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» Biotechnology, as the “use of living systems, organisms, or

parts of organisms to manipulate natural processes in order to
develop products, systems, or environments to benefit people”

¢ widely used In industry, agriculture and medicine

» It has the potential to improve efficiency of agriculture and
allow sustainable food production

» Food ingredients are produced by industrial fermentation of

micro-organisms
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v" The use of biotechnology in food production is not new
* It has been used for thousands of years

» The fermentation process in food biotechnology offers a method of
preservation
“* e.g. by producing acid
» Future biotechnology is promising:
v’'sustainable, affordable food supply and demand;
v'stability in food supplies;

v"achieving global access to food and ending hunger;

v'Reducing the impact of food production on the world’s

environmental systems.



> is the evolution of traditional agricultural techniques such as

crossbreeding and fermentation or;
¢ Is the application of technology to modify genes of animals,
plants, and microorganisms to create new species which have
production, marketing, or nutrition related properties

Food technology
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Scope of Food Biotechnology

» Food biotechnology employs the tools of modern genetics to:
v Enhance its profound positive impact on farming and food security

v'Reducing the use of pesticides, herbicides, insecticides, chemical
feltilizers,

v Improving farming efficiency
v"Reducing farmers production costs

v Enhance beneficial traits of plants, animals and microorganisms for
food production

v Involves adding or extracting select genes to achieve desired
traits.

v Advance methods that are currently used to improve many foods.

v Improving the nutritional taste & quality of food to attain
consumers demand

v’ Simplifying production of foods, allow more food to be produced
on less land, etc



* Has the potential to:
Reduce levels of natural toxins in plants

Provide simpler and faster ways to locate pathogens,
toxins and contaminants

Keep products fresher longer
|dentify ways to eliminate allergens from many foods

Increase food supply to support growing world population
and decreasing agricultural space

» Extended Shelf Life
» Efficient Food Processing

» Better Nutrient Composition
» Biopharming
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v’ Creating “Superbugs”
v Negative Effects on Human Health

v" Other Potential Problems with GE Foods:

Antibiotic resistance (significance needs to be determined)
Introduction of new proteins into foods (FDA seeks comments)
Plants used to make nonfood substances.

Special concerns with animal feeds.

Unintended “pleotropic” effects

Increases of known toxins, decreases in nutrients

Activation of dormant pathways, allergens
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Controversy over Biotech Foods:
Against ethical beliefs: regarding cloning.
GM crops : may bring out harmful effects
Food safety risk? ....unintended consequences
Safety risk for environment .....could spread
Genetically Engineered label ....... not requiredin U.S.A.
Playing God ........ not natural
Benefits multinational corporations not consumers, not developing nations
Not equivalent to non-GM
Labeling indicates process used
Consumer right to know and choose, Country’s right to know and choose



2. FERMENTATION TECHNOLOGY OF TRADITIONAL
ETHIOPIAN FOODS AND BEVERAGES

¢ Ethiopian traditional foods such as ripened cheeses, Wakalim, Borde,
Tela, Teji, pickles, yoghurt, beer, sauerkraut, and others

What is fermentation?

Substrate \
/ Process —— Products

Organism



v Homolactic acid fermentation and

. : _ Pathways of fermentation
v Heterolactic/Alcoholic fermentation

FERMENTED PRODUCTS - whose production involves the action of m/os or
enzymes which cause:

» Desirable biochemical changes and

» Significant modification to the food /substrate/

» Include: Fermented Foods, Organic acids, Antibiotics,
Vitamins, SCP, AA, Hormones, Enzymes, Nucleotides,

Polymers, etc.



FERMENTED FOODS

** Foods that have been subjected to the action of micro-organisms or enzymes,
in order to bring about a desirable change

+* Numerous food products owe their production and characteristics to the
fermentative activities of microorganisms

+* Fermented foods originated many thousands of years ago when presumably

micro-organism contaminated local foods
v Micro-organisms cause changes in the foods which:

» Help to preserve the food,

» Extend shelf-life considerably over that of the raw materials from
which they are made,

» Improve aroma and flavour characteristics,

» Increase its vitamin content or its digestibility compared to the

raw materials.



TRADITIONAL ETHIOPIAN FOODS AND BEVERAGES

@ Microorganisms have long played a major role in the

production of food and beverages

@ As Food directly(Mushrooms, yeasts ,cyanobacterium),
SCP or indirectly fermented of d/t food stuff and their

enzyme (to improve nutritional value of food)

@ Production of beverages including beers, wines and

distilled spirits



1. 'INJERA' FERMENTATION
» Teff, microorganisms (molds, Enterobacteriaceae, aerobic mesophilic bacteria
and the dominant yeasts).
2. 'KOCHO ' FERMENTATION
Ensete, Leuconostic mesenteriodes, Lactobacillus spp
3. ‘SILJO' FERMENTATION
Safflower extract and Faba bean flour, Lactobacillus acidophilus, L. plantarum
and L. delbrueki (initiator), Enterococcus, Bacillus, Lactococcus, Lactobacillus
and yeasts (dominate).
4. ‘AYIB' (COTTAGE CHEESE) FERMENTATION
Milk, Enterobacteriaceae, pseudomonas spp, Lactic acid bacteria and some yeasts
5. AWAZE FERMENTATION
Red pepper, garlic, ginger, Lactic acid bacteria found in high number and Bacillus

also dominant



FOOD BIOTEGHNOLOGY

3. BIOTECHNOLOGY IN PRODUCTION OF BEER
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Raw Materials for Brewing of beer

» Malted Barley ; Controlled sprovting and kilning of the grain.

» The purpose of malting is to develop amylases and proteases in the grain.

» To break down the carbohydrates and proteins in the grain to nourish the

germinated seedling

» Malted Grains provide the sugars that are fermented by yeast to produce

alcohol and CO2

» Malted grains are a major contributor to the flavor and aroma profiles of

beer.




Raw Materials for Brewing of beer

During malting, barley grains are cleaned/screened (Why)?

The grains are then steeped in water at 10-13°C but water are changed

approximately af [Z-fours intervals (Why)?
The grain absorbs water and increases in volume ultimately by about 4%.
Steeping takes two to three days.

The grains are then drained of the moisture and may be transferred to a

malting floor/revolving drum to germinate

The plant hormone gibberellic acid is sometimes added to the grains to shorten

germination time.



Raw Materials for Brewing of beer

* Production of enzymes is complete in four to five days of the growth of the

seedling;
% kilning, which consists of heating the ‘green’ malt in an aven.

% Subsequently the temperature of heating depends on the type of beer to be

produced.

% The darker Munich beers with a strong aroma drying takes up to 48 hours at
100 - H0°C.

* For beer of the Pilsener type the malt is pale and has no pronounced aroma and

kilning takes 20-24 hours at 80-30°C.

® At the end of malting, The rootlets are removed and used as cattle feed.



Raw Materials for Brewing of beer

Cleaning and milling of malt; the barley malt is cleaned of dirt and passed over

a magnet to remove pieces of metals, particularly iron.

The purpose of milling is to expose particles of the malt to the hydrolytic

effects of malt enzymes during the mashing process.
The finer the particles therefore the greater the extract from the malt.

Very fine particles hinder filtration and prolong it unduly.



Raw Materials for Brewing of beer

As a brewing cereal, barley has the following advantages;
Its husks are thick, difficult to crush and adhere to the kernel.
Thick husk is a protection against fungal attack during storage.

Gelatinization temperature (92-39°C ), lower than the optimum temperature

of a-amylase (70°C) as well as of B-amylase (6a2°C) of barley malt.

Barley grain contains very high amounts of beta-amylase



Hops are the spice of beer.

Its botanical name is Lupulus humulus

|t is a temperate climate crop and grows wild in northern parts of furope,

Asia and North America.
The female flower of the species is normally used in pellets

hops added is about amounts varying 0.4-4.0 g/liter.

 Resins which provide the precursors of the bitter principles in beer

Essential (volatile) oils which provide the hop aroma



The addition of hops has several effects:

Provide unhopped beer with the characteristic bitterness and pleasant aroma

of hops.

Hops have some anti-microbial effects against I‘!’-IS%%?:ia"y against beer sarcina

(Pediococus damnosus) and other beer spoiling bacteria.

The tannins in the hops help precipitate proteins during the boiling of the wort,

if not removed cause a haze (chill haze)

Provide colloidal stability and foam head retention of beer
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Brewer's yeasts

Yeast metabolizes the sugars from the grains and produces alcohol and CO2.

Yeast produces fermentation by-products such as gfenols and esters that

add significant flavor and aroma character to beer
Before being used, the packages are kept in cooled environment (2-4°C)

There are two main types of yeast, typically called ale and /ager




Brewer's yeasts

Ale Yeast; (Saccharomyces cerevisiae):

Generally prefers warmer temperatures and rises to the top of the vessel

during fermentation (15-23°C).
Also known as top-fermenting yeast.
Lager Yeast; (Saccharomyces uvarum/Saccharomyces carlsbergensis)

Generally prefers lower temperatures and settles to the bottom of the tank

during fermentation and maturation (4-12°C).

Also known as bottom-fermenting yeast.
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WATER

The mineral and ionic content and the pH of the water have profound effects

on the type of beer produced.

Example; nitrates slow down fermentation, while iron destroys the colloidal

stability of the beer.

It must be drinking water so the water supplied by the distribution network

can be used.

Are realized in order to lower down the quantity of calcivm carbonate and

magnesium, which can cause extreme hard water

Because of organoleptic reasons; not because of sanitary reasons .



The Brewing Process

The processes involved in the conversion of barley malt to beer may be divided into the following:
Malting

Cleaning and milling of the malt

Mashing

Mash operation

Wort boiling treatment

Fermentation

Storage or lagering

Packaging
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The Brewing Process

Milling - The first step of the process is crushing the malt. This breaks apart

the grains
Mashing- certain amount of water is mixed with crushed/milled malt
The mashing takes place in a closed insulated vessel called mash/kettle tun

This activates naturally occurring enzymes in the grain that convert the grain

starches into sugars, like maltose, that yeast can metabolize.

The agueous solution resulting from mashing is known as wort.



The Brewing Process

The progress of mashing is affected by a combination of femperature, pH, time,
and concentration of the wort. (how ?)

Temperature optima of alpha- and beta-amylases
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Lautering (Filtration)

e During Lautering the fermentable sugars are rinsed from the grains.

e As the sugary liquor from the mash, now called wort, is slowly drained from

the bottom of the mash tun

« spent grain is unloaded from the lauter tun and can be delivered to a stock-

breeder as they are valuable food for many animals (cow, pork, poultry).



Mash Tun

The mash fun 15 a vessel in which the milled matted barley 1s mixed with wafer

Lata L (thelachisa@gmail.com /
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These photos show the milled Malted barley
being mixed with Warm water.

The enzymes Convert the starch to maltose
and The proteins to amino acids creating
What is known as sweet wort.
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Lautering (filtering)

Lata L (thelachisa@gmail.com /
lata.lachisa@ju.edu.et)

The sweet wort

|s separted from

The spent barley

By a filtration step

Known as Lautering.

The Barley husks serve As
the primary Filtering
material.
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Mash Tun with used Mash

These are the spent malt that acted as a filtering bed for the sweet wort.
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Scraping out the used mash
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Used mash heading towards feedlot
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Wort boiling

v" The wort is boiled for 1-1’2 hours in a brew kettle (or copper) which used to be
made of copper
v’ Haps are also added, some befare and some at the end of the boiling.

v’ The purpose of boiling is as follows;
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Wort boiling

/¥ To concentrate the wort, which loses 9-8% of its volume by evaporation during
the baoiling

/¥ To sterilize the wort to reduce its microbial load before its introduction into the
Fermenter

/¥ To inactivate any enzymes so that no change occurs in the compaosition of the
wort.

/¥ To extract soluble materials from the hops, which not only aid in protein

remaval, but also in introducing the bitterness of hops.
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Wort bailing

> 1o develop color in the beer(oxidation of phenolic compounds, and reactions
between amino acids and reducing sugars).

> Remaoval of volatile compounds: volatile compounds such as fatty acids

> During boiling proteins and tannins are precipitated while the liquid is still
warm. Some more precipitation takes place when it has cooled to about a0°C.
> Trub is removed either with a centrifuge, or a whirlpool separator which is

now maore commaon.
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Wort baoiling

> The cooled wart is now ready for fermentation. It contains no enzymes but it
is a rich medium for fermentation,

> During the transfer to the fermentor the wort is oxygenated 77

> The cooled wort is pumped or allowed to flow by gravity into fermentation
tanks and yeast is inoculated /pitched

> During the boiling, agitation and circulation of the wart help increase the

amount of precipitation and flock farmation.
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KetHle(word botling)
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Top fermenfation

4 Yeast is pitched in at the rate of 0.15 to 0.30 kg/hl at a temperature of 15-16°C.
4 The temperature is allowed to rise gradually to 20°C over a period of about
three days.

¢ The entire primary fermentation takes about six days.

4 Yeasts float to the top during this period, they are scooped off and used for

future pitching.
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Top fermentition

v They are treated in casks or bottles in various ways.

v Itis ‘primed’ to improve its taste and appearance by the addition of a small
amount of sugar

v’ The yeasts grow in the sugar and carbonate the beer.

v’ It is stored for seven days or less at about 13°C.

v’ beer is ‘fined' by the addition of isinglass(precipitates yeast cells, tannins and
protein-tannin complexes)

v’ Ihe beer is transferred to pressure tanks from where it is distributed to
cans, bottles and other containers.

v’ The filled and crowned bottles are passed through a pasteurizer, set to heat

the bittles at BO°C for half hour.



Bofom fermenttion

> Wort is inoculated to the tune of 7-15 x 106 yeast cells per ml of wort.

> Yeast is pitched in at 6-10°C and is allowed to rise to 10-12°C, which takes
some three to four days

> ltis cooled to about a°C at the end of the fermentation.

»[L02 is released begins to collapse after four to five days as the yeasts begin
to settle.

> The total fermentation period may last from 7-12 days



Bottom fermenticrtion

v'|agering: At the end of the primary fermentation above, the beer, known as

‘green’ beer, is harsh and bitter.

v’ The green beer is stored in closed vats at a low temperature (around 0°C),

for six months

v" To mature and make it ready for drinking

v’ Yeasts are sometimes added to induce this secondary fermentation

v’ The secondary fermentation saturates the beer with COZ

v Any tannins, proteins, and hop resins still left are precipitated during the

Lagering period.
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Bottom fermenticrtion

v
v'To reduce Lagering time, beer is stored at high temperature (14°C) to drive off

volatile compounds

v’ The beer is then chilled at - 2°C to remove chill haze materials, and thereafter
it is carbonated artificially

v’ In this way lagering could be reduced from 2 months to 10 days.

v’ Lagering gives the beer its final desirable organoleptic qualities

v’ The beer is filtered through membrane filters to remove these.

v’ The filled and crowned bottles are passed through a pasteurizer, set to heat

the bottles at BO°C for half hour.
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Fermenfition Tanks
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Adding yeast o the fermenter
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Blow-0ff hoses on fermenfition fanks

Fermentation produces both ethanol and carbon dioxide. The carbon

Dioxide is allowed to vent out through these blow-off hoses whose ends

Are immersed in a tank of water, producing an air-lock and preventing
4/,:9xygen from entering the fermentationitarks..com/
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Cleaning fermantietion fanks

Cleanliness is critical in producing
Quality beer. Microbial
contamination Can result in off
flavors and aromas.

£ -
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storing of the malt and raw material

l

weighing and milling of the malt
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water
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FOOD BIOTECHNOLOGY

4. BIOTECHNOLOGY IN DAIRY INDUSTRY

Applications of enzymes In dairy industry




Milk

® Milk is the fluid from the mammary glands of animals.
® |tisacomplex liquid consisting of several hundred components;

® The most important are proteins, lactose, fat, minerals, enzymes,

and vitamins

¥ When fat is removed from milk such as during butter making, the

remnant is skim milk.

¥ On the other hand, when casein is removed such as during

cheese manufacture, the remnant is known as whey.

» Whey is high in lactose and its disposal sometimes poses some

problem




Milk
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Cheese

Cheese is a highly proteinaceous food made from the milk of

herbivores.

The scientific study and manipulation of milk for cheese

manufacture is however just over a hundred years old.

Cheese made from the milk of goat and sheep has a much

stronger flavor than that made from cow’s milk.

This is because the fat in goat and sheep milk contain much lower
amounts of the lower fatty acids, caproic, capryllic, and capric

acids.

These acids confer a sharp taste



Stages in the manufacture of cheese

¥ The manufacture of all the types of cheeses include all or some of

the following processes:

¥ Standardization of milk: The quality of the milk has a decided

effect on the nature of cheese.

¥ In the US, pasteurization (HTST) must be given to milk, example

cottage or cream cheese.

¥ For others the milk need not be pasteurized. but must be stored at

for at least 60 days at 2°C.
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Stages in the manufacture of cheese

Inoculation of pure cultures of LAB as starter cultures

The choice of starter depends on the type of cheese being

produced.

The temperature of scalding/ cooking, of the curd is an important

consideration.

For cheese prepared at temperatures less than 40°C strains of

Lactococcus lactis are used. (mesophilic starters)

For those prepared at higher temperatures (45 - 55 °C), the more
thermophilic Streptococcus thermophilus, Lactobacillus bulgaricus

and Lact. helveticus are usedsiciseemai.con/ .
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Stages in the manufacture of cheese

Production of Cheddar cheese

If pasteurised — cool to 30 °C

322

gradual increase in
temperature

39-40 °C

2.5-3.0% salt
16-24 hours

7-12 °C, 4-12 months

4/25/2020

Milk

.

Coagulum Formation

.

Curd Cutting

.

Scalding

.

Stirring

; Whey removal

Addition of starter
and rennet

pH 5.0-52

Texturing

.

Milling

.

Dry salted

.

Pressing

:

Ripening
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Stages in the manufacture of cheese

Lactic acid has the following effects/significance:
It provides a favourably low pH for the action of rennin the
enzyme which forms the curd from casein in other types of

cheeses.

The low pH eliminates proteolytic and other undesirable

bacteria.

Metabolic products from the LAB such as ketones, esters and

aldehydes contribute to the flavor of the cheese.

Lata L (thelachisa@gmail.com /
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Problems of lactic acid bacteria in cheese-making;

Attack by bacteriophages

Inhibition by penicillin and other antibiotics

Undesirable strains

Sterilant and detergent residues

Lata L (thelachisa@gmail.com /
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Stages in the manufacture of cheese

Adding of rennet for coagulum formation

The classical material used in the formation of the coagulum is ‘rennet’ which
is derived from the fourth stomach, a bomasum or vell of freshly slaughtered

milk-fed calves.

Rennet is produced by soaking air-dried vells under acid conditions with 12-

20% salt.

Extracts from young calves contain 94% rennin and 6% pepsin and from older

cows, 40% rennin and 60% pepsin.
Rennin (chymosin) is the enzyme responsible for the coagulation of the milk.

The enzymes used in cheese making are now obtained from microorganisms,
mainly fungi.

Lata L (thelachisa@gmail.com /
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Some commercial microbial rennet and their microbial sources

Commercial Rennet Microbial source
Harmilase Muicor miehei
Rermilase Maicor michei
Fromase Maicor michei
Emposase Mucor pusillus
Meito Mucor pusillus
Suparen Endothin parasitica
Surd curd Endothin parasitica
Mikrozyme Bacillus subtilis

4/25/2020
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Shrinkage of the curd

® The removal of whey and further shrinkage of the curd is greatly

facilitated by heating

® Cutting it into smaller pieces, applying some pressure on it and

lowering the pH.
® Expulsion of whey and contraction of curd

® Acid produced by the lactic starters introduce elasticity in the

curd, a property desirable in the final qualities of cheese.
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Salting of the curd and pressing into shape

® Saltis added to most cheese varieties at some stage in their
manufacture.

® |n the manufacture of Cheddar, salt is added to the milled curd
before pressing

® Gouda and Camembert, the moulded cheese isimmersed in
concentrated brine.

e Saltis important not only for the taste, but it also contributes to
moisture and acidity control.

® Most importantly however it helps limit the growth of proteolytic
bacteria which are undesirable.

® The curd is pressed into shape before being allowed to mature.

Lata L (thelachisa@gmail.com /
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Cheese ripening

® The ripening or maturing: which converts the brittle white curd or

raw cheese to the final full-flavored cheese.

® Blue-veined cheese Roqueforti, Gorgonzola, Stilton, conferred by

Penicillium roquefort

® Swiss cheese, with its characteristic flavor and holes produced by

the fermentation products and gases from Propionibacterium spp.

® Yeasts, micrococci, and Brevibacterium linens impart the

characteristic flavor of Limburger cheese.

Lata L (thelachisa@gmail.com /
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Ripening conditions vary with cheese variety.

Soft, high-moisture cheeses are ripened for relatively short
periods, whereas hard, strongly flavoured cheeses may ripen for

more than a year.

Temperature also varies, Cheddar is normally ripened at

approximately 10 °C.

Blue-veined cheeses are made to have an open texture so that
sufficient oxygen is present in the cheese to allow the growth of

P. roquefortii throughout



Strain improvement

Metabolic engineering of lactic acid bacteria

Lactococcus lactis is a well-characterized bacterium on the level

of physiology and especially, molecular biology.

This opens the way for application of genetically modified L. lactis

strains in the very near future.

The metabolism of L. lactis is relatively simple with energy

metabolism centered on rapid conversion of sugar into lactic acid
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Recently a very efficient and tightly-controlled expression system
was discovered in L. lactis, involving the production of the

antimicrobial peptide nisin.

S. thermophilus, with a smaller genome size than L. lactis,
appears to have an even more limited metabolic capacity than L.

lactis.

However, its metabolism has not been studied in such detail as L.

lactis and its genetics are far less developed.

Gene expression system from L. lactis has been introduced
successfully in S. thermophilus.









FOOD BIOTECHNOLOGY

5. BIOTECHNOLOGY OF BAKING INDUSTRY

FERMENTED FOOD FROM WHEAT: BREAD
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Ingredients for Modern Bread-making
s Bread has been known to man for many centuries and excavations have revealed that

bakers' ovens were in use by the Babylonians, about 4,400 B.L.
% Bread is therefore a major food of the world.
3 The basic ingredients in bread-making are flour, water, salt, and yeasts.

% In modern bread making however a large number of other and additives

are used as knowledge of the baking process has grown.

% [hese components depend on the type of bread and regulations of operating

country.
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Ingredients for Modern Bread-making

= They include 'yeast food',

¥ sugar,

* milk,

¥ eggs.

® shortening (fat) emulsifiers,

® anti-fungal agents,

* anti-oxidants,

¥ enzymes,

® flavouring, and enriching ingredients.

® The ingredients are mixed together to form dough which is then baked.
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Ingredients for Modern Bread-making

@ FHour is the chief ingredient of bread and is produced by milling the grains of wheat

various species and varieties of which are known.

@  For flour production most countries use A few countries use

@ The chief constituents of flour are starch (70%), protein (7-12%). sugar (1%) and
lipids (1%).

@  Four proteins are of two types;
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Ingredients for Modern Bread-making
The first types account about 15% of the total, are soluble in water and dilute salt
solutions and is non-dough forming.
|t consists of albumins, globulins, peptides, amino acids, and enzymes.

The remaining 8% are insoluble in aqueous media and are responsible for dough

formation.
They are collectively known as gluten. It also contains lipids.

Gluten has the unique property of forming an elastic structure when moistened

with water.
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Ingredients for Modern Bread-making

Gluten can be easily extracted, by adding enough water to flour and kneading it into

dough.

After allowing the dough to stand for an hour the starch can be washed off under a
running tap water leaving a tough, elastic, sticky and viscous material which is the

gluten.

|t forms the skeleton which holds the starch, yeasts, gases and other compaonents

of dough.

Gluten can be classified in to two based on alcohal solubility as( gladilins and

glutenins).

0. What is the difference between gladilins and glutenins?
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Hard wheat with a high content of protein (over [2%) are best for making bread
(Why?)

Soft wheat with low protein contents (3-11%) is best for making cakes.

Yeast:

The yeasts used for baking are strains of Saccharomyces cerevisiae.

The ideal properties of yeasts used in modern bakeries are as follows;
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Hard wheat with a high content of protein (over [2%) are best for making bread
soft wheat with low protein contents (3-11%) is best for making cakes.

Yeast;

The yeasts used for baking are strains of Saccharomyces cerevisiae

The ideal properties of yeasts used in modern bakeries are as follows;
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o Ability to grow rapidly at room temperature of about 20-25°C
o Ability to produce large amounts of L1, rather than slcofol in flour dough
 Lood keeping quality ie., ability to resist autolysis when stored at Z0°L;

o Ability to adapt rapidly to changing substrates such gs are available to the yeasts
during dough making.

 High invertase and other enzyme activity to fydrolyze sucrose to higher

glucofructans rapidly;
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Ability to grow and synthesize enzymes and coenzymes under the anaerobic

conditions of the dough.
Ability to resist the osmotic effect of salts and sugars in the dough

High competitiveness i.e., high yielding in terms of dry weight per unit of substrate

used.
Easy dispersability in water

The amount of yeasts used during baking depends on the flour type, the ingredients

used in the baking, and the system of baking used.
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Very strong flours (i.e., with high protein levels) require more yeast than softer

Ones.

High amount of components is inhibitory to yeasts e.g., sugar (over 2%), antifungal

agents and fat) usually require high yeast additions.

Baking systems which involve short periods for dough formation need mare yeast

than others.

In general however yeast amounts vary from 2-2.7a% (and exceptionally to 3.0%)

of flour weight.

The roles of yeasts in bread-making are leavening, flavor development and

increased intuitiveness.



Sugar;

Significance of Sugar

To provide carbon nourishment for the yeasts additional to the amount available in

f Ingredients for Modern Bread-making
our sugar.

To sweeten the bread

To atford more rapid browning (through sugar caramelization) of the crust and

hence greater moisture retention within the bread.
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Shortening (Fat)

Animal and vegetable fats are added as shortenings in bread-making at about 3%

(w/w) of flour in order to yield.

Increased loaf size

A more tender crumb and enhanced slicing properties

Butter is used only in the most expensive breads; lard (fat from pork) may be used

Vegetable fats especially soy bean oil, because of its most assured supply is now

commeon.
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Emulsifiers (Surfactants)

Emulsifiers are used in conjunction with shortening and ensure a better distribution

of the latter in the dough.
Emulsifiers contain a fatty acid, palmitic, or stearic acid

Which is bound to one or more poly functional molecules with carboxylic, hydroxyl,

and/or amino groups
Emulsifiers are added as 0.0% flour weight.

Commonly used surfactants include: calcium stearyl- 2-lactylate, lactylic stearate,

sodium stearyl fumarate.
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o Milk
 Milk to be used in bread-making must be heated to high temperatures before being

dried

signiicance of milk Ingredients for Modern Bread-making

 To make the bread more nutritious
 To help improve the crust color
« The milk substitutes are added in the ratio of |-Z parts per |00 parts of flour

o Skim milk and various components including whey, buttermilk solids, sodium or

potassium caseinate, soy flour and/or corn flour are used
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o Salt

About 2% sodium chloride is usually added to bread. |t serves for the following

puUrposes

It imaraves tastz Ingredients for Modern Bread-making

It stabilizes yeast fermentation

As a toughening effect on gluten

Helps retard proteolytic activity, which may be related to its effect on gluten
It participates in the ljpid binding of dough.

Salt is preferably added at (later stages of dough or at the early stages of baking)

Lata L (thelachisa@gmail.com /

4/25/202
/25/2020 lata.lachisa@ju.edu.et)

87



« Water

 Water is needed to form gluten, to permit swelling of the starch, and to provide a

medjum for the various reactions that take place in dough formation.

 Water is not softened for bread-making because, as has been seen, calcium is even

added

Water with high sulphide content is undesirable because gluten is softened by the

sulthydryl groups.



Enzymes

sufficient amylolytic enzymes must be present during bread-making to breakdown the

starch in flour into fermentable sugars.

FHour is supplemented during the milling of the wheat with malted barley or wheat to

provide this enzyme.
Fungal or bacterial amylase preparations may be added during dough mixing.

Bacterial amylase from Bacillus subtilis is particularly useful because it is heat-

stable and partly survives the baking process.

Protealytic enzymes from Aspergillus oryzae are used in dough making, particularly

in flours with excessively high protein contents



* Muold-inhibitors (antimycotics) and enriching additives

o The spoilage of bread is caused mainly by the fungi #izapus, Mucor, Aspergillus and

Penicillium
* The chief antimycotic agent added to bread is calcium propionate.

o [lthers used to a much lesser extent are sodium diacetate, vinegar, mono-calcium

phosphate, and lactic acid.

 Breadis also often enriched with various vitamins and minerals including thiamin,

riboflavin, niacin and iron.
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Systems of Bread-making
* |arge-scale bread-making is mechanized.

 The processes of yeast-leavened bread-making may be divided into:
& Pre-fermentation (or sponge mixing):

& A portion of the ingredients is mixed with yeast and with or without flour to

produce an inoculum.
& Dough mixing:

& [he balance of the ingredients is mixed together with the inoculums to form the

dough.



@ Cutting and rounding:
@ The dough formed abaove is cut into specific weights and rounded by machines.
@ First (intermediate) proofing:

@ The dough is allowed to rest for about 43 mimutes at about Z7°C. This is done in

equipment known as an overhead proofer
@ Molding:

@ The dough is flattened to a sheet and then molded into a spherical body and placed in

a baking pan which will confer shape to the loaf.



Second proofing:

This consists of holding the dough for about / Aourat 55-4.5°C and in an
atmosphere of high humidity (83-3a°C).

Baking: Systems of Bread-making

During baking the prooted dough still in the final pan is transferred to the oven

where it is subjected to an average temperature of 215-225°C for 17-23 minutes
Cooling and wrapping:

The bread is depanned, cool to 4-2°C and wrapped in waxed paper, or plastic bags.



The Three Basic Systems of Bread-making

 There are three basic systems of baking.

o Ml three are essentially similar and ditter only in the presence or absence of a

pre-fermentation.

 Reading assignment how the three system differ from

each other?
o Sponge doughs
o [he liguid ferment system

o [he straight dough system
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Methods of Leavening:

Leavening /s the increase in the size of the dough induced by gases during

bread-making
Leavening may be brought about in a number of ways.

Air or carbon dioxide may be forced into the dough
ﬁule of yeasts in bread-making
Water vapar or steam which develops during baking has a leavening effect

Uxygen has been used for [eavening bread

Leavening by microorganisms, may be done by any facultative organism releasing

qas under anaerobic conditions
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Factors which effect the leavening action of yeasts

The nature of the sugar available

Osmotic pressure

Effect of nitrogen and other nutrients

Effect on fungal inhibitors (anti-mycotic agents)

Yeast concentration
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Baking

Bread is baked at a temperature of about 222"

As the baking progresses and temperature rises gas production rises and various

events occur as below

At about 43°C the undamaged starch granules begin to gelatinize and are attacked by

alpha-amylase, yielding fermentable sugars.
Between all and GO°C the yeast is killed.

At about B3°C the beta-amylase is thermally inactivated

At about 78°C the fungal amylase is inactivated

Finally, the gluten is denatured and coagulates, stabilizing the shape and size of the

|af
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Strain improvement of baker's yeast

baker's yeast is responsible for dough leavening by GO, production from

tfermentable sugars
But also influences the taste and texture of bread and other bakery products.

Wheat flour is composed mainly of starch, but also of maltose, sucrose, glucose,

fructose and glucofructans.

Maltose is continuously released from starch during the baking process due to the

activity of crop amylases.

baker's yeast could be engineered to directly use starch, the major carbohydrate

in dough.
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« High tolerance to stresses caused by high sugar concentration (sweet
dough), drying and freezing (production of dried yeast and frozen dough,

respectively) is necessary.
Strain improvement of baker's yeast
e The production of baker's yeast itself is also an important industrial

branch
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FOOD BIOTECHNOLOGY _

= Secandary metabalites for food industry
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INTRODUCTION & —

B What is the d/ce b/n primary and secondary metabaolite? Examples...
Secondary metabaolites are organic molecules that are not involved in the

normal growth and development of an organism

Primary metabolites have a key role in survival of the species, playing an

active function in the photosynthesis and respiration

Examples: Primary metabolites, ethanol, lactic acid, and butanol and

amino-acids, enzymes and nucleic acids.

Secondary metabolites include antibiotics, pigments, toxins, pheromones,

enzyme inhibitors, pesticides, antitumor agents and growth promoters of

Lata L (thelachisa@gmail.com /
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. At w/c growth curve of bacteria does sec met produced?

secondary metabolites are frequently produced at highest levels during a

transition from active growth to stationary phase.

secondary metabaolism is produced in response to & restriction in

nutrients,

Secondary metabaolism appears to be restricted to some species of

plants and microorganisms

The ability to produce a particular secondary metabolite, especially in

industrially important strains is easily lost.(How ?)
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Treatment with Acridine dyes, exposure to high temperature or other

treatments known to induce plasmid loss

secondary metabolic products of microorganism are of immense

importance to humans.
They have a major effect on the health, nutrition, and economics of our
society.

Ditterent classes of these compounds are bioactive compound in several

medicinal, aromatic, colorant, and spice plants and/or functional
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CONT..~— —— ==

These compounds are an extremely diverse group of natural products

synthesized by plants, fungi, bacteria, algae, and animals.

Absence of secondary metabolites does not resu/t in immediate death

but rather in long-term impairment of the organism's survivability

A simple classification of secondary metabolites includes three main

groups:
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Gont.. e
A. Terpenes (such as plant volatiles, cardiac glycosides, carotenoids and

sterols)

@ Terpenoids are the largest and most diverse family of natural products,

ranging in structure from linear to polycyclic molecules

@ All terpenoids are synthesized through the condensation of isoprene

units

@ Examples; many flavor and aromatic molecules, such as menthal,

linalool, geraniol and caryophyllene
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Cont... — e
ﬁ.m compounds; *

Phenolic compounds are widely distributed in nature.

Their chemical structures may vary greatly, including simple phenals

such as hydrobenzoic acid derivatives and catechols

Long chain polymer with high molecular weight, such as catechol

melanins, lignins and condensed tannins.

Stilbenes and flavonoids are phenolic compounds with intermediate

molecular weight

Lata L (thelachisa@gmail.com /
4/25/2020 lata.lachisa@ju.edu.et ) 106



Cont... S — /

L. Mkaloids

Basic compounds synthesized by living organisms containing one or

more heterocyclic nitrogen atoms

Alkaloids constitute a very large group of secondary metabolites, with

mare than |2,000 substances isolated.

It seems alkaloid function in plants and animals is linked to defense

mechanisms.

Toxicity is a good weapon to inhibit the action of predators, like

i Lata L (thelachisa@gmail.com /
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Gont.. \\/
MS

Chemical compound produced by a microorganism

W/L inhibit growth, destroy bacteria and microorganisms in dilute

solutions.

Sir Alexander Fleming first discovered the antibiotic properties of the

mould Pemicillivm notatumin 1923 at 8t. Mary's hospital in London

He noticed that Pemicillium notatum destroyed Staphylococcus

bacterium in culture.

f What is the mechanism action of Penicillin on bacteria?
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Gont... ———, —
Lont...

/

A large number of antibiotics are produced by actimamycetes and in

particular Streptomyces.
They resemble a fungal mycelium in form, but have thinner filaments.

Actinomyces griseus was first isolated from soil this bacterium

produced a substance;

That killed many bacteria unattected by penicillin, including /uburculosis

bacillus.

The antibiotic was named streptomycin.
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Production of plant secondary metabolites by plant cell cult ‘A

- ¥ Biotechnology; Offers an opportunity to exploit the cell, tissue, organ or

entire organism by;

® [rowing them in vitro and to genetically manipulate them to get desired

compounds
® Plant cell cultures were first established in the |ate

® |n |33k that Ptizer Inc. filed the first patent for the production of

metabolites by cell cultures.

® larger quantities of visnagin and diosgenin were isolated from cell

eedtures than from thewhele plant.”




/ﬁsing pruductivitufmtim*yunetahulites by plantﬁ_tgllwl‘tﬁs

/

Currently; plant cell culture has direct commercial applications as well

as value in basic research of ce/l biology, genetics, and biochemistry.

In plants, most of the secondary metabolites are produced in

differentiated cells or organized tissues.

However, callus and cell suspension culture lack organ differentiation

and hence produce low yields of these biochemicals.

The yield of secondary metabolite by unditterentiated #isswe or cell

cultures can be increased by following technigues:-

Lata L (thelachisa@gmail.com /
4/25/2020 lata.lachisa@ju.edu.et ) 111



Increasing productivity of secondary metabolites by plant tures

Select proper cell line:

The heterogeneity within the cell population can be screened to select

lines capable of accumulating higher level of metabaolite.

Strain improvement begins with the choice of a parent plant with high
contents of the desired products for callus induction to obtain high-

producing cell lines.

In this method, a large population of cells is exposed to a #oxiz (or
cytataxic) inhibitor or environmental stress and only cells that are

able to resist the selection procedures will grow.
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wg productivity of-secondary metabolites by Wres

Medium manipulation:

Manipulation of the cu/ture environment must be effective in
increasing the product accumulation.

The constituents of culture medium like mutrients, phyto hormones also

the culture condition like femperature, /ight etrintluence the production

of metabaolites.

sugar levels , Nitrate levels, Arosphate levels, Growth regulators

For e.g. if sucrose concentration is increased from 3% to a%, the

production of rosamarinic acid is increased by five times.
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Increasing praductivity ry metabaolites by pl cultures

Elicitors:

Compounds that induce the production and accumulation of secondary metabalite in

plants are known as elicitors.

Elicitors produced within the plant cells include cell wall derived polysaccharides like

pectin, pectic acid, cellulose etc.

Elicitors of fungal, bacterial and yeast origin, polysaccharides, glycoproteins, inactivated

ENZymes etc...

These elicitors when added to medium in /ow concentration (all-2a0ng/1) enhance

metabolite production.
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wgrpruductivity of-secondary metabolites by pIaﬂx&lhﬁﬁres

Permeabilisation:

Secondary metabaolites produced in cell are blocked in the vacuole.

Cell permeabilization depends on the formation of pores in one or
more of the membrane systems of the plant cell

By manipulating the permeability of cell membrane, they can be elicited

out to media. How permeabilization applied?

Permeabilisation can be achieved by electric pulse, UV, pressure,

sonication, heat.

Even charcoal is added to medium to absorb secondary metabaolites.
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Increasing proaductivity of se metabolites by pla cultures

Immabilization:

Cell cultures encapsulated in a garose and Calcium alginate gels or

entrapped in membranes are called immaobilized plant cell culture.

These immobilized systems effectively increase the productivity of

secondary metabaolites in number of species.

Elicitors can also be added to these systems to stimulate secondary

metabolism.
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Food Additives from the Plant Cell Cultures
. T e e

? Food additives:

/

contribute to making /zodstufls palatable and attractive by enhancing or

improving their flavor, color, and texture.

Food technologies try to respond to these criteria especially with regard

to the texture, taste, and aroma of the foodstuft.

The need to have the same taste and aroma in order to suit the
consumer tastes makes it compulsory to use additional natural or

artificial aromas.
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The most valuable food additives that can be obtained from the plant cell

cultures are;

Food colorants (anthocyanins and betalaines),
Flavors (saffron and vanillin),

Sweeteners (steviosides),

Pungent food additives (capsaicin),

Anti-bacterial food preservatives (thiophene).
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/ e et

Aromas and Fragrances;
Natural aromas are a mixture of numerous compounds

Natural aromas are susceptible to the conservation processes of

foodstuffs, such as sterilization, pasteurization, freezing, etc.

Some aromas are altered by enzymatic or chemical reactions and

usually disappear it stored for a long period.

Artiticial aromas used to be manufactured from coa/ or o/l derivatives,

and they used to be added in very low concentrations.
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Aromas from the cell cultures have an advantage of a constant

compaosition and are independent on the season.

The characteristic aromas of cocoa and coffee have been produced by

cell cultures of //seobroms cacaoand Loffea arabica, respectively.
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Pigments;

The biotechnological methods used for producing natural food colorants consist of

growing higher plant cells.

Anthocyanins: are the large groups of water-soluble pigments responsible for

many of the bright colors in flowers and fruit.
They are commonly used in acidic solutions in order to impart a red color to

and

Crocin: the main pigment of £rocus sativus stigma is used extensively as yellow

food colorant. | _
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FOOD BIOTECANOLOGY

1. Improving food quality through
agricultural biotechnology



INTRODUCTION

> is the term used in crop improvement

through

« The biotechnology tools that are important for agricultural biotechnology

include:

« [onventional plant breeding

e Tissue culture and micro propagation
 Molecular breeding or marker assisted selection
* [ienetic engineering and GM crops

 Molecular Diagnostic Tools



Cont...

=>» The present and future focus is on continuing improvement of agronomic

traits such as;
=» yield and abiotic stress resistance
=>» biatic stress tolerance
=» improved nutrition and food functionality

=» plants as production factories for S and | products.



o The FAD estimates that 8al million people worldwide suffer from under

nutrition, of which insufficient protein in the diet.

« Most plants have a poor balance of essential amino acids relative to the

needs of animals and humans.

« The cereals (maize, wheat, rice etc.) tend to be low in lysine, whereas
lequmes (soybean, peas) are often deficient in the sulfur-rich amino

acids, methionine and cysteine.



e duccessful examples of improving amino acid balance to date include
high-lysine maize, canola and soybeans.

> free lysine is significantly increased in high-lysine maize by the
introduction of the dapA qene (cordapA) from Lorynebacterivm

glutamicum

> Lonsumption of foods made from these crops potentially can help to

prevent malnutrition in developing countries, especially among children.

> lenes that code for proteins containing elevated levels of the desired

amino acid was investigated on sweet potato.



& This was achieved by several investigators sweet potato modified with

an artificial storage protein (ASP-1) gene

4 These transgenic plants exhibited a two- and fivefold increase in the

total protein content in leaves and roots, respectively
< In order to increase the nutritional quality of cassava storage roots;

4 A synthetic ASPI gene encoding a storage protein rich in essential amino

acids (80%) was introduced into embryogenic suspensions of cassava
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Elimination of allergy causing substances

v’ tood allergy is a specific form of intolerance to a food or food component

that activates the immune system.

v" tood allergy is considered to affect 1-2% of the general population, and

up to 8% of children below three years of age.

v" Mlergic reactions to food may affect the skin, the gastrointestinal

tract and the respiratory system

v" In principle genetic modification provides an exciting opportunity to
manipulate the expression and/or sequences of plant proteins to reduce

or. eliminate their allergenicity.c.csowmaicon
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Cont...

*¢ In practice, this may be difficult to achieve for several reasaons.

s Many plant foods that result in severe allergic reactions contain multiple

allergenic proteins

¢ |t is certainly possible to remove at least some epitopes by protein

engineering, as demonstrated for the major cherry allergen

The major dietary allergens in rice grain are inhibitors of human a-

amylase

A final important consideration in removing allergens or epitopes is

thatthe effects must be permanert-without’any chance of reversal. .
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Availability of minerals
 Plant seeds are potentially important sources of minerals for nutrition of

numans and livestock

e But a high proportion of the minerals present are unavailable as they are

in the form of mixed salts of phytic acid.

e Thus, phytate accounts for over 70% of the total phosphorus as well as

substantial amounts of MgZ+, K+, Fea+, InZ+, CaZ+ and CuZ+.

 Phytates act as storage reserves in the seed and are degraded during

germination.

 Animals cannot digest phytate and consequently it is excreted,
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Availability of minerals

The excretion of phosphorus can lead to eutrophication of natural waters

adjacent to farmland

The low availability of calcium, iron and zinc in cereals and other plant

foods can also contribute to nutritional deficiency in humans

Genetic engineering can be used to digest the phytin and increase the

mineral availability in seeds, by expression of genes encoding phytase.

Genes from Aspergillus species have been used for this as they express

extracellular phytase enzymes and have been produced commercially.
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Availability of minerals

o feeding studies with transgenic soybean showed a all% reduction in

phosphate excretion by broiler chickens

e |ron deficiency is the most widespread mineral deficiency in humans
which has been estimated to affect up to 30% of the total world

population

e |mproving the release from phytates is one possible strategy to

increase iron availability.
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