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Abstract of thesis presented to the Senate of Universiti Putra Malaysia in fulfillment 

of the requirement for the degree of Master of Science 

 

ASSESSMENT OF FOUR COMMERCIAL DISINFECTANTS ON Listeria 

monocytogenes BIOFILM 

 

By 

 

NINA FOULADYNEZHAD 

 

February 2014 

 

Chairman: Professor Son Radu, PhD 

Faculty: Food Science and Technology 

 

 

Listeria monocytogenes is a Gram-positive and rod-shaped foodborne pathogen. 

Listeriosis which is caused by L. monocytogenes is a life-threatening disease in 

immunocompromised individuals, pregnant women, fetuses, newborns, and the 

elderly. The aim of this study was to investigate biofilm forming ability of L. 

monocytogenes isolates. Microtitre assay was used to measure the amount of biofilm 

production by ten L. monocytogenes isolates from minced chicken / beef, beef sausages 

and chicken burgers patties. In this study the efficiency of four selected commercial 

disinfectants (D1, D2, D3 and D4) on the inhibiting of L. monocytogenes biofilm was 

assessed by determining the sessile minimum inhibitory concentration (SMIC). The 

removing curve efficiency of each disinfectant at five different concentration levels 

(100, 50, 25, 12.5, and 6.25%) was also defined. Results showed that all ten L. 

monocytogenes isolates were able to form biofilm over 24 h at 20˚C on polystyrene 

surface (the common surface in food industries) in vitro. Some strains are better 

biofilm formers compared to others. All strains showed a slight growth in the quantities 

of attached cells over 48 and 72 h. No reduction was observed in the amount of biofilm 

after 72 h. All disinfectants (D1, D2, D3, and D4) in five tested concentrations (100, 

50, 25, 12.5, and 6.25%) were able to inhibit the L. monocytogenes biofilm. The 

efficiency of disinfectants in term of inhibiting biofilm formation from the higher to 

lower was D1, D2, D4, and D3, respectively. Disinfectant (D4) at low concentrations 

(25, 12.5, and 6.25%) was more effective in inhibiting L. monocytogenes biofilm 

compared to concentration (50%). It might be as a result of enhancing the penetrating 

ability of disinfectant into bacterial cell wall at low concentration levels. Results 

showed that all four commercial disinfectants were able to effectively inhibit formation 

of L. monocytogenes biofilm. However, they are not effective in removing biofilm 

from the surface especially in low concentration levels. Disinfectant D1 showed the 

highest efficiency on inhibiting L. monocytogenes biofilm formation (up to 95%) at all 

concentration levels (100, 50, 25, 12.5, and 6.25%). Sessile minimum inhibitory 

concentration (SMIC) for D1 was found to 6.25%. Sodium dodecylbenzenesulfonate, 

and trichlorocyanuric acid were effective compounds of D1. The efficiency of D1 

declined after the formation of biofilm to considerable level. Implementation of 

disinfectants at poultry and meat processing factories can reduce the risk of L. 

monocytogenes biofilm formation and subsequently decrease human health hazards. 

To sum up, L. monocytogenes have ability to form biofilm in 24 h and the formation 
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of biofilm raising the resistant of L. monocytogenes hence  reduce the efficiency of 

disinfectants in to considerable level in cleaning procedure.  
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Abstrak tesis yang dikemukakan kepada Senat Universiti Putra Malaysia sebagai 

memenuhi keperluan untuk ijazah Master Sains 

 

PENILAIAN KESAN EMPAT DISINFEKTAN KOMERSIAL TERHADAP 

PEMBENUKAN Listeria monocytogenes BIOFILEM 

 

Oleh 

 

NINA FOULADYNEZHAD 

 

Februari 2014 

 

Chairman: Professor Son Radu, PhD 

Faculty: Sains dan Teknologi Makanan 

 

 

Listeria monocytogenes merupakan patogen makanan gram-positif berbentuk rod. 

Listeriosis yang disebabkan oleh L. monocytogenes adalah berbahaya terhadap 

kesihatan manusia terutamanya individu-individu yang berimunokompromi seperti 

wanita-wanita mengandung, janin, bayi yang baru lahir dan orang-orang tua. Tujuan 

kajian ini adalah untuk mengkaji keupayaan pencilan-pencilan L. monocytogenes 

dalam pembentukan biofilem. Ujian Mikrotiter digunakan untuk mengukur jumlah 

biofilem yang dibentuk oleh sepuluh pencilan L. monocytogenes daripada ayam atau 

daging cincang, sosej daging dan burger ayam. Keputusan menunjukkan semua 

pencilan L. monocytogenes mempunyai keupayaan untuk membentuk biofilm selepas 

24 jam pada 20ºC atas permukaan polisterena secara in vitro. Selepas jam ke-48 dan 

ke-72, peningkatan bilangan sel dalam biofilem yang dibentuk oleh semua pencilan 

pada permukaan polisterena adalah rendah. Beberapa pencilan daripada sepuluh 

pencilan yang diujikaji adalah lebih berupaya untuk membentuk biofilm. Selain iu, 

kecekapan empat disinfektan komersil terpilih (D1, D2, D3 dan D4) pada lima 

kepekatan yang berbeza (100%, 50%, 25%, 12.5% dan 6.25%) dalam perencatan 

biofilm L. monocytogenes telah diujikaji dengan menentukan sesil kepekatan 

perencatan minimal (SMIC) dan kecekapan lengkung buang setiap disinfektan. 

Kesemua disinfektan dalam lima kepekatan yang diuji berupaya menghalang 

pembentukan biofilem L. monocytogenes selepas 24 jam. Disinfektan paling berkesan 

dalam penghalangan pembentukkan biofilm adalah D1 diikuti D2, D4 dan D3. 

Disinfektan D1 pada semua kepekatan iaitu 100, 50, 25, 12.5 dan 6.25% menunjukkan 

efsiensi yang tertinggi, mencapai 95%, dalam menghalang pembentukkan biofilm L. 

monocytogenes. Sessile kepekatan perencatan minimum (SMIC) D1 adalah 6.25%. 

Natrium dodecylbenzenesulfonat dan asid trichlorocyanurik adalah bahan aktif dalam 

disinfektan D1. Disinfektan D3 pada kepekatan rendah (25, 12.5 dan 6.25%) adalah 

lebih efektif dalam menghalang biofilem L. monocytogenes daripada yang kepekatan 

tinggi iaitu 50%. Hal ini mungkin disebabkan oleh tekanan yang dihasilkan oleh 

disinfektan ataupun penembusan yang baik pada dinding sel bakteria pada kepekatan 

disinfektan yang rendah. Pelaksanaan disinfektan di ladang ternakan dan kilang-kilang 

pemprosesan daging boleh mengurangkan risiko pembentukkan biofilem L. 

monocytogenes dan seterusnya mengurangkan tahap bahaya terhadap kesihatan 

manusia. Kesimpulannya, penghalangan pembentukkan biofilm L. monocytogenes 
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denagn menggunakan disinfektan adalah lebih efektif daripada menghapuskan 

biofilem yang terbentuk pada jam ke-24.   
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    CHAPTER 1 

1 INTRODUCTION 

 

1.1 General introduction  

 

Listeria monocytogenes is a Gram-positive, facultative anaerobic, non-spore-forming, 

rod-shaped bacterium. L. monocytogenes is widely distributed in environments and 

usually can be found in water, soil, animal fecal matter and sewage (Vaid et al., 2010). 

Among the eight species of Listeria namely L. monocytogenes, L. seeligeri, L. innocua, 

L. welshimeri, L. grayi, L. marthii, L. rocourtiae, and L. ivanovii), two are pathogenic: 

L. monocytogenes (pathogenic for human and animals) and L. ivanovii (pathogenic for 

animals).  

 

Listeria monocytogenes, is considered a serious food-borne pathogen in 

immunocompromised individuals such as cancer and HIV patients, elderly and 

pregnant women. Ingestion of L. monocytogenes  can cause listeriosis in human and 

animals (Chen et al., 2010; Pagadala et al., 2012). Listeriosis can lead to gastroenteritis,  

septicaemia,  perinatal infections, stillbirth, abortion, meningitis and 

meningoencephalitis in immunocompromised individuals (Barbuddhe et al., 2012). 

Listeriosis affects a wide variety of mammals including monogastric, ruminants 

(mostly sheep) and human with morality rate of 20-30% (Chaturongkasumrit et al., 

2011).  

 

Listeria monocytogenes attachment to inert surfaces of food processing equipment 

leads to biofilm formation. Biofilm production is a way to help microorganism to 

survive and grow for an extended period of time (Swaminathan and Gerner-Smidt, 

2007). The biofilm that is produced on the surface of food processing lines and 

instruments can be transferred to food products, causing hazards to public health and 

contaminate environment (Chaturongkasumrit et al., 2011). Therefore in the food 

processing industry, the most significant usage of sanitizers and disinfectant is to 

prevent the aggregation of microbial cells and consequently biofilm formation. 

However, just some of the sanitizers would be effective against bacterial biofilms 

(Cruz and Fletcher, 2012).  

 

Commonly the efficiency of disinfectant in food industry is evaluated by the effect on 

planktonic form, while the bacteria in biofilm form are 1000 times much more 

resistance than planktonic form and are able to stay longer in food processing surfaces. 

Biofilms consist of complex communities of microorganisms attach to wet surfaces 

and held together by use of extracellular polymeric substances. The ability of L. 

monocytogenes to attach to various kinds of surfaces and form biofilms made it a big 

concern in food processing environment. The sessile minimum inhibitory 

concentration (SMIC) is used to define the efficiency of a disinfectant against bacteria 

biofilms. 

 

This study was conducted first of all to determine the ability of L. monocytogenes to 

form biofilm and secondly to measure the efficiency of different concentration of 

disinfectants in inhibition of biofilm formation and removing curve efficiency.  
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1.2 Objectives 

 

The objectives of this study were as follows: 

 

i. To assess the amount of biofilm formation by ten different strains of L. 

monocytogenes isolated from minced chicken and minced beef, sausages 

(chicken) and burgers (beef).  

 

ii. To determine the sessile minimum inhibitory concentration (SMIC) of 

four commercial disinfectants on L. monocytogenes biofilm formation. 

  

iii. To evaluate the efficiency of four commercial disinfectants on removing 

L. monocytogenes biofilm (Formed in 24 h) from the polystyrene surface.  
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