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Abstract:

Lactic acid (LA) is an organic acid that has several uses in cosmetic, food, pharmaceutical, leather, and textile
industries. LA is synthesized chemically or by fermentation method. The fermentation method for LA
production is more favourable because both isomers of LA (L and D) can be obtained separately.
Microorganisms that produce LA are bacteria, fungi, yeast, algae, and cyanobacteria. Lactic acid can be
produced by submerged and solid-state fermentation. Lactic acid production is improved by using recent
technologies i.e. co-culture, genetic and metabolic engineering, immobilized bioreactor, cell recycle
fermentation and simultaneous scarification and fermentation procedures. Moreover, renewable materials are
also being used to reduce environmental problems. This review summarizes the information about lactic
production by chemical and microbial fermentation methods and also discusses the recent technologies involved

in its production and purification.

Index Terms: Lactic acid; Optical isomers; Fermentation; Microorganisms; Substrate; Recent advances;

Purification
Introduction

The quest for commercially valuable products has been increasing day by day. As the world population is
increasing gradually, the demand for valuable products by microbial fermentation has been increased. Green
methods are being employed for the synthesis of valuable products. With the utilization of microbial
fermentation techniques, we can reduce the global energy problems and other environmental concerns. Lactic
acid (2- hydroxypropionic acid) is an organic acid that was discovered in 1780 by a Swedish chemist Scheele

from sour milk [1].

Lactic acid is the most substantial product and has marvellous uses in many fields of life. Figure 1
represents the lactic acid-based possible products and their applications. About 35% of produced LA is being
utilized in the food industry. It has a significant character in the production of cheese and yogurt [2]. LA has a
slight acidic taste that’s why it is being utilized as acidulant in food items. It is also being utilized as a
preservative, flavour enhancer, pH maintainer and as an inhibitor of microorganisms in different processed food
items. It is an active ingredient in the preparation of fermented food items such as canned vegetables and butter
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[3]. It also has numerous applications in the chemical industry, where it is utilized for the manufacturing of
acetaldehyde, acrylic polymers, ethanol, poly-lactic acid, and propylene glycol. The derivatives and salts of
lactic acid are also being utilized as solvents and plasticizers. In the leather industry, LA is being utilized for the

removal of hairs and scales and in the textile industry it is utilized as a mordant to fix dyes on clothes.
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Figure 1: Lactic acid-based possible products and their applications.

Lactic acid also plays a significant role in controlled delivery of drug within the body. That’s why in
therapeutics it is utilized in dialysis, pills, and surgical structures formations. Lactic acid provides moisturizing,
antibacterial and refreshing properties to the skin. Due to these marvellous properties, it is used in cosmetic
industry for the production of sanitary compounds [2]. Advanced uses of LA have been established, where it has
been utilized for the manufacturing of biodegradable poly-lactic acid polymers. About 39% of LA has been
utilized for the production of biopolymers having high molecular weight and high tensile strength. With the
removal of water from lactic acid as shown in Eqg. 1, the lactides are formed which further utilized to form

decomposable thermoplastic polymers [4].

2CH,CHOHCOOH —> C,H O, +2H,0
1)

LA can be considered as alcohol and acid. There are two optically active stereoisomeric forms of LA,
that are L (+) and the D (-) as shown in Figure 2. These two enantiomers have same physical properties such as
melting point, density, and solubility. In humans, high level of D (-) lactic acid is dangerous. L- Lactate
dehydrogenase enzyme is present in humans which can metabolize L (+) lactic acid that’s why L (+) lactic acid

is being utilized in the food and pharmaceutical industries [5].
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Figure 2: Optical isomers of lactic acid L (+) and the D (-)

LA can be synthesized either by microbial fermentation or chemical synthesis method. By microbial
fermentation, pure form of L (+) and the D (-) lactic acid is produced. But in chemical synthesis, a mixture of
both L (+) and the D (-) form of lactic acid is produced in equal proportion. Microbial fermentation has extra
advantages than the chemical production methods e.g. cheap raw materials (e.g. cane sugar, beet, starch waste,
molasses, and whey, etc.) can be used in microbial fermentation method. LA production can be obtained from
bacteria such as Bacillus species, Escherichia coli, Corynebacterium glutamicum, and lactic acid bacteria
(LAB). In fungi, Rhizopus oryzae is involved in the formation of L-lactic acid. Yeast and photosynthetic
bacteria (such as cyanobacteria and algae) are also involved in the production of LA. Moreover, engineered
microorganisms are now being used for the cost-effective and high quantity production of LA [4]. In the present
review, new developments in LA production by using wild type, co-culture, and genetically modified organisms

have been discussed.
Microorganism Responsible For Lactic Acid Production

Several microorganisms are responsible for the synthesis of LA such as bacteria, fungi, yeast, algae, and
cyanobacteria. Figure 3 represents the microorganisms involved in lactic acid production. In bacteria, there are
four important producers of lactic acid i.e. Bacillus strains, LAB, E. coli and Corynebacterium glutamicum.
Lactic acid bacteria (LAB) give high productivity and high yield of lactic acid. LAB is Gram-positive bacteria
that can be cultivated in a broader pH range i.e. 3.5 to 10.0 and also grows at a low temperature of almost 5°C.
The LAB can be grouped as homo-fermentative and hetro-fermentative on the basis of ending products of
fermentation. In homo-fermentative LAB, lactic acid is produced as the main ending product but in hetro-
fermentative LAB, many by-products are also produced in addition to LA. Mostly LA production is given by
following genera having LAB species; Aerococcus, Carnobacterium, Lactobacillus, Lactococcus, Leuconostoc,

Streptococcus, and Enterococcus [6].
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Figure 3: Microorganism involved in the production of lactic acid

Various species of Bacillus are also involved in the synthesis of LA, such as; Bacillus subtilis, B.
stearothermophilus, B. cheniformis and B. coagulans. Bacillus species have some advantages over the LAB in
lactic acid production i.e. can grow in less expensive and less complex medium having limited nitrogen sources
[7]. Also, Bacillus species can tolerate the temperature of about >50 °C and pH of 9.0, which lessen the
possibility of contamination during lactic acid production. Bacillus species can metabolize the hexose and

pentose in lignocellulosic raw material and produce lactic acid.

The wild type of E. coli can synthesize many organic acids (lactic acid, formic acid, and acetic acid).
Modified strains of E. coli can be utilized to obtain maximum yield of LA. Also, C. glutamicum produces many
organic acids but in minute quantities. LA production can be enhanced by using modified strains of C.
glutamicum, by using various sugars under oxygen-deprived conditions. For example modified strain of C.
glutamicum synthesized 17.9g/L of D-LA afterward 16 hours of incubation which was 32.3% greater than the
LA synthesized by wild type strain of C. glutamicum [8]. Table 1 shows various bacteria and their substrate

utilization for the production of lactic acid.

The prominent fungal specie for LA synthesis is Rhizopus oryzae. This specie requires fewer nutrients
and its mycelia development and oxygen requirements affect the synthesis of LA. The Rhizopus strain has
various benefits over LAB i.e. it produces LA by a low-cost down-streaming process because the mycelia or
pellet growth of fungi allows its easy separation from fermentation medium [9]. A major problem in the LA
production is the cost-effective separation and purification from the fermentation medium. Yeast has the

potential to grow in mineral medium that assists in easy recovery of LA from fermentation medium [10]. Yeast
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can grow at low pH of about 1.5, which helps in the establishment of non- lactate fermentation. The wild type of

yeast is replacing engineered yeast, which produces high yield of LA.

Global warming is a major concern in the world shifting attention towards environmental friendly
process. Photosynthetic microorganisms are being utilized for the production of LA. The photosynthetic
bacteria has an alternative method for the synthesis of LA. Microalgae can utilize starch which they stored in
the presence of light and oxygen and convert it into organic acid in the absence of oxygen and dark conditions
[11]. Cyanobacteria need simple nutrient requirements. With the introduction of the lactic acid-producing gene
in cyanobacteria, LA production can be attained. An L-LDH gene tfrom B. subtilis was introduced into the
genome of Synechocystis enlongatus PCC6803 and that engineered strain produced 3.2mM of LA [12]. By
using co-culture of microorganisms, the LA production can be enhanced. Moreover, genetically engineered
microorganisms are also utilized in order to meet the commercial demands of LA. Genetically engineered

microorganisms can enhance the production of LA and can also reduce the nutrients supply.

Table 1: Microorganisms involved in the production of lactic acid

Substrate Microorganism Fermentation process
Alfalfa fibers Lactobacillus plantarum Batch
Apple pommade Lb. rhamrmosus ATCC 9595 | Batch
(CECT288)

Cellulose B. coagulans 36D1 Fed batch
Cheese whey Lb. casei NRRL. B-441 Batch
Corncob molasses Bacillus sp. strain Fed batch
Glvycerol E coli AC-521 Batch
Lignocellulosic hvdrolvzates Bacillus sp. NLO1 Fed batch
Date juice L. rhamrosts Batch
Wheat straw L. perntosus Fed Batch
Whev L. acidophilus Batch
Rice L. delbrueckii Fed Batch

Production Techniques of Lactic Acid

Naturally, LA is present in animals, plants, and microorganisms. It can also be produced artificially by the
fermentation of carbohydrates or chemically from coal, natural gas, and petroleum. As the universal demand for
lactic acid is increasing day by day due to its marvellous advantages, so its production on industrial level should
be increased. On industrial level, there are two main procedures for the production of lactic acid i.e. chemical
and fermentation method. Figure 4 represents two techniques of LA production; chemical synthesis and
fermentation technology.
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Figure 4: Overview of two production techniques of LA; chemical synthesis and fermentation technology

Chemical Synthesis of Lactic Acid

Monsanto (Texas, USA) was the first company that synthesized LA chemically in 1963. In chemical synthesis
of LA, under high-pressure, acetaldehyde reacts with hydrogen cyanide, in a liquid phase and forms lactonitrile.
After the separation and purification of lactonitrile, HCI or H2SOx4 is added to convert lactonitrile into LA. Then,
esterification of LA occurs by using methanol and methyl lactate is formed. Distillation method is further
utilized for the separation and refining of methyl lactate. In the end, methyl lactate is hydrolyzed into LA in the
presence of an acidic solution. Methanol is also produced in this reaction, which is utilized again in chemical
synthesis [13]. There are many other chemical ways for the synthesis of lactic acid i.e. base-catalyzed
metabolism of carbohydrates, oxidation of water and carbon monoxide at high temperature and pressure [14].
Figure 5 shows conventional method for the LA production from carbohydrates. Except the consumption of
lactonitrile for LA synthesis procedures, other procedures are very complex and costly. Chemical synthesis of
LA is not a desirable process because of following disadvantages; it is an expensive procedure because of

utilization of fossil fuels, a racemic mixture of LA isomers synthesized and product impurity.
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Figure 5: Conventional procedure for LA production from carbohydrate.

Fermentation Technology for the Production of Lactic Acid

Fermentation is a fast and less expensive procedure, which gives a high yield and productivity of desired
product. By using this method, one of the two isomers or their mixture can be obtained. In this method, a
medium containing nutrients and sugar are inoculated with a specific microorganism, and fermentation occurs.
Aeration, agitation, temperature, pH, and nutrients are optimized depending upon microorganism used for
fermentation. The search for the cost-effective substrates has led to the development of advanced methods to

synthesize LA. Commonly the substrates utilized for the LA formation by microbial fermentation are following;

whey, molasses date juices, starch, and lignocellulosic biomass.

Whey, molasses and date juice

Any substrate containing pentose or hexose can be exploited for the production of LA. The by-product of food
industries can be used for this purpose. For-example, whey is produced from dairy industry. It is a by-product
which is released in the wastewater effluent from these dairy industries and is a foremost pollution problem for
them. Whey is an efficient substrate for microorganisms because it contains lactose sugar, fats, proteins,
vitamins, and minerals. In theory, one mol of lactic is produced from four moles of lactose by a homo-
fermentative pathway [4]. Molasses formed in sugar industries is also a large and cheap source for the synthesis

of LA [15]. Date juices are also a good source for the synthesis of LA [16].
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Starchy and lignocellulosic materials

Starchy materials consisted of starch, which is a biopolymer of glucose linked by a (1—4) linkage. Starchy
materials give an easy and cheap way to produce lactic acid in huge amounts. Various microbes can utilize
starch easily because they have extracellular amylases, so there is no need to give them extra preliminary
treatment to hydrolyze starch. Another substrate for LA production by microorganisms is lignocellulosic
biomass. It is composed of 90% dry mass of cellulose, hemi-cellulose, and lignin. It is first depolymerized and
then enzymatic hydrolysis occurs to convert it into simple sugars. Then sugar fermentation occurs by LAB and
produce lactic acid. Currently, saccharification and fermentation procedures are performed collectively to

prevent the degradation of enzymes by the products of fermentation [17].
Lactic acid production by submerged fermentation

The submerged fermentation method is environmentally friendly and can be easily operated. In submerged
fermentation, soluble substrate are utilized for the synthesis of LA. Corn starch and soluble starch were
consumed for the synthesis of LA in 1992 and 1995, respectively [18][19]. At the low concentration of soluble
starch, about 90% LA production was obtained as compared to high concentration of soluble starch at which

low yield of LA was obtained.
Lactic acid production by solid-state fermentation

Solid-state fermentation is a procedure in which microorganisms cultivate on a moist solid substrate with devoid
of extra water. It is a difficult and lengthy process as compared to submerged fermentation but more valuable
for the synthesis of LA. In this method, solid substrate provides nutrients and also supports the culturing cells.
Different solid substrates can be utilized for the synthesis of LA in SSF i.e. wheat bran, corn fibre, black gram
bran, and pigeon pea brans, etc. Mostly wheat bran is utilized for the synthesis of LA because it gives high yield
of lactic acid. L. amylophilus GV6 gave high amount of LA about 90.111% by utilizing wheat bran as a solid
substrate [20].

Lactic Acid Production; Recent Advances

Lactic acid has significant important roles ranging from life sciences to the food industry. Even though
its production has been achieved by old fermentation methods but those conventional methods are not capable
of achieving good quality and quantity; the basic needs of a consumer. This issue has ultimately shifted the
focus towards the development of such technologies which not only make the resulting product economic but

also enhance its yield [21]. Figure 6 represents the recent advancements in lactic acid production.
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Figure 6: Recent advances in lactic acid production
Lactic Acid Production from Renewable Materials

Usage of renewable materials for the production of various chemicals has gained attention as it provides an eco-
friendly alternative to the problems induced by fossil fuel depletion and petroleum industry. That’s why for
production of such chemicals, the usage of industrial and agriculture waste has gained attention. Mostly, glucose
is used as raw material for LA production, but now focus is being shifted towards such renewable alternatives
such as lignocellulose and starch which are not only economically stable but are quite efficient [22]. Thus,
agricultural waste is one of the best modes of renewable resources for production of valuable chemicals and

biofuels [23]. The process of LA production is briefly described below.
Pre-treatment of raw renewable materials

Enzymatic breakdown of raw material converts complex raw material into simple form and resulting
hydrolyte can be used in fermentation. Renewable material is pre-treated to achieve several goals such as, to
remove lignin, to increase the surface area for reaction to occur, to increase the porosity of the material and to
partially depolymerize hemicellulose renewable material is pre-treated. Pre-treatment methods are described by
Taherzadeh and Karimi, [24]. This step is advantageous as complex structure becomes simple as its size is

reduced and its structure is opened for enzymes to make action [25].
Enzymatic hydrolysis

Enzymatic hydrolysis is required to breakdown complex sugars into simpler form, even in “water-insoluble
solid fraction that remains after pre-treatment”. Such hydrolysis is carried out by 3 types of cellulases i.e.,

endoglucanase (on attacking cellulose, creates “reducing and non-reducing” ends), exoglucanase (cleaves
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cellobiose from free chains) and B-glucosidase (catalyses cellobiose into 2 glucose molecules) [26]. Figure 7

shows the action of different types of cellulases.

I Cellulose: B-1,4 chains of 2000-14 000 glucose residues I

oo AT OO OS>
: ,
: CBH | EBG EBG EBG

1 Cellobiohydrolase (CBH}
Endo-8-1,4-glucanase (EBG)

QOOOOOO OO0

Cellobiose Cellotriose and other short chains
& CH,0H
Cellobiose o]
B-Glucosidase
CH,OH
2 CHZOH

Figure 7: Schematic representation of activity of Cellulases

Fermentation modes and methods

Different fermentation methodologies such as “batch, semi-continuous, fed-batch, repeated batch, separate
hydrolysis and fermentation and continuous”, have been investigated for the production of LA from renewable
materials. Batch fermentation gives higher yield as compared to continuous fermentation process [27]. During
process of continuous fermentation, diluting media can result in reduction of end product inhibition. Higher

cellular biomass can be achieved by employing continuous fermentation along with cell recycle system [28].
Separation and purification of lactic acid

The final quality and cost of a product depends upon separation and purification technologies being employed.
The conventional purification method is described by [29]. Many other alternatives such as membrane
bioreactor, adsorption, electro-dialysis, and liquid surfactant membrane extraction have been employed which

perform not only separation but also concentration of LA [6].
Co-Culture

Fermentation technique which consists of “two or more cell populations” for the production of a specific
product is known as co-culture. The need for co-culture occurs when one culture is not capable of growing
alone, thus, a second culture is added to boost its growth. Some LAB are hetero-fermentative and produce

significant amounts of by-products (ethanol and acetic acid) causing the overall yield of product to be low and
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making it economically unfeasible as additional separation and purification techniques would be required to get
the pure product [21]. To solve the problem, homo-fermentative strains are used which can make other strains to
utilize other metabolic pathways for conversion of xylose into lactic acid, eventually reducing the accumulation
of various by-products [30]. Saho and Jayaraman, [13] reported enhanced yield of D-lactic acid through “co-

culture of L. delbrueckii and engineered L. lactis .
Genetic and Metabolic Engineering

This technique results in LA production with lowest by-product formation, enhanced yield and low cost [32].
Metabolic engineering has helped in achieving three goals related to the product which are productivity, titre
and yield [33]. Conventional LA production faces many problems such as strains used are low acid-tolerant and
are capable of using only a limited amount of a substrate. The optical and chemical purity of LA varies due to
ability of LAB to utilize substrates through inefficient metabolic pathway. To solve the problem, this
technology helps in getting purer LA, increasing the acid tolerance of strains and making the strains to consume
the substrate via metabolically efficient pathways. Metabolic engineering mainly focuses on heterologous gene
expression. Different genetic and metabolic engineering techniques for enhanced LA production are shown
below in Table 2 [34].

Table 2: Enhanced properties of lactic acid production via different engineering approaches.

Strain Enhanced Properties | Engineering Approach
Synechocystis sp. PCC 6803 | Optically pure D- | Codon optimization and by balancing the cofactor (NADH) |

lactic acid availability through the heterologous expression of a soluble

transhydrogenase

Candida sonorensis 1dhL | Increased productivity | Integration of two copies of the 1dhL gene

strain
b cerevisiae strain | Improved LA titer Redox balance engineering and heterologous L-lactate
CENPK2-1D dehydrogenase (LDH) gene replacement

Pediococcus  acidilactici | High titer L- and D- | 1dhD or 1dh gene disruption
TY112 and P. acidilactici | lactic acid production
ZP2%

Immobilized Bioreactor Design for LA Production
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Conventional bio-catalytic methods have been used for decades for LA production. But with time consumer has
been demanding for food products which have enhanced quality and in great portion [35]. LA has inborn
property of enhancing the quality of foods, making researchers develop such techniques that enhance quality
and quantity of different foods. Immobilized bio-catalytic processes have helped in this regard. Immobilization
IS a process that restricts the movement of a biocatalyst (cell or enzyme) but doesn’t affect its catalytic activity.
In case of enzymes, immobilization helps in its repeated use. For LA production, biocatalysts are metabolically
engineered for production. To maintain a low cost of any product, biocatalysts need to be recovered [21].
Various immobilization techniques for LA production have been studied, i.e., encapsulation, adsorption,
covalent binding, entrapment and cross-linking. Productivity of reaction is also greatly influenced by choice of
the support material and immobilization technique used [2]. Based on immobilization techniques and support

medium used, different types of bioreactors are discussed below.
Continuous stirred tank reactors (CSTR)

CSTR has been extensively used for LA production due to several advantages such as controllable production
parameters and its high capacity. The first study on LA production in CSTR as a non-immobilised technique

dates back to 1980s. Initially, optimum CSTR reaction parameters were not well understood [36].

Greater viability of “L.bulgaricus” in not only production but also in storage was obtained by
encapsulating bacteria in beads of “x-carrageenan-locust bean gum gel” in a CSTR using “whey permeate
supplemented medium” as a substrate. As compared to free cells, acid production and lactose utilization were
higher in the immobilization case [37]. This very first observation led to several investigations focusing on
using new support medium to be used in CSTR. When “L. casei and L. lactis” were immobilized in other
support materials (calcium alginate, polyacrylamide, and agar) using “deproteinized whey” as a substrate, no
significant productivities were observed but such immobilization showed significant effect in terms of final
lactic acid concentration and bacterial activity [38]. Vigorous mechanical stress during the fermentation process
in CSTR results in burst of support material. Transgenic filamentous fungi are also being used for LA
production [39]. But the problem with filamentous fungi is that they form micelle like structures that hinder
proper mixing resulting in low productivity. Self-immobilization of the filamentous fungi can solve this
problem [21].

Fibrous-bed bioreactor (FBB)

FBB is quite efficient in getting long term stability of the final product leading to enhanced production of LA.
FBB systems are easy to be designed but support material for immobilization must be chosen with great care as
it greatly affects the diffusion between fermentation broth and cells, and if not chosen wisely, may affect the
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process efficiency. According to Shi et al., [40] FBB when operated in batch fermentation can give productivity
up to two times more when compared to free cell system. The initial substrate concentration must be chosen
with great care during repeated batch system as it ultimately affects the final productivity. Mass transfer
limitations between immobilized microorganism and broth are frequently observed in fungi and are influenced
by the type of material utilised to fill FBB [41].

Packed bed bioreactor (PBR)

For immobilizing biocatalyst into the column of a bioreactor in pellet or bead form, PBR system is used. As
biocatalyst is immobilized, to feed biocatalyst along support material, fermentation broth is added into
bioreactor through an inlet. These systems are suitable for working of such LABs which don’t need oxygen.
Length of packed column can affect the overall productivity as this may cause decrease in viable cell population

due to starving of cells [42].
Cell Recycle Fermentation

Systems with cell recycling improve the overall productivity of LA production by allowing the production at
high cell density. The insertion of “microfiltration membrane modules” enhance cell recycling. Following
completion of production, production medium containing cells and permeate is introduced into “cross-flow
microfiltration module”, permeate is collected in a different chamber and cells are sent back to system for
process to continue. Despite many advantages of this system, some unfavourable scenarios may occur as shown
in Figure 8 [4].

Simplicity
High bicmass density
Suitable for large scale
Re-use of expensive biocatalysts
Easy adaptation for continuous production
Elimination of final product inhibition

. pdvantages |

~ Disadvantages

Expensive membrane modules

/"//
Possible contamination in pumping system - i
Shear stress during transfer of biocatalysts |
Recovery of both dead and live cells

Figure 8: Advantages and disadvantages of cell recycling systems.

For continuous transfer of cells and permeate, a pumping system is required which will connect the
whole system, but such a situation makes the sterilization more frequent, making it costly. LAB can suffer from
loss of activity due to decrease flow and fouling in pumping system when a large scale LA production is
required. Thus, in such case, process optimization is essential. Frequently, in such systems genetically modified
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strains are used for LA production which decreases the cost of process. End product inhibition (caused by LA
when pH is low) can also be reduced here. Besides pH, microorganisms used, initial concentration of substrate
and substrate type greatly influence the overall productivity of process. This system makes the by-product

formation minimum, leading to few product purification steps and making the process cost-effective [21].
Simultaneous Saccharification and Fermentation (SSF)

Hydrolysing polysaccharides into simple saccharides so that the substrate can be used efficiently during
LA production is known as saccharification. As compared to old process, SSF provides a “single-step enzymatic
hydrolysis and fermentation”. This single-step reaction decreases the overall processing time [30]. The catalytic
reaction of cellulase can be inhibited by high concentration of glucose. So, simultaneous use of glucose can not
only avoid biocatalyst inhibition but can also prevent glucose elimination [6]. Reaction kinetics of a
microorganism must be well understood as different strains result in different productivities due to their ability
to consume glucose differently. In SSF, to achieve an ideal production value, glucose must be consumed more
rapidly so that it won’t be accumulated in the fermentation medium. If not, the substrate (e.g. xylose) won’t be
consumed ideally by microorganisms [43]. To decrease overall cost and to get high yield and concentrations of

LA, SSF is a promising approach [44].
Conclusion

Lactic acid having various applications had always been the focus of researchers and industrialists. To
meet the need of the consumer, conventional production methods are not enough, thus, technological
advancements to enhance the overall yield and making a product economically stable is the main goal. The

advancements discussed above can surely help in achieving the above-mentioned goals.
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