University of Arkansas, Fayetteville

ScholarWorks@UARK
Biological and Agricultural Engineering
Department Annual Report

Biological and Agricultural Engineering

2001

Annual Report, 2001
University of Arkansas, Fayetteville. Dale Bumpers College of Agricultural, Food and Life
Sciences. Dept. of Biological and Agricultural Engineering

Follow this and additional works at: https://scholarworks.uark.edu/baegar

Citation
University of Arkansas, Fayetteville. Dale Bumpers College of Agricultural, Food and Life Sciences. Dept.
of Biological and Agricultural Engineering. (2001). Annual Report, 2001. Biological and Agricultural
Engineering Department Annual Report. Retrieved from https://scholarworks.uark.edu/baegar/1

This Periodical is brought to you for free and open access by the Biological and Agricultural Engineering at
ScholarWorks@UARK. It has been accepted for inclusion in Biological and Agricultural Engineering Department
Annual Report by an authorized administrator of ScholarWorks@UARK. For more information, please contact
ccmiddle@uark.edu.

Biological and Agricultural Engineering
I.

SIGNIFICANT ACHIEVEMENTS AND CHANGES
Dr. Lalit R. Verma began as Department Head on July 31, 2000 after being at LSU for 21
years.
The undergraduate program was revised to a science-based Biological Engineering curriculum.
This will be implemented in the Fall of 2001. This was a high priority with the Accreditation
Board for Engineering and Technology (ABET) visit scheduled in Fall 2002. The proposal
received University approval in Spring 2001. Biological Engineering is the branch of engineering
that prepares students to apply engineering to solve problems in biological systems. Some
examples of this are bioprocess (food, nutraceutical, pharmaceutical, bioconversion, bioreactors),
bioenvironmental (bioremediation, water quality, natural resources and non-point source
pollution), biomechanical (machine design, precision agriculture, mechanization), and
biomedical engineering.
The revolution of biotechnology, genetic engineering, biomedical, and bioprocess engineering
has just begun. Engineers trained to apply their expertise to various biological scenarios will have
exciting job opportunities to choose from. Additionally, this engineering program will allow
students to enter medical, dental, veterinary school or pursue graduate engineering programs in
biomedical or biotechnology engineering.
We have defined the areas of concentration in Biological Engineering to be Food and
Bioprocess Engineering, Bioenvironmental Engineering, Biomechanical Engineering, and
Biomedical Engineering (including Pre-Med). These will also have a close match with research
focus areas of our department.
A new brochure describing the new Biological Engineering program was developed and was
mailed to all in-state and a few adjoining out-of-state High Schools in Spring 2001. An
electronic module on Biological Engineering was also prepared and is available on CD or
videotape. Several requests for this module have been received from counselors and prospective
students.
The BAE Advisory Board was reactivated and the first meeting of this group was held on
October 13, 2000.
The department hired three new faculty members. Dr. Jin-Woo Kim will be joining the
department as assistant professor in July in the area of Biotechnology/Bioprocess Engineering,
Dr. Sreekala Bajwa will begin in August in Biomechanical Engineering and Dr. Marty Matlock
will join us in September in Bioenvironmental Engineering.
Spring 2001 started off with our first Annual program review on the morning of January 11
followed by the second meeting of the BAE Advisory Board. Members of the BAE faculty made
a brief presentation on their research and teaching accomplishments in 2000 and plans for the
year 2001. This review program was attended by Extension Engineers, administrators of the
UofA Division of Agriculture and some BAE Advisory Board members. Our next program
review will be January 2002.
The weekly Brown-Bag Program initiated in Fall 2000 continued in Spring 2001 with guest
speakers in Computational Biology, Auto Immune Technology, ABET Assessment, Recruiting
and Retention, and other relevant topics. A brown-bag program was also arranged to meet with
Recruiting Coordinators and staff of the University; College of Engineering; College of
Agricultural, Food and Life Sciences; and Pre-Med Program to discuss the UofA Biological
Engineering program.
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Significant progress has been made with the construction of new lab rooms for research and
teaching in our laboratory facility at the Central Research and Education Center. This project is
expected to be completed in the Fall and will provide high-quality space for the activities of our
growing faculty.
Dr. Yanbin Li joined the department as Associate Professor from Poultry Science November 1,
2000.
ASSESSMENT PLAN FOR BIOLOGICAL AND AGRICULTURAL ENGINEERING
The BAEG Department has prepared a detailed assessment plan as part of the Continuous
Quality Improvement Program required by our accrediting agency, the Accreditation Board for
Engineering and Technology. The assessment plan is described in Appendix A.
Specific items from the Academic Policy Series, 1630.10 are addressed below, and related to the
assessment plan described in the Appendix.
2. Each plan will identify the specific goals which the unit has established for students
earning degrees under its auspices. Specific Goals for our students are addressed throughout the
appendix, as outcomes A through K. Questions addressed are:
a. What are we attempting to do for our students? Again, outcomes A through K in the
Appendix answer this question.
b. How well are we doing what we are attempting? In the discussion of each outcome in
our CQI Plan, there is a section describing the methods used to assess how well our
students are doing.
c. What might be modified to make it better? In the discussion of each outcome, there is a
section called “Feedback”, in which we discuss the methods through which our
assessment data can be used to lead to improvements in the program.
3. Each plan will require that undergraduate students in the unit be assessed during students’
last year before graduation. Our students are assessed throughout the curriculum, but they are
specifically surveyed through the “Exit Interview” in their last semester.
4. Each plan for undergraduate students will require that assessment include at least two of
the following techniques.
a. A standardized examination. The Fundamentals of Engineering Exam is one of our
assessment tools.
b. A comprehensive or exit examination for student majors created and graded by faculty
in the assessing unit. We do not have such an exam.
c. Exit interviews with all graduating students. As mentioned before, we use an exit
interview of all graduating seniors in their last semester.
d. A specific project appropriate for use in assessment … Each of our students must
complete a comprehensive project as part of our Capstone design course. These projects
are well-suited for use in assessment.
e. A senior seminar or capstone course appropriate for use in assessment. All of our
students complete such a capstone course, which among other requirements includes a
detailed engineering report used by the faculty to assess the capabilities of the students.
These reports are also submitted to a national design competition.
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f. An internship or clinical experience … We do not have such a requirement.
g. A student portfolio appropriate for use in assessment. Departmental faculty collect
examples of student work in all classes. These examples constitute “course” portfolios,
rather than “student” portfolios, although they can be rearranged so that each student’s
work is grouped, if desired.
5. Plans for graduate or professional students will require assessment, late in the students’
programs, by at least two of the above techniques. All of our graduate students must pass
written and oral exams late in their programs of study. In addition, every graduate student must
prepare a written paper suitable for submission to a refereed journal as part of our requirements
for both our M.S. program and our Ph.D. program.
6. Each plan will require that another assessment of students be made no sooner than three
and no later than five years after the students graduate. This assessment will be in the form of
a questionnaire or interview and will concentrate on how effective the work at the University
has been in preparing the student for his or her career. All of our alumni are surveyed by such
a questionnaire within the time period stated.
7. Each plan will require that, on an annual basis, a committee of faculty from each unit
evaluate the results of that year’s assessments of students and alumni. The committee will
report its findings and conclusions to the unit’s faculty, including recommendations (if any)
concerning changes in the curriculum, teaching assignments, and other aspects of the
program. Part of our CQI program, discussed in Appendix A, is an annual faculty retreat, in
which all of our faculty review our teaching program, including student assessments, and
recommend changes.
8. Each unit plan will be adopted by the faculty and chairperson of that unit and approved by
the Dean of the College or School and by the Vice Chancellor for academic affairs. Our plan
has been so approved.
9 Each college or school will establish a committee charged with periodically evaluating and
reporting on the effectiveness of the assessment plan of its units. The College of Engineering
and the Dale Bumpers College of Agricultural, Food, and Life Sciences both have such
committees.
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Appendix A
Biological
and
Agricultural
Engineering
Department
A Continuous Quality Improvement (CQI) Program
As required by ABET for Accreditation
A paradigm for our Continuous Quality Improvement program.
Important aspects of our process for high quality and continuous improvement are our ability to
measure our current performance and use this information to effect changes. The idealized
feedback control system shown below illustrates the thought processes through which we hope to
achieve our objectives.

Department
Objectives

Comparator

Paradigm
Improvement
Engine

System

Measure
Outcomes

Assess
Outcomes

Criteria
2000

ASAE
Criteria
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OUTCOMES (A through K)
A.

We must demonstrate that our graduates have an ability to apply knowledge of
mathematics, science, and engineering. [Revised 3/26/2001]

Engineering is the art or science of making practical application of the pure sciences, such as
mathematics, physics, chemistry, and biology. All graduates of the program should have
knowledge in the pure sciences and the ability to apply that knowledge to the solution of
theoretical and practical problems. Set points for measuring this knowledge and ability are:
Set Points
1. Our students will do well in the required courses in the pure sciences.
2. Our students will achieve acceptable scores in the recently adopted and standardized
“Rising Junior “ examination given at the University of Arkansas
3. Eighty percent or more of our students who take the Fundamentals of Engineering
examination before graduation will pass it.
4. Our students will have documentation in the form of “portfolios” that contain
significant examples and exercises in applying pure science to the solution of realistic
problems in BAEG courses.
5. Fifty percent or more of our graduates will become registered as professional
engineers and retain their membership in an appropriate professional society.
Improvement Engine
1. The improvement engine will include all faculty members and current students.
2. Each instructor should get students to assist in creating portfolios for every class. The
nature of the portfolios, however may be different for each instructor.
3. In classes in which topics of importance on the FE exam are taught, the instructor should
alert
the
students
each
time
one
of the topics
is
introduced.
4. We should focus on our capstone design course even more as a way of evaluating the
outcomes demonstrated by our students.
Measuring Outcomes
1. Instructors and advisors will monitor the performance of first and second year
students in the pure science and basic engineering courses, based upon grade reports
received for every student.
2. The faculty will monitor the scores in the “Rising Junior” examination. This data will
be circulated to the faculty.
3. The faculty will review the notebooks or portfolios prepared by our students. This
will be done by selecting several portfolios for discussion at the faculty retreats.
4. The faculty will review the results of the Fundamentals of Engineering Exam based
upon data circulated to the faculty.
Assessing Outcomes
The data collected will be studied and analyzed at the annual faculty retreat.
Feedback
1. Deficiencies noted in the performance of our graduates in the Fundamentals of
Engineering examination will be used to determine which of our undergraduate
courses need improvements.
2. In particular, the content of required BAEG courses will be evaluated to ensure that
key subjects, such as psychrometrics, properties of materials, and others are being
5
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adequately covered. Design problems that require the application of key engineering
fundamentals will be continually re-evaluated.
3. Information from student notebooks will be used to modify and improve BAEG
courses.
4. BAEG courses will be modified in response to input from graduates engaged in
professional engineering.
B. We must demonstrate that our graduates have an ability to design and conduct
experiments as well as to analyze and interpret data. [Revised 4/9/2001]
Set Point
All of our graduates will be required to develop means to test designs or processes and/or to
integrate and utilize existing data in their jobs. Thus, our set point is simply:
Our graduates will be able to design and/or conduct experiments and to analyze and interpret
data.
Improvement Engine
The improvement engine will include our classes, especially the laboratory sections and our outof-classroom experiences provided by our research programs. Thus our set point will be reached
in a variety of ways:
1. Many students in our department will be hired to assist in lab and field-scale
experiments that are part of our active research program. In most of these jobs, and
especially for students who work for several years, they will be exposed to statistically
designed experiments that are conducted according to strict protocol. Analysis and
interpretation of the data is typically part of the job.
2. Most of our upper-level classes, as well as some of the introductory ones require
analysis and interpretation of data. This includes such tasks as searching for and
interpreting design parameters, material property values, and functional relationships
between biological variables.
3. Most of the laboratory sections in BAEG courses include setting up and conducting
experiments. These experiments complement the theory discussed in the classroom.
In addition, some of the laboratory classes include tours of local processing plants,
where data are collected for analysis and interpretation.
4. Two undergraduate journals are published on campus. Our students will be
encouraged to submit the results of their research projects to these journals.
5. Observations by the faculty have indicated that students tend to search only the web
for references, limiting their exposure to refereed journal articles. Some assignments
will be modified to require students to find and submit copies of journal articles in the
library or in full-text on-line journals.
Measuring Outcomes
Some of the things we can measure include:
1. The number of graduates obtaining jobs based upon design and/or development of
devices, systems, or processes. The demand for our graduates should reflect the
reputation of our program for producing graduates with these skills.
2. The number of graduates who enter and successfully complete graduate degree
programs. Again, the success of these students should be an indicator of our success
in preparing them for research-based careers.
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3. The number of formal reports, professional engineering reports, journal articles and/or
presented papers by our undergraduates. This number will be an indicator of the
success of our students in performing research and analyzing their data.
4. Student notebooks and/or portfolios will contain examples of successfully completed
design projects from several of our courses. These can be examined at the annual
retreat.
Assessing Outcomes
The numerical data described above will be summarized and presented at the annual faculty
retreat. In addition, the notebooks for some of the students can be studied to determine whether
they are capable of performing at the desired level.
Feedback
Based upon the results of our discussions at the retreat, faculty will review the courses in which
these skills are being taught. Improvements will be recommended by these faculty to the
curriculum committee.
C. We must demonstrate that our graduates have an ability to design a system, component,
or process to meet desired needs. [Revised 5/14/2001]
Set Points
Each graduate of the program should be able to document that he or she has actively and
effectively participated in design of systems, components and/or processes. Instructors of each
undergraduate BAEG class will identify activities containing design and require students to keep
certain records of these activities. In all design activities the concepts of documentation,
standards, ethics, safety, and economics will be incorporated.
Improvement Engine
Design skills for the BAEG graduates will develop through courses with a mix of engineering
science, design experience and exposure to design methods in industry. Instructors will seek
opportunities to enrich courses at all levels with open-ended design problems (without reducing
technical science content). The goal is to present a slate of courses in which design becomes the
means of application for the engineering science presented.
1. Students will record personal design activities in a “student log.” The student log will
serve as a record of quantity and quality of day-to-day design work for each particular
class project and will be used by the instructor as an evaluation tool for grading.
2. Each semester, instructors will gather examples of students’ design work and put
them into a collection. Instructors who prefer to do so may place these into portfolios
for each student. Instructors may, as an alternative, pool all the examples into a
“portfolio”
for
the
class
as
a
whole.
Students will be encouraged to place samples of best work from design and other
efforts into a student portfolio. These “promotional” portfolios may be used by
students in interviews for graduate school/employment.
3. The faculty will review student notebooks, and instructor-created class “portfolios”
and individual portfolios. These documents will be used by faculty in reviewing the
quality of student’s work for scholarship or graduate school application,
recommendation for employment, or general evaluation of program effectiveness.
Our two-semester senior design sequence will require thorough reporting and
completion of a two-semester design project, including construction and evaluation of
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a prototype, if appropriate. For mechanical design projects, the resulting report and
evaluation will be submitted by the student teams for the ASAE/AGCO Student
Design contest. In the case of more conceptual projects, such as process design, in
which prototype construction is not feasible, project reports will be evaluated by
industry representatives, or other non-academic groups. Some projects, such as those
related to the environment, may be evaluated or validated by comparison with
simulation models.
4. Our capstone design sequence will focus primarily on the team design concept. This
two-semester sequence takes the teams through a “complete” design process from
defining the problem to evaluating a prototype or concept.. Emphasis will be placed
on developing “team” skills. Regular scheduling/reporting sessions will be planned.
Teams will be evaluated by the instructor and, periodically, by faculty teams.
Individual performance will be evaluated by the instructor and by team peers.
5. All other BAEG courses regularly include smaller-scale, but equally important, design
projects. These courses will serve to present engineering sciences as the tools of the
engineer. Design will be presented as the method.
6. ????Our two-semester freshman introductory courses will coordinate with the senior
design sequence to allow freshmen to see what the senior design projects are like.
????
7. Tours of industry, with exposure to design, manufacturing, and processing methods
will be organized for our students.
Measuring Outcomes
Success of the curriculum in presentation of engineering concepts will be measured through:
1. Student portfolios
2. Student logs from individual classes
3. Surveys of graduating seniors and graduates
Assessing Outcomes
1. A Faculty panel will review logs, notebooks, instructor-created portfolios and survey
data. Recommendations for improving the design experience will be made to the
department head annually by the panel.
2. An annual planning session (retreat) by department faculty will coordinate changing
needs in the curriculum and consider changes in presentation of design concepts.
3. Consultation with the Department’s Advisory Board will provide additional input to
the continued improvement in design presentation.
Feedback
Changes to design presentation and content of the curriculum will be discussed at annual faculty
retreat. Individual courses will be modified by instructor(s) as recommended.
D. We must demonstrate that our graduates have an ability to function on
multidisciplinary teams. [Revised 6/5/2001]
Targets
Each graduate of the program should be able to document that he or she has already functioned
effectively in multidisciplinary teams within the curriculum, as evaluated by student peers and
course faculty. Additionally, graduates of the program should demonstrate at least an “above
average” ability in this area, as evaluated by employers, in comparison to engineers from other
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programs.
Improvement Engine
1. The curriculum includes, or will include, numerous experiences in which students are
required to function on multidisciplinary teams, as follows:
2. Several courses (e.g., our two-semester freshman sequence) have previously included
numerous cooperative learning activities, in which students are compelled to function
in instructor-assigned teams, both in and out of class. The first freshman course
includes a significant focus on the principles of teamwork, including activities with
outside resources on group dynamics, personality typing, exercises in group
communications, and project participation with a senior/graduate course in Product
and Process Development. This last activity included engineering, food science, and
law students.
3. Our graduate-level course on Product and Process Development is a multidisciplinary
course that has previously included students from BAEG, Food Science, and Poultry
Science, working in cross-functional teams on industry-sponsored projects. Although
this course is not currently required in the undergraduate curriculum, it will be used as
a model for increasing this type of activity in other courses within the required
curriculum, and a greater number of undergraduates will also be encouraged to take
this course.
4. Several courses (e.g., the freshman sequence, our biosystems introductory course, and
the machinery design sequence) include projects with significant non-engineering
components (e.g., regulatory, social, and marketing issues). Future offerings of these
courses will include integrated activities with students from non-engineering courses
(e.g., Food Science, Marketing, Sociology, etc.), working with the engineering
students on these projects. The instructors of these and other courses will seek out
and arrange for cooperation with instructors from other relevant disciplines, in order
to ensure, enhance, and evaluate the ability of our students to function on
multidisciplinary teams.
Measuring Outcomes
The following tools will be used to measure the ability of students and graduates to function on
multidisciplinary teams:
1. Peer evaluations have been previously used in several courses as a means to measure
effectiveness in team activities. The evaluation instrument will be used in other
courses as cross-functional team activities are further integrated into the curriculum.
2. Instructor evaluations will also be used to evaluate the effectiveness of every student,
with respect to multidisciplinary team activities in the respective courses.
3. Industry evaluations will be used, in the various courses that include industrysponsored projects, to gather opinions from industry clients regarding the ability of
the students to work effectively on the industry-sponsored teams.
4. Employer surveys will also be used to evaluate the abilities of graduates to function
on multidisciplinary teams within their respective work environments.
Assessing Outcomes
The results of peer, instructor, and industry evaluations will be compared, over time, to the
results of employer surveys. This will help determine whether the department’s evaluation of
effectiveness in this area corresponds well with the graduates’ abilities, as demonstrated in the
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workplace. Additionally, evaluations for randomly-selected students will be tracked through the
curriculum and into the workplace to assess whether the curriculum is indeed improving upon the
abilities and skills of the individuals.
Feedback
The results from the assessment will be evaluated by the faculty at the annual retreat. The
methodology for incorporating multidisciplinary activities into the curriculum and/or the amount
of such activities will then be appropriately modified, seeking to enhance the measurable levels
of improvement in this area.
E. We must demonstrate that our graduates have an ability to identify, formulate, and
solve engineering problems.
Engineers are problem solvers. Thus, the ability to identify, formulate, and solve problems is
fundamental to the entire profession. The targets are straightforward.
1. Our graduates will be able to examine the facts and data with respect to a given
situation and identify problems that can be solved by application of the fundamental
laws of science and math.
2. Our graduates will be able to extract pertinent data from the information available for
a given problem or situation, gather additional data, if required, identify the principles
needed for a solution, and formulate the procedure for finding an optimum solution, if
one is possible.
3. Our graduates will be able to generate a series of solutions to a particular engineering
problem, study the results, and identify the “best” solution.
Improvement Engine
The improvement engine includes all of the basic math and science courses, the engineering
science courses, the engineering design courses, and the faculty of the department and the
College of Engineering.
Measuring Outcomes
1. The notebooks and portfolios of our students will contain examples of solved
engineering problems.
2. The notebooks and portfolios will contain examples of design projects that
incorporate the identification, formulation, and solution of engineering problems.
Assessing Outcomes
The notebooks and portfolios of our students will be studied at the annual faculty retreat to
confirm that our students are capable of identifying, formulating, and solving engineering
problems.
Feedback
Any deficiencies noted in our students’ capabilities during the review at the annual retreat will
lead to revisions in assignments or revisions in subject matter content of the courses taught in our
program.
F. We must demonstrate that our graduates have an understanding of professional and
ethical responsibility
In order for our graduates to become responsible leaders, they must gain an understanding of the
special professional and ethical responsibilities demanded from engineers. Professionalism and
ethics are integrated into our program through course work, extra-curricular activities and
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mentoring by faculty and industry engineers.
Targets
The targets for professionalism and ethics are:
1. All graduates will have a general knowledge of professional registration (purpose,
requirements, procedures), professional societies and the engineering code of ethics.
2. Specific instruction in Case Studies in Engineering Ethics will be provided in the
Senior Seminar course.
3. The rate of participation by our graduates in the following professional activities shall
be superior to that of graduates from peer institutions: active participation in
professional societies, and seeking and acquiring professional engineering
registration.
Improvement Engine
1) The required understanding will be provided through the following program features:
a Initial awareness of professional societies, professional registration and engineering ethics
will be introduced to students in the freshman Design Fundamentals classes.
b Professional responsibilities and engineering ethics will be further developed in the two
sophomore classes in Quantitative Biology, the two junior classes in Process Design, and
the two senior classes in Design.
c Professional engineering activities are included in extra-curricular student activities,
namely membership in Student Branch of ASAE, invitation of professional engineers as
speakers, submission of student designs to the national design competition, and support
of students attending state and national technical and professional society meetings.
d The importance of professionalism and ethics will be demonstrated to the students by
faculty example, through their attainment of professional registration and leadership roles
taken in professional societies.
e The importance of professionalism and ethics will be demonstrated to the students by
examples of engineers in industry, through their contact with students as speakers, on
field trips, at professional meetings, or as participants in student design projects.
Measuring Outcomes
The success of the program in meeting these goals will be measured by the following:
1. Student notebooks will include examples of student responses to examination
questions (short essays) which probe the students’ understanding of professional
responsibility and engineering ethics.
2. Surveys of graduates will provide a sample for measuring the rates at which our
graduates seek and attain professional registration, and become actively involved in
professional societies.
Assessing Outcomes
Given these data, the program will be evaluated relative to the established goals by industry
leaders from the Department’s Advisory Board and by faculty, who will review the data and
provide evaluations at their annual retreats. Evaluations will include recommendations for
changes, if necessary, to improve the Program’s success in realizing the goals. Specific
recommendations for changes will be sought in the following areas:
1. Materials and activities used in course work
2. Nature and frequency of extra-curricular activities
3. Methods for professional mentoring of students by faculty and industry engineers.
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Feedback
The industry and faculty evaluations will be used at the faculty retreat to make plans to
implement the suggested changes to the Program.
G. We must demonstrate that our graduates can Communicate Effectively.
Our goal is that our graduates demonstrate exemplary communication skills, both written and
oral. Thus, the following set point.
Set Point
Every graduate of our program will be able to present information, both written and oral at a
level of skill such that the information will be understandable to the audience for which it is
intended.
Improvement Engine
While realizing that some students will possess handicaps that limit their oral communication
abilities, we will assist our students in developing outstanding communication skills in several
ways.
1. In each class taught in the department, the requirements will include an oral
presentation involving each student.
2. While semester projects will often be team oriented, with one written report per team,
progress reports or additional smaller project reports will ensure that each individual's
writing skills are tested.
3. We will continually improve the laboratory and lecture portions of our courses so that
they teach not only effective engineering, but how to effectively communicate that
work to others, both engineer and non-engineer.
Measuring Outcomes
One of the outcomes for which we will look is how our students' communication skills compare
to those of others within the University. One way that this will be accomplished is by arranging
with the Department of Communication to evaluate randomly selected written and oral
presentations. A second way is by having the other students in the class evaluate the oral
presentations. A third way is by having guests of other faculty within the department attend and
evaluate the oral presentations. Finally, we will examine the results of the Rising Junior exam
with respect to communication skills.
Another outcome for which we will look is how our graduates' communication skills compare to
those of others within their company, both engineers and non-engineers. This will be
accomplished by the surveys of graduates and employers.
Assessing Outcomes
All of the outcome data will be included in the students' notebooks for the annual faculty retreat.
The faculty will discuss strengths and weaknesses as viewed by the different groups of
evaluators.
Feedback
From the discussion at the annual retreat, improvements can be made. These improvements can
include alteration of the requirements for the next time a specific course is taught. The
improvements can also include targeting specific students or groups of students for attention in
subsequent classes in the department. For example, the number and complexity of written
reports could vary depending on the skill level of the incoming students.
H. Our program must demonstrate that our graduates have the broad education necessary
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to understand the impact of engineering solutions in a global/societal context.
It is important that engineers understand the impact of their work on their society. It is not an
exaggeration to say that life and death sometimes rest upon the decisions an engineer makes.
Thus, an important purpose of our educational program is to foster in our graduates a broad
educational background, in addition to their engineering skills and knowledge. Our graduates
must have an understanding of such areas of knowledge as history, sociology, economics,
philosophy, and many others.
Targets
1. Our graduates will complete the requirements imposed by the University for the
“State Minimum Core”, as modified for the College of Engineering.
2. Our graduates will complete any additional courses beyond those in the “minimum”
requirements if needed to broaden their education. This need will be determined by
the faculty, consistent with the objectives of the University, the two Colleges, and
agencies such as ABET and ASAE.
3. During their tenure in the Department, our students will have the opportunity to
interact with practicing engineers who can discuss the societal/global impacts of their
work.
4. Students in the Senior Seminar will make presentations demonstrating their
understanding of some societal issues.
Improvement Engine
A major component of the improvement engine is the faculty. Their understanding of the broad
issues relating their work to the society around them will be conveyed to their students. This
transfer will begin in the first course taught in the department and continue throughout the
curriculum. The department will encourage the faculty to continue to develop broad expertise and
knowledge. To facilitate this continuing education, the Department will sponsor invited seminars,
encourage industrial contacts, encourage faculty to attend continuing education functions
sponsored by ASAE and other professional societies, and publicize information related to the
development and applications of a broad range of knowledge.
Among the course requirements in the “minimum core” are included as options many courses in
the social sciences, the humanities, and fine arts. In addition, the requirements include a course in
the History of the United States or in Political Science. This will not guarantee that they gain
understanding, but our students will have the educational background needed.
In addition, the faculty will encourage each student to realize the importance of knowledge and
understanding in very broad areas. This encouragement will begin immediately upon entry into
our program. The encouragement will take such forms as:
1. Classes
2. Field trips, touring industry, farm, and government lab facilities.
3. Direct contact with people working in different disciplines.
4. Participation in professional societies or clubs.
5. Encouraging students to read at least one newspaper each day and to read at least one
newsmagazine on a regular basis.
Measuring Outcomes
The outcomes of our efforts may be measured as follows:
1. Each student will have a Matrix of Accomplishments that will include the completion
of courses intended to broaden the educational experience.
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2. The exit interview conducted for each student can elicit information about the breadth
of the education achieved, and the understanding gained.
3. A review of the notebook for each student will demonstrate that each has developed
an awareness of her/his potential impact on society.
4. Surveys of alumni, employers, and the Advisory Board will be used to determine
whether the breadth of the educational program and the understanding achieved are
adequate.
Assessing Outcomes
The question of breadth in our educational program will be addressed when the Matrix of
Accomplishment is reviewed along with the notebook for each student. In addition, the surveys
of alumni, employers and Advisory Board members will be summarized and discussed.
Feedback
Changes needed to improve our educational program with respect to this requirement will be
recommended to the faculty by the curriculum committee.
I. We must demonstrate that our graduates have a recognition of the need for and the
ability to engage in life-long learning.
Targets
Students and graduates will be expected to demonstrate this quality.
Improvement Engine
1. The Faculty will encourage student participation in professional societies and the
related student clubs. The faculty advisors will also encourage students to invite
representatives from industry to present seminars, round table discussions and other
forums designed to better prepare students for future employment. The importance of
life-long learning will be discussed at these events.
2. The importance of life long learning will be emphasized and illustrated using some
BAEG design projects where students will not be given all of the information they
need to solve a problem, but will have to search for and find some of the information
on their own.
Measuring Outcomes
The following tools will be used to measure students' recognition of the need for and the ability
to engage in life-long learning:
1. Questionnaires will be given to students after attending a lecture or seminar presented
by an invited speaker from industry. These seminars will include those organized by
the student branch of ASAE or those presented in the required Senior Seminar Class.
These questionnaires will include questions related to the presentation and designed
to reveal whether or not the student was given insight about the need for engaging in
life-long learning, the importance of being able to work on teams and/or professional
and ethical responsibility.
2. Senior Exit Interview: During the senior exit interview, students will be asked
questions designed to reveal whether or not the student recognized the need for
engaging in life-long learning.
3. Alumni surveys: Questions regarding attendance at professional meetings and in any
activities related to continuing education will be included in questionnaires sent to
alumni.
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Assessing Outcomes
The results of the surveys and questionnaires sent out to students and alumni will be summarized.
Feedback
The outcomes of the surveys and questionnaires will be evaluated by the faculty at the annual
retreat. At this point, the need for program modification will be determined.
J. We must demonstrate that our graduates have a knowledge of contemporary issues.
Targets
Students and graduates will be expected to demonstrate this quality.
Improvement Engine
1. A controversial, contemporary issue will be examined in the freshman classes.
Student teams will list the perspectives involved, then listen to presentations from
invited representatives of each perspective. The students will prepare a report
summarizing the world views and perspectives of different individuals and groups.
2. Students in the freshman classes will be required to periodically review current events
via various news periodicals. A current event quiz will be given once per month. At
the end of the semester, the student(s) with the highest score on these current event
quizzes will be given an award.
3. This same current events quiz will be sent out to all the undergraduate students in the
department by E-mail as a contest every semester. The winner of the contest will be
given an award. The contest is intended to encourage students to keep up the good
habits developed in the Freshman classes.
Measuring Outcomes
The following tools will be used to measure students' knowledge of contemporary issues:
1. Student reports.
2. Senior Exit Interview: During the senior exit interview, students will be asked a few
questions about contemporary issues.
3. Results from the current events quizzes.
Assessing Outcomes
The degree of participation in the current events contests and the results of the exit interviews
will be summarized. Representative student reports and quizzes will also be compiled for
evaluation.
Feedback
The outcomes of the exit interviews, contests, reports and quizzes will be evaluated by the
faculty at the annual retreat. At this point, the need for program modification will be determined.
K. We must demonstrate that our graduates have an ability to use the techniques, skills,
and modern engineering tools necessary for engineering practice.
First, we need to identify the modern engineering tools necessary for engineering practice. To
some extent, this definition is contingent upon the degree of specialization of each student, so we
have to be somewhat general. The list of modern equipment would have to include, however, the
following:
1. Recent desk-top computers.
2. Recent electronic control systems.
3. Recent software such as word processors, spreadsheets, CAD systems, simulation
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systems.
Targets
1. Our students will use in their studies the most recent personal computers available.
2. Our students will use in their laboratory courses the most recent technology for
electronic sensing and control.
3. Our students in all of their classes will use advanced software for personal computers,
including the word processors, spreadsheets, and CAD programs commonly used in
industry at that time.
Improvement Engine
Providing the most recent hardware and software for our students will be challenging in these
times of tight budgets. Fortunately, however, each of our students pays an engineering lab fee,
part of which is returned to the Department and can be used to help keep up with the latest
developments. In addition, the large research program managed by the Department means that
recent hardware and software will be purchased as part of many projects, and these items can be
shared with our teaching program.
Measuring Outcomes
Several outcomes need to be measured.
1. Have we correctly defined what are the latest hardware and software being used in the
pertinent industries? We can get a handle on this through surveys of alumni and
employers. In addition, our interactions with other departments through our
professional societies will give us some helpful feedback.
2. Are we providing an appropriate level of access by our students to the latest in
technology?
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II.
ACHIEVEMENTS IN TEACHING, RESEARCH AND PUBLIC SERVICE
The newly revised undergraduate curriculum was approved as B.S. in Biological Engineering
effective Fall 2001.
Lalit R. Verma served as an ABET evaluator for the Biological System Engineering program
at University of California, Davis in Fall 2000.
"Distinguished Engineer Award for 2000" was presented to Lalit R. Verma on May 17, 2001 at
the Annual Meeting of the Louisiana Section of ASAE in Natchez, MS by Wendall Meaux,
Chairman of La. Section of ASAE.
III.
ACHIEVEMENTS OF STUDENTS AND ALUMNI
Four student design projects were submitted to the ASAE National Student Design
Competition. One project was selected to compete in the finals at the ASAE National Meeting in
Sacramento, August 2001. Six of the eight student team members will attend the meeting and
present their design project.
IV.

BIBLIOGRAPHY January 1 – December 31, 2000
Include only those articles published, submitted or in press. Articles submitted or in
press should be indicated as such. Do not submit articles in preparation.
1. Books and book chapters
Carrier, D.J. and D. Laurain. 2000. “Plant Cell Biotechnology of Ginkgo.” In:
Medicinal and Aromatic Plants - Industrial Profiles. T. van Beek. (ed.).
Harwood Academic Publishers, Amsterdam. PP 81-99
Li, Y. 2000. Continuous Control. In: Encyclopedia of Agricultural and Food
Engineering, D.R. Heldman (ed). Marcel Dekker, Inc., New York, NY.
Li, Y. 2000. Mixing of Air. In: Encyclopedia of Agricultural and Food
Engineering, D.R. Heldman (ed). Marcel Dekker, Inc., New York, NY.
2. Refereed publications
Include only publications having an external peer review. For AES publications,
include only AES Research Bulletins not Research Series or other non-refereed
AES publications.
Published or Accepted:
Tanko, H., D.J. Carrier, T. Crowe and S. Sokhansanj. 2000. Stability of
parthenolide during drying and storage of feverfew. ASAE/CSAE The Red
River Valley Section of The American Society of Agricultural Engineers.
Paper No. RRVOO-504. October 2000. 9pp.
Tanko, H., D.J. Carrier, T. Crowe and S. Sokhansanj. Thin-layer drying of
feverfew. Accepted by the Canadian Society of Agricultural Engineering
(December 2000).
Benke, A.C., I. Chaubey, G.M. Ward, and E.L. Dunn. 2000. Flood pulse
dynamics of a river floodplain in the Southeastern U.S. Coastal Plain. Ecology
81(10): 2730-2741.
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Chaubey, I., P. Srivastava, L. Han, S.N. Addy and X. Yin. 2000. Using GIS,
remote sensing and water quality modeling to estimate animal waste pollution
potential. P.K. Bollich (ed.). In Proc. Agricultural Water Quality and
Quantity: Issues for the 21st Century. 136:143.
Che, Y.H., Y. Li, D. Paul and M.F. Slavik. 2000. Rapid detection of Salmonella
typhimurium in chicken carcass washing water using an immuno-electrochemical
method. Journal of Food Protection 63(8):1043-1048.
Chen, Zikuan, Carl L. Griffis, Yang Tao, and Xin Chen. 2000. A wavelet-based
adaptive threshholding method for image segmentation. Accepted by Optical
Engineering.
Counce, P. A., D. R. Gealy, T. C. Keisling and T. A. Costello. 2000. Weed levels
did not alter rice grain yield response to nitrogen. Commun. Soil Sci. Plant
Anal. 31(15/16):2607-2615.
Gutierrez-Ibarra, J.G., Y. Tao, L.A. Newberry, and Y.R. Chen. 2000. Simulated
optical color correlator for identification of Airsacculitis in poultry. SPIE
Vol.4206:29.
Ibarra J.G., Y. Tao, A.J. Cardarelli. And J. Shaltz. 2000. Emissitivity
Measurement of Cooked Chicken Meat Through Infrared Imaging. Appl. Eng.
in Ag. Vol.16(2):143-148.
Ibarra J., Y. Tao, and H. Xin. 2000. Combined IR imaging neural network method
for the estimation of internal temperature in cooked chicken meat. Optical
Engineering. Vol. 39(11) 3032-3048.
Liu, Y., Y. Che, and Y. Li. 2000. Rapid detection of Salmonella typhimurium using
immunomagnetic separation and immuno-optical sensing method. Journal of
Sensors and Actuators (accepted October 12, 2000).
Ma, L., Z. Yang, Y. Li, and C.L. Griffis. 2000. Electrochemical pasteurization for
chiller water in poultry processing. Journal of Food Process Engineering 23:5772.
Ma, Li, Zhongping Yang, Yanbin Li and Carl Griffis. 2000. Microbial chemical
and physical changes in chill water treated with electrochemical method. Journal
of Food Process Engineering 23(2000)57-72.
Murphy, R. Y., E.R. Johnson, J. A. Marcy, and M. G. Johnson. Survival and
growth of Salmonella and Listeria in the chicken breast patties subjected to
time temperature abuse under varying conditions. Journal of Food Protection.
64: 23-29
Murphy, R. Y., Marks, B. P., Johnson, E. R., Johnson, M.G., and Chen, H. 2000.
Thermal inactivation kinetics of Salmonella and Listeria in ground chicken
breast meat and liquid medium. Journal of Food Science. 65(4): 706-710.
Murphy, R.Y. and B. P. Marks. 2000. Effect of meat temperature on proteins,
texture, and cook loss for ground chicken breast patties. Poultry Science. 79:
99-104.
Murphy, R. Y., B. P. Marks, E.R. Johnson, and M.G. Johnson. 1999. Inactivation
of Salmonella and Listeria in ground chicken breast meat during thermal
processing. Journal of Food Protection. 62: 980-985.
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Tao, Y. and J. Ibarra. 2000. Thickness invariant X-ray imaging detection of bone
fragments in de-boned poultry meat - model analysis. Transaction of ASAE.
Vol.43(2):453-459.
Tao, Y., J. Shao, K. Skeeles, and Y.R. Chen. 2000. Detection of splenomegaly in
poultry carcasses by near UV and color Imaging. Transaction of ASAE.
Vol.43(2):469-474.
Tao, Y. and J. Walker. 2000. Imaging and Pattern Recognition Method for
Feather Sex Separation of Poultry Baby Chicks. Trans. of ASAE.
Vol.43(2):461-467.
Tao, Y. and J. Gutierrez-Ibarra. 2000. Far-infrared imaging and structured light
for doneness assessment in chicken breast. SPIE Vol.4206:27.
Tao, Y. 2000. Photonics in fruits and vegetable quality assessment. SPIE Vol.
CR80:04.
Ying, Y., H. Jing, and Y. Tao. 2000. Application of machine vision in inspecting
stem and shape of fruits. SPIE. 4203:22.
Wen Z. and Y. Tao. 2000. Dual-Camera NIR/MIR imaging for stem-end/calyx
identification in apple defect sorting. Transaction of ASAE. Vol.43(2):446452.
Yang, H., Y. Li and M.G. Johnson. 2000. Survival/death of Salmonella
typhimurium and Campylobacter jejuni in processing water and on chicken skins
during poultry scalding and chilling. Journal of Food Protection (accepted
December 26, 2000).
Submitted:
Bantle M., T. Crowe, T. and D.J. Carrier. 2000. Mechanical harvesting
recommendations for Echinacea angustifolia.
Submitted to Canadian
Agricultural Engineering November 2000.
Che, Y.H., Y. Li, and M.F. Slavik. 2000. Detection of Campylobacter jejuni in
poultry samples using an enzyme-linked immunoassay coupled with an enzyme
electrode. Biosensors & Bioelectronics (submitted May 21, 2000).
Liu, Y. and Y. Li. 2000. Rapid detection of E. coli O157:H7 using
immunomagnetic separation and optical measurement of enzymatic
amplification. Journal of Chemical Technology and Biotechnology (submitted
September 25, 2000).
Liu, Y. and Y. Li. 2000.. Effect of polystyrene on activity of alkaline phosphate.
Biochemistry and Biophysics Research Communications (submitted November
1, 2000).
Murphy, R.Y., E.R. Johnson, and M.D. Davis. Thermal inactivation kinetics of
pathogens in commercial meat products. SAAS Bulletin Biochem. Biotech.
Murphy, R.Y., E. R. Johnson, M. D. Davis, J. A. Marcy, and M. G. Johnson.
Thermal inactivation of Salmonella and Listeria in chicken breast patties
cooked in a pilot-scale air convection oven. Journal of Food Science.
Murphy, R. Y., E. R. Johnson, B. P. Marks, M. G. Johnson., and A. J. Marcy.
Thermal inactivation of Salmonella and Listeria in ground chicken patties
during convection cooking. Poultry Science.
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Murphy, R. Y., E. R. Johnson, L. K. Duncan, M. D. Davis, E. C. Clausen, and J.
A. Marcy. Heat flux, heat transfer coefficient, moisture loss, product yield, and
soluble proteins in chicken breast patties during air convection cooking.
Poultry Science.
Ruan, C.M. and Y. Li. 2000. Detection of Zeptomolar concentration of alkaline
phosphatase based on a tyrosinase and horseradish peroxidase beinzyme
biosensor. Talanta (submitted October 25, 2000).
Ruan, C.M. and Y. Li. 2000. Rapid detection of pathogens in foods using
immunomagnetic separation and beinzyme biosensor. Transactions of the ASAE
(submitted November 21, 2000).
Ye, J., H. Yang, H.-K. Kim and Y. Li. 2000. Inactivation of Listeria monocytogenes
in brine chiller water for chilling thermally processed bacons using a
recirculating electrochemical treatment system. Journal of Food Science
(submitted May 9, 2000).
Ye, J., and Y. Li. 2000. A chemiluminescent biosensor with immunomagnetic
separation for detection of Escherchia coli O157:H7. Transactions of the ASAE
(submitted December 20, 2000).
In Press:
Carrier D. J., T. Crowe, S. Sokhansanj, A. Katrusiak, J. Wahab and B. Barl.
2000. Milk thistle (Sylibum marianum) flower head development and
associated marker compound profile. Journal of Herbs, Spices and Medicinal
Plants (in press).
Kabganian, R., D. J. Carrier, and S. Sokhansanj. Drying of Echinacea
angustifolia roots. Journal Herbs Spices and Medicinal Plants (in press).
Kabganian, R., S.A. Abrams, P.A. Rose, S. Sokhansanj and D.J. Carrier. 1999.
Localization of marker compounds in Echinacea angustifolia. Journal of
Herbs, Spices and Medicinal Plants (in press).
Powell, E., D. J. Carrier, T. Crowe, M. Bantle. 2000. Echinacoside and
alkamide distribution in Echinacea angustifolia root: root depth and growing
condition. Journal of Nutraceutical, Functional and Medicinal Food (in
press).
Ward, G.M. and I. Chaubey. 2000. Diurnal variability of stage in a wetland
pond in Southeastern Unites States. Verh. Internat. Verein. Limnol. In Press.
3. Papers and reports
Include abstracts and papers presented at professional meetings if published in a
proceedings, journal or other source. If peer reviewed, please indicate as such.
List technical reports prepared for funding agencies or research contractors.
Carrier, D.J., T. Crowe and S. Sokhansanj. 2000. Agricultural Food Innovation
Fund Annual Report. Agriculture Canada.
Chaubey, I., L. Han and S.N. Addy. 2000. Nonpoint pollution assessment of
poultry litter application using GIS, remote sensing and water quality
modeling. ASAE Paper No. 002208, St. Joseph, MI.
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parthenolide during drying and storage of feverfew. ASAE/CSAE Meeting.
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Engineers. Paper No. RRVOO-504 October 2000. 9pp.
Chaubey, I., L. Han and S.N. Addy. 2000. Environmental and economic impact
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system. Technical Project Completion Report, School of Mining and Energy
Development, University of Alabama.
Chaubey, I., P. Srivastava, L. Han, S.N. Addy, and X. Yin. 2000. Using GIS,
remote sensing and water quality modeling to estimate animal waste pollution
potential. In P.K. Bollich (ed.), Agricultural Water Quality and Quantity:
Issues for the 21st Century. Abstract, pp. 18.
Che, Y., Y. Li and M. Slavik. 2000. Rapid detection of Campylobacter jejuni using
an immunoelectrochemical sensor coupled with immunomagnetic separation.
Paper No. 1662P, in the Book of Abstracts Presented at PITTCON 2000. The
Pittsburgh Conference, Pittsburgh, PA.
Che Y., Y. Li, M. Slavik and D. Paul. 2000. An immunoelectrochemical biosensor
for rapid detection of Salmonella typhimurium and Campylobacter jejuni in
poultry and meat samples. Abstract in the Proceedings of the Sixth World
Congress on Biosensors, San Diego, CA, May 24-26, 2000.
Che, Y., Y. Li, M. Slavik and D. Paul. 2000. Electrochemical biosensor with
immunomagnetic separation to detect Campylobacter jejuni in poultry carcass
rinse samples. Abstract in: Food Safety Consortium 2000 Annual Meeting—
Agenda, Presentations, and Progress Reports, p.AB-7.
Chen, X. and Y. Tao. 2000. High resolution imaging detection of physical
contamination in de-boned poultry meat on processing lines. July 9-12, 2000.
ASAE paper 003123. St Joseph, MI.
Chen, Z. and Y. Tao. 2000. Contrast enhancement of x-ray imaging and
postprocessing for food internal inspection. July 9-12, 2000. ASAE paper
003124. St Joseph, MI.
Cheng X. and Y. Tao. 2000. NIR/MIR dual-camera machine vision system for online apple stem-end/calyx recognition. July 9-12, 2000. ASAE paper 003099.
St Joseph, MI.
Griffis, C., M. Slavik, and Li, Y.. 2000. Classification and enumeration of bacterial
shapes using a machine vision system. Progress report in: Food Safety
Consortium 2000 Annual Meeting—Agenda, Presentations, and Progress
Reports, p. UA-89-94.
Ibarra J. and Y. Tao. 2000. Shape influence in IR thermometry of cooked meat
products. July 9-12, 2000. ASAE paper 003098. St Joseph, MI.
Ibarra, J. and Y. Tao. 2000. L. A. Newberry, and Y.R. Chen, 2000. Color
classification techniques for Air Sacculitis assessment in poultry. July 9-12,
2000. ASAE paper 003121. St Joseph, MI.
Jing H. and Y. Tao. 2000. Multiple camera real-time depth detector for poultry
meat. July 9-12, 2000. ASAE paper 003126. St Joseph, MI.

21

2000-2001 Annual Report

Biological and Agricultural Engineering
Ying Y. and H. Jing. 2000. New method to identify size and surface defect of
Huanghua pear with machine vision. July 9-12, 2000. ASAE paper 003141. St
Joseph, MI.
Kim, H._K., H. Yang, Y. Li, and M.F. Slavik. 2000. A flow-through
electrochemical method to destroy Listeria monocytogenes in brine chilling
water. Paper No. 65C-14, pp 148 in: Book of Abstracts 2000 IFT Annual
Meeting. Institute of Food Technologists, Chicago, IL.
Li, Y., M.F. Slavik, D. Paul, Y.H. Che and Z. Yang. 2000. An immunoelectrochemical biosensing system for rapid detection of Salmonella and
Campylobacter in poultry samples. Progress report in: Food Safety Consortium
2000 Annual Meeting—Agenda, Presentations, and Progress Reports, p. UA101-107.
Li, Yanbin, Carl L. Griffis, and Michael F. Slavik. 2000. Electrical Pasteurization
System for Brine Chillers. Final report to ALKAR and the Institute of Food
Science and Engineering. University of Arkansas.
Li, Y., A. Waldroup, H. Yang, G. Zhou and S. Wang. 2000. A quantitative risk
assessment model for Salmonella and Campylobacter in poultry products.
Progress report in: Food Safety Consortium 2000 Annual Meeting—Agenda,
Presentations, and Progress Reports, p. UA-95-100.
Liu, Y., J. Ye and Y. Li. 2000. An immuno-optica biosensing method for rapid
detection of Salmonella typhimurium and E. coli O157:H7. Progress report in:
Food Safety Consortium 2000 Annual Meeting—Agenda, Presentations, and
Progress Reports, p. UA-114-119.
Liu, Y., Y. Che and Y. Li. 2000. An immuno-optical biosensing method with
immunomagentic separation for rapid detection of pathogens in chicken
carcass washing water. Abstract in: Food Safety Consortium 2000 Annual
Meeting—Agenda, Presentations, and Progress Reports, p.AB-1.
Liu, Y., J. Ye and Y. Li. 2000. An immuno-optical biosensor with membrane
separator/bioreactor for detection of E. coli O157:H7. Abstract in: Food Safety
Consortium 2000 Annual Meeting—Agenda, Presentations, and Progress
Reports, p.AB-2.
Murphy, R.Y., E. R. Johnson, and B. P. Marks. 2000. Evaluating Thermal and
Physical Properties of Poultry Product during Air Convection Cooking. ASAE
Paper 006080. Milwaukee, WI.
Murphy, R.Y. 2000. Thermal inactivation kinetics of pathogens in commercial
meat products. Presented in the Symposia of Biochemistry and Biotechnology
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Murphy, R.Y. 2000. Meat Thermal Processing. Presented at Vlasic Foods
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Murphy, R.Y. 2000. Pathogen lethality validation in ready-to-eat meat products.
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presentation)
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Trujillo, O., M.F. Slavik, C. Griffis, and Y. Li. 2000. A rapid method to detect and
enumerate foodborne bacteria using image processing and statistical modeling
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