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Introduction

** Micro-organisms are used extensively to provide a vast
range of products and services. They have proved to be
particularly useful because of the ease of their mass
cultivation, speed of growth, use of cheap substrates
(which in many cases are wastes) and the diversity of
potential products. Their ability to readily undergo genetic
manipulation has also opened up almost limitless further
possibilities for new products and services from the
fermentation and food industries.

*»» Before applying the techniques of biotechnology (genetic
modification) on microbes for food production there are
necessary steps or strategies that most be employed; one
of which is the isolation of suitable microorganism from the
environment.



1. Isolation of suitable microorganisms from the environment:

+» Strategies that are adopted for the isolation of a suitable industrial
microorganism from the environment can be divided into two
types, ‘shotgun’ and objective approaches.

** Shotgun approach: In the shotgun approach, samples of free living
microorganisms, biofilms or other microbial communities are
collected from animal and plant material, soil, sewage, water and
waste streams, and particularly from unusual man-made and
natural habitats. These isolates are then screened for desirable
traits.
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** The objective approach: Involves sampling from specific sites where
organisms with the desired characteristics are considered to be
likely components of the natural microflora. For example, when
attempting to isolate an organism for bread production a specific
sites that are known to be the natural microflora for this organism
will be sampled e.g. palmwine



**Once the samples have been collected a major
problem is deciding on the growth media and
cultivation conditions that should be used to isolate
the target microorganisms. An initial step is often to
kill or repress the proliferation of common organisms
and encourage the growth of rare ones (Enrichment
cultures). This encourages the growth of those
organisms with the desired traits and increases the
guantity of these target organisms, prior to isolation
and screening

s After isolation, subsequent isolation to obtain pure
will be done on solid growth media

** Once isolated as pure cultures, each must be screened
for the desired property; production of a specific
enzyme, inhibitory compound, stability and, where
necessary, non-toxicity



2. Culture collections

Microbial culture collections provide a rich source of microorganisms that are of past,
present and potential future interest. There are almost 500 culture collections around the
world; most of these are small, specialized collections that supply cultures or other related
services only by special agreement. Others, notably national collections, publish catalogues
listing the organisms held and provide extensive services for industrial and academic
organizations (Table

The prime functions of a culture collection are:

+* To maintain the existing collection,

¢ to continue to collect new strains and to provide pure, authenticated culture samples of
each organism.

Advantages
1. Prevent rigorous process of isolation and characterization
2. Use of microorganisms selected from a culture collection obviously provides

significant cost savings compared with environmental isolation and has the advantage
that some characterization of the microorganism will have already been performed.

However, the disadvantage is that competitors have access to the same microorganism.
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In most cases, regulatory considerations are of major importance
when choosing microorganisms for industrial use.

Food or fermentation industries often prefer to use established
GRAS (generally regarded as safe) microorganisms (Table 1),
particularly for the manufacture of food products and ingredients.

This is because requirements for process and product approval
using a ‘new’ microorganism are more stringent and associated
costs are much higher.

Where pathogens and some genetically manipulated
microorganisms (GMMs) are used as the producer organism,
additional safety measures must be taken.

¢ Special containment facilities are employed and it may be possible

to use modified (‘crippled’) strains that cannot exist outside the
fermenter environment



Table 1:Examples of microorganisms classified as GRAS
(generally regarded as safe)

Bacteria Yeasts Filamentous fungi
Bacillus subtilis Candida utilis Aspergillus niger
Lactobacillus Kluyveromyces Aspergillus oryzae
bulgaricus marxianus Mucor javanicus
Lactococcus lactis Kluyveromyces lactis (Mucor circinelloides
Leuconostoc oenos Saccharomyces f. circinelloides)

cerevisiae Penicillium roqueforti




Irrespective of the origins of an industrial microorganism, it should ideally

exhibit:

1. Genetic stability;

2. Efficient production of the target product, whose route of biosynthesis
should preferably be well characterized;

3. limited or no need for vitamins and additional growth factors;

4. utilization of a wide range of low-cost and readily available carbon
sources;

5. amenability to genetic manipulation;

6. safety, non-pathogenicity and should not produce toxic agents, unless
this is the target product;

7. ready harvesting from the fermentation;

8. ready breakage, if the target product is intracellular;

9. production of limited by-products to ease subsequent purification
problems.

10. Also, particularly for cells grown in suspension, they should grow well in
conventional bioreactors to avoid the necessity to develop alternative
systems.

11. Consequently, they should not be shear sensitive, or generate excessive

foam, nor be prone to attachment to surfaces.



APPLICATION OF BIOTECHNOLOGY TO FOOD PRODUCT: GENETIC MODIFICATION OF
MICROORGANISMS FOR FOOD PRODUCTION

Before the advent of biotechnology and its applications, selected
microbial strain for food production is been improved by optimization
which involve the culture conditions, enlargement of fermentation
vessels and natural recombination etc.; but now strains are improved
through genetic modification.

Genetic Manipulation of Microorganisms

** Genetic manipulations are used to produce microorganisms with
new and desirable characteristics.

¢ It is a vital part of process development in most fermentation or
food industries.

** It provides a means by which production costs can be reduced
through increases in productivity or reduction of manufacturing
costs.



N

Mutagenesis
Protoplast Fusion
Insertion of Short DNA Sequences

Genetic engineering/ Recombination DNA
technology



¢ Protoplast Fusion

O This is now widely used with yeasts and molds. Most of these microorganisms are
asexual or of a single mating type, which decreases the chance of random
mutations that could lead to strain degeneration.

L To carry out genetic studies with these microorganisms, protoplasts are prepared
by growing the cells in an isotonic solution while treating them with enzymes,
including cellulase and beta-galacturonidase.

L The protoplasts are then regenerated using osmotic stabilizers such as sucrose.
After regeneration of the cell wall, the new protoplasm fusion product can be used
in further studies.

O If fusion occurs to form hybrids, desired recombinants are identified by means of
selective plating techniques.

O A major advantage of the protoplast fusion technique is that protoplasts of
different microbial species can be fused, even if they are not closely linked
taxonomically.

O For example, protoplast of Penicillium roquefortii has been fused with those of P.
chrysogenum.



+* Insertion of Short DNA Sequences

O Short lengths of chemically synthesized DNA sequences can be
inserted into recipient microorganisms by the process of site
directed mutagenesis.

[ This can create small genetic alterations leading to a change of one
or several amino acids in the target protein.

[ Such minor amino acid changes have been found to lead, in many
cases, to unexpected changes in protein characteristics, and have
resulted in new products such as more environmentally resistant
enzymes and enzymes that can catalyse desired reactions.

d These approaches are part of the field of protein engineering



RECOMBINANT DNA TECHNIQUES

* This involves the transferof genesfor the synthesisof a specific
productfrom one organisminto another,giving the recipientvaried

capabilities
*» DNA technologycanbe accomplishedanly if we havethekey tools,
l.e., S
=restriction enzymes, Enzyme  Source  Cutting sequence
l
=polymerase enzymes, EcoR | Escherichia G AATT C
: coli C TTAATG
=ligases, {
Pst | Providencia -
=vectors and L é TTAGCCGA% ccs
=the host organism. T
Taq | Thermus T CG A
aquaticus A GCTT

ssEachrestriction endonuclease recognizes a specific palindromic
nucleotide sequences in the DNA.

**Thepalindrome in DNA is a sequence of base pairs that reads same on
the two strands when orientation of reading is kepséme
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% Restriction endonucleasesare used in genetic
engineeringto form 6 r e ¢ o mbmolecales bf 6
DNA, which are composedof DNA from different

sources/genomes
< When cut by the same restriction enzyme, the ARSI e
resultant DNA fragments have the same kind of atrands at the same sle "G and Aoy v e
0 s t -ilemkksdahesecanbejoinedtogether(end v Forn DN
to-end)usingDNA ligases SISO = 2 1.0 0%
M(Ti__
- Sticky end
- - AN/ \\"GEEERNRLLLIYZ,\"/,\
The cutting of DNA by restrictionendonuclease®sults Sticky end
. DNA fragments join at sticky ends
in | |
< Thefragmentatiorof DNA. WW
0:0 These fragmentscan be Separatedoy a teChnique Recombinant DNA
known asgel electrophoreSIS eSrt;}p::];rj éc():x(;r[l;lation of recombinant DNA by action of restriction en

% The separatecbandsof DNA are cut out from the
agarosegel and extractedfrom the gel piece This
stepis knownaselution



The DNA fragmentspurified in this way areusedin constructingrecombinanDNA by joining
themwith cloningvectors

After therecombinanDNA hasbeenformedit mustbeintroduceda bacterialcell.

In order to force bacteriato take up the plasmid, the bacterial cells must first be made
0 c 0 mp BtalkeuptDRA.

This is doneby treatingthemwith a specificconcentratiorof a divalentcation,suchascalcium,
which increaseghe efficiency with which DNA entersthe bacteriumthroughporesin its cell
wall.

RecombinanDNA canthenbe forcedinto suchcells by incubatingthe cells with recombinant
DNA onice, followed by placingthembriefly at 42°C (heatshock),andthenputtingthemback
onice. Thisenableghebacteriato takeup therecombinanDNA.

SomeExamples

Q

The genedor antibiotic productioncanbe transferredo a microorganisnthat producesanother
antibiotic, or evento a non-antibioticproducing microorganism For example,the genesfor
synthesis of bialophos (an antibiotic herbicide) were transferred from Streptomyces
hygroscopicuso S lividans.

Other examplesare the expressionn E. coli, of the enzymecreatininasdrom Pseudomonas
putidaandthe productionof pediocin abacteriocinin ayeastusedin wine fermentatiorfor the
purposeof controllingbacterialcontaminants



‘*Modification of Gene Expression

dIn additionto insertingnew genesn organismsit
IS also possibleto modify gene regulation by
changing gene transcription, fusing proteins,
creating hybrid promoters, and removing
feedbackegulationcontrols

dTheseapproachemakeit possibleto overproduce
awide variety of products
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The role of genetic manipulation of
microbes in food products
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preservation

nutritional value
functionality
organoleptic properties

Uniqueness
Increased economic value
Improve production efficiency

Minimize the purification steps required
before the product is ready for use
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What is bioconversion

A Bioconversion is the conversion of organic materials, such as plant
or animal waste, into usable products or energy sources by
biological processes or agents, such as certain microorganisms or

enzymes.

How to use the biomass?
1.Convert to useful products.
2.Convert to energy.

What method can we use?
A Physically?

A Chemically?

A Biologically?



Physical Method
a. Mechanical processes; pelletization of wood waste, paddy straw.
b. Extraction process

Thermo chemical methods

/

** A process where heat is the dominant mechanism to convert biomass into
another chemical form

/

*» Three different classes of thermo chemical:

1. Combustion/burning

2. Gasification — convert carbonaceous materials into carbon monoxide & hydrogen
(syngas)

3.Liquefaction

Biological methods

‘0

% use of micro-organisms or their enzymes to break down biomass.

/

** The micro-organisms are used to perform the conversion process: anaerobic
digestion, fermentation and composting.

s The importance group of bacteria in bioconversion are:
1.Lactic acid bacteria

2.Acetic acid bacteria

3.Bacteria of alkaline fermentation



Products from bioconversion

1. Industrial chemicals (organic acids, acetic acids, gibberellic acids,
biopolymers)

2. Food additives (amino acids, nucleosides, vitamins, fats and oils)

3. Health care products (antibiotics, steroid, vaccines, monoclonal
antibodies)

4. Industrial enzymes (amylases, proteases, diastases).

5. Energy (Biofuels)

(a) Bioethanol — made from crops e.g sugarcane, corn, potato,
kenaf

(b) Biodiesel — made from oils/fats using transesterification
process

(c) Biogas (methane, CO2, N2) — produce by the biological
breakdown of organic matters in the absence of O:



B[O~ INTRODUCTION

What i1s Whey ?

s Whey,theyellow-greenliquid thatseparatefrom the
curdduringmanufacturef cheeseandcasein, -
or is theliquid remainingaftermilk hasbeencurdledandstrainec™ s,
It is consideredy thedairy industryto be a wasteby-product

* Wheyis generatedat a rate of 9kg/kg of cheeseor 6 kg/kg of cottage
cheesemanufacturecand 100 kg of whey is equivalentto the sewage
produceday 5 people

% It createssevereenvironmentaproblemsbecausef its high chemical
oxygendemand COD) andbiologicaloxygendemandBOD).

% The BOD is mainly dueto lactose,which is presentat concentration
between-5%.

< The cost1 effective disposalor utilization has becomeimportant for
dairyindustriesastheycontributehigh organicpollution load

< The most recentapproachfor whey utilization is ultrafiltration to
separat@roteinsfrom permeater deproteinateavhey (DPW).



Production of BD

To produce 2,3-butanediol , whey has to be obtain as a waste from the dairy
industry

The pH of whey will need to be adjusted to 7.0 using 1 N NaOH

The whey will then be pre-treated by steaming for 30 minutes to precipitate
protein.

Allowed to cooled, at 4°C and filtered through ordinary filter paper. The
filtrate known as deproteinated whey (DPW) is the right substrate for BD
production

Medium for Klebsiella oxytoca must contain MgS0Os, CaCl..6H20, 0.09;
FeS04.7H20, 0.0225; ZnS04.7H20, 0.0037; EDTA, 50.51; (NHa4)2SO04, 7.2;
(NH4)2HPOa4, 6.0; and KOH, 0.45.

Inoculation: DPW+ Klebsiella oxytoca inoculum.

Incubate the mixture with Agitation of 60 (fermentation)

After fermentation, samples should be centrifuged and analyzed for residual
sugar, BD, acetoin, acetic acid and ethanol.



Application Of 2,3-butanediol

Usedin the resolution of carbonyl compounds in gasomatography

Used as precursors for various chemical manufacturing
Flavouring agent

Antifreeze agents

Solvents

Liquid fuel additives

In cosmetiandustry
Octanesomers that can be used to produce {ggide aviation fuel
Printing inks

Perfumes

Fumigants

Moistening and softening agents
Explosives and plasticizes, and
As a carrier for pharmaceuticals
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ALGINATE FROM WHEY

Alginates used for commercial purposes were produced from
harvesting of brown seaweeds.

However, considering the quality of bacteria alginate and the
environmental impact associated with seaweed harvesting and
processing, it is more probable that bacterial alginate may become
commercial product

Several bacteria specially Pseudomonas spp. and Azotobacter spp.
can synthesize alginate. The species Azotobacter, Chroococcum and
A. vinelandii seems to be the best candidate for the industrial
production of alginate molecules.

It is used mainly in food industry, for example, in ice-creams, frozen
custards, as well as cream cake mixtures and in beer manufacture
to enhance the foam and fruit drinks to assist the suspension of
fruit pulp, which makes the product more appealing to the
consumer .



“*Molasses are by product of cane sugar or beet
sugar production

It is a dark black and viscous liquid containing
mainly carbohydrate (sucrose) and trace
amount of vitamins and nitrogenous

substance z




Bioconversion of molasses to xanthan gum

Samples: sugar molasses, Wheat bran, Rice Bran, Whey can be converted to
Xanthan-industrial gum

Steps:

+* Sample collection: Molasses, Culture (pure culture X. campestris)
+* Enrichment of culture using potato Dextrose Broth

s Medium preparation

+» Addition of molasses into Garcia —Ochoa production medium (100 ml) and
G.Pace medium.

Fermentation process

¢ Inoculate a loopful of cultures into 25 ml sterile PD broth .Keep it on shaker
at R.T.at 112 rpm for 5-6 . After 5-6 hrs,

s take 10 ml of inoculum of into sterile Garcia-Ochoa production medium and
G.Pace medium containing molasses under aseptic conditions.

s Kept the flasks on the rotatory shakers at 112 rpm for three days.



Recovery of Xanthan Gum

*¢* The broth obtained after 72hrs. of fermentation will be
centrifuged at 6000 rpm for 20 minutes.

** Then use the supernatant to precipitate the xanthan
gum by adding 0.01 gm CaCl2 powder and 20 ml IPA drop
wise with constant mixing in order to precipitate
xanthan.

** The pellet obtained will be resuspended in distilled
water and centrifuged at 4000 rpm for 10 minutes.

¢ The pellet thus obtained should be transferred to a pre-
weighed aluminium foil cup and dried in oven for 3-4 hrs
at 60°C.



The use of other waste i.e. wheat bran and Rice Husk

¢ First weigh 500 gm of wheat bran or Rice Husk, ground both wastes
separately in Mixer grinder. Soak in water overnight.

¢ Boil wastes separately in beaker for 30 minutes.
s After cooling, removed solid part manually.
¢ Then remove by filtration through suction pump.

¢ The filtrate of solubilized waste can be incorporated into the
culture medium as a carbon source.



Tablel:

Main industrial applications of xanthan gum

Application

Concentration (% w/w) Functionality

Salad dressings

Dry mixes
Syrups, toppings, relishes,

sauces
Beverages (fruit and non-fat

dry milk)
Baked goods

Frozen foods

Pharmaceuticals (creams and
suspensions)

Cosmetic (denture cleaners,
shampoos, lotions)

0.1+0.5

0.05+0.2

0.05+0.2

0.05+0.2

01+04

0.05+0.2

01+1

0.2+1

Emulsion stabilizer; suspending agent,
dispersant

Eases dispersion in hot or cold water

Thickener; heat stability and uniform viscosity

Stabilizer; viscosity control of mix

Stabilizer; facilitates pumping

Improves freeze and thaw stability

Emulsion stabilizer; uniformity in dosage
formulations

Thickener and stabilizer




CITRIC ACID FROM MOLASSES

**CITRIC ACID is a weak organic acid CsHsO7 and
exists in trace amounts in a variety of citrus
fruits and some vegetables.

‘*Microorganism used : Aspergillus niger or
Candida sp. (yeast)

**Raw materials : Molasses



¢ Factor influence citric acid production using submerged
culture method.

** sensitive to iron. Medium used must be iron-deficient.
Fermentor must be stainless steel to prevent leaching of
iron from fermentor wall

s Oxygen supply
¢ pH should maintain below 2.0. At higher values, A.niger
accumulates gluconic acid rather than citrate.

Usage :

¢ - to add an acidic or sour taste to foods and soft drinks.
¢ - general additive in the confectionery industry.

** - pharmaceutical industries



A OTHER FOOD WASTE like:

ASugarcane bagasse, Rice husk, Potato, Yam,
Plantain peels etc., can be converted to
bioethanol; used vegetable oil, can be
converted to biodiesel




Bioethanol production

Substrate: cellulose containing biomasse.g. coconut husk,
rice hust,Sugarcandagassesice husk,rice bran,grasses

Productionsteps.
1. biomassharvestedmill to reduceparticlesize

2. biomasspretreatmentwith heator chemicals(NaOH
HCL).

3. Hydrolysis (cellulolysig of cellulose with enzyme | = Cellulose
(Cellulase, or fungus Trichoderma reesei is used |
by logen Corporationto secrete"specially engineered
enzymes'to producesugar

Amorphous{ YA

4, Fermentation of sugar with yeast (Saccharomyces Rregion
cerevisia¢, Zymomonas mobilis or Zymomonas .
mobilisandEscherichiacoli C’Y""’"““‘{

e
} V-

Region
sugar + yeast ethanol+ carbon dioxide CH,,O; + yeast

emicellulose

or Starch Mosier et al. 2004

5. Distillation: After fermentation,the fermentedliquor is
transferredto a distillation processwhere the ethanol is
separatedrom theremainingstillage (residuenonfermentable
solidsandwatey).

A Dehydration by molecular sieves to bring the ethanol
concentration to over 99.5%



Milling

Milling of sugarcane stems

Fermentation

Conversion of sugars into alcohol
Production of ethanol at 8-10% m/m

Distillation

Separation of alcohol and stillage
Production of hydrated ethanol at 95% m/m

Dehydration

Alcohol rectification




¢ Gasification process does not rely on chemical
decomposition of the cellulose chain (cellulolysis). Instead
of breaking the cellulose into sugar molecules, the carbon

in the raw material is converted into synthesis gas, using
what amounts to partial combustion.

** The carbon monoxide, carbon dioxide and hydrogen may
then be fed into a special kind of fermenter. Instead of
sugar fermentation  with  yeast, this  process
uses Clostridium ljungdahlii bacteria.

** This microorganism will ingest carbon monoxide, carbon
dioxide and hydrogen and produce ethanol and water.

¢ The process can thus be broken into three step



Uses of bioethanol

** Ethanol can be used as a biofuel for cars

*** 30% ethanol can be blended with petrol (called gasohol) and
used in ordinary car engines to reduce the use of fossil fuels

*¢* Ethanol as a Solvent

** It is a common solvent for perfumes



Biodiesel production

¢ Biodiesel is a light to dark yellow liquid.

** It is practically immiscible with water, has a high boiling point and
low vapor pressure.

+** Biodiesel is a renewable fuel made by chemically reacting lipids
(e.g., vegetable oil, animal fat, palm oil) with an alcohol

* It is safe, biodegradable and reduces air pollutants, such as
particulates, carbon monoxide and hydrocarbons.

7

** Blends of 20 percent biodiesel with 80 percent petroleum diesel
(B20) can generally be used in unmodified diesel engines.

7

** Biodiesel can also be used in its pure form (B100), but may
require certain engine modifications to avoid maintenance and
performance problems.



Production steps : biodiesel from used vegetable oil

1. Raw materials screening
A Remove impurities/dirts from raw materials

2. Purification
A Remove impurities from the oil (centrifuge)

3. transesterification
A Reaction of oil with methanol+ catalyst (NaOH, HCl,
A lipase)+heat. Will produce methyl ester and Glycerol

4. Purification

(a) Separation of methyl ester with glycerine.

A Glycerine more dense than methyl ester. So glycerine will settle at the bottom.
(b)Wash biodiesel with water to remove contaminants.

A Water is heavier than biodiesel and absorb excess methanol+NaOH

Note: in case of other production from seed OIil extraction:Extract oil by pressing or using solvent
extraction is required



Other products from waste

A 1. biodegradable plastics,
polyhydroxyalkanoates: from palm oil mill
effluent, Comamonas sp

Py
SE OH C HC ]
y
0 0 Catalyst OH 0
. _
%W +3[H3C DH] 5/ + 3, ::;
R
0 HO L O
T

F o

Trighceride Methanaol [ 3) Glycerol Methyl Esters (3)



Advantages of bioconversion

¢ Increase recycling -generate money from waste

** Generation of renewable energy —bioethanol, biodiesel, biogas ,
and reduce dependent on fossil fuel

o0

o0
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*

Reduce landfill effect - It saves space in landfills.
Offset to fossil fuel usage -expand energy freedom of choice.

4

L)

*

7

*%* Reduce carbon emission -reduce greenhouse gasses by using
bioenergy

** Remediate ecological disaster -Municipal solid wastes — is getting
out of control necessitating bigger landfills that are further away
from our urban centres. This excess waste contributes to land,
water, and air pollution



