INFORMATION TO USERS

This manuscript has been reproduced from the microfilm master. UMI films the
text directly from the original or copy submitted. Thus, some thesis and
dissertation copies are in typewriter face, while others may be from any type of
computer printer.

The quality of this reproduction is dependent upon the quality of the copy
submitted. Broken or indistinct print, colored or poor quality illustrations and
photographs, print bleedthrough, substandard margins, and improper alignment
can adversely affect reproduction.

In the unlikely event that the author did not send UMI a complete manuscript and
there are missing pages, these will be noted. Also, if unauthorized copyright
material had to be removed, a note will indicate the deletion.

Oversize materials (e.g., maps, drawings, charts) are reproduced by sectioning
the original, beginning at the upper left-hand comer and continuing from left to
right in equal sections with small overlaps. '

Photographs included in the original manuscript have been reproduced
xerographically in this copy. Higher quality 6" x 9" black and white photographic
prints are available for any photographs or illustrations appearing in this copy for
an additional charge. Contact UMI directly to order.

Bell & Howell Information and Leaming
300 North Zeeb Road, Ann Arbor, Ml 48106-1346 USA

®

800-521-0600

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



DEVELOPMENT AND APPLICATION OF MULTICOMPONENT

EDIBLE FILMS

by

Yi Wu

A DISSERTATION

Presented to the Faculty of

The Graduate College at the University of Nebraska

In Partial Fulfiliment of Requirements

For the Degree of Doctor of Philosophy

Major: Interdepartmental Area of Nutrition

Under the Supervision of Professor Marilynn Schnepf

Lincoln, Nebraska

December, 1999

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



UMI Number: 9952697

®

UMI

UMI Microform9952697

Copyright 2000 by Bell & Howell Information and Learning Company.

All rights reserved. This microform edition is protected against
unauthorized copying under Title 17, United States Code.

Bell & Howell information and Leaming Company
300 North Zeeb Road
P.O. Box 1346
Ann Arbor, M! 48106-1346

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



DISSERTATION TITLE

Development and Application of Multicomponent Edible Films

BY
Yi Wu
SUPERVISORY COMMITTEE:
APPROVED DATE
Ml /<{7 M )2/ / 77
Signatlre /< 77
Marilynn Schnepf
Typed Name
it adgrs (epi peZ 122/ F5
Signature /v f

Susan Cuppett

TYM%/ 2 /3 ea

Signature
Curtis Weller

Signature
Nancy tts

Typed Name

E:ézLJZL7Lﬂ />T;;2iééxvvu4uacaa //52,/53//§?:;

Sigharur(e O
Fa ene Hamouz

Typed Name

Signature

Typed Name

GRADUATE COLLEGE
UNIVERSITY OF NEBRASKA

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



DEVELOPMENT AND APPLICATION OF MULTICOMPONENT
EDIBLE FILMS
Yi Wu, Ph.D.
University of Nebraska, 1999
Lay Abstract

Advisor: Marilynn Schnepf

Edible films and coatings based on carbohydrates, proteins and/or lipids were
developed and tested for their effectiveness on controlling moisture loss and rancidity of
precooked ground beef patties. Factors affecting instrumental analysis of rancidity in
precooked meat, such as sample preparation method and sample amount were examined. The
results were used in the follow-up edible film application studies. Wheat gluten (wheat
protein), soy protein, carrageenan (a type of carbohydrate from edible seaweeds) and chitosan
(a type of carbohydrate from shells of shellfish) films and coatings had different effects on
maintaining the quality of precooked patties after 3-day refrigerated storage. All coatings
were as effective as polyvinyl chloride film (a type of plastic film) in reducing patty moisture
loss and more effective than films. Wheat gluten, carrageenan or soy protein coatings and
carrageenan films were effective in inhibiting rancidity in patties with wheat gluten coating
being the most effective. Incorporating fatty acids, especially 30-40% of palmitic acid and
stearic acid, had a significant impact on moisture barrier properties and mechanical properties
of soy protein films. Films were composed of soy protein and propyleneglycol alginate (PGA,
a type of carbohydrate) showed improved moisture barrier properties and mechanical

properties by adding PGA up to 10% and 17.5 %, respectively. The tortuous network
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structure found in films containing starch, alginate (a type of carbohydrate from brown algae)
and fatty acids may have contributed to the improved moisture barrier properties of these
films, especially films with 30% fatty acids. Both soy protein-fatty acid films and starch-
alginate-fatty acid films were heat sealable. During 6-day refrigerated storage, starch-
alginate-stearic acid based films were effective in limiting moisture loss from precooked
patties. Starch-alginate films and starch-alginate-stearic acid, that included food antioxidants,
tocopherols, were effective in inhibiting rancidity in patties. All edible films, except for
tocopherol-coated films, were generally not as effective as polyester bags (plastic bags) in

controlling moisture loss and the development of rancidity.
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DEVELOPMENT AND APPLICATION OF MULTICOMPONENT
EDIBLE FILMS
Yi Wy, Ph.D.

University of Nebraska, 1999

Advisor: Marilynn Schnepf

Edible films and coatings based on polysaccharides, proteins and/or lipids were
developed and tested for their effectiveness in controlling moisture loss and lipid oxidation
of precooked ground beef patties. Factors affecting gas chromatographic analysis of lipid
oxidation in precooked meat, such as sample preparation methods, equilibration times and
sample phase fraction, were examined. They were controlled and used in the follow-up edible
film application studies. Wheat gluten, soy protein, carrageenan and chitosan films and
coatings had different effects on maintaining the quality of precooked patties after 3-day
storage at 4°C. All coatings were as effective (P < 0.05) as polyvinyl chloride film in reducing
patty moisture loss and more effective than films. Coating with wheat gluten, carrageenan
or soy protein and wrapping with carrageenan films were effective (P < 0.05) in lowering
patty thiobarbituric acid reactive substance values (TBARS) am’i hexanal values with wheat
gluten coating being the most effective (P < 0.05), which resulted in about 28% and 48%
reduction in TBARS and hexanal, respectively. Incorporating fatty acids, especially 30-40%
of palmitic acid and/or stearic acid, had a significant (P < 0.05) impact on water barrier
properties and mechanical properties of soy protein films. Composite films of soy protein and

propyleneglycol aiginate showed improveci (P < 0.05) moisture barrier properties and
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mechanical properties by adding propyleneglycol alginate up to 10% and 17.5 %, respectively.
The tortuous network structure observed in starch-alginate-fatty acid films using scanning
electron microscopy may have contributed to the improved moisture barrier properties of
these films, especially in films with 30% fatty acids. During 6-day storage at 4°C, starch-
alginate-stearic acid based films were effective (P < 0.05) in limiting moisture loss from
precooked patties. Tocopherol treated starch-alginate films and starch-alginate-stearic acid
films were effective (P < 0.05) in inhibiting the lipid oxidation in patties by lowering TBARS
and other oxidation products. All edible films, except for tocopherol-coated films, were
generally not as effective (P > 0.05) as polyester vacuum bags in controlling moisture loss and

lipid oxidation, and their effects were storage time dependable.
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PREFACE

Research in the development and application of edible films and coatings has recently
intensified. This growing interest in the concept of edible films and coatings is driven by the
increased consumer demand for high quality, long shelf-life and ready-to-eat foods,
environmental consciousness for disposal of nonrenewable food packaging materials, and the
opportunities for creating new market outlets for both traditional and novel agricultural crops
which are the sources of the desired film-forming ingredients. One of the most useful
runctions of edible films and coatings is their ability to act as barriers, either to gas, solute or
moisture. Besides their barrier properties, edible films and coatings can function as carriers
for food additives such as antioxidants, antimicrobial agents and nutrients.

Edible films and coatings have been developed from polysaccharide, protein and lipid
materials. Such films along, in combination or with other components have exhibited the
promise for innovative uses as food protective materials in different type of foods. However,
the application of edible films and coatings including multicomponent edible films on
processed foods, especially those characterized by a high n;oisture content such as precooked
meat products, is an area that has received little attention.

The objective of this dissertation was to 1) determine the effectiveness of several
edible films and coatings on moisture loss and lipid oxidation from precooked ground beef
patties, 2) develop soy protein-based and starch-alginate-based multicomponent edible films,
and 3) determine the effectiveness of starch-alginate-based multicomponent edible films as
barriers and/or antioxidant carriers on moisture loss and lipid oxidation from precooked
ground beef patties.

This dissertation consists of eight different chapters.
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The first chapter is an overview on the research of the development and application
of multicomponent edible films.

Each of the next six chapters is written as an individual research article complete with
introduction, materials and methods, results and discussion, and references. The first research
article reports a methodology study on static headspace gas chromatographic analysis of lipid
oxidation of precooked meat products. The method developed was used in studies described
in the second and sixth research articles. The second research article demonstrates how
coatings and films developed from wheat gluten, soy protein, carrageenan and chitosan could
be used as moisture and/or oxygen barriers to maintain quality of precooked ground beef
patties. To improve moisture barrier properties, multicomponent films were prepared and
characterized using soy protein-fatty acids and soy protein-propyleneglycol alginate as
discussed in the third and fourth research article, respectively. The fifth research article
presents observations on moisture barrier properties and microstuctures of multicomponent
films of starch-aiginate-fatty acids. The last article describes the effectiveness of the
previously developed starch-alginate-stearic acid film as a moisture and oxygen barrier and
as an antioxidant carrier on maintaining quality of precooked ground beef patties.

A summary of all dissertation studies and recommendations for future research are

given at the end of this dissertation.
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CHAPTER 1

DEVELOPMENT AND APPLICATION OF MULTICOMPONENT EDIBLE
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