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Chapter 6

Biofilm formation on voice prostheses: 
influence of dairy products in vitro

R.H. Free, H.C. van der Mei, F. Dijk, R. van Weissenbruch, H.C. Busscher, 

F.W.J. Albers

Acta Otolaryngologica (Stockh) 2000;120: 92-9

Introduction

In Western Europe and the United States approximately 10,000 patients per annum who have

malignant laryngeal cancer are treated with a total laryngectomy. Apart from profound

changes in respiration and deglutition, one of the most disabling consequences of this

procedure is the loss of verbal communication.1,2 Three methods of speech rehabilitation are

frequently used, among which the tracheo-oesophageal shunt speech method using

indwelling silicone rubber voice prostheses is the most successful. In this method voice

prostheses are implanted as a shunt-valve between the oesophagus and trachea. By closing

the tracheostoma with a finger, patients can direct their expiratory air through the valve into

the pharyngo-oesophageal region, where remaining muscular and mucosal structures act as

pseudo-vocal cords. In comparison with the oesophageal speech method and the use of an

electrolarynx, this is a highly effective procedure, which in the majority of cases gives a high

quality of alaryngeal speech and can be used within 14 days post-operatively. 

The use of the different types of indwelling silicone rubber voice prostheses is, however,

limited to 3-4 months on an average, due to biofilm formation leading to leakage and

increased airflow resistance.3-6 Replacement, albeit a simple procedure handled in the out-

patient department, is regarded by most of the patients as stressful and unpleasant, and can

lead to damage of the shunt with scar tissue formation, insufficiency or stenosis. Moreover,

frequent replacements lead to higher costs for the patient as well as the health provider,

including the cost of new voice prostheses, travel expenses and an increased demand of

medical care. Various endogenous and exogenous factors influence biofilm formation on
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voice prostheses. Endogenous factors include individual oral, oesophageal and skin flora, 

the residual flow and composition of saliva after irradiation, the local shear forces of the

posterior oesophageal mucosal surface on the prosthesis, and the effect of anatomical and

surgical variations. Exogenous factors identified are nutrition, airflow and air temperature,

and the use of other specific products that could influence the formation of biofilm. 

Interestingly, patients and their support groups in the Netherlands and Turkey suggest that

the use of certain dairy products, most notably buttermilk and Turkish yoghurt, prolongs the

lifetime of their voice prostheses. Recently, it has been affirmed in an artificial throat model

that buttermilk can delay, if not prevent, the formation of an oropharyngeal biofilm on voice

prostheses.7

Evaluation of single factors affecting biofilm formation on voice prostheses cannot easily

be carried out in vivo due to the multitude of patient lifestyles and environmental factors

involved. In the artificial throat model an inoculum of yeasts and bacteria, isolated from an
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Figure 1.

Scanning electron micrograph of a Groningen voice prosthesis explanted after

84 weeks from a laryngectomized patient, showing heavy biofilm formation

with ingrowth features (insert). The bar equals 1 mm for the low magnification

micrograph and 10 mm for the insert.



explanted voice prosthesis, is used to colonize voice prostheses in vitro.8 After twelve days of

cycling the artificial throat through feast and famine, in vitro biofilms and materials defects

can be demonstrated that are indistinguishable from those on an explanted voice prostheses

(see Figure 1 for an example) and thus makes it possible to study influences of single factors

on biofilm formation. Therewith, the artificial throat as described by Leunisse et al.8 consti-

tutes the only in vitro model in which clinically relevant biofilms on voice prostheses can be

effectively mimiced. 

The availability of a growing variety of commercial dairy products with active probiotics

and associated health claims calls for an evaluation of the effects of such products on oro-

pharyngeal biofilm formation on voice prostheses. In this paper these effects are investigated

using the artificial throat model.

Materials and methods

Voice prostheses

“Low-Resistance” Groningen voice prostheses were kindly provided by Medin Instruments

and Supplies (Groningen, The Netherlands) and Provox II voice prostheses by Atos Medical

AB (Hörby, Sweden). The low-resistance Groningen voice prosthesis is made of medical

grade silicone rubber and consists of a shaft with two flanges with a semicircular slit of 145°

in the hat of the esophageal flange, functioning as an one-way valve. The Provox II voice

prosthesis is a biflanged device, also made of medical grade silicone rubber. The hinge valve

is molded into one piece with the prosthesis and supported by a radiopaque, fluoroplastic

ring, which is fastened in the shaft of the prosthesis. Figure 2 shows both types of voice

prostheses in combination with the artificial throat. 

Biofilm formation in the artificial throat 

The voice prostheses were placed in two transparent modified Robbins devices, called artifi-

cial throats for the present purpose and shown schematically in Figure 2. Each artificial throat

was equipped with three Groningen and two ProvoxII voice prostheses. The third Groningen

voice prosthesis was placed in both throats for scanning electron microscopy purposes. The

total cultivable microflora, previously isolated from an explanted Groningen voice prosthesis

and containing a partly identified variety of yeasts and bacterial strains, including Candida

albicans, Candida tropicalis, and streptococcal and staphylococcal strains, was cultured in a

mixture of 30% brain heart infusion broth (OXOID, Basingstoke, Great Britain) and 70%

defined yeast medium (per liter: 7.5 g glucose, 3.5 g (NH
4
)

2
SO

4
, 1.5 g L-asparagine, 10 mg 
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L-histidine, 20 mg DL-methionine, 20 mg DL-tryptophane, 1 g KH
2
PO

4
, 500 mg

MgSO
4
.7H

2
O, 500 mg NaCl, 500 mg CaCl

2
.2H

2
O, 100 mg yeast extract, 500 mg H

3
BO

3
, 400

mg ZnSO
4
.7H

2
0, 120 mg FE(III)Cl

3
, 200 mg Na

2
MoO

4
.2H

2
O, 100 mg KI, 40 mg CuSO

4
.5H

2
O),

and used to inoculate the artificial throats for 5 hours. Subsequently, a biofilm was allowed to

grow on the voice prostheses over three days by filling the devices with growth medium. On

the fourth day, the devices were perfused with phosphate buffered saline, pH 7.0, which

Figure 2.

Schematic presentation of the artificial throat equipped with Groningen voice prostheses, with a detailled

schematic presentation of a Groningen (left bottom) and Provox II (right bottom) voice prosthesis.



served as a control, or a dairy product, after which the prostheses were left in the moist

environment of the artificial throats. This perfusion scheme was repeated three times a day

for nine days. At the end of each day all artificial throats were filled with growth medium for

half an hour and left overnight, after draining. The experiments lasted fifteen days in total and

were performed at room temperature. The tracheal sides of the prostheses were left in

ambient air, similar to the situation with a stoma.

Dairy products 

Dairy products used are listed in Table 1, together with their bacterial and other essential

components. Buttermilk, pasteurized conservable buttermilk, Mona mildyoghurt, Mona vifit

yoghurt, semi-skimmed milk and low-fat yoghurt were commercially purchased. Yakult fer-

mented milk drink was provided by Yakult Nederland B.V. (Almere, The Netherlands), and

used after tenfold dilution in demineralized water. Both Mona mild yoghurt and low-fat

yoghurt were used diluted twofold in demineralized water. A mixture of buttermilk/Yakult

was also used (65 ml Yakult /585 ml buttermilk). For buttermilk, Yakult fermented milk and

the buttermilk/Yakult mixture duplicate runs were performed.  

Biofilm formation on voice prostheses: influence of dairy
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Table 1. Dairy products used in this study with their essential and bacterial componentsa



Evaluation of biofilms 

On the fifteenth day of the experiment the voice prostheses were removed from the artificial

throats after a final perfusion with phosphate buffered saline. Subsequently, the biofilm was

removed from the valve sides of the prostheses by scraping and, after sonication (60 s), seri-

ally diluted in reduced transport fluid (per liter: 75 ml of Solution I (1.2% NaCl, 1.2%

(NH
4
)

2
SO

4
, 0.6% KH

2
PO

4
, 0.51% MgSO

4
.7H

2
O); 75 ml of Solution II (0.6% K

2
HPO

4
); 10 ml

of 3.72% EDTA; 20 ml of 1% cysteine HCl and 820 ml of distilled water). Biofilms were

evaluated by plating the serial dilution on brain heart infusion or MRS (de Man, Rogosa and

Sharpe) agar plates for yeasts and blood agar plates for bacteria. After two days at 37°C in an

aerobic incubator, the number of bacterial and fungal colony forming units per ml (CFU/ml)

was determined for each prosthesis separately and expressed as a percentage with respect to

the control. The consistency of the biofilm formation in each run was monitored from the

control throat. 

Scanning electron microscopic (SEM) evaluation 

Scanning electron microscopy was done only on Groningen voice prostheses as biofilm

features can be more easily discerned on the constructively simpler Groningen pros-

thesis than on Provox II voice prostheses. For electron microscopic evaluation, one Gro-

ningen voice prosthesis from each artificial throat, with biofilm present, was flushed 

with 6.8% sucrose and 0.1 M cacodylate buffer (pH 7.4), fixed and stained in 2% glutar-

dialdehyde and 0.2% ruthenium red in 0.1 M cacodylate buffer at 4°C and flushed again.

Post-fixation and staining was carried out in 1% OsO
4
and 0.2% ruthenium red in cacodylate

buffer by gently shaking for 3 hours at room temperature. Buffer washes and dehydration

involved the following rinsing procedures: 20 min in 6.8% sucrose in 0.1 M cacodylate

buffer; 3 x 10 min in bidistilled water; 20 min in 30, 50 and 70% ethanol, respectively; 

and 4 x 30 min in 100% ethanol. After critical-point drying with CO
2

for 4 hours, the speci-

mens were mounted on SEM stubs and sputter-coated with gold/palladium (15 nm). SEM

observations were made at 20 kV using the JEOL 6301, with different magnifications and

angles.

Statistical analysis

The paired t-test was used for the statistical analysis of the results of buttermilk, Yakult fer-

mented milk and the buttermilk/Yakult mixture. 
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Results

Figure 3 shows the percentage of bacteria and yeasts on both types of voice prostheses

employed after the simulated consumption of various dairy products. On Groningen voice

prostheses, buttermilk reduced the amount of bacteria to 3% (p < 0.001) and the amount of

yeasts to 15% (p < 0.05) of the control, while on the other hand, a pasteurized conservable

buttermilk product increased the amount of bacteria and yeasts to 601% and 522% of the con-

trol, respectively. The other dairy products reduced the percentage of bacteria in various

degrees. Of these products, only Yakult fermented milk drink reduced the amount of bacteria

(to 12% of the control, p < 0.01) and the amount of yeasts (to 74% of the control, p < 0.05)).

Some of the other products (Mona vifit, skimmmed milk) even stimulated yeast colonization.

A combination of buttermilk and Yakult reduced the amount of bacteria to 33% of the control

(p < 0.05), but unexpectedly stimulated yeast colonization to 217% of the control (p < 0.1). 

The effects on the ProvoxII voice prostheses were less pronounced. Buttermilk yielded a

reduction of the amount of bacteria to 76% of the control and a reduction in the amount of

yeasts to 65% of the control (both not significant), in line with observations on Groningen

prostheses. Pasteurized, conservable buttermilk again showed an augmentation in both the

amount of bacteria and yeasts. Yakult reduced the amount of bacteria less with respect to the

control (only to 91%) than observed on Groningen prostheses, while the colonization of pros-

theses by yeasts was strongly stimulated. The combination of buttermilk and Yakult reduced

the amount of bacteria to 19% of  the control, but stimulated yeast colonization on Provox II

voice prostheses to 488% of the control. The other dairy products did not inhibit bacterial

colonization to the same extent observed on Groningen prostheses, or they slightly stimulated

bacterial colonization. Furthermore, only Mona mild yoghurt yielded a reduction in

colonization by yeast. Several of the other products (Mona vifit, low-fat yoghurt) stimulated

yeast colonization. 

Figure 4 shows scanning electron micrographs of Groningen voice prostheses removed

from the artificial throat following daily perfusion with phosphate buffered saline, butter-

milk, Yakult fermented milk drink and Mona mild yoghurt. On the Groningen prosthesis

rinsed with phosphate buffered saline, a thick biofilm is clearly visible, which covers the sur-

face extensively. The high magnification insert shows the ingrowth of colonizing yeasts into

the silicone rubber, while the surface is predominantly colonized by bacteria. The prosthesis

after perfusion with buttermilk shows little biofilm formation with occasional ingrowing

microcolonies and a remarkedly clean surface in comparison with the control. The surface of

the prosthesis from the artificial throat perfused with Yakult is colonized by small localized

microcolonies. A thick biofilm is present on the prosthesis from the artificial throat perfused

Biofilm formation on voice prostheses: influence of dairy
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Figure 3.

The percentage of bacteria and yeast isolated from Groningen and Provox II voice prostheses after biofilm

formation in the artificial throat and perfusion with various dairy products. Perfusion with a phosphate buffered

saline was taken as a control, set at 100%. For buttermilk, Yakult fermented milk and the buttermilk/Yakult

mixture duplicate runs were performed.



with Mona mild, and the high magnification insert shows that the yeasts have started to

develop hyphae.

Discussion

This study represents the first use of the artificial throat model, as described by Leunisse et

al.8 on the influence of various dairy products on biofilm formation on silicone rubber voice

prostheses. At this point it is important to emphasize that this study was inspired by anecdotes

circulating in patient support groups on possible beneficial influences of these products on

their prosthesis lifetime. Since this study demonstrates that such an influence may indeed

exist for certain products, most notably those containing probiotic bacteria, the results point

to alternatives for the use of antibiotics and antimycotics for laryngectomized patients, that

bear the risk of inducing antimicrobial resistance. 

During the last ten to twenty years, the growing demand in society for health-improving

nutrients has stimulated the development of an extensive assortment of dairy products which

claim to have a positive effect on health. In literature many beneficial effects have been

reported, such as suppression of diarrhoea, anti-tumour activity, stimulation of immunity,

reduction of cholesterol levels and relief of lactose intolerance. These effects are attributed to

the specific bacterial strains used in the preparation of these products.9-11 As early as 1907, the

Russian biologist Metchnikoff had already studied the effects of these so-called “probiotics”

on health. However, with the introduction of chemotherapy and antibiotics in the 1930’s, this

development was not further pursued. Nowadays, the growing appearance of resistant bacte-

rial and fungal strains, due to frequent and chronic use of antibiotics and antimycotics,

definitely shows the limitations of these therapies, leading to a renewed interest in probiotics.

Recently a biotherapeutic effect of probiotic bacteria on candidiasis in immunodeficient mice

has been reported.12

Probiotics are being defined as a food supplement containing living micro-organisms

which have a beneficial effect on the host.13 The best-known and studied strains are lactobacil-

li. Lactobacilli are generally considered crucial to the maintenance of a healthy urogenital and

intestinal microflora.14 The mechanisms employed by probiotic lactobacilli to exert their ben-

eficial effects are not solely based on competitive adhesion or displacement of pathogens, but

also include lactic acid and hydrogen peroxide production, as well as the release of anti-adhe-

sive biosurfactants.15 Thus, lactobacilli do not necessarily have to colonize a substratum sur-

face themselves in order to exert their beneficial effects. In fact, most lactobacillus strains have

very poor adhesion capacities, for which reason they do not, after oral consumption, adhere

Biofilm formation on voice prostheses: influence of dairy
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Figure 4A.

Scanning electron micrographs of Groningen voice prostheses removed from

the artificial throat. The bar equals 1 mm for the low magnification micrograph

and 10 mm for the insert.

A. After perfusion three times daily with phosphate buffered saline.

Figure 4B.

B. After perfusion three times daily with buttermilk.
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Figure 4C.

C. After perfusion three times daily with Yakult fermented milk drink.

Figure 4D.

D. After perfusion three times daily with Mona mild yoghurt.



extensively to surfaces in the human oral cavity with the potential threat of stimulating dental

caries by lactic acid production.16 By comparing Table 1 with Figure 3, it can be seen that sev-

eral of the effects observed might be due to the inclusion of lactobacilli in a product.

Similarly, in vitro studies have also demonstrated that Streptococcus thermophilus, found

in Mona mild and low-fat yoghurt, releases biosurfactants that interfere with the adhesion of

Candida spp. to silicone rubber. This might contribute to the reduction in the colonization of

voice prostheses by yeasts observed after simulated consumption of these products on Provox

II voice prostheses.17

Lactococcus lactis, found in buttermilk prior to pasteurization, releases antimycotic

substances18, which are likely responsible for the observed reduction in the colonization of

prostheses by yeasts and the extended lifetime of voice prostheses of laryngectomees that

consume extensive amounts of buttermilk, as reported within patient support groups. In

pasteurized, conservable buttermilk, made through very brief heating of the product to high

temperatures, probiotic bacteria will not survive and this conservable buttermilk actually

stimulates bacterial and yeast growth on the prostheses, thereby confirming the role of L.

lactis in the prevention of a biofilm. 

Alternatively, other components of the dairy products may also have a beneficial effect on

biofilm formation on the prostheses. Table 1 shows that the acidity of all products examined

is approximately 4.0 (except for semi-skimmed milk), suggesting that pH is not a determi-

nant of the reductions in biofilm formation, seen for only some products. Also, no relation-

ship between the amount of sugar or calcium and the extent of biofilm formation can be seen.

Lactoferrin, an iron-binding glycoprotein found not only in dairy products, but also in human

milk, saliva and tears has shown bactericidal and fungicidal effects against a number of oral

pathogenic microorganisms including Actinobacillus actinomycetemcomitans, Streptococcus

mutans and C. albicans19-21 and might be a determinant. 

It is beyond the scope of this work to discuss the details of the potential components of the

dairy products that cause the effects observed, but this study demonstrates that it is feasible to

formulate a dairy product based on probiotics that will strongly prevent, if not fully eliminate,

biofilm formation on voice prostheses. The development of such a product requires more than

simply combining products with an expected synergistic effect, as has become obvious from

the unexpected poor effect of combining buttermilk and Yakult fermented milk drink. 

With respect to the results, it is also obvious that the most efficient product should

decrease both the number of colonizing bacteria and yeasts on the prostheses. Although most

authors regard adhering yeasts as the main cause for prosthesis failure, this is by far not

ubiquitously accepted.3 Parker et al.22 stated that streptococci are responsible for leakage

problems, while enterococci were reported to be predominantly responsible for increased 
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airflow resistances. Since most of the products evaluated also contain bacteria by product

definition, but no yeasts, reduction in yeasts numbers can unequivocally be attributed to the

products, as can significant reductions in bacterial numbers. However, for several products it

cannot be ruled out that the bacterial enumerations include probiotic bacteria, although based

on the colony morphology this appears unlikely. 

It is difficult to apprehend why results for Groningen and Provox II voice prostheses are

different. Groningen voice prostheses contain fewer retention sites for colonizing organisms

to find a niche than ProvoxII voice prostheses, due to the difference in design. However, such

arguments would also be valid for the probiotic bacteria in a dairy product, although these

strains are generally less adherent than the organisms that cause failure of implanted voice

prostheses. In addition, the Provox II contains a number of different materials that might

attract biofilm organisms, probiotic bacteria and other product components in different quan-

tities than the single-material made Groningen prosthesis.

Finally, it is emphasized that the effects of the biofilm reductions observed on prosthesis

lifetime have not been determined. Controlled clinical trials, although probably difficult

because of the variations in device lifetime amongst one patient, the duration of such experi-

ments requiring long-term control of dietary conditions, and the influence of environmental

variables as humidity and temperature on the process of biofilm formation in a patient, will

be necessary to evaluate these effects. Nevertheless, this study provides not only evidence in

support of anecdotal evidence circulating in patient support groups in the Netherlands

(regarding buttermilk) and in Turkey (regarding S. thermophilus-containing yoghurts), but

also points to isolated single factors that might increase the prosthesis lifetime in individual

patients. 
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