.59±0.13 2.88 0.014 17.3 0.13 
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4.5: Optimization of parameters for Lysine production by mutant (BF
ENU2

) 

4.5.1: Growth curve of mutant 

Mutant B. flavum (BF
ENU2

) was subjected to grow in 0.8 % nutrient broth (NB) to get 

its growth curve. For this purpose one full loop of refreshed (BF
ENU2

) was inoculated in 

sterilized NB and was kept on an orbital shaker at 120 rpm, 30 
o
C and pH 7. The OD of zero 

hour inoculated broth was taken at 600 nm and after every 8
th

 hours of incubation. The OD at 

zero hour was 0.066 and after next every 8
th

 hours OD increased up to 48 hours that showed 

the high density (2.225) of growing organism. By increasing time from 48 to 56 hours, the 

OD of the growing organism start decreasing showed OD of 1.985. The same decline was 

observed by increasing the time and become almost same after 72 to 80 hours of incubation 

as summarized in fig. 4.17.          
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Figure 4.17: Trend of mutant growth observed at 600 nm after every 8
th

 hour  
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4.5.2: Effect of incubation period 

During the optimization of (BF
ENU2

), organism was grown with all the pre-optimized 

condition of wild B. flavum for a period of 120 hours to find the optimum incubation period 

for maximum lysine production. The high lysine production (22.4533 g/L) was investigated 

after 48 hours of incubation and decline of lysine production was observed by increasing the 

incubation time as shown in fig. 4.18.  

 

 

 

 

 

 

Figure 4.18: Optimization of incubation period for the production of Lysine from 

mutant B. flavum with 4% (10 brix) molasses as a substrate and rest of basal medium 

was same as that used for wild B. flavum at 30
o
C and 7.0± 0.2 pH. 
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4.5.3: Effect of different concentrations of molasses 

The various concentrations (10, 15, 20, 25 & 30 brix) of molasses were subjected to 

48 hours of fermentation to optimize the maximum lysine producing concentration by using 

(BF
ENU2

) as fermenting agent. The high titre of lysine (25.88 g/L) was observed with 15 brix 

molasses and decline of titre was noticed by increasing strength of molasses as depicted in 

fig. 4.19. 

 

 

 

 

Figure 4.19: Effect of different conc. of molasses (brix) for the production of Lysine by 

(BF
ENU2

) at 30
o
C and 48 hours of incubation time. Error bars represents the increasing 

percentage of Lysine with different brix of molasses 
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4.5.4: Influence of temperature 

 Various degrees of temperature (25, 30, 35 & 40 
o
C) were used for the fermentation 

of 15 brix molasses by using mutant (BF
ENU2

) as fermenting agent. The maximum lysine 

26.43 g was investigated at 30
o
C after 48 hours of incubations. The decrease of lysine titre 

was observed by increasing temperature as shown in fig. 4.20. 

 

 

 

 

 

 

 

 Figure 4.20: Influence of different degrees of temperature for the production of lysine 

from mutant B. flavum with molasses (15 brix) and 48 hours of incubation 
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4.5.5: Effect of pH 

The effect of different initial pH (6.6, 6.8, 7.0, 7.2 & 7.4) was observed with the final 

pH of that fermentation medium at the end of 48 hours of incubation with 15 brix molasses 

(BF
ENU2

) as fermenting agent. The results represent that maximum lysine was produced in 

that fermentation medium with initial pH 7 and having final pH 6.9. By increasing the initial 

pH of the fermentation medium the lysine level was decreased as shown in (fig. 4.21).   
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Figure 4.21 (a & b): Effect of initial and final pH on Lysine production by (BF
ENU2

) with 

15 brix of molasses as substrate at 30
o
C for 48 hours of fermentation. 
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4.5.6: Effect of inoculum size 

Various sizes (1, 2, 3, 4 & 5%) of inoculum were used to optimize the maximum 

lysine producing size by using (BF
ENU2

) with pre- optimized conditions. The high lysine 

(27.84 g/L) was observed with 4% inoculum of 18 hours and slight decrease of lysine titre 

was noticed by increasing the size of inoculum from 4 to 5% as given in fig. 4.22. 

 

 

 

 

Figure 4.22: Influence of various sizes of inoculum for hyper production of Lysine from 

(BF
ENU2

) with 15 brix molasses as substrate for 48 hours of fermentation period at 30
o
C 

and pH 7. 
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4.5.7: Influence of (NH4)2SO4 concentrations 

Influence of different (NH4)2SO4 concentrations (0.1, 0.2, 0.3, 0.4 & 0.5 %) was used 

for the maximum production of lysine by using (BF
ENU2

) as fermenting agent with pre- 

optimized conditions. The high production of lysine (28.86 g/L) was investigated by 0.3% 

(NH4)2SO4 and by increasing its level the titre of lysine was decreased as shown in (fig. 

4.23).  

 

 

 

Figure 4.23: Influence of various concentrations of (NH4)2SO4 as nitrogen source for 

hyper production of Lysine from 4% inoculum of (BF
ENU2

) with 15 brix molasses. 
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4.5.8: Effect of urea concentrations 

Influence of different concentrations of urea (0.1, 0.2, 0.3, 0.4 & 0.5%) on the 

production of lysine was investigated and 0.2% urea was found the optimum concentration 

that produced maximum lysine (29.34 g/L). The decrease of lysine titre was observed by 

increasing urea concentration with other pre- optimized fermentation medium by using 

(BF
ENU2

) as shown in (fig. 4.24).  

 

 

 

Figure 4.24: Effect of various concentrations of urea as organic neutral nitrogen source 

for hyper production of Lysine from 4% inoculum of (BF
ENU2

) with 15 brix molasses. 
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4.5.9: Effect of CaCO3 concentration 

Various concentrations (1, 2, 3, 4 & 5%) of CaCO3 were used to optimize the 

maximum lysine producing concentration by using (BF
ENU2

) as fermenting agent with pre- 

optimized conditions. The high lysine (29.84 g/L) was obtained with 2% CaCO3 as shown in 

(fig. 4.25). Further increase of CaCO3 level slight decrease of lysine was observed. 
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Figure 4.25: Effect of various concentrations of CaCO3 for hyper production of 

Lysine from 4% inoculum of (BF
ENU2

) with 15 brix molasses  
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4.5.10: Inclusion of soya bean hydrolysate 

Different concentrations of soya bean hydrolysate were used to get the maximum 

lysine producing concentration by using (BF
ENU2

) with previously optimized conditions. The 

high lysine level (31.2 g/L) was estimated with 0.5% soya bean hydrolysate and decline in 

lysine titre was noticed by increasing soya bean concentration as shown in (fig. 4.26). 

 

 

 

 

 

 

 

Figure 4.26: Influence of various concentrations of soybean hydrolysate for hyper 

production of Lysine from 4%inoculum of (BF
ENU2

) with 15 brix molasses as substrate 
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4.5.11: Effect of tryptone 

Various concentrations of tryptone were used to optimize maximum lysine producing 

concentration by using (BF
ENU2

) with previously optimized conditions. Tryptone with 0.3% 

level gave the high titre (33.92 g/L) of lysine and after increasing its concentration the titre of 

lysine decreased as shown in (fig. 4.27). 

 

 

 

 

 

Figure 4.27: Effect of various concentrations of tryptone for hyper production of Lysine 

from 4% inoculum of (BF
ENU2

) with 15 brix molasses as substrate, 0.3% (NH4)2SO4, 

0.2% urea, 2% CaCO3 and 0.5% soybean hydrolysate for 48 hours of fermentation 

period at 30
o
C and pH 7.  
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4.6: Scale up production in 7.5L glass vessel Fermenter 

Large scale production of lysine was studied in 7.5 L glass vessel fermenter for both 

mutant and wild B. flavum using molasses as a substrate. The fermentation was carried out 

with all the pre- optimized basal media for both wild and mutant strain. The effect of 

agitation, aeration, pH and inoculum size was only optimized during the scale up studies.   

4.6.1: Effect of agitation 

Effect of agitation (150 rpm-300rpm) was studied on the production of lysine by wild 

B. flavum (BF) and mutant strain (BF
ENU2

) as summarized in fig. 4.28. Both strains showed 

almost similar trend in lysine production with respect to agitation. Both strains gave lowest 

yield of lysine at 150 rpm. At 150 rpm, wild (BF) gave maximum production of lysine (11.9 

g/L) while mutant (BF
ENU2

) produced 19.5 g/L of lysine after 80 h of incubation. Increase in 

lysine production was observed at 200 rpm by both wild (BF) and mutant (BF
ENU2

)
 
with 17.1 

g/L of lysine produced after 72 h of incubation and 22.6 g/L of lysine after 56 h of incubation 

respectively. Maximum lysine production was observed at 250 rpm. At 250 rpm, lysine 

production by wild (BF) and mutant (BF
ENU2

) increased up to 56 h of incubation with 

maximum production of 18.3 g/L and 22.7 g/l given by wild (BF) and mutant (BF
ENU2

), 

respectively after 56 h of incubation. Further increase in incubation time resulted in slight 

decrease in the production of lysine and an increase in agitation beyond 250 rpm resulted in 

decreased production of lysine by wild (BF) and mutant (BF
ENU2

). So agitation at 250 rpm 

was selected for further studies. 
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Figure 4.28: effect of agitation in 7.5L fermenter on the production of L- lysine by wild 

and mutant cultures of B. flavum 
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4.6.2: Effect of aeration 

The effect of aeration (0.5-2.0 vvm) was studied on the production of lysine by wild 

(BF) and mutant (BF
ENU2

) in fermenter as summarized in (fig. 4.29). Low yields of lysine 

were obtained with wild BF (18.0 g/L) and mutant (BF
ENU2

) (19.5 g/L) at 0.5 vvm after 80 h 

of fermentation. There was gradual increase in lysine production by wild (BF) and mutant 

(BF
ENU2

) with an increase in aeration from 0.5-1.5 vvm. However, further increase in aeration 

showed no increase in lysine production. At 1.5 and 2.0 vvm, lysine production by wild (BF) 

increased with increase in fermentation time up to 64 h with 19.8 g/l of lysine produced. 

However, no further increase in lysine production was observed with increase in fermentation 

time. Similar trend in lysine production was also observed with mutant (BF
ENU2

).
 
At 1.5 and 

2.0 vvm, lysine production by mutant (BF
ENU2

)
 
increased with fermentation time up to 48 h 

with maximum production of lysine (25.7 g/l) maintained at 48-56 h of incubation. Further 

increase in fermentation time resulted in slight decrease in lysine production that was 

reported to be 25.4 g/L and 25.6 g/l. As there was no change in lysine production at 1.5 and 

2.0 vvm, 1.5 vvm was selected for further parametric studies. 
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Figure 4.29: effect of aeration in 7.5L fermenter on the production of L- lysine by wild 

and mutant cultures of B. flavum 
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4.6.3: Effect of pH 

Initial pH of the media was adjusted at 7.0 before autoclave and fermentation was 

carried out without controlling it and with control of pH at 7.0 with 5.0N NaOH and 1.0N 

Acetic acid on the production of lysine by wild (BF) and mutant (BF
ENU2

) in stirred 

fermenter. Both strains gave better production of lysine under controlled pH conditions. 

Maximum production of lysine given by wild (BF) and mutant (BF
ENU2

) under controlled pH 

conditions was 19.2 g/L and 30.6 g/L, respectively. Uncontrolled pH resulted in relatively 

lower production with maximum production of 17.8 g/L and 27.7 g/L lysine obtained by wild 

(BF) and mutant (BF
ENU2

), respectively after 58 h of incubation as shown in (fig. 4.30). So, 

pH was controlled throughout the fermentation studies. 
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Figure 4.30: Effect of controlled and uncontrolled pH at 7.0 on the production of L-

lysine by wild and mutant cultures of B. flavum 
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4.6.4: Effect of inoculum size 

Inoculum size of 4.0-10% was selected for the production of lysine by wild (BF) and 

mutant (BF
ENU2

)
 
in stirred fermenter. Change in inoculum size from 4.0-10% has no effect on 

the production of lysine by wild (BF) and maximum production of lysine was found to be 

20.8 g/L. In case of mutant (BF
ENU2

),
 
lysine production increased from 30.6- 36.3 g/L with 

increase in inoculum size from 4.0- 6.0%. However, further increase in inoculum size has no 

significant effect on the production of L-lysine (33.6 g/L) as displayed in fig. 4.31.  

 

 

Figure 4.31: Effect of inoculum size on the production of L-lysine by wild and mutant 

cultures of B. flavum 
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4.6.5: Kinetic studies  

Wild (BF) and mutant (BF
ENU2

) were characterized in terms of residual sugars, cell 

mass and lysine produced with respect to time as represented in fig. 4.32. Wild (BF) utilized 

most of the sugar added with only 2% residual sugar obtained after 56 h of fermentation 

while mutant (BF
ENU2

)
 
utilized more sugar than the wild strain during the fermentation period 

and only 1.4 % residual sugar was obtained after 56 h of fermentation. Regarding cell mass, 

wild (BF) produced less cell mass (33.5 g/L) as compared to mutant (BF
ENU2

) that gave 45 

g/L of cell mass after 56 h of fermentation. Lysine production by both wild (BF) and mutant 

(BF
ENU2

)
 
increased with an increase in fermentation time. However, wild (BF) gave lower 

yield of lysine as compared to mutant (BF
ENU2

). Maximum lysine produced by wild (BF) was 

found to be 20.2 g/L while mutant (BF
ENU2

) gave 36.5 g/L of lysine after 56 h of 

fermentation. 

 Kinetic parameters showed in (table 4.2) that the wild (BF) and mutant (BF
ENU2

) 
 
have 

almost same value for μ i.e., 0.5 and 0.49/ h, respectively while the values of other kinetic 

parameters (QX, QS, QLys, YLys/S, YLys/X and qLys) were much higher for mutant (BF
ENU2

) as 

compared to wild (BF). 
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Figure 4.32: Time course studies using wild and mutant culture of B. flavum for lysine 

production under optimized conditions and medium. Data presented are mean values ± 

SD of n=3 experiments 
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Table 4.2: Comparison of kinetic parameters of wild and mutant culture of B. flavum in 

7.5L fully controlled glass vessel bioreactors under optimized conditions 
 

 
 

Sr.# Parameters Wild B. flavum Mutant B. flavum (BF
ENU2

) 

1 
μ (h

−1
) 0.5±0.02 0.49±0.05 

2 
QX (g/L h

−1
) 1.31±0.09 1.42±0.04 

3 
QS (g/L h

−1
) 4.29±0.03 4.25±0.1 

4 
QLys (g/L h

−1
) 0.44±0.02 1.05±0.11 

5 
YLys/S (g/g) 0.076±0.05 0.18±0.011 

6 
YLys/X (g/g) 0.38±0.02 0.89±0.03 

7 
qLys (g/g h

−1
) 0.192±0.05 0.456±0.1 

8 
pH 7.0 7.0 

9 
Temperature 30

o
C 30

o
C 

 

 

Each value is a mean value ± SD of n=3 experiments 
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4.7: Proximate analysis of fermented broth 

Proximate analysis of fermented broth having lysine was carried out prior to its 

evaluation on broiler chicks in terms of moisture, ash, ether extract, crude fiber, crude protein 

(CP) and nitrogen free extract as shown in (table 4.3). The results showed that percentage of 

(CP) was raised from 2.8 to 19.24 after fermentation of molasses with mutated (BF
ENU2

). The 

ash content was increased to 12.2% in the fermented broth from untreated molasses. Fat 

contents were raised from zero to 3% after fermentation. The percentages of moisture and 

nitrogen free extract were 30.74 and 44.82 respectively in fermented broth. Crude fiber was 

absent in treated and untreated molasses.  

 

Table 4.3: Proximate analysis of fermented broth  

Composition (%) 
Untreated-molasses Fermented broth 

Moisture 68.9 30.74 

Ash 7.98 12.2 

Ether extract Nil 3 

Crude fibre Nil Nil 

Crude protein 2.8 19.24 

Nitrogen free extract 70.62 44.82 
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4.8: Qualitative estimation of lysine from fermented broth 

Qualitative estimation of lysine was performed by TLC. The spots appeared after 

spraying with 0.2% ninhydrin showed the presence of lysine with other amino acids in the 

fermented broth. The appearance of violet colour spot having same Rf   value as that of spot of 

standard lysine confirmed the presence of lysine in the broth as shown in fig. 4.33.  

 

 

Figure 4.33: Thin layer chromatography (TLC) of fermented broth obtained after 

fermentation of molasses as substrate with wild and mutant B. flavum 
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4.9: Down streaming of Lysine 

4.9.1: Crystallization 

The obtained after crystallization of concentrated NH3 fraction with equal volume of 95% 

ethanol at 4
o
C was of pale yellow colour as shown in (fig. 4.34). The purified needle like 

crystals were obtained when pale yellow crude crystals were heated with 5% active charcoal 

and recrystallized 95% ethanol as shown in (fig. 4.35).   

 

 

 

 

 

 

 

 

 

 

Figure 4.34: Pale yellow crude Crystals of L- Lysine 

obtained after crystallization 
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Figure 4.35: Pure crystals of L- Lysine obtained after recrystallization of crude crystals 

with 95% ethanol 
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4.10: Purity analysis and amino acid profiling 

Percentage purity of produced lysine crystals was examined by using TLC technique. Deep 

violet color spots of the sample were having the same Rf value as that of the standard lysine. 

Furthermore, no other spots appeared except lysine spots (Fig. 4.36). This clearly indicated 

that the lysine crystals obtained were of highly pure.  

The fermented broth and the purified crystals were subjected to amino acid analyzer 

for amino acid analysis. The fermented broth of both mutant and wild were analyzed for 

lysine. All the chromatograms which were obtained after analysis showed the presence of 

lysine in high concentration. The chromatogram shown in (fig. 4.37) of mutant (BF
ENU2

) 

revealed the high peak of lysine with peak height 465 mV of after 55 minutes and showing 

the retention time of 1 minute. The next most prominent amino acids were glutamic acid and 

alanine with peaks height of 275mV and 270 mV respectively. The chromatogram given in 

(fig. 4.38) obtained after analysis of broth by wild (BF) represented that this broth also have 

the highest peak 390 mV of lysine after same time 55 minute. The broth of wild also has the 

prominent peak of glutamic acid with peak height 348 mV and valine with peak height 290 

mV. In addition to above amino acids trace amounts of methionine, cysteine, threonine, 

serine, glycine, isoleucine, leucine, phenylalanine, histidine and arginine were also observed.  

Whereas the chromatogram shown in (fig. 4.39) of produced lysine crystals 

represented only a single sharp peak of lysine having height more than of 950 mV and no 

other noticeable peak was observed showing the highest purity of the lysine crystals.  
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Figure 4.36: Thin layer chromatography of crystallized Lysine (sample) and standard 

Lysine. 
Mobile Phase: chloroform, methanol and 17% ammonia (2: 2: 1), on the right side first three spots are of sample 

Lysine and next two spots are of standard lysine 
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4.10.1: Amino acid profiling 

The amino acid profile obtained after amino acid analysis of fermented broth by 

mutant (BF2) showed the highest percentage of lysine (2.644%) with respect to other amino 

acids as shown in (table 4.4). The next most prominent amino acid was glutamic acid 

(0.795%) and alanine (0.505%). The percentages essential amino acids found were cysteine 

(0.048), methionine (0.060), threonine (0.182), valine (0.287), isoleucine (0.286), leucine 

(0.323), phenyl alanine (0.148) and histidine (0.200). The other non- essential amino acids 

obtained were aspartic acid (0.414), serine (0.153), glycine (0.314) and arginine (0.178%). 

The amino acid profile obtained after amino acid analysis of fermented broth by wild 

(BF) showed the highest percentage of lysine (1.826%) with respect to other amino acids as 

shown in (table 4.5). The next most prominent amino acid was glutamic acid (1.707%) and 

aspartic acid (0.968%). The percentages essential amino acids found were cysteine (0.035%), 

methionine (0.114%), threonine (0.277%), valine (0.481%), isoleucine (0.328%), leucine 

(0.574%), phenyl alanine (0.287%) and histidine (0.180). The other non- essential amino 

acids obtained were serine (0.312%), glycine (0.412%), alanine (0.407%) and arginine 

(0.239%). 

 

 

 

 

 

 

 

 

 



RESULTS 

101 
 

Table 4.4: Amino acid profile of fermented broth by mutant (FB2)    

Sr. 

No. 

Amino acids FB2-A (%) FB2-B (%) Average (%) 

1 Cystine 0.049 0.048 0.048 

2 Methionine 0.063 0.056 0.060 

3 M+C 0.112 0.104 0.108 

4 Asp 0.413 0.416 0.414 

5 Thr 0.182 0.183 0.182 

6 Ser 0.155 0.152 0.153 

7 Glu 0.798 0.793 0.795 

8 Gly 0.327 0.300 0.314 

9 Ala 0.502 0.508 0.505 

10 Val 0.291 0.283 0.287 

11 Ile 0.310 0.263 0.286 

12 Leu 0.322 0.324 0.323 

13 Phe 0.144 0.151 0.148 

14 Hist 0.202 0.198 0.200 

15 Lys 2.609 2.679 2.644 

16 Amm 1.354 1.225 1.289 

17 Arg 0.175 0.182 0.178 
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Table 4.5: Amino acid profile of fermented broth by wild (FB3)   

Sr. 

No. 

Amino acids FB3-A (%) FB3-B (%) Average (%) 

1 Cystine 0.036 0.034 0.035 

2 Methionine 0.111 0.117 0.114 

3 M+C 0.146 0.151 0.149 

4 Asp 0.96 0.976 0.968 

5 Thr 0.273 0.282 0.277 

6 Ser 0.308 0.315 0.312 

7 Glu 1.698 1.716 1.707 

8 Gly 0.410 0.415 0.412 

9 Ala 0.403 0.410 0.407 

10 Val 0.481 0.481 0.481 

11 Ile 0.325 0.331 0.328 

12 Leu 0.571 0.576 0.574 

13 Phe 0.285 0.290 0.287 

14 Hist 0.182 0.178 0.180 

15 Lys 1.813 1.838 1.826 

16 Amm 1.139 1.147 1.143 

17 Arg 0.237 0.241 0.239 
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4.11: Aflatoxin evaluation of produced lysine 

Concentrated fermented broth of lysine was evaluated for the presence of toxins 

(report is given in appendix XV). The sample contained negligible amounts of aflatoxin 1 

(<0.1 ppb), aflatoxin B2 (<0.5 ppb), aflatoxin G1 (<0.1 ppb) and aflatoxin G2 (<0.5 ppb) as 

shown in (table 4.6). Presence of aflatoxins in such trace amounts is considered safe for 

animal and human consumption.         

 

 

 

Table 4.6: Aflatoxin evaluation of produced lysine 

Sr. No. Toxin Amount (ppb) 

1 Aflatoxin B1 <0.1 

2 Aflatoxin B2 <0.5 

3 Aflatoxin G1 <0.1 

4 Aflatoxin G2 <0.5 
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4.12: Biological evaluation of produced lysine 

Biological evaluation of produced lysine on broiler chicks was performed in terms of 

weight gain, feed consumed and feed conversion ratio for a period of five weeks. The 

experiment was performed on overall 80 broilers chicks that were further randomly divided 

into four units having 20 birds in each unit. Two rations (C& T) were prepared having all 

same ingredients except ‘C’ have commercial lysine and ‘T’ have produced lysine in the form 

of biomass. These two diets were randomly assigned to birds in such a way that there were 

two replicates on each diet. During the trial on weekly basis average weight gain was 

recorded for test and control broilers given in appendix XVI. The results of weight gain 

showed that weight gain of test broilers was more as compared to control broilers. At the end 

of the trial, the mean of weight gain (two replicates- 20 broilers in each) of test broilers was 

found to be 29.4 kg whereas mean of weight gain (two replicates- 20 broiler in each) of the 

control broilers (28.9 kg). Regarding the mean value of feed consumed, it was found that the 

control broilers consumed more feed (72 kg) than the test broilers (71.17 kg) at the end of 

five weeks. The mean value obtained from two replicates for feed conversion ratio (FCR) 

was (2.46) for C broilers and (2.45) for T broilers.  
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4.12.1: Independent Sample t. test 

An independent-samples t-test was conducted to compare the effect commercial lysine with 

produced lysine on broiler chicks (in replicates) in terms of weight gain, feed intake and feed 

conversion ratio (FCR) as given in table 4.8. The value ‘N’ showed the number of replicates 

that was (3). There was a significant difference in the weight gain of test broilers (T) with 

values (M= 29.4 kg, SD= 0.513) and weight gain of control broilers (C) with values (M= 

28.9, SD= 0.40). The data obtained by the processing weight gain, feed intake and FCR for 

‘t’ value represented no difference in values between C and T broilers as shown in table 4.10. 

The value of significance (2- tailed) of weight gain was C (0.229) and T (0.233), feed intake 

was C (0.248) and T (0.284), whereas sig. (2- tailed) of FCR was C (0.537) and T (0.537). 

The p value was ≤ 0.05 for all the parameters to compare the level of significance for C and T 

broilers.  
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Table 4.7: Independent Sample t. test on parameters observed after five weeks on 

broiler chicks 

 

Sr. 

No. 

 

parameters 

 

Name 

of 

groups 

 

Mean 

(M) 

 

N 

 

SD 

 

t 

 

df 

 

Sig. 

(2 tailed) 

 

p-

value 

 

1 

 

Weight 

gain (Kg) 

 

C 

 

28.9 

 

3 

 

0.40 

 

-1.420 

 

4 

 

0.229 

 

 

≤ 0.05  

T 

 

29.4 

 

3 

 

0.513 

 

-1.420 

 

3.775 

 

0.233 

 

2 

 

Feed 

intake (Kg) 

 

C 

 

72 

 

3 

 

1.00 

 

1.350 

 

4 

 

o.248 

 

 

≤ 0.05  

T 

 

71.17 

 

3 

 

0.378 

 

1.350 

 

2.562 

 

0.284 

 

3 

 

Feed 

conversion 

ratio 

 

C 

 

2.466 

 

3 

 

0.03 

 

0.674 

 

4 

 

0.537 

 

 

≤ 0.05  

T 

 

2.45 

 

3 

 

0.03 

 

0.674 

 

3.99 

 

0.537 
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CHAPTER 5 

DISCUSSION 

5.1: Microorganism 

Commercially lysine was produced by using coryneform bacteria particularly belong 

to genus Corynebacterium or Brevibacterium and their species C. glutamicum, B. flavum and 

B. lactofermentum. Different researchers successfully utilized these above strains to 

manufacture lysine. Ali et al. (2009); Sattar et al. (2008); Naz et al (2001) used B. flavum as 

fermenting agent during their studies. As these strains are industrially famous the reported 

strain, Brevibacterium flavum (NRC- 207 F Rev. 2/78) as a fermenting agent was used in the 

present study for lysine production through fermentation by utilizing agricultural wastes as 

substrate. The classification and characteristic features of this strain are given in (appendices 

I, II, III& IV). C. glutamicum was used by Nasab et al. (2007) and gained maximum yield of 

48 g/L and Adnan et al. (2011) investigated lysine 23.57g/L with the organism B. linen. 

Biotechnologists are continuously working to improve the strains to get maximum lysine 

producing strains and they have also improved some strains through random mutagenesis. 

Such as Rehman et al. 2012 improved their strain C. glutamicum by UV irradiation to got 18 

mg/mL lysine. Javaid et al 2012 also improved their strain B. flavum by using various 

mutagens and had improved lysine production 17.8 g/L in 7.5 L fermenter.  

5.2: Screening of fermentation medium 

For screening purpose on the basis of L-lysine production eleven different 

fermentation media were examined as summarised in (fig. 4.2). From these diverse media 

used, M11 (a locally designed) was found to the best suited for L-lysine production 7.6 g/L 

after 48 hours of incubation at 30˚C in shake flask at 200 rpm. The modified Baullin medium 
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(M1) produced 2 g/L of L-lysine. In this medium the accessibility of other mineral 

compounds is less therefore it produced less lysine as compared to other media. A good yield 

of L-lysine 6.4 g/L was also perceived in each of medium M7 and M9. Oh et al. (1993) used 

medium 7 and obtained 70 g/L of L-lysine from mutant strain of C. glutamicum in stirred 

fermenter. Nasri et al. (1989) also employed a medium in 2 L fermenter with glucose and 

ammonium sulphate gained 120 g/L of L-lysine after 120 hours of fermentation. Thus M11 

which was locally designed contained (NH4)2SO4 as a chief nitrogen source along with other 

organic nitrogenous sources such as peptone and yeast extract. 

The potential of lysine production was virtually less by B. flavum as reported by 

different researchers as discussed above but this gave a comparable lysine yield after 

optimization of cultural conditions.    

5.3: Optimization of Fermentation medium for wild B. flavum  

 As Pakistan is an agricultural land, hundred thousand tons of agricultural wastes are 

produced annually that could be a good cheap source of energy and minerals for fermentation 

(Ali et al. 2009). Different agricultural wastes like; wheat bran, rice polishing and molasses 

were analysed as substrate to find the best lysine producing carbon source. Before these were 

analysed for lysine production, proximate analysis of these substrates were carried out to 

determine their contents in terms of moisture, ash, ether extract, crude fibre, crude protein 

and nitrogen free extract given in appendix V. The rice polishing showed the highest Cp (7%) 

as compared with wheat bran (6%) and molasses (2.8%). The proximate results showed that 

Cp of untreated molasses was lowest compared with other substrate and NFE of molasses 

showed the highest percentage (70.62%) as compared with other substrate. The results of 

ether extract showed that rice polishing and wheat bran had fat contents whereas molasses 
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had no fat contents. The highest moisture contents (68.9%) were found in molasses as 

compared with rice polishing and wheat bran.  

Wheat bran (4%) gave the maximum yield (6.6 g/L) of lysine after 48 hours of 

incubation, whereas 3% rice polishing and 4% molasses produced maximum lysine 4.5 g/L 

and 9.1 g/L respectively after 72 hours of incubation period with wild B. flavum as 

fermenting agent was found optimal for Lysine production at pH 7±0.2 (fig. 4.3). As the 

concentrations of these were increased beyond the optimal level reduction in the lysine 

concentration was observed. By comparing these three carbon sources, molasses was found to 

be a best carbon source that yielded the highest lysine (9.1 g/L), therefore it was used as a 

substrate for further optimization studies.  

The above results are in line with Khan et al. (2006), who also found molasses as the 

best agricultural waste for the production of essential amino acid lysine with fermentation by 

C. glutamicum. The observations of Naz et al. (2001) have also supported the present results. 

Lysine production with 4% molasses at pH 7 and 37
o
C by B. flavum recorded was 2.1 per 

cent. Rao et al. (2011) reported 72 hours as a best fermentative period for lysine production 

(45.34 g/L) at pH 7.5 and 30
o
C with 90g/L of glucose as substrate that period is in agreement 

with present study findings. Sattar et al. (2008) reported maximum lysine production after 48 

hours of incubation by using yeast sludge as substrate. They optimized the different 

parameters with B. flavum and increased the percentage of yeast sludge from 1.54%- 4.78%. 

Among all of the checked agricultural by-products as a substrate, molasses was found cheap 

carbon source which contain 40-50% sucrose that was utilized by the organism for the 

maximum production of lysine.  

Metabolic activity of an organism is greatly affected by change of temperature. 

Therefore to optimize suitable temperature, fermentation was carried out with 4% molasses 
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as substrate for 72 hours of incubation with various ranges of temperature. The results 

showed that lysine production was significantly (P< 0.05) higher at 30
o
C as compare to all 

other temperatures. Further increase in temperature resulted in decreased lysine production 

(Fig. 4.4). The results of present study are in line with the work of Sthiannopkao et al. (2001), 

that observed the maximum lysine production at 30
o
C during the study with three strains of 

Coryneform bacteria during fermentation. Nakamaya et al. (1973) cultured Brevibacterium 

and Corynebacterium auxotrophs on 20-40
o
C and reported maximum lysine (17- 39gL) at 

30
o
C that also supported the present observation. The results of Shah et al. 2002; Nelofer et 

al. 2008; Rao et al. (2011), showed that at 30
o
C, the metabolism of coryneform bacteria are 

highly active for the production of enzymes and amino acids. Cultivation temperature used by 

Javaid et al. (2012) was 32
o
C with mutated strain of B. flavum using glucose (3%), 8% 

inoculum size and pH= 7.5. it was reported Lysine production 8.8g/L in shake flask and 

17.8g/L in 7.5 L fermenter. Naz et al. (2001) reported maximum lysine (21.48 g/L) 

production by B. flavum at 37
o
C, in contrast to present findings.  

The amount of required product produced through fermentation is greatly affected by 

the size of inoculum. The optimized inoculum size of 3% showed significantly (P< 0.05) 

highest (10.4 g/L) lysine as shown in (fig. 4.5). Adnan et al. (2011) used 4% inoculum size 

and obtained maximum production of lysine by using B. linens whereas Javaid et al. (2012) 

used the inoculum size of 8% of B. flavum IIBUV2 to get the maximum lysine production. 

The coryneform bacteria need ample supply of nitrogen for the maximum production 

of Lysine as 19.16% nitrogen is present in lysine. Therefore the effect of different organic 

and inorganic nitrogen sources like ammonium nitrate (NH4NO3), urea and ammonium 

sulphate (NH4)2SO4 was studied for the production of lysine using wild B. flavum as 

fermenting agent. From different concentration of ammonium sulphate, 0.25% was 

significant (P< 0.05) as it produced 16.89 g/L lysine than any other concentration (Fig. 4.7). 
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The results of the present study are in line with Adnan et al. (2011), who optimized 0.65g 

ammonium sulphate, 13.0g soybean meal with 0.4% inoculum size to get maximum 

production of Lysine (23.57g/kg) through solid state fermentation. After increasing its 

concentration the yield of Lysine did not increase, the same findings were also observed in 

the present finding, but there was an increase of biomass concentration. Further it was 

reported in his finding that combination of soybean meal and (NH4)2SO4 gave the higher 

yield of lysine. 

 The results of Nasab et al. (2007) and Ekwealor and Obeta, (2007) also supported 

that (NH4)2SO4 as a best inorganic nitrogen source with optimum concentration of 4% that 

differ from present optimized concentration and findings of Adnan et al. (2011). This 

difference may be due to the use of combination of different sources of nitrogen, as urea, 

(NH4)2SO4 and corn steep liquor in this study. Among the different concentrations of urea, 

0.5% gave the significantly (P< 0.05) higher lysine contents (Fig. 4.7). Mumtaz et al. (2000) 

also used B. flavum for the fermentation of distillery sludge, with 1% urea, 6% molasses and 

the biomass had 24.06% true protein. The concentrations of urea 5g/L was reported by Nasab 

et al. (2007) that supported the optimized concentration of urea in present study. Statistical 

analysis showed that concentration of NH4NO3, as a nitrogen source has no mark effect to 

raised lysine production (Anastassiadis, 2007). Corn steep liquor is an agricultural by-product 

of maize gluten which is a cheap and organic nitrogen source that rich in amino acids, 

oligopeptides, vitamins and nucleotides (Hermann, 2003). With 0.6 % inclusion of corn steep 

liquor, lysine concentration was reached to its maximum 19.4 g/L, which was statistically 

proved as significant (P< 0.05) shown in (Fig. 4.9). The results of Naz et al. (2001) are in line 

with the present results. They used 4% corn steep liquor and 4% molasses. The amino acid 

profile revealed 21.48 mgs of lysine/g of molasses. The lysine contents was raised to 189 mg/ 
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100mL reported by Mumtaz et al. (2000) with distillery sludge as substrate, molasses (6%), 

corn steep liquor (3%) and urea (1%) by using B. flavum.  

Various concentrations of salts were optimized for maximum lysine production at pH 

7±0.2 and 30
o
C. The trend in the (Fig. 4.8) showed the optimized concentrations; 0.4% of 

MgSO4.7H2O with lysine titre 17.4g/L and with 0.1% of NaCl maximum lysine (17.8g/L) 

was produced. An increased (18.08 g/L) yield of Lysine was observed with 0.2% 

KH2PO4.H2O. The concentrations of above inorganic salts were found to be statistically 

significant (P< 0.05). The results obtained in this study with macro and micro nutrients are 

supported by Athar et al. (2009). They used the strain Candidas utilis for the biomass 

production and 0.75% CaCl2, 0.125 % MgSO4.7H2O and 0.45% KH2PO4.H2O was found 

optimum for lysine production. Sen and Chatterjee, (1989) reported the effect of different 

salts NaCl, KCl and MnCl2 on lysine production and observed maximum lysine concentration 

with 0.1% NaCl, that also supported the present observation. The increased lysine 

concentration with the optimization of ionic salts and vitamins was attributed by stimulation 

of Lysine accumulation in the presence of these monovalent, bivalent metal ions and vitamins 

(Ekwealor and Obeta, 2007; Ganguly and Banik, 2011).   

Some ingredients of medium, when sterilized combined with ionic salts formed 

complexes that remained insoluble in the medium. Therefore these important constituents 

remained unavailable for microbial fermentation (Hermann, 2003) that’s why calcium 

carbonate (CaCO3) was dry sterilized and biotin was syringe filtered (0.22 µm) also described 

by Rehman et al. (2012).  In the present study 4% CaCO3 gave significantly high titre (19.01 

g/L) of Lysine. The medium composition used by Nasab et al (2007), contained 20 g/L 

CaCO3, with different carbon sources for the production of Lysine through fermentation. 

Similarly Liu et al. (1993), found 30 g/L CaCO3 as optimum for production of lysine. The 

results of Shiio et al. (1982) also coincided with present optimized concentration of CaCO3, 
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50g/L CaCO3 was reported with 33-36g/L lysine by mutated homoserine and S-(2-

aminoethyl)-L-cysteine plus threonine auxotroph of B. flavum. Whereas Shah et al. (2002), 

used different fermentation media having 2% CaCO3 with maximum Lysine (38, 33 and 

28.5g/L) by mutated auxotroph of C. glutamicum. Furthermore, CaCO3 has a buffering action 

in the medium and Ca
+2

 have the role in the stability of cell wall, cellular enzymes activation 

and also regulated the cell functions (Ekwealor and Obeta, 2007).  

The production of either glutamic acid or lysine, it was profoundly affected by the 

concentration of biotin (Calik et al. 2001; Hermann, 2003). With 0.4 mg/100mL 

concentration of biotin significantly (P< 0.05) high yield 19.45 g/L of lysine was obtained as 

shown in (fig. 4.10). The present study was supported by Ekwealor and Obeta, (2007) those 

discussed the importance of biotin for the lysine production, and observed the maximum 

lysine production by Bacillus megaterium with 1 µg/100mL biotin. Tosaka et al. (1979) noted 

the maximum lysine production by increasing biotin concentration from 5µg-50µg/100mL by 

B. lactofermentum. Shiio et al. (1982) supported that lysine accumulation increased with 

different concentrations of biotin by B. flavum as use of 30µg and 300µg/L biotin showed 

Lysine concentration 32g/L and 31g/L respectively . An adequate percentage of biotin is 

mandatory for the accumulation of lysine as described by Young and Chipley, (1984). It was 

reported that in the presence of biotin cell up take more glucose than in its absence. The 

mechanism of uptake more glucose was stimulated in the presence of biotin as it modified the 

cell wall and created a charge barrier that regulate the excretion of more Lysine in 

extracellular (Eggeling and Sahm, 2001). Sen and Chatterjee, (1989) also examined the role 

of biotin in lysine production by B. lactofermentum ATCC 21086 and Micrococcus varians-

_2fa, respectively.  
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5.4: Random mutagenesis 

After optimization of different fermentation parameters, it was concluded that wild 

strains could not produce appreciable quantities of lysine. Cellular regulation was the main 

cause of this finding and the impression of which has been well recognised (Nakayama, 

1985). Therefore to enhance the lysine production, changes in metabolic pathways were 

required. Thus to induce random mutation efforts were made. Actually the purpose was to get 

rid of from feedback control mechanisms of using mutants through restrictive the 

accumulation of feedback suppressing substances such as homoserine dependent mutants 

were designed to carry successful lysine fermentation (Nakayama et al. 1961).  

During different mutation studies sixteen homoserine auxotroph and AEC resistant 

mutants were isolated as given in table 4.1. Five mutated strains were developed by UV 

irradiation and out of them strain (BF
UV1

) produced 20.99 g/L of lysine after 72 hours of 

incubation in shake flask. Nitrous acid induced mutation produced two auxotrophic and 

analogue resistant strains that produced the higher lysine 19.59 g/L by mutant (BF
NH1

). The 

treatment of EtBr developed high lysine produced strain (BF
EB3

) that gave 20.69 g/L lysine 

production. The EMS mutant strain (BF
EMS3

) showed the high titre of lysine 20.23 g/L. The 

lysine produced by mutant (BF
G1

) exposed to gamma radiation yielded 20.11 g/L. ENU 

induced mutant revealed the relatively highest yield of lysine in comparison with the rest of 

strains. B. flavum (BF
ENU1 

and BF
ENU2

) were able to produce 21.34 g/L and 21.64 g/L of 

lysine. Therefore the high lysine producing strain (BF
ENU2

) was used for further optimization 

of fermentation medium and for scale up studies. 

Mutant strains that showed the hyper production of lysine are homoserine auxotrophs 

that effectually lack the facility to produce homoserine that converts into threonine, 

methionine, thus removing the feedback inhibition of enzyme aspartokinase (AK) by 

threonine. They include homoserine dehydrogenase (HSD) and lysine analogue 
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resistant mutants. HSD
leaky

 mutants create an HSD that is less active for producing 

homoserine that further not convert into threonine. Thus its quantity does not shut down AK 

as its concentration is not sufficient. The advantage of the later mutants is that extra amino 

acids do not requisite to be supplemented to growth media to brand up for their ample lack of 

synthesis in HSD null mutants. Analogue resistant mutants inhibit the feedback suppression 

effects of allosteric effectors. The analogues resist mutants were derived that are not resisted 

by lysine. Such mutants were selected by incubating the mutagenized cultures in the presence 

of the analogue. These are such strains that grow or resist in the presence of analogue and 

their ability to produce lysine are screened. The rationale behind this approach is that wild-

type identifies the lysine analog 2-amino-ethyl-L-cysteine (AEC) as lysine. The enzyme is 

inhibited as if lysine had accumulated in the cell and the cell fails to grow due to lysine 

starvation. Analogue resistant mutants have AKs that do not recognize AEC as lysine; these 

enzymes remain uninhibited, continue to make aspartyl-P and then lysine and the cells 

continue to grow. Such mutants, since they no longer respond to intracellular lysine levels, 

continue to synthesize lysine at high levels (Sano and Shiio, 1970). 

5.5: Optimization of fermentation medium by mutated B. flavum 

While optimizing substrate water ratio and incubation time for hyper- production of 

Lysine using mutant B. flavum, growth curve of highest Lysine producing mutated strain 

(BF
ENU2

) was plotted (Fig. 4.17). The plot showed the trend of different growth phases of   

bacteria.  

For hyper production of Lysine, mutated strain was incubated for 120 hours with 4% 

(10 brix) pre-treated molasses as a substrate and rest of basal medium was same as that used 

for wild B. flavum at 30
o
C and 7.0± 0.2 pH. During fermentation after every 24 hours sample 

was estimated for produced Lysine. The results showed that significantly (P< 0.05) high yield 
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of Lysine 22.45 g/L was obtained after 48 hours and afterwards decline in Lysine titre was 

observed shown in (Fig. 4.18). This showed the high metabolic activity and early decline of 

growth phase than the wild B. flavum that showed maximum Lysine titre after 70 hours and 

its concentration started decreasing as the incubation period prolonged. The decline of Lysine 

titre could be associated with the decline of bacterial growth or depletion of nutrients from 

the fermentation medium. Therefore optimum fermentation period for mutant and wild strain 

was 48 and 72 hours respectively. It was concluded that mutated strain was better than wild 

strain in terms that it produced more Lysine in less incubation period. Moreover this strain 

would be industrially more attractive and economical as it produced maximum Lysine in less 

fermentation time. For the optimization of other parameter this incubation period of 48 hours 

was used to get the highest titre of Lysine. 

The present results of optimization of incubation time was coincided with Mumtaz et 

al. (2000) that reported 48 hours of incubation for fermentation to enhance Lysine contents 

(189mg/ 100mL) of distillery sludge by using B. flavum as fermenting agent. Adnan et al. 

(2011) also optimized incubation time of 48 hours for enhanced Lysine 23.57g/kg by solid 

substrate fermentation by B. linens. While Rehman et al. (2012) investigated maximum 

Lysine production (18mg/ 1mL) by UV- mutated C. glutamicum after 60 hours of incubation. 

Metabolic flux was demonstrated by Wittmann and Becker (2007) after mutation. Three 

strains of E. coli were developed, two strains gave maximum Lysine (14.97 & 13.39 g/L) 

after 72 hours of incubation and third produced maximum lysine (13.88 g/L) after 48 hours of 

incubation. The results of Javed et al. (2011) were different from present study. Mutant strain 

of B. flavum was developed by using mutagen ENU and cultured organism to optimize 

fermentation period and reported the highest yield 67.8 g/L after 24 hours. Ali et al. (2009) 

demonstrated fermentation of yeast sludge with mutated B. flavum AJ/SA-315 enhanced the 

lysine content from 1.59% to 3.71% with 72 hours of incubation period.  
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  The substrate is the most important and basic requirement for microbial biosynthesis. 

A cheap substrate with multiple nutrients other than as a good carbon source is ideal for 

biotechnological processes. Molasses proved to be a best agricultural by-product that used in 

present study as good carbon source. Out of various concentrations of molasses 15 brix was 

found to be optimum used for hyper production of lysine by using mutant B. flavum. The 

highest yield of Lysine 25.88 g/L was statistically found significantly higher (P< 0.05) as 

shown in (Fig. 4.19). As the number of brix of molasses increased beyond 15 brix, the titre of 

Lysine also decreased that could be the inhibition of Lysine synthesis by increased sugar 

contents. Therefore, 15 brix of molasses were used to as optimum level in fermentation 

medium by using mutant B. flavum as fermenting agent. Hydrolysed and un-hydrolysed sugar 

contents (34% and 32% respectively) of pre-treated molasses were estimated. That showed 

sugar content of 10- 12% in 15 brix molasses optimized for hyper production of molasses. 

Industrially most favourable cheap substrate that was used for amino acid fermentation is 

molasses (Ikeda, 2003). Molasses contain sucrose as main content and other sugar as minor 

content are glucose, fructose, raffinose and some oligo or polysaccharides. Minerals found in 

molasses are potassium, sodium, calcium and magnesium. Moreover amino acids, vitamins 

and no fats contents made it an attractive cheap substrate (Chatterjee, 1998). 

Mutant strain was incubated for different degrees of temperature to get best 

favourable temperature for more secretion of Lysine by BF
ENU2

 strain. It was found that 

statistically significant (P< 0.05) Lysine titre 26.43 g/L was investigated at 30
o
C and decrease 

in Lysine concentration was observed by increase of temperature (Fig. 4.20). The same 

temperature 30
o
C was found optimum for high Lysine production of wild B. flavum. This 

temperature was also favourable for the maximum growth of B. flavum as coryneform 

bacteria grow well between 25- 40
o
C (Anastassiadis, 2007). 
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The above results are in line with Javed et al. (2011) that observed high titre of Lysine 

at 30
o
C and justified that B. flavum as a mesophilic that grows with high enzyme activity at 

moderate temperature 20- 40
o
C. The results of other researcher are also in line with the 

present studies, they investigated maximum Lysine production at 30
o
C during batch 

fermentation (Tada et al. 2000; Ohnishi et al. 2005; Gerova et al. 2011). While Ali et al. 

(2009) reported 37
o
C as optimum temperature and Javaid et al. (2012) developed a UV 

mutant B. flavum that produced high Lysine at 32 
o
C.   

The growth of bacteria is sensitive to the change of pH and also influenced membrane 

potential for secretion of lysine (Broer et al. 1993). Therefore, to get the highest growth with 

good secretion of Lysine, various ranges (6.6, 6.8, 7.0, 7.2 & 7.4) of initial pH of 

fermentation medium were investigated to get higher titre of Lysine. The higher titre 26.7 g/L 

of Lysine was shown by mutated strain with pre-optimized conditions and initial pH =7.0 as 

shown in (Fig. 4.21). The produced metabolites also affected the pH of the medium and 

growth of the microbes, therefore the final pH of fermented broth at the end of fermentation 

was also examined. Maintenance of pH between 6.9- 7.0 during the fermentation produced 

highest lysine titre in the fermented medium. 

The results of present studies are in line with Javed et al. (2011) noticed the maximum 

Lysine production (69.5 g/L) at pH 7 in growth medium as compared to 58.1, 65.9 and 34.1 

g/L lysine at pH 6.5, 7.5 and 8.0 respectively. Similar results were reported by Sattar et al. 

(2008) the high titre of Lysine 34mg/ 100mL at pH 7 after 48 hours of incubation. The results 

of Naz et al. (2001) were also in agreement with present study. While Rehman et al. (2012) 

investigated 12.5 g/L of lysine at optimum value of pH 7.6 after 60 hours of incubation. 

Vegetative growth of bacterium may be promoted at the cost of lysine production due 

to competition for available nutrient (Reddy et al. 2008). Therefore, a number of inoculum 
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size (1, 2, 3, 4 & 5) were used to find the optimum inoculum size for hyper production of 

Lysine from mutant B. flavum with 15 brix molasses as substrate for 48 hours of fermentation 

period at 30
o
C and pH 7. The trend of produced Lysine showed that significantly (P< 0.05) 

higher titre 27.84 g/L of Lysine was investigated with 4% of inoculum size shown in (fig. 

4.22). The exponentially growing mutated B. flavum inoculum of 8 hours was used for hyper 

production of Lysine having 0.6 OD at 600nm. While wild strain showed 0.6 OD at 600 nm 

after 18 hours that showed the enhanced growth rate of mutated strain with early stationary 

phase as compared to wild B. flavum. The present result of inoculum size was in agreement 

with Adnan et al. (2011) while Javaid et al (2012) and Rehman et al. (2012) reported 

maximum lysine production with 8% and 10% inoculum size respectively.   

 Since two amino groups (-NH2) are present in lysine molecule, therefore a constant 

supply of nitrogen is required for the maximum Lysine biosynthesis. Different sources of 

nitrogen like NH4NO3, NH4(SO4)2 and urea were tried for the production of lysine and 

NH4(SO4)2 was found a best source for wild (B. flavum). When different concentrations (0.1, 

0.2, 0.3, 0.4 & 0.5%) of it were investigated, the highest yield of lysine (28.86 g/L) was 

obtained with 0.3% concentration of NH4(SO4)2 with significant level of P< 0.05 shown in 

(Fig. 4.23). Whereas, wild strain utilized 0.25% of NH4(SO4)2 concentration with high titre of 

Lysine 16.89 g/L shown in (Figure 4.8). The high concentration 0.3% of NH4(SO4)2 could be 

attributed with the increased demand of nitrogen for high Lysine production by mutated B. 

flavum. Urea being a neutral organic nitrogen source was also used for hyper production of 

Lysine. The lysine production was significantly (P< 0.05) enhanced up to (29.34 g/L) with 

optimum level of urea (0.2%) and all the other pre- optimized conditions as shown in (Fig. 

4.24). Whereas Rehman et al (2012) revealed the optimum concentration of NH4(SO4)2 3 and 

3.5% for lysine production from various basal media (FM3 and FM1 respectively). Although 

Javaid et al. (2012) reported 0.1 % NH4(SO4)2 for maximum yield of lysine 8.8 g/L. The use 
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of different combinations of inorganic and organic nitrogen sources with various levels might 

be the reason of difference in optimum concentrations of their findings with the present 

study. As NH4(SO4)2 was found to be a best inorganic nitrogen source, urea also proved to be 

a good organic ammonia supplier for the maximum production of lysine. Similarly the results 

of Sattar et al. (2008) and Ali et al. (2009) are also in agreement with the present finding and 

confirmed that urea; a low cost neutral fertilizer that does not increase the pH of fermentation 

medium, supported maximum Lysine production. 

CaCO3 was added in the fermentation medium not only as calcium source but also as 

a buffer. From the numerous concentrations of CaCO3 2% resulted in maximum production 

of lysine with 15 brix molasses as substrate, 0.3% (NH4)2SO4 and 0.2% urea for 48 hours of 

fermentation by 4% mutant B. flavum at 30
o
C and pH 7. The trend of Lysine production in 

(Fig. 4.25) showed that significantly (P< 0.05) higher titre (29.84 g/L) of Lysine was 

estimated with 2% CaCO3. Whereas CaCO3 (4%) was found optimum for hyper production 

of Lysine with wild B. flavum. Furthermore 2% CaCO3 was completely assimilated at the end 

of fermentation with maximum titre of lysine. Same concentration of CaCO3 was described 

by Shah et al. (2002) and Nelofer et al (2007) in their fermentative production of lysine. 

Whereas Rehman et al. (2012) determined the maximum lysine (17.5 mg/mL) with 0.2% of 

CaCO3. 

 Many industrial by products like cane molasses, corn starch hydrolysate, corn steap 

liquor, soybean meal and soybean hydrolysate can be exploited not only as carbon and 

nitrogen sources but it contains minerals and some amino acids in fermentation medium for 

large scale production of lysine and thus fermented broth rich in lysine proved to be useful 

for broiler feed. Moreover the presence of some essential nutrients required by the mutant for 

its growth make it more attractive to use with optimum level. That is the reason soybean 

hydrolysate was prepared and various concentrations (0.25, 0.5, 0.75 & 1%) were examined 
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with pre-optimized fermentation medium for hyper production of Lysine. The significantly 

(P< 0.05) higher yield (31.2 g/L) of Lysine was achieved with 0.5% soybean hydrolysate 

shown in (Fig. 4.26). These results supported the findings of Rehman et al. (2012) and Adnan 

et al. (2011) that inclusion of these hydrolysates fruitfully enhanced the lysine titre. Sattar et 

al. (2008) also added different percentages of protein hydrolysate of sesame meal to improve 

the lysine production. 

Tryptone is prepared by an enzymatic digestion of casein which serves as peptone and 

tryptophan rich source for fermentation (Sezonov et al. 2007). The inclusion of various 

concentrations (0.1, 0.2, 0.3, 0.4 & 0.5 %) of tryptone for hyper production of Lysine were 

tested by using 4% inoculum of mutant B. flavum as fermenting agent with 15 brix molasses 

as substrate, 0.3% (NH4)2SO4, 0.2% urea, 2% CaCO3 and 0.5% soybean hydrolysate for 48 

hours of fermentation period at 30
o
C and pH 7 as shown in fig. 4.27. The high titre 33.92 g/L 

of Lysine was estimated with 0.3% Tryptone and was found statistically significant at a level 

of (P< 0.05). Tryptone 0.05% was also found as a significant nitrogen source by Sezonov et 

al. (2007) for hyper production of β- amylase by Bacillus subtilis (DJ5).  The over expression 

of aspartokinase in C. glutamicum was investigated by Rastegari et al. (2013), used LB 

medium in that study. It was reported that LB medium included with 1% bacterial tryptone, 

5% yeast extract and 5% NaCl.       

5.6: Estimation of produced Lysine  

 To estimate the unknown concentration of Lysine produced, a standard curve of 

Lysine was drawn between different concentrations of Lysine (g/100mL) and (OD) of 

reaction mixture at 545 nm following the spectrophotometric method of Chaves et al. (1988) 

shown in (fig. 3.1). The OD of unknown sample was interpolated into the standard curve and 

lysine concentration of the sample was calculated. 
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Identification of amino acids is extremely important for amino acid fermentation as 

well as for evaluation of protein structure. Thin layer chromatography (TLC) is an easy and 

frequently used technique for the detection and quantification of Lysine. The appearance of 

violet colour spot having relative flow (Rf) value similar to that of standard lysine confirmed 

the presence of lysine in the broth (Fig. 4.33). It showed the presence of Lysine in all the 

samples of 120 hours of incubation, but the titre of lysine after 72 hours of incubation was not 

increased as quantified by spectrophotometer. Spectrophotometric methods were used for the 

quantification of Lysine from broth accurately, as in present study quantitative estimation of 

lysine during the optimization was made by following Chaves et al. (1988). By this method 

metabolites and vitamins produced during fermentation would not affect the complex 

formation of Lysine with sodium nitroprusside. Lysine was estimated (17- 18 mg/ 1mL) by 

Rehman et al. (2012), followed spectrophotometric method of Hsieh et al. (1995) by UV 

mutated C. glutamicum. Rao et al. (2008) followed Chinard (1952) for quantitative assay of 

Lysine (45.34 g/L). Nasab et al. (2007) estimated Lysine 48g/L after 96 hours of incubation 

by TLC. Ekwealor and Obeta, (2005) also detected the produced lysine from fermented broth 

by paper chromatography using different solvent composition for resolution of lysine and 

quantitatively lysine measured by spectrophotometric method of Chinard (1952). 

5.7: Large scale production of Lysine 

Due to the increasing demand of Lysine for poultry feed sector in Pakistan, a prompt 

action is awaiting for the establishment of Lysine producing industry locally. Therefore a 

complete model was designed in this study which can be practically exploited. To get our 

target, further scale up production was studied in Lab scale fermenter of 7.5 L by wild and 

mutant B. flavum.  
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Lysine production was studied in stirred glass vessel fermenter (7.5L) with optimized 

fermentation media of both wild and mutant. During scale up studies effect of agitation, 

aeration, pH and inoculum size was studied on lysine production by both strains. Further 

kinetic parameters were applied to study Lysine production with time, substrate utilization 

and biomass production. Sample was collected after every 8 hours to determine the increase 

in lysine production. The lysine was not observed in zero hour samples as bacterial cells were 

in their lag phase and adapt themselves to growth conditions (Sassi et al. 1996; Druzina et al. 

2011). The lysine production was started at just start of log phase after 8 hours, where micro-

organism exponentially grows and produces amino acids, enzymes and other metabolites. A 

rapid raise of lysine was observed after 24- 32 hours with the promotion of exponential 

phase. The raise of Lysine titre continued and after 48- 60 hours the maximum Lysine was 

observed during the study. After 70 hours there was no further increase of lysine titre took 

place. Probably there was depletion of essential nutrient and formation of inhibitory and 

regulatory products as described by Javaid et al. (2012).  

Effect of agitation (150 rpm-300rpm) was studied on the production of lysine by wild 

B. flavum (BF) and mutant strain (BF
ENU2

) as illustrated in fig. 4.28. Both strains showed 

almost similar trend in lysine production with respect to agitation. Both strains gave lowest 

yield of lysine at 150 rpm. At this rate, wild (BF) gave maximum production of lysine (11.9 

g/L) while mutant (BF
ENU2

) produced 19.5 g/L of lysine after 80 h of incubation. Increase in 

lysine production was observed at 200 rpm by both wild (BF) and mutant (BF
ENU2

)
 
with 17.1 

g/L of lysine produced after 72 h of incubation and 22.6 g/L of lysine after 56 h of incubation 

respectively. Maximum lysine production was observed 18.3 g/L at 250 rpm by wild (BF) 

and 22.7 g/L by mutant (BF
ENU2

) after 56 h of incubation. Further increase in incubation time 

resulted in slight decrease in the production of lysine and also increase in agitation beyond 
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250 rpm did not found fruitful for lysine production by wild (BF) and mutant (BF
ENU2

). So 

agitation at 250 rpm was selected for further studies. 

The effect of aeration (0.5-2.0 vvm) was studied on the production of lysine by wild 

(BF) and mutant (BF
ENU2

) in fermenter as summarized in fig. 4.29. Low yields of lysine were 

obtained with wild BF (18.0 g/L) and mutant (BF
ENU2

) (19.5 g/L) at 0.5 vvm after 80 h of 

fermentation. There was gradual increase in lysine production by wild (BF) and mutant 

(BF
ENU2

) with an increase in aeration from 0.5- 1.5 vvm. However, further increase in 

aeration showed no increase in lysine production. At 1.5 and 2.0 vvm, lysine production by 

wild (BF) increased with increase in fermentation time up to 64 h with 19.8 g/L of lysine 

produced. However, no further increase in lysine production was observed with increase in 

fermentation time. Similar trend in lysine production was also observed with mutant 

(BF
ENU2

).
 

At 1.5 and 2.0 vvm, lysine production by mutant (BF
ENU2

)
 

increased with 

fermentation time up to 48 h with maximum production of lysine (25.7 g/L) maintained at 48-

56 h of incubation. Further increase in fermentation time resulted in slight decrease in lysine 

production 25.6 g/L was observed. As there was no change in lysine production at 1.5 and 2.0 

vvm by both wild and mutated strain, therefore 1.5 vvm was selected as optimum for further 

studies. 

Initial pH of the medium was adjusted at 7.0 before autoclave and fermentation was 

carried out without controlling it. At controlled pH 7.0 with 5.0N NaOH and 1.0N Acetic 

acid on the production of lysine by wild (BF) and mutant (BF
ENU2

) in stirred fermenter. Both 

strains gave better production of lysine under controlled pH conditions. Maximum production 

of lysine was obtained by wild (BF) 19.2 g/L and mutant (BF
ENU2

) 30.6 g/L under controlled 

pH. Uncontrolled pH resulted in relatively lower production with maximum production of 

17.8 g/L and 27.7 g/L lysine obtained by wild (BF) and mutant (BF
ENU2

), respectively after 
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58 h of incubation as shown in fig. 4.30. Hence, pH was controlled throughout the 

fermentation studies.  

Inoculum size of 4.0-10% was selected for the production of lysine by wild (BF) and 

mutant (BF
ENU2

)
 
in stirred fermenter. Change in inoculum size from 4.0-10% did not effect 

on the production of lysine by wild (BF) and maximum production of lysine was found to be 

20.8 g/L. In case of mutant (BF
ENU2

),
 
lysine production increased from 30.6- 36.3 g/L with 

increase in inoculum size from 4.0- 6.0%. However, further increase in inoculum size did not 

affect significantly on the production of L-lysine (33.6 g/L) as depicted in fig. 4.31.  

The results of Kreutzer et al. (2001) and Bathe et al. (2004) are coincided with present 

observation as they investigated agitation rate of 250 to 300 rpm for the production of lysine 

in stirred fermenter. Javaid et al (2012) reported 17.8g/L of lysine from mutant B. flavum 

after 120 h, 300 rpm and aeration of 4.0 vvm. Whereas Oh et al. (1993) and Liaw et al. 

(2006) studied the bench scale fermentation with agitation speed 600 to 900 rpm and aeration 

of 2.1 vvm. Shah et al. (2002) performed the large scale fermenter studies in 6L stirred tank 

fermenter with 3L fermentation medium at 500 rpm, 1.5vvm aeration for 6 days at 7.5 level 

of pH. It was reported 38, 33 and 28.5 g/L of Lysine with glucose, molasses and starch 

hydrolysate as a carbon source. Fermenter scale studies was also reported by Nelofer et al 

(2007), they observed 25.05g/L of lysine from cane molasses after 120 h of incubation, 

agitation of 500 rpm and at 7.0 pH in 2L fermenter equipped automatic control of DO and 

pH. Ahmed et al. (2013) investigated maximum lysine production after 40 h of incubation in 

continuously stirred tank fermenter of 22L with 50% oxygen saturation at 35
o
C by B. 

lactofermentum.  

Wild (BF) and mutant (BF
ENU2

) were characterized in terms of residual sugars, cell 

mass and lysine produced with respect to time as showed in fig. 4.32. Wild (BF) utilized most 

of the sugar added with only 2% residual sugar obtained after 56 h of fermentation while 
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mutant (BF
ENU2

)
 
utilized more sugar than the wild strain during the fermentation period and 

only 1.4 % residual sugar was obtained after 56 h of fermentation. Regarding cell mass, wild 

(BF) produced less cell mass (33.5 g/L) as compared to mutant (BF
ENU2

) that gave 45 g/L of 

cell mass after 56 h of fermentation. Lysine production by both wild (BF) and mutant 

(BF
ENU2

)
 
increased with an increase in fermentation time. However, wild (BF) gave lower 

yield of lysine as compared to mutant (BF
ENU2

). Maximum lysine produced by wild (BF) was 

found to be 20.2 g/L while mutant (BF
ENU2

) gave 36.5 g/L of lysine after 56 h of 

fermentation. 

 Comparison of kinetic parameters of wild and mutant culture of B. flavum in 7.5L 

fully controlled glass vessel bioreactors under optimized conditions showed that the wild 

(BF) and mutant (BF
ENU2

) have almost same value for μ i.e., 0.5 and 0.49/ h, respectively as 

shown in (table 4.2). The biomass kinetic studies Qx (g/Lh
-1

) of wild (BF) and mutant 

(BF
ENU2

) showed higher biomass 1.42± 0.04 was produced by mutant as compared to wild 

1.31±0.09, the result of substrate kinetics Qs ( g/L h
-1

) indicated the maximum utilization of 

substrate 4.25± 0.1 by mutant as compared by wild 4.29± 0.03. Kinetic parameter studies of 

lysine Qlys (g/L h
-1

) showed that higher lysine value (1.05± 0.11) by mutant as compared to 

wild (0.44± 0.02). While the values of other kinetic parameters (YLys/S, YLys/X and qLys) were 

much higher for mutant (BF
ENU2

) as compared to wild (BF) that indicated mutant strain was 

kinetically more significant as compared to wild strain of B. flavum. 

 Nelofer et al. (2007) studied the kinetic parameters for substrate consumption and 

product formation with growth. It was reported less substrate consumption Qs and more 

lysine production relative to substrate utilization (Yp/s) by mutant as compared to wild.  

Ahmed et al. (2013) studied the kinetic and thermodynamic parameters for lysine production 

in shake flask and 22L fermenter and indicated the high kinetic values studied by 

fermentation in 22L fermenter than in shake flask for maximum lysine production.  



DISCUSSION 

127 
 

5.8: Recovery of Lysine from fermented Broth 

After completion of culturing, Lysine can be recovered by conventional means ion 

exchange resin, extraction with solvent, precipitation, adsorption and chromatography. Cation 

exchangers provide an efficient and appropriate method for purification of Lysine from 

fermented broth. The results of cation exchange resin are in  line with Nakayama et al. (1973) 

and Mark et al. (1989), they also packed the column with resin and loaded sample of pH (3- 

3.5) with same protocols, but reported 2N NH4OH ( pH 12) to elute Lysine.  The sodium 

citrate buffers of increasing pH, from pH 3, pH 6 and tris HCl (pH 9-10) were used in present 

study. Concentrated fermented broth of pH 2 was loaded on highly acidic ion exchange, to 

bind all Lysine present in broth. The use of increasing pH buffers facilitated the elution of 

acidic, neutral amino acids and to separate Lysine from other metabolites respectively. Lysine 

was eluted with tris HCl (pH 9-10) as its isoelectric point is between 9- 10 pH, that ensured 

its complete recovery (Zurawick, 1999). Same method of ion exchange resin was described 

by Csapo et al. (2008) with increasing pH of elution buffers because at pH 2 all the amino 

acids binds with resins with no chromatographic divisions, waiting for change in pH. The 

comparison of ion exchange resin and HPLC was described regarding isoelectric points of 

amino acids. Isoelectric point of an amino acid is the pH at which amino acid dispose no 

electric charge. Crude crystals of lysine HCl were obtained which was of brown colour (fig. 

4.34), the results of crystallization was in line with Su et al. (1990) which also decolourized it 

with 0.5% activated charcoal and pale yellow crystals of Lysine (fig. 4.35), were obtained 

with 95% ethanol. Lysine thus crystallized in this study was 62.5% pure while Su et al. 

(1990), reported more purity (99.2%) in his study.  

Identification of amino acids is extremely important for amino acid fermentation as 

well as for evaluation of protein structure. TLC is an important authentic technique used for 
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the identification of amino acids. Different spraying reagents were used to visualize spots and 

ninhydrin is one of them due to its high sensitivity (Laskar et al. 2001). Deep violet colour 

spots with same Rf value as that of the standard and sample were observed after spraying with 

0.2% ninhydrin in acetone. That clearly indicated that the lysine crystals obtained in this 

study were of high purity as compared by the standard Lysine. Furthermore, there were no 

other spots appeared except Lysine spots (fig. 4.36). This was also indicated that Lysine 

produced in the study is almost pure Lysine. Nasab et al. (2007) also shown the presence of 

Lysine in fermented broth by paper chromatography using solvent; n- butanol, acetic acid and 

distilled water (2:2:1). Ekwealor and Obeta (2005) employed paper chromatography for the 

detection of Lysine in fermented broth. Solvent systems used include n- butanol: acetic acid: 

water (4:1:1, v/v) and phenol: water (5:1, v/v). Lysine and threonine was selectively 

separated and quantitatively determined using TLC by Nabi and Khan (2003) from a mixture 

of amino acids present in a commercially available drug. 

Based on the observations, it was concluded that very high concentration of Lysine in 

the form of Lysine crystals can be prepared. However the concentrated form of broth 

containing 8% Lysine can be safely used in poultry rations as a source of Lysine. It is a 

simple and cheap method for Lysine production which can be exploited on commercial scale  

5.9: Amino acid analysis by amino acid analyzer 

For amino acid analysis, fermented broth of wild and mutant strains, concentrated 

fermented broth and the purified crystals were subjected to amino acid analyzer.  

The chromatogram obtained after analysis of both wild and mutant strain represented 

that the high resolution of amino acids and more peak height in mutant fermented broth while 

comparing with wild chromatogram. The peak height of lysine in mutant broth was in 

between 420- 430 mV whereas peak height of lysine in wild broth was in between 350- 360 

mV as shown in (fig. 3.37 & 3.38). These heights were reciprocal to the percent of lysine 
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present in the broth that represented the high lysine contents in fermented broth of mutant 

strain as compared to wild fermented broth. The peaks in chromatograms of both broths 

observed at same retention time of 55 minutes that confirmed the presence of lysine in both 

broths. Furthermore, the chromatogram showed the presence of other prominent amino acids 

rather than lysine. The second most prominent peak was of glutamic acid that was present in 

high concentration after lysine in fermented broth of wild and mutant B. flavum. This further 

confirmed the reported findings of other researchers that coryneform bacteria are famous for 

the production of lysine and glutamic acid (Niaz et al. 2009). But the peak height of glutamic 

acid in fermented broth produced by wild strain was much higher than in mutant fermented 

broth that represented the blockage of feedback inhibition in mutant as compared to wild 

metabolic control of lysine production. The other peaks showed presence of many essential 

and non- essential amino acid including; alanine, methionine, valine, glycine, cysteine, 

aspartic acid, leucine, isoleucine, threonine, serine, tyrosine, phenyl alanine and arginine.  

When the results (chromatogram) of amino acid analysis of produced lysine crystals 

were examined (fig. 4.39), it was found that lysine peak was also appeared after 55 minutes 

of retention time. In sample containing crystals, a single sharp peak of lysine was observed. 

No other noticeable peak was observed showing the highest purity of the lysine crystals. The 

peak height in crystal was increased near to 1000 mV that representing the high percent and 

purity of lysine. However in concentrated fermented broth in addition to lysine peak, small 

peaks of other amino acids like glutamic acid, aspartic acid were observed. In addition trace 

amounts of methionine, cysteine, threonine, serine, glycine, alanine, valine, isoleucine, 

leucine, phenylalanine, histidine and arginine were also observed.  

 The composition of amino acids present in fermented broths, were determined on 

amino acid analyzer after fermentation by wild and mutant B. flavum. The amino acid profile 

of fermented broth (wild) showed the high percent of lysine (1.826 %) with respect to other 
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amino acid as given in (table 4.4). Whereas, amino acid profile of mutant represented much 

more concentration of lysine (2.644%) shown in table (4.5) confirmed that mutant strain have 

more potential to produce lysine. The other essential amino acids were also found in good 

yield according to profile. 

 The essential amino acid profile of yeast sludge before and after fermentation with 

mutant B. flavum was presented by Ali et al. (2009). It was indicated the raise of lysine 

contents 1.59 to 3.71 % before and after fermentation. The presence of other essential amino 

acids in biomass protein was in support of present study that showed good lysine contents as 

well as other essential amino acids for use in broiler feed. Sattar et al. (2008) also fermented 

yeast sludge with B. flavum and reported the amino acid profile of produced biomass protein 

before and after fermentation. The profile study revealed the enhancement of lysine percent 

from 1.54 to 4.78 %. In the present study molasses were used as a good carbon source and 

substrate produced sufficient amount of lysine after fermentation with wild and mutant B. 

flavum that meet the requirement of  livestock and poultry. While Mumtaz et al. (2000) 

described twelve amino acids in profiling analysis of biomass protein by fermentation 

distillery sludge. The lysine 4.78% was investigated in amino acid profiling with other 

essential amino acids. 

5.10: Aflatoxin evaluation 

 Aflatoxicosis causes fatal diseases in man and animals due to alfatoxin found in feed. 

The total permissible aflatoxins level ranges from 0 to 50 parts per billion (ppb) with an 

average of 20 ppb in animal feeds (Binder et al. 2007, Rodrigues and Naehrer 2012). 

Moreover, the poultry industry also suffers greater economic loss than any of the livestock 

industries because of their greater susceptibility to aflatoxin. Therefore produced lysine was 

evaluated for aflatoxin at “Romer’s Lab Rawalpindi” before use in broilers feed as report is 
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given in (Appendix XV). It was found after report study that product have safe amount of 

Aflatoxins (B & G) as given in table 4.6. Moreover the sample contained negligible amounts 

of aflatoxin B1 (<0.1 ppb), aflatoxin B2 (<0.5 ppb), aflatoxin G1 (<0.1 ppb) and aflatoxin G2 

(<0.5 ppb). Presence of aflatoxins in such trace amounts is considered safe for animal and 

human consumption. Therefore the produced lysine was added in broiler feed in sufficient 

amount required for broiler diet.  

5.11: Biological evaluation of produced lysine  

The presence of essential and non- essential amino acids in the biomass protein as 

depicted by amino acid profile, vitamins, enzymes and minerals prove that concentrated 

fermented broth would be a best source of lysine for broiler feed (Onu et al. 2010; Cu et al. 

2012). Therefore concentrated fermented broth containing 8% lysine was supplemented in the 

feed of broilers. At the end of fifth week, the average weight gained was 29.4 kg by test 

broilers and 28.9 kg by control broilers. The total feed consumed at the end of five week by 

test and control boiler was 71.17 kg and 72 kg respectively. Apparently more weight gained 

by test broilers was observed than control broilers; this may be due to some unidentified 

growth factors produced during fermentation of molasses. However the values of weight 

gained by both groups of broilers were not significantly different. The FCR value of test 

broilers (2.45) reflected the beneficial impact of supplemented lysine on test broilers and 

FCR value of control broilers (2.46) depicted that both diets have equivalent effect on weight 

gain with respect to feed intake. Furthermore, all the birds remained healthy during the 

experimental trial. Moreover at the end of five weeks, the broiler evaluation data was 

statistically studied by conducting an independent sample t. test as summarised in (table 4.8). 

The statistical data in terms of weight gain, feed intake and FCR showed that there were no 

significant (p> 0.05) difference between control and test broilers. This represented that lysine 
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produced by the fermentation of molasses by mutated BF
ENU2

 was equally good as 

commercial lysine. 

Mateo and Conejos, (2009) also evaluated the protein quality of soybean meals from 

different sources in broiler chicks fed on semi purified diets. Their calculated feed ingredients 

include 0.9% lysine with rest of ingredients. They evaluated the broilers in terms of weight 

gain, feed intake and protein efficiency ratio (PER). Bouyeh (2012) studied the effect of 

excess use of lysine and methionine in broiler chicks’ feed and investigated that by increasing 

lysine and methionine in excess of NRC recommendations improved immune system 

functions, FCR, breast meat yield, abdominal fat deposition and carcass efficiency. 

Fontanillas et al. (2001) also studied the performance and carcass quality of broiler chicks fed 

on diet supplemented with lysine- HCl or Bio lysine (R) 60. They evaluated broilers in terms 

of weight gain, feed intake and feed conversion and breast meat yield and found that the 

nutritional efficacy of the lysine source Bio lysine 60 was equivalent to that of L- lysine- 

HCl. 

5.12: Postmortem of broiler chick 

 The postmortem report (appendix XVI) of broilers represented that all the internal 

organs are of normal size and safe for public use.    
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5.13: Conclusion 

  All the proposed objectives in this study were achieved and a complete method of 

lysine fermentation has been developed that was proved successful during broiler trial. 

Moreover, in this method not only crude lysine was produced but also pure crystals were 

obtained. 
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CHAPTER 6 

SUMMARY 

 

Poultry and agriculture industry has a great role in the development of food sector in 

Pakistan. Lysine required for poultry feed is imported in Pakistan to fulfil the desired dietary 

needs. Present study was designed to produce maximum lysine by utilizing cheap sources to 

save the foreign exchange. To achieve the goal of lysine production through fermentation, 11 

different reported and locally designed media were initially analysed to screen the best lysine 

producing medium. From those media, M11 formed the maximum lysine (7.6 g/L) with 

respect to rest of media. To produce lysine locally different Physico-Chemical parameters 

were optimized to have hyper-production of Lysine through fermentation by using B. flavum. 

Different agricultural wastes were supplemented as carbon and nitrogen source in different 

media. Out of the wheat bran, rice polishing and molasses, significantly high concentrations 

of lysine (9.1 g/L) after 72 hours of incubation was observed with molasses (4%) with 3% 

(v/v) inoculum size at 30
o
C. Among different nitrogen sources, 0.25% (NH4)2SO4 showed 

significantly (P< 0.05) high yield of Lysine (16.89 g/L). Addition of different optimum levels 

of ionic salts; 4% CaCO3, 0.4% MgSO4.7H2O, 0.1% NaCl and 0.2% KH2PO4 gave 

significantly (P< 0.05) higher quantity of Lysine 18.08 g/L. Inclusion of 0.6% corn steep 

liquor and 0.4 mg/100 mL  biotin significantly (P< 0.05) raised the Lysine from 19.4 g/L – 

19.45 g/L. Bacterial Strain was improved by random mutagenesis; physical mutagens (UV & 

gamma irradiations) and chemical mutagens (Ethidium bromide, ethyl methyl suphonate, 

nitrous acid and N- nitroso N- ethyl urea (ENU), for different time interval in order to obtain 

more than 90% kill curve. Survivors after 90% kill was streaked on media plates 

supplemented with, 0.1 mM homoserine and 0.1 mM threonine of auxotroph requirement and 

10 mM of 2 (aminoethyl)- L- cysteine (AEC) of analogue resistant and the mutant 
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frequencies were also calculated. Sixteen different AEC resistant mutants were developed 

and screened for L-lysine production. The highest lysine producing strain (BF
ENU2

) was 

screened with 21.64 g/L production by mutation treatment of (ENU) and further used for 

optimization of medium. Molasses with 15 brix having 10- 12% sugar was found optimum 

for lysine production (25.88g/L) with optimized period of 48 hours. The optimum 

concentration of 0.3% NH4(SO4)2 and 0.2% urea was found which produced significantly 

high concentration of Lysine (29.34 g/L). The inclusion of optimum soybean hydrolysate 

(0.5%) and tryptone (0.3%) significantly enhance the titre of Lysine (33.92 g/L). Large scale 

production of lysine was carried out in 7.5 L stirred glass vessel fermenter with wild and 

mutant B. flavum using all pre- optimized conditions ( working volume 5 litre) for scale up 

studies. Optimization of process parameters like agitation, aeration, pH and inoculum size in 

fermenter showed that the maximum lysine (20.8 g/L) was produced at 250 rpm, 1.5 vvm 

aeration, 6.0% inoculum under controlled pH conditions after 56 h of fermentation with wild 

culture but mutant (BF
ENU2

) gave maximum yield of lysine 36.3 g/L under optimized 

condition such as 250 rpm agitation, 1.5 vvm aeration and 6% inoculum with controlled pH 

at 7.0. Kinetic parameters (QX, QS, QLys, YLys/S, YLys/X and qLys) were found to be much higher for 

mutant (BF
ENU2

) as compared to wild B. flavum (BF) that showed that mutant strain was 

kinetically more susceptible to produce lysine. Further Lysine was recovered from broth by 

passing through ion exchange resin column, using elution buffer (tris-HCl, pH 9 or 5% NH3). 

Crude brown crystals of lysine (40gm/500mL) were concentrated by evaporation (80˚C) of 

fermented broth and recovered with 95% ethanol at 4
o
C. It was decolourized with 0.5% 

activated charcoal, pale yellow pure crystals of Lysine (25 gm) were obtained with 95% 

ethanol. The concentrated fermented broth having 8% lysine can be safely used in poultry 

rations as a source of Lysine. Purity of produced lysine was confirmed by TLC and amino 

acid analyzer. Amino acid profiling showed 1.826% Lysine in fermented broth by wild B. 
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flavum and 2.644% by mutant strain (BF
ENU2

). Toxicity evaluation report showed that the 

produced lysine is safe for consumption by broilers. Concentrated fermented broth having 8% 

lysine in biomass was biological evaluated on broiler chicks. The results showed that broilers 

fed on test feed consumed less feed, have more weight gain and low feed conversion ratio as 

compared to those fed on control diet. Thus a cheap and practical bioprocess of lysine 

production was concluded, that can be exploited commercially to save foreign exchange. 
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CHAPTER 8 

Appendix I 

 

 

Table 8.1: classification of B. flavum 

Organism Cellular organism 

Type Eubacteria 

Phylum Actinobacteria 

Class Actinobacteridae 

Order Actinomycetales 

Family Brevibacteriaceae 

Genus Brevibacterium 

Specie flavum 

 

(NCBI- Taxonomy: 92706) 

 

 

 

 

 



 

 
 

Appendix II 

 

Characteristic features of B. flavum 

Organism was further identified morphologically and biochemically by performing 

different tests. Morphological feature showed that the colonies of B. flavum are bulging and 

off white in colour as shown in figure 4.1. Gram staining results indicated that these are gram 

positive bacteria (figure 8.1) and their magnified view represent that they are isolated, single 

cell bacilli having bulging ends showing the characteristic morphological features of 

Coryneform bacteria as revealed in figure 8.2. Some chemical tests were also performed that 

depicted that they gave catalase positive test by decomposing hydrogen peroxide as shown in 

figure 8.3. Further morphological and biochemical characteristics of B. flavum that were 

studied are summarised in table 8.1. 

 

 

Figure 8.1: Gram positive B. flavum 



 

 
 

Appendix III 

Morphological features of Coryneform bacteria 

 

Figure 8.2: Magnified picture showing single, isolated, bacilli having bulging ends 

showing the characteristic morphological features of Coryneform bacteria 

 

 

Figure 8.3: Catalase test positive, as B. flavum contains catalase for the decomposition of 

hydrogen peroxide. 

 



 

 
 

Appendix IV 

 

 

 

Table 8.2: Morphological and Biochemical identification 

Colony morphology Cell characteristics Biochemical characteristics 

Size Appearance  Colour Cell shape Gram’s 

reaction 

Catalase test Gelatine 

liquefaction 

test 

Short Bulging Off- 

white 

Short rods 

with bulging 

ends 

+ve reaction +ve +ve 

 

 

 

 

 

 

 

 



 

 
 

Appendix V 

Proximate analysis of substrates 

Proximate analysis of agricultural wastes; wheat bran, rice polishing and molasses 

was carried out and different composition of these substrates were examined in terms of 

moisture, ash, ether extract, crude fibre, crude protein (Cp) and nitrogen free extract (NFE) as 

shown in (table 4.1). The high moisture contents (68.9%) were present in molasses. Rice 

polishing showed the high percentage of ash (12.4%), fat (8%) and crude protein (7%). 

Wheat bran showed maximum crude fibre (11.65%). Ether extract and crude fibre were not 

found in molasses.   

 

Table 8.2: Proximate composition of substrates 

Composition (%) 
Rice polishing Wheat bran Molasses 

Moisture 7.3 8.5 68.9 

Ash 12.4 5.72 7.98 

Ether extract 8 4 NIL 

Crude fibre 4   11.65 NIL 

Crude protein 7 6 2.8 

Nitrogen free extract 48.5 53.23 70.62 

 

 



 

 
 

Appendix VI 

 

Table 8.3: statistical analysis of different substrate used for lysine production by wild 

BF 

 Molasses Rice polishing Wheat bran 

df MS Sig. Df MS Sig. df MS Sig. 

Between 4 6.129 0.000 4 5.992 0.000 4 15.2 0.000 

Within 10 0.010 0.000 10 0.002 0.000 10 0.007 0.000 

 Level Mean SD LSD Level Mean SD LSD Level Mean SD LSD 

1.0 5.8 0.10 0.08 1.0 
0.87 0.01 0.037 

1.0 
2.03 0.06 .067 

2.0 6.3 0.10 0.08 2.0 
1.36 0.01 0.037 

2.0 
3.14 0.01 .067 

3.0 6.6 0.10 0.08 3.0 
4.5 0.1 0.037 

3.0 
6.30 0.10 .067 

4.0 9.1 0.10 0.08 4.0 
3.53 0.01 0.037 

4.0 
6.60 0.10 .067 

5.0 5.5 0.10 0.08 5.0 
1.85 0.001 0.037 

5.0 
2.10 0.10 .067 

 

 

 

 



 

 
 

Appendix VII 

 

Table 8.4: statistical analysis on the parameters used for fermentation by wild BF  

 MgSO4. 7H2O NaCl KH2PO4. H2O 

df MS Sig. Df MS Sig. df MS Sig. 

Between 4 5.59 0.000 4 49.749 0.000 4 2.289 0.000 

within 
10 0.004 0.000 10 0.01 0.000 10 0.01 0.000 

 Level Mean SD LSD Level Mean SD LSD Level Mean SD LSD 

0.1 14.32 0.1 0.08 0.1 17.8 0.1 0.08 0.1 17.2 0.1 0.08 

0.2 14.78 0.1 0.08 0.2 17.1 0.1 0.08 0.2 18.08 0.1 0.08 

0.3 15.79 0.1 0.08 0.3 16.87 0.1 0.08 0.3 17.8 0.1 0.08 

0.4 17.4 0.1 0.08 0.4 16.56 0.1 0.08 0.4 17.1 0.1 0.08 

0.5 17.1 0.1 0.08 0.5 15.95 0.1 0.08 0.5 16.34 0.1 0.08 

 

 

 

 

 

 



 

 
 

Appendix VIII 

Table 8.5: statistical analysis of nitrogen sources of fermentation by wild BF 

 NH4NO3 Urea (NH4)2SO4 

Df MS Sig. Df MS Sig. df MS Sig. 

Between 4 6.385 0.000 4 28.254 0.000 4 53.259 0.000 

Within 10 
.008 

0.000 10 
.010 

0.000 10 
.010 

0.000 

 Level Mean SD LSD Level Mean SD LSD Level Mean SD LSD 

0.25 11.96 0.10 .073 0.25 12.33 0.10 0.08 0.25 16.89 0.10 0.08 

0.50 13.2 0.01 .073 0.50 15.09 0.10 0.08 0.50 15.95 0.10 0.08 

0.75 13.7 0.10 .073 0.75 14.68 0.10 0.08 0.75 15.32 0.10 0.08 

1.0 14.6 0.10 .073 1.0 14.28 0.10 0.08 1.0 15.3 0.10 0.08 

1.25 14.1 0.10 .073 1.25 13.2 0.10 0.08 1.25 14.87 0.10 0.08 

 

 

 

 

 

 

 



 

 
 

Appendix IX 

Table 8.6: statistical analysis on the parameters used for fermentation by wild BF 

 CaCO3 Corn steep liquor Biotin 

df MS Sig. Df MS Sig. df MS Sig. 

Between 4 5.465 0.000 4 13.135 0.000 4 1.629 0.000 

Within 
10 0.008 0.000 10 .008 0.000 10 0.024 0.000 

 Level Mean SD LSD Level Mean SD LSD Level Mean SD LSD 

1.0 17.9 0.1 0.07 0.2 19.02 0.1 0.07 0.1 17.6 0.2 0.1 

2.0 18.3 0.1 0.07 0.4 19.2 0.01 0.07 0.2 17.97 0.05 0.1 

3.0 18.9 0.1 0.07 0.6 19.4 0.1 0.07 0.3 18.1 0.1 0.1 

4.0 19.01 0.1 0.07 0.8 19.25 0.1 0.07 0.4 19.5 0.15 0.1 

5.0 18.75 0.01 0.07 1.0 18.95 0.1 0.07 0.5 18.8 0.21 0.1 

 

 

 

 

 

 

 



 

 
 

Appendix X 

Table 8.7: statistical analysis on the parameters used for fermentation by mutant 

BF
ENU2

 

 Molasses (NH4)2SO4 Urea 

df MS Sig. Df MS Sig. df MS Sig. 

Between 4 72.41 0.000 4 110.024 0.000 4 3.494 0.000 

Within 
10 0.505 0.000 10 0.053 0.000 10 .039 0.000 

 Level Mean SD LSD Level Mean SD LSD Level Mean SD LSD 

10.00 17.90 1.08 0.58 0.10 12.54 0.02 0.187 0.10 26.42 .11 0.16 

15.00 25.87 0.43 0.58 0.20 19.69 0.26 0.187 0.20 29.34 .34 0.16 

20.00 25.00 0.26 0.58 0.30 28.86 0.15 0.187 0.30 28.56 .14 0.16 

25.00 22.96 0.51 0.58 0.40 24.44 0.41 0.187 0.40 28.07 .04 0.16 

30.00 14.40 0.92 0.58 0.50 22.07 0.02 0.187 0.50 27.80 .22 0.16 

 

 

 

 

 

 

 



 

 
 

Appendix XI 

Table 8.8: statistical analysis on the parameters used for fermentation by mutant 

BF
ENU2

 

 CaCO3 Soybean hydrolysate Tryptone 

df MS Sig. Df MS Sig. df MS Sig. 

Between 4 14.01 0.000 3 1.26 0.000 4 1.71 0.000 

Within 
10 0.02 0.000 8 0.001 0.000 10 0.02 0.000 

 Level Mean SD LSD Level Mean SD LSD Level Mean SD LSD 

1.0 28.42 0.07 0.10 0.25 30.05 0.01 0.03 0.10 31.85 0.27 0.12 

2.0 29.84 0.07 0.10 0.50 31.20 0.04 0.03 0.20 33.0 0.10 0.12 

3.0 28.48 0.22 0.10 0.75 31.08 0.02 0.03 0.30 33.92 0.11 0.12 

4.0 26.43 0.10 0.10 1.00 29.99 0.05 0.03 0.40 33.27 0.06 0.12 

5.0 24.30 0.11 0.10 - - - - 0.50 32.82 0.07 0.12 

 

 

 

 

 

 

 



 

 
 

Appendix XII 

Table 8.9: statistical analysis on the parameters used for fermentation by mutant 

BF
ENU2

 

 Temperature pH Inoculum size 

df MS Sig. Df MS Sig. df MS Sig. 

Between 

3 212.75 0.000 4 131.04 0.000 

 

6.60 

131.037 0.000 

Within 

8 0.085 0.000 10 .04 0.000 

 

6.80 

0.040 0.000 

 Level Mean SD LSD Level Mean SD LSD Level Mean SD LSD 

25.00 8.85 0.49 0.24 6.60 10.47 0.30 0.16 1.00 11.96 0..49 0.53 

30.00 26.43 0.15 0.24 6.80 22.21 0.29 0.16 2.00 17.55 0..73 0.53 

35.00 18.20 0.26 0.24 7.00 26.69 0.14 0.16 3.00 26.19 0..47 0.53 

40.00 9.04 0.06 0.34 7.20 25.39 0.05 0.16 4.00 27.84 0..93 0.53 

- - - - 7.40 24.85 0.05 0.16 5.00 23.22 0.47 0.53 

 

 

 

 

 

 



 

 
 

Appendix XIII 

Table 8.10: Feed composition of control and test broilers 

Sr. no. Ingredients Quantity (Kg) 

(control diet) 

Quantity (Kg) 

(test diet) 

1 Maiz 30.60  30.60  

2 Sunflower Meal 

27.5% 

6.45  

 

6.45  

 

3 Soyabean Meal 45 % 5.337  5.337  

4 Poultry Meal 2.00  2.00 

5 Fish Meal 53 % 0.500 0.500  

6 Limestone 0.496               0.496 

7 Canola Meal 1.25  1.25  

8 MDCP 0.339  

 

0.339  

 

9 Lysine Sulphate 0.35  

(commercial lysine) 

 

0.35 

(produced lysine by 

fermentation) 

10 Alimet 0.075  0.075  

11 Phytaze 0.0025  

 

0.0025 

 

12 Salt 0.096 0.096 

13 L Threonine 0.032  0.032 

14 Supplement 0.100  

 

0.100 

 

15 Rape Sead Meal 2.500  2.500  
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Appendix XVI 

 

 

 

Table 8.11: Average weight gained (kg) by test and control broilers (each replica = 20 

chicks) during the five weeks of Biological trial 

 

Time (Weeks) 

Week 1 Week 2 Week 3 Week 4 Week 5 

Control  Test  Control  Test  Control  Test  Control  Test  Control  Test  

C1 C2 T1 T2 C1 C2 T1 T2 C1 C2 T1 T2 C1 C2 T1 T2 C1 C2 T1 T2 

2.9 2.75 2.8 3.2 5.7 5.47 6 6.8 13 12.8 14.2 14.8 20.8 19 23 24 29 28.8 28.8 30 
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