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ARTICLE INFO 
 ABSTRACT  

  The alarming trend of the resistance in microbes drives researchers to re-evaluate the existing 
materials and methods used to maintain aseptic conditions in laboratories. Therefore, this study was 
designed to better understand surface microbes in biotechnology laboratory areas that may develop 
resistance and the action needed to control the transmission by re-evaluating the efficiency of 
commonly used surface sterilant: 70% ethanol. For this purpose, surface swabs were collected from 
the four commonly used uncleaned working spots: media preparation area, molecular area, 
inoculation area, and incubation area. Pure colonies were characterised morphologically and 
biochemically using gram staining, catalase, oxidase, indole, urase, and gelatin tests. According to 
morphological and biochemical characteristics, the representative bacteria were concluded 
as Bacillus spp., from media preparation and molecular area, Staphylococcus spp., and Pseudomonas 
spp, from inoculation and incubation area, respectively. All the isolates were sensitive to the 
antibiotic Kanamycin. Then these isolated bacteria were used as surface inoculum to find the efficacy 
of 70% ethanol as surface steriliser after 2, 5, and 10 mins of sterilisation. After sterilisation, the 
bacteria concentration was 8-11 times lower than the positive control, and there were no significant 
differences (α=0.01) among negative and tested bacteria samples in bacterial concentration and 
times used. This study also tested whether ethanol is effective against surface bacteria for up to 24 
hours and concluded that there is a need for immediate cleaning. Overall, this study confirmed the 
acceptability of the most undertaken sterilisation practice (using 70% ethanol) at biotechnology 
laboratories using isolated surface bacteria. 
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Introduction 

Emerging microbial resistance is a significant risk to 
global health that threatens the available effective 
preventions and treatments. Antimicrobial resistance is 
not a new phenomenon. Genes encoding resistance to 
several antibiotics were found about 30,000 years ago 
(D’Costa et al., 2011). Usually, fungus and bacteria have 
antibiotic genes as a natural defence but can be a 
severe problem due to their overuse or misuse by 
human activities. In addition to evolution and random 
mutations (due to selection pressure or environmental 
stress factors), resistance can also arise through 
horizontal gene transfer between species and mobile 
genetic elements (integrons, transposons, plasmids) 
(Munita and Arias, 2016). However, a few reports of 
antimicrobial resistance have been found in the built 
environment, such as in research laboratories than 
healthcare and agriculture sectors (Cave et al., 2021), 

even though resistance genes can be transmitted via 
the movement of humans to other areas where 
antibiotic usage is still significantly low (Sivaraman et 
al., 2021). 
  
Microbes are ubiquitous and found in almost every part 
of the environment except where they cannot survive. 
The microbially contaminated surface area of 
laboratories can play a vital role in indirectly 
transmitting this infection. These microbiological 
contaminants can create a diagnostic issue and become 
a reason for lab users' health risks. Due to poor sterile 
techniques, biotechnology laboratories may become a 
typical growth habitat of microbes (Isola and Olatunji, 
2016).  
 
Maintaining a sterile environment in laboratory areas is 
a prerequisite to a successful research initiation. A small 
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exposure of media particles can create microbial 
biomass after using a laboratory technique. It implies 
that surface area disinfection or sterilisation is an 
essential component of infection prevention. 
Sterilisation is a complete elimination or destruction of 
all microbes in vegetative and spore forms and carried 
out by various physical and chemical methods based on 
purpose and feasibility (Rutala and Weber, 2001). There 
are no standards for sterilisation, disinfection, and 
cleaning. Sterilisation can be done by combining heat, 
chemicals, irradiation, high pressure, and gas. The most 
commonly used chemical sterilant are hydrogen 
peroxide, nitrogen dioxide, glutaraldehyde and 
formaldehyde solutions, and alcohol (Rutala and 
Weber, 2001). In most biotechnology laboratories, 70% 
alcohol is used as surface sterilisation as it penetrates 
the cell wall and coagulates all proteins; consequently, 
microorganism dies. However, alcohol does not provide 
sporicidal attributes. Some bacteria can transform into 
spore cells when they face unfavourable external 
conditions, resulting in reduced metabolic activity, 
higher resistance, and immunity against alcohol-based 
sterilisers like ethanol. Moreover, microbes' resistance 
to ethanol can also grow as a selection pressure or 
microbes develop restricted access, getting rid of the 
substrate and changing or destroying the substrate.  
 
Therefore, it is essential to test the efficacy of this 
commonly used steriliser again for an effective 
sterilisation technique, as negligence could lead to 
severe consequences and even cost a life (Graziano et 

al., 2013). Even the most recent COVID-19 pandemic 
(Coronavirus disease) has pinpointed the importance of 
refocusing hygiene approaches like sterilisation, 
including a better understanding of surface 
transmissions and actions that need to be taken as 
contaminated surfaces may drive the development of 
resistance. Therefore, the present study was 
undertaken to control surface transmission by surface 
microbes in a biotechnology laboratory that may 
develop resistance by re-evaluating the efficacy of a 
commonly used surface steriliser, 70% ethanol. 
 
Materials and Methods 

Experimental design 
The whole research was carried out in two experiments. 
The first experiment was about identifying 
biotechnology laboratory surface bacteria, and 2nd 
experiment was to find the efficacy of ethanol as a 
sterilant using identified surface bacteria. The first 
experimental area was divided into the media 
preparation area, molecular biology area, inoculation 
area, and incubation area. Two replicates were 
collected per site from each area, except the molecular 
working area. Three samples with three replications 
were collected from the molecular working area as a 
large working area (Table 1). For 2nd experiment, three 
replicates per sample were used to find the efficacy of 
ethanol as a surface sterilant.  
 

 
Table 1. Tag names of the different samples collected from different lab areas 

Tag name    Sample type based on Area 

S.C1 Media preparation Area1(Chemicals are present) 
S.C2 Media preparation Area2(Chemicals are present) 
M1 M1(1) Molecular biology lab area1(1) 

M1(2) Molecular biology lab area1(2) 

M1(3) Molecular biology lab area1(3) 
M2 M2(1) Molecular biology lab area2(1) 

M2(2) Molecular biology lab area2(2) 

M2(3) Molecular biology lab area2(3) 

M3 M3(1) Molecular biology lab area3(1) 

M3(2) Molecular biology lab area3(2) 

M3(3) Molecular biology lab area3(3) 

TCF1 Inoculation area1(from tissue culture area) 
TCF2 Inoculation area2(used from tissue culture area) 
TCI1 Incubation area1(used from tissue culture) 
TCI2 Incubation area2(used from tissue culture) 
C0=Control Uninoculated sample 

 
Sample collection for surface bacteria 
The sample was collected on the morning of the 
following day before cleaning or sterilising after a 
regular working day using the easiest and best 

technique of microbial sampling, the surface swabbing 
technique (Jansson et al., 2020). A sterile cotton stick 
was swabbed on the selected area, and the sample was 
taken for inoculation in Luria-Bertani (LB) broth. Then 
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LB broth was incubated at 37°C for 24 hours. Finally, the 
spectrophotometer (UV-VIS Spectrophotometer T80) 
reading was taken to ensure the presence of microbes. 
A wavelength of 600 nm (A600) was used for measuring 
bacterial concentration. An OD600 of 1 corresponds to 

approximately 8 ×108 bacterial cells per ml was used for 
calculation (Massad et al., 2011). The cell density of 
microbes is represented in Table 2. 
 

 
Table 2. Microbial load in per millilitre Luria broth (LB) medium 

Sample Name Optical Density (OD600) of Luria (LB) 
media 

Number of microbial cells/ml 

S.C 0.847 6.78×108 

M1 0.250 2.0×108 

M2 0.931 7.45×108 

M3 0.922 7.38×108 

TCF 0.272 2.17×108 

TCI 0.095 7.6×107 

Here, S.C1= Media preparation area, M1=Molecular Biology lab area part 1, M2= Molecular Biology lab area part 2, M3=Molecular Biology 
lab area part 3, TCF =Inoculation area, TCI=Incubation area 

 
Identification of microbial isolates 
Cultural characterisation 
Cultural characteristics of microbial isolates were 
performed by steak culturing of the isolates on LA 
(Luria-Bertani Agar) plates and incubated at 37⁰C for 24 
hours, and then the colonies were observed for the 
following characteristics: 
a. Shape: Shapes of the isolated colonies were 

recorded as circular or irregular. 
b. Colour: Colour was recorded as creamy white and 

reddish-white. 

Morphological characterisation 
Gram staining   
A loop of microbial culture was used to smear the slide. 
Then the microbial inoculum was fixed by passing it 
over the flame two or three times. The heat-fixed slides 
were flooded with crystal violet and kept for 60 
seconds. Then slides were rinsed with tap water. After 
that, slides were flooded again with the Gram's iodine, 
kept for 60 seconds, and then rinsed with tap water. 
Next, the slides were held at a slant and squirted with 
the decolourising agent ethanol for five seconds, letting 
the decolouriser and excess dye run off the slides. Then 
the slides were rinsed immediately with tap water. 
These were then counterstained by flooding the slides 
with safranin for one minute. Finally, slides were rinsed 
with tap water, blow-dried with tissue paper, and 
observed under  40X and 100X microscope (Cappuccino 
and Sherman, 2005). 
 
Biochemical characterisation 
Catalase test 
Catalase test was done with 3% H2O2, and that 3% H2O2 
was prepared by adding 1 ml 30% liquid stock H2O2 

reagent in 9 ml distilled water. A portion of the colony 
was picked up, and a smear was made on the clean 
glass slide. Then a drop of 3% H2O2 was added to the 

smear, and the emergence of gas bubbles was 
examined (Reiner, 2010). The gas bubble on the glass 
slide represents the positive catalase test. 
 
Oxidase test 
This test was performed with a 1% solution of 
tetramethyl-p-phenyl-diamine dihydrochloride, soaked 
in a Whatman filter paper. A portion of the colony of 
the isolates was picked up with a sterile toothpick and 
touched onto the filter paper, which was previously 
soaked with the reagent and observed for colour 
changes (Shields and Cathcart, 2010). The blue or 
purple colouration on treated filter paper indicates the 
positive, and colourless indicates the negative oxidase 
reaction. 
 
Urease test 
Per tube, 25 ml urea agar media was taken and allowed 
to solidify in the slanting position to form a slope. The 
slants were inoculated with the test organism and 
incubated at 37°C for 48 hours. The slants were 
observed for deep pink colour. 
 
Indole production test 
The indole production test was done with tryptone 
broth media. A small amount of the microbial culture 
was inoculated in the tryptone broth media. Then the 
inoculated test tubes were incubated for 48 hours at 
37°C. To test for indole production, 1 ml of Kovac's 
reagent was added directly to each tube after 48 hours 
of incubation. Then the tubes were shaken gently at 10 
to 15 mins intervals. The tubes were observed for 
cherry red layers in the top layer (MacWilliams, 2012). 
The Cherry red layer on the top of the tubes indicates a 
positive result, and the original colour of the reagent 
indicates a negative indole test result. 
 
Gelatin hydrolysis test 
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A heavy inoculum of microbial culture was stab 
inoculated into the gelatin broth tubes by an 
inoculating needle in a sterile environment. The glass 
vials were incubated at 37°C for 72 hours (Dela  and 
Torres, 2012) and observed for Gelatin hydrolysis as it 
indicates the presence of gelatinase. 
 
Determination of antimicrobial sensitivity by disc 
diffusion method 
Due to the emergence of bacterial antibiotic resistance, 
we performed a quick antimicrobial susceptibility 
testing to confirm the susceptibility of a chosen 
antimicrobial agent or detect resistance in individual 
bacterial isolates. As our focus is on biotechnology 
laboratory areas, including tissue culture, this test could 
help to prepare sterile media. The antibiotic Kanamycin 
was used for the susceptibility test as it was found 
sensitive to most surface microorganisms (Yang et al., 
2017). The antibiotic test was done using the standard 
agar disc-diffusion method, more commonly known as 
the 'Kirby-Bauer Method' (Barry, 1985). A suspension of 
isolates was prepared by inoculating the isolates in 
sterile saline water. A uniform lawn of bacterial growth 
was prepared on LA agar plates (pH 7.00) with the help 
of a sterile cotton swab. Then two kanamycin discs (30 
µg/disc) (HiMedia, India) were applied aseptically to the 
surface of the inoculated plates at an appropriate 
spatial arrangement using sterile forceps. The plates 
were then inverted and incubated at 37°C for 24 hours. 
The zone diameter is used to find the antibiotic zone of 
inhibition, measured from the disk's centre to the edge 
of the area with zero growth in millimetres. A clear zone 
(Standard Zone of Diameter of 18mm or more) around 
the disc interpreted sensitivity to the specific antibiotic, 
and the average of two replicate discs was used as an 
average disc diameter (mm). A plate with an antibiotic 
disc and without bacteria was used as a control. 
 
Determination of the efficacy of ethanol steriliser 
The efficacy of 70% ethanol (Merck KGaA, Germany) 
steriliser in controlling surface microbial load was 
determined using three characterised surface bacteria 
isolates. The sample without cleaning was taken as the 
positive control. Negative control was collected from 
the double cleaned (with soap and water) and sterilised 
(with70% ethanol steriliser) surface. The allocated 
surface area [(21 x 47.5cm, as described by Graziano et 
al., (2013)] was inoculated with 2.17*108/ml bacterial 
samples identified in the first experiment (Bacillus spp., 

Staphylococcus spp., and Pseudomonas spp., 
respectively) with the aid of a sterilised spatula. After 
drying the surface, 70% ethanol (w/v) was sprayed and 
mobbed. Then samples were collected by swabbing 
after 2 mins, 5 mins, and 10 mins of sterilisation and 
incubated in LB media at 37°C for 24 hours to find the 
efficacy of ethanol as surface sterilant on isolated 
surface bacteria. After 24 hours, the bacterial growth in 
LB media was observed with a spectrophotometer. A 
wavelength of 600 nm (A600) was used for measuring 
bacterial concentration. For each sample, three 
replicates were used. We also used a circular disc 
(approximately 6mm) of Whatman filter paper soaked 
in 70% ethanol to find whether these discs were able to 
stop the growth of bacteria for up to 24 hours. The agar 
plates were inoculated with a sterile cotton swab, and 
soaked filter paper discs were applied to agar plates 
with sterile forceps. The plates were inverted and 
placed in the incubator for incubation for 24 hours. 
Then the efficacy of different ethanol concentrations in 
controlling microbial isolates growth was observed. 
 
Statistical analysis 
The statistical analysis was done using analysis of 
variance (ANOVA) following Tukey’s Honestly Significant 
Difference (HSD) post hoc test at 1% level of 
significance in Statistical Package for the Social Sciences 
(SPSS) version 20. The data were presented as Mean ± 
SE. 
 
Results 

The prime objective of this research was to re-evaluate 
the efficacy of commonly used surface sterilant 70% 
ethanol using the surface bacteria isolated from the 
surface areas of the biotechnology lab. Therefore, 
isolated bacteria were first characterised and then used 
as an inoculum to test the efficacy of 70% ethanol.  
 
Characterisation of Microbes 
Cultural characterisation  
After confirming the presence of microbes on 
laboratory surfaces, microbes were subjected to 
cultural characterisation. The growth pattern of 
bacteria isolates from inoculation and incubation areas 
(TCF and TCI) were irregular in shape and reddish-white 
in colour, and the rest of the eleven isolates were 
circular in shape and white creamy in colour (Figure 1). 
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Figure 1. Presence of microbes in LA agar plate after inoculation and incubation (representative figure). Figure represent 
microbes from (a) Uninoculated control, (b) Media preparation area, (c) Molecular lab area, (d) Inoculation area, and (e) 
Incubation area. Each working part has two replicates except the molecular area. Three samples were collected from the 
molecular area with three replicates. 

 
Morphological characterisation 
The morphological characteristics of isolates are 
present in figure 2. All the isolates were rod-shaped 

except isolates from the inoculation area. The 
inoculation area isolate was coccus-shaped. Among the 
isolates, the inoculation area isolate was gram-negative, 
and the rest were gram-positive. 

 

                  
 

                  
 
Figure 2. Morphological characterisation of laboratory surface area bacteria by Gram staining (Representative figures). (a) Rod-
shaped bacteria from media preparation area bacteria, (b) Rod-shaped bacteria from molecular lab M1, (c)  Rod-shaped 
bacteria from molecular lab M2 (d)  Rod-shaped bacteria from molecular lab M3, (e) Coccus-shaped bacteria of Inoculation area, 
(f) Rod-shaped bacteria of Incubation area. Each working part has two replicates except the molecular area. Three samples 
were collected from the molecular area with three replicates.     
 
Biochemical characterisation 
Catalase test 
All bacterial isolates were catalase positive. They could 
produce enzyme catalase and convert hydrogen 
peroxide into water and oxygen. The catalase test 
results of bacterial isolates from different laboratory 
areas are shown in Table 3. 
 

Oxidase test 
The oxidase test detects the ability of bacteria to 
oxidise amines, and this oxidase reaction is correlated 
with the cytochrome oxidase activity of the test 
bacteria. The Oxidase test result of laboratory surface 
area bacteria is given in figure 3. All filter papers were 
colourless after bacteria inoculation, and all isolates 
were found oxidase negative. 

 
 

a 

d e a b c 

 

b c 

d e f 
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Figure 3. Oxidase test of bacteria isolates from laboratory surface area (representative figures). (a) Uninoculated control test 
(Oxidase positive), (b) Reference picture for positive oxidase test (c) Media preparation area S.C bacteria, (d) Molecular biology 
lab M1 bacteria, (e) Molecular lab biology M2  bacteria, (f) Molecular biology lab M3 bacteria, (g)  Inoculation area TCF bacteria, 
(h) Incubation area TCI bacteria; Colorless filter paper indicates negative oxidase test from left (c) to the right (h) compare to 
positive test (b). A representative picture of positive oxidase is collected from Humagain (2019). Each working part has two 
replicates except the molecular area. Three samples were collected from the molecular area with three replicates. 

 
Urease test 
Urease activity (the urease test) was detected by 
growing bacteria in a medium containing urea and using 
a pH indicator such as phenol red. If urea is hydrolysed, 
ammonia accumulates in the medium and makes it 
alkaline. This increased pH is the indicator to change 
from orange-red to deep pink or purplish, indicating a 
positive test for urea hydrolysis. Failure of deep pink 

colour development is a negative urease test result. The 
urease test result of laboratory surface area bacteria is 
represented in figure 4. The isolates of the media 
preparation area, inoculation area, and incubation area 
were urease positive because of pink colour formation. 
Molecular biology area isolates were also urease 
positive, but M1(1), M1(3), and M2(1) were urease negative. 
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a 
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Figure 4. Urease test of surface bacteria isolates. (a) Uninoculated control test, (b) Media preparation area S.C1 bacteria, (c) 
Media preparation area S.C2 bacteria, (d) Molecular biology lab M1(1) bacteria, (e) Molecular biology lab M1(2)  bacteria, (f) 
Molecular biology lab M1(3)bacteria, (g) Molecular biology lab M2(1) bacteria, (h) Molecular biology lab M2(2) bacteria, (i) 
Molecular biology lab M2(3)bacteria, (j) Molecular biology lab M3(1) bacteria, (k) Molecular biology lab M3(2) bacteria, (l) 
Molecular biology lab M3(2) bacteria,(m) Molecular biology lab M3(3) bacteria, (n) Inoculation area TCF1 bacteria, (o) Inoculation 
area TCF2 bacteria (p) Incubation area TCI1 bacteria, (q) Incubation areaTCI2 bacteria; No pink coloration occurs in(d), (f) and (g) 
isolates; Other all isolates showed pink color. 
 

Indole test 
The indole test was used to determine the ability of an 
organism to split amino acid tryptophan to form the 
compound indole. Kovac's reagent detected indole 
production; this reacts with indole to produce a red 
compound. The Cherry red layer in the top layer of the 
tubes indicates a positive result, and the original colour 

of the reagent indicates a negative indole test result. All 
the isolates of the surfaces of the media preparation 
area, molecular biology area, inoculation area, and 
incubation area were indole negative due to the 
absence of the cherry layer. The indole test result of 
laboratory surface area samples is given in figure 5.  

 

                   
     
Figure 5. Indole test of surface bacteria isolates (representative figures). (a) Uninoculated control test, (b) Media 
preparation area S.C bacteria, (c) Molecular biology lab M1 bacteria, (d) Molecular biology lab M2 bacteria, (e) 
Molecular biology lab M3 bacteria, (f)  Inoculation area TCF bacteria,  (g)  Incubation area TCI bacteria; No cherry 
red layer is not found from left (b) to the right (g). 
 
Gelatin test 
A gelatin hydrolysis test was used to detect the ability of an organism to produce gelatinase that liquefies gelatin. 
Gelatin hydrolysis indicates the presence of gelatinase. All the isolates of the Media preparation area, Molecular 
biology area, Inoculation area, and Incubation area were found gelatin negative in the gelatin hydrolysis test 
because the inoculated and incubated Gelatin broth tubes were solidified after 30 mins of freezing at 4oC. Gelatin 
test of laboratory surface area bacteria is represented in figure 6.  
 

                          
 
Figure 6. Gelatin test of surface bacteria isolates (representative figures). (a) Uninoculated control test, (b) Media preparation 
area S.C bacteria, (c) Molecular biology lab M1 bacteria, (d) Molecular biology lab M2 bacteria, (e)  Molecular biology lab M3(1) 
bacteria, (f) Inoculation area TCF bacteria, (g) Incubation area TCI bacteria, No gelatin liquefication occurs from left (a) to (g). 
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Table 3. Summary of morphological and biochemical characterisation of isolated microorganisms and 
identification of bacteria according to Bergey's manual of determinative bacteriology  

Isolates Morphology                          Biochemical test Tentatively 
Identified Bacteria Catalase Oxidase Urease Indole 

production 
Gelatin 
hydrolysis 

S.C +ve Rod    +    -   +     -     _ Bacillus spp. 
M1 +ve Rod    +    -    -     -     _ Bacillus spp.  
M2 +ve Rod    +    -    -     -     _ Bacillus spp. 
M3 +ve Rod    +    -    +     -     _ Bacillus spp. 
TCF +ve Coccus    +    -    +     -     _ Staphylococcus spp. 
TCI -ve Rod    +    -    +     -     _ Pseudomonas spp. 

Here, Here, S.C=Isolates from the media preparation area, M1= Isolates from molecular biology lab area part 1, M2= Isolates from molecular 
biology lab area part 2, M3= Isolates from molecular biology lab area part 3, TCF = Isolates from inoculation area, TCI= Isolates from incubation 
area,  "+" indicates a positive result and "–" indicates a negative result. 
 

Based on isolated microbes' cultural and biochemical 
characteristics, the isolates can be designated as 
Bacillus spp., Staphylococcus spp., and Pseudomonas 
spp. as described in Bergey's manual of determinative 
bacteriology (Table 3) (Young, 1926). 
 
Determination of antimicrobial sensitivity by disc 
diffusion method 

An antibiotic sensitivity (or susceptibility) test was done 
to help in choosing the correct antibiotics during media 
preparation against isolated and identified surface 
bacteria. All the isolates were found susceptive (S) to 
the antibiotic Kanamycin, and their zone of inhibition 
was more than standard SDS (18mm). The antibiotic 
kanamycin sensitivity test results are given in Table 4 
and figure 1 in the appendix.  
 

 
Table 4. Susceptibility pattern of isolated bacteria against Kanamycin antibiotic  

 
Isolates 

K (30 µM) Inhibition zone (ZI) 

      SDS Average disc diameter(mm)      Result 

 S.C  18 or more 24 Susceptive 
 M1  18 or more 18 Susceptive 
 M2  18 or more 24.5 Susceptive 
 M3  18 or more 24.5 Susceptive 
 TCF  18 or more 26.5 Susceptive 
 TCI  18 or more 23.5 Susceptive 

Note: SDS- Standard Zone of Diameter 

 
Determination of the efficacy of Ethanol steriliser 
 
Table 5. Determination of the efficacy of 70% Ethanol steriliser after 2, 5 and 10 mins of sterilisation 

Samples 2 mins 
(Mean ± SE) 

(107) 

5 mins 
(Mean ± SE) 

(107) 

10 mins 
(Mean ± SE) 

(107) 

Positive control 1.40 ±0.28a 1.40 ±0.28a 1.40 ±0.28a 
Negative control 0.01 ±0.005b 0.01 ±0.005b 0.01 ±0.005b 

Bacillus spp. 0.12 ±0.03b 0.19 ±0.12b 0.18 ±0.09b 

Staphylococcus spp. 0.14 ±0.11b 0.29 ±0.007b 0.11 ±0.09 b 

Pseudomonas spp. 0.17 ±0.05b 0.18 ±0.006b 0.15 ±0.11b 

N.B: Bacterial concentrations were measured after 2, 5 and 10 sterilisation with 70% ethanol. In a column, mean values with the same 
letter(s) or without a letter do not differ significantly, whereas mean values with dissimilar letters differ significantly (as per Tukey HSD) at 
1% level of probability.  

 
The efficacy of 70% ethanol to control isolated surface 
bacteria load was evaluated in different periods. For 
this purpose, 70% ethanol concentration was tested on 
isolated bacteria Bacillus spp, Staphylococcus spp, and 
Pseudomonas spp. after 2, 5, and 10 mins of 
sterilisation. After 2, 5, and 10 mins of sterilisation, the 

bacterial concentration was 8-11 times lower than the 
positive control. Moreover, there were no significant 
differences between bacteria isolates and negative 
controls in all periods (Table 5).  
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Table 6. Evaluation of the Efficacy of Ethanol Sterilizer 
after 24 hours  

Isolates Sensitivity of 70% ethanol  
(Inhibition Zone) 

Bacillus spp. Zero 
Staphylococcus spp. Zero 
Pseudomonas spp. Zero 

 
It was also checked whether bacteria could grow on the 
clean surface after 24 hours of sterilisation using 70% 
ethanol (Table 6). After 24 hours, microorganism 
presence was found on the surface. Therefore, it could 
be suggested that the laboratory surfaces need 
immediate cleaning to avoid contamination with 
microbes. 
 

Discussion 

The widespread use of biological techniques makes the 
Biotechnology laboratory a susceptive habitat for 
microbial growth (Cheng et al., 2014). This contaminant 
replicates immediately or remains dormant for a long 
time for their favourable environment (Del et al., 2014). 
This contamination risks laboratory personnel and 
increases cell culture procedures' costs (Niimi et al., 
2011). Moreover, the emerging resistance in microbes 
makes the laboratory more susceptible as resistance 
can pass through human contact (Cave et al., 2021). 
Therefore, it is crucial to isolate and identify the surface 
microbes' transmission and refocus the hygienic 
procedure and non-medical intervention used to 
control these contaminants (Porte et al., 2012). 
Therefore, one of the objectives of the present study 
was to isolate and characterise microbes from the 
uncleaned working surface of the biotechnology 
laboratory. Based on isolated microbes' cultural and 
biochemical characteristics (according to Bergey's 
manual of determinative bacteriology), the isolates can 
be designated as Bacillus spp., Staphylococcus spp. and 
Pseudomonas spp. (Young, 1926).  
 

Among all microbes, the prominent species Bacillus spp. 
was found in the Media preparation area and Molecular 
area surfaces. The Bacillus spp. is commonly found in 
decaying organic matter, dust, soil, vegetable, and 
water. The spore form of these bacteria can survive 
solid environmental stress, making it difficult to prevent 
by sterilisation (Andersson et al., 1995). 
 

The tissue culture inoculation area was infected with 
Staphylococcus spp., a major pathogen that causes 
many clinical symptoms. This species is found in normal 
human flora, skin, and mucous membranes (most often 
nasal area) of most healthy skin, but when it is allowed 
into the bloodstream, it may cause various serious 
infections (Lowy, 1998). 

The tissue culture incubation area containing 
Pseudomonas spp. is widely distributed in nature, and 
some are plant pathogens (Viss et al., 1991). Therefore, 
identified bacteria spp. in biotechnology may come 
from human sources, improper handling, or plant 
sources during tissue culture. 
 

Moreover, though our primary objective was to re-
evaluate the efficacy of 70% ethanol using identified 
surface bacteria, susceptibility testing of individual 
isolates is vital as our identified microbes, e.g.,  
Pseudomonas species, Staphylococcus species, could 
acquire resistance mechanisms (Reller et al., 2009). 
Therefore, one of the easiest and quickest disc diffusion 
methods was used by an aminoglycoside 
bacteriocidal broad-spectrum antibiotic, Kanamycin 
(Andrews, 2009). This study identified that all isolates 
were sensitive to Kananmysin. This finding aligns with 
Andrews’s and Hasan's findings (Andrews, 2009; Hasan, 
2018). Hasan (2018) found Bacillus spp., Staphylococcus 
spp., Pseudomonas spp. isolates from plant tissue 
culture lab sensitive to Kanamycin and azithromycin but 
resistant to ampicillin, supporting Andrews (2009) 
findings of susceptibility of identified spp. to 
aminoglycosides. 
 

Fortunately, various physical and chemical sterilisation 
methods are available for neutralising these 
contaminants based on purpose and feasibility. The 
most common disinfectant used in pharmaceutics, 
hospitals, and laboratories is 70% alcohol with 30% 
water. The presence of water is crucial for the efficacy 
of ethanol as it acts as a catalyst in denaturing proteins 
of vegetative cell membranes: the most plausible 
interpretation of alcohol's antimicrobial activity (Hasan 
and Al-Harmoosh, 2020; Rutala and Weber, 2001). 
However, alcohol does not protect against sporicidal 
attributes of some bacteria formed during unfavourable 
external conditions, resulting in a higher resistance and 
immunity from alcohol-based disinfectants (Graziano et 
al., 2013). Therefore, in this experiment, the 
effectiveness of the commonly used 70% ethanol 
steriliser was re-evaluated after 2, 5, and 10 mins of 
sterilisation. It was found that 70% ethanol is still 
successfully eradicating identified surface microbes up 
to 11 folds, comparable with negative control. Graziano 
et al., (2013) evaluated 70% alcohol disinfectant 
effectiveness without previous cleaning work surfaces 
and found that 70% ethanol is effective for microbes 
cleaning. Their microbial reduction was around six 
logarithms. Another research studied the efficacy of the 
surface disinfects chlorhexidine (0.5%, 1%, 2%, 3%, and 
4%) and alcohol 70% (w/v) in gel and liquid form using 
Streptococcus mutans, Staphylococcus aureus, 
Pseudomonas aeruginosa, Candida albicans and 
Klebsiella pneumoniae, at a density of 108 CFU to 
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contaminated three surfaces (leather, Formica, and 
stainless steel) (Birck et al., 2016). The microbial 
reduction was around 7x, similar to the decrease found 
in the present investigation (6x), attested to the 
effective disinfecting.  
 
We also investigated what happened after 24 hours of 
sterilisation with 70% ethanol. After 24 hours, no 
inhibition zone was formed around the ethanol-treated 
filter paper on LA plates. One of the reasons for this 
finding could be that as volatile substrate ethanol 
evaporated from the surfaces though lids were used, 
therefore, failed to act as an effective steriliser for up to 
24 hours, and microorganisms grow after evaporation. 
Moreover, microorganism resistance to chemical 
germicides and sterilisation processes can vary 
significantly. For example, spores forming bacteria can 
resist ethanol because of their spore coat and cortex, 
and gram-negative bacteria can possess an outer 
membrane, a barrier to the uptake of disinfectants 
(Rutala and Weber, 2001). Moreover, the success of 
sterilisation can also vary for physical and chemical 
factors like organic matter to surfaces, length of 
exposure, temperature, pH, relative humidity, and 
water hardness (Rutala and Weber, 2001).  
 
Conclusion 

The present study aimed to re-evaluate the efficacy of 
commonly used surface sterilant 70% ethanol using 
isolated biotechnology laboratory surface bacteria. The 
isolated microbes were tentatively identified as Bacillus 
spp., isolated from the surface of media preparation 
and molecular biology areas, Staphylococcus spp., 
isolated from the inoculation area, and Pseudomonas 
spp. from incubation. These are living biological 
contaminants that can infect people and transmit by 
air. Therefore, proper working conditions maintained by 
operators, maintenance of autoclaves, laminar flow 
hoods, and growth rooms are the first vital steps 
toward avoiding incorporating these microbes into 
ongoing research from surfaces that can manipulate the 
whole biotechnological research. In this study, a quick 
and most used antibiotic susceptibility was checked 
using Kanamycin, and microbes were found susceptive 
to this antibiotic. Therefore, to avoid contamination by 
surface bacteria, tissue culture media and selective 
media (Kanamycin resistant) can be treated with 
Kanamycin. Fortunately, these microbes can still be 
controlled by 70% ethanol steriliser. However, there is a 
need for immediate cleaning as laboratory surfaces are 
sterilised before 24 hours of experimentation with 
ethanol. Finally, molecular characterisation of identified 
species and re-evaluating other sterilisation procedures 
practised by the lab are desirable for better control.  
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Appendices:  
 

        
 

      
 
 

      
 

 
 
Figure 1. Antibiotic kanamycin susceptibility test; (a) Uninoculated control test, (b) Media preparation area S.C1 bacteria, (c) 
Media preparation area S.C2 bacteria, (d) Molecular biology lab M1(1) bacteria, (e) Molecular biology lab M1(2)  bacteria, (f) 
Molecular biology lab M1(3)bacteria, (g) Molecular biology lab M2(1) bacteria, (h) Molecular biology lab M2(2) bacteria, (i) 
Molecular biology lab M2(3)bacteria; (j) Molecular biology lab M3(1) bacteria, (k) Molecular biology lab M3(2) bacteria, (l) 
Molecular biology lab M3(3) bacteria,(m) Inoculation area TCF1 bacteria, (n) Inoculation area TCF2 bacteria, (o) Incubation area 
TCI1 bacteria, (p) Incubation area TCI2 bacteria; From (b) to (p) all were susceptive to antibiotic Kanamycin. 
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