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Abstract
Immature and mature Granny Smith and
Red Delicious apples (Malus domestica
Borkh.) were studied with scanning
electron microscopy (SEM) . Parenchyma

cells were observed to form a net-like
pattern in sections transverse to the
stem-calyx of the apple. Bundles of about
six intact cells were connected, creating
large intercellular spaces. The
intercellular spaces were different in
shape from different perspectives to the

cut surfaces; round in stem-calyx
transverse sections and elliptical in
stem-calyx cross sections. Cell areas,
cell 1lengths and intercellular space
areas were determined with image
analysis. The patterns of mature apple
cell structure of both cultivars were

observed to be similar to the patterns of
immature apple cell structure. Both cell
area and intercellular space area were
larger in mature than in immature apples.
Cells of mature apples were longer and

more elliptical than cells of immature
apples. The patterns of intercellular
space area and cell 1length in Granny

Smith and Red Delicious apple cultivars
were not the same.
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Introduction

The cell structure of apple flesh

was investigated in the early 1940s
(Smith, 1940; Tukey and Young, 1942) with
optical microscopes. Later, a more
developed stereoscopic microscope was

applied by Reeve (1953) to observe apple
cellular structures.

During the past 20 years,
transmission electron microscopy (TEM)
has been the primary instrument used to
observe apple cell ultrastructure. TEM
ultrastructure studies illustrated cell
organelles and cell wall changes of apple
tissues as maturity increased (Saikia,
1969; Ben-Arie et al.., 1979) and
physiological development occurred
(Mahanty and Fineran, 1975; Fuller,
1976) .

In recent years, scanning electron
microscopy (SEM) was applied in a few
studies of the physical properties of
apple cells (Diehl et al., 1979; Simons
and Chu, 1980; Bolin and Huxsoll, 1987;
Kovacs et al., 1988). With the great
depth of focus from the SEM, details of
cell concavity and cell arrangement of
apple tissues can be observed. More
information about apple cell structure is
provided with SEM than is available from
previous investigations of apple cell
structure.

Reeve and Leinbach (1953) and Reeve

(1970) related cell structure, size of
cells, intercellular spaces and
composition as factors influencing

textural qualities associated with fresh
and processed fruits and vegetables.
Reeve and Neufeld (1959) proposed that
cell size had a definite effect on canned
peach texture. Large cell volumes in
peach pieces (19.9-21.8 umj) resulted in

a coarse, stringy and often ragged
texture. Small cell _volumes in peach
pieces (10.2-12.9 pm3) resulted in a
firm, fine and coherent canned peach
texture.

Granny Smith and Red Delicious
apples were selected cultivars for this
research, since both are principal

cultivars produced in Washington State.




G. Trakoontivakorn, M. E.

Immature apples of both cultivars were
investigated to provide baseline cell
structure and morphology.

The objectives of this research were
to characterize cell structure of Granny
Smith and Red Delicious apple fruits, and
to study cell size, cell shape and
intercellular space area of immature and
mature apples.

Materials & Methods

Granny Smith and Red Delicious
apples (Malus domestica Borkh.) were
harvested from trees growing in the
Washington State University campus
orchard. Immature fruits of both
cultivars were picked in the last week of
August, 1986. Mature Red Delicious apples
were harvested on October 6, 1986. Mature
Granny Smith apples (1985 apples) were
obtained from the Postharvest Physiology
Laboratory, Washington State University.
Scanning electron microscopy (SEM)
examinations of mature apple tissues were
from post-climacteric fruits. Mature Red
Delicious apple tissues were analyzed one
month after harvesting. Mature Granny
Smith apple tissues were analyzed after 7
months of controlled atmosphere storage.
Preparation of apple tissues

Fifteen millimeter diameter

cylinders were cut through the center of
Granny Smith and Red Delicious apples at
right angles to the stem-calyx axis with

a cork borer. Prior to punching out a
cylinder, a downward arrow (stem to
calyx) was marked on the apple skin at
the end center of the cylinder as an
orientation mark. The cylinder was sliced
into 2 mm thick discs, from approximately
1 mm under the skin through the core
line. Each side of each disc was
labelled; the surface toward the skin was
labelled A, and the surface toward the
core was labelled B. Small 2 x 4 mm
pieces of apple tissue were cut from the
center of each disc and 1labelled by
cutting the point from one or two corners
with a razor blade. One cut corner on the
4 mm side indicated the upward portion
(stem) and two cut corners on the 4 mm
side indicated the downward portion
(calyx) of apple fruit. As labelled apple
tissues on stubs were viewed, one cut on
the 2 mm side on the left-bottom corner
and two cut corners on the right hand
side indicated a surface A perspective.
Surface B perspective was indicated with
the appearance of one cut corner on the 2
mm side on the right-bottom corner and
two cut corners on the left hand side.
Preparation for Scanning Electron
Microscopy

Marked apple pieces were fixed with
3% glutaraldehyde in 0.1 M cacodylate
buffer (pH 7.3) for 24 h at 4° C. The
apple pieces were washed in three changes
of 0.1 M cacodylate buffer (pH 7.3) for

Patterson, and B. G. Swanson

10 min each to remove excess
glutaraldehyde which will react with
osmium tetroxide and leave a dense
precipitate on the surfaces of apple
tissues (Trump and Ericsson, 1965; Trump
and Bulger, 1966). The apple pieces were
post-fixed with 2% agueous osmium
tetroxide for 1 h at 4° C. Dehydration
was accomplished in an ethyl alcohol
series (10%, 20%, 30%, 40%, 50%, 60%, 70%
for 10 min each ; 80%, 90% and 95% for 15
min each and 100% 3 times for 15 min
each). Ethanol dehydrated apple pieces
were critical point dried (Bomar SPC-
1500) using carbon dioxide as the
transitional fluid. The dried apple
pieces were sputter coated (Hummer-
Technics) with 300 A gold and observed
with an ETEC U-1 scanning electron
microscope (Hayward, CA) operated at 20
kv.
Cell measurement

Cell area, intercellular space area
and cell length were measured using a
Bioquant II image analysis system (Boyle
Instruments, Gig Harbor, WA). Cell area
and intercellular space area were
measured from SEM micrographs of surface
A and/or B of apple discs. The cut
corners on apple tissues were observed as
diagonal cut areas and used to measure
cell length.

Results & Discussion

The gross cell structures of Granny
Smith and Red Delicious apples were
generally similar. As seen in Fig. 1A-D
and 2A-D, parenchyma cells are loosely
arranged in a net-like pattern in the
outer and middle regions of the apples.
Bundles of about six intact cells are
attached together to create large
intercellular spaces. However, the
intercellular space sizes became smaller
as the distance from the skin increased
toward the <core 1line in stem-calyx
transverse sections (Fig. 1A-F, 2A-F).
Long elliptical cell shape and an
increase in the number of cells in the
inner area are related to reduction in
size of intercellular spaces. The shapes
of intercellular spaces change from round
to ellipsoid from different perspectives
to the cut surfaces. The stem-calyx
transverse section SEM micrographs
illustrate round intercellular spaces
(Fig. 1A-F, 2A-F, 3A-F, 4A-F). The stem-
calyx cross sections SEM micrographs
illustrate ellipsoid intercellular spaces
(Fig. 5A-F) . Observations of apple
intercellular space shapes are in
agreement with intercellular space shapes
previously observed by Reeve (1953) under
a stereoscopic microscope.

The cell area from stem-calyx
transverse sections became slightly
smaller as the distance increased from
the skin to the core line (Fig 1A-F, 3A-
F). The shape of cells appeared to be
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isodiametic within 6 mm beneath the skin.
Overall, apple cell shapes tend to become
more elliptical and longer toward the
core line (Fig. 5A-F).

Cell structure of Granny Smith and Red

Cell area of immature and
mature Granny Smith(GS) and Red
Delicious(RD) apples.

Table 1.

Delicious apples culti- sample cell area® (mm“) ma:im
Cell area Table 1 illustrates that var region immature mature ratio
cell areas of immature Red Delicious
apples were larger than cell areas of G8 outer <017<1A> .022<1A> 1.3
immature Granny Smith apples. Cell areas -019<1B> .020<1B> 1.1
of immature Granny Smith apples were middle .019<2B> .019<3B> 1.0
smallest in the region 2 - 4 mm above the .012<4B> .017<4B> 1.4
core line compared to cell areas closer inner .015<5B> .019<7B> 1.3
to the skin (Table 1, Fig. 3D,E). .020<6B> .018<8B> 0.9
However, cell areas were nearly the same
size among different regions overall. RD outer -024<1A> .027<1A> 1.2
Cell areas of outer cells near the skin . -021<1B> .042<1B> 2.0
of immature Red Delicious apples (.021 - middle .018<2B> .033<3B> 1.8
.024 mm“) appeared 1a5ger than the middle A -015<3B> .033<4B> 2.2
cells (.015 - .018 mm*) gr the cells near inner .018<4B> .027<7B> 1.5
the core (.015 - .018 mm“) (Fig. 4A-F). -015<5B> .022<8B> 1.5
Cell areas from all sections of

mature Red Delicious apples were larger
than cell areas of mature Granny Smith
apples (Table 1). Cells throughout mature
Granny Smith apples were nearly the same
size. Cells approximately 3 mm beneath
the skin of mature Red Delicious apples
were observed to be the largest in size

compared to cells in the rest of Red
Delicious apples.

In general, the outer cells of
immature and mature apples of both

cultivars were slightly larger than cells
in the middle or inner regions (Table 1).
The observations of consistently larger
cells near the skin were in contrast to
previous observations that cells towards
the skin were slightly smaller than cells
located farther away from the skin in
apple cultivars examined by Reeve (1953).

In both cultivars, cells of immature
fruits were smaller in area than cells of
mature fruits (Table 1). Increase in cell

size is pronounced in mature Red
Delicious apple cells compared to
immature Red Delicious apple cells. The

ratio of mature:immature cell area of Red
Delicious apples illustrated that cells
in the middle region of mature apples are
approximately two times larger in size
than cells in the middle region of
immature Red Delicious apples.

Overall, the cell areas of Granny
Smith apples were smaller than the cell

areas of Red Delicious apples in both
immature and mature apples.

Intercellular space area Immature
Granny Smith and Red Delicious apples
contained a similar percentage of
intercellular space area (ISA), ranging

from 11 to _32% in an SEM micrograph area
of 3.04 mm“. The percentage ISA in the
outer regions (21-32%) of Granny Smith
and Red Delicious apples was greater than
the percentage ISA in the middle regions
(11-17%) or the percentage ISA in the
inner regions (11-15%) of both cultivars.

207

a) means of 17-40 cells
<> slice no. and surface of perspective

Table 2. Intercellular space areas(ISA)
of immature and mature fruits
of Granny Smith(GS) and Red
Delicious(RD) apples.

region IsA% (%)

G8 RD
immature mature immature mature

outer 2725 43.23 26.51 30.39

middle 12.18 27.88 15.71 35.97

inner 13.06 28.02 12.24 13.64

a) calculated from
total intercellular space area(mmz)

3.04 mm?

x 100

SEM picture area

Table 3. Cell length of immature(im) and
mature(ma) Granny Smith(GS) and

Red Delicious(RD) apples.

cul- region slice No. cell length? ma:im
tivar im  ma im ma ratio
GS outer 1 1 0.227 0.250 1.1
2 2 0.186 0.248 1.3
middle 3 4 0.208 0.278 1.3
4 5 0.203 0.304 1.5
inner 5 7 0.196 0.340 1.7
6 8 0.233 0.442 1.9
RD outer 1 1 0.237 0.327 1.4
2 2 0.201 0.334 1.7
middle 3 5 0.197 0.287 1.5
inner 4 7 0.266 0.340 1.3
B 8 0.201 0.354 1.8

a) means of 25 cells, measured in mm
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Scanning electron micrographs

showing cells (c) and intercellular
spaces (is) of mature Granny Smith
apples. A and B illustrate outer region,
C and D illustrate middle region, E and F
illustrate inner region. Bar = 250 um.

Patterson, and B. G. Swanson

Fig. 2 Scanning electron micrographs
showing cells (c) and intercellular
spaces (is) of mature Red Delicious
apples. A and B illustrate outer region,
C and D illustrate middle region, E and F
illustrate inner region. Bar = 250 um.

However, no differences were noted among
percentages of intercellular space areas
between cultivars or regions of the
immature apples.

Mature Granny Smith apples exhibited
an intercellular space pattern different
from mature Red Delicious apples. The ISA
from outer and inner regions of Granny
Smith apples were larger than the ISA
from outer and inner regions of Red

Delicious apples (Table 2). In Granny
Smith apples, the ISA in the middle
(27.88%) and inner (28.02%) regions were
fairly similar, but the ISA in the outer
region (43.23%) was larger (Table 2). In
Red Delicious apples, the ISA from the
outer region (30.39%) was similar to the
ISA from the middle region (35.97%),
which were larger than the ISA from the
inner region (13.64%) (Table 2).




SEM OF APPLE CELLULAR STRUCTURE

AL T b'
q ”g 'g?b 06
o®, !

y A,
q'o o'
e :.zﬁ. e

i.w,."hs ﬂw" 'ﬁ' ‘pmr

= 5

Fig. 3 Scanning electron micrographs Fig. 4 Scanning electron micrographs
showing cells (c) and intercellular showing cells (c) and intercellular
spaces (is) of immature Granny Smith spaces (is) of immature Red Delicious
apples. A and B illustrate outer region, apples. A and B illustrate outer region,
C and D illustrate middle region, E and F C and D illustrate middle region, E and F
illustrate inner region. Bar = 250 um. illustrate inner region. Bar = 250 um.

The intercellular space patterns of (1942) proposed that intercellular spaces
mature Granny Smith and Red Delicious increase greatly during the two months
apples followed the same pattern as preceding fruit maturity. However, only
immature apples (Table 2). The percentage the intercellular spaces in the middle
intercellular space of Granny Smith region of mature Red Delicious apples
apples increased with increasing maturity were larger than the intercellular spaces
in the outer, middle and inner areas in the middle region of immature Red
observed (Table 2). Tukey and Young Delicious apples (Table 2).

209




Fig. 5 Scanning electron micrographs
showing cell shape changed from skin to
the core of mature Granny Smith apples. A
and B illustrate outer region, C and D
illustrate middle region, E and F
illustrate inner region. Bar = 250 um.
Arrows indicate intercellular boarders.

Patterson, and B.

Cell length Cell length in the inner
region of immature Granny Smith and Red
Delicious apples exhibited the longest
cells compared to cell 1length in other
regions (Table 3). Cells in the outer
region of immature Red Delicious apples
were longer than cells in the outer
region of immature Granny Smith apples
(Table 3).

The cells became significantly
longer as both Granny Smith and Red
Delicious apple fruits aged, except in
the 3 mm portion of Granny Smith apples
near the skin (Table 3). Granny Smith
apples exhibited a different cell pattern
than Red Delicious apples. Granny Smith
apple cells tended toc increase in length,
0.250 to 0.442 mm, as distance of cells
increased from the skin to the core line.
Red Delicious apple cells were longest in
the region under the skin and above the
core line and shortest in the middle
region of the apple.

The patterns of cell area, cell
length and percentage intercellular space

Swanson

- ?

Fig. 6 Scanning electron micrograph
showing apparent solids leakage in
intercellular spaces of Granny Smith
inner area. Bar = 50 um.

of mature Granny Smith and Red Delicious
apples were similar to the patterns of
cell area, cell length and intercellular
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space of immature Granny Smith and Red
Delicious apples. The cell areas and
intercellular spaces became larger and

cell lengths became greater as maturation
increased. Mature Red Delicious apple
cells were larger and longer than Granny
Smith apple cells.

MacArthur and Wetmore (1941)
reported that «cell differentiation of
apple fruits was completed by the end of
June. Three weeks were necessary to
complete cell differentiation in McIntosh
after full bloom (Tukey and Young, 1942).
Immature apples of both cultivars in this
study were in the enlargement period of
fruit growth. Enlargement of fruit
results primarily from an increase in
intercellular spaces, cell lengths and/or
cell sizes. Yamaki et al.(1979) proposed
that the total polysaccharide content of
Japanese pear cell wall per cell (DNA
content basis) increased rapidly during
the pre-enlargement period and remained
almost constant during the enlargement

period, while the pear fruits enlarged
dramatically. The accumulation of
polysaccharide substances in the cell
walls during the pre-enlargement was
necessary for increasing cell size and
length.

Granny Smith apple tissues increased
significantly in intercellular space area
and cell length, but not in cell area
during maturation. Red Delicious apple
tissues increased significantly in cell
length and cell area, but not in
intercellular space area during
maturation. Theoretically, cell walls of
immature apples will be thicker than cell
walls of mature apples, since immature
apple cells have less surface area than
mature apple cells with almost constant
total polysaccharide content (Yamaki et
al.; 1979) . Davis and Gordon (1980)
reported that cell walls of carrot phloem
in early developmental stage were thick
with fibrous material. The cell walls of
phloem in fully mature carrots were thin
and firm with no fibrous material. Cell
wall thickness was not measured in this
research, however, cell walls of mature
apples (Fig 1,2) appeared thicker than
immature apple cell walls (Fig 3,4).

Solids leakage into intercellular
spaces was observed in the inner region
of mature Granny Smith apples (Fig. 6).
Saikia (1969) observed transmission
electron micrographs with accumulated
solids in apple intercellular spaces
during the climacteric increase in
respiration rate. The accumulation of
solids in intercellular spaces suggested
that changes in cell membrane structure
occurs without changes in cell
morphology.

Conclusions

Characterization of the tissue and
cell structure of Granny Smith and Red
Delicious apples was achieved through
use of scanning electron microscopy and
image analysis. General cell arrangement
and morphology of Granny Smith and Red
Delicious apples remained the same during
maturation while cell area, intercellular
space area and cell length increased.
Changes of cell shape and size suggest
that the angle of observation for apple
tissue must be precise to avoid
misinterpretation of cell changes.
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Discussion with Reviewers

K. G. Lapsley: Do you feel you have
examined enough apple tissue to be able
to account for the wvariability in
structure within any one apple?

Authors: More apples should be examined.
However, the selected immature and mature
apples were similar in size, shape and
weight. Therefore, we believe the results
are representative of the cell structure
of Red Delicious and Granny Smith apples.

E. Koviacs: How was the degree of
ripening determined?

Authors: Apples were harvested after
quality tests on color, acidity, pH,
soluble solids, starch content and
firmness. The respiration rates of apples
were examined to predict ripening stage
or maturity.

E. Kovdcs: What sampling method did you
use?

Authors: Apples were selected by size,
shape and appearance. After the first
selections, apples of similar weight and
density were selected to represent Granny
Smith and Red Delicious cultivars.

E. Kovacs: Is there any correlation
between the textural changes and the size
of cells/ size of intercellular spaces?
Have you data on it?

Authors: Yes, fruits consisting of large
cells with considerable intercellular
space give a coarse or spongy texture. In
contrast, fruits consisting of small
cells with 1little intercellular space
give a smooth texture (Reeve, 1970). We
did not examine the relationship of cell
size or intercellular space size to apple
texture in this research.

E. Kovacs: The quality of fruits are
influenced by the weather, nutrition and
humidity conditions of soil. How do these
factors influence the size of cells and
intercellular spaces?

Authors: Cell size, cell number and
intercellular space of apples are
affected by several factors (Westwood et
al., 1970; Proc. Am. Soc. Hort. Sci.
91:51-62). Under adequate soil moisture
and excess N fertilizer, apple cells tend
to increase in size. The amount of
intercellular space is related to fruit
size, the larger the fruits the greater
amount of intercellular space. Soil with
available nutrients and adequate moisture
available for growth is expected to
provide large fruit from 1light-cropping
trees.

E. Kovacs: Do you plan to investigate
processed apple products in the same way?
Authors: No, we have no plan to do
further research on processed apple
products.

K. G. Lapsley: Is 3 dimensional mapping
of an apple possible yet?

Authors: Three-dimensional mapping is
possible for parenchyma cells in the
middle area of an apple perpendicular
through the stem-calyx axis. Cell
structure mapping at the stem or calyx
ends must be based on representative
observations of specific areas to
complete 3-dimensional mapping of an
entire apple.
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Abstract

viscous food is aspirated into a glass capillary
tube with the inner diameter of approximately 0.5 mm if
the food is to be examined by transmission electron
microscopy. If the sample is destined for examination by
scanning electron microscopy, it is aspirated into a
Pasteur pipette having the diameter of 1.0 mm. In each
case, the lower end of the glass tube is sealed with a
droplet of 40°C warm 3% agar sol. After the sol solidi
fies, the pipette is dipped in the same agar sol and a
coating, 0.2 to 0.5 mm thick, is formed around the glass
tube by manipulating it while the sol is still liquid.
Dipping may be repeated in order to form a uniform
coating of desired thickness. The agar gel sleeve is
then trimmed, and the pipette is withdrawn, whereby the
sample slides into the agar gel sleeve. The free upper
end of the agar gel tube is then sealed with a drop of
the agar sol. The subsequent preparation of the encapsu-
ated sample for electron microscopy is the same as that
of a solid sample.

KEY WORDS: Agar gel tubes, Electron microscopy, Encapsu-
lation, Viscous foods

Introduction

Encapsulation of biological samples in agar gel
tubes for subsequent examination by electron microscopy
has been described by several authors [1, 3-7]. This
technique may be used for scanning electron microscopy
(SEM) as well as transmission electron microscopy (TEM).
Food samples as diverse as milk [3, 4], orange juice
[5]., stirred yoghurt [1], and mayonnaise [2] have suc-
cessfully been examined using this technique.

The techniques developed earlier consist of forming
an agar gel tube around a piece of steel wire or a glass
rod and using the wire or the glass rod as a piston when
aspirating the sample into the agar gel sleeve. In this
note, an easier and a more rapid approach is described.
Its main features were published earlier [6].

Agar sol (3%) was made using distilled water and
was stirred continually with a magnetic bar at 40°C.

A glass Pasteur pipette with inner diameter of 1.0
mn was used as obtained from the supplier for samples
destined for SEM or was drawn out into a capil lary tube
to an inner diameter of approximately 0.5 mm for use
with samples destined for TEM.

Commercial stirred-style yoghurt samples were aspi
rated into the thin capillary tubes to a length of
approximately 2 mm, or were aspirated into the Pasteur
pipettes to a length of 15 to 20 mm. The lower ends of
the glass tubes were wiped clean with paper tissue and
were sealed with droplets of the agar sol (Fig. 1).

After the sealed end had solidified, the capillary
tube or the Pasteur pipette was dipped into the agar sol
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and then was manipulated to form a thin layer of agar
gel on the glass surface around the sample. Dipping was
repeated once or twice to form a uniform agar gel layer
around each sample. The agar gel sleeve was then trimmed
at the upper end of the sample and removed. The capil-
lary tube or the pipette was then withdrawn from the
agar gel sleeve, whereby the sample slid from the glass
tube into the gel tube. The sample column in the agar
gel tube was somewhat shorter than was its initial
length in the glass tube following its removal because
the inner diameter of the agar gel tube was larger than
that of the glass tube. The freed upper end of the agar
gel tube was then trimmed with a blade approximately
0.5 mm above the sample and was sealed with a droplet of
the agar sol. It was then possible to handle the encap-
sulated samples as solid samples during the subsequent
preparatory steps for electron microscopy.

Results and Discussion

The advantages of encapsulating viscous samples for
electron microscopy have already been discussed in the
literature [1-5]. However, some of the techniques are
quite laborious. A high degree of manual dexterity is
required to properly aspirate the sample into the agar
gel tube using it as a cylinder while the solid rod
around which the tube had been formed is used as a
piston. This procedure leads to another problem, that is
the need to seal both ends of the tube after the sample
is aspirated and the piston is withdrawn.

The suggested technique (Fig. 1) simplifies the
encapsulation procedure and markedly increases the pro-
ductivity of the technician. The manipulation required
to form a uniform gel coating by dipping the glass tube

Fig. 1. Encapsulation of viscous food samples in agar
gel tubes. A: Aspirate sample, B: Seal lower end of
tube, C: Dip into agar sol, D: Rotate tube to form agar
gel sleeve, E: Withdraw glass tube, F: Seal upper end of
tube, G: Encapsulated sample.
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containing the sample into agar sol can easily be learn-
ed. Should this appear difficult even after making sev
eral attempts, gels may be cast around the glass tubes
using a technique that has been described elsewhere [5].

Very viscous samples such as Cream cheese can be
encapsulated also provided that the above technique is
slightly modified. As it is impossible to aspirate them
into the tubes, the samples are placed in the tubes by
repeatedly tapping the tubes into the samples which are
placed on a firm support such as a microscope glass
slide.

The ease with which the sample may be transferred
from the glass tube into the agar gel sleeve depends on
the viscosity of the sample and also on the quality of
the seal at the lower end of the tube. If difficulties
are encountered and the agar gel sleeve collapses, the
seal should be strengthened with another agar sol drop-
let and a thicker agar gel sleeve should be formed.

Resin blocks containing food samples which had
initially been encapsulated in agar gel tubes must be
trimmed in such a way that the entire agar seal is
removed along with the bordering area where the food
sample and the agar gel may be mixed together

Food samples encapsulated in agar gel tubes for
subsequent SEM examination may be freeze-fractured fol-
lowing their fixation, dehydration, and impregnation
with absolute ethanol. The agar gel coating may be left
on the sample [1] or may be removed (Fig. 2).

Foods, which disintegrate in aqueous solutions and
yet cannot be placed in glass capillaries to be prepared
for TEM, may be coated with a thin agar gel layer in a
different way. The sample is placed on the tip of a
needle and touched with a droplet of warm agar sol (Fig.
3). The sol coats the food particle and immediately
solidifies, The bead thus formed is removed from the
needle and the exposed area of the food sample is sealed
with another agar sol droplet. Again, the encapsulated
sample can be treated as a conventional solid particle
in any further preparatory steps.

3
COVER SAMPLE
¥ ON NEEDLE
\@ WITH AGAR SOL
REMOVE SAMPLE
FROM NEEDLE

SEAL OPENING
AFTER NEEDLE IS

® SEALED SAMPLE

— O .5 mm

Fig. 2. SEM of stirred yoghurt. The sample was encapsu-
lated in an agar gel tube, fixed, dehydrated, and
freeze-fractured. The agar gel tube was removed prior to
SEM examination.

Fig. 3. Coating of thick food samples with agar gel for
TEM if the sample is too thick lto be aspirated into a
8lass capillary tube.

Electron Microscopy Unit, Research Branch, Agricul
ture Canada in Ottawa provided facilities. Contribution
795 from the Food Research Centre.

REMOVED FROM SAMPLE
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Discussion with Reviewers

D. P. Dylewski: I would like to express some caution for
the application of the above procedure to samples high
in their lipid content. I would like to discuss the
fol lowing three points:

(1) How is a sample, especially one high in lipid con
tent, affected morphologically when it is dipped repeat-
edly into molten agar at a temperature of 40° to 45°C?
(2) When the removal of the space occupied by the glass
tube is completed, how does the sample "pack” into the
agar cylinder? Would mayonnaise, for example, retain its
native or near natural form, that is, tight packing of
lipid droplets?

(3) Using Salyaev's method [7], the sample is drawn in
one step into the agar cylinder. Using your method, the
sample is handled twice: first it is drawn into the
pipette, then blown out into the agar gel cylinder. What
are the effects, if any?

Author: The method has been developed in order to facil-
itate SEM investigation of small hard particles causing
grittiness in protein-based milk products such as stir-
red yoghurt and soft cream cheese. The effect of tem
perature on high-fat foods such as mayonnaise would have
to be tested. If problems are encountered, the agar gel
tube around the glass capillary tube may be formed by
smearing the agar sol around it rather than dipping the
glass tube into the agar sol. This would limit the
effect of heat on the sample as the smear cools quite
rapidly.

Your concern for the loss of space and the effects
of handling are closely related. In my opinion, greater
effects on the packing of the sample constituents may be
anticipated to originate from the initial aspiration
rather than from the subsequent sliding of the sample
into the agar gel tube. In viscous samples, there is no
continuous matrix that would be at risk of disintegra-
tion. The distribution of corpuscular components would
not be affected unless air is aspirated along with the
samples and a new gas-1liquid interface is thus formed in
them.

It is advisable, however, that the effects of the
factors which you have mentioned be investigated in the
case of viscous high-fat foods.




Scanning Microscopy Supplement 2, 1988

ISSN 0892-953X

Proceedings of the Sixth Pfefferkorn Conference held Apr. 28 to May 2, 1987 at Niagara Falls, Canada on

Image and Signal Processing in Electron Microscopy

Edited by: P.W. Hawkes, F.P. Ottensmeyer, A. Rosenfeld and W.O. Saxton

39 papers; 396 + xii pages; hardbound; all papers reviewed (and contain discussion with reviewers); includes subject index

and author index.

Price: $60.00 (US delivery) and $65.00 (outside US delivery)

Contents

Kunt 1

Two-Dimensional Discrete Gaussian Markov Random Field
Models for Image Processing;

Image Coding; M.

R. Chellappa 31
Segmentation and Its Place in Machine Vision;

R.M. Haralick, L.G. Shapiro 39
Shape; A. Rosenfeld 55

Numerical Reconstruction of the Electron Object Wave
From an Electron Hologram Including the Correction of
Aberrations;

F.J. Franke, K.-H. Herrmann, H. Lichte 59

Improvements in the Use of Synthetic Holograms in

Coherent Image Processing for High Resolution
Micrographs of a 100 Kilovolts Conventional Electron
Microscope; E. Reuber, W. Kunath, H. Block,

B. Schmidt, S. Boseck 69
Maximum Entropy Methods in Dark Field Electron

Micrographs and Elemental Maps;
N.A. Farrow, F.P. Ottensmeyer 75

Signal Processing for Autofocusing by Beam Tilt Induced
Image Displacement; A.J. Koster, A. van den Bos,
K.D. van der Mast 83

Structure Determination by High Resolution Electron
Microscopy and Crystallographic Image Processing (CIP);

S. Hovméller 93
The Maximum Entropy Method Applied to Intensity Data;
R.K. Bryan 99

A Comparision of the Maximum Entropy (ME), Maximum a
Posteriori (MAP) and Median Window (MW) Restoring
107

Alogrithms; B.R. Frieden

Application of Hypothesis Testing to Electron Microscopy;
H.A. Ferwerda, C.H. Slump 113

New Aspects in Nonlinear Image Processing for High

Resolution Electron Microscopy;

W. Coene, D. Van Dyck 117
Direct Structure Retrieval from High Resolution Electron
Micrographs; D. Van Dyck, W. Coene 131
High Resolution Image Processing of Electron Micrographs;

E.J. Kirkland 139
Deblurring Should Now be Automatic;

R.H.T. Bates, R.G. Lane 149
Relative Entropy of Amorphous Images;

Y. Fan 157

Mathematical Morphology and Materials Image Analysis;

D. Jeulin 1
Robust Statistical Methods in Image Processing;

D. Van Dyck, F. Van den Plas,

W. Coene, H. Zandbergen 185

Towards a Digital
Image;

Model for an Electron-Microscope
R.E. Burge, S.M. Ali

Order your copy from:

Scanning Microscopy International, P.O. Box 66507
AMF O'Hare, Chicago, IL 60666, USA

Accurate Atom Positions From Focal and Tilted Beam
Series of High Resolution Electron Micrographs;

W.0. Saxton 213
Advances in High-Resolution Image Simulation;
M.A. O'Keefe, R. Kilaas 225

The Use of Fourier Techniques in Electron Energy-Loss
Spectroscopy; R.F. Egerton, P.A. Crozier 245

Deconvolution of Plasmon Spectra;
P. Schattschneider, F. Foedermayr, D.S. Su 255

Plasmon Loss Spectroscopy - An Application to Quasi-
crystals; D.C. Joy, C.H. Chen 271

Estimation of Missing Cone Data in Three-Dimensional
Electron Microscopy; M. Barth, R.K. Bryan, R. Hegerl,

W. Baumeister 277
Processing of Quantitative Scanning Transmission Electron
Micrographs; A. Engel, R. Reichelt 285
Biological Macromolecules Explored by Pattern
Recognition; M. van Heel, G. Harauz 295
Three-Dimensional Reconstruction from Serial Section

Images by Computer Graphics;
N. Baba, K. Kanaya 303

Application of Electron Energy-Loss Spectroscopy to the
Determination of Oxidation States
M.T. Otten 315

Extended Energy-Loss Fine Structure Studies (EXELFS)
with Parallel Recording;
A.J. Bourdillon, G.P. Tebby 323

Evaluation and Optimization of the Performance of Elastic
and Inelastic Scanning Transmission Electron Microscope
Imaging by Correlation Analysis; C. Mory, N. Bonnet,

C. Colliex, H. Kohl, M. Tence 329

Spectral Processing for Parallel Recording of Elemental
Maps; F.P. Ottensmeyer, B.W. Frankland 343
Developments in Processing Image Sequences for Elemental
Mapping;

N. Bonnet, C. Colliex, C. Mory, M. Tence 351
Role of

Imaging of Calcium in Biological Specimens:
Electron Energy Loss Spectroscopy;
G.T. Simon, Y.M. Heng 365

Can Energy Dispersive X-Ray Spectroscopy Compete with
Electron Energy Loss Spectroscopy?;
D.C. Joy 375

Image Interpretation of Metal Shadowed Specimens with
the Aid of Monte Carlo Simulation of the Shadowing
Process; H. Winkler, H. Gross 379

Quantifying Fracture Surfaces by Stereo-Photogram-
metry; J.D. Bryant, H.G.F. Wilsdorf 387

Future Directions in Electron Image Processing;
P.W. Hawkes 395

Phone: 312 529 6677
FAX: 312 980 6698




DISCUSSION WITH REVIEWERS

Each paper in this journal contains a Discussion with Reviewers (DWR). This section
follows the text (generally after references) and should be read as a part of the paper.
Each paper submitted to Food Microstructure is reviewed by at least three reviewers.
The reviewers are asked to separate their comments and questions. The comments are
used in determining the acceptability of papers. The comments require no written
responses from authors, however, in several cases, the authors prefer to include
responses to comments, or to questions phrased from, or based on, these comments
(either as a result of editorial suggestion or on the author's own initiative) in DWR.

The questions in DWR, for the most part, originate as a result of statements included
in cover letters accompanying papers sent to the reviewers. The reviewers are asked to
suppose they are attending a conference where the paper, as written, is presented, and
ask relevant questions. From the questions so asked, some are not included with the
published paper because the authors attend to them by text revisions. In some cases,
editorial and / or space considerations may exclude inclusion of all questions asked by
reviewers. The authors prepare the DWR section ready for publication. In some
instances the authors edit the questions and / or group several similar questions from
different reviewers to provide one answer. While all efforts are made to check that the
questions in the printed version faithfully follow the views of the reviewer(s), the editors
apologize, if the actual meaning and / or emphasis may have been changed by authors.

The cover letter to the reviewer also states:
"l. Your name will be conveyed to the author with your review UNLESS
YOU ASK US NOT TO.
2. The questions published in the Journal will be identified as originating
from you UNLESS YOU ADVISE OTHERWISE..."

Reviewers's wishes to remain anonymous are respected; however, in most (though not
all) cases, the reviewers allow the identity disclosed to the authors. These reviewers
names are included with questions printed with each paper. An overall list of reviewers
and their affiliations (for each issue) is provided on the following page. We apologize
for any error / omissions. The editors gratefully thank the authors and reviewers for
their contributions, invite comments on ways to improve this procedure, and seek
qualified volunteers to assist with reviewing papers in the future.

Finally, readers are urged to be cautious regarding the weight they attach to the
authors' replies, since the answers to the questions represent the authors unchallenged
views. Except for minor editorial changes, the authors generally have the last word.
Also, please consider that the questions were, in most cases, relevant to the initially
submitted paper, and they may not have the same significance for the revised paper
finally published.

If you disagree with the approaches, results, or conclusions in a paper, please send
your comments, as a Letter to the Editor, typed in a column format (4-1/8 by 11-1/2
inches or 10.5 by 29.3 cm.). The comments and author's response, will be published in a
subsequent issue.

ERRATA: Despite the best efforts of authors, reviewers, and editors, errors may
remain. Please help, by providing enough information to locate each error (issue, page,
column, line, etc.), and indicating correction.

The Editors




FOOD MICROSTRUCTURE, Vol. 7 (1988)

Scanning Microscopy International, Chicago (AMF 0'Hare), IL 60666 USA

The help of the following individuals with reviewing of papers included in this years' issues is
gratefully acknowledged (the names of editors of the journal, listed on the inside front cover, are

excluded):

Akin, D.E.
Bechtel, P.J.
Borsa, J.
Brooker, B.E.
Buchheim, W.
Carroll, R.J.
Cartwright, R,
Chabot, J.F.
Creamer, L.K.
deMan, J.M.
Dylewski, D.P.
Faust, M.
Gallant, D.J.
Goll, D.E.
Gordon, J.
Green, M.L.
Haggis, G.H.
Harbers, L.H.
Heathcock, J.F.
Hermansson, A.M.
Irving, D.W.
Irwin, P.L.
Jewell, G.G.
Jones, S.B.
Jung, H.J.G.
Kakuda, Y.
Kiss, K.
Klavons, J.A.
Kovacs, E.
Krog, N.
Lapsley, K.
Lee, C.M.
Lewis, D.F.
Lillard, H.S.
Lott, J.N.A.
Mandels, M.
Martin, R.W.
Miller, A.A.
Monahan-Earley, R.
Moy, J.H.
Nath, K.R.
Ogden, L.V.
Packwood, R.H.

Parnell-Clunies, E.M.

Pechak, D.G.
Precht, D.
Reineccius, G.A.
Richardson, G.H.
Ruegg, M.W.
Sargent, J.A.
Sarwar, G.
Sato, K.
Schmidt, D.G.
Schmidt, G.R.
Shaffer, E.W.
Simons, R.K.
Smith, D.E.
Stanley, P.M,
Trinick, J.A.
Tung, M.A.

Van Soest, P.J.
Voyle, C.A.
Walker, J.
Walstra, P.
Zottola, E.A.

REVITENERS, LIST

U.S.D.A. Russell Agri. Res. Ct., Athens, GA
University of I11inois, Urbana, IL
Radiation Applicatns. Res., Pinawa, Canada
AFRC Inst. Food Research, Reading, U.K
Bundes. Milchforschung, Kiel, West Germany
Emeritus, Norristown, PA

Land 0'Lakes Inc., Minneapolis, MN

Cornell University, Ithaca, NY

New Zealand Dairy Res. Inst., Palmerston
University of Guelph, Ont., Canada

Kraft Research & Dev. Lab., Glenview, IL
U.S.D.A. Res. Center, Beltsville, MD

INRA Lab. Tech. Appl. Nutri., Nantes, France
University of Arizona, Tucson

University of Minnesota, Saint Paul

AFRC Inst. Food Research, Reading, U.K
Agriculture Canada, Ottawa, Ont

Kansas State University, Manhattan

Reading Scientific Serv., Reading, U.K.
Swedish Food Institute, Goteborg, Sweden
U.S.D.A.- Western Reg. Res. Lab., Albany, CA

U.S.D.A.- Eastern Reg. Res. Ctr., Philadelphia, PA

Quaker Oats Res. and Dev., Southall, U.K.

U.S.D.A.- Eastern Reg. Res. Ctr., Philadelphia, PA

University of Minnesota, Saint Paul, MN
University of Guelph, Canada
Stauffer Chemical Company, Dobbs Ferry, NY
U.S.D.A. Fruit and Veg. Chem. Lab, Pasadena, CA
Central Food Res. Inst., Budapest, Hungary
Grindsted Products, Brabrand, Denmark

T. H., Zurich, Switzerland
University of Rhode Island, Kingston

Br. Food Mfg. Indust. Res. Asso., Leatherhead, U.K.

U.S.D.A. Russell Res. Ctr., Athens, GA
McMaster University, Hamilton, Ont., Canada
U.S. Army Natick Res. and Dev. Labs., MA
Kraft Research & Develop., Glenview, IL
U.S. Army Natick Res. and Dev. Labs., Natick
Beth Israel Hospital, Boston, MA

University of Hawaii, Honolulu

Kraft Research & Develop., Glenview, IL
Brigham Young University, Provo, UT

CANMET - EMR, Ottawa, Ont., Canada

Ault Foods Limited, London, Ont., Canada
Kraft Research & Develop., Glenview, IL
Bundes. Milchforschung, Kiel, West Germany
University of Minnesota, Saint Paul

Utah State University, Logan

Fed. Dairy Res. Institute, Liebefeld, Switzerland

Electron Micros. Consultn., Oxford, U.K
Health and Protection Br., Ottawa, Ont., Canada
Hiroshima University, Fukuyama, Japan
Netherlands Inst. Dairy Res., Ede

Colorado State University, Fort Collins
Brockway Inc. Research Ct., Brockway, PA
University of I1linois, Urbana, IL
University of Minnesota, Saint Paul, MN
Ecolab Research Center, Saint Paul, MN

AFRC Food Research Inst., Bristol, U.K
Technical Univ. Nova Scot., Halifax, Canada
Cornell University, Ithaca, NY

AFRC Inst. Food Research, Bristol, U.K.
U.S. Army Natick Res. and Dev. Labs., MA
Agriculture Univ., Wageningen, Netherlands
University of Minnesota, Saint Paul, MN




FOOD MICROSTRUCTURE, Vol. 7 (1988)

Scanning Microscopy International, Chicago (AMF O'Hare), IL 60666-0507, U.S.A.

SUBJECT

INDEX

Achromobacter iophagus

A-bands

acid-heat-induced milk gels

agar

agarose

air

aleian blue

amino acids

AOAC methods

apples

bacterial culture

barley

Beta-lactoglobulin

beef

blanching

Blue cheese

bovine serum albumin

bread

buffalo milk

butter

cans

casein

cells, apple

cellulose

cell wall

Cheddar cheese

cheese

chocolate

chromatography

coagulation

cocoa

cold stage scanning electron microscopy
105, 115,

collagen

collagenase

comminuted meat

contraction

core-and-lining structure

corrosion

cotyledon

cream

cress

critical point drying

cryopreservation

cryostat

crystals,

crystals,

crystals,

crystals,

curd

dairy products

dough

electrophoresis

embedding

emulsions

encapsulation

endomysium

endosperm

enzymes

eosin staining

Epon

exopolymer

fat globule

fat

fat
lactose
sugar
cellulose

83, 123,

15, 25, 67, 93, 121,

181,

67
25, 67, 83, 93, 123, 153,

83,

, 123,

137,
115,

181,

83,
153,

137,

15, 25, 67,

67,

59,
147,
47,

93,

137
137
173
213

67
181

53

93
161
205
137
123
173
137

fibril formation
filler
fixation
105,
foams
frankfurter
gelation
glass
glucono-delta-lactone
glutaraldehyde

1, 25, 47, 53, 67, 83, 93, 105,

Gomori-trichrome
Granny Smith apples
gum Arabic
hematoxylin staining
hemicellulose
histopathology
homogenization
hydrated foods
hypercontracted fibers
ice cream
inductively coupled plasma
Instron

ion chromatography
irradiation
Karnovsky fixative
lactose

lead citrate

light microscopy
lignin

Malus domestica Borkh.
margarine

maturity of apples
mayonnaise

meat

meringue
microencapsulation
microwave heating
milk

Mozzarella cheese
muscle

myofibrils

myosin

nonfat dry milk
mycelium

oil red O

osmium tetroxide 1,

paneer
paraformaldehyde
parenchymous tissue
peanut

pear

penetrometer

pizza

plastids
polygalacturonase
polysaccharide
porosity

potato crisp
powders

process cheese
processing, effects of
Pseudomonas fragi

ISSN: 0730-5419

53
25
1, 25, 47, 53, 83, 93,
137, 153, 173, 195, 205
123
25
173
161
173

137, 205

75
173, 195
147, 153
59
205
181, 189
205
123

147
26, 47, 53, 67, 83, 93,
105, 137, 153, 173, 205

181, 189
93, 123
1

195

53, 59

153

123

93, 181, 189, 195
53




puree, apple 195
rabbit 47
red delicious apples 205
restructured beef 137
Rhizopus 123
ruminant 59
rusting 161
ruthenium red 53
Saint Paulin cheese 105
salad dressings 47, 115, 123
sarcolemma 137
scanning electron microscopy 1, 15, 25, 58, 59,

67, 75, 83, 93, 105, 123, 137, 161, 181, 205, 213
seeds 123
shear 181, 189
shortening 181, 189
size distribution 153
skeletal muscle 147
Spartan apples 195
specific gravity 153
splenic pulp 137
spray-drying 15, 75
spreads 123, 181, 189

Cumulativ

Allan-Wojtas, P. 25, 115
Beveridge, T. 195
Cassens, R.G. 147
Charbonneau, J.E. 161
Comer, F.W. 25
Cornelissen, J.M, 189
Desai, H.K. 83
Elkhalifa, E.A. 137
Fahey, J G.C. 59
Fukazawa, 47
Goff, H.D. 67
Gould, J.M. 59
Graham, P.P. 137
Grayson, R.L. 137
Greaser, M.L. 147
Gupta, S.K. 83
Haque, Z. 67
Harwalkar, V.R. 173
Heertje, I. 181, 189
Herald, P.J. 53
Iannotti, E.L. 59
Jordan, W.K. 67
Juriaanse, A.C. 181, 189
Kalab, M. 83, 93, 115, 173, 213
Kebary, K.M.K. 153
Keresztes, A, 1
Kerley, M.S. 59

Kinsella, J.E.

67

spoilage organisms
sporangium
Spurr's resin
sputter coating
staining
stainless steel
starch
sugar
tampering
texture
tinplate food cans
tolidine blue
transmission electron microscopy

1, 25, 53, 67, 83, 93,

1, 25, 53, 67, 93,
15, 67, 75,
1, 25, 53, 67, 137, 147,

137,
turkey

water

wiener

uranyl acetate

whey

X-ray diffraction
X-ray microanalysis
yoghurt

Z-lines

123,

1, 53, 67, 93,

Author Index
Kopelman, I.J.
Kovacs, E.

Kovacs, J.

Liboff, M.
Marriott, N.G.
MecIntyre, D.R.
McKenzie, D.L.
Morris, H.A.
Muguruma, M.
Nakamura, M.
Paquet, A.

Patil, G.R.
Patterson, M.E.
Perkins, S.K.
Rosenberg, M.
Rousseau, M.
Saito, Z.

Sargent, J.A.
Sosnicki, A.
Swanson, B.G.
Talmon, Y.
Trakoontivakorn, G.
van Eendenburg, J.
Vimini, R.J.
Yamaguchi, M.
Yang, A.F.

Zottola, E.A.

137,

137,
173,

25,

123
123
173
205
195

53
123
123
161
189
161
137

195
147
181

195
173

161

» 213

137

123

205
15
205
189
147
47
115
53




	Scanning Electron Microscopy of Cellular Structure of Granny Smith and Red Delicious Apples
	Recommended Citation

	ScanGate document

