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everyone working in a laboratory setting:
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President’'s Message

irst, let me express my appreciation to all
F who participated in our Fall 1999 Meet-

ing, October 28-30 in Houston. Dennis
Ward from the FBI Microanalysis Laboratory in
Washington, D.C. delivered an invited paper
entitled “SEM and EDX Analysis in Forensic
Science.” We were also exposed to the use of light
microscopy in a forensic lab by Steve Robertson
from the Crime Laboratory Service of the Texas
Department of Public Safety in Austin. Our third
mvited speaker was Dr. Bruce Mackay from the
University of Texas M.D. Anderson Cancer Center
in Houston. Dr. Mackay, a long time participant
and supporter of TSM, presented a series of ex-
quisite micrographs during his presentation,
“Diagnostic Electron Microscopy, Past and
Present.” Our workshop was put on by Mike
Davis, Vijian Dhevan and Dan Saban from Nikon,
Inc. They gave a very informative presentation
and provided hands-on instruction in techniques
for the optimization of the light microscope.
Fially, I would like to thank the TSM members
who presented their research in a total of 14
platform presentations, and our corporate mem-
bers who exhibited at the conference and helped
to sponsor our Thursday social and meeting
breaks. /

This journal will be published in conjunction
with TSM’s participation in SCANNING 2000,
May 9-12 in San Antonio. Fourteen presentations
by TSM members are on the program. Our mem-
bers elected to merge their talks into the general
sessions of this twelfth annual international con-
ference sponsored by the Foundation for Ad-
vances in Medicine and Science (FAMS) and
SCANNING, The Journal of Scanning Mi-
croscopies. Our sincere appreciation goes out to
SCANNING/FAMS for providing registration

waivers for student volunteers, student scholarship
awards, and exhibit and meeting space for TSM.
Mary Sullivan, Tony Bourgholtzer and Paula
Pivnick have been especially helpful in arranging
for TSM’s participation in the conference and
deserve special thanks. I hope this experience will
be a positive one for those who have the opportu-
nity to attend, and that exposure at this interna-
tional venue will result in increased participation
in future TSM meetings.

The Fall 2000 Meeting of TSM will be held
October 26-28 in Dallas. Incoming Program
Chairman Pam Neill and Kevin Cronyn of NSA
Hitachi have been working on a workshop series
for October 26 to be held at Texas Instruments.
Topics to be covered include basics of SEM, low
voltage, and environmental SEM. We appreciate
their efforts and encourage you to make plans to
attend and present your research at the fall confer-
ence. Please contact Pam or any member of the
Executive Council with your comments and sug-
gestions.

In closing, I would like to thank all those who
have provided support and guidance to me over
the course of my year as TSM President. I would
like to extend special thanks to outgoing officers
Bob Droleskey, Jonnell Beaird and John Williard
for all of their help. As we welcome a new Execu-
tive Council team and they start their year of
service, please assist them by communicating your
suggestions on future meetings, workshop topics,
and 1mvited speakers. Your input is needed for
TSM to thrive and grow.

Sincerely,

Josephine Taylor
TSM President, 1999-2000

Treasurer’s Report unavailable at press time
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specimen or need advice on a knife for a specific application.

6 OUR guarantee on our new and resharpened knives ensures your
complete satisfaction. If you are experiencing difficulties with any
of our knives, please contact us.
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Microwave Processors

Contact Us to Discuss How Microwaving
can Assist You.

Paraffin Processing
In vivo Labeling for Confocal  Decalcification
e Transmission Electron Microscopy
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* Immunocytochemistry
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Tools for Science and Industry
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Table Top Turbomolecular
Sputter/Etch System

Desk 1l TSC System offers manual or
automatic operation and includes a
mechanical pump, turbomolecular
pump for ultra-high 1076 vacuum, and
starter target for Pt coating. Ready to

operate in minutes, the system provides

ultra-thin, fine-grained, continuous
films and sputters Au/AuPd, Cr, and
Pt materials.

Denton

Bench Top Turbo System

Bench Top Turbo System is a compact,
turbo-pumped high vacuum 1076 torr
evaporator for carbon or metal evapora-
tion and general TEM/SEM sample prep.
A large 10” diameter x 12” high Pyrex
bell jar and stainless steel base plate
with eight available feed-throughs
enhance flexibility of the system by
permitting installation of multiple
evaporation accessories, specimen
holders, and substrate handling fixtures.

Yacuum

The Missing Piece in Your
EM Sample Prep Process

'IEMISEM
Eaatings

DENTON VACUUM

1259 North Church Street
Moorestown, Nj 08057
Tel: (856) 439-9100 = FAX: (856) 439-9111
E-mail: info@dentonvacuum.com

Web site: www.dentonvacuum.com

Table Top Cold Sputter/Etch System

Desk Il System offers manual or automatic
operation and includes a mechanical pump
and starter target for Au/Au Pd coating and
routine preparation of SEM specimens.

It is available in three models to accom-
modate wafers up to 8.0” diameter,
provides a uniform, conductive, fine-grained
100A coating in less than 5 minutes from
pump down through venting and utilizes an
etch mode to clean nondelicate, contami-
nated specimens prior to coating.

Hi-Res 100
Chromium
Coating
System
Hi-Res 100 Chromium Coating
System provides fast. pumping

and cycle times with excellent
cleanliness for high resolution
FESEM sample prep. A patented
Anode Grid® and low deposition
rate allow controlled ultra-thin
10A high purity Cr films on
substrates to 8.0” diameter. High
vacuum 1077 torr and high water
vapor pumping speed prevent
sample and film contamination
while a quartz crystal monitor and
shutter provide automatic deposition
for thickness repeatability.

DV-502A
High
Vacuum
Evaporator

DV-502A System is a general
purpose, high vacuum evaporator
for the preparation of TEM Support
films and conductive carbon
coatings for X-ray microanalysis.
Diffusion, turbo or cryo pumped,
the system utilizes state-of-the-art
electronics and an advanced
mechanical vacuum design to
rapidly and repeatedly cycle from
atmosphere to high vacuum. The
DV-502A is ideally suited for a
wide range of EM and R&D lab
applications, and can also be used
for various other applications in
the compact disc, microelectronic,
and semiconductor industries.




We Have Your Next SEM

» Windows™ Interface

» Large Chamber -
Specimens up to 8” Dia.

» Conventional and Low
Vacuum Models

» Intuitive Interface Built for
Microscopists

JEOL JSM-5000 Series SEM's

Multi-Purpose and Low Vacuum Scanning Electron Microscopes

www,jeol.com

With the JSM-5000 Series Microscopes we have the
perfect SEM for your projects and budget. All of
these microscopes come with optional low vacuum
capability and the JSM-5900 has the ability to fully

view an 8 inch diameter specimen.

All were designed from the ground up as PC-SEM's.
This means that they can be controlled completely
and efficiently from only the keyboard and
mouse, or if you prefer from the included
knobset—or a combination of both.

It’s really whatever you prefer, ﬁ_

i JSM-5900(LV
which proves that we really )

do have your next SEM.
Call us!

JEOL USA, Inc.

11 Dearborn Road
Peabody, MA 01960
Tel: 978/535-5900
Fax: 978/536-2205
Email: eod@jeol.com
Website: www.jeol.com

JSM-5600(LV)
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he identical cutting edge and carry the same guarantee
“of quality as the day it first left our factory.

Only Diatome can make this claim!

Diatome Diamond Knife
other companies. ir es

ouan inferior knife that does not perform as the original.

The Diatome Diamond Knife is also guaranteed for an
unlimited number of resharpenings.

Each Diatome Diamond Knife, whether new or resharpened,
is subjected to extensive testing for its ability to cut
accurately without scoring or compression. Only if its
performance passes our tests will we ship it to you.

“forany reas

Liality T o o it o Ko e o
! We guarantee it!
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r Satistaction
Forever..

Call or write for our complete set of literature today.
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APPLICATION FOR MEMBERSHIP OR CHANGE OF ADDRESS
TEXAS SOCIETY FOR MICROSCOPY, INC.

Date

Please type or print legibly. Fill out completely. The numbers in parentheses are the maximum number of characters and spaces
the computer can accommodate for that blank. Though we will mail to your home address, we prefer to have your work address.
Please note that membership is for Jan. - Dec. for each year.

Check One: D I am applying for new membership in T.S.M.

|:| I am a member and wish to change my address.

D I am a STUDENT and wish to upgrade to REGULAR membership.
Are you a member of MSA? |:| Yes D No

Name (last name first) (35)
Institution (35)
(Please write out completely. We'll abbreviate it.)
Department (35)
(Please write out completely. We'll abbreviate it.)
Street & Number / P.O. Box _ (35)
City (20) State __ (2) Zip__ (10)
Work Phone ( ) (13) Extension (4)
Electronic Mail ( ) (40)
Home Phone ( ) (13) FAX No.( ) (13)
Category of Membership (circle only one): Regular Corporate Honorary Library
Student: Degree Program Signature of faculty sponsor

Broad field of interest in which you utilizel Microscopy (Circle only one):

Zoology Botany Microbiology Cell Biology Biochemistry
Medicine Vet. Medicine Chemistry Sales Service/Repair
Materials Petroleum Semiconductor Environment Minerals

If you are a member changing your address, please attach an old mailing label to help us identify your previous record in the
computer. Applicants for membership should include a check or money order for one year’s dues with application (Regular: $15.00;
Student: $2.00; Corporate: $75.00).

Applications for new membership, or for upgrading of membership category from STUDENT to REGULAR, will be presented
to the Executive Council at their next meeting for their approval (majority vote). The applicants will then be presented by the coun-
cil to the membership at the next general business meeting for their approval (majority vote). Applicants will be added to the member-
ship rolls at that time. ’

Please Return To: Sandra Westmoreland
Texas Society for Microscopy
University of Texas at Arlington
P.O. Box 19498
Arlington, Texas 76019




- Micro Star diamond knives superb quality is backed by an
unprecedented 1 year guarantee. Micro Star, the leader in

diamond knife technology is the choice of thousands of
scientists around the world. See the reasons:

"D3" 1 1 2 & 3 only

MICRO STAR
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8005332509 Fax4092949861 e-mail: mistar@msn.com

Complete price list, specifications, dimensions and manual at our Weh site: | http:/iwww.microstartech.com/
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Information for Authors

GENERAL INFORMATION

PURPOSE: The goal of the TSM Journal is to inform
members of the society and the Journal’s readers of significant
advances in microscopy, research, education, and technology.
Original articles on any aspect of microscopy are invited for
publication. Guidelines for submission of articles are given
below. The views expressed in the articles, editorials and letters
represent the opinions of the author(s) and do not reflect the
official policy of the institution with which the author is
affiliated or the Texas Society for Microscopy. Acceptance by
this Journal of advertisements for products or services does not
imply endorsement. Manuscripts and related correspondence
should be addressed to David C. Garrett, Editor, TEXAS
JOURNAL OF MICROSCOPY, Department of Biological
Sciences, University of North Texas, Denton, Texas 76203-
5218.

GUIDELINES: Manuscripts written in English will be
considered for publication in the form of original articles,
historical and current reviews, case reports and descriptions of
new and innovative techniques. It is understood that the
submitted papers will not have been previously published.
Accepted manuscripts become property of the TEXAS
JOURNAL OF MICROSCOPY and may not be published
elsewhere without written consent of the Editor. The author
should retain one complete copy of the manuscript. The
JOURNAL is not responsible for manuscripts lost in the mail.

PAGE PROOFS/REPRINTS: The editor will be responsible
for proof-reading the type-set article. Reprints may be ordered
from the printer.

MANUSCRIPT PREPARATION: Manuscripts should ’
conform with the following guidelines:

FORMAT: Submit an original and two copies of the entire
manuscript, typed, double-spaced, on 8 ¥2 x 11 white paper,
leaving ample margins. Number each page and identify the
article by placing, at the top left of the page, a shortened form
of the title, followed by the last name of the first author.

TITLE PAGE: Include:
a. Full title of the article
b. Initials and last names of all authors
c. Current positions of each author (department, institu
tion, city)
d. Full name, telephone number and address of the author
to whom reprint requests are to be sent.

SECTIONS: The text of each original article and technical
report should be divided into four major sections entitled
INTRODUCTION; METHODS AND MATERIALS; RE-
SULTS; AND DISCUSSION.

Historical and current reviews and case reports do not need
to be divided into the aforementioned sections.

ABSTRACT: Summarize the article in no more than 150
words. This takes place of a final summary paragraph.

REFERENCES to other work should be consecutively
numbered in the text using parentheses and listed at the end,
as in the following examples:

(1) A. Glauert, Practical Methods in Electron Microscopy.

Vol. 2 (North-Holland. Amsterdam, 1974) 82-88.

(2) PS.Baur, Jr., G.F. Barratt, G.M. Brown and D.H.
Parks. Ultrastructural Evidence for the Presence of
“Fibroclasts” and myofibroclasts” in Wound Healing
Tissues. J. of Trauma. 19 (1979) 774-756.

(3) D. Gabor. Information Theory in Electron Microscopy,
in: Quantitative Electron Microscopy. Eds. G.F. Bahr
and E. Zeitler (Williams and Wilkins, Baltimore, 1956)
63-68.

(NOTE: Authors are responsible for the accuracy of

references.)

TABLES:

a. Type double-spaced each table on a separate sheet.

b. Number in order in which they are referred to in the
text.

ILLUSTRATIONS:

A.  Submit three complete sets of illustrations. Copy machine
reproductions of photographs will not be accepted.
Indicate which set is the original photograph or
illustration.

B. Number the figures in the order in which they are referred
to in the text.

C. For black and white illustrations, submit sharply focused,
glossy prints, or line drawings, 1.5 times larger than they

_are to appear in print (%4 or ¥2 page). Scale should be
drawn on the photograph itself, not below.

D. For color illustrations, if needed, submit positive 35-mm
color transparencies (not prints) for the original (prints
may be used for the two copies). Authors will bear the
entire cost of color reproductions.

E. Identify all illustrations (author, title of paper, and
number) by a gummed label on the back of each. Do not
mount the illustrations, write on the back of them, clip
them, or staple them.

F. Illustrations taken form other publications require reprint
permission and must be submitted in the form described
above.

NOMENCLATURE AND ABBREVIATIONS: Journal
abbreviations used should be those listed by the “Index
Medicus.” Nomenclature abbreviations should be similarly
standardized.

ACKNOWLEDGEMENTS should appear as a footnote
which will appear at the top of the first page of the article.




The Chemicals You Want
The Quality and Value You Need

At Electron Microscopy Sciences, We've Built a Business on it!

GLUTARALDEHYDE

For over 20 years we have been manufacturing the
highest purity Glutaraldehyde available on the
market; free from polymers and other contaminants.
Prior to filling each lot is tested and assayed to
assure consistent purity. Only if the Glutaraldehyde
passes our rigorous quality control tests will we

. ship it to you.
iy o | Our EM grade is available in 8%, 10%, 25%, 50%,
| hyiein and 70% in 2m], 5ml, 10ml ampoules as well as
3‘3& o 100ml bottles. Our Biological grade is available in
R 25%, and 50% in 450ml and 1 gallon containers.

| "EEP REPRIGERATED
% )
R R Y %

OSMIUM TETROXIDE

Crystalline (99.95%) and Solution

Each glass ampoule is pre-scored, pre-cleaned, and
heat sealed in a plastic bag - guaranteeing you a
contaminant-free solution.

Our solution is available in standard concentrations
of 2%. and 4%, in 2ml, 5ml, and 10ml ampoules.
/Our crystalline is available in 6gm, 5gm, 4gm, 2gm,
1gm, 1/2gm, 1/4gm 1/10gm ampoules.

Quantity discounts available - please call for
special pricing.

Here at Electron Microscopy Sciences we have perfected the manufacturing
and filling of the highest quality chemicals meeting all of your microscopy
needs. In addition to the chemicals that are listed in our catalog we accept
all special orders. If you have special size requirements, concentrations or
purity specifications,

Electron Microscopy Sciences is the source.

For a copy of our newest catalog of supplies, accessories, chemicals, and
equipment covering the entire field of Microscopy call or write us today.
For the best results in your valued research, look for the name that is
leading the way in the highest quality chemicals meeting all of your
microscopy needs.

Electron
321 Morris Road  Box 251 * Fort Washington, PA 19034 Microscopy
Toll-free: 1-800-523-5874 » (215) 646-1566 ¢ Fax: (215) 646-8931 Telex: 510-661-3280 Sciences




EDITORIAL POLICY

LETTERS TO THE EDITOR

Letters to the editor are printed as they are received in the
order of their arrival. These letters reflect the opinion of the
individual TSM member and do not necessarily reflect the
opinions of the Editor or the Society. The content of the letters
should be concerned with the philosophical or operational
aspects of the TSM, the Journal and its contents, academic or
national policies as they apply to TSM and/or its members and
microscopy in general. Editorial privilege may be evoked to
insure that the LETTERS SECTION will neither be used as a
political forum nor violate the memberships’ trust.

MICROGRAPHS AND COVER PHOTOS

Micrographs submitted for cover photos should be marked
as such. The choice of photographs will be made by the Editor.
Photograph receipt and/or dispensation will not be acknowl-
edged. Photographs will not be returned. Electron micrographs
to be used for cover photos and text fillers are welcome and
should be selected with some attention to aesthetic appeal as
well as excellence both in technique and in scientific informa-
tion content.

EMPLOYMENT OPPORTUNITIES

The JOB OPPORTUNITIES section will be comprised of a
“Jobs Available” and a “Jobs Wanted” sub-section. Anonymity
of individuals listing in the Jobs Wanted or Jobs Available sub-
sections may be maintained by correspondence routed through
the Editor’s office.

TECHNICAL SECTION

The Technical Section will publish TECHNIQUES PAPERS,
and HELPFUL HINTS. The TECHNIQUE PAPERS will
describe new or improved methods for existing techniques and
give examples of the results obtained with methods. The format
of the Technique Papers will be the same as that used for
regular research reports. HELPFUL HINTS will be in the form
of a brief report with an accompanying illustration, if required
for clarity. Helpful Hints should embody techniques which will
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F

from Texas Journal of Microscopy 30:2

The micrograph on the back cover of Volume
30, Number 2, p. 56, 1999, is a mite that was
% removed from the cervical membrane of an

adult beetle, Hypothyce mixta Howden
(Scarabaeidae). This dorsal view shows the
gnathosoma which consists of the pedipalps,

. chelicerae, and the chela. Only the pedipalps
can be seen dorsally. The two pair of front legs

- and their setae can also be seen.

Kim Osborne, Stephen F. Austin State Univer-
sity, Biology Department, P.O. Box 13003,
Nacogdoches, Texas 75962.
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USE OF SORTING PROGRAMS
IN THE EXAMINATION OF FOOD PRODUCTS

Howard J. Arnott
Department of Biology and Center for Electron Microscopy
The University of Texas at Arlington, Arlington, TX 76019

ABSTRACT

Modern computers and robust image analysis programs
provide useful options for microscopists and food scientists.
This paper will introduce readers to the potential utility of
image analysis sorting algorithms in food and natural
sciences. Programs that are able to provide visible informa-
tion by sorting the objects under consideration offer easy
solutions for the comparison of commercial food products.
The paper illustrates several sets of sorted objects and
indicates some of the methods and problems of gathering
and presenting data from sorting programs. A comparison
between slots and sorting is made.

INTRODUCTION

A number of image analysis programs which can aid in
the examination of small objects have become available to
microscopists { 1-6 ). Image Pro Plus, Optimus, Sigma
Scan Pro and MetaMorph represent a few of the programs
currently available for utilization. Coordinated with the
development of these programs the raw power of desktop
computers has expanded rapidly. At the same time the
ability to collect digital images from either light or electron
microscopes has also advanced swiftly. The improvement
of computers, digital cameras and image analysis software
has combined to provided new research opportunities for
scientists. Food scientists have joined in the use of these
tools and the acceptance of such studies is becoming more
and more visible. Papers using image analysis as a part of
the examination of various food products are now common
(1-6). Recently the image analysis software had been
augmented by the addition of sorting programs which allow
the concise viewing of a variety of structural components.
In programs, such as Image Pro Plus (4.0), the sorting of
components in a visual manner can be conveniently carried
out. When sorting programs are applied to the study of
small food structures such a grains, spices, pepper, and salt,
they can provide both visual and quantitative results. Of
course these sorting programs are not limited to small
objects. They can also be applied to larger food and non-
food structures. “Apples and oranges, nuts and bolts, ships
and sealing wax, flotsam and jetsam” can easily be ana-
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lyzed and the data presented in a concise visual representa-
tion. While the sorting programs are broadly useful, I will
be concerned with only how image analysis sorting pro-
grams, not image analysis in general, can be applied to
some common small food products. '

MATERIALS AND METHODS

The analyses reported here were made using Image Pro
Plus (4.0) software running on a Gateway PC. The images
used were produced by directly scanning seeds and other
small objects on a Hewlett Packard Scan Jet 4200C into
Photoshop (5.5). Microscopic objects, such as pollen, were
examined with a Spot digital camera, large objects such as
leaves can be photographed with a digital camera, such as
the Kodak DC 290. Whatever the origin of the images, they
were analyzed by Image Pro Plus (4.0) software. When
scanning these small objects, I laid them on a transparency
film placed on scanner surface to protect it. This was
convenient, not only because the scanner bed is protected
from the materials but also when the scanning process is
through the objects can be lifted off the scanning bed
without difficulty. By slightly bending the transparency
sheet it was easy to replace small seeds, spices and other
objects in their containers. The method of scanning varies
depending on the nature of the objects being scanned. In
order to get proper scans of some objects it may be neces-
sary to use alternative backgrounds to that of the ordinary
white background which is found on most scanners. I found
that black, blue and even green backgrounds sometimes
produced quality images. Another problem that occurs
when scanning small objects with background lying di-
rectly on the objects is the production of objectionable
shadows. The shadows make it difficult to properly thresh-
old the individual objects. When shadows occur, I found
that rasing the background some distance above the objects
(3 to 20 mm) or removing the background entirely (the
room then becomes the background) was useful; trial and
error seems to be the best way to determine the proper
procedures for each case. Similar difficulties in
thresholding can occur when the objects have bright spots
(for example shiny seeds) or when the object has compo-




nent color(s) that is similar to the background (Fig. 3). Care
in scanning can reduce most of this problem. It is also
important to place the individual objects so they don’t touch
each other. In many programs touching individuals can be
separated using program features that “cut” or “separate”
two particles, however, this makes additional work for the
operator. Calibration was easy to establish by using the
image of a 10mm grid scanned at the 300 dpi the same dpi
at which my samples were scanned.

RESULTS AND DISCUSSION

Some examples of sorting using the Image Pro Plus (4.0)
sorting program are presented in Figs. 1-6 and on the cover.
The upper panel on the cover shows a typical scanned
image in which cloves (dried flowers of Eugenia
aromatica), purchased at a local food market, have been
placed on the scanner in a random manner but with care so
that they do not touch each other. The major problem in
obtaining scans like the upper panel arises from the rela-
tively dark characteristics of the cloves resulting in a scan
in which the brightness and contrast had to be modified in
Photoshop. Once an acceptable image was obtained the
objects were counted using the count and size menu.
Following satisfactory count and measurements of the
parameters of the particles specified, the object sort pro-
gram could be used. In the case of the cloves the object sort
program worked very well without thresholding. Note, in
some cases thresholding is an absolute necessity for obtain-
ing satisfactory measurements and counts necessary prior to
sorting. The cover’s middle panel displays an image of the
same assemblage of cloves, however, in this image they
were alined and ordered according to their length through
use of the object sort program. I also obtained images in
which cloves were sorted by width, area, and optical
characteristics. It is also possible to obtain sorted images in
which one or more of forty other factors could be used for
sorting. The bottom panel of the cover illustrates the same
group of cloves sorted by area. In this case I left the num-
bers, which are assigned to the individual cloves visible;
they are printed in red. This is another useful feature of the
program that lets you follow individual cloves (objects)
throughout a series of different measurements and sorts.
These coordinate with the data spread sheets so that a series
of characteristics of each of these objects can be obtained.
Examination of the cloves shows that the two ends of the
flower are very different. The sort program in Image Pro
Plus (4.0) has an option to aline the long axis of an object
either vertically or horizontally. Obviously these were
alined vertically, but the program also provides an option to
reverse the up or down orientation of the objects thus
making it possible to have all the cloves oriented the same
way, that is, with the peduncle down and the bud facing

upward. This is a mechanical operation requiring the
direction to be set by the operator. Note that in row one of
the middle panel the operator misorientated the fifth clove.

An image of lima beans (Phaseolus vulgaris) sorted by
area is presented in Fig. 1. Obtaining a satisfactory scan for
the lima bean count/sort procedures also presented some
difficulties. It was easy in this case to have the edges of the
lima beans partly eroded (see the left bean in the lower row
as an example). Scanning lima beans was also complicated
because of their color. Grey/white does not stand out
against a white background and on the other end of the
scale it is also difficult because their white color contrasts
very strongly with a dark or black background. Note that
the last “bean” in the lower row is only a fragment of an
entire bean. The program will not eliminate particles that
are within the parameters set in the measurement definition.
However, the program will allow the operator to eliminate
any “beans” (objects) that do not seem appropriate to the
study group.

Figure 2 illustrates how exquisitely a simple food item
such as rotini, a macaroni product, can be evaluated though
the use of object sorting. The length of the individual rotini
clearly varies, the diameter is more uniform. Using other
components of an image analysis program we could
determine the mean and variation in length (or width) for
this sample. Having compared the members of one sample,
a study could be easily expanded allowing us to compare
several samples (different containers, different batches,
different producers, etc.). Through such an investigation
one could quickly learn about the variation both within
samples and between samples. I used object sorting with
out difficulty to examine the idiosyncratic variation in
commercial oat products (6) (Figs. 5 and 6).

A mixture of navy and pinto beans (Phaseolus vulgaris)
sorted by using optical density as a sorting factor are shown
in Fig. 3. The sorting procedure cleanly separated the two
bean types except for two errant navy beans in the fifth row.
Pinto beans illustrate an exaggerated example of the same
problem that I encountered with the lima beans, namely
erosion of the edges. However, in the pinto bean the erosion
was much more substantial and bothersome. With optical
density the sorting occurred without problem, however,
sorting using area as a factor would not have been correct
for the pinto beans. This problem seems to be due to the
fact that pinto beans have two colors and the colors are
mixed differently in each bean. One presumes that the same
problem would exist if one were using images of tigers or
zebras. Another interesting thing to note in Fig. 6 is the fact
that in the seventh row there are a large number of very
small particles, fragments of the bean coat, dust, etc. These
can be eliminated by placing a specific lower size limit for
the particles which you wish to count. When done, particles
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smaller that the lower limit are eliminated. I have addressed
the problems of scanning objects like cloves, lima and pinto
beans but I want to emphasize that many small objects can
be scanned without any trouble. When trouble occurs
changing scanning parameters usually will help. Modifica-
tions of the images with Photoshop prior to loading them an
analysis program also can be of considerable help.

Another feature of the sort object program in Image Pro
Plus (4.0) is illustrated in the image of Fig.4. Four groups
of cloves (objects) have been color designated according to
their area dimensions. This is done by designating four
bins, each which are assigned a color code. Here dark blue
is assigned to those cloves with the largest area and red to
those with the smallest area, etc. The number of bins is set
arbitrarily and can vary from one to ten. Creation of a series
of these “pictograms” can effectively characterize the
apparent randomness found in many samples like cloves,
etc.

Images of quick oats are shown before and after sorting
in Figs. 5 and 6. Examination of Fig.5 shows that quick oats
are made up of broken pieces of rolled oats whose size
varies quite dramatically. It is of course this variance in
size, especially the large number of smaller sized particles,
that is responsible for the “rapid” cooking of quick oats.
Fig. 6 shows the wide variation of the sorted pieces of quick
oats. The sorting of large and small particles is quite good,
however, there are several cases where individual particles
were touching and hence they were treated as single
objects. There are seven cases of this in the top row and a
few cases in each of the seven successive rows. Careful
operator manipulation of the original image would have
eliminated this problem. For example, the third “double
grain” seen in line two from the top can be found in the |
lower left third of Fig. 5. Clearly, this “double” merely /
represents the juxtaposition of two grains in the original
scan. There are several ways this could be avoided. One,
you could carefully separate all the grains so that none are
touching, however, in this case it is not so easy to accom-
plish. The second method involves the operator separating
(cutting) doubles into individual particles as they are
viewed on the computer screen. Many image analysis
programs have components which automate the process of
cutting objects apart. A third method would be to set the
size of the largest particle, as separately measured, as the
upper limit for particles to be accepted into the sort. Never
the less, in the end the operator is responsible for examin-
ing their images for such flaws. Data derived from images
with “double” or “ triple particles” in may be useless and
negate any such investigation.

In conclusion, it seams clear that sorting programs may
be of substantial use in the examination of food and other

20 Tex. J. Micros. 31:1, 2000

commercial products as well as many other “natural
objects.” I believe that groups of spores or pollen grains
from many different species could easily be counted and
separated using these sorting programs. This kind of
automation allows the collection of data with relatively
little expenditure of time and with substantial confidence in
both the resulting data as well as the images that are
produced. My reaction when I first saw a sort program in
action was almost exactly like that of winning a $1200.00
slot machine jackpot in Deadwood, SD.
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FIGURE LEGEND.

Figures 1-6. Images produced using Image Pro Plus (4.0). Fig. 1. Lima beans sorted by area, see text
for scanning problems. Fig. 2. Rotini sorted by length. These pasta pieces were easily scanned, counted
and sorted. Fig. 3. Navy and pinto beans sorted by IOD (integrated optical density) characteristics. Note
vignetting in both types, but especially in the pinto beans. Fig. 4. Pictogram showing cloves sorted by
area and then color coded according to their bin placement. Fig. 5. Image showing unsorted pieces of
quick oats. Fig. 6. Image showing an array of sorted pieces of quick oats. Note that many particles were
not separated correctly because they were touching in the original image (Fig. 5).
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