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ABSTRACT 

 

In this study, we examined the physiochemical properties of nasoenteral feeding tubes made from two 

different types of polymer: silicone materials and polyurethane. The internal surfaces of the nasoenteral 

feeding tubes were analyzed for their hydrophobicity, roughness, microtopography, rupture-tension and 

ability to stretch. We also studied the adhesion of an isolated, multi-drug resistant strain of S. aureus to these 

polymers. The polyurethane nasoenteral tube, which was classified as hydrophilic, was more resistant to 

rupture-tension and stretching tests than the silicone tube, which was classified as hydrophobic. 

Additionally, the polyurethane tube had a rougher surface than the silicone tube. Approximately 1.0 log 

CFU.cm-2 of S. aureus cells adhered to the tubes and this number was not statistically different between the 

two types of surfaces (p > 0.05). In future studies, new polymers for nasoenteral feeding tubes should be 

tested for their ability to support bacterial growth. Bacterial adhesion to these polymers can easily be 

reduced through modification of the polymer’s physicochemical surface characteristics. 

 

Key words: Staphylococcus aureus adhesion; nasoenteral tubes; hydrophobicity; roughness and mechanical 

resistance. 

 

INTRODUCTION 

 

Staphylococcus aureus is a microorganism that is a 

common etiology of hospital infections (20, 24). S. aureus 

primarily residues on the mucous membranes of the human 

nasopharynx, as well as on human and animal skin (15, 29). 

This microbe often causes persistent and chronic infections in 

humans that have catheters, prostheses or other similar devices, 

such as feeding tubes (3, 17, 25, 30, 35). These devices are 

often composed of polymers that can potentially support 

bacterial colonization, which often occurs rapidly within the 

first 24 hours (17). Bacterial colonization of the polymer is 

greatly influenced by the response of the host, such as 

localization of platelets, tissue proteins and plasma (12, 21). 

Microbial biofilms on medical devices are extremely difficult 

to treat because they are resistant to antimicrobials. For
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example, nasoenteral feeding tubes are a primary risk factor for 

the spread of microorganisms that are resistant to multiple 

drugs, such as methicillin- or vancomycin- resistant S. aureus 

(13, 20, 22, 23). Antibiotic-resistant bacteria that have adhered 

to these devices can be transferred to other devices, causing the 

infection to spread rapidly among patients (23). This mode of 

transfer is primarily via contact of the contaminated device 

with the hands of nurses, which emphasizes the need for hand 

washing and implementation of Good Practices to Control 

Infections (3). However, the physicochemical properties of the 

polymer surface can be chemically modified to regulate 

bacterial adhesion (10, 14, 34, 36). Several biomaterials 

contain additives, such as plasticizers, stabilizers and organic 

polymers that improve the physicochemical properties and 

biocompatibility of the compound. However, these additives 

can be metabolized by microorganisms, thus supporting 

biofilm formation (28); therefore, the characteristics and 

composition of the polymer surface significantly influence 

bacterial adhesion and growth. 
The objective of this study was to characterize the 

microtopography, hydrophobicity and resistance to biofilm 

formation of nasoenteral feeding tubes made of several 

different polymers. We simulated both open and closed feeding 

systems in the laboratory to study S. aureus adhesion and 

biofilm formation on nasoenteral tubes.  

 

MATERIALS AND METHODS 

 

Physical, physicochemical and microscopic 

characterization of the nasoenteral feeding tube surface 

The chemical and physical characteristics of the 

nasoenteral tubes  

We studied nasoenteral feeding tubes that were made of 

either silicone or polyurethane (Solumed®); these tubes were 

used in Intensive Care Unit (ICU) patients who were selected 

to participate in this experiment. The polyurethane tube was 

made of dimethylsiloxane, vinyl polychloride and barium 

sulfate and was 120 cm long with an internal diameter of 3.96 

mm and an internal area of 298 cm2. The silicone tube was 

made of dimethylsiloxane, vinyl polychloride, acetal-poly and 

barium sulfate and was 95 cm long with an internal diameter of 

3.96 mm and an internal area of 238 cm2. 

 

Hydrophobicity  

Test samples (10 cm) were removed from the central 

portion of each type of tube (silicone or polyurethane); the 

samples were sectioned in the middle and were glued to paper. 

The test samples were reduced to a smaller size to improve the 

flatness, when necessary and samples that had flat, horizontal 

surfaces were used to determine the contact angle. The contact 

angle was determined by measuring the interior of the test 

samples with a goniometer (NRL A-100-00, Ramé-Hart, 

Mountain Lakes, NJ USA®) and the images were analyzed at 

the Eloísa Mano Institute of Macromolecules (IMA) of the 

Federal University of Rio de Janeiro (UFRJ) (27). The contact 

angle measurements (at least 25 determinations) were 

performed with the sessile drop technique with a contact angle 

measurement apparatus (NRL A-100-00, Ramé-Hart, Mountain 

Lakes, NJ USA®). All of the measurements were performed at 

room temperature (25 °C) (27). 

 

Atomic force microscopy evaluation of the surface 

topography and roughness  

Two test samples (1.0 cm) were removed from the central 

part of each tube, were sectioned in half and were sent to the 

Federal University of Minas Gerais, Brazil (UFMG), for 

atomic force microscopy (AFM) analysis. Atomic force 

microscopy (VEECO, Nanoscope IIIA model) was used to 

obtain images of the interior of the test samples with the 

Tapping Mode technique (24). The appropriate software for 

this equipment calculated the following variables: Ra, which is 

the arithmetic average height, and Rt, which is the maximum 

height between the highest peak and the lowest valley of the 

tube surface. 
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Determination of the rupture-tension and polymer 

stretching  

Seven polyurethane test samples and seven silicone test 

samples (10 cm in length and 3.96 mm in diameter) were used 

to determine the mechanical resistance (5), the maximum load 

(N) and the relative deformation at maximum load (%). The 

measurements were performed with a pre-test velocity of 50 

mm.min-1, a test velocity of 100 mm.min-1 and a post-test 

velocity of 50 mm.min-1 at 25 °C and 36 °C with 1 kN of load 

cells. The equipment used was a Universal Testing Machine 

(Instron, model 3367 Q 1126) with a maximum capacity load 

of 30 kN. Each sample was tested independently seven times. 

 

The Staphylococcus aureus strain  

The S. aureus strain was isolated from the nasoenteral 

tube of an ICU patient in a hospital in Viçosa, Minas Gerais. 

This strain was chosen because of its resistance to the 

antibiotics ciprofloxacin-CIP (5 µg) (DME®), amikacin-AMI 

(30 µg) (DME®), clindamycin-CLI (2 µg) (DME®), 

clarithromycin-CLA (15 µg) (DME®), ceftriaxone-CRO (30 

µg) (DME®), ceftazidime-CAZ (30 µg) (DME®) and 

sultamicillin/ampicillin (sulbactam)-APS (10/10 µg) (DME®). 

The strain is susceptible to oxacillin-OXA (30 µg) (DME®) and 

imipenem-IMP (10 µg) (DME®) (7).  

 

Adhesion by simulated use test 

A feeding procedure was simulated in the laboratory to 

mimic hospital conditions of an open enteral feeding system, 

where the enteral feeding device requires manipulations prior 

to its administration. We also used a closed system where the 

processed food was sterile, was packed in hermetically sealed 

containers and did not have prior contact with the equipment. 

The tube ends were connected to two different systems. At 

the end where the food was administered, the tubes were 

connected to metallic lids, which covered glasses that collected 

the food after its administration; at the other end the tubes were 

connected to a feeding system that contained flasks that stored 

the food (IsoSource HN®, Tetra Slim, Novartis®) or water, 

which was dropped intermittently. Two polyurethane or 

silicone tubes were used: one tube had food with an inoculum 

of 1.0 x 102 CFU.ml-1 of S. aureus and a second tube (the 

control tube) did not have any food. The tubes and collecting 

flasks were incubated at 36 °C to simulate human body 

temperature. 

Before the food was prepared, the S. aureus isolate was 

activated by incubation for 24 h at 37 °C in 10 ml of BHI broth 

(Merck®). A subsample of this strain was then inoculated into 

another tube that contained the same volume of medium and 

was incubated for 3 h. A concentration of 1.0 x 102 CFU.ml-1 

of S. aureus, which is the concentration that was found in 

hospital food with previous analyses, was inoculated into the 

following food volumes: 100 ml of food on the first day, 150 

ml on the second day and 200 ml on the third day. We 

performed these injections to simulate patient feeding in a 

hospital. The food was administered at 8 h, 11 h, 14 h, 17 h, 20 

h and 23 h each day for three consecutive days, for a total of 72 

h. This schedule was implemented to simulate enteral food 

administration to ICU in-patients for three days. 

Administration was carried out for a maximum of 1.5 h and 50 

ml of sterilized water was given at each feeding (26). The food 

was prepared daily at noon, was stored in flasks that were 

refrigerated and was removed 1 h before administration to 

allow equilibration to room temperature. The feeding system 

was changed every day in the morning before food 

administration at 8 h. All of the material utilized was sterilized 

and the food, water and feeding systems were changed 

aseptically with a Bunsen burner. At the end of the third day, 

the feeding system was dismounted, and the nasoenteral tubes 

were fragmented for scanning electron microscopy (SEM) 

analysis; the tubes were also examined to quantify the number 

of Staphylococcus cells that had adhered to the inside. Each 

simulated test was performed three times for each type of tube 

that was tested. 
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Determination of the number of adhered cells 

Three test samples (10 cm) were removed from each tube 

at the beginning, middle and end portions at the end of the third 

day of the adhesion experiment. The interior of the three test 

samples was gently rinsed with a syringe and 0.6 ml of 2% 

sodium citrate solution to remove any non-adherent S. aureus 

cells; the samples were subsequently vigorously rinsed with 10 

ml of the same solution to remove the adherent cells, and this 

elution was collected in a sterilized Erlenmeyer flask. Aliquots 

(0.1 ml) were plated in duplicate on standard agar plates (PCA, 

Merck®) and incubated at 37 °C for 24 h. 

 
SEM evaluation of adhesion 

Three test samples (0.4 cm) were excised from three portions 

of each tube (beginning, middle and end) immediately after the 

adhesion experiment ended. These portions were then segmented 

into four pieces by horizontal and transversal cuts in the center of 

the test samples. The samples were analyzed (33) with a LEO 

1430 VP scanning electron microscope (Zeiss, Cambridge, 

England). 

 
Statistical analysis 

Variance analyses were conducted with the Statistical 

Analysis System (SAS). A Student’s t-test was also used to 

analyze the results for the maximum load (N) and deformation 

(%) (25 °C and 36 °C) of each test sample and and the S. 

aureus count (log CFU.cm-2) was compared between the 

silicone and polyurethane tubes, which were tested in 

triplicates and grown at 36 °C. P-values < 0.05 were 

considered to be statistically significant. The contact angle of 

the tube surface, which indicates the hydrophobicity, was 

analyzed as described by Adamson (1982) (1), who defined a 

hydrophilic surface as one with a contact angle of less than 50o, 

while a hydrophobic surface has a contact angle of greater than 

50o (1). 

 
RESULTS AND DISCUSSION 

 
The nasoenteral tubes had different contact angles with 

water (�w) at room temperature and thus had distinct 

hydrophobicities: the polyurethane tube was classified as 

hydrophilic (�w= 50.2 ± 0.61), while the silicone tube was 

classified as hydrophobic (�w= 74.6 ± 1.30). 

The different contact angles of the tubes can be attributed 

to the molecular structure of each material. The silicone tube 

has a branched chain that mainly consists of carbon, oxygen, 

silicone and hydrogen, which make the polymer apolar. In 

contrast, the polyurethane consists of benzenic rings and 

NHCO2 groups that confer polarity, which increases the 

surface interactions with water compared to silicone. 

Hydrophobicity plays a fundamental role in surface 

adhesion and many methods are available to measure 

hydrophobicity. Typically, qualitative evaluation of surface 

hydrophobicity involves characterizing the hydrophobic or 

hydrophilic character of a surface by measuring the contact 

angle the surface with water (6). Surfaces that are hydrophobic 

or less hydrophilic (e.g., the tube) generally have increased 

adhesion (e.g., S. aureus). Removal of water film from between 

the tube surface and microorganisms is much easier for 

hydrophobic surfaces (8, 9). Thus, the polyurethane tube may 

be a better candidate because it is hydrophilic and may 

therefore have less bacterial adhesion. 

Microtopography of the silicone tube showed that it had a 

mean roughness of 0.60 nm and was thus a smoother surface 

than the polyurethane tube, which had a roughness of 2.87 nm. 

The maximum height between a peak and a valley also shows 

that the polyurethane tube surface (Rt = 53.90 nm) is rougher 

than the silicone (Rt = 5.63 nm). However, this information can 

not be analyzed separately because it can lead to a false 

interpretation of surface microtopography. 

Figure 1 shows AFM analysis of the microtopography of 

the silicone and polyurethane tube surfaces; irregularities can 

be clearly seen on the polyurethane tube surface, while the 

silicone tube has small elevations, which may be inherent to 

the polymer surface. The microtopographs corroborate with the 

roughness characteristics that were previously evaluated. 
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Figure 1. AFM images (surface topography) of (a) silicone tubes and (b) polyurethane tubes. The black circles show the presence 

of small fissures and the white circles show elevations in the silicone surface, which may be inherent to the polymer surface. 

 

 

The biomaterial surface roughness is relevant to bacterial 

adhesion because irregularities in the polymeric surface can 

promote bacterial adhesion and biofilm formation (3, 14, 30). 

Depressions and elevations in the surface can create a larger 

surface area for bacterial colonization (19) and can protect 

bacteria from shear forces (16). However, accumulation in 

these depressions depends largely on the size, cell dimension 

and cell cycle stage of the bacterium (18). 

Only the silicone tube ruptured during the rupture-tension 

and polymer stretching tests. However, the relative 

deformation at the maximum load did not change with an 

increase in temperature from 25 °C to 36 °C for either of the 

tubes (p > 0.05), although the maximum load was different for 

the polyurethane tube at both temperatures (p < 0.05). The 

maximum load was 76.61 N and 172.61 N at 36 oC and 25 oC 

for polyurethane, respectively, and 25.85 N and 26.32 N for 

silicone, respectively.  

The difference in the maximum charge of the 
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polyurethane tube can be explained by the mechanical and 

molecular properties of the polymer. In general, the mobility of 

the macromolecular chain depends largely on the chemical 

nature and size of the flexible segments. These segments, 

which are created through reactions between linear and bi-

functional polyols and a stoichiometric amount of 

diisocyanates, control the flexibility properties under low 

temperatures, as well as the chemical behavior of polyurethane, 

such as resistance to solvents, water, acids, bases and 

temperature. To obtain favorable elastomeric properties, 

especially impact resistance, the flexible segment must be 

amorphous and must possess a sufficiently low glass transition 

temperature. However, mechanical forces, combined with 

temperature fluctuations, can change the structure orientation 

and mobility within the domains of the rigid segments, 

especially segments that are formed from hydrogen bonding 

between adjacent urethane groups. During this process, the 

initial hydrogen bonds are broken, and more energetically 

favorable bonds are formed. This is followed by a change in 

the structure of the polymer and a change in the applied 

tension. Consequently, the tension is better distributed, and the 

material resistance increases, which contribute to increased 

rupture-tension, stretching, tear resistance and permanent 

deformations (34). 

The polyurethane tube was more resistant to rupture than 

the silicone tube at 25 oC and 36 oC. Because if its increased 

resistance, we recommend polyurethane tubing for situations 

that may lead to tube rupture, for example, if a patient becomes 

aggressive and is unwilling to use the device. 

After three days of simulated testing, there was no 

significant difference (p > 0.05) between the number of 

adhered S. aureus cells between the polyurethane tube (1.11 

log CFU.cm-2) and silicone tube (0.99 log CFU.cm-2), although 

bacteria in the enteral feed were able to adhere to the internal 

lumen of the feeding tubes. Nasogastric tubes are a risk factor 

for the acquisition of multidrug-resistant organisms, including 

vancomycin-resistant enterococci and 1-3 methicillin-resistant 

S. aureus (22, 23). According to Anderton (1999) (4), food 

contamination may result in bacterial colonization of the 

internal surfaces of the feeding tubes, the machinery and the 

food source. 

The adherence capacity in vitro, although, does not 

necessarily accurately reflect bacterial adhesion to a 

nasoenteral tube in humans. Bacterial adherence involves 

complex interactions between the bacterial strain, the 

biomaterial surface and the host (31). For initial, non-specific 

bacterial cell adherence to result in a successful colonization, 

other specific types of adhesion are likely required.  

Studies of the initial adhesion and surface growth of S. 

aureus and S. epidermidis in biomedical devices have shown 

that bacterial attachment to the surface depends on interactions 

with the host. The body initially reacts to the foreign device by 

forming a thrombin that is rich in fibrin and fibronectin, and 

then the bacteria produce a fibrous glycocalyx, known as 

extracellular slime, which constitutes the matrix of the biofilm 

(11). Moreover, bacterial adhesion and growth is influenced by 

the various properties of biomaterials of the foreign surface 

(13). 

The data from this study do not show a direct correlation 

between the number of adhered bacterial cells, the substrate 

surface hydrophobicity or the roughness, as there was no 

significant difference (p > 0.05) between the tube material and 

the number of adhered cells (log CFU.cm-2). 

The micrographs show that there are many irregularities in 

the tube surface (Figures 2), such as protuberances, fissures 

and orifices. Scanning electron microscopy showed the sample 

in two dimensions, which aided in interpretation of the 

bacterial adhesion results. The individual S. aureus cells 

adhered separately, but close to the food residue in the silicone 

tube, while the bacteria adhered proximally in the polyurethane 

tube. Additionally, water administration after feeding did not 

remove the food residue or the microorganisms that were 

present in the food, which resulted in S. aureus adhesion after 

three days (Figure 3). 
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Figure 2. SEM images of the polyurethane (a and b) and silicone (c and d) tube surfaces. Irregularities, such as protuberances, fissures 

and orifices on the nasoenteral tube surface, can be seen;  

 

 
 

 

 

 
 

 

 

 

 

 
Figure 3. SEM images of S. aureus cells adhered to (a) polyurethane tube surfaces and (b) silicone tube surfaces after three days. The 

white circles are cells that have adhered to the nasoenteric tubes. 
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Anderton (1984) (2) examined internal nasoenteric tubes 

surfaces by SEM and observed irregularities, which can trap 

microorganisms; additionally, Anderton (1984) (2) discussed 

the potential hazards of S. aureus attachment to the tubing 

interior. Zur et al. (2004) (37) studied the internal portion of 

eight endotracheal tubes that were removed from neonates with 

electron microscopy and found adhered bacteria, including 

Staphylococcus, as well as biofilm formation. Biofilm 

formation was also observed on the external surface of all of 

the devices. 

 

CONCLUSIONS 

 

No direct relation between the surface hydrophobicity and 

adhesion of S. aureus was found in this study. The 

polyurethane tube, which was classified as hydrophilic, should 

have decreased adhesion compared to the hydrophobic silicone 

tube. However, microbial adhesion in the two tubes was not 

statistically different. Thus, microbial adhesion depends on 

additional polymer characteristics, such as surface roughness.  

Although the polyurethane tube was hydrophilic, its 

surface was rougher than the silicone tube, which may have 

contributed to an increase in bacterial adhesion.  

Flushing the tubes with sterilized water did not efficiently 

control pathogen colonization. Thus, food contaminated with S. 

aureus can result in colonization of polyurethane and silicone 

tubes and patient infection, especially in patients who are 

immunosuppressed. However, it is important to realize that the 

in vitro data may not accurately reflect the bacterial adhesion 

process that occurs when a nasoenteral tube is utilized by 

humans. 
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