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People care about sanitation in all aspects of their lives. 
Through this concern, different people have come 
up with their own unique ways of sanitizing, or killing 
bacteria, in their daily lives. Although many chemical 
products intended to do the same job are becoming 
more popular throughout the market, many people 
prefer to stick to their old-fashioned ways in their 
homes. After observing this common trend, especially 
applied in domestic spaces in Turkey, it was decided 
to further investigate the efficiency of the methods.

Through the surveys completed, it was found that the 
following methods were used extensively in homes:
•	 Heat exposure
•	 Soaking in vinegar
•	 Soaking in lemon juice
•	 Filtering
•	 Soaking in bleach
•	 Soaking in dilute hydrochloric acid (HCl)
•	 Soaking in salt water

•	 Soaking in sugar water
•	 Soaking in citric acid
•	 Washing with soap

An informative trip to the Ministry of Health - public 
health and hygiene center (Refik Saydam Hıfzıssıhha) 
was made, to learn about bacteria that may be found 
in our tap and drinking water, as well as methods of 
testing and identifying them. Following this, 10 common 
household methods used around us were chosen at 
random and tested on E. coli – a possible bacterium 
commonly found (and eliminated) in Ankara’s water. We 
inoculated the bacteria into media and then exposed 
them to the criteria we wanted to test: Heat, vinegar, 
lemon juice, filter, bleach, HCl, salt, sugar, citric acid, 
and soap. The criteria were tested in different ratios/
amounts to see how effective each one was. The 
samples were measured with a spectrophotometer for 
any bacterial growth and compared to the experiment’s 
positive and negative controls.

ABSTRACT We maintain household sanitation as having great importance in the process of disease 
prevention in the modern world. There are a wide range of options when choosing what 
to use to kill bacteria and other pathogens. However, this study was carried out in order 
to discover whether all of the common methods for eliminating household bacteria were 
indeed effective. This was done by inoculating e-coli into media and then exposing them 
to common criteria to find out the which method and which quantities for each method were 
effective in inhibiting bacterial growth. The results showed that almost half the methods 
tested demonstrated pathogenic contamination, so although providing an unfavorable 
environment for bacterial growth, some methods are not effective at preventing bacterial 
growth completely.
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Our results showed that, indeed, not all of the 
methods people use today were reliable. Almost 
half of the methods tested demonstrated pathogenic 
contamination. Therefore, even though these 
methods provide an unfavorable environment for 
bacterial growth, most of them are not efficient 
enough to prevent their growth completely.

Scope

This experiment is designed to collect various 
household methods used to kill bacteria in our daily 
lives, and test their reliability on E. coil.

Equipment and Materials

•	 Escherichia coli DH5µ
•	 Agar plate

 Tryptone 10 g
 Yeast Extract 5 g
 Agar 10 g
 NaCl 5 g
 ddH20 1 L

•	 LB Broth Medium
 Tryptone 10 g
 Yeast Extract 5 g
 NaCl 5 g
 ddH20 1 L

•	 Flame (Bunsen burner)
•	 Approx. 40 falcon tubes
•	 Approx. 6 bacteria plates (Petri Dish)
•	 Inoculating loop
•	 Pasteur pipette
•	 Ethanol (96% alcohol)
•	 Vinegar
•	 Lemon juice
•	 Filter (0.20 µm pore size)
•	 Syringe
•	 NaClO (bleach)
•	 HCl
•	 Salt
•	 Sugar
•	 Citric acid
•	 Liquid soap

Equipment supplied by host laboratory
•	 Autoclave
•	 Incubator
•	 Spectrophotometer
•	 White light

•	 Pipettes
•	 Water baths
•	 Freezer (-20°C)
•	 Refrigerator (4°C)

Lab safety equipment
•	 Lab coats
•	 Goggles
•	 Gloves

Procedure

Part I (preparation)
1. Sterilize the lab bench (work area) and light 

a Bunsen burner. Put on all the lab safety 
equipment (gloves, goggles, and lab coat).

2. Retrieve Escherichia coli DH5µ from frozen 
stock.

3. Thaw at 37°C.
4. Into three separate falcon tubes, inject 3 ml of 

LB Broth Medium near the flame (15 cm away).
a. In two of them, inoculate 10 µl of DH5µ 

using a micropipette.
b. In the third tube, inoculate 20 µl of DH5µ 

using a micropipette.
5. Retrieve three Agar plates prepared beforehand 

and open near the flame (15 cm away).
a. Drop 20 µl of E. coli DH5µ onto the center 

of two plates.
b. Drop 40 µl of E. coli DH5µ onto the center 

of the third plate.
c. Spread the bacteria amongst the plate evenly 

using a bent Pasteur pipette (spreader), 
after sterilizing with ethanol (96% alcohol).

6. a.  Place the falcon tubes in an incubator at 
37°C, shaking at a rate of 225 rpm for 16 
hours.

b. Place the Agar plates in a steady incubator 
at 37°C for 16 hours.

7. Retrieve the plates and tubes (after 16 hours) and 
place in a refrigerator at 4°C until ready for Part II.

Part II (the experiment)
1. Retrieve one of the E. coli cultures inoculated 

into the LB Broth Medium in PART I and allow it 
to adjust to 37°C.

2.	 Prepare 26 sterile falcon tubes and pipette 2 ml 
of LB Broth Medium into each of them.

3.	 Near a flame (15 cm away), inject 10 µl of 
Escherichia coli DH5µ from the saturated culture 
prepared into each falcon tube, except for two. 
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The two tubes that do not have any bacteria 
in them (only LB Broth Medium) will be the 
experiment’s negative control.

4.	 Test for the criteria obtained through surveys 
conducted beforehand, as follows:
a. Expose four of the tubes to heat in separate 

water baths for 10 minutes: 40°C, 60°C, 
80°C, and boiling water.

b. Inject 200 µl, 400 µl, and 2 ml of vinegar 
into three of the tubes.

c. Inject 200 µl, 400 µl, and 2 ml of lemon juice 
into three of the tubes.

d. Using a syringe, inject all the culture in 
one of the test tubes through a cellulose 
acetate filter with pore sizes of 0.20 µm into 
a separate falcon tube.

e. Pipette 2 µl, 20 µl, and 200 µl of bleach 
(NaClO or sodium hypochlorite) into three 
falcon tubes.

f. Pipette 2 µl, 20 µl, and 200 µl of HCl into 
three falcon tubes.

g. Pipette 2 ml of saturated salt solution prepared 
beforehand into one of the falcon tubes.

h. Pipette 2 ml of saturated sugar solution 
prepared beforehand into one of the falcon 
tubes.

i. Pipette 10 µl of citric acid (1 molar) into one 
of the falcon tubes.

j. Place one drop of soap into one of the 
falcon tubes.

5.	 Label all the falcon tubes. The three left (that were 
not tested) will be considered the experiment’s 
positive control.

6.	 Incubate tubes at 37°C, shaking at a rate of 
225 RPM for 16 hours.

Part III (Analysis)
1. Retrieve all falcon tubes from the incubator.
2. Pipette a sample of approximately 500 µl 

from each falcon tube into a separate 
spectrophotometer cuvette.

3. Measure each sample for any growth using a 
spectrophotometer. Compare the results to the 
positive and negative controls.

4. Record and analyze the data.
5. Sub-culture samples of the “positive-control.”

a. Inoculate the samples onto Agar plates 
using the “streak plate technique.”

b. Incubate at 37ºC for 16 hours.
c. Observe the plates and isolated colonies 

under white light.

Results and Discussion

Results throughout the experiment prove that 
about half of the household methods tested are 
not effective. Before obtaining results through the 
spectrophotometer for the different methods tested, 
LB Broth Medium (which was not incubated and 
did not have any bacteria inoculated) was read to 
obtain blank results. This, along with the results 
of the experiment’s negative control (where only 
the medium was incubated and no bacteria was 
inoculated), was significant in order to see if any 
contamination occurred in the incubator. As intended, 
there was no external contamination throughout the 
growth process of the investigations. This can be 
verified through the extremely low absorbance 
figures obtained from the spectrophotometer 
[Figure 1].

It was seen that exposing bacteria to heat (40°C, 
60°C, and 80°C) does not prevent bacterial 
growth. In fact, 40°C provided a favorable 
environment for bacterial growth, since the 
optimum growth temperature for many bacteria 
is around 37°C. However, keeping the bacteria 
at boiling temperature for 10 minutes definitely 
prevented all the bacterial growth. This result 
prompted us to question the common household 
use of kettles to boil water for hot drinks, such as 
tea, coffee, soup, etc. This is because, although 
kettles are designed to boil water, they tend to stay 
at the boiling point (around 100°C) for only a short 
period of time. Then, they turn themselves off, and 

Figure 1: Spectrophotometer data with absorbance values. Samples 
were measured with 600 nm wavelengths to detect the presence 
of bacteria. Absorbance values were presented on the graph with a 
logarithmic scale. The threshold value was set as 0.1. When tested, 
samples generating absorbance rates below the threshold value were 
considered to inhibit bacterial growth. In the same context, samples 
with values above the threshold allowed the growth of bacteria
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the temperature of the water drops rapidly. For 
this reason, it is reasonable to say that they only 
reach about 80°C on average. As can be seen in 
the data, 80°C still allows the bacteria development 
to a pathogenic degree.

Adding vinegar to the experiments prevented 
bacterial growth at all concentrations tested (200 µl, 
400 µl, and 2 ml) – proving to be an effective method. 
Adding the same concentrations of lemon juice 
also prevented the bacterial growth to some extent, 
though not fully. Even so, due to the liquid’s opaque 
quality, the spectrophotometer gave high results 
(suggesting bacterial growth) for the investigation, 
even after dilution. However, we think that this is 
because the spectrophotometer read the lemon 
juice itself as false positive results due to scattering 
of the light by the colloidal dispersion character of 
lemon juice.

Passing bacteria through a micro-filter (with 0.20 µl 
pore size) was one of the most reliable methods 
tested. However, even though these filters are 
commonly found in scientific laboratories, they 
are harder to obtain and apply in household 
environments.

Bleach and hydrochloric acid are both sold in 
about 5% concentrations for household cleansing 
purposes. They are commonly used in many homes. 
Through the surveys completed, it was seen that 
especially these two chemicals were used extensively 
for domestic purposes. For that reason, the two 
criteria were tested at the same concentrations. 
Ratios of 1:1000 (2 µl), 1:100 (20 µl), and 1:10 
(200 µl) were inoculated into test tubes. From the 
results obtained, it was seen that adding a ratio of 
1:1000 of the chemicals was not enough to prevent 
growth. Even so, adding only 10 ml (1%) of HCl or 
bleach into a bucket of cleaning water (approximately 
1liter) is enough to kill microorganisms such as 
E. coli in the surrounding environments. This figure is 
significant as people tend not to know that even such 
a small amount of the chemical is sufficient for it to 
be effective. This finding stipulates that the habit of 
pouring bottles of bleach to disinfect a small surface 
should be abolished.

Saturated salt – used to simulate the process of 
adding salt to water, food, or other sources of 
pathogenic bacteria – resulted in significantly low 
figures. In contrast, adding saturated sugar to the 
media did not turn out to be an effective method. 
Although sugar did not increase the growth rate of the 

bacteria, it did not have any effect in the prevention 
of growth, either.

Citric acid, another chemical commonly found in 
household environments for cleansing purposes, was 
tested as well. Ten microliters of concentration 1 Molar 
was added in to the medium (2 ml) – diluting the citric 
acid to 5 mM. This concentration was not enough to 
prevent bacteria growth, as seen in the data.

Adding one drop of liquid soap to the media definitely 
stopped the bacterial growth. This proved that our 
common habit of washing our hands, indeed, is 
effective.

In order to verify that the results were reliable, a 
positive control was also kept for the experiment. 
These media had only bacteria inoculated in them, 
and they were incubated with the rest of the tubes. 
No foreign substance was added in order to prevent 
contamination. For this reason, it can be seen 
through the data that the positive control obtained 
the highest results with the most contamination. 
This, as well as the results obtained from the 
negative control, proved that the experiment was 
completed as intended and reasonably accurate 
results were obtained. 

To observe the microbes, a sample taken from the 
positive control was inoculated onto Agar plates 
and placed into a steady incubator at 37ºC. After 
16 hours, Agar plates were examined under white 
light for the formation of colonies and photographed 
[Figure 2].

Figure 2: Photos of bacteria examined under white light. Samples taken 
from the positive control experiment were inoculated onto Agar plates. 
The opaque areas on the plates indicate bacteria colonies
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After testing different methods used to kill “germs” in all 
aspects of our lives, there are many recommendations 
that can be made. Food that is consumed uncooked 
can be washed with vinegar, lemon juice, or salt. This 
combination is commonly found in salads, hinting 
that it is safe to eat! Also, food (e.g. pasta) and 
beverages (e.g. tea) to be cooked can be boiled for 
10 minutes in order to kill all bacteria in them. For 
cleansing household surfaces, adding small amounts 
of bleach or hydrochloric acid will be sufficient. For 
our personal hygiene, soap is always reliable!!

In summary, some of the household methods 
used to kill bacteria in our daily lives did not 
prove to be effective at all. The data from the 
spectrophotometer, as well as plate examinations, 
verify that not all of these methods are reliable, 

even though people might use them extensively 
in their homes.
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