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Abstract 

The high prevalence of healthcare-associated infections (HCAIs) is a 

major challenge globally. In Africa, the prevalence of HCAIs is between 

2.5 - 14.8 %, which is twice as high as that in Europe. In this study, we 

aimed at developing an effective enzymatic detergent/disinfectant for 

medical devices. The components of the formulation consisted of tetronic 

acid (surfactant), benzalkonium chloride (disinfectant), three enzymes 

(protease, amylase and lipase), and sodium citrate/bicarbonate (buffers). 

Through a series of experiments, the concentration of reagents, tetronic 

acid and benzalkonium chloride were optimized. The optimized 

formulation composed of 1 % benzalkonium chloride, 3.5 % sodium 

citrate and 6 % sodium bicarbonate, 1M citric acid Monohydrous, and 

enzymes lipase, amylase and lipae (protease, amylase and lipase) making 

15 % of the formulation. The biofilm of S. aureus was prepared by 

incubating sterile aluminum chips inoculated with the bacteria at 37 °C. 

The antimicrobial activity of the formulation in terms of log₁₀-reduction of 

C. albicans was 5.87±0.52 and for S. aureus 7.29±0.44 respectively for 

non-biofilm surface. The negative control (double distilled water) showed 

no  antimicrobial  activity.  The  ability  of  the  optimized  formulation  to  
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effectively clean and disinfect the biofilm was also determined. For 

biofilm treatment with the formulation for more than 50 minutes, log₁₀-

reductions of 6.57 (at 1 hr.) and 9.33 (at 24 hrs.) were noted. This 

formulation was stable after 4 weeks at pH (P-value = 0.00046) and 

antimicrobial activity (P-value = 0.0030). These properties make this 

enzymatic detergent/disinfectant suitable for use in cleaning and 

disinfecting medical devices. The product demonstrated superior efficacy 

to the positive control product Aniosyme. Aniosyme had a > 99.9999 % 

reduction on the both C. albicans and S. aureus but no clearance of 

artificial soil on the STF strip for up to 60 minutes. From these findings, 

use of enzymes in detergent/disinfectants could be better alternative to 

surfactants and may hence lead to more environmentally and user friendly 

cleaning agents. 

 

Keywords: Benzalkonium chloride, Biofilm, Enzymes, Disinfectants, Healthcare 

associated Infections, Staphylococcus aureus.  

 

Introduction 
 

According to the World Health Organization (WHO) Health care-associated 

infections (HCAIs) are the most frequent adverse event in health-care delivery 

worldwide with 7 % of hospitalized patients at any given time. In developed 

countries about 30 % of patients in intensive care units (ICUs) are affected by at 

least one HCAI with prevalence being at least 2 - 3 fold higher in developing 

countries [1-2]. Biofilms (blood and other body matrices) in medical instruments 

continue to present a major problem to the prevalence of HCAIs [1-3]. Disinfectants 

destroy or inhibit growth of pathogenic microorganisms when applied to inanimate 

objects [4]. A broad spectrum of antimicrobial activity is one of the indicators of 

the effectiveness of a disinfectant [5]. An ideal disinfectant should also be 

compatible with the surfaces to be disinfected, easy to prepare and use, stable, 

affordable, readily available, as well as lacking any unpleasant odor [6]. They 

should be efficient in the removal of biofilms from medical devices such as flexible 

endoscopes, which cannot be disinfected using harsh chemicals or high 

temperatures [7]. As such, enzyme-based detergent/disinfectants that would be 

more appropriate in health facilities. Such detergent/disinfectants should be safe to 

use and effective even at minimum concentrations [8-9]. Currently, 

detergent/disinfectants that are available in developing countries are mostly 

imported from developed countries and also have issues with stability, ease of use 

and their safety [7]. Hence it is important to further develop enzyme based 

disinfectants that are effective, stable and that are safe [10]. C. albicans  has been 

reported to be a major pathogen in the fungal infections associated with HCAIs [11, 

12].  S. aureus has ability to survive in constant contact with human beings and is 

one of most important pathogens that contributes to the high prevalence of HCAIs. 

With S. aureus  biofilms being more common [7-14], effective disinfection of 

medical instruments is important in reducing chances of microbial growth and  
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biofilm formation. This study therefore aimed at developing an enzymatic 

detergent/disinfectant that is effective against of S. aureus (in biofilm and not) and 

also against C. albicans. 

 

Materials and Method    

 
Test Formulation of an enzymatic/disinfectant cleanser 
 

The new formulation consisted of 2-Solution System;  

a) Solution A (Sol A) contained a 0.6% protease enzyme, EverisDuo 

(Novozyme, Bagsværd, Denmark), 0.6% of amylase, Stainzyme 

(Novozyme, Bagsværd, Denmark) and 0.6% lipase, Lipex (Novozyme, 

Bagsværd, Denmark). The enzymes were mixed at 6 ml each.  

 

b) Solution B (Sol B) contained a buffer 3.5 % sodium citrate (Merck, 

Darmstadt, Germany)/ 6 % sodium bicarbonate (Merck, Darmstadt, 

Germany), a nonionic surfactant 0.3 % tetronic acid (Merck, Darmstadt, 

Germany), and a quaternary ammonium compound disinfectant 1 % 

benzalkonium chloride (MP Biomedicals, Irvine, CA). 

 

For combined mixture solution (A and B) various concentrations of disinfectant and 

surfactant, were tested. This was through a series of experiments to find the 

optimum formulation. Sol A and Sol B were mixed at a ratio of 1.5:8.5 of Sol A 

and Sol B respectively.  

 

Positive control formulations 

The performance of the developed formulation was compared with that of two 

products in the Kenyan Market.  

a) An enzyme-free detergent Safikem, (KEMRI, Kenya) that contained sodium 

lauryl ether sulfate 5 % w/w (an anionic surfactant), linear alkyl benzene sulphonic 

acid 2.5 % (an anionic surfactant) and cetrimide 0.5 % w/w (disinfectant) stabilized 

with NaCl and NaOH.  

b) An enzymatic detergent/disinfectant Aniozyme (Laboratoires Anios, Lezennes, 

France), which contained quaternary ammonium propionate, chlorhexidine 

digluconate, non-ionic surfactants, enzyme complex (protease, lipase and amylase), 

perfume coloring and excipients. 
 

Microorganisms 
The microorganisms that were used in the study were S. aureus ATCC 25923, and 

C. albicans ATCC 1023. They were stored at minus 80 °C freezer.  S. aureus ATCC 

25923 strains were propagated in Trypticase Soy Agar (TSA) and grown at 37 °C 

on blood agar plate for 24 hrs. The C. albicans ATCC 1023 strains were propagated 

on Sabouraud’s Dextrose agar plate and grown for 3 days at room temperature (25 

- 26 °C).  
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Determination of the cleaning efficacy of the formulations 
 

The detergency performance of various formulations was tested using Brown STF 

(Soil Test Formula) Load Check Indicator strips (STERIS Animal Health, Derby, 

UK). These strips contain two sources of protein, lipids and polysaccharides and 

they mimic the cleaning efficacy soil tests for surgical instruments as described in 

ISO/TS 15883-5. Briefly, the strips were dipped into a dilution of 1litre double-

distilled water containing 6 ml of the formulation and washed at intervals ranging 

from 10 to 60 minutes. The strips were removed from the solution, washed, and 

photographed. The time it took for the formulation to clear the STF strip was 

assessed by observation of the strips. This was taken as an indicator of the cleaning 

efficacy. 

The interpretation of the results was based on visual observation of soil (red color) 

removal as illustrated on Figure 1. The cleaning efficacy end-point was considered 

achieved when the STF strips appeared clear as shown in Figure 1[d]. 

 

 
[a] 

 
[b] 

 
[c] 

 
[d] 

 

 

Figure 1. The STF Strips appeared as [a] with complete ineffective cleaning 

efficacy, [b] with slight cleaning efficacy, [c] moderate efficacy, and [d]complete 

cleaning efficacy that was taken as the end-point. 

 

Optimization of the key parameters in the final formulation of the enzymatic 

based detergent/disinfectant 

To determine the optimum dilution of enzymatic detergent/disinfectant formulation 

for use, 1 ml to 10 ml of it were diluted into 1litre double distilled water and tested 

for cleaning efficacy using STF Load Check Indicator Strips.  

 

Determination of the disinfection efficacy 
The antimicrobial efficacy of the optimized formulation against S. aureus and C. 

albicans was tested using a carrier test method as described by G. Reybrouck [14]. 

Two hundred microliter (200 µl) of phosphate buffer saline (PBS) solution in 

separate tubes containing 600 CFU/ml of S. aureus (ATCC 25923) and 9400 

CFU/mL of C. albicans (ATCC  10231) was spread on the STF Load Check 

Indicator strips and left to dry for one and half hours. The strips were washed using 

the optimized formulation (6 ml of formulation in 1liter of double distilled water 

and washed for 10 minutes). The cleaned strips were swabbed and the swab 

suspended in PBS, vortexed and tested for sterility on blood agar and Sabouraud’s 

Dextrose agar. A 100 µl of the contents of test tube containing the swab was plated 

and incubated overnight at 37 °C for S. aureus and room temperature for 3 days for  
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C. albicans respectively. Then colony counts of viable cells on plates after 

disinfection were determined. The experiment was repeated 10 times. The colony 

counts, CFU/ml, and Log reductions were determined after cleaning.  Log 

reductions were determined using the formula as described by Hamilton in [15]: 

Log reduction ₌ log₁₀ A- log₁₀ B,  where A is the number of viable microorganisms 

before disinfection and B is number of viable microorganisms after disinfection 
 

 

Determination of the effectiveness of the formulation on cleaning and 

disinfection of the S. aureus Biofilm 

The S. aureus biofilm was prepared using a modified method by [7] . Briefly, ten 

aluminium chips (19 cm²) were cleaned, disinfected with 70 % ethanol, and 

sterilized in an autoclave for 15 minutes at 121 °C. A pure culture of S. aureus 

containing 2.16×10⁹ CFU/mL was made. Five chips were immersed into 60 mL 

Tryptic Soy Broth (TSB) and then into a petri dish of 10 mL of the bacterial 

suspension. The petri dish was incubated at 37 °C for 3 days. The chips were then 

washed with PBS. This was repeated five times. The strips were then washed using 

the optimized formulation (6 ml of formulation in 1liter of double distilled water) 

for varying durations (10 minutes, 20 minutes, 30 minutes, 50 minutes, 60 minutes 

and 24 hours). The cleaned strips were swabbed and the swab suspended in PBS 

and tested for sterility on blood agar. The colony count, CFU/mL, and log₁₀ 

reductions were calculated to indicate the disinfection efficacy. 

 

Stability Test of the Formulated Enzymatic Detergent/Disinfectant 

The stability study was done over time to determine storage period (shelf-life) of 

the formulation. The efficacy of disinfection and pH of the stored reagent were 

determined from day 0 (initial test) then weekly for 3 weeks. For disinfection 

efficacy, S. aureus was used as a marker with the concentration of 6.0×10⁶ (week 0 

and 1) and 2.16×10⁹ CFUs/ml inoculum being coated on the STF strip. Using the 

optimized formulation (6 ml of formulation in 1liter of double distilled water and 

washed for 10 minutes) the strip was subjected to cleaning and disinfection. The 

pH was determined by using a pH meter. Each experiment was repeated three times 

each week. 

 

Statistical Analysis 

Data was expressed as the mean ± standard error of the mean for log reduction. To 

determine Standard errors for antimicrobial efficacy, JupyterLab was used. Graphs 

were made using excel and graph pad. 

 

Results and Discussion 

 
Determination of the cleaning efficacy of the formulation  
The negative control (double distilled water) did not clear the STF strips within the 

60 minutes’ experimental period.  Formulations containing only one of the enzyme 

without a detergent did not also clear the STF strips in 60 minutes’ experimental 

period. The detergent alone (Sol B) demonstrated a cleaning period of 35 minutes. 
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The formulations containing a protease in Sol B (alone or with other two enzymes) 

cleaned the STF strips within a period of 10 minutes. The protease Everlase alone 

in Sol A in the detergent (Sol B) demonstrated cleaning in 25 minutes. The addition 

of Stainzyme and Lipex to formulations containing Sol B/EverisDuo and Sol 

B/Everlase demonstrated no apparent change to the cleaning time. Aniosyme did 

not show any clearance of the soil when used to clean for the maximum set time of 

the experiment (60 minutes) as shown in Figure 2. The manufacturer’s inserts for 

Aniosyme recommends the soaking of instruments to be cleaned to be carried out 

for a period of 24 hrs. 

 

 

 

 
 

 

 

Figure 2. Cleaning duration of various formulations in comparison to the 

commercial enzymatic detergent and disinfectant (Aniosyme). Red bars represent 

the formulations (controls) that did not clear the STF strip within the experimental 

set time of 10 – 60 minutes. 

 

 

When Sol B was replaced with the Safikem detergent the STF strips cleared within 

a period of 20 minutes which was a better performance (of 15 minutes) than that of 

Sol B alone that cleared the STF strips after 35 minutes (Figure 3). However, the 

performance of Sol B and Safikem was the same upon the addition of EverisDuo 

containing enzymes formulation. This implied that the formulations containing 

tetronic acid could potentially be replaced by those containing the ingredients in 

Safikem. 
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Figure 3. The cleaning efficacy of various enzymes (in detergent) and Safikem. 

Formulation containing Sol B (Tetronic acid 0.3 %), sodium bicarbonate, tri-

Sodium Citrate, (Benzalkonium chloride 0.024 %) and citric acid Monohydrous 

(0.1M) at pH 8.0 and the enzymes EverisDuo, Stainzyme, Lipex separately (Sol A). 

Two STF strips were cleaned using the KEMRI Detergent (Safikem) as a positive 

control and double distilled water (negative control). Red bars represent the 

formulations (controls) that did not clear the STF strip within the experimental set 

time of 10 – 60 minutes. 
 

Determination of the optimum formulation for disinfection  

The optimized formulation Sol B was added into disinfectants, benzalkonium 

chloride (BAC) and chlorhexidine (CHX) separately. Both disinfectants were tried 

at the concentrations of 1 % to 5 %. The results are shown on Table 1. Chlorhexidine 

containing formulations showed better cleaning efficacy even at higher 

concentrations of up to 5% within a period of 10 - 60 minutes while the cleaning 

efficacy of benzalkonium chloride containing formulations of above 1% did not. 

 

Table 1. Cleaning efficacy of BAC and CHX at different concentrations between 

10 - 60 minutes cleaning. 

  Concentrations of disinfectant added to the 
detergent 

Disinfectant 1 % 1.5 % 2 % 3 % 4 % 5 % 

BAC √ X X X X X 

CHX √ √ √ √ √ √ 
 

Key: √ = Effective cleaning within 60 minutes, x = No cleaning after 60 minutes 

  
 

Disinfection efficacy studies (Table 2) showed that all the concentrations of 

disinfectant prepared except for 0.024% chlorhexidine were efficacious against the 

test bacteria S. aureus (ATCC 25923) after cleaning for 10 minutes. From these 

results, 1% BAC showed complete efficacy (no bacterial growth observed on plate).  
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For the 1 % - 2 % CHX there was noticeable reduction of bacteria on plates. 

Therefore 1 % BAC was considered to be the most appropriate disinfectant and 

concentration to use for the product prototype.  

 

Table 2. Disinfection efficacy of BAC and CHX against S aureas 

  Concentrations of disinfectant added to the 
detergent 

Disinfectant 0.024 % 1 % 1.5 % 2 % 

BAC √ √ ND ND 

CHX X √ √ √ 
 

Key: √ = Effective disinfection, x = Ineffective disinfection, ND = Not done 

 

The disinfection efficacy of the formulation prototype against C. albicans 

demonstrated a (> 99.999 % reduction) with 5.87-log reduction. For S. aureus the 

formulation antibacterial efficacy was (> 99.9999 % reduction) with a 7.29-log 

reduction (Figure 4). Where the initial inoculated CFU/ml before disinfection were 

6×10⁸ (S. aureus) and 9.4×10⁷ (C. albicans). 

  

 
Figure 4. Disinfection performance of the newly formulated detergent/disinfectant 

on C. albicans, S. aureus and against the control (double distilled water). Data 

expressed as mean log₁₀-reduction.  

 

 

Optimization of the key parameters in final formulation of the enzyme cleaner 
To optimize the volume for use in 1liter double distilled water, cleaning was carried 

using the volumes 1ml detergent/disinfectant formulated in 1liter double distilled 

water. This was done until 10 ml dilution. The dilutions (6:1 and 7:1) indicated a 

cleaning time of 10 minutes while the dilution lower than 6ml:1liter water indicated 

a longer than 10 minutes cleaning time. Dilution higher than 7ml into 1liter water 

showed a shorter than 10 minutes cleaning time Figure 5.  
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Figure 5. Perfomance of cleaning efficacy of various volume combinations of 

detergent/disinfectant (Sol B) in 1 litre double distilled water to determine the most 

minimal effective volume to use in final detergent/disinfectant formulation. 

 

To optimize the concentration of tetronic acid the cleaning was carried using the 

concentrations 0.1 %, 0.2 %, 0.3 %, 0.4 %, 0.5 %, 0.6 %, 0.7 %, 0.8 %, 0.9 %, and 

1.0 %. The cleaning efficacy increased with increasing concentration of tetronic 

acid (Figure 6).  The concentrations 0.3 % to 0.5 % Tetronic were effective with 10 

minutes cleaning time of the soil on STF strip. The higher concentrations from 0.6 

% to 1 % indicated a faster cleaning time of 5 minutes compared to the lower 

concentrations (0.1 % - 0.2 %) which indicated a longer cleaning time of 20 

minutes. 
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Figure 6. Cleaning performance of varying concentrations of tetronic acid in 

formulation prototype to determine the most minimal effective concentration to use 

in the final formulation. 

 

The cleaning and disinfection efficacies of formulation prototype on Biofilm  
The results of the biofilm formation after 15 days were determined by counting 

CFU/m² of the aluminum chip. The cell adhesion was 3.79×10⁹ CFU/m². This 

indicated biofilm formation on the surfaces of the chips. The incubation tempera- 
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ture for S. aureus was 37 °C which provided favorable conditions for it to grow. As 

seen in Table 4, at 20 minutes, the biofilm removal efficacy of the 

detergent/disinfectant was practically existent as the colonies noted were over 3.55 

CFU/ml and 0 after 24hrs of disinfection. The maximum biofilm removal of S. 

aureus was achieved after 1440 minutes (24 hrs) of soaking the chips in the 

formulated detergent/disinfectant. This resulted in only one viable bacterial cell 

after exposure of chip to the detergent/disinfectant.  

 

Table 3. Log reduction of S. aureus biofilm after 10,20,30,50,60 and 1440 minutes 

of being exposed to detergent/disinfectant formulated. 
 

Detergent/Disinfection 

Time(minutes) 

Colony 

Counts                    

Final Log (CFU/mL)    Log reduction   

10 >…  - 0   

20 

30 

50 

60 

1440 

352 

228 

188 

58 

1 

 3.55 5.78 

                  3.36                                 5.97 

                  3.27                                 6.06                              

                  2.76                                 6.57 

                   0                                      9.33 

  

Key: >...= Too numerous to count 

 

It is worth to note that while the cleaning and disinfection efficacy could be 

satisfactorily achieved within 10 minutes (Figure 2) with a log reduction of 7.29 

for S. aureus and 5.87 for C. albicans respectively, the same could only almost be 

achieved after 50 minutes (log reduction of 6.06). After 24 hours of disinfection of 

the biofilm, it resulted in almost 100 % efficacy.  

 

Stability Test of the Formulated Enzymatic Detergent/Disinfectant 

The stability study was done over time to determine the storage (shelf-life) of the 

formulation. The cleaning efficacy was carried out for 3 weeks, starting from day 0 

(initial) while the disinfection efficacy Table 5 and pH testing were done from 0 

(initial test) then weekly for 4 weeks. The cleaning efficacy Figure 7 indicated that 

the formulation was effective (clearing the STF strip at 10 -15 minutes) for 3 weeks. 

The disinfection ability of the formulation was proven to have improved at week 4 

with a mean 7.536±0.816 log-reduction Table 5 from 6.68 log-reduction at week 0. 

 
Table 5. pH and antimicrobial activity (expressed as log₁₀-reduction) of formulated 

detergent/disinfectant over a period of 4 weeks. Data expressed as Mean±Std (standard 

deviation) and mean values considered statistically different when P≤0.05. 

  N    Mean±Std    P-value    

PH 

 

 5    8.428±0.403    0.00046    

Antimicrobial Activity   5    7.536±0.816    0.0030    
Initial PH for week 0-8.04 

Initial Antimicrobial activity-log reduction of 6.68 

Each experiment was repeated three times  
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Figure 7.  Cleaning performance of the formulation over a period of 4 weeks 

beginning with the initial week (0). The trend shows that the cleaning time at week 

0 was 10 minutes and it began to go up to 15 minutes (week 2-3). At week 4 the 

cleaning of the formulation was ineffective.   

 

Discussion 
 

This study, through a series of optimization experiments, successfully developed an 

enzymatic detergent/disinfectant containing Tetronic acid (0.3 %), EverisDuo/ 

Stainzyme/ Lipex and the disinfectant BAC (1 %) with a better performance 

attributes to the currently leading brand of enzymatic cleanser, Aniosyme. The 

initial screening of formulation prototypes was established mainly by relying on the 

literature review.  

The study demonstrated that 1 % BAC had the ability to clean the STF load check 

indicator strip soil while the higher concentrations failed to hence they could not be 

used for development of product prototypes. The recommended concentration of 

BAC is  up to 3 % as a disinfectant [16] hence the established concentration in this 

study was within this concentration.  The antimicrobial efficacy of benzalkonium 

chloride in this study against C. albicans is supported by [17] who reported that 

treatment of medical devices with benzalkonium chloride reduced C. albicans 

adhesion to plastic surfaces.  

When the formulations containing at least one enzyme without a detergent were 

used for cleaning the STF strips applying the standard protocol established in this 

study, there was no clearance of the STF strips after sixty minutes. This may be 

because enzymes alone are not cleaners but are used as catalysts to aid in digesting 

targeted soil presented in medical devices. Hence they are incorporated in 

detergents to improve their cleaning efficacy as proven by [18]. Similarly, the 

cleaning efficacy of detergent alone was less than that of the detergent plus enzyme, 

clearly demonstrating the benefits of combining the detergent and enzyme to 

produce a superior cleaner. The cleaning duration of Lipex/Stainzyme/EverisDuo 

in Sol B was comparable to that of Lipex/Stainzyme/EverisDuo in Safikem (10 

minutes). The clearance duration of Safikem alone was 20 minutes. These results 

infer that the detergent Sol B could be substituted with Safikem.   
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The results of this study agree with those of Magazine who tested the cleaning 

efficacy of non-enzymatic, enzymatic and alkaline detergents using STF load check 

indicator strips as well as other industry recognized indicator soils. The findings 

demonstrated the benefits of two types of proteases to commercial detergents where 

the cumulative rank index for using the two enzymatic detergents was 97 % while 

neither the detergent base nor the alkaline detergent reached 90 %.  In this study, 

the benefit of addition a protease (EverisDuo) resulted in fast cleaning at 10 minutes 

and was found to be more efficacious than that of adding other enzymes Everlase 

(a protease), Stainzyme (an amylase) and Lipex (a lipase). Although there is not a 

lot of literature explaining why different proteases might outperform each other, it 

is suspected that the performance difference between the two protease (EverisDuo 

and Everlase) might be because of changes in their molecular structure. 

It is important to optimize the amount of surfactants and volume usage of the 

detergent/disinfectant used for cleaning because if not optimized it can lead 

economic losses due to high production costs. From the results increasing 

concentration of the Tetronic acid surfactant corresponds with the faster cleaning 

of the artificial soil on STF strip. This can be attributed to the fact that high 

surfactant concentration reduce surface tension therefore making it easier to wet the 

surface and remove soil [19]. 

The difficulty of cleaning and disinfecting the biofilms was demonstrated in this 

study. While the cleaning and disinfection efficacy could be satisfactorily achieved 

within 10 minutes with a log reduction of 7.29 for S. aureus and 5.87 for C. albicans 

respectively, the same could only almost be achieved after 60 minutes (log 

reduction of 6.06). The soaking of the strips for 24 hours resulted in almost 100 % 

efficacy with a log reduction of 9.33. This finding is in line with the study by [20] 

who found that bacterial spores and biofilms exhibit less susceptibility to 

disinfectants hence  in this study, more exposure time of the biofilm to disinfectant 

was required. 

In regards to the product stability, the evidence so far indicates that the product is 

stable after four weeks in terms of pH and antimicrobial activity. The alkaline pH 

of the product over time and disinfection ability against the S. aureus when used as 

a marker for this study is in line with [21] who found out that alkaline disinfectants 

have favorable bactericidal activity. 

The cleaning of the STF soil by the formulated detergent/disinfectant declined at 

week 4 which is suspected to be because of insufficient exposure time of the STF 

strip to detergent/disinfectant. The stability of the product prototype will be carried 

for the next two years in order to determine the final shelf-life of the product. 

 

Conclusion 
 

This study has developed an enzyme based disinfectant with better cleaning and 

disinfection efficacy than supposedly products in the Kenyan market. The product 

is effective against S. aureus (in biofilm and not) and C. albicans. The developed 

product is also effective in cleaning and disinfection of the microorganisms in the 

biofilm albeit with a longer cleaning period of at least 60 minutes. The study has  
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also demonstrated the effectiveness of the benzalkonium chloride 1% as a 

disinfectant when used with a tetronic detergent.   
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