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Welcome everyone. This is the second part of Microbial Growth. This is lecture 50 of module
10.
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CONCEPTS COVERED

» Culturing and enumeration of bacteria
» Plate counts and membrane filtration

» Microscopic methods

vavava

So, in this particular topic, we are going to look at how to culture bacteria and how to quantify
them. So, we will take a look at plate counts and membrane filtration as well as microscopic
methods.
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Cultures and culture media

* Cultures
* Pure vs. mixed
* Solid (agar-based) vs. liquid

* Culture media

* Chemically defined
+ Use of growth factors for culturing specific organisms
+ Eg., £ Coli versus L. mesenteroides

* Undefined (complex)
+ Beef, soyabeans, or casein or yeast extract containing media

Now, when we talk about growing cultures of bacteria in the lab, how can it be done? So, the
first thing is to understand what are the different types of cultures. The first thing is pure versus
mixed. When | am growing a culture in the lab, it can be a single species in which case we call
it a pure culture and if we take a bacterial consortium; for example, if | take a soil sample and
use it to inoculate my media, then I will have a large number of organisms, not just bacteria,
but fungi and so many other organisms. So, in that case, it becomes a mixed culture. So, that

is the first difference.

The second difference is whether it is a solid-based media or a liquid media. | can grow bacteria
on either a solid surface which is generally an agar-based surface or | can grow it in a liquid
media; so | can have what is called a nutrient broth. That is the most common liquid media that
is used in the lab for culturing bacteria. It is generally a multipurpose or a general-purpose kind

of media, and it is always in liquid form.

So, you can have agar-based media or broth-based media. These culture media can be
chemically fully defined. So, you can have very specific chemicals or salts added to the media,
and these are called chemically defined culture media; or you can have undefined or complex

media. So, | will show you examples of all of them.

And these chemically defined media may need the use of growth factors. Growth factors, we
have seen, are micronutrients and vitamins that are required for culturing specific organisms.
And there is another method that I am not going to go into, but you can also add certain inhibitor

compounds which will inhibit the growth of all other compounds (correction: bacteria) except



the one that you are trying to culture. So, that is also possible. And we are not going to go into
it, into any detail, but I will just show you examples of a chemically defined culture media.
(Refer Slide Time: 02:58)

DEFINED culture medium Thiobacillus Agar is recommended
for isolation and cultivation of Thiobacillus species.

Compound g/L

Ammonium sulphate 0.400
Monopotassium phosphate 4,000
Calcium chloride 0.250
Ferrous sulphate 0.010
Magnesium sulphate 0.500
Sodium thiosulphate 5.000

Agar 12.500

So, here you have a very simple culture media for cultivating Thiobacillus species. So, defined
culture media which can be grown on Thiobacillus agar; and you can see the salts; ammonium
sulfate, monopotassium phosphate, calcium chloride, ferrous sulfate, magnesium sulfate,
sodium thiosulphate, and agar which is the solid base on which the cultures, the colonies of the

bacteria will be formed.

So, it is a well-defined culture medium. And there are several examples. This is just one
example. You can do this for any number of species, and there are well-defined culture media
that are used for different species.
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Undefined culture media for wide range of microorganisms

Nutrient agar for wide range of non-

fastidious organisms

* 0.5% Peptone - provides organic nitrogen

* 0.3% beef extract/yeast extract - contribute
vitamins, carbohydrates, nitrogen, and salts

* 1.5% agar - gives the mixture solidity

* 0.5% Sodium Chloride - gives the mixture
proportions similar to those found in
the cytoplasm of most organisms

* Sterilized buffered water - transport medium
for the agar's various substances,

* pH adjusted to neutral and temperature of 35

Streak plates of bacterial
species on nutrient agar

plates
Cred: By User:Eukaryotica - Own work,
Public Domain,

https://commons.wikimedia.org/w/ind

ex.phpPeurid=19988529

degC

Here we have an undefined culture media which can be used for culturing a large number of
microorganisms. So, nutrient agar, which is used very commonly, you can use it for any number
of organisms. And you can see the kinds of materials that are used. You have 0.5% peptone, to
provide not just organic nitrogen, but also other nutrients. Then you have 0.3% beef extract or
yeast extract. It contributes vitamins, carbohydrates, nitrogens, salts, and so many other things.
So, it is a fully mixed media. And you have 1.5% agar to give the mixture solidity when it is
incubated. And some amount of salt is required. And this is, remember what | said, to maintain
isotonic conditions similar to the ionic strength of the cytoplasm of most organisms. So, that
will help to maintain the ionic strength inside and outside the cell, so that, that does not become
a problem factor.

So, we can use sterilized buffered water. Now, sterilization and buffering of the water that is
used is essential to ensure that the isotonic conditions are met, that the pH is near neutral. So,
we try to keep it around 7. It can go to 6.5, 8 even, the bacteria will not die. But if it goes
beyond that, they are likely to die. Generally, the incubation temperature is 35 °C.

And | say that because we are generally, especially in environmental microbiology, the kinds
of experiments we do are either with pathogenic species that may be found in water or the
normal environment, and we want to keep the temperature as close to environmental conditions
as possible. So, we may want to keep it at 35°C, but depending on other objectives of the

experiment, you may have any other temperature or pH even.



So, here you see streak plates of pure cultures of 4 different species. So, you have Klebsiella
pneumoniae, Morganella, Providencia, Salmonella, and so on. So, these kinds of things can be
done very easily in the lab.
(Refer Slide Time: 06:07)

MacConkey agar for selectively isolating Gram-negative and Differential CUItural

enteric bacilli. medium
* Peptone-17g

* Proteose peptone-3g
* Lactose-10g
* Bilesalts-1.5¢

* Sodium chloride -5g

* Neutral red-0.03 g
AMacConkey agar plate with an active
* Crystal violet - 0.001 g bacterial culture.

Cred: Public Domain,
. Agar - 13'5 g https://commons wikimedia.org/w/index php?eurid=612033

* Water - add to make 1 litre; adjust pH to 7.1 +/- 0.2

Then we have what is called a differential cultural medium. Now, you can use different types
of culture media for isolating a large number of bacteria. So, for example, as | said, you want
to look at gram-negative bacteria or you want to look at enteric bacteria or you want to look at
some other type of bacteria, then you have certain types of agars that are designed for culturing
those types of species.

So, here you have another. It is not entirely undefined. There are complex mixtures of peptone,
lactose, bile salts, sodium chloride, and so on. So, this is for cultivating a particular type of
bacterial species. So, many different types of bacterial species will come up on this type of
media.
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Petri dishes or
plates

Cred: A: By Bill Branson - (Edited by Fir0002)(Edited
by Drhx).org/w/index php?curid=3346760
8: Public Domain,

kimedia.org)! phpeurid

=611961

Bacterial colonies. Colonies are visible masses of cells formed by subsequent division of
cells. The size, shape, color, and texture of colonies are a function of the organism.

A) Blood agar plates. Sheep blood is added to ggowth media to enhance the nutrients
available for bacterial growth On the right is a positive Staphylococcus culture; on the
left is a positive Streptococcus culture.

These are Petri dishes or Petri plates. These are the equipment that we use for culturing on solid
media. So, these are the agar media that are added to the Petri dishes or Petri plates. These are
the terms we use. And when you incubate them for anything from 24 hours to 7 days even; it
depends on what you are trying to do; it can be anything. The temperature can change; the
incubation period can change; it all depends on what you are trying to do.

So, these are bacterial colonies that will show up after the incubation period. So, if you are
looking at the plate; initially when you plate it when you add your sample of water or any other
sample that you are trying to look at; when you add it to the plate, initially nothing is visible,
because these cells are invisible to the eye. But after a day, 2 days, or even more, you will find
these kinds of colonies. So, each colony is assumed to represent a single cell.

It is not true. It is an assumption, just to simplify matters. It may be a cluster of cells that is the
starting point, or it may be a single cell that is the starting point. And what we usually see in
the lab is that the colony size varies. You will have very tiny pinprick-sized colonies, or you
will have very large colonies. And that is because the starting point may be a single cell or
clusters of cells.

So, all kinds of things are possible. So, these are examples of bacterial colonies. They will be
different in terms of size, shape, color, texture; all these things will be different about different
bacterial species. So, this is an example of what are called blood agar plates. Sheep blood was
added to the growth media to enhance the availability of nutrients. In one case, on the right you
have Staphylococcus and on the left, you have Streptococcus cultures. You can see how
different the different species of bacteria are.
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Bacillus subtilis(3) Staphylococcus aureus(5) Pink yeast colonies(9) Candida Albicans is a
type of yeast that can
grow on the surface of
skin (7)

Plating

Proteus vulgaris(4)

Streptococcus pyog

sciencebuddies.org/science-fair-projects/references/interpreting-agar-plates

More examples of plating and how you can use this method for creating pure cultures. So, these
are streak plates. These are called streak plates. | will come to more details later about how to
create streak plates. It is not just for bacteria. Very often what we get is yeast growth, yeast, or
fungal growth on the surface of these solid agar media. So, the first 4 that you see over here
are bacteria. This fifth one is yeast. This is fungi, and Candida is also a yeast. So, this is very
common. And it happens in the lab very often that you get the growth of fungi or yeast on these
plates if they get contaminated. So, these are some examples.

(Refer Slide Time: 10:06)

Aseptic
transfer

A) Images of aseptic transfer
between two tubes.

B) A plate which has been
streaked shows the colonies
thinning as the streaking

moves clockwise.
Cred: A: bio.libretexts.org CC by 3.0
8: By COC/James Gathany - COC Public Health
Image Library (ID#: 7925), Public Domain,
https://commons.wikimedia.org/w/index.php?
curid=1849978

Now, let us come to aseptic transfer. Now, whenever you are doing lab experiments, you have
to ensure that the media, especially if you are working with pure cultures, you have to make it,

the first objective is to ensure that it is an aseptic transfer from one media to another. So, in the



first case, you can see 2 tubes. One of them probably has the bacterial culture. And you take a
metal loop. So, these are the metal loops. Sometimes they have wooden handles; sometimes
they have metal handles. There is a loop at the end of this particular tool. And when it is dipped
in the nutrient broth; so, this is the nutrient broth that is supporting the culture of the bacteria.
This droplet of the nutrient broth which will stick to this tiny little loop is then going to be
transferred to another loop (correction: media). Now, you can just do it without making sure
that the loop is entirely sterile before you dip it into the pure culture.

So, sterilization is done by what we call flame sterilization. So, it is a metal loop; you hold it
over a flame; everything is assumed to be dead when it is burned. And only then will you dip
it into the growing culture, and then transfer it to another sterilized growth media. So, that is
an aseptic transfer. The results are shown over here. There are more details for you to look at
if you are interested. And this is how streaking is done.

Now, in this first case, this is an aseptic transfer from one liquid media to another liquid media.
You can have an aseptic transfer from liquid to solid or solid to liquid, and the same process
can be used. So, this part is flame sterilization where the loop is sterilized over a flame. Then
it is transferred from the nutrient broth to the solid media. The media is the plate, the Petri
plate. And you have a streak.

So, you just take the loop and run it lightly, very lightly over the solid surface. And that will
allow the cells that are part of the loop; they will be transferred to the solid media. Remember,
everything is sterilized except the loop which contains the pure culture or even a mixed culture.
From this loop, at the end; it is a single streak that is used; at the end of the loop, you will have
the most diluted concentration of cells.

That little concentration is then used to further streak it, and the direction changes. So, you can
see how it is done. The heaviest growth is over here. That is the beginning of the streak. The
last point on the streak plate is then used to transfer it to the next one. And you can see 1, 2, 3,
4, and 5 and finally the sixth streak. The sixth streak has individual cells. And you can see the
sizes of the colonies, they are very small. And that shows that individual cells have now been
separated from each other; otherwise, they are all overlapping each other.
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Spectrophotometer for measuring optical density of microbial sample

Adjustable aperture photoresistor Qutput

Cred: By GYassineMrabetTalk.
Own work, CC8Y-SA 4.0,
https://commons.wikimedia.org
/wiindex.php?curid=3403924

Light source

Sample Amplifier

(containing
microbial cells)
Cuvette R

Monochromator
(prism)

09

Typical growth curves of two organisms (A § 05 - PV
and B) with different growth rates. §

Then we come to another method which is called optical density measurement. So, you can
grow your cells in clean nutrient media. When it has no cells in it, it will have a certain optical
density which will be close to 0, because the cell concentration is 0 at the time of the sterilized
nutrient broth or whatever media you are using. So, at t = 0, with 0 cells added, you will have
a certain cell optical density when you use it when you take a sample of that and add it to a
spectrophotometer or even a turbidity meter.

You can use anything. You can use a visible spectrophotometer or a turbidity meter for these
kinds of measurements. So, here we have our spectrophotometer. You can use a turbidity meter
for doing these measurements. And we have the cuvette which contains the sample. So, the
light will pass through the cuvette. Now, this is the light intensity. lo is the light intensity that
is incident on the cuvette, and | is what passes through the cuvette, and that is picked up by a
sensor.

What you are actually measuring is the light that is transmitted through the nutrient media.
Now, this light, when it is measured, is going to tell you something about the optical density
of the media itself. So, the optical density when there are no cells is close to 0. As the cells
begin to grow, depending on the species, you will get different types of growth curves. So, you
can see the lag phase, the exponential phase, and the stationary phase, based on optical density
only.

So, this is a very crude method. And | say it very clearly that it is a crude method. It does not
work for low concentrations of substrates; it perhaps works for high concentrations of
substrates. And getting calibrations between optical density and the numbers of cells or

biomass can be difficult. It can work, but it can be difficult as well.
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So, as | said, the same principle, whether it is a spectrophotometer or a turbidity meter can be
used. And just remember that the light passing through the sample is inversely proportionate
to the bacterial concentration. So, the lesser the amount of light transmitted, the greater the
number of bacteria present in the sample.
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+ Petri plates Plate

+ Sterilized, generally 90-100 mm diameter cou nts

+ Statistically significant number of colonies on these plates ranges between 30
and 300; only living or viable cells can be counted

+ Colonies should not overlap or fuse with one another
+ Colonies are counted and reported in terms of cfu/mL

+ Spread plates
+ 0.1 mL sample is spread on surface of solidified (due to agar) medium
+ Colonies grow on surface
+ No heat shock, small sample size means less dilutions are required

+ Pour plates

+ 1 mL sample is poured on plate; then liquid sterile media containing agar is
poured on top

+ Colonies grow through out the medium

+ Heat shock (min temp for pourlng{sa ar-based media is 45 deg C) for bacteria
growing in low temp environments like water supplies

| have already mentioned something about Petri plates. As | said, Petri plates are standard
methods for growing and culturing bacteria in solution. So, these have to be sterilized; they
come in standard sizes of 90 to 100 millimeters. So, the bottom plate is 90 millimeters in
diameter, and the top plate, the lid is 100 millimeters in diameter. So, what we call statistically

significant numbers of colonies on these plates is anywhere between 30 to 300.



And the best part about plate counts is that it allows you to measure living or viable cells only.
It does not tell you the total number of cells. And it tells you that only the cells that are visible
on the plate in terms of colony-forming units; so, that is the unit that we use; CFU stands for
colony-forming units. And those are indicative of the number of living or reproducing cells in
your sample.

And these colonies should not overlap or fuse with one another. This also can be quite
challenging, because you need just the right amount of dilution to be able to get this kind of
result. So, it is tough work; but after a certain level of practice, most people get it right. There
are 2 ways of doing enumeration using plating or plate counts. One is spread plate and the other
is pour plates. So, spread plates; | will show you examples of that.

(Refer Slide Time: 17:41)
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Assumption: each colony on plate represents one cell Plate counts for viable
Pour plate method Cel |S

k | The traditional way of enumerating CFUs with a

= "click-counter" and a pen.
\ \ .'Q *0%) Cred By Quentin Geissmann - Own work, CC BY-SA 3.0,
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Spread plate method

Cred: By Macedo - Own work, CC BY-5A 4.0,

So, here we have a spread plate. Now, in the spread plate, the nutrient agar has already been
solidified and a small amount of inoculum is added. We generally add either 0.1 ml or 1 ml of
inoculum. So, this is added to the surface of the already solidified media. The spreader, the
spreader can be plastic or glass. It is a hook-shaped object, and it is used to spread the sample
over the agar surface.

It is then incubated always in an upside-down position, to prevent the condensate from falling
and disturbing the colonies. So, this incubation is done upside down. And then the colonies
that grow on the surface of the media can be counted after whatever the incubation period is.
So, it can be 24 hours, 48 hours. | have done it as much as 5 days later. So, it all depends on

what you are trying to do.



In the pour plate method, which is the other method, the inocula or the amount of sample that
is required; you can add 1 ml because there is no limitation over here. I will come to this point
again. You can add 1 ml of the sample, and then add the sterilized agar-containing medium to
the plate. Now, the problem with this is that the temperature of the agar-containing media has
to be fairly high.

So, it is about 45 to 55 degrees. And at that point, if your samples, the cells in the sample
contain bacteria that have an optimum temperature of let us say 20 °C or 15 °C, they may die
because of heat shock. So, that is the only problem with the pour plate method. If they are
bacteria that are capable of surviving even 45 and 55°C temperatures, then it is not a problem.
So, you combine it, swirl it to mix it, incubate it again in upside-down condition, and the

colonies can be counted after the end of the incubation period.

So, the advantage of the spread plate method is that there is no heat shock, but the small sample
size means fewer dilutions are required, but it also means that the sensitivity of the method is
poorer compared to the larger sample sizes. So, when you have large sample sizes, you get
better results. And then you have pour plates. So, you have 1 ml sample, as | said can be added;
the colonies can be grown; | have mentioned all these points. And this can be quite challenging
because if you are used to doing rich cultures and then you move to doing very poor nutrient
environments like water supply systems, then it becomes very difficult to figure out what is
going to work and what is not going to work. So, these are important factors to keep in mind
and work out what are the best conditions.
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 Serial dilutions and Pour plates

Y
Y

x10 X100

A solution of bacteria at an unknown concentration
is often serially diluted in order to obtain at least
one plate with a countable number of bacteria.

In this figure, the "x10" plate is suitable for

100 100 100 10 108 :

- counting.

£ S l l l ‘ l Cred: By Quentin Geissmann - Own work, CC BY-SA 3.0,
hoeurids28361
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Luigi - Own work, CC BY-SA 4.0,

Cred:By Grasso

The sterile liquid used for serial

L coloniet calosses. oloniis dilutions can be water, or a solution of
Too many colonies ygcaunt) x 104 (diution) = 1.59x 10 cells mineral salts/actual growth medium.
to count (CFUs) per milliliter of actual sample



Then we come to what is essential for serial dilutions. Now, let us say you take a wastewater
sample. And wastewater contains millions to billions of cells per ml. I obviously cannot take 1
ml of that wastewater and put it on a plate, because | will get a complete lawn of bacteria, and
there will be nothing that is countable. So, to get a countable result, I must do what are called

serial dilutions. So, for serial dilutions, we have what is called 1 in 10 dilution.

So, you take a tube; you take 1 ml of your sample; make it to 10 ml total volume. And so that
is 1 ml of the sample and 9 ml of your mineral media, whatever you use to buffer the dilutions.
All of it has to be sterilized including the test tube. So, all solid and media have to be sterilized.
So, here you have 1 is to 10 dilution. You can start with the original sample. 1 is to 10, 1 is to
100, 1 is to 1000, and it keeps going on in multiples of 10. So, this is called serial dilution.
Now, you take 1 ml (or 0.1 mL) from this after mixing it properly and plate it on Petri plates.
You can use spread plates or pour plates, either way. You can see the first 2 results; they are
too close. The colonies are overlapping, they are fused, so you will not get a clear result. In this
case, we say too humerous to count. TNTC stands for too numerous to count.

Then we count to 103, 10, and 10°. You can see, in 103, there are 159 colonies, clear and
distinct from each other. There is no overlapping, there is no fusing. And this fits within our
statistically significant window of 30 to 300. That is easier to count. Below 30, it is not very
precise, because the amount of sample that you are adding to the plate is just 1 ml.

And when you get only 3; you can see the difference. You would want; if 159 is the most
precise result, then after the next dilution, you should get about 16 colonies, but you are getting
79. And in the next dilution, you are getting 3. So, it should be one-tenth in each dilution, but
it does not work that way. So, here you have 2 statistically significant results. But the higher
number is generally considered better than the lower number. The lower the number, the greater

the lack of precision in the count.

And after the plates are done, so we normally get plates like this. You put them under a
magnifying glass; you have what are called colony counters. And the way to do it is, you have
a clicker counter, so you have pens which have a clicker on them, and you can just put a dot
against each colony; and each dot, when you make a dot, will click, and you have a digital
readout of the number of colonies. So, this is the digital readout of the number of colonies. And
if you have the ability to take photos, store them on your PC; makes it even more easy to count.
(Refer Slide Time: 24:25)
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Cover slip Ridges that support
cover slip

Samples added here.
Care must be taken not to overflow.

« Conventional microscopy cannot distinguish between living (viable) and dead cells
o If cell conc i too low (<106 cells/mL) cells are hard to see
* Precision is difficult to achieve

* Phase contrast microscope is required for cells r&ot stained

So, here is a glass slide. The yellow part is the glass slide. You put your sample on the glass
slide, and the glass slide itself has ridges. So, the sample will collect in those ridges. And you
have a coverslip; the blue part is the coverslip, and this coverslip may have a grid on it. So,
when you put it under the microscope, all these cells will be observable through the grid. And
you can count the number of cells.

So, if you get such a clean image, then you can count the number of cells in any of these
squares. So, ideally, you would count these 16 squares within the central larger square. So, we
have 16 small squares, and you count each one of them. And in this case, you have 14 cells.
Now, in practice, we generally count this 3, 4, or even 10 times to get a good number of fields
of vision. And then you take an average of those 10 fields of vision, to get a good average and
a standard deviation. Because it is not often that you get uniformly distributed samples because
bacteria have a tendency to cluster. Even though they are free-living and independent
organisms, they do not break away. Even when they are dividing, they tend to remain stuck
together. So, conventional microscopy cannot distinguish between living and dead cells.

However, we have already seen in fluorescence microscopy that you have specific dyes for
enumerating living cells and separating them from dead cells. So, | have already covered that.
Cell concentration can be too low, in which case, the number of cells in this window maybe 0,
and it becomes very difficult to quantify. Precision, as | said, is very difficult to achieve. The
standard deviation and the mean values can be very close to each other, and it becomes very
difficult to count. And then you may need a phase-contrast microscope if the cells are not
stained, and that again adds a level of complexity to the entire process.
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These are the results of membrane filtration. | have already mentioned membrane filtration
where you take a water sample. So, for people like me who work in water samples, what do we
need? Water unlike wastewater has very few cells. Cell concentration is in the range of about
1000 cells per ml or even less. Now, when you are dealing with very small samples, not like
wastewater which has billions of cells; so, when you are dealing with water samples that have
very low cell concentration, then you need large sample volumes to get a detectable number of
cells or cell colonies.

So, we use membrane filters. So, you vacuum filter the sample; you can take as much as 1 liter,
10 liters whatever you want. And depending on the precision you want, you can take any
volume of sample. Now, you can see what has happened over here. 100 ml of the sample was
filtered and you get colonies that have fused and overlapped with each other. And you can see
the size variation. So, this is what is called chromogenic agar media.

So, this membrane filter is resting on a nutrient pad. This nutrient pad has been, it comes in
sterilized packages. The membrane and the nutrient pad come in sterilized packages. They are
commercially available. All you need to do is add sterilized water to this. And when you filter
the sample through this filter, you can count the number of colonies and you can see that the
larger colonies represent a cluster of cells.

However, from the point of view of standard methods, we stick to the idea of colony-forming
units, keeping in mind that each colony-forming unit may represent more than a single cell. In
any case, it represents, at the minimum, a single cell. The others are SEM photos, which | have
already shown you in the previous module.
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Plate counts
and colony forming
units (cfu)

These are plate counts and these are colony-forming units. You can see, if the distribution and
the spreading of the cells is good, then each of the colonies is fairly well-defined, and they are
more or less of the same size. What you can also see over here is that the colonies are slightly
different in color. So, there are greyish-colored colonies, there are bright yellow colonies and
there are bright yellow-orange colonies.

Now, each (colour) colony represents a different species. Now, you need to isolate these
species and look at them using biochemical test Kits to decide or to decipher which one of the
species it is. So, plate counts will not give you that information unless you are using species-
specific media. This is the nutrient broth. This is a generic media that is used for cultivating all
kinds of bacteria.

(Refer Slide Time: 30:00)
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I have already shown you these examples as well, so I would not spend any time on it, but just
to remind you that membrane filtration and microscopy can be used for enumerating bacteria.

| will stop at this point. Thank you.



