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SAMPLE HOLDERS FOR SOLID AND VISCOUS FOODS
COMPATIBLE WITH THE HEXLAND CRYOTRANS CT 1000 ASSEMBLY

Miloslav Kaldb, Paula Allan-Wojtas, and Ann Fook Yang*
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Research Branch, Agriculture Canada, Ottawa, Ontario, Canada K1A 0C6

Abstract

A brass block, 3.7 mm high and 10 mm in dia-
meter, which has three openings to accommodate
rivet-type or plain tubular specimen holders for
scanning electron microscopy at low temperature, has
been designed to fit the Hexland Cryotrans CT 1000
assembly in place of the original aluminum disc.
Viscous food samples are placed in two-piece tubular
holders (0.9 mm inner diameter, 1.2 mm outer dia-
meter) made from sterling silver, and rapidly fro-
zen. The holders are inserted into the brass block
under liquid nitrogen and tightened with individua
setscrews. A handle screwed into the central hole of
the block facilitates manipulation of the block. The
samples are fractured inside the Cryotrans CT 1000
assembly by knocking off the part of the sample
located in the upper tube. The subsequent operations
are the same as those suggested by Hexland.

A second simple type of holder has been devel-
oped for low-moisture foods, such as cheese, which
are resistant to ice crystal formation during freez-
ing. This holder consists of a Hexland aluminum
sample disc drilled with a single opening (4.0 mm in
diameter) temporarily closed at the bottom with
sticky tape. The food is sampled with a cork borer
and the sample plug is then inserted into the 4.0 mm
opening, with a rivet covering the part of the
sample protruding from the disc. Thermal contact
between the sample, the disc, and a rivet that is
used to cover the part of the sample protruding from
the disc, is provided by Tissue Tek. The sample with
the disc is rapidly frozen in nitrogen slush,
mounted in the Hexland Cryotrans CT 1000 assembly,
and inserted into the prechamber of the cold stage
attachment where the rivet is knocked off. From that
point on, the regular procedure recommended by
Hexland is followed.
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Introduction

Examination of biological samples by scanning
electron microscopy performed at low temperature
(cryo-SEM) [10, 15, 16] is convenient for several
reasons. One of them is that no chemical fixation is
required as the sample is physically fixed by rapid
freezing and, therefore, artefacts associated with
chemical fixation are avoided. This is particularly
important with foods which contain ingredients such
as fat or gelatinized starch that are difficult or
impossible to fix [18]. Another reason is the rapid-
ity of specimen processing. Cryo-SEM allows for the
sample to be frozen, inserted into the cryo-attach-
ment, fractured, etched if necessary, coated with
metal, and examined in the microscope within 15 min
from the time the specimen is obtained [2].

Some samples are easier to prepare for examina-
tion than others. Whole small plant organs can serve
as examples of superb preservation of structures by
cryo-fixation [3, 4]. Microorganisms present in
foods, such as fungi in mould-ripened cheeses and on
surface-ripened salami, can also be preserved with-
out developing artefacts provided that appropriate
precautions are taken. Such precautions involve
handling the samples in a high-humidity chamber
before freezing, rapid freezing, and sputter-coating
inside the cold-stage attachment in short bursts
rather than in a single long interval [1]. Difficul-
ties may be encountered with high-moisture foods
(>65% moisture) such as cheese curd, soybean curd
(tofu) [9], yoghurt, and cream which are more sus-
ceptible to the development of ice crystals in the
aqueous phase during freezing [13] than low-moisture
products (<65% moisture), such as cream cheese and
other cheeses [21] or whipped cream [22]. With re-
gard to biological samples, Moor [17] concluded that
the lTower the content of free water in living cells,
the narrower the critical temperature zone in which
crystallization of ice may take place. Apparently,
this principle may also be applied to foods. Cryo-
protective agents such as glycerol or dimethyl sulf-
oxide reduce the interval that exists between the
freezing point and the recrystallization temperature
and diminish the risk of ice crystal development in
the sample during freezing, but incorporation of
these agents into the food samples under study
alters the original structure of the foods.

Ice crystal formation is related to the rate of
freezing [17], which, in turn, is affected by the
dimensions of the samples. The larger the sample,
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the lower its freezing rate. Thus, the reduction in
the size of the sample is one way of reducing the
development of artefacts due to ice crystal forma-
tion [19, 20]. In practice, the size of the sample
depends, to a great extent, on the sample holder
used [8].

The objective of this paper is to describe the
design of a brass disc compatible with the Hexland
Cryotrans CT-1000 assembly which accommodates small
sample holders and to describe some sample prepara-
tion aids. The accessories can be employed when
using the Hexland system for food samples. without
any need to modify the original equipment and with
only a slight modification of the procedure used.

Materials and Methods

Sample holder for high-moisture foods

Sets of two-piece open-ended tubes made from
sterling silver are used as holders for viscous
foods such as cream and stirred yoghurt. The lower
tube is longer (2.7 mm) than the upper tube (1.2
mm). The outer diameter of both tubes is 1.2 mm and
the wall thickness is 0.15 mm. A brass block has
been designed to accommodate 3 samples (Fig. 1) and
to fit the standard specimen holder of the Hexland
Cryotrans CT-1000 assembly (Fig. 2) (Hexland Elec-
tron Microscopy Division, Oxford Instruments Ltd.,
Eynsham, Oxford OX8 1TL, UK). In order to achieve
compatibility, the brass block (Figs. 1 and 3) has
the same dimensions (3.7 mm high and 10 mm in dia-
meter) as the original 10-mm diameter aluminum disc
supplied with the attachment. The characteristic
feature of the block is three openings, each 1.2 mm
in diameter and 2.7 mm deep, to accommodate the
silver tubes. Small orifices (0.6 mm in diameter)
are drilled through the bottoms of the openings to
facilitate mounting of the sample-filled tubular
holders and for cleaning. Shafts containing set-
screws have been drilled in at a 122° angle to the
radial direction. This design allows for longer
shafts, which provide a better anchoring system for
the setscrews than the shorter shafts that would
result from their drilling in the radial direction
The setscrew shafts are accessible through grooves
machined in the brass block. In addition, the block
has a central hole into which a handle can be
screwed. The handle is used to manipulate the block
during sample loading (Fig. 4) and also to insert
the loaded block into the Hexland Cryotrans CT 1000
assembly (Fig. 5).

In preparation for the cold-stage work, the
handle is screwed into the brass block and together
with a pair of insulated tweezers and the screw-
driver, which will be used to tighten the setscrews,
pre-cooled by immersion in 1liquid nitrogen.

A sample of the viscous food destined for ex-
amination by cryo-SEM is placed in the bottom silver
tube which is held with a pair of forceps. The tube
may be filled with the sample using a Pasteur pipet
(which has been drawn out into a fine tip) until the
sample protrudes at one end. Using a second pair of
forceps, the shorter tube is placed over the pro-
truding sample. This operation may also be performed
using only one pair of special forceps designed by
Sleytr and Umrath [22]. The filled tubes, held to-
gether in a vertical position by the sample, are
individually frozen in Freon 12 cooled to its

freezing point of -150°C with 1liquid nitrogen and
transferred into 1iquid nitrogen in a shallow insu-
lated container. There, the tubes are mounted into
the pre-cooled brass block using the pre-cooled
tools. Each pair of tubes is pushed down into one of
the three holes in the block with the longer tube
inserted first so that the junction in the coupled
tubes is flush with the top of the block and the
short tube projects above. The tubes are then fixed
in place by tightening the setscrews while the brass
block is held by its handle. The brass block is then
inserted into the Hexland specimen carrier assembly
(Fig. 5), which had been pre-cooled to -196°C, and
is secured with a setscrew. The handle is then re-
moved from the block and the Hexland assembly is
lifted out of 1iquid nitrogen and inserted into the
pre-chamber of the attachment.

Fracturing is effected by using the back edge
(not the blade) of the cooled scalpel to knock off
the top silver tube from the bottom one. After ex-
amining the fracture face in the microscope and
etching it if required, the sample may be withdrawn
into the pre-chamber, sputter-coated with gold,
returned into the microscope, and photographed.

A similar brass block accommodating slightly
wider (outer diameter, 1.5 mm, inner diameter, 1.1
mm) brass rivet-type holders of the same length as
the silver holders and open at both ends but having
a lip (rim) at one end, has also been made and test-
ed (Fig. 1B). It may be used to examine food samples
by cryo-SEM without fracturing. The sample is loaded
into the rivet allowing the convex meniscus to pro-
trude onto the 1ip. Without covering it with another
rivet, the sample is rapidly frozen by plunging the
rivets individually into Freon 12 cooled to -150°C
as described above. A1l steps from here are the same
as described earlier but the fracturing step is
omitted.

Sample holder for Tow-moisture foods

The original Hexland design of a central
blind-ended rivet sunken into the aluminum disc has
been replaced with a more robust open-ended rivet
(inner diameter of 4.0 mm, wall thickness of
1.0 mm), also sunken centrally in the disc. The
bottom orifice is temporarily covered with a disc of
sticky tape cut to size and is removed after the
completion of cryo-SEM for cleaning the holder.

For semi-solid Tow-moisture food samples such
as mayonnaise, whipped cream, or thick salad dress-
ings, the bottom orifice of the sunken rivet is
covered and the aluminum disc secured to the speci-
men carrier of the Hexland assembly. The sample is
loaded into the rivet in the aluminum disc with a
spatula until the sample bulges slightly above the
top of the rivet. Another rivet is placed on top and
filled with the sample (Fig. 6). The whole specimen
carrier, including the sample, is then plunged into
nitrogen slush in accordance with the instructions
by Hexland, inserted into the pre-chamber of the
attachment where fracturing is effected by knocking
the top rivet off from the bottom one as described
above. The procedure from here on follows the manu-
facturer's instructions.

For solid low-moisture food samples such as
cheese, the same double-rivet set-up is used, again
with the bottom orifice covered with a sticky tape.
A drop of Tissue Tek (Hexland) s placed in the
bottom rivet and the other rivet is placed on its
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Fig. 1. Brass blocks (B) with concentric holes
for three 2-piece silver tubes (S) with an
outer diameter of 1.1 mm (Fig. 1lA), or open—
ended rivets (R in Fig. 1B) with an outer
diameter of 1.5 mm, used as sample holders.
The central hole in the brass block accommo-—
dates the block handle which facilitates
tightening of the setscrews (arrow). Numbers
on the ruler indicate centimeters.
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Fig. 2. Hexland standard aluminum sample disc
(Sd) used as a holder in the Cryosystem CT
1000 assembly. After insertion, the disc is
tightened using a setscrew (arrow). Cap (Cp)
is used to cover samples that are sensitive to
moisture loss [1]. Numbers on the ruler indi-
cate centimeters.

Fig. 3. Diagram of the brass block. Dimensions
are shown in millimeters. OS openings for
sample holders, OH = opening for block handle,
S8 setscrews (the shafts have been drilled
at an angle o of 122° from the radial direc-
tion).

Fig. 4. Mounting of the silver tubes with the
sample frozen inside into the brass block. The
brass block is manipulated by its handle (Bh).
In this demonstration, liquid nitrogen was not
used in order to obtain clear photographs of
the block.

Fig. 5. Insertion of the brass block with the
samples in place into the Hexland assembly
(Ha).

Fig. 6. A rivet (R, 4.0 nm inner diameter)
sunken in a hole drilled in the original
aluminum disc (D) is used as a holder for low-
moisture samples. Another rivet (arrow) is
placed on top of the sunken rivet.
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top. The solid food is sampled using a #1 cork borer
(inner diameter of 4.0 mm) with the plunger raised.
Then, using the plunger, the sample is extruded into
the rivets, frozen in nitrogen slush, and fractured
as described above.

Results

High-moisture food samples

The reduction in size of the samples held in
small tubular silver holders makes it possible to
freeze viscous food samples, such as cream (Fig. 7),
more rapidly than in larger holders and to obtain
good micrographs by using cryo-SEM. It is easier to
freeze the samples individually in cooled Freon than
in nitrogen slush. Yet, despite the small size of
the sample, ice crystals occasionally develop even
when precautions are taken. There are either no ice
crystals in the area adjacent to the silver tube or,
if they are present, they are small. Larger ice
crystals may be found at the centre of the sample.
This indicates that the freezing rates are different
in different areas of the sample. Usually there are,
however, some areas unaffected by the crystal growth
which are suitable for photography.

Hexland makes available a wide range of speci-
men holder blocks (discs) including locking and non-
locking types, to accommodate different types of
samples placed in rivet-1ike holders. With regard to
the Tlocking holders, the manufacturer employs two
methods for securing the rivets to the holder,
either with a screw set into the top of the disc or
with a pivoting ring which anchors 3 rivets at the
same time. With the modified design based on a simi-
lar type of holder described earlier [12], loading
of the samples into the brass block and manipulating
the block is made easy by using a handle designed to
be temporarily screwed into the block and removed
afterwards. In contrast, using the commercially
available holders, the manipulation of the samples
and the adjustment of the ring to lock or free the
rivets under liquid nitrogen may not be as easy. The
rivets in the original specimen holder are placed
farther away from the thermocouples than the tubes
in the design described here. In addition, using the
original holder, it is difficult to fracture all
three samples by knocking off the top rivets from
the bottom ones using the scalpel. The difficulty is
caused by the central pin, which is part of the
mechanism that allows the locking of the rivets; it
stands in the way of the scalpel and is permanently
attached there. Only two fractures can be effected
easily even when three samples are mounted in the
disc. The lack of a special tool to be used for
pivoting the commercially available discs under
liquid nitrogen constituted another reason for
developing an easier way to accomplish that goal.

It was found that freeze-fracturing may not
always be required to show the microstructure of the
sample. It is possible to freeze-etch samples, such
as stirred yoghurt, thus allowing examination of a
large area of the superficial layer of the frozen
sample which is free from any ice crystals [7], be-
cause it was in direct contact with the coolant and
thus frozen more rapidly than the interior of the
sample. A yoghurt sample that was allowed to pro-
trude slightly from the single brass rivet (1.5 mm
in diameter) was used. The protruding surface, in

direct contact with the cryogen upon freezing, had
negligible ice crystal development at the sample
surface. Casein micelle chains and clusters seen in
the sample (Fig. 8) are similar to those seen in
yoghurt by conventional SEM [14], i.e., examination
at ambient temperature of chemically fixed samples
that had been dried. Cryo-SEM thus provides useful
confirmation of the reliability of conventional
methods.
Low-moisture food samples

The reason for using the more robust (4.0 mm in
diameter) sample holders for low-moisture foods is a
higher resistance of low-moisture foods to ice
crystal formation during freezing. Thus, the freez-
ing rate is not as critical as with high-moisture
foods. The larger holders are easier to handle and
fi11 with the sample than the narrow silver tubes.
Fig. 9 shows a commercial salad dressing frozen in
the holder. There is no ice crystal damage to the
structure of the sample, as is apparent from the
appearance of the aqueous phase in which fat glob-
ules and other ingredients are dispersed. Starch is
noticeable in another salad dressing sample that had
been extensively freeze-etched (Fig. 10). The image
of the starch is in agreement with the micrographs
of starch in cooked pasta [11].

Discussion

Many of the specimen holders available for
cold-stage work today, including those available
from Hexland, are patterned on the basic design by
Echlin and Burgess [6]. These authors have demon-
strated a support for 4 samples in rivet-type hold-
ers made from silver, but these holders were not
individually secured. The use of "fine-bore" silver
tubes, 1 mm in diameter, was suggested earlier [12]
for freeze-fracturing followed by replication with
platinum and carbon in a Polaron freeze-fracturing
module. Silver has high thermal conductivity and
even thin-walled tubes made from this metal have
sufficient mechanical strength [19]. Open-ended
tubular holders are easy to fill with 1iquid samples
whereas air bubbles are usually trapped in "blind"
holders. By accommodating 3 holders in the block
(similar to the design put forth by Echlin and Bur-
gess [6], as well as the design of the Hexland hold-
ers), time is spent efficiently on the instruments
and the chances of obtaining artefact-free zones are
increased compared to working with only one sample
per run. This is important particularly with high-
moisture food samples, which are susceptible to ice
crystal damage.

Even with the refinements suggested, the study
of high-moisture food products is not easy. Problems
may develop when freeze-etching is carried out. The
aqueous phase in most milk products, particularly
freshly coagulated curd and yoghurt, contains
varying concentrations of solutes such as lactose,
mineral salts, and whey proteins. These substances
appear as a fine efflorescence on the freeze-etched
surface after pure water is removed by sublimation
of the ice. In such cases, where an insight into the
protein matrix is required and where possible, cold
stage SEM should be complemented by SEM carried out
at ambient temperature and using chemically fixed
samples which had been dehydrated, freeze-fractured,
and critical point dried [5, 13]. In other cases,




Sampl/e Holders for Cryo-SEM of Foods

Fig. 7. Cryo-SEM of a whipping cream sample
(85% fat) individually frozen in tubular sil-
ver holders in Freon 12 at -150°C. After frac-
turing at -150°C, the temperature was gradual-
ly increased to -83°C for freeze-etching at
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1x10-5torr; 15 min after fracturing, the
temperature was decreased to -150°C and the
sample was coated with gold and examined at
10 kV. Freeze-etching exposed fat globules
(arrows).

Fig. 8. A stirred yoghurt sample placed in a
brass rivet, 1.5 mm in diameter, was examined
by cryo-SEM without fracturing following
freeze-etching of the superficial layer.
Casein particle chains and clusters (arrows)
are in agreement with the microstructure of
yoghurt as seen by conventional SEM [14].

Fig. 9. Cryo-SEM of a commercial salad dress-—
ing placed in the single rivet holder reveals
numerous fat globules (F) of various dimen—
sions.

Fig. 10. Cryo-SEM of another salad dressing
sample shows fat globules (F) and starch (St).

e.g., low-moisture foods, an examination of the
freshly freeze-fractured but unetched surface may
provide the required information.
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Discussion with Reviewers

J. A. Sargent: It would be helpful to give the ad-
dress of the supplier of the sterling silver tubes.
Authors: The tubes were obtained from local jewel-
lers' supplies and findings stores. In Canada, they
may be ordered from Imperial Smelting and Refining
Co., Ltd., 451 Denison, Markham, Ontario.

J. A. Sargent: Is there not a possibility of alter-
ing the structure of the sample through shearing
effects at the neck of a drawn pipette?

Authors: The only samples which are handled with a
drawn pipette are the ones which are liquid, e.g.,
milk or cream. These samples consist basically of
particulate matter suspended in a liquid. The small
diameter of the tip of the drawn pipette (approx.
0.5 mm in diameter) is considerably larger than the
particles in suspension and so shearing effects in
this kind of high-moisture samples should not be a
problem.

J. N. A. Lott: The filling of small diameter tubes
without getting air bubbles is often a problem. The
discussion could probably be extended as to how this
was done.

Authors: The fact that the tubes are open-ended, we
believe, is the most important single factor which
allows the samples to be prepared without the inclu-
sion of air bubbles. As a precaution, the first bit
exiting from the drawn pipette, which may contain
bubbles, is blotted away and only the sample which
is bubble-free is used to fill the tubes. In addi-
tion, the tubes are filled to overflowing and only
then is the top tube added.

D. J. Gallant: In my experience, samples are not
always completely preserved even by rapid freezing.
1 observed, e.g., that potato cells which did not
show ice crystals immediately after freezing, sud-
denly developed large ice crystals when the tempera-
ture of the Hexland Cryotrans assembly was increased
to -85°C. This finding has been reproducible. Have
you observed such a phenomenon and could you outline
the temperature variations which occurred with the
various steps of your experiments and which may
explain the drying effect observed with the swollen
starch granule in Fig. 10?

Authors: Yes, we have observed this phenomenon
also, e.g., with celery and parsnip (but not with
processed foods such as yoghurt) following the in-
crease of their temperature to -85°C. The tempera-
ture profile of the vegetables and the processed
foods was identical: the samples were frozen in
nitrogen slush, inserted onto the cold stage at
about -190°C, and maintained at -160°C except for
freeze-etching which was carried out at -85°C.




	Sample Holders for Solid and Viscous Foods Compatible with the Hexland Cryotrans CT 1000 Assembly
	Recommended Citation

	ScanGate document

