. pacteria and fungi are used extensively i
Key 'd’.o{ to0d technology. They provide many amnz;g
,spe";e, food technology techniques.

The Use of Microbes in Food Technology

grea:t':?e mafv be the final food (e.g. fungal mycoprotein).
e ts o rnu:fotnal biology make microorganisms well
0 producing a range of products on an industrial

(0 have been used
g;"eﬂa ar::::?c?ciiu:e a wide variet')? rot‘hmasn(c!l!s olasiea;s 10 scale. The industrial-scale culture of microbes is given the
P"sarve & d bread). The microbes can play a.r? .Imco olic  general name fermentation because it occurs in fermentation
a portant tanks (bioreactors). It can be aerobic or anaerobic and is not

pe-'e:me o0d technology process (e.g. cheese production),

a reference to the metabolism of the organisms themselves.
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e
Advantages of using microorganisms

Masur, Pubisc Domam image

Jan Aok o3 0

= —— b

icroorganisms have short life cycles, Microorganisms can be cost effective to Sometimes the microbe itself is the food.

m : . ;

and can 1ep rapldlé to ':‘-“-’9353 their produce as they can grow on a wide range Mycoprotein is a fungal protein and is an
numbers. Baker's y_easl ( acc 3’9”’)"‘-‘95 of raw_maierials or even on waste products. alternative to animal protein. The fungi are
corevisiae. anove) is used lp‘brew!ng and Genetic modification of microorganisms can grown in reactors, which occupy very little space
baking- Under opt!mal conditions, it can enhance the production of a naturally occurring  so, unlike livestock farming, mycoprotein can be
goudle its population every 100 minutes. substance or produce a novel desirable trait. produced anywhere, independent of climate.

Food production using microbes
Ny, SRR e |

Genetic engineering provides alternative
sources for products that were once available
only through expensive or wasteful means. The
enzyme rennin is used in cheese making and
was traditionally obtained from the stomachs

of calves, It is now produced by GM microbes.

In the production of soy sauce, filamentous
fungi (Aspergillus soyae and A.oryzeae) digest
soy proteins. The culture is fermented in the
presence of lactic acid bacteria (Lactobacillus
spp.) and acid tolerant yeast to develop the
characteristic soy flavours.

Sauerkraut production involves the
fermentation of cabbage using lactic acid
bacteria. Not only does this process change
the characteristic of the cabbage, but it helps
to preserve it. The low pH prevents food
spoilage bacteria growing.

1. Discuss the advantages of using microorganisms in food technology:

—

2 Describe one example of how genetic engineering has assisted a traditional biotechnology:

e

————

3
How can fermentation help to increase the shelf-life of sauerkraut?




bacterial proteases are adq
prevent cloudiness. Amylaiglo
in the production of low °a|0rz _

Beer Brewing
puring the finishing stage,

ic dri the
erpontaion of | iy e paros(t’ ughdanlg and break down the yeast and
i added to break down sugars
| beers are stored in barrels to develop o

fermentation of the sugars in barley by
rs. Traditiona :
bee alities. Beer is pasteurised, and standarg;

rophesags s inks i bably the oldest

Using yeast to make foods and drinks IS proba i

form of biotechnology. During beer production, yeast breaks g:acolour and flavour before bottling. Pasteurisation alsq g
off any undesirable microbes. s

down the sugar in barley to produce alcohol (ethanol) and
divisible into seven stages (below).
Grist Hot water
Mash tun \f
(a large cask)

carbon dioxide, Brewing is
w:m%
> — 00—

Milling: dried malted o Mashing: amylase breaks down

Won

@ Matting floor: seeds o Kilning: heat kills the o . > br
germinate, releasing the seed embryos without barley is crushed into starch to a sugary liquid called wor,
enzyme, amylase. denaturing the amylase. coarse powder (grist).

Source Chenn, P. 1997 and B logy Yeal.st

«—— Pasteurisation

T Cooling
< ——
Botting  Canning  Lagering tank Filtration <———
Finishing - i itioni
o o ng tr::l::gfn:?me cg:;rrl;;n;;ge, e Fermentation: the yeast breaks o Boiling extracts the flavor
prepara . down the sugars to ethanol compounds, stops further enzyme
(alcohol) and carbon dioxide. action, and sterilises the wort.

1. Write the word equation for the reaction taking place in the brewing process:

(a) Malting:

(b) Kilning:

(c) Milling:

(d) Mashing:

(e) Boiling:

() Fermentation:

(9) Finishing:




gread Making

gread is produced during a fermentation process

1ges C,,;h;,-mmyces.The carbon dioxide produced

Sa
‘:gme ,e::;ad to rise.

g pread is
% o0 l"““;_"lqhen the raw

oo

dough- E

produced using the yeast
ingredients are mixed, the
roteins) are hydrated and coalesce to form a
nzymes, having survived the milling

¢

o 5

Kneading: The dough is kneaded,
left to ferment (rise) at 27-35°C for
10 minutes in a humid
environment, and then remixed.

Dividing: The divider
cuts the dough into

;  (and other) flour,
e al, ascorbic acid 2]

ready to be shaped.

paking: At 235°C for 25-40 Second proving: A further Second moulding: The

0 mins. The bread is then period of fermentation at molder shapes the dough
cooled, sliced (optional) and 40°C for 45 mins. into cylinders
wrapped ready for distribution.

m making is one of the oldest Kneading results in physical and  During proving, the dough is left
ad smplest of biotechnologies, ~ chemical changes in the gluten,  to ferment. The yeast metabolises
mvolving mixing wheat flour, which give the dough its elastic  sugars, producing ethanol and
water, and yeast to form a dough, and resilient texture and help it carbon dioxide. The carbon dioxide
“hich can be baked. to rise. causes the dough to rise.

L .
Explain the role of each of the following in the bread-making process:

(@) Sugar:

process when grains are m
in the dough to make a mi

rough loaf-sized pieces
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ade into flour, act on the starch
xture of sugars. Yeast uses the
sugars (anaerobically) and produces ethanol and carbon
dioxide gas which causes the !

grow during the early stages of proving, producing lactic acid
which contributes to the final
other organisms. The commercial process is

bread to rise. Lactobacilli may

flavour and inhibits growth of
outlined below.

First moulding: The
rough loaves are shaped
by a rounding machine.

(4]

First proving: The loaves
are left to ferment for
about 10 minutes.

(5]

Baking kills the yeast, evaporates
the ethanol, and cooks the flour.
Vitamin C, whiteners, raising
agents, stabilisers, and flavours
may be added.

(b) Yeast:

16 Water (or milk):

i
) What happens to the dough during the fermentation (or proving) stages?

e

(b) i
Why wil bread not rise if it is baked too soon after adding the yeast?

-\-—-—-'--——

Sugge
st
Why gluten free bread is flat and dense:

\

&s‘ i) [

A D



Cheese Making

rotein casein by acid

Key Idea: The coagulation of the milk p .
and/or rennin forms the basis for cheese PTOGUF;"’Eésem is
Cheese is produced when the milk pm‘;‘ The process
coagulated (curdled) to form an insoluble cur éome o
varies depending on the type of cheese made.

eg- cq:aigepcr:hegge d by the bacterial st;(ter Culture
e acl : : he process. Ripened :
;.[,hadded to the milk during the p P Cheegg |

produced using 8

e) is produced by acid coagulatioy, i

Which'

combination of acid and the enzyme fennin

to form the curd:

The milk is often pasteurised (heate 1 T2°0

Milk is delivered under refrigeration.
Mos! cheese is made from cow's milk,
but goat and sheep milk is used for
some cheese varieties (such as feta).

P Ricotta - a low fal cheese
resulting from processing
of the drained whey

(<)

Cooking and draining remaining whey

Key to finishing processes

B Pressing @ Cooking
Ripening [x] Tuming
Washing curd

RS SN

Cutting the curd ?‘ 3

* Cheddaring involves the 'milling'
(breaking up) of cooked curd and stirring

** Brining involves soaking in a salt solution

Y Aeration allows the
\ \ growth of internal molds
A
Y P
s Q-I-C—J

Swiss cheese
Gruyere

\ Ripened cheeses

for 15 seconds). Pas!eu‘risation kills off an
undesirable microorganisms that coulg alter
the characteristics of the cheese and, Most
importantly, kills off dangerous microbeg that
could cause harm if eaten. The milk jg pum
into large, temperature controlled vatg ang
kept cool between 20-30°C.

A starter culture of specially selectaq bactey
is added to the cooled milk. Lactic agjg
producing bacteria, which metabolise the Miilk
sugar to produce lactic acid are often useq
pH of the milk will begin to drop as lactic acid

is produced and the casein proteins in the milk
will begin to coagulate. In most cheeseg renn
(a mix of milk coagulating enzymes) is a/g,
added. The coagulation step is a function of g
chemistry of milk. The casein proteins in mjj,
are associated with other molecules, inclyg;
calcium, to form stable structures calleg Micele
Acidity and hydrolysis by the proteases in fennet
cause the micelles to destabilise, and the caseip
proteins precipitate out to form a gel,

Cutting the gel causes it to separate into
curds (the solid portion consisting mainly of
casein proteins) and whey (mainly water byt
does contain some whey proteins). The whey
is removed from the curd by a combination of
stirring, cooking, draining, salting, and pressing,
The vigour with which the whey is removed has
a profound effect on the final cheese product,

ARl photos kenely supgpieed by Kap Claoses Lid

Cheddar

, slightty sweet
Cheshiry Mild, slightly

cheddar style



Micmor
ganisms can alter cheese characteristics

microorganisms are used to Species of Penicilli
Amg.:'k characteristics to cheeses.  on blue cheese (ampm”"’ the veining Lactococcus lactis strains are used for

e chee ). The texture of the most cheeses cultured at 30°C and 38°C.

% dioxide gas that the a?robl? loose enough that oxygen can reach Thenmphmcab?ct:r'la. :hich grow best

produces 19 < in swiss Cheese ot ic moulds. Fungi in blue cheese use at 42°C, are used for cheeses requiring

P‘""“"ms o, tes the characteristic ctic acids produced during the cheese- higher cooking temperatures, such as

(above) '"dm g‘lm’a Process and release the odorous Swiss and Parmesan (above). Unlike

gweet nutty : ucts associated with blue cheese. mesophilic bacteria, thermophilic strains
will survive the cooking process.

 ysean annotated diagram to summarise the general cheese making process:

»

» Using examples from the flow opposite, explain how different actions during the ripening stage can influence the
characteristics of a cheese:

3. (a) What could happen if milk was not pasteurised before the cheese-making process began?

(b) Why is the milk cooled to 30°C before the starter culture is added?

4. Explain what is happening when the casein protein coagulates to form the curd:

—

—

5. Why are thermophilic bacterial varieties used for producing cheeses that require higher cooking temperatures?

e ———

e ——



Yoghurt Making

" lactose int
rial fermentation ible
Key Idea: Yoghurt is produced by the bacterial 1ef ik, respons .
of ik i 8 way 1o preserve the nutrtional qualities of milk.  (eSPRICT o igaces, w
X similar to that P nd amino

The biochemistry of yoghurt production is

£ ia are added int .
of cheese. Lactic acid bacteria the milk proteins

into pepiides a

i d
o ik &% the Streptococcy

the lactic acid th roduce coagulates rbon dioxide and
and lrfilckens thee:o:hun. The starter culture f‘:u ﬁg:’cﬁ ::: and, in turn, stimu
contains two symbiotic bacteria, Lactobacillus DU/g 1 actobacillus.

and Streptococcus thermophilus. L. bulgaricus metabolises

_ to produce the lagy;
ilk anaerobically c
':gr :;‘19 formation of the yoghurt. L. bulgariey,g

Ecid
alsg

4 Protgj
acids. These stimulate thg gy, g,

s in the culture. S. thermophilus proq

hich break down the milk

d methanoic acid, which together lowg, .
late the growth and metabolism o the

Milk powder

Pre-treatment of the raw
milk which contains milk
protein (casein) and milk
sugar (lactose).

Heating to 85-95°C for 15-30
minutes to kill all the bacteria,
drive out the air, and denature
the milk proteins.

(2

or milk powder is added to

e Homogenising and cooling to
an incubation temperature of just
below 45°C. Concentrated milk

Inoculation: The addition of
a bacterial starter Culture of
Streptococcus thermopp;

[
and Lactobacillus buigam;,:

standardise the milk composition.

e Packaging, storage and
distribution in a chilled

v and flavouring These are
environment (2°C). o

optional extras. Sterilisation of

acid and 30 ppm ethanal, It
the product is also optional,

cooled to 4.5°C and held at

@ Addition of fruit, nuts, colour, () Cooling: the natural yoghurt is
now at about pH 4, with 2% lactic

is at 38-45°C for 3-6 hours
this

temperature until packaging.

1. Describe the mutualistic association between the two starter bacteria, L. bulgaricus and S. thermophilus:

e Incubation & fermentation:
The culture is left to incubate

2. Why does the PH fall during the incubation stage?

i e e, A e B s, e s o
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Using Microbes To Make Food: Pros and Cons

|dea: There are many advantages to ysin
u.ﬂ anisms in food technology processes, but consumerg
some

crops. While traditional food safety Issues (e.g. microbial
contamination) are still valid, the use of genetically modified
microorganisms has generated more debate about the safe
use of microbes in food production. Some important aspects
of this debate are described below.

concerns about their use.
pave © and fungi are used extensively in many food

Jogy processes and also in the improvement of food

The advantages of using microb

‘-.

nisms used in food
are grown in bioreactors (above).
Mﬁn:h conditions (e.g. temperature
gnd pH) can be easily adjusted to maintain
; growth. This allows manufacturers
5!1167 production to meet changes in
_Often the microorganisms are
«n on cheap waste products (e.g. whey)

g aking their production cost efficient.

Microbes have been used to produce
genetically modified crop plants. Genetic
_modification for pest resistance has
improved crop yields in corn and rice,
providing more food. Lactic acid producing
bacteria have been genetically modified
to improve the characteristics of the final
product (e.g. nutritional value, flavour, or
texture of cheese).

Many proteins are inaccessible to
vegetarians because they are animal
derived. However, single cell protein (SCP)
is high quality protein derived from yeast,
fungi.or bacteria. Quorn is an example of
SCP. Historically, animal derived rennin
was used to make cheese, but the use of
recombinant rennin means many cheeses
are now suitable for vegetarians.

The disadvantages of using microbes in food production

Ultrasonic
instrument

if bacteria are not removed from the
finished food product, their high nucleic
acid content can cause elevated uric acid
levels in humans. This can resultin a
variety of painful diseases such as gout or
luc_bey stones (above) which form when
unic ac:d crystallises and precipitates out
a "stone”,

——

Many consumers have negative
perceptions of food produced using
microbes, especially those that have been
genetically modified. The safety and ethics
of GMO foods are often questioned and
can sway consumer choice when it comes
to purchasing food products. In the EU,
GMO foods must be labelled.

Microbial rennin (a component of rennet)
used in cheese making can sometimes
produce bitter cheeses. Rennin produced
using genetic engineering does not
contain all of the enzymes found in
natural calf rennin, so can require
additional enzymes to be added to
achieve a more realistic flavour profile.

- Discuss the advantages and disadvantages of using bacteria and fungi to make food for human consumption:




h @ Penicillin Production

Key Idea: Penicillin is an antibiotic derived from aniqdlmf:
fungi. It is produced commercially by fermentation using
fed-batch culture technique.

Penicillin is an antibiotic derived from the fungal g:;:‘::
Penicillium. Penicillins are widely used against many co g
bacterial infections. Penicillin is a secondary metabolite, i)e;'
compound that is not immediately essential to the mic_ro s
survival or reproduction, and is only produced in the stationary
Phase of growth. Industrial production of penicillin occurs by

i robic conditions in a fed-batey,
femﬁar“'t‘j’:i:;mr:eadded periodically, but the'cu"m:'-i‘:mg
in;hoved until the end of the process. Batcl:l feeding OPtimigg
::e conditions required for maximum penicillin Productio, -
too many nutrients are supplied, the °"_'93l'llsrn Qrows, b
does not produce peqfcllrun. The‘ genera ised procesg belo\.,
describes the production of penicillin from P Chrysoge,
which yields high quantities of penicillin compareq 1, Othey

species of the genus.

v " i Selected nutrients and
Stennsedi sterile air added
growth media i
o ————
‘ —
C——————
P — 2
Seed tank Fermentation
tank
: Rotary filtration.
Isolation: Inoculation: Fermentation: ' ; :
o Penicillium 12 The Penicillium culture is added The fermentation tank is stirred o This separates the gojq

chrysogenum is grown to a small tank of growth media to distribute nu?rients anc! (was:te)' material from
in the laboratory. for about 24 hours. Growth fungus. Penicillin production the liquid phase

media contains a carbon and
nitrogen source, amino acids,
vitamins, minerals, and buffer to
maintain the pH,

occurs after 40 hours. The tanks containing the penicijjn,
are maintained at 23-27°C anc_i
PH 6.5. After 3-5 days, penicillin

production stops.

& =([ @ Filtrate
-_—
Procesgfqg: o Drying Centrifugation and extraction: Penicillin extraction:
The pen:c:ll{n is processed The crude filtrate undergoes Organic solvents are
intq the desired form (e.g. several steps to extract and added to isolate and
liquid or tablet), purify the penicillin. extract the penicillin,

1. Whyis the fermentation tank stirred during the process? e

2. (a) Why is air added to the fermentation tank?

(b) What could happen if unsteriliseq air was added?

- Explain why there is nota continuous Supply of nutrients added during the penicillin process:

e

Sre———

N

. ;
waste product from the process is Sometimes used as an

LNk

imal feed, Suggest a Possible problem with this:

—_—




Insulin Production

. The microorganisms E.coli and Saccha
: romyces
ey ':::n gentically modified 1o produce human insulin,

solved the prqbisms associated with tragi
ﬁ has rces such as high costs and allergic reacticg:?n o

uin ® abetes Is @ metabolic disease caused
::4" \ ifou"d 25 DEOPIR ¥ ey 100 000 sunet?'f%r':m
.,I_,’ulnn. s and currenltly the disease can only be treated
1 ""wect:oﬂs of insulin. In the past, insulin was obtained
Wi "o pancreatc tissue of cows and pigs and puriied
!ﬁ'f“l an USe. The method was expensive and some

patients had severe allergic reactions to the foreign insulin
or its contaminants. The insulin used to treat type 1 diabetes
patients today is produced by recombinant DNA technology.
The human insulin gene is inserted into @ plasmid vector,
which is taken up by the bacterium Escherichia coli of the
yeast Saccharomyces. These organisms then produce the
human insulin in culture conditions. At the end of production
the insulin is harvested and purified. Human insulin produced
using recombinant DNA technology has fewer side effects

than insulin sourced from non-human mammals.

Insulin production using the bacterium E. coll

pr W7
copt 1 Concept 2
ific sites | Plasmids i
canbe cut at speci are small, circular
&Nﬁm estriction enzyime; ey pieces of DNA found in some
- . ad together using bacteria. They usually carry
P'_' NE‘ ew gel;}e; cﬁ:a:: %ene? useful_ to the bacterium.
w’mnedl“ose' pttheginl .co:plasrmdscancany
bad‘ﬁaj smids a po promoters required for the
the cuts are made. transcription of genes.

The nucleotide
sequences for each
Iinsulin chain are
synthesised separately
and placed into

separate plasmids

The recombinant plasmids
are introduced into the
bacterial cells

-
- .
""-__—...-""-- chﬂlnA

The gene is expressed
as separate chains

——————
-

—
-~
~
-~
~

LY

Insulin
A chain

Disulfide
bond

Insulin
B chain

O

gl B-galactosidase +

Concept 3 Concept 4
Under certain conditions, The DNA sequences coding
Bacteria are able to lose or for the production of the two
pick up plasmids from their polypeptide chains (A and B)
environment. Bacteria can be that form human insulin can
readily grown in vat cultures at | be isolated from the human
little expense. genome.

Techniques

The gene is chemically synthesised as two
nucleotide sequences, one for the insulin A
chain and one for the Insulin B chain. The two
sequences are small enough to be inserted into
a plasmid.

Plasmids are extracted from the bacteria
Escherichia coli. The gene for the bacterial
enzyme B-galactosidase is located on the
plasmid. To make the bacteria produce

insulin, the insulin gene must be linked to the
p-galactosidase gene, which carries a promoter
for transcription.

Restriction enzymes are used to cut plasmids
at the appropriate site and the A and B insulin
sequences are inserted. The sequences are
joined with the plasmid DNA using DNA ligase.

The recombinant plasmids are inserted back
into the bacteria by placing them together in a
culture that favours plasmid uptake by bacteria.

The bacteria are then grown and multiplied in
vats under carefully controlled growth conditions.

B-galactosidase +
chain B

Outcomes

The product consists partly of B-galactosidase,
joined with either the A or B chain of insulin.
The chains are extracted, purified, and mixed
together. The A and B insulin chains connect via
disulfide cross linkages to form the functional
insulin protein. The insulin can then be made
ready for injection in various formulations.

Other Applications

The techniques involved in producing human
insulin from genetically modified bacteria can
be applied to a range of human proteins and
hormones. Proteins currently being produced
include human growth hormone, interferon,
and factor VIII.

2(



}f;g

ces The gene for human ingy,,
Insulin production using Saccheromy inserted Into a plasmid, Th
Yoast cefis are eukaryotic and P oo g r0M Yan gy
are much larger than o{E.mk.sollhe entire 9ene cap
bacterial cofs. This enables them N be inserted in 0ne piece rathg,
® nodiate much larger / \ than as two separate pieces.
plasmids and proteins within them. }

The proinsulin protein

Cleavage site that is produced folds intg

a specific shape and i
cleaved by the yeast's owr,
cellular enzymes, Producing
the completed insulin chain,

By producing insulin this way

the secondary step of combining

the separate protein chains is e o : :

eliminated, making the refining . .. .

process much simpler. e o

1. (a) Describe some of the problems associated with the traditional method of obtaining insulin to treat diabetes: V.

(b) What are the advantages of using recombinant insulin to treat diabetes? B

————

2. Explain why, when using E. colj, the insulin gene is synthesised as two separate A and B chain nucleotide sequences:

3. Why are the synthetic nucleotide sequences (‘genes’) tied' to the p-galactosidase gene?

4. Discuss the differences in the production of insulin using Saccharomyces and E. coli with respect to:
(a) Insertion of the gene into the plasmid:

(b) Secretion and purification of the insulin:

———— s

e R T S8

{c) Which organism do you think would be most preferred for Producing insulin and why?

e . R




Bioremediation 269

" anisms can be used to remoye :
md“:.Mml contaminants such as i ang prce  ™MCrobes, but s
Ko enviro” s s called bioremediation, 9anic. ange of difer
e Thi iation uses living organisms to rem
cdfrom a contaminated site, Microorg
:&mﬂ:mwmediation processes where the
in

o

pecially bacteria, naturally metabolise a

ent substrates, and this is one of the features

s them useful in bioremediation. E}:{:.etsb;?fnﬂz

’ genetically modified to remove pollutant

ya ;:_s;?: :mf::“ _ nism naturally can (e.g. the bacterium De_lﬂocogc:;
series of metabolic processes, Diterery | 20/00Urans has been genetically engineered to digest

through 8 es. Different Mercury produced from radioactive nuclear waste).

which make

have been
Other orga

OVe or neutralise

In 2008, an oi| spill occurred near i ilzappe
Gujarat ‘(Western India) due to a &h;ﬁmmmwgmmmﬂ 'E"th - {
crude Ofl trunk line Tupture. Crude oil
contaminated a wide area of farm land, 20
Qil soaked soi| was excavated and |a]
lra_nsported off site for bioremediation,
Oilzapper (a commercial product 18
containing five different oil degrading 144
bacteria) was applied to the soil, 12

TPH/ %

J 5
The results are shown right. This is o
spil an example of ex-situ bioremdiation 8 e
s contain microbes that use (treatment that occurs away from 6 H
The 0ced tpons found in oil aj’thel;' g the Initial site of pollution). According 4l § 3
M"V"M": rce. Th: I;ii‘;’g’:;niscrﬂﬂ::" ‘:otlje Energy and Resources " 3
Sy s e ol s ool inde, o0 hocresct 2 I
mbe il into harmless ¢ :
g 1breaks "%"';I‘I?C% if Biotomediation _ feciaimed in India and more than Dy MR N S skl
compounds [32 i ater Horizon oll spill 26 000 tonnes of oily sludge has been o0 monthe  mon
?“smusé:nigl Mexico in 2010. successfully treated with Oilzapper.
in
Using bacteria to metabolise hydrocarbons
—_ . The microbes metabolise the hydrocarbons.
0il contains hydrocarbons Hydrocarbon l'.:llgesl"‘!g bacteria (e.g. Hydrogen and carbon from the oil are am
compounds made up of A. borkumensis) are introduced into to oxygen to form water and carbon dioxide.
Lyd rogen and carbon). the contaiminated area.

Chemical dispersan e added The sm oi i the oil can be broken down by the
sa i | dl"OpS pfOVIdB Not all ) :
pe to an oil e smaller 0i : g : ‘s ‘
N r[l ngnl 5|a ] . ddt : h d" h i : g eeltsﬂ dispersad by ocean curre ts and the wind.
i e also Ial eidt'n e 'spersan[ bacteria to work on. As aresult, Y
B. i ﬁ:.c bial grlcmtnh : the breakdown of the oil is faster.
to ncourage micro ,

1. What is bioremediation?

. up an oil spill:
2. Qutline how hydrocarbon-metabolising bacteria are used to clean up

e

i mediation process?
% How can genetic engineering be used 1o improve the biore

e —




