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ABSTRACT

Polyvinyl chloride films are widely used packaging materials.

These films are used to package food, pharmaceutical, and medical

products. Since the occurrence of microbial growth on a PVC film

could result in contamination of the product, this study was conducted

to determine if a PVC film could support growth of fungi and to define

chemical methods of inhibiting growth.

Polyvinyl chloride film was subjected to nine species of fungi

in three separate growth studies to determine if the film could serve

as a nutrient source. All mold species were found to be capable of

utilizing the film for carbon or nitrogen when the other nutrient

was supplied. Only two species, Aspergillus fischeri and Paeci1omyces

sp., were found to be capable of utilizing the film without added

nutrient. The film components found to be utilized by the fungi as

carbon sources included the epoxidized oil (piasticizer-stabilizer)

and the Ca-Zn stearate (heat stabilizer). As a nitrogen source, the

stearamide (lubricant) was not found to be an available nutrient

source in the component study, but was found to be available in the

PVC film.

To inhibit growth of the fungi on the PVC film, an initial

screening test was conducted in vitro to determine the susceptibility

of the fungi to the following antimicrobials: BHA (butylated

hydroxyanisole), methyl paraben, propyl paraben, and potassium

sorbate. The fungi were found to be inhibited by all of the



preservatives except potassium sorbate at low concentrations. However,

when the preservatives were applied to the film the concentrations

which inhibited growth in the in vitro study were not effective in

inhibiting fungal growth on the film. Therefore, increased concentra

tions of the inhibitors were applied to the film. Potassium sorbate

at 4000 ug/ml (0.4%) was found to totally inhibit growth of Fusarium

sp. while BHA at 2000 ug/ml (0.2%) inhibited growth of Paecilomyces

In conclusion, polyvinyl chloride films were found to be

susceptible to microbial attack. The composition of the film, the

microorganisms present, and the environmental conditions were shown

to be determinants in the utilization of the film as a nutrient

source. Therefore, it is important to determine if a PVC film can

support growth of microorganisms under actual use conditions. If

the film is susceptible, then appropriate methods such as controlling

environmental conditions, reformulation of the film, or application

of an antimicrobial agent can be used to prevent growth.



TABLE OF CONTENTS

I. INTRODUCTION

REVIEW OF LITERATURE
Microorgani sms
Microbial Susceptibility of PVC Film Components
Effects of Microbial Growth on PVC Film . . . .

Degradative Mechanisms of Microorganisms on
PVC Film

Microbial Tests for PVC Film

Prevention of Microbial Growth

Antimicrobi al s

MATERIALS AND METHODS

Test Organisms
Polyvinyl Chloride Film
Preparation of Spore Suspensions
Inoculation Techniques
Growth of Fungi on PVC Film in Petri Plates
Growth of Fungi on PVC Film in Test Tubes .
Growth Studies Using the Parabiotic Chambers
Ability of Fungi to Utilize Compounds in
PVC Film

Inhibition of Fungi In Vitro
Application of Preservatives to PVC Film. .
Statistical Analysis

RESULTS AND DISCUSSION

Growth Characteristics of Fungi on PVC Film
Inhibition of Fungi on PVC Film

CONCLUSIONS.

LITERATURE CITED

APPENDIX



LIST OF TABLES

TABLE

1. Vulnerability of Plasticizer to Microbial Attack . .

2. ASTM Scale for Determining Microbial Growth

3. Antimicrobials Used in PVC Films.

4. Fungi Utilized in the Growth and Inhibition Studies .

5. Treatments for Growth Studies on PVC Film in Test

Tubes

6. Kjeldhal Nitrogen Determination of Compounds in
PVC Film

7. Mean Growth Levels of Selected Fungi on Heated
(121°C, 18 min) PVC Film in Petri Plates (10,000
Spores/Si te)

8. Mean Growth Levels of Selected Fungi on Unheated
PVC Film in Petri Plates (10,000 Spores/Site). . . .

9. Analysis of Variance for Growth of Fungi on PVC
Film in Petri Plates When Supplied With Various
Nutrients Measured as a Function of Organism
and Time

10. Effect of Number of Spores on Mean Growth Levels
of Fungi on Heated (121°C, 18 min) PVC Film in
Petri Plates

11. Effect of Number of Spores on Mean Growth Levels
of Fungi on Unheated PVC Film in Petri Plates . . . .

12. Mean Growth Level of Fungi on Heated (121°C, 18
min) PVC Film in Tubes (10,000 Spores/Tube)

13. Mean Growth Level of Fungi on Unheated PVC Film
in Tubes (10,000 Spores/Tube)

14. Mean Growth Levels of Various Fungi on PVC Film
in Test Tubes After 18 Weeks of Incubation at 30°C.



TABLE

Analysis of Variance for Growth of Fungi on PVC
Film in Test Tubes

Mean Growth Level of Fungi on PVC Film in Parabiotic
Chambers After 6 Weeks of Incubation at 30°C

Ability of Fungi to Utilize Components of PVC Film
as Carbon Sources (2 Weeks at 30°C)

Ability of Fungi to Utilize Components of PVC Film
as Carbon Sources (4 Weeks at 30°C)

Mean Colony Growth of Various Fungi on the PVC
Film Components in Mineral Salts Agar for 4 Weeks
at 30°C

Susceptibility of the PVC Components to Fungal
Growth in a Mineral Salts Agar at 30°C for 4 Weeks.

Mean Minimum Inhibitory Concentrations (MIC) of
Selected Antimicrobials Against Various Fungi in
Yeast Extract Sucrose Broth .

Overall Minimum Inhibitory Concentration (MIC) of
Antimicrobials (Butylated Hydroxyanisole, Methyl
Paraben, Propyl Paraben and Potassium Sorbate)
Necessary to Inhibit the Growth of Various Fungi
for 5 Days at 3Q°C

Mean Minimum Lethal Concentrations (MLC) of
Selected Antimicrobials Against Various Fungi in
Yeast Extract Sucrose Broth

Mean Growth Levels of Fusarium sp. on Heated PVC
Film Treated (Spread) with Selected Antimicrobials
(Incubated 6 Weeks at 30°C)

Mean Growth Levels of Paeci1omyces sp. on Heated
PVC Film Treated (Spread) with Selected Antimicrobials
(Incubated 6 Weeks at 30°C)

Analysis of Variance for Growth of Fungi on PVC
Film Treated With Antimicrobials

Analysis of Variance for Growth of Fungi on PVC
Film in Petri Plates With and Without Added Nutrient
Measured as a Function of Inoculation Level and
Time



VI 1 1

TABLE PAGE

28. Analysis of variance for Growth of Fungi on PVC
Film Components Measured as a Function of
Component and Time 106

29. Analysis of variance for the Minimum Inhibitory
Concentration (MIC) and Minimum Lethal Concentra
tion (MLC) Against Various Fungi in Yeast Extract
Sucrose Broth



LIST OF FIGURES

Chemical Structures of Butylated Hydroxyanisole,
Potassium Sorbate and Esters of p-Hydroxybenzoic
Acid

Top View (A) and Side View (B) of Petri Plate
Containing Polyvinyl Chloride Film Layered on the
Surface of Sterile Filter Paper

Growth System for Fungi on Polyvinyl Chloride
Film in Test Tube

Polyvinyl Chloride Film Placed Between the
U-Tubes of a Parabiotic Chamber

Chemical Structures of the Polyvinyl Chloride
Film Components . . .

Growth of Aspergillus fischeri on Heated Poly
vinyl Chloride Film Supplied with 5% Dextrose,
1% Ammonium Sulfate or Distilled Water

Growth of Aspergillus niger on Heated Polyvinyl
Chloride Film Supplied with 5% Dextrose, \%
Ammonium Sulfate or Distilled Water

Growth of Fusarium sp. on Heated Polyvinyl
Chloride Film Supplied with 5% Dextrose, 1%
Ammonium Sulfate or Distilled Water . . . .

Growth of Paecilomyces sp. on Heated Polyvinyl
Chloride Film Supplied with 5% Dextrose, 1%
Ammonium Sulfate or Distilled Water

Growth of Aspergi11 us niger on Potato Dextrose
Agar (PDA) or Mineral Salts Agar (MSA) Containing
0.5% of Each Film Component as a Carbon Source. .

Growth of Aspergi11 us fi scheri on Potato
Dextrose Agar (PDA) or Mineral Salts Agar (MSA)
Containing 0.5% of Each Film Component as a
Carbon Source



FIGURE

Growth of C1 adospon'um sp. on Potato Dextrose
Agar (PDA) or Mineral Salts Agar (MSA) Containing
0.5% of Each Film Component as a Carbon Source. .



CHAPTER I

INTRODUCTION

Several conditions must be met for a mold species to be able

to utilize the components of and degrade a plastic film. Firstly,

the mold must be present as a contaminant. Studies by Baribo et al.

(8) and Sinell (96), with bacteria, showed that microorganisms are

present on films at a rate of 1-20 per 1000 cm^ and that films are

contaminated by these microorganisms during manufacture due to

electrostatic charges. Secondly, the mold species must be able to

utilize the available substrates in or on the film. Lasman and

Scull in (65) reported that certain plasticizers used for flexibility

in plastic films were susceptible to microbial attack and degradation,

if desirable environmental conditions existed. Other studies have

shown that fungi such as Paecilomyces varioti and Aspergillus versi-

color may utilize various mono- and dibasic-fatty acids of the

plasticizers as carbon sources (12,82,102). Finally, environmental

conditions, such as moisture and temperature, must be conducive to

the growth of fungi (14,66,72,73).

The occurrence of fungal growth on plastic film could result

in possible penetration of the viable organism into the package

(49,86), production of toxic end-products which could penetrate and

contaminate the product, or undesirable spotting of the packaging

material (47,108,116). Therefore, the objectives of this study were:



1. to determine the characteristics of fungal growth on poly-

vinyl chloride (PVC) film; and

2. to test chemical methods for eliminating the growth of

fungi on PVC film.



CHAPTER II

REVIEW OF LITERATURE

1. MICROORGANISMS

Microorganisms such as fungi, bacteria, actinomycetes, and

yeasts have been reported to degrade PVC films (11,15,16,24,65,77,

108). Of this group, fungi have received the most attention primarily

because they can grow at a relative humidity as low as 85% and are

easily visible once established (27,61,118). This study was concerned

with the occurrence of fungal growth on a PVC film. Following is

a brief description of the morphology, physiology, and biochemical

activities of fungi.

Fungi are eucaryotic, plantlike organisms that lack chlorophyll

and thus rely on organic materials as nutrient sources. Fungi are

composed of threadlike structures bounded by walls composed of

cellulose and/or chitin (48,78,98). These tubular structures, called

hyphae, may exist in a vegetative or reproductive form (101).

Vegetative hyphae are composed of strands, known as mycelia, which

may penetrate and secrete enzymes to degrade a substrate for

nutrients. Fungi have been found to produce extracellular enzymes

such as esterases which can degrade large molecular weight compounds

into small fragments that can be transported into the mycelium by

active transport (48). Reproductive hyphae extend from the mycelial

mass and produce spores. Hyphae of most fungi contain crosswalls



(septa) which divide the mycelia into small segments similar to

cells. Each segment (cell) tends to be porous to cytoplasmic move

ment of nuclei and organelles throughout the mycelia. This movement

is important for uptake of nutrients, excretion of cellular wastes,

and production of spores (48).

Fungi are widely distributed in the air, soil, and water.

In the air fungi are present primarily as spores, whereas in the soil

they may be in an active growing condition (2,87). When optimum

environmental conditions exist, a fungal spore will swell and liberate

a germ-tube (hyphal strain) (48,98). The germ-tube will initially

obtain nutrients from the spore itself, but growth and development

depend upon the presence of available nutrients in the substrate

(2,48). The nutrient elements required for fungal growth include

carbon, hydrogen, oxygen, nitrogen, sulfur, potassium, magnesium,

and phosphorous. In some cases, small amounts of the trace elements,

iron, copper, zinc, and manganese may be required. As long as

desirable conditions exist, the fungus will grow and mycelia may

branch laterally for long distances from the food source (2). Once

an essential nutrient is depleted or an alteration in environment

occurs, the fungus (hyphae) will undergo physiological and biochemical

changes resulting in the production of spores (28,48,78,98). The

spores may arise directly from apical hyphal cells by a "pinching"

process forming a sac-like structure called a sporangium. The

sporangium contains the fungal spores (sporangia) which can be

released into the air by contact with external forces. Species of



Mucor and Rhizopus produce their asexual spores by this method.

Asexual spores may also be produced on the tips of stalks or branches

(sterigma) in chains. These spores, referred to as conidia, are

produced by species of Aspergil1 us and Penicillium.

Environmental conditions that effect the growth of fungi

include temperature, moisture, oxygen supply, and pH. Most fungi

can grow over a wide temperature range. Aspergillus fumigatus and

Paecilomyces varioti' are capable of growth in excess of 45°C, while

certain species of Penicil1ium, Fusarium, and A1ternaria can grow

below 18°C (72). The optimum temperature of fungi exists between

22 to 30°C (72,78). Fungi can obtain moisture for growth from the

atmosphere and/or substrate (14,78). Relative humidity (RH) above

85% is conducive to fungal growth, although some fungi such as

Aspergillus glaucus and Aspergillus versicolor can grow as low as

75% RH (2,72,73).

Fungi tend to be strictly aerobic in that they require an

abundant supply of oxygen. Reduced oxygen tensions normally result

in a reduction of growth, although some fungi, such as species of

Mucor and Fusarium, have been found to grow in low oxygen concentra

tions (48). Most fungi are not dependent on pH and can grow in the

range of 2.0 to 9.0 with an optimum pH of 5.6 (78).

The fungi are highly adaptive organisms that can utilize a

wide variety of organic substrates as nutrient sources. These

organic compounds can be used by the fungus as an energy source

and/or as structural components. Fungi also have the ability to



survive prolonged periods of time under extreme conditions of tempera

ture and humidity through the production of spores.

2. MICROBIAL SUSCEPTIBILITY OF PVC

FILM COMPONENTS

Microorganisms are capable of attacking plasticized PVC film

to utilize components of the film such as the plasticizer, lubricant

and/or stabilizer (11,15,16,24,38,65,77,108). The PVC resin has

been found to be resistant to microbial attack (2,11,16,18). Since

the plasticizer makes up a large portion of a PVC film, it is the

major contributing component for nutrition of microorganisms (60,

61,62). Brown (18) was the first to report on the susceptibility

of plasticizers incorporated in synthetic polymers. Plasticizers

such as adipates, laurates, oleates, ricinoleates, sebacates,

vegetable oils, and other fatty acid derivatives tend to be suscep

tible, whereas phthalic and phosphoric acid derivatives were found

not to support fungal growth. Stahl and Pessen (102) tested

Aspergillus versicolor and Pseudomonas aeruginosa in a shake-flask

culture to determine if these organisms could degrade plasticizers.

These authors reported that the sebacates, with the exception of

dimethyl sebacate, and ricinoleates tended to support growth.

Citrates, aconitates, phosphates, and phthalates could not be

utilized by A. versi col or, but slight growth was noted on some

commercial phosphates and phthalates by aeruginosa. Berk et al.

(12) confirmed these findings by testing the ability of 24 species



of fungi to utilize 127 compounds as the sole carbon source in

mineral salts agar medium. The most commonly used plasticizers for

PVC films and their vulnerability to microbial attack are shown in

Table 1.

Other components such as stabilizers and lubricants may support

growth on PVC films. The stabilizer dibutyl tin dilaurate and

certain sulfur-containing dibutyl tin stabilizers are susceptible

to microbial attack, whereas trialkyltin derivatives may actually

exhibit antimicrobial activity (107,108). Common lubricants such

as stearic acid, waxes and oils may support microbial growth (38,

59,107,108).

The composition of a PVC film will dictate the degree of

susceptibility to attack by microorganisms. Resistant components

may make a PVC film inert, but the complex interactions of the

components within the polymer matrix may make the entire system

susceptible. It is important to test a PVC film exposed to actual

use conditions to determine susceptibility. Once growth characteristics

of organisms have been obtained appropriate methods can be employed

to prevent growth.

3. EFFECTS OF MICROBIAL GROWTH ON

PVC FILM

Microorganisms can make a plasticized PVC film undesirable

by degrading the film components such as the plasticizer. Removal

of the plasticizer from a PVC film will cause the film to become



Table 1. Vulnerability of Plasticizer to Microbial Attack

Resistant plasticizers

Phthalic acid derivatives
OOP (di-2-ethylhexyl phthalate)
DIOP (di-isooctyl phthalate)
DIDP (di-decyl phthalate)
DBP (di-butyl phthalate)

Phosphoric acid derivatives
TCP (tri-cresyl phosphate)
TP (tri-phenyl phosphate)
IXP (tri-dimethylphenyl phosphate)
GDP (cresyl di phenyl phosphate)

Highly susceptible plasticizers

Azelaic acid derivatives
DOZ (di-2-ethylhexyl azelate)
DIOZ (di-isooctyl azelate)

Adipic acid derivatives
DIBA (di-isobutyl adipate)
DOA (di-2-ethylhexyl adipate)
DIOA (di-isooctyl adipate)

Sebacic acid derivatives
DOS (di-octyl sebacate)
DBS (di-butyl sebacate)
DIGS (di-isooctyl sebacate)

Succinic acid derivatives

DES (di-ethyl succinate)
DBS (di-butyl succinate)

Epoxy derivatives
Epoxidized soybean oil
Epoxidized octyl tall ate

Source: Tirpak (108).



brittle, increase in tensile strength, and decrease in elongation

(9,11,16,65,108). Berk (11) reported that a PVC film plasticized

with a mixture of dibutyl sebacate and dioctyl phthalate would

support growth of Trichoderma sp. on mineral salts agar. After six

weeks of incubation the film had a 63% increase in tensile strength

and a 67% loss in elongation when compared to the uninoculated

control. The author concluded that the removal of plasticizer by

the fungus attributed to the increase in tensile strength. In a more

recent study. Booth and Robb (16) found PVC films plasticized with

di-isooctyl esters of adipic, sebacic and azelaic acids to lose

weight and become stiff when exposed to Pseudomonas and Brevibacterium

species in soil.

Microbial growth on the surface of a PVC film does not

necessarily mean that the organism is utilizing the film component(s).

Growth may be a result of organic material on the film surface (9,

23,66). Microorganisms such as fungi, bacteria and actinomycetes

may be capable of secreting pigments when growing on the surface of

a plastic film (15,38,47,65,108,116). These pigments tend to be

soluble in the plasticizer of most plastic formulations resulting

in discoloration (38,65). First reports of this phenomenon were by

Girard and Koda (47) who identified a Penicillium sp. that could

discolor vinyls by producing a pinkish-red pigment. Booth et al.

(15) reported that the bacterium, Brevibacterium sp. could degrade

and pink stain PVC film plasticized with di- isoocotyl sebacate

Streptomyces rubrireticuli has also been found to cause pink



discoloration of vinyls (116). The pigment produced by this organism

has been identified as a mixture of two prodiginine pigments,

undecylprodiginine and butylcycloheptyl-prodiginine (44). Tirpak

(108) reported that species of Penicil1ium and Fusarium were found

to stain vinyl films orange and yellow. The ability of a micro

organism to stain a PVC film will depend upon the ability of the

organism to produce a particular pigment, solubility of the pigment

in the PVC film, and environmental conditions such as pH, temperature

and moisture (44,47,108).

4. DEGRADATIVE MECHANISMS OF MICROORGANISMS ON

PVC FILM

Rigid PVC is very resistant to microbial attack, whereas-

plasticized PVC films tend to be susceptible. The additives

incorporated in PVC films include mixtures of vegetable oils, acids,

waxes and fatty acid derivatives which tend to be excellent food

sources for microorganisms (27,38,60,82,107,108). Reese et al.

(82) reported various mold species could utilize plasticizers of

vinyl films such as coconut oil, methyl acetyl ricinoleate, and

dihexyl sebacate in nutrient broth.

Microorganisms are capable of utilizing the components of a

PVC film by secreting enzymes. Enzymes are proteins that catalyze

chemical reactions and have a high specificity toward a particular

substrate (48,105). Berk et al. (12) noted a clear zone produced

around fungal colonies grown on mineral salts agar supplied with a



plasticizer as a source of carbon. The zones were contributed to

extracellular esterases which diffused beyond the colony and

converted the insoluble esters into water-soluble compounds. Williams

et al. (113) reported that esterases from mycelial acetone powders

of Aspergillus glaucus could break down the plasticizer, dibutyl

sebacate, to sebacic acid. The esterases were also found to degrade

vinyl films piasticized with dibutyl sebacate.

The production of extracellular esterases (lipases) by fungi

can hydrolyze oils (triglycerides) to glycerol and free fatty acids

(82,105). The fatty acids can be broken down into low molecular

weight compounds by Beta-oxidation and utilized for energy through

the tricarboxylic acid (TCA) cycle (48,105). This would explain why

epoxidized oils and fatty acid derivatives used as plasticizers

and stabilizers are susceptible to microbial degradation.

The phthalate esters once thought to be very resistant may

be prone to microbial attack. Using enrichment culture techniques,

Klausmeier and Jones (62) noted that dibutyl phthalate was converted

to monobutyl phthalate by a Fusarium sp. when an available carbon

source such as glucose was present. The available carbon source

induced an extracellular esterase capable of hydrolyzing one of the

ester linkages. The de-esterification of dibutyl phthalate liberated

butanol, which could serve as an energy source for the organism.

Similar activity was observed for diethyl, dipropyl, and butyl

isodecyl phthalate. Dioctyl phthalate, the most commonly used

plasticizer in PVC films, was not found to support growth.



Klausmeier and Jones (62), however, have suggested that growth of

fungi due to organic debris on the surface of a plastic film could

possibly induce an esterase capable of degrading a resistant

plasticizer such as dioctyl phthalate.

5. MICROBIAL TESTS FOR PVC FILM

Susceptibility of a PVC film to microbial attack depends upon

the composition of the film, presence of microorganisms, and

environmental conditions. These factors must be considered when

devising a test procedure to determine if a PVC film can support

growth of microorganisms. The most common tests include the agar-

plate culture test (2,5,11,12,23,61,91), shake-flask culture technique

(102), humidity cabinet test (23,61), soil burial test (16,23,59,

61,91), and manometric studies (21,22,24). The following discussion

summarizes these testing procedures.

In the agar-plate culture test, a segment of PVC film is

layered on the surface of nutrient agar that does not contain a carbon

source. The plates are inoculated with the test organism(s) and

incubated (usually three weeks). Individual film components, such

as the plasticizer, may also be tested by dispersing them in the

nutrient agar to serve as carbon sources. In either case, growth

rates are measured according to the American Society for Testing

Materials (ASTM) (5) by the percentage of agar surface covered with

mycelium or colonies. The ASTM scale for determining microbial

growth is shown in Table 2.



Table 2, ASTM Scale for Determining Microbial Growth

Observed Growth on Specimen Rating

Traces of growth (less than 10%)
Light growth (10 to 30%)
Medium growth (30 to 60%)
Heavy growth (60% to complete coverage)

Alternative methods include placing a piece of PVC film on

the bottom of a petri dish and covering with nutrient agar. After

inoculation and growth, physical changes such as weight loss and

tensile strength are measured. Clear zone tests are used to deter

mine enzymatic activity on film components in nutrient agar.

Secretion of esterases by fungi will result in a clear zone around

the colony, because the non-polar film component becomes water

soluble in the medium.

The shake-flask culture technique is used to determine if

organisms degrade plasticizers and other film components. In this

method, the desired component is dispersed in a mineral salts

solution and transferred to volumetric flasks. The flasks are shaken

on a reciprocating shaker during the incubation period to ensure a

homogenous dispersion of the film component within the medium.

Growth is measured by weighing mycelial mats or measuring turbidity

photometrically.



In the humidity cabinet test, a piece of PVC film is placed

in a chamber at approximately 30°C and 90-100% relative humidity.

The film is inoculated by spraying with a mixture of fungal spores

suspended in distilled water or in diluted mineral salts solution.

Growth is evaluated by visual observation, or by removal of the film

and measuring for changes in physical properties such as weight loss,

tensile strength and elongation.

The soil burial test involves placing strips of PVC film in

moist soil for a desired period of time. Samples are removed at

various time intervals and deterioration is measured by changes in

physical properties. This test is usually employed for PVC films

that will be exposed to outdoor environments or similar conditions.

The test is very harsh in that the film will be exposed to a mixed

flora of microorganisms under optimum conditions. The soil may also

cause chemical changes in the film resulting in increased

susceptibility.

Most of the tests mentioned are time consuming and laborious.

To overcome these testing procedures. Burgess and Darby (21,22)

devised a manometric method for measuring the amount of oxygen

consumed and carbon dioxide (CO2) liberated when microorganisms were

in contact with PVC films. Their results, however, could not be

directly correlated with percent weight loss of the films. Cavett

and Woodard (24) improved the method by measuring the oxygen uptake

and 1^C02 liberated from ^^C labeled Pseudomonas sp. cells when in

contact with a plasticizer or PVC film in a Warburg respirometer.



In contrast to the method of Burgess and Darby, their results could

be correlated with percent weight loss of PVC films in three days.

The correct test to determine susceptibility of a PVC film

will depend on the actual use conditions of the product. Films that

are not going to be exposed to outdoor environments would not need

to be exposed to soil burial tests. The described tests will allow

the film manufacturer to determine if an antimicrobial would be

needed to provide protection against microbial degradation.

6. PREVENTION OF MICROBIAL GROWTH

Microbial growth on a PVC film may be prevented by using

resistant piasticizers, chemical modification of polymer, removal

of organic materials on the surface, control of environmental

conditions and/or application of an antimicrobial agent.

The plasticizer makes up 25% or more of a plastic film and

tends to be the most susceptible component to microbial attack (53,

60,61,62). Therefore, the logical method to prevent microbial growth

on a PVC film would be to incorporate a resistant piasticizer(s)

such as dioctyl phthalate into the plastic formulation. This would

increase the overall resistance of a PVC film, but would not guarantee

the film to be completely inert to microorganisms. In contrast, the

incorporation of a fatty oil plasticizer such as soybean oil may

make a PVC film susceptible to microbial attack. Fatty oil plasticizers

are commonly used because they are less expensive and impart low

temperature flexibility to plastic films (38,102). Plasticizers

compatible with a PVC film are listed in Table 1.



Microbial resistance of plastic films may be attained by

internal piasticization in which no plasticizer has been added to

the resin (27,87,103). Chemical modification of the resin has been

found to reduce the inter- and intra-molecular forces duplicating

the structural feature obtained from addition of plasticizers (87,

103). Plastic films internally plasticized have been found to resist

microbial attack (103).

As mentioned previously, the presence of extraneous material

on the surface of a PVC film may serve as a nutrient source for

microorganisms. Therefore, it is important that the surface of a

plastic film be free of excessive debris. Microbial growth on a

film surface may not result in direct utilization of the film

components, but production of pigments by these organisms can

penetrate a plastic film making it undesirable (15,47,108,116).

Environmental factors, such as moisture and temperature,

influence the growth of microorganisms. Microbial degradation of

a plastic film is not possible without the presence of moisture.

Fungi can tolerate a relative humidity as low as 75%, whereas

bacteria will only grow in aqueous environments (14,78). Micro

organisms grow best over a narrow temperature range. Fungi have an

optimum temperature range of 22°C to 30°C, whereas bacteria grow

best from 20°C to 37°C (78). Deviations from these optima will

result in a reduction in metabolic activity and growth. In general,

the growth of microorganisms can be inhibited or retarded by

controlling one or more environmental factors conducive to microbial

growth.



If none of the above methods are feasible to prevent growth

of microorganisms, the plastics formulator should consider applying

an antimicrobial to the plastic film. The use of antimicrobial agents

to prevent growth on PVC film is discussed in the following section.

7. ANTIMICROBIALS

Plasticized PVC film may need protection against microorganisms

when composed of resistant or non-resistant piasticizer(s). Organic

debris such as dust can collect on the surface of a plastic film and

provide nutrient for growth (9,23,65). Therefore, it is essential

that an appropriate antimicrobial be applied as a coating to the film

surface or be incorporated within the polymer matrix (18). The

protection required will depend upon the susceptibility of the film,

mainly the plasticizer, the potency of the antimicrobial, and the

expected service life of the film (89).

Selection of an appropriate antimicrobial for a PVC film may

be difficult and should be carefully considered. The following

requirements have been recommended for antimicrobials to be used in

vinyl films (18,20,23,61,65,75,107,118).

1. The antimicrobial must be compatible with the components

of a PVC film; it should be soluble within the matrix and not affect

the physical or chemical properties of the film;

2. The antimicrobial should be heat stable and not decompose

or volatilize during the molding or extruding operations;



3. The preservative should exhibit a wide spectrum of anti

microbial activity against microorganisms throughout the expected

1ife of the film;

4. The antimicrobial should be economical and non-toxic to

humans.

Not all antimicrobials can meet the above criteria. For example,

zinc and sulfur compounds are not used in PVC films because they may

affect the durability of the plastic by reacting with salts of fatty

acids commonly used as stabilizers in PVC formulations (75,108).

Compromises are usually made in order to obtain the desired anti

microbial properties for a particular plastic.

Methods of Incorporation

Antimicrobials are usually added as formulation ingredients

during the mixing and blending operations (20,23,65,104). They may

be added as undiluted compounds or dispersed in organic solvents.

Some antimicrobials can be purchased as solutions uniformly dispersed

within the plasticizer or incorporated within the resin pellets (23).

The degree of compatibility with the film components will determine

the best method for incorporating an antimicrobial.

Activity of Antimicrobials in Vinyl Films

For an antimicrobial to be effective in a PVC film there must

be a constant level of preservative on the film surface. Surface

growth may occur if the antimicrobial cannot diffuse within a vinyl

film. This growth may not affect the physical properties of the

film, but may render the film undesirable if staining should occur.



As mentioned, the antimicrobial is dispersed in the plasticizer

of most formulations. The function of the plasticizer is to impart

flexibility by migrating throughout the vinyl film. If the plasticizer

concentration is too high an oily layer may form on the film surface.

This undesirable characteristic is referred to as "spewing" in the

plastics industry (117,118). To prevent "spewing," formulators have

developed systems to reduce mobility of the plasticizer. This

restricted movement of the plasticizer will reduce the antimicrobial

concentration on the film surface needed to prevent surface growth

(23,61,117,118).

Environmental factors such as excessive heat and UV light have

been reported to break the resin of PVC films causing a reorientation

of the components. This reorientation may encapsulate the anti

microbial and prevent it from migrating to the film surface (61,118).

It is very important that an antimicrobial be capable of

migrating throughout a vinyl film to prevent surface growth of micro

organisms and/or utilization of susceptible film components.

Mechanism of Antimicrobial Activity

Antimicrobials prevent microbial growth by affecting cellular

constituents such as the cell wall, cytoplasmic membrane, enzyme

systems and/or genetic material (115). Surface active agents such

as quaternary ammonium compounds are thought to interfere with

membrane and cell wall activity (52), whereas metal containing

compounds such as copper 8-quinolinolate and tributyltin oxide



inactivate enzymes by reacting with sulfhydryl groups (23). Anti

microbial activity depends upon the solubility and incorporation of

the antimicrobial into the microbial cell (115).

Testing Antimicrobials in PVC Film

Numerous studies have been conducted to determine if PVC film

treated with antimicrobial is subject to attack by microorganisms.

The agar-plate and soil burial tests are the most commonly used

methods for determining susceptibility of antimicrobial treated

films (2,20,23,37,38,57,107). The agar-plate method involves placing

PVC film treated with antimicrobial on the surface of agar (usually

mineral salts agar supplied with an available carbon source such as

dextrose) that has been inoculated with fungal spores. The plates

are incubated for a desirable period of time to determine if growth

will occur on the film. Antimicrobial activity is based on a clear

zone of inhibition surrounding the test sample. If no zone appears

and growth occurs on the sample, the antimicrobial is ineffective.

Zones of inhibition should be interpreted carefully because there

is no guarantee that the antimicrobial will exert activity over the

service life of the film (23,37,38,107). Variations of this method

have been used to determine antimicrobial efficiency. For instance,

a susceptible film component such as the plasticizer plus anti

microbial may be incorporated into mineral salts agar as the sole

carbon source (65). The plates are inoculated with single or mixed

species of mold spores and incubated. If growth does not occur.



the antimicrobial is effective in protecting the film component.

A study of this nature does not consider the complex interaction of

all the components within a PVC film, but does give a good indication

of antimicrobial activity.

In the soil burial test, thin strips of PVC film incorporated

with antimicrobial are placed vertically in moist outdoor soil or

soil within a humidity cabinet and inoculated with a pure or mixed

microflora (20,22,57). The films are removed at various time intervals

and physical properties such as weight loss, tensile strength, and

elongation can be measured. The test gives a good indication of the

degree of protection given by the antimicrobial. Environmental

conditions such as temperature and moisture can be closely monitored

in a humidity cabinet, whereas outdoor exposure test conditions will

vary.

The test samples may be exposed to water for a period of time

prior to exposure to the agar-plate or soil burial tests (2,57,107).

This will indicate if the antimicrobial is susceptible to leaching

from the PVC film. This practice is usually performed on vinyl films

that are expected to be used in outdoor environments. The type of

test to conduct will depend upon the desired protection and service-

life of a vinyl film.

Antimicrobials Used in PVC Films

Table 3 lists some of the antimicrobials that have been

incorporated into PVC films. These preservatives are compatible with



Table 3. Antimicrobials Used in PVC Films

Compound Reference

Dibromosalicylanilide 108

Tribrcmosal icylanilide 108

N-(t ri chlorcmethylth i o)-4-cyclohexene-1,2-di carboxim ide 20,23,65,104

N-(trichlorcmethylthio)phtlial imide

N- (trichloromethylthio)tetrahydrophthal imide

10,10'-0xybisphenoxarsine in epoxidized oil

Dodecyl dimethyl benzyl ammoniunn naphthenate

2-n-0cty1-4-i sothazol in-3-one

Tributyltin oxide

Copper 8-quinol inolate

Vinyzene BP-5

p-Hydroxybenzoic acid esters

20,23,57,65,104,108

104,108

20,23,38,65,104 ,108

20,23,108

23,104

20,23,65,104 ,107,108

23,57,65 ,75,104

20,23,65,104



the resin, soluble in the piasticizer(s), and heat stable. The

following discussion concerns the most commonly used antimicrobials

for PVC film.

Captan (N-(tri chl oromethylthio)-4-cyclohexene-1,2-di carboximi de]

and phaltan (N-(trichloromethylthio) phthalimide) have been widely

used in PVC films exerting a wide spectrum of antimicrobial activity

against bacteria and fungi. They can be used to make transparent

as well as opaque compounds and have been used in plastisols (65).

Captan is used as a fungicide for controlling plant and crop diseases.

These compounds are primarily used as undiluted active compounds,

but are available in plasticizers (23). Levels of 0.25 to 0.5% of

the total formula weight have been applied to PVC films, but some

reports have shown surface growth of fungi to occur (23,65). Kaplan

et al. (57) reported phaltan and copper 8-quinolinolate to protect

PVC film plasticized with methyl acetylricinoleate when exposed to

four weeks of soil burial.

Copper 8-quinolinolate is a highly effective fungicide that

has been used in PVC films where clear, colorless compounds are not

desired. This compound imparts a yellowish-green color to the film

and has been used extensively in military applications (23,57,65,75).

Vinyzene BP-5'^ (Estabex ABF) is an arsine epoxy soybean adduct

that can partially replace the epoxidized oil plasticizer in PVC

formulations (107). It has been found to be relatively non-toxic

and exhibit a broad antimicrobial activity against bacteria and fungi

(107). Accelerated aging tests have shown the antimicrobial to be

stable in PVC films (107).



other compounds listed as preservatives for PVC films include

di- and tri-bromosalicylamilide, N-(trichloromethylthio)tetrahydro-

phthalimide, lO.lO'-Oxybisphenoxarsine, dodecyldimethyl benzyl ammonium

naphthenate, 2-n-octyl-4-isothiazolin-3-one, tributyltin oxide, and

p-hydroxybenzoic acid esters. Of these commercial antimicrobials

only three have been approved by the Food and Drug Administration

(FDA) as indirect additives for preserving paper and plastics in

contact with foods (20). These are captan (N-trichloromethylmercapto-

4-cyclohexene-l,2-dicarboximide), copper 8-quinolinolate, and the

esters of p-hydroxybenzoic acid (parabens). There is a need to

develop safer antimicrobials for preserving plastics.

This study was concerned with preserving a PVC film with FDA

approved antimicrobials such as esters of p-hydroxybenzoic acid

and potassium sorbate. BHA (Butylated hydroxyanisole) is an FDA

approved antioxidant that exerts antimicrobial activity and was also

used in the study. The following sections discuss the chemical

properties, antimicrobial activity, and applications in plastic

films of these antimicrobials.

Butylated Hydroxyanisole

Butylated hydroxyanisole (BHA) is a phenolic antioxidant that

has been found to possess antimicrobial activity (17,25,30,33).

BHA (Figure 1) is a mixture of 2- and 3-isomers of tertiary-butyl-4-

hydroxyanisole and has a molecular weight of 180.0 (30). The compound

is insoluble in water, but soluble in ethanol and vegetable oils (30).

BHA is manufactured as powders or tablets and is heat stable (3,30,42).



C(CH3):
CH3-CH=CH-CH=CH-C00K

BUTYLATED HYDROXYANISOLE

(BHA)

POTASSIUM SORBATE

COOCH, COOCH2CH2CH3

METHYL PARABEN PROPYL PARABEN

Figure 1. Chemical structures of butylated hydroxyanisole, potassium
sorbate and esters of p-hydroxybenzoic acid.



Chang and Branen (25) were the first to report the antifungal

activity of BHA. They noted that mycelial growth and aflatoxin

production of jillus parasiticus were inhibited by 250 ppm of

BHA (1,000 ppm for spores) in a glucose-salts medium. Sankaran (88)

reported growth of Aspergil1 us flavus and Aspergillus fumigatus on

potato dextrose agar to be inhibited by 750 ppm BHA in 5 days at 32°C.

Fung et al. (42) found Aspergillus flavus growth and aflatoxin

production to be inhibited by BHA on laboratory media. Similar

results were obtained by Beuchat and Jones (13) who reported that

BHA at 100 ppm prevented colony formation of heated and unheated

conidia of A. flavus. Ahmad and Branen (3), in a comprehensive

review, reported that 200 ppm of BHA totally inhibited growth of

species of Penicil1ium. and Geotrichum in glucose-salts

broth.

Studies of bacteria have shown Staphylococcus aureus.

Clostridium perfringens, Escherichia coli. Salmonella typhimurium.

Vibrio parahaemolyticus and species of Pseudomonas to be inhibited

by BHA at a concentration of 400 ppm or less (6,25,32,34,63,85,94).

The greatest antibacterial activity has been noted against Gram-

positive bacteria. Chang and Branen (25) reported growth of

aureus in nutrient broth to be inhibited by 150 ppm of BHA, while

400 ppm was required to prevent growth of JE. coli. The greatest

resistance of Gram-negative bacteria to BHA has been attributed to

the solubility of BHA into the 1ipopolysaccharide layer of the

bacterial cell (17). The 1ipopolysaccharide layer prevents BHA



from reaching the cytoplasmic membrane, the probable site of microbial

inhibi tion.

BHA has been reported to have antimicrobial activity over a

wide pH range depending on the type of microorganism tested (3,6,13,39).

Beuchat and Jones (13) reported growth of A. flavus conidia to be

inhibited by BHA to a greater extent at pH 3.5 than at pH 5.5. In

contrast, Ahmad and Branen (3) found BHA to be inhibitory to A. flavus

from pH 4.0 to 9.0.

The mechanism(s) by which BHA exerts antimicrobial activity

may be directly related to phenol (33,79). BHA and other phenolic

compounds have been found to affect the permeability of the cell

membrane which may cause leakage of intracellular constituents such

as nucleotides and amino acids (31,35,55,58,92,111). Also, BHA may

affect some of the membrane-bound enzymes of the cytoplasmic membrane

which are responsible for energy coupling reactions (31) or inhibit

synthesis of genetic material (17,106).

In the plastics industry phenolic antioxidants, such as BHA

and BHT (butylated hydroxytoluene), have been added to plastic

resins and plasticizers to prevent oxidative degradation (54,59,104,

114). Since BHA also has antimicrobial properties, it could possibly

serve a dual purpose in plastics. BHA may be dissolved in the

plasticizer (vegetable oil) of plastic formulations to inhibit

microbial attack of film components and prevent undesirable surface

growth. Although this seems feasible, BHA may not be effective as

an antimicrobial in plastic films. In separate studies, Klindworth



(63) and Ahmad and Branen (3) reported that the antimicrobial activity

of BHA against perfringens and A. f1avus was decreased when corn

oil was added to the medium. Similarly, Rico-Munoz and Davidson (83)

noted that the addition of 1.5 to 3.0% corn oil to solid media

eliminated the antimicrobial activity of BHA against A. niger. Thus,

it must be considered that BHA in a plastic film may be completely

absorbed in the plasticizer (oil) and/or used up in preventing

autoxidation of a susceptible film component. The loss or binding

of BHA would render a plastic film susceptible to microbial attack.

Tests need to be conducted to determine if BHA exhibits antimicrobial

activity when incorporated into a plastic film. An alternative

method would be to apply BHA as a surface coating to preserve plastic

films.

Esters of p-Hydroxybenzoic Acid

Parabens (alkyl esters of p-hydroxybenzoic acid) are widely

used compounds for preserving food, pharmaceutical, cosmetic and

industrial products. They are white fluffy powders that are colorless,

odorless, heat stable and non-volatile (1,26,30,109). Chemically,

the parabens are composed of benzoic acid with an esterified carboxyl

group para to a hydroxyl group (Figure 1). Antimicrobial activity

of these compounds increases as the alkyl chain length increases,

but water solubility decreases (1,26,30,51,68,93). At 25°C methyl

paraben is slightly soluble in water (0.25 gm/100 ml), whereas

propyl paraben is virtually insoluble (0.04 gm/100 ml) (26,30,109).



Both compounds are very soluble in ethanol and vegetable oils. These

esters may be used in combination to increase water solubility and

antimicrobial activity (1).

The parabens are highly effective against yeasts and molds,

but not as effective against Gram-negative bacteria (1,26,30,33).

Aalto et al. (1) reported that growth of Aspergillus niger in nutrient

broth was inhibited by methyl paraben at 1,000 ppm and propyl paraben

at 200 ppm, whereas Escherichia coli was inhibited by 2,000 and 1,000

ppm of methyl and propyl paraben, respectively. The antimicrobial

effectiveness of these compounds is attributed to their stability

over a wide pH range (3.0-8.0) (1,7,26,33,68,109). Bandelin (7)

noted that the parabens could inhibit growth of molds on Sabourauds

agar medium at acidic, neutral and slightly alkaline conditions.

At neutral pH, methyl paraben at 1,000 ppm and propyl paraben at

400 ppm were found to inhibit growth of A. niger, whereas Penicillium

citrinum was inhibited by 800 ppm of methyl paraben and 200 ppm of

propyl paraben. The antimicrobial activity of these compounds depends

upon the undissociated acid which can penetrate the cell wall of

microorganisms. Parabens inhibit microbial growth by altering the

structure of cytoplasmic membranes, inactivating intracel1ular

enzymes and/or preventing uptake of nutrients (33,41,43,64,76,111).

In the United States, only the methyl, propyl and heptyl esters

are approved by FDA as generally recognized as safe (GRAS) compounds

that can be added directly to foods. Heptyl paraben is approved for

use in beer at a level not to exceed 12 ppm, while methyl and propyl

paraben may be used in food up to 1,000 ppm (26,30,33,109).



In packaging materials the esters can be incorporated into

the package or applied as a surface coating to prevent microbial

growth (26). Parabens may be uniformly dispersed in the plasticizer

of plastic formulations in a range of 0.1 to 0.5% based on the solution

weight (109). The level applied will depend on the susceptibility

of the plastic, environmental conditions such as moisture and

temperature, exposure to microorganisms and duration of protection

required (109).

Potassium Sorbate

Potassium sorbate, the potassium salt of sorbic acid, is a

straight chain trans-trans unsaturated fatty acid (Figure 1) (67,

99,100). The compound is manufactured as a white crystalline powder,

as granules or in solution, and has approximately 75% of the anti

microbial potency of sorbic acid on a weight basis (71,74,100).

At room temperature potassium sorbate is readily soluble in water

(138 gm/100 ml) and slightly soluble in ethanol (2 gm/100 ml)

(26,100). Potassium sorbate is stable to oxidation, has a mild

characteristic odor and will decompose at 270°C (67,71,74).

Sorbates (Sorbic acid and salts) are safe, effective anti

microbials that have a broad spectrum of activity against yeasts and

molds, but less activity against bacteria (26,67,68,90,99,100).

The antimicrobial action of sorbates and other antimicrobials depends

upon the pH of the substrate because only the undissociated form is

effective. Sorbates exert antimicrobial activity up to pH 6.5 with



maximum effectiveness below pH 4.75 (pKa) (10,26,68,90,99). Bell

et al. (10) tested the effect of sorbic acid on bacteria, yeasts and

molds at different pH levels and found that 0.1% sorbic acid at

pH 7.0 was not inhibitory in laboratory media. The yeasts and molds

were inhibited on media containing 0.1% sorbic acid at pH 4.5, whereas

lactic acid bacteria were inhibited at this concentration at pH 3.5.

Bullerman (19) reported growth and aflatoxin production of ;rqi 1 1 u;

)arasiticus and us flavus to be totally inhibited by 1,500

ppm (0.15%) of potassium sorbate in yeast extract sucrose agar at

pH 5.0. The mechanism(s) of microbial inhibition by sorbates is

related to their ability to inactivate cellular enzyme systems,

suppress cellular adenosine triphosphate (ATP) levels, inhibit amino

acid transport and/or depress fatty acid metabolism (50,70,71,80,

110,112,119).

There have been reports of certain molds which are capable

of degrading sorbates. Melnick et al. (70) postulated that sorbic

acid, a fatty acid, could be utilized by fungi by Beta-oxidation.

Marth et al. (69) reported that certain Penicil1ium species could

degrade potassium sorbate by decarboxylation to 1,3-pentadiene.

Finol et al. (40) confirmed these findings by reporting that

Penicillium species isolated from cheese could deplete potassium

sorbate from media when the preservative was present initially from

3,000 to 12,000 ppm. These results suggested that sorbates were not

desirable in preserving highly contaminated products.



Sorbates have been used in preserving foods, food wrapping

materials, pharmaceuticals and cosmetics (26,67,71,100). In packaging

materials for foods, sorbates are bound to the wrappers with adhesive

agents or impregnated within the wrapper at a concentration of

1 to 6 gm per square meter (45,46,71). Fungistatic wrappers are

commonly used to preserve margarine and cheese in the food industry

(29,71,74,97). Smith and Rollin (97) reported that natural American

cheese could be protected from mold growth when packaged with

thermoplastic-coated cellophane wrappers dusted with 2.5 to 5.0 gm

of sorbic acid per 1,000 square inches of wrapper. Ghosh et al. (46)

noted that the grease-proof paper coated with 2% carboxymethyl

cellulose (CMC) and 3% sorbic acid (2 gm of sorbic acid per square

meter on paper surface) could be used for preserving bread. The

author found bread removed directly from the oven, cooled for two

to three minutes and packaged in sorbate coated wrappers was resistant

to mold growth for 15 days. The amount of preservative required to

prevent growth will depend upon the moisture content, initial

microbial load, and the type of microorganisms encountered (71,74).

Sorbates are generally recognized as safe (GRAS) compounds

that have been approved by FDA for preserving food products and

packaging materials (26,71,99,100). The amount added to foods will

vary, but the normal range is from 0.01 to 0.3% (26,99). Sorbates

are non-toxic and can be metabolized in the body like other naturally

occurring fatty acids (26,36,68).



CHAPTER 3

MATERIALS AND METHODS

1. TEST ORGANISMS

All of the fungal species tested were provided by Travenol

Laboratories, Inc., Morton Grove, IL. The genera tested and the

form in which they were received is shown in Table 4. All species

were stored at 4°C prior to testing.

2. POLYVINYL CHLORIDE FILM

Plasticized polyvinyl chloride film was provided by Travenol

Laboratories, Inc., Morton Grove, IL. The film was supplied as

0.318 mm thick sheets in bundles within a plastic wrapper. In

addition to the PVC resin, the film contained dioctyl phthalate

(piasticizer), epoxidized oil (piasticizer-stabilizer), calcium-zinc

stearate (heat stabilizer) and a stearamide (lubricant). The film

was stored at room temperature and was not treated with a cleaning

solution prior to analysis.

3. PREPARATION OF SPORE SUSPENSIONS

Tubes containing 10 ml of sterile glucose-salts-amino acids

broth (95) were inoculated with a mold isolate and incubated at

30°C for 5 days. Following incubation, the tubes were vortexed and

1 ml of each suspension was transferred to three prepoured plates



Table 4. Fungi Utilized in the Growth and Inhibition Studies

Fungi Source

Aspergillus fi scheri

Aspergillus niger

C1 adosporiun sp.

Fusariim sp.

Paecilomyces sp.

Penicilliun sp.

Penicilliuti citrinim

Trichoderma sp.

Verticilliim sp.

Paper Disk

PDA® Plates

PDA Plates

PDA Plates

PDA Plates

0.9% Saline

PDA Plates

PDA Plates

PDA Plates

Potato Dextrose Agar.



of acidified potato dextrose agar (PDA). The inoculum was spread

with a sterile glass rod and incubated at 30°C until microscopic

examination verified sporulation.

Seed plates were harvested by dispensing 10-15 ml of sterile

0.005% Triton-X 100 into each plate, loosening spores with a sterile

glass rod and transferring with a 10 ml pipet into a sterile dilution

bottle. One ml of this suspension was dispensed into each of 10

prepoured PDA plates, spread with a glass rod, and incubated at 30°C

until sporulation occurred.

Crop plates were harvested into 10-15 ml of sterile 0.005%

Triton-X 100 by loosening the spores with a glass rod and transferring

the suspension into sterile dilution bottles. These spore suspensions

were checked for purity prior to filtration by streaking prepoured

plates of trypticase soy agar (TSA) (BBL, Cockeysville, MO) and by

inoculating yeast extract-sucrose (YES) broth (2% yeast extract;

4% sucrose) with 0.1 ml of the appropriate spore suspension. Plates

and tubes were incubated at 30°C for 3-5 days and checked for

contaminants.

Uncontaminated suspensions were cleaned by filtering through

sterile nylon filters (25 and/or 54 nm pore size), centrifuging at

12,000 X g for 8 minutes, decanting the supernatant, and resuspending

the spores in sterile 0.005% Triton-X 100. This process was

continued until microscopic examination revealed a clean crop free

of vegetative debris. Clean spores were finally suspended in 0.9%

saline. Suspensions were checked for purity as before by streaking



TSA and inoculating YES broth. Purified spore suspensions were

adjusted to approximately 1.0 x 10^ spores/ml using a microscopic

counting chamber (Hauser Scientific, Blue Bell, PA) and stored at

4. INOCULATION TECHNIQUES

Preliminary tests showed that polyvinyl chloride film with

added plasticizer was very nonpolar. Adding aqueous spore suspensions

and nutrients to the surface of the film was a major problem. When

0.1 ml of S% dextrose was applied to the film, a large bead formed

that could not be spread uniformly with a glass rod. Inoculation

of the spores directly onto the dried bead resulted in little or

no contact with the film. Non-ionic surfactants, such as Triton-X

100 and Antifoam emulsion B, could be used to reduce the contact

angle between the liquid/film interface, but an unaccountable variable

would be introduced. Therefore, a series of decreased volume

inoculation levels was applied to the film in an attempt to determine

an optimum. Ten microliters of aqueous spore suspension, applied

with a 10 ul Eppendorff pi pet (Brinkmann Instruments, Inc., Westbury,

NY) was determined to be the best inoculation level for the film

growth studies.

5. GROWTH OF FUNGI ON PVC FILM IN PETRI PLATES

Whatman No. 4 filter paper was cut to the shape of a sterile

petri dish and holes were punched in the paper for visual observation



of growth. The filter paper was autoclaved at 121°C for 15 minutes

and aseptically placed in a sterile petri plate. Plasticized

polyvinyl chloride film was aseptically cut into 2 inch strips.

Film to be heat treated was layered onto Whatman No. 4 filter paper

with sterile forceps, covered with foil, and autoclaved at 121°C

for 18 minutes. The film was heat treated to determine if sterili

zation would increase susceptibility of the film to fungal attack.

Unheated film was placed directly onto the surface of the sterile

filter paper in the petri plate (Figure 2).

Sterile nutrient solutions of 5% (w/v) dextrose, 1% ammonium

sulfate and 5% (w/v) dextrose + 1% (w/v) ammonium sulfate were

applied to the surface of the unheated and heat-treated film using

a 10 ul Eppendorff pipet (Figure 2). In one inoculation site,

either 5% dextrose was supplied as the sole carbon source or 1%

ammonium sulfate was supplied as the sole nitrogen source; a second

site was inoculated with 5% dextrose + 1% ammonium sulfate which

supplied both nutrients; no nutrients were supplied in the third

site. The nutrients were dried onto the surface of the film by

heating 60 minutes at 30°C. The appropriate spore suspension

(10® spores/ml) was applied to the dried surface of the nutrient

solutions and to the film alone in 10 ul aliquots (10^ spores per

inoculation site).

For controls, nutrients and spores were inoculated onto medium

drop wet mount glass slides (Fisher Scientific Co., Fair Lawn, NJ)

instead of the film. These slides were cleaned in a strong base
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Top view (A) and side view (B) of petri plate containing
polyvinyl chloride film layered on the surface of sterile
filter paper.



solution consisting of 200 g KOH, 50 g Na2HP04 (tech grade),

5 g Na2H2EDTA diluted to 1 liter (4) and a strong acid, 3N HCl, to

insure that no residues were present. These slides were thoroughly

rinsed with distilled water, dried at 45°C, and autoclaved at 121°C

for 15 minutes.

After inoculation, the systems were activated by adding sterile

distilled water to the filter paper in the petri dish and incubating

at 30°C. At 48 hour intervals, the filter paper was re-moistened

with 1 ml of sterile distilled water to maintain a high relative

humidity and each plate was observed for growth using a stereo micro

scope. The plates were incubated up to six weeks and mold growth

was evaluated subjectively on the following scale:

0 = No growth
1 = Very slight growth (just detectable)
2 = Slight growth (mycelia present)
3 = Moderate growth (easily detectable)
4 = Abundant growth (detectable without magnification)

Fusarium and Cladosporium sp. were used to determine the

influence of initial number of spores on growth of the fungi on the

PVC film. Spores of each species were inoculated at a rate of either

10,000 or 100 spores per site and plates incubated 6 weeks at 30°C.

Growth was evaluated as above.

6. GROWTH OF FUNGI ON PVC FILM IN TEST TUBES

Thin strips of heated and unheated PVC film were aseptically

transferred to sterile acid/base treated test tubes. Tubes were

inoculated with 9.9 ml of combinations of sterile 5% (w/v) dextrose.



1% (w/v) ammonium sulfate and water (Figure 3). Mold spores were

inoculated into the tubes to obtain a final level of 10^ spores/ml.

Controls consisted of inoculating test tubes without PVC film

(Table 5).

Tubes were incubated 18 weeks at 30°C in order to obtain

sufficient growth. Mold growth was evaluated subjectively every

two weeks using the following scale:

0 = No growth
1 = Very slight growth (< 25% of film covered)
2 = Slight growth {25%-50% of film covered)
3 = Moderate growth (50%-75% of film covered)
4 = Abundant growth (> 75% of film covered).

7. GROWTH STUDIES USING THE PARABIOTIC CHAMBERS

A third type of growth study involved using a parabiotic

chamber (Bellco Glass, Inc., Vineland, NJ) to determine if nutrients

could diffuse across the PVC film and support fungal growth on the

outside.

The PVC film was aseptically cut into 1 inch diameter circles

and heat sterilized at 121°C for 18 minutes. Aliquots (10 ul) of

each spore suspension (10^ spores/ml) were applied to the surface

of the film in a sterile petri plate and dried for approximately

60 minutes at 30°C.

The parabiotic chamber was assembled by sandwiching the PVC

film with dried spores between the U-tubes and clamping (Figure 4).

Ten milliliters of 5% dextrose was then added to the chamber on the

opposite side of the film that had been inoculated with dried spores.
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Table 5. Treatments for Growth Studies on PVC Film in Test Tubes

Treatment

Nutrient

Supplied

Nutrients Film
Supplied for

Growth

Film + S% Dextrose + Spores Carbon

Film + 1% (NH^)2S0^ + Spores Nitrogen

Film + HgO + Spores

Control s

5% Dextrose + Spores Carbon

1% (NH^)2S0^ + Spores Nitrogen

5% Dextrose + 1% (NH^I^SO^ Spores Both

HgO + Spores

Nitrogen

Carbon

Inoculated with 10,000 spores/tube.





sterile distilled water (0.1 ml every 48 hours) was added to the

well of the spore containing chamber to provide moisture for growth.

This chamber was stoppered with a foam plug to allow for aerobic

conditions. Parabiotic chambers were incubated at 30°C for 6 weeks,

disassembled, and microscopically observed for growth.

scale;

Mold growth was evaluated subjectively on the following

0 = No growth
1 = Very slight growth (0-25% covered)
2 = Slight growth (25%-50% covered)
3 = Moderate growth (50%-75% covered)
4 = Abundant growth (> 75% covered)

8. ABILITY OF FUNGI TO UTILIZE COMPOUNDS

IN PVC FILM

Based upon growth studies and literature reports of microbial

degradation of plasticized polymer films (9,11,15,16,18,38,65,77,108),

a study was conducted to determine which film components, if any,

could support fungal growth. The film components and their chemical

structures are presented in Figure 5.

Mineral salts agar (MSA) was used as the basal medium for

determining the ability of fungi to utilize plasticizers and related

organic compounds as carbon and nitrogen sources. The medium as

reported by Berk et al. (12) consisted of 1.0 g NH4NO3, 0.005 g NaCl,

0.002 g FeS04-7H20, 0.002 g ZnS04-7H20, 0.7 g K2HPO4, 0.7 g KH2PO4,

0.7 g MgS04-7H20, 0.001 g MnS04-7H20, and 15 g agar (Difco, Detroit,

MI) per liter of deionized water. Each film ingredient was



 

 

H^C-O-C-CCH^jn-CH-CH-R

HC-0-C-(CH2)n-CH-CH-R

H2C-0-C-(CH2)n-CH-CH-R
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EPOXIDIZED OIL POLYVINYL CHLORIDE (PVC)

CH3-(CHp,g-C-NH^
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0
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M = Ca or Zn

CH2-CH3

DIOCTYL PHTHALATE (OOP) Ca-Zn STEARATE

Figure 5. Chemical structures of the polyvinyl chloride film components.



incorporated into the MSA at a level of 0.5% to determine if fungi

could utilize the compound as a carbon source. A non-ionic silicone

surfactant, Antifoam emulsion B, was incorporated at a level of 0.1%

to obtain a homogenous dispersion of the film components in the MSA.

Exoxidized oil (piasticizer-stabilizer), and stearamide (lubricant),

were the only film compounds found to contain nitrogen by the Kjeldahl

nitrogen method (4) (Table 6). Therefore, for possible utilization

as a nitrogen source, the ammonium nitrate was replaced with 0.5%

of either epoxidized oil or the stearamide, while 0.5% dextrose was

used as an available carbon source. The mineral salts agar containing

the appropriate film ingredient was steamed and autoclaved for 18

minutes at 121°C.

Approximately 30 ml portions of dispersed medium were poured

into 9 cm sterile petri dishes and allowed to solidify at room

temperature. The pH of the mineral salts agar was 6.2 and was only

slightly altered by the addition of the film components. Solidified

agar plates were inoculated with a 3 mm loop in the center of the

plates using a spore suspension containing 10® spores/ml. Controls

consisted of inoculated potato dextrose agar (PDA) and MSA without

the film ingredients. Plates were incubated in an inverted position

for 28 days at 30°C. Results were reported as the diameter of the

colony growth in mm.

9. INHIBITION OF FUNGI IN VITRO

The first step in inhibiting growth of fungi on the PVC film

was to determine the susceptibility of the fungi to preservatives
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Table 6. Kjeldhal Nitrogen Determination of
Compounds in PVC Film

Nitrogen {%)Com pound

Epoxidized Oil 0.006

Dioctyl Phthalate 0.000

Calcium-Zinc Stearate 0.000

4.576Stearamide

PVC Resin 0.000

0.037Whole Film



in a nutrient medium. Potassium sorbate, methyl and propyl paraben,

and butylated hydroxyanisole (BHA) were tested in yeast extract

sucrose broth (YES), consisting of Z% yeast extract and 4% sucrose,

to determine the minimum inhibitory concentration (MIC) and minimum

lethal concentration (MLC) against the molds.

Butylated hydroxyanisole (Eastman Chemical Products, Inc.

Kingsport, TN), propyl paraben and methyl paraben (Fisher Scientific)

were dissolved in 95% ethanol to a final concentration of 10 and 15%

(w/v), respectively. Potassium sorbate (Monsanto Co., St. Louis, MO)

was dissolved in deionized water to a final concentration of 20%

(w/v). These solutions were filter sterilized using a 0.45 um

sterilization filter (Sybron/Nalge. Inc., Rochester, NY) and stored

in the dark at 4°C. Appropriate dilutions were made in sterile 95%

ethanol or deionized water to give the desired test concentrations.

Testing ranges were determined based upon prior studies of the

antimicrobial agents (1,3,25,33,68,81,84,99).

Test medium preparation included autoclaving YES broth at

121°C for 15 minutes and dispensing into 9.8 ml sterile tubes.

A 0.1 ml aliquot of the appropriate antimicrobial was added followed

by inoculation with 0.1 ml of the spore suspension (10®/ml) to obtain

a final concentration of 10^ spores per ml. Controls were run using

sterile 95% ethanol or water depending upon the antimicrobial.

Inoculated tubes were incubated at 30°C for 5 days and observed

for growth. The concentration which inhibited growth was the minimum

inhibitory concentration (MIC), while the minimum lethal concentration



(MLC) was determined by subcultuning tubes with negative growth

(0.1 ml) into tubes containing only YES (10 ml). These tubes were

incubated at 30°C for 5 days to determine the minimum concentration

required to kill the spores.

10. APPLICATION OF PRESERVATIVES TO PVC FILM

The chemical preservatives found to be most effective in

inhibiting growth of fungi in vitro were applied to the film in an

ethanol solution to determine a concentration that would inhibit

growth on the PVC film.

Whatman No. 4 filter paper was cut to the shape of a sterile

petri dish and holes were punched in the paper for visual observation

of growth. The filter paper was autoclaved at 121°C for 15 minutes

and aseptically placed in a sterile petri plate. Polyvinyl chloride

film was cut into 2 inch strips, sterilized at 121°C for 18 minutes,

and aseptically placed onto the surface of the sterile filter paper

in the petri plate.

Chemical preservatives used in the in vitro study were applied

to the film by a dip or spread method. In the dip method, appropriate

antimicrobial dilutions in 95% ethanol were prepared in 250 ml beakers.

The film was immersed for 30 seconds and transferred to the petri

plate. In the spread method, 0.2 ml of the appropriate dilution

was applied and spread with a sterile glass rod.

Sterile nutrient solutions of 5% (w/v) dextrose and 5% (w/v)

dextrose + 1% (w/v) ammonium sulfate were applied to the film as



described in the growth studies. Fusarium sp. or Paecilomyces sp.

were inoculated onto the dried surface of the nutrients and to the

film alone in 10 ul aliquots (10^ spores/inoculation site) (Figure

2, page 38). Controls consisted of heated film that had not been

treated with antimicrobial.

Once inoculated, the systems were activated by the addition

of sterile distilled water to the filter paper in the petri dish

and incubation at 30°C. At 48 hour intervals, 1 ml of sterile

distilled water was applied to each plate. Plates were observed

weekly up to six weeks and results were reported on the scale used

in the growth studies.

11. STATISTICAL ANALYSIS

In the growth studies, fungal growth on the controls was

subtracted from growth on the test film to determine possible utili

zation of the film as a nutrient source. When growth on the control

was greater than that on the film, a zero value was assigned. All

tests were done in duplicate.

The data was analyzed using analysis of variance (ANOVA) with

a split plot design, when time was a factor, to detect significant

differences in main effects and interactions. Sample means were

separated by Duncan's Multiple Range Test (a = 0.05).



CHAPTER IV

RESULTS AND DISCUSSION

1. GROWTH CHARACTERISTICS OF FUNGI ON PVC FILM

Growth Studies in Petri Plates

Growth studies in petri plates showed that most of the mold

species tested were capable of growth on the heated and unheated

polyvinyl chloride films with and without added nutrients (Tables

7 and 8). When 5% (w/v) dextrose was applied to the film as a sole

carbon source, all species grew, but to varying extents. Trichoderma

sp. showed the least amount of growth, while C1adosporium sp. grew

abundantly over the six week storage period. Growth also was observed

on a majority of the glass slides (controls) inoculated with the

dextrose. Comparison of the amount of growth on the film and the

controls indicated there was no significant difference (P>0.05) in

growth of the fungi when supplied with S% dextrose (Table 9). When

1% (w/v) ammonium sulfate was applied to the film as a nitrogen

source, most species again were able to grow on the film and the

controls (Tables 7 and 8). ;rgil1 us fischeri, Aspergil1 us niger.

and Fusarium sp. showed a significantly greater amount of growth

on the film compared to their respective controls, and, therefore,

may be capable of utilizing the film as a carbon source. When no

nutrient was applied to the film, all mold species were found to

be capable of utilizing the film as a carbon and nitrogen source
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Analysis of Variance for Growth of Fungi on PVC
Film in Petri Plates When Supplied With Various
Nutrients Measured as a Function of Organism and
Time

Nutrient Supplied

Source Dextrose An. Sul fate Nutrient

MS

Replication (R) 1 19.17"^ 0.45"^ 9.48"^

Organism (0) 8 4.62"^
*

2.15 6.21"^

Film (F) 1 o.oo"^ 0.00"^ 0.01"^

0 X F 8 0.04"^ 0.27"^ 0.12"^

Error A® 17 5.40 0.59 3.00

Time (T) 2 3.42* 1.75 5.09*

0 X T 16 0.32* 0.26* 0.28*

F X T 2 0.02"^ 0.03"^ 0.10"^

Error B 52 0.16 0.08 0.14

P<0.05.

^^P>0.05.

R X 0; R X F; R X 0 X F.



with the possible exceptions of Trichoderma sp., Fusarium sp. and

Aspergillus niger. There was no significant difference (P>0.05)

in the amount of growth of the fungi on the PVC film and their

respective controls (Table 9). The 5% dextrose + 1% ammonium sulfate

served as a viability control in the growth study. All mold species

were found to grow when supplied with both a carbon and nitrogen

source. Results also indicated that there was not a significant

difference (P>0.05) in growth of the fungi on the heated and unheated

PVC film (Table 9).

Possible reasons for the slight amount of growth on the controls

(glass slides) may have been due to one or more of the following

factors:

1. a transfer of nutrient residues produced during spore

suspension preparation, which could have supplied a limited amount

of carbon and nitrogen;

2. impurities in the dextrose or ammonium sulfate used for

the growth studies; and

3. carbon or nitrogen compounds in the water.

Growth studies of Fusarium sp. and C1adosporium sp. on PVC

film at different inoculation levels showed that both organisms

could grow on the heated and unheated PVC film without added nutrients

at a level of 10,000 spores per inoculation site (Tables 10 and 11).

When the inoculum was reduced to 100 spores no growth was observed

on the PVC film. Therefore, these organisms did not have the

ability to utilize the film components for growth during the observation



Effect of Number of Spores on Mean Growth Levels of Fungi
on Heated (121 C, 18 min) PVC Film In Petri Plates

Organi am

Dextrose .

Dextrose® Am. Sul fate No Nutrient
Spores Week

Growth Level
Fusarium sp.

Cladosporium sp.

100 2 1.5 0.0 1.0 3.0 0.0 0.0

4 2.5 0.0 2.0 4.0 0.0 0.0

6 3.0 0.0 2.5 4.0 0.0 0.0

10,000 2 1.5 1.5 1.0 3.0 1.5 2.0

4 2.0 2.5 2.0 4.0 1.5 3.0

6 2.5 2.5 3.5 4.0 2.5 3.0

sp.

100 2 0.5 0.5 0.5 1.5 0.0 0.0

4 1.0 1.5 2.0 2.0 0.0 0.0

6 1.0 2.0 2.0 2.5 0.0 0.0

10,000 2 2.5 1.5 2.5 3.0 1.5 0.5

4 3.5 2.0 3.0 3.0 2.0 0.5

6 4.0 2.0 4.0 3.5 2.0 0.5

®5% Dextrose solution.

''SX Dextrose + 1% anmionium sul fate solution.

^Control.

^0 = no growth; 1 = very slight growth; 2 = slight growth;
3 = moderate growth; 4 = abundant growth.



Table 11. Effect of Nimber of Spores on Mean Growth Levels of Fungi
on Unheated PVC Film in Petri Plates

Dextrose

Organism Spores Week TTIni Cont

Dextrose .

Am. Sul fate No Nutrient

Growth Level
Fusari urn sp.

Cladosporium sp.

100 2 1.0 0.0 0.5 3.0 0.0 0.0

4 2.0 0.0 1.5 4.0 0.0 0.0

6 2.0 0.0 2.5 4.0 0.0 0.0

10,000 2 1.5 1.5 1.5 3.0 1.0 2.0
4 2.5 2.5 2.5 4.0 2.0 3.0

6 2.5 2.5 3.5 4.0 2.0 3.0

sp.

100 2 0.0 0.5 0.5 1.5 0.0 0.0

4 0.0 1.5 2.0 2.0 0.0 0.0

6 0.0 2.0 2.0 2.5 0.0 0.0

10,000 2 2.5 1.5 2.0 3.0 1.0 0.5

4 3.5 2.0 3.0 3.0 2.0 0.5

6 4.0 2.0 3.0 3.5 2.0 0.5

Dextrose solution.

''SX Dextrose + IX ammonium sul fate solution.

^Control.

^0 = no growth; 1 = very slight growth; 2 = slight growth;
3 = moderate growth; A = abundant growth.



time at the low inoculation levels. In the presence of 5% dextrose,

there was no apparent difference in the amount of Fusarium sp. growth

when it was inoculated onto the film at a rate of 10,000 or 100 spores

per site. In contrast, C1adosporium sp. showed much more growth

when inoculated at a rate of 10,000 versus 100 spores per site.

Therefore, as the initial number of spores increased the amount of

growth generally increased, but this was dependent on the species

tested.

Growth Studies of Fungi in Test Tubes

Growth of fungi on PVC film in test tubes generally showed

that mold species could grow on the heated and unheated film when

supplied 5% (w/v) dextrose or 1% (w/v) ammonium sulfate (Tables 12

and 13). Aspergillus fischeri (Figure 6), A. niger (Figure 7),

Fusarium sp. (Figure 8) and Paecilomyces sp. (Figure 9) all grew

over the entire surface of the film within the 18 week incubation

period. Other organisms such as C1adospori um sp., £. ci tri num,

Penicillium sp. and Trichoderma sp. grew to a moderate extent

covering approximately 25% to 75% of the film surface. Verticillium

sp. was not found to grow in the 5% dextrose + 1% ammonium sulfate

which served as a viability control in the growth study. These

results indicated that most of the fungi tested have the ability

to utilize the film for either a carbon or nitrogen source when the

other nutrient is present.

When no nutrient was supplied, only A. fischeri and Paecilomyces

sp. grew on the film surface (Figure 6 and 9). Therefore, these
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Mean Growth Level of Fungi on Unheated PVC Film in Tubes
(10,000 Spores/Tube)

Dextrose ,
Film "CoW

An. Sul fate No Nutrient

Growth Level

A. fischeri

12 Weeks
18 Weeks

A. niger
b weeks

12 Weeks
18 Weeks

Cladosporiun sp.

12 Weeks
18 Weeks

Fusariun sp.

12 Weeks
18 Weeks

Paecilomyces sp.

12 Weeks
18 Weeks

Penicilliun sp.

12 Weeks
18 Weeks

P. citrinim

12 Weeks
18 Weeks

Trichederma sp.

12 Weeks
18 Weeks

Vertlcilliun sp.

12 Weeks
18 Weeks

3.0 1.5 2.0 1.0 1.0 0.0

4.0 2.0 4.0 1.0 3.0 0.0

4.0 2.0 4.0 1.0 3.0 0.0

2.5 1.0 2.0 0.0 0.0 0.0

4.0 1.0 4.0 0.0 0.0 0.0

4.0 2.0 4.0 0.0 0.0 0.0

3.0 1.0 3.0 0.0 0.0 0.0

3.0 1.0 3.0 0.0 0.0 0.0

3.0 1.0 3.0 0.0 0.0 0.0

3.0 1.0 4.0 0.0 0.0 0.0

3.0 1.0 4.0 0.0 0.0 0.0

4.0 1.0 4.0 0.0 0.0 0.0

2.5 1.0 2.0 1.0 0.0 0.0

4.0 2.0 3.0 1.0 1.0 0.0

4.0 2.0 3.0 1.0 1.5 0.0

2.0 1.0 1.0 0.0 0.0 0.0

3.0 1.0 2.5 0.0 0.0 0.0

3.0 1.0 3.0 0.0 0.0 0.0

2.0 1.0 2.0 0.0 0.0 0.0

2.0 1.0 3.0 0.0 0.0 0.0

2.0 1.0 3.0 0.0 0.0 o.n

0.5 1.0 0.0 0.0 0.0 0.0

1.0 1.5 1.0 0.0 0.0 0.0

2.0 1.0 2.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0.0

'5% Dextrose solution.

''is Anmoniun sul fate solution.

"control .

''o = no growth; 1 = < 25S covered; 2 » 25-50% covered;
3 = 50-75% covered; 4 = > 75% covered.
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two species appear to be able to utilize the film for both a carbon

and nitrogen source.

In comparing the mean growth levels of the organisms, A.

fischeri, Fusarium sp. and A. niger were found to be the most efficient

(P<0.05) at utilizing the PVC film as a nutrient source. In contrast,

citrinum and Trichoderma sp. were found to produce significantly

less (P<0.05) growth than any of the other organisms tested (Table

The film was stained a yellow color by the growth of A. fischeri

and a dark purple color by the Fusarium sp. only in the presence

of 5% dextrose (Figure 6 and 8). This was due to the organisms producing

metabolic by-products (pigments) that were soluble in the piasticizer(s)

during utilization of the film as a nutrient source (38,47,65,108,

Results also indicated that there was not a significant difference

(P>0.05) in the ability of the fungi to utilize the heated and un-

heated PVC film (Table 15). This result is in agreement with that

found in the petri plate study.

Slight growth was observed in the 5% dextrose control tubes

for most fungi (Table 12 and 13). A majority of this growth was

observed within the first two weeks of the study. The growth could

have been attributed to small amounts of nitrogen in the water used

to suspend the film.



66

Table 14. Mean Growth Levels of Various Fungi on
PVC Film in Test Tubes After 18 Weeks
of Incubation at 30 C

Growth LevelOrgani sm

A. fischeri 2.17

Fusariim sp. 2.11

A. niger 1.92

Cladosporium sp 1.67

cd
Paecilomyces sp 1.50

de
Penicilliim sp 1.31

P. citrinun 1.22

Trichoderma sp 0.39

0 = no growth; 4 = > 75% covered,

b"e»>
Means with different letters are

significantly different.



Table 15. Analysis of Variance for Growth of
Fungi on PVC Film in Test Tubes

Source F-value

Organi sm (0) 7 6.07 44.63

Film (F) 1 0.01 0.07"^

Nutrient (N) 2 52.29 384 .50*

Time (T) 2 8.28 60.88*

0 X F 7 0.01 0.07"^

0 X N 14 3.59 26.40*

0 X T 14 0.59
*

4.34

Error 96 0.14

P<0.05.

"^P>0.05.



Growth Studies Using the Parab1ot1c Chambers

Aspergillus fischeri and PaecHomyces sp. grew abundantly

on the PVC film in the parabiotic chamber (Table 16). In contrast,

A. niger, C1adosporium sp., Penicil1ium sp. and Trichoderma sp.

showed little or no growth. These results were very similar to those

of the test tube study in which no nutrients were supplied to the

growing fungi (Table 12). Aspergillus fischeri and Paecilomyces sp.

were shown to have the ability to utilize the film without added

nutrients in the test tube study, while the other organisms had to

have either a carbon or nitrogen source present to grow. Since the

only organisms which could grow to any extent on the film in the

parabiotic chambers were already known to be capable of utilizing

the film in test tubes without added nutrients, it was concluded

that no additional nutrients were diffusing across the plasticized

PVC film to provide for the growth of any additional species.

Therefore, the film was impermeable to the aqueous 5% dextrose

solution.

Ability of Fungi to Utilize Components of

the PVC Film

Another study was done to determine the ability of the fungi

to utilize the components of the polyvinyl chloride film as possible

carbon sources. The film components (Figure 5, page 45) were

incorporated into mineral salts agar (MSA) and the fungi were

allowed to grow for up to four weeks (Tables 17 and 18). All of



Table 16. Mean Growth Level of Fungi on PVC Film
In Parablotlc Chambers After 6 Weeks of
Incubation at 30 C

Fungi Growth Level'

A. fi scheri

A. niger

C1adosporitm sp.

Fusariun sp.

Paecilomyces sp.

Penicilliim sp.

P. citrinim

Trichodenna sp.

Verticiniim sp.

= no growth; 1 = > 25% covered; 2 = 26-
50% covered; 3 = 50-75% covered; A = > 75% covered



Table 17. Ability of Fungi to Utilize Conponents of PVC Film as
Carbon Sources (2 Weeks at 30 C)

Organi sm PDA*^ MSA^
Film Component*^

Mean Colony Diameter (mm)

A. fischeri 90 0 90 0 90 90 0

A. niger 80 0 69 0 64 39 0

Cladosporiim sp. 33 0 22 0 26 0 0

Fusariun sp. 72 0 90 0 90 0 0

Paecilomyces sp. 90 0 71 0 90 0 0

Penicillitm sp. 90 0 21 0 0 0 0

P. citrinim 90 0 65 0 0 0 0

Trichoderma sp. 90 0 90 0 90 0 0

Verticilliim sp. 11 0 48 0 0 0 0

^EO = Epoxidized Oil; OOP = Dioctyl Phthalate; CZS = Ca/Zn
Stearate SA = Stearamide; PVC = PVC Resin.

PDA = Potato Dextrose Agar.

'MSA = Mineral Salts Agar.



Table 18. Ability of Fungi to Utilize exponents of PVC Film as
Carbon Sources (4 Weeks at 30 C)

Organi sm pda'' MSA^
Film Component'

Mean Colony Diameter (mm)

A. fischeri 90 0 90 0 90 90 0

A. niger 90 0 85 0 81 77 0

Cladosporiim sp. 69 0 32 0 55 0 0

Fusariun sp. 90 0 90 0 90 0 0

Paecilomyces sp. 90 0 90 0 90 0 0

Penicilliim sp. 90 0 74 0 0 0 0

P. citrinim 90 0 90 0 0 0 0

Trichoderma sp. 90 0 90 0 90 0 0

Verticilliim sp. 25 0 73 0 0 0 0

EG = Epoxidized Oil; OOP = Dioctyl Phthalate; CZS = Ca/Zn
Stearate SA = Stearamide; PVC = PVC Resin.

^PDA = Potato Dextrose Agar.

^MSA = Mineral Salts Agar.



the fungal species grew on potato dextrose agar (PDA), which served

as the viability control. Mineral salts agar containing only 0.1%

(NH4)N03 as a nitrogen source was used as the negative control, and

was found not to support fungal growth. With epoxidized oil as a

carbon source, all of the fungal species showed growth within two

weeks of incubation. Three species, A. fischeri, Fusarium and Tricho-

derma, grew to the maximum 90 mm within the 2 week incubation time.

After 4 weeks, Paecilomyces sp. and P^. citrinum had also reached

90 mm in diameter. Verticil 1ium sp. was actually shown to grow to

a greater extent on the MSA plus epoxidized oil than on the PDA.

These results indicated that all the species were able to efficiently

utilize the epoxidized oil as a carbon source.

With the exception of Penicil1ium sp., £. citrinum, and

Verticil 1ium sp., all of the organisms were also able to utilize

the calcium-zinc stearate as a carbon source within the four week

incubation period (Tables 17 and 18). Again fischeri, Fusarium

and Paeci1omyces along with Trichoderma sp. grew to the maximum 90 mm

in a 2 week period. The three species which could not grow in the

presence of the stearate were apparently not able to enzymatically

adapt and utilize the component for carbon even after 28 days of

incubation. The presence of the calcium or zinc could also have

influenced the growth of the fungi.

Only Aspergillus fischeri and A. niger were shown to be able

to utilize the stearamide component of the PVC film as a carbon source.



None of the other species showed growth In the presence of this

component after four weeks of incubation.

The plasticizer, dioctyl phthalate, and the polyvinyl chloride

resin were found not to serve as carbon sources for any of the fungal

species tested. These results are in agreement with previous studies

on susceptibility of PVC film components (2,11,12,18,62,108).

A comparison of the growth of the fungi on all the PVC film

components showed that A. fischeri grew to a greater extent (P<0.05)

than the other organisms with a mean colony diameter of 49.3 mm

(Table 19). C1adosporiurn sp. and VerticiIlium sp. were found to

grow significantly less than the other fungi tested with mean colony

diameters of 15.4 and 10.4 mm, respectively. In comparing the

susceptibility of the PVC components, epoxidized oil was found to

be utilized to a significantly greater extent than the calcium-zinc

stearate or the stearamide (Table 20).

Growth of A. niger, A. fischeri, and C1adosporium sp. on the

PVC film components over time is presented in Figures 10, 11, and

12, respectively. With A. niger, an initial lag period was apparent

when the organism was grown with epoxidized oil and the stearamide

(Figure 10). After 28 days, however, all the plates with the film

components were nearly equivalent to the PDA control. ;rqi I i us

fischeri did not demonstrate any appreciable lag plase with any of

the film components (Figure 11). After only 14 days, all of the

treatments were equal to the PDA control. C1adosporium sp. was found

to grow at a slower rate than the two species, even on
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Table 19. Mean Colony Growth of Various Fungi
on The PVC Film Components In Mineral
Salts Agar for 4 Weeks at 30 C

Colony Diameter
(mm)Organi sm

49.30®A. fischen

A. mger 39.62

Tnchodema sp. 38.57

Fusanim sp. 35 .60

Paecilomyces sp. 35.41

P. citnnim 22.25

Pemcilliim sp. 18.21

Cladosponim sp. 15 .42

Verticilnim sp. 10.40

®~^Means with different letters are
significantly different.



Table 20. Susceptibility of the PVC Components
to Fungal Growth in a Mineral Salts
Agar at 30 C for 4 Weeks

Film Comoonent

Potato Dextrose Agar

Epoxidized oil

Galci mi/Zinc Stearate

Stearamide

73.95^

66.7r

50.02'

15.25'

Dioctyl Phthalate

PVC Resin

t
Mineral Salts Agar

PDA = Viability Control.

''msa = Negative Control.

^■"%eans with different letters are
significantly different.
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the PDA control (Figure 12), This organism appeared to utilize the

stearate at a rate similar to the control, but was somewhat slower

in metabolizing the epoxidized oil.

As was stated previously, the only film components which

contained nitrogen were the epoxidized oil and the stearamide (Table

6, page 47). Therefore, to determine whether the fungi could use

the film components as nitrogen sources, 0.5% (w/v) of epoxidized

oil or stearamide was incorporated into MSA containing 0.5% (w/v)

dextrose as a carbon source. Results indicated that the fungi were

not able to utilize either component of the film as a nitrogen

source since only slight growth occurred on the control and test

plates. Growth of fungi on the PVC film in test tubes strongly

suggested that the film could be utilized as a nitrogen source.

While these components were not found to be individually utilized

for nitrogen in the ingredient study, there still exists the

possibility that they may be an available source of nitrogen in the

whole film. Brown (18) reported that combinations of plasticizers

with small quantities of lubricant tended to be more susceptible

as a nutrient source than either one alone. Nitrogen could also

have been available from other unknown sources such as water,

contaminants in the medium ingredients, diffusion from the air, or

a combination of these.



2. INHIBITION OF FUNGI ON PVC FILM

Inhibition of Funqi In Vitro

The in vitro inhibitory effectiveness of the chemical preserva

tives, as measured by the minimum inhibitory concentration (MIC),

was found to be very good for butylated hydroxyanisole (BHA), methyl

and propyl parabens (Table 21). The BHA was effective in controlling

the growth of the species tested at a level of 100-225 ug/ml, while

the range for methyl and propyl parabens was 375-725 ug/ml and

100-225 ug/ml, respectively. These results are in agreement with

other studies on the antifungal activity of these compounds (1,3,

26,33,56,109). The potassium sorbate was found not to be effective

as an antifungal agent under the conditions of this test. Only

Verticillium sp. and C1adosporium sp. were shown to be inhibited

by potassium sorbate at concentrations of 1,775 and 1,850 ug/ml,

respectively. The reason for the ineffectiveness of potassium sorbate

may be due to the fact that the activity of this compound, along

with many other antimicrobial agents, is highly dependent upon the

degree of dissociation of the acid. Therefore, potassium sorbate

is only effective at low pH's (6.0-6.5 or lower). Because the pH

of the yeast extract-sucrose broth used in the present study was

6.4, potassium sorbate was not found to be effective in preventing

fungal growth.

The most resistant species tested in the antimicrobial study

were A. niger, A. fischeri and Paecilomyces sp. In contrast.



Table 21. Mean Minimun Inhibitory Concentrations (MIC) of Selected
Antimicrobials Against Various Fungi in Yeast Extract
Sucrose Broth

Fungi
Propyl
Paraben

Methyl
Paraben

Pot as sip
Sorbate

Cladosporiun sp.

Verticilliim sp.

MIC (ug/nl)

A. fischeri >2000

A. niger >2000

Fusarip sp. >2000

Paecilomyces sp. >2000

Penicillip sp. >2000

P. citrinp >2000

'Tested in concentrations as high as 2000 ug/nl.



Verticil 1 ium sp. and C1 adosporiutn sp. were the most susceptible

(Table 22).

The minimum lethal concentrations (MLC) of the antifungal

agents used are presented in Table 23. These values are those that

will actually destroy the mold spores. As with the MIC, the most

resistant to the effects of BHA were the Aspergil1 us species with

MLC's ranging from 375-475 ug/ml. The most susceptible species to

BHA was Fusarium, which demonstrated both inhibition and lethality

at 150 ug/ml. Propyl paraben and methyl paraben showed similar

results for both the MIC and MLC studies. An MLC was not determined

for potassium sorbate since little or no inhibition was achieved

even in the MIC study.

Application of Preservatives to Film

The concentrations of the antimicrobials found to inhibit

the in vitro growth of the fungi were found not be be effective when

applied to the surface of the film. Therefore, a series of tests

was run with increased concentrations of the antimicrobials applied

to the film. The two species tested were chosen because they had

shown high (Paecilomyces), or low (Fusarium) resistance in the in

vitro testing. Fusarium growth on heated PVC film treated with

antimicrobials was only slightly inhibited with BHA spread at 2,000 ug/ml

(0.2%), whereas potassium sorbate at 4,000 ug/ml (0.4%) was totally

inhibitory (Table 24). Propyl paraben was inhibitory at 2,000 ug/ml

when no nutrient was applied, but only slightly inhibitory when



Overall Mim'mim Inhibitory Concentration
(MIC) of Antimicrobial s {Butylated Hydroxy-
anisole. Methyl Paraben, Propyl Paraben and
Potassiim Sorbate) Necessary to Inhibit the
Growth of Various Fungi for 5 Days at 30 C

Organi sm
MIC

(ug^ll)

A. niger

A. fischeri

790.63®

765 .63®

Paecilomyces sp. 759.38

Penicilliim sp. 718.75'

Fusariun sp. 693.75'

P. citrinim 665.63'

Verticilliun sp. 618.75

Cladosporiim sp. 590.63'

Means with different letters are
significantly different.



Table 23. Mean Minimun Lethal Concentrations (MLC) of Selected
Antimicrobials Against Various Fungi in Yeast Extract
Sucrose Broth

Fungi
Propyl Methyl Potassiu^
Paraben Paraben Sorbate

MLC (ug/inl)

A. fischeri

A. niger

C1 adosporiun sp.

Fusariun sp.

Paecilomyces sp. >1500

Penicillium sp. >1500

P. citrinun

Verticilliim sp.

nd = Not Determined.



Table 24. Mean Growth Levels of Fusariim sp. on Heated PVC
Film Treated (Spread) with Selected Antimicrobials
(Incubated 6 weeks at 30 C)

Dextrose

Cone (ug^il)

Dextrose l

An. Sul fate No Nutrient

Growth Level

Butylated Hydroxyanisole

500 3.0 3.0 3.0 3.5 1.5 2.0

1000 3.0 3.0 3.0 3.0 1.0 2.0

2000 2.5 3.0 2.5 3.0 1.0 1.5

Paraben

250 3.0 3.0 3.0 3.5 1.5 2.5

500 3.0 3.0 3.0 3.5 1.5 2.0

1000 3.0 3.0 2.5 3.0 1.0 2.0

2000 2.5 3.0 2.0 3.0 0.0 1.5

Methyl Paraben

1500 3.0 3.0 3.0 3.5 2.0 2.0

2000 2.5 3.0 2.5 3.0 1.0 2.0

4000 2.5 3.0 2.0 3.0 0.0 1.5

Potassiun Sorbate
1000 3.0 3.0 3.5 3.5 2.5 3.0

2000 3.0 3.0 2.5 3.0 1.0 1.5

4000 0.0 3.0 0.0 3.0 0.0 1.5

5% Dextrose solution.

Dextrose + 1% arnmonium sul fate solution.

^Control.

^0 = no growth; 1 = very slight growth; 2 = slight
growth; 3 = moderate growth; 4 = abundant growth.



nutrients were present. Methyl paraben showed similar results when

spread at 4,000 ug/ml,

Growth of Paecilomyces sp. on film treated with antimicrobial

showed that BHA was inhibitory at 2,000 ug/ml (Table 25). Potassium

sorbate was inhibitory at 4,000 ug/ml with no nutrient and when 5%

dextrose were supplied. Propyl paraben and methyl paraben showed

similar results when spread at 2,000 and 4,000 ug/ml, respectively.

With both organisms, there was no significant difference (P>0.05)

in the dip and spread methods in applying the antimicrobials to the

surface of the film (Table 26).

Due to the nonpolar nature of the PVC film, application of

the antimicrobials in aqueous solutions to the film surface was a

major problem. The antimicrobials could not be uniformly spread

over the film surface. Wetting agents, such as Triton-X 100 and

Antifoam emulsion B, were found to be ineffective in reducing the

surface tension between the liquid/film interface. Based on these

initial observations and the solubility of the antimicrobials in

ethanol, an attempt was made to apply the preservatives to the film

surface in an ethanol solution. In the dip and spread methods, the

ethanol-antimicrobial solutions could be applied over the film

surface. The ethanol volatilized leaving a residue of the preservative

on the film surface. Comparison of the results of the effectiveness

of the antimicrobials in nutrient broth and on the PVC film, revealed

that much higher concentrations were needed to prevent growth on

the film. Therefore, to obtain the desired antimicrobial concentration



Table 25. Mean Growth Levels of Paecilomyces sp. on Heated
PVC Film Treated (Spread) with selected^
Antimicrobials (Incubated 6 weeks at 30 C)

Cone (ug/itil)

Dextrose ^

Dextrose ^ An. Sul fate No Nutrient

Butylated Hydroxyanisole

Growth Level

500 1.0 1.5 1.0 2.5 0.5 1.0

1000 0.5 1.5 0.5 3.0 0.0 1.0

2000 0.0 1.5 0.0 3.0 0.0 1.0

Paraben

250 1.5 2.0 2.0 2.5 1.0 1.5

500 1.5 1.5 1.5 2.5 0.5 1.0

1000 1.0 1.5 2.0 3.0 0.0 1 .0

2000 0.0 1.5 0.5 3.0 0.0 1.0

Methyl Paraben
750 1.5 2.0 1.5 2.5 0.5 1.5

1500 1.0 1.5 1.5 2.5 0.0 1.0

2000 0.5 1.5 1.0 3.0 0.0 1.0

4000 0.0 1.5 0.5 3.0 0.0 1.0

Potassiim Sorbate
TOOO 2.0 2.0 2.5 3.0 1.5 1.5

2000 1.0 1.5 3.0 3.0 0.5 1.0

4000 0.0 1.5 2.0 3.0 0.0 1.0

5% Dextrose solution.

^^5% Dextrose + \% ammoniim sul fate solution.

^Control.

^0 = no growth; 1 = very slight growth; 2 = slight
growth; 3 = moderate growth; 4 = abundant growth.



Table 26. Analysis of Variance for Growth of Fungi
on PVC Film Treated With Antimicrobials

Source F-val ue

Replication (R) 1 0.01 0.03"®

Organism (0) 1 8.71 26.32*

Antimicrobial (A) 3 0.16 0.48"®

Application (AP) 1 0.01 0.03"®

Concentration (C) 6 5.95 17.98*

Nutrient (N) 2 7.91 23.90*

0 X A 3 5.71 15 .62*

0 X AP 1 O.OA 0.12"^

0 X C 6 1.78 5.38*

0 X N 2 5.23 15 .80*

Error 333 0.33

P<0.05.

"Vo .05.



on the film surface, an adhesive agent may be desirable. An adhesive

agent may ensure a uniform dispersion of the antimicrobial on the

film surface and may prevent the antimicrobial from leaching from

the film when in contact with water.

The antimicrobial level found to inhibit growth on a film

surface must be present throughout the service-life of the film in

order to prevent undesirable surface growth. Partial or complete

removal of the antimicrobial may allow for possible fungal growth.

An alternative method for applying an antimicrobial to a PVC

film would be to incorporate the preservative into the plasticizer

of the film during formulation. Levels found to inhibit growth on

the surface may or may not be as effective when incorporating into

the film. Therefore, additional tests would be required to determine

inhibition.



CHAPTER V

CONCLUSIONS

The first objective of this study was to determine growth

characteristics of fungi on the polyvinyl chloride film. Growth

studies indicated that Aspergillus fischeri and Paecilomyces sp.

could utilize the film as a carbon and nitrogen source. Most of

the other fungi tested grew on the film when supplied either 5% (w/v)

dextrose, as a carbon source, or 1% (w/v) ammonium sulfate, as a

nitrogen source. Epoxidized oil and Ca-Zn stearate were found to

be utilized by most fungi as carbon sources, whereas the stearamide

was not found to be utilized as a nitrogen source. To be available

for the growth of the fungi, nitrogen may possibly have to be

supplied through water, air, the stearamide in the heated plasticized

PVC film or a combination of the three.

The second objective of the study was to test chemical methods

for eliminating growth of fungi on the PVC film. Interestingly,

the fungi which were found to be the most versatile at growing on

the film, such as Aspergillus fischeri and Paecilomyces, also were

generally the most resistant to the antimicrobials tested. The more

hydrophobic antimicrobials, including BHA and methyl and propyl

paraben, were most effective in the in vitro inhibition of the mold

species. While potassium sorbate was not effective in inhibiting

growth J_n vitro, it was found to be an effective preservative when

applied to the film. At 4,000 ug/ml (0.4%) the growth of Paecilomyces



sp. was partially inhibited while Fusarium sp. growth was totally

inhibited with and without added nutrients. BHA was also found to

be an effective antimicrobial when applied to the film. At 2,000 ug/ml

{0.2%), BHA was found to totally inhibit growth of Paecilomyces sp.

and partially inhibit growth of Fusarium sp.

From the results of this study polyvinyl chloride films are

susceptible to attack by microorganisms. The degree of susceptibility

will depend upon the composition of the film, the type of mirco-

organisms present, and the environmental conditions. Polyvinyl

chloride films are used for packaging foods such as fresh meats and

produce. In meat packaging, PVC films have several desirable

characteristics such as abundant O2 permeability, excellent elastic

properties, outstanding optics and good seal ability (53), but the

major function of the film is to protect the food from microbial

attack. Therefore, it is important to consider the possible bio-

deterioration of the packaging material itself. There is a

possibility that the natural microflora of shelf-stable foods

packaged in PVC films may be capable of utilizing not only the food

product, but also the film used to package the food. Migration of

susceptible film components in contact with the food could also

provide additional nutrients for growth of microorganisms. Growth

on the surface of a PVC film could also result in contamination of

the product. These factors should be considered when using PVC

films for packaging food.



Incorporation of antimicrobials into PVC films would increase

overall resistance to microbial attack. The amount applied will

depend upon the potency of the antimicrobial, the susceptibility

of the film, and the microorganisms encountered.
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APPENDIX



Table 27. Analysis of Variance for Growth of Fungi on
PVC Film in Petri Plates With and Without
Added Nutrient Measured as a Function of
Inoculation Level and Time

Source df Dextrose No Nutrient

nsns
6.75Replication (R) 1.69

nsnsOrganism (0) 2.08 6.75

nsns
0.02Film (F) 0.33

nsns
Inoculation Level (I) 6.751.33

nsns
0.020.330 X F

ns24.08"^ 6.750 X I

nsns
0.020.08F X I

2.545.38Error A

ns
0.19Time (T) 1.63

nsns
0.190.19T X 0

nsns
0.020.04TX F

nsns
0.190.04TX I

0.090.18Error B 24

P<0.05.

"^P>0 .05.

®RX 0; RX F; RX I; RX OX F; RX OX I;
RXFXI; OXFX I; RXOXFXI.



Table 28. Analysis of Variance for Grovith of
Fungi on PVC Film Components Measured
as a Function of Component and Time

Source F-val ue

Replication (R) 1 964 .30 15 .30*

Organism (0) 8 8525 .39 135 .30*

Component (C) 6 69258.25 1089.97*

OX C 48 2960.80 46.98*

Error 62 63.02

Time (T) 3 3098.67 77.60*

T X 0 24 111.71 2.80*

TX C 18 615 .50 15 .41*

Error B 270 39.93

*P<0.05.

®R X 0; R X C; R X OX C.



Table 29. Analysis of Variance for The Minimim Inhibitory
Concentration (MIC) and Minimim Lethal Concentration
(MLC) Against Various Fungi in Yeast Extract Sucrose
Broth

Test Source F-value

Replication (R)

Organism (01

Antimicrobial (A)

0 X A

Error

Replication (R)

Organism (0)

Antimicrobial (A)

87.89

4 1349.05

11611259.76

7241.91

1821.76

833.33

233028.27

34 63684 .90

22.70

6373.65^

65.13

968.08^

OX A 60768.30

Error 3577.90

P<0.05.

'P>0.05.
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