
INTRODUCTION

Antimicrobial polymers have been widely used for

the preservation of food quality and freshness as

well as for the control of microbiological growth.

Recently some polymeric compounds, GRAS

(Generally Regarded As Safe), non-GRAS and

natural antimicrobial compounds, have become

important for inclusion within food packaging

material. The antioxidant and antimicrobial

properties of these various polymers have been of

great interest because of their possible use as food-

coating materials for the prevention of oxidation,

controlling pathogens and/or toxin-producing

microorganisms in foods [1-4]. This interest has

emerged from a growing propensity to replace

synthetic polymers with biocompatible or

biodegradable ones.

Although the antimicrobial activity of polymers was
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The present study was devised to describe the effectiveness of degradable polymer

(polyvinylimidazole, PVI) on microbial growth in-vitro. We observed the antimicrobial

outcome of PVI on fungi and pathogen bacteria that are found in food-borne disease. The

following pathogens and fungi examined were: Escherichia coli (ATCC 35218), Salmonella

enteritidis (ATCC 13076), Staphylococcus aureus (ATCC 33862) as bacterial organisms;

Candida albicans, Kloeckera apiculata as yeast organisms; Aspergillus niger and

Penicillium roqueforti as fungi. We utilized a plate count method with the test

microorganisms. PVI, as a non-modified polymer, exhibited an inhibition effect on all test

microorganisms. Currently there is only theoretical conjecture on the specific role PVI plays

as an inhibition to food-borne fungi and pathogens. A comparison of the sensitivity of these

microorganisms to PVI showed the greatest inhibitive effect was found with Kloeckera

apiculata followed by Candida albicans. Both types of yeast completely died in 1 mg/mL

concentration of PVI during 12-24 h treatments. Weaker activity is shown against

Aspergillus niger and Penicillium roqueforti. These results were comparable with three

different concentrations of PVI. The polymer was less effective, in a descending order,

against Salmonella enteritidis, Escherichia coli and Staphylococcus aureus, respectively.

Similar effects after 24 h incubation were observed (R2=1). 
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recognized long ago, their application as coating

additives has received increased attention in the

food industry. Recent studies have shown that

microorganisms such as strains of Escherichia coli
are among the most active pathogens [5-7]. The aim

of this study was to characterize the antimicrobial

activity of the polymer obtained from PVI against

Escherichia coli (ATCC 35218), Salmonella
enteritidis (ATCC 13076), Staphylococcus aureus
(ATCC 33862) as bacteria; Candida albicans,
Kloeckera apiculata as yeast organisms; and

Aspergillius niger and Penicillium roqueforti as fungi.

MATERIAL AND METHODS

Microorganism Strains
Escherichia coli (ATCC 35218), Salmonella
enteritidis (ATCC 13076), Staphylococcus aureus
(ATCC 33862) strains were purchased from Oxoid

(Wesel, Germany); Candida albicans, Kloeckera
apiculata, Aspergillus niger and Penicillium
roqueforti were obtained from Department of Food

Engineering, Faculty of Agriculture of Uludag

University, Bursa, Turkey.

Polyvinylimidazole (PVI)
The polymer was synthesized by a free-radical

polymerization in benzene using azoisobutyronitrile

as an initiator, as previously reported [8-10].

Antimicrobial assay 
Antimicrobial activity of the polymer was tested by

the plate count method [11]. The stock cultures of

bacteria were maintained on Nutrient Agar (Oxoid,

Ltd, Hampshire, England), yeasts and molds on

Sabouraud Dextrose Agar (Difco, Detroit, USA) at

4ºC until used. Each of the bacteria, yeasts and

molds were sub-cultured. Colonies were then

transferred aseptically from the second transfer

plate into individual tubes containing sterile nutrient

and Sabouraud broth, respectively.

The tubes were incubated for a period of 24 h at

37ºC for bacteria and 30ºC for yeasts and fungi to

ensure that the microorganisms were in the log

phase. The polymer studied was in concentrations

of 0.5, 1 and 2 mg/mL. Subsequently, the

microorganism suspensions were visually adjusted

to 0.5 McFarland and then further diluted 1:100 with

fresh sterile broth to yield starting inoculums of

approximately 107 CFU/mL (bacteria) and 106

CFU/mL (yeasts and molds). All plates were

incubated at suitable temperatures for 1, 12 and 24

h and colonies were counted. Tests were carried out

in triplicate. 

RESULT AND DISCUSSION

In general PVI, as a non-modified polymer, exhibited

an inhibition effect on all microorganisms tested

(Table 1). Currently, there is only theoretical

conjecture on the specific role PVI plays as an

inhibition of food-born fungi and pathogens.

The antimicrobial activity of the polymers may be

accounted for by the contribution of the polymers to

each elementary process in the lethal action. This

might be thought that the polymer inhibited

microorganisms by adsorption onto the bacterial cell

surface, diffusion through the cell wall, adsorption

onto the cytoplasmic membrane, disruption of the

cytoplasmic membrane, leakage of the cytoplasmic

constituents, and death of the cell [12].

A comparison of the sensitivity of these

microorganisms to PVI showed the greatest

inhibition effect was on Kloeckera apiculata followed

by Candida albicans. Both types of yeast died

completely in 1 mg/mL concentration of PVI during

12-24 h treatments. Similar observations were found

by Meng et al., (2009) for Candida albicans. These

researchers reported that the antifungal activity of

the the poly(dimethylsiloxane) (PDMS)/mont-
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morillonite–terbinafine hydrochloride (PDMS/

OMMT) nanocomposite films was evaluated by the

inhibitory zone tests and revealed strong activity

against Candida albicans [13].

All three-polymer concentrations exhibited

antimicrobial activity against Escherichia coli,
Salmonella enteritidis and Staphylococcus aureus
(Figures 1-3). Weaker activity was shown against

Aspergillius niger and Penicillium roqueforti (Table

1). 

Antimicrobial activity was slightly stronger with

higher concentrations of the polymer. However,

similar results were found with all three PVI

concentrations.

In descending order, the polymer became less

effective against Salmonella enteritidis, Escherichia

coli and Staphylococcus aureus, respectively.

Similar effects were observed after 24 h incubation

(R2=1). In others works, researchers reported that

various inhibition level for these bacteria used

different polymers. 

Table 1. The inhibition level in different concentration of

the PVI tested against pathogen microorganisms

Microorganisms Source Time(h) Concentration (mg/mL)

0.5 1 2

E. coli ATCC 35218 1 6.48 6.03 5.46

12 6.12 5.46 3.80

24 6.07 4.07 3.54

S. aureus ATCC 33862 1 7.00 6.69 5.69

12 7.00 5.75 5.40

24 7.00 5.43 4.69

S. enteritidis ATCC 13076 1 5.79 5.61 5.23

12 5.20 3.61 4.06

24 5.11 3.11 3.78

C. albicans ATCC 102 31 1 5.47 - -

12 3.74 - -

24 3.00 - -

K. apiculata* UUFE-KA11 1 3.00 - -

12 1.92 - -

24 1.62 - -

A. niger* UUFE-AN07 1 6.00 5.92 5.67

12 6.00 5.70 5.45

24 6.00 5.65 5.13

P. roqueforti* UUFE-PR21 1 6.00 5.84 5.70

12 6.00 5.60 5.51

24 6.00 5.37 5.05

*:This microorganisms were obtained from the Food Engineering Department, Uludag

University (UUFE).

Figure 1. Antimicrobial activity of PVI against E. coli
O157:H7.

Figure 2. Antimicrobial activity of PVI against Salmonella
enteritidis.

Figure 3. Antimicrobial activity of PVI against S. aureus.
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With Staphylococcus aureus, Tiller et al. (2001)

found that pyridine groups N-alkylated with C6

showed the highest killing efficacy, followed by those

with C3 and C4 chains, and the C8-C16 chains are

significantly less effective [14].

Hu et al., (2005) showed that the pyridinium groups

bearing alkyl substituents of 4-10 carbons in length

are highly effective in disrupting the cell membrane

of the Escherichia coli. The beads N-alkylated with

C4 and C6 chains have a high surface concentration

of pyridinium groups. As such, an amount of beads

of 0.8% (w/w) of an Escherichia coli suspension of

105 CFU/mL can result in almost 100% killing

efficiency within 20 min [15].

Kapadia et al., (2009) showed that the Ln(III)

coordination polymers acted as an efficient and

effective catalysts and antimicrobial agents. The

insertion of metal ion in the polymeric ligand

enhances antimicrobial activity significantly against

Escherichia coli and Staphylococcus aureus [16].  

Kenawy et al., 2006, evaluated of the antimicrobial

activity of cross linked copolymers based on

copolymerization of vinylbenzyl chloride (VBC)

either with 2-chloroethyl vinyl ether (CEVE), or

methylmethacrylate (MMA) using the

divinylbenzene as cross linker (DVB). The

antimicrobial activity of the modified copolymers was

tested against Candida albicans SC5314,

Escherichia coli and Staphylococcus aureus. The

copolymers showed antimicrobial activity against

the tested microorganisms, but the compound with

the triphenylphosphonium salt of the modified

copolymer being the most effective on bacteria and

fungi species [3].

The fungi used in this study were the most resistant

to PVI. There was no inhibition effect with 0.5 mg/L

concentration in all three time periods (1,12,24 h).

At higher concentrations of PVI, Aspergillius niger

continued to be the most resistant. Similar results

were found by Ziani et al., (2009) [17]. 

Ziani et al., (2009) also reported differences on the

effectiveness of chitosan as antifungal agent against

Aspergillius niger [17]. However, Sebti et al. (2005)

and Plascencia- Jatomea et al., (2003) showed that

the inhibition growth of Aspergillius niger was

improved using chitosan with different molecular

weight and different condition [18,19]. In addition

Agullo et al. (2003) observed that the use of a

chitosan-based coating delayed Penicillium spp.,

growth [20].

A comparison of the antibacterial and antifungal

assays shows that the inhibitory effect of the

polymer on the growth of fungi is not as effective as

bacteria. It is known that fungal spores have very

tough spore coats and more components (glucans,

mannans, chitin, etc.) are present in the cell wall of

fungi compared with that of bacteria (mainly

peptidoglycan) [15] which may increase the difficulty

for the PVI to penetrate into the cell body. 

CONCLUSION

Results show that PVI exhibited significant

antimicrobial properties. It should be mentioned that

the killing potency depends on both the chemistry of

the polymer as well as the structure of the

microorganism. These properties may prove to be

beneficial in the future for the preservation and/or

extension of the shelf life of raw as well as

processed foods. A further application could be in

the area of pharmaceuticals for the protection of

human life. Additional work should be done to

explore other new antimicrobial polymer substances

present in the chemical industry.
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