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Abstract

Thin-layer drying apparatus was developed from standard “off-the- shelf” equipment: a fan convection
laboratory oven and a weighing scale. Using this apparatus the thin-layer drying data for wheat under
constant conditions were obtained for a range of drying air temperature from 30°C to 150°C and the initial
moisture content from 0.20 to 0.42 (d.b.). The smooth drying characteristic curves were obtained and used to
develop coefficients for three thin layer models namely: Grace (modified Henderson) model, Chen and
Johnson, and the numerical diffusion models. The Grace and the Chen and Johnson models were the best at
describing the drying curves giving a standard error of the moisture ratio less than 0.027. The drying
apparatus enables monitoring of the sample weight during drying without opening the oven. The drying air
properties (relative humidity and temperature) inside the oven were kept constant throughout drying. ‘The
next special feature of it was-that the sample kept on drying even at the time of recording its welght No
temperature change was observed after the oven was switched on after 30 seconds. This apparatus is relatively
simple and can be used for drying of blologlcal materials. However, several thm-lhyet grain drying researchers
have obtained moisture loss by using fast sampling devices through out the drying period. During the study
a fast sainpling device was not used because it was necessary to tutn off the aven before taking measuréments.
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Introduction

Thin-layer grain drying is defined as a
single ketnel grain thickness exposed to
a constant air temperature, flow rate and
relative humidity.. The drying
characteristics of individual grain kernel
are observed over a chosen period of
time. The time required to attain the
desired moisture content was found by
Sokhansanj ¢ a/ (1983) to be directly
related to the temperature under-which
the mass transfer occurred. They found
that to increase the moisture content of
wheat from 12% to 22% at 2°C 46
hours of tempeting was adequate, while
tempering at 21°C reduced the
tempering time to 32 hours.
Understanding some: of the most
common problems in thin-layer drying
apparatus is impottant to obtain drying
data with a minimum error. The miost
- important element is the accurate
measurement of the loss of moisture.
"This is usually carried out by measuring
the weight loss.of the sample during
drying: The apparatus must also be able
to maintain constant, accutate and
uniform drying conditions, especially air
temperature and humidity. To control
“these parameters, the thin-layer drying

}pammeters:

following patts:

. an ait conditioning unit
. a drying chamber

. a weighing system

Nellist and )’Callaghan (1971) used the
modified version of the N.ILA.E. multi-
unit drier, which was originally built to
examine the effect of drying. In
principle, the apparatus was based on
the assumption that the drying air was
blown upwards through the chamber at
a constant air flow rate, which mears
the upward pressure force of the air on
the sample tray was considered constant.
Thus, the change in weight of the grain
sample and the tray could be due to loss
of the sample weight.

Bruce and Sykes (1983) developed an
apparatus for determining mass transfer
coefficients at temperatures up to 300°C
and air speeds up to 1 m.s” for thin-
layer particulate crops. They solved the
problem of the air pressure foree on

the perforated tray by introducing a
bypass for the dtying air duting weight
. recording. The apparatus enables the

measurement- of the following
‘weight -and. surface

temperatute of grain sample, and
temperature, relative humidity and speed
of the drying air. Data logging is
controlled by a microcomputer that
could petform a short scan ot long scan.
A short scan logs time, sample weight,
sample temperature and dew point
temperature. A long scan records the air
pressure in a venturi. They suggested
that the measurements of the surface
temperature of the sample by infrared
pyrometry are shown,to be valid and
are expected to be impottant in modelling
crop quality.

Woods and Favier (1993) developed an
apparatus for thin-layer drying and’
desctibed the measurement techmques
together with the analysis of ettor in
drying. The apparatus consists of the air
conditioning unit and the thin-layer
drying chamber. They introduced the
method to measure ait humidity through

the use of a differential psychrometer.

Also, they showed a method for
continuously  monitoring  the

aerodynamic force on a sample by the
" means of a pressure differential, which

they indicated ‘to: be effcctxve in:

_ dctemu_nmg the true samplq weight. |

apparatus in general consists' of the -

™ . - .
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Siebenmozrgan er @/ (1991) combined an
IBM PC, a six-axis articulating robot, an
analytical balance, and a temperature/
relative humidity control unit to
automatically weigh samples of grain
during drying. In this case, the grain
samples are sequentially removed from
the chamber, weighed by placing on the.
balance and returned to the chamber by
the use of the robotic arm. There may
be weight loss due to dust particles falling
from the sample during movement in
this case.

Some of the most common problems

in thin-layer drving apparatus are:

® air currents on analytical balance

o effect lj)f/hg‘gt on analytical balance

e zaerodynamic effecton the sample
weight measured in situ

e weight loss due to loss of dust
particles if sample is moved, and

® accurate control of temperarure and
humidity. '

Included among the factors that affect
the accuracy of the thin-layer drying
equations’ is the measurement of the
weight loss of the drying sample
‘manuajly by opening the drying
apparatus, (which cesults i disturbing
‘the drving air coniditions}. To control this
problem, the literature shows that much
effort has been spent developing an “in
situ” weighing systems to record the
weight, of the sample throughout the
drying process; these avoid the need to
open the drying apparatus and thus, help
to maintain the required steady-state air
conditions and reduce weight loss due
to dust. The main shortcoming of this
way of recording weight loss is the
aerodynamic effect on the sample tray.
In order to control the effect of the air
pressure created by the fan on the
sample weight, Bruce (1983), ‘as
presented previously, introduced a
bypass for diverting air from the drying
chamber at the time of recording,
Henderson and Pabis (1961) controlled
the buoyancy created around the sample
tray by cuttng off the air moyement at
the sample location at the time of
recording weight loss. The other
approach to control the aerodynamuc
effect on the weighing svstem was
achieved by blowing the air ar a constant
flow-rate. Then, the upward pressure of
air taay be considered to be _.coAnaystant
and the change in veight-of the sample

| tray would be due to the loss of weight |

of the sample. Woods and Favier (1993)
measured the pressure difference across
the sample tray directly.

The objective of the study 1s to fit a
laboratory wéighing scales to alaboratory
oven in such a way to enable the
mnstantaneous recording of the loss in
weight of the grain sample without
opening the oven door. The standard
equipment 1s used for both short
construction time and accuracy of
control and measurement during drying
run where possible.

Material and Methods

Description of Thin-layer drying
apparatus
Fig.1 shows a schematic diagram of the
apparatus developed and used to obtain
the thin-layer drying data. It was
designed to enable drying sample weight
loss to be recorded in situ without
opening the drying chamber door. It was
decided to use proven “off-the-shelf”
equipment where possible. For this
reason a standard fan convection
laboratory oven was chosen 4s the drying
chamber. A good oven can quickly
achieve and maintain accurateé uniform

air temperature within the chamber. We
also looked at the possibility of using a
psychrometeric chamber in which the
air humidity could be controlied as well
as the temperature. However, the cost
of such a unit was beyond the budget
for this project. Also, it was noted that
air humidity only affects the drying rate

indirectly through the equilibrium

moisture content and therefore is much
less important than air temperature.

As seen in the Fig. [ the sample tray is
suspended from the balance, which is,
placed on top of the oven. To avoid the
air currents disturbing the balance it was
enclosed in a transparent container (D).
Hot air coming out of the oven was
diverted away from the balance along
the air diversion channel (E) (see also
Fig. 2). The oven has an in-built
thermocouple to ‘control the air
temperature but an extra thermocouple
was placed near the sample tray to give
accurate local measurements of
temperature. The other apparatus
consisted of a standard laboratory
balance, suspension frame and sample

tray.

The drying chamber used was the
Gallenkamp Plus 11 75 litre Oven. This

Fig.1. Schematic arrangement of the thin-layer drying apparatus. Arrows show. direction of

air flow..

Insulator

‘W

A = perforated sample tray
€ = analytical balance / scales
E =hot air diversion channel
G = balance stand,

J - oven chamber

B = suspension framix
D = draught excluding transparent box
F =.oven/fan

H=

rigid support rod




Vol. 7 No. 2

The joumal of Food Technology in Africa

47

Fig. 2. The two dimensional views of the hot air diversion channel.

Top view

Wood

Aluminivm

Front view

oven was chosen because of its accurate
temperature control and fast response
time. It also had an air vent at the top
of the oven through which the sample
tray could be suspended and through
which the grain samples could be
inserted. The 2it in the oven was
circulated with an in-built fan. A control
thermostat controlled the temperature
of the ait in the drying zone. According
to the manufactuter’s specifications, this
unitis capable of maintaining a dry-bulb
temperature of accuracy: +1.0°C up to
100°C and +0.1°C in the range 100°C
to 2000°C. This has been verified with
the use of an extra thermocouple near
the sample. The unit requires 15 minutes
in order to teach a stable temperature.
The recovery time required is 4 minutes
and the circulation rate is 2500 litres/
hout.

An electronic analytical and precision
balance (Sartotius model LC 620P) with
an accuracy of 1 milligram and response
timne of 1.5 seconds was used to monitor
weight loss during drying, The balance
is sensitive to air movement but not very
sensitiveto heat with a sensitivity drift
of #2 x 10°g.°C? in the temperature
range +10 to +30°C. A special
transparent plastic box was used to cover
the balance during drying periods in order
to minimise inaccuracies induced by air
cutrents, Hot air from the oven vent,
which would have otherwise affected the
accuracy of the weighing process, was
diverted away from the balance and its
the enclosing box via the air diversion
channel resting on top of the drying
chamber. To minimise vibration during
the weight recording, the whole unit was
placed on 2 rigid concrete bench. Also,
the movement of air in the oven caused
the weight reading to fluctuate. This
problem was minimised by switching off
the oven for at least 15 seconds before

taking weight reading,

The sample tray consisted of a wire
screen (mesh size approximately 1.5 mm
less than the smallest dimensions of the

kernel of grain) of overall dimension

160 x 150 x 30 mm constructed in.such

a way that allows the drying air to -
circulate in any direction including from-

the sides and base in otder to minimise
error due to non uniformity of air
distribution over the grain kernels. The
sample tray was, suspended in the
chamber one quarter way down where
the air flow pattern was reasonably
uniform. Fig, 1 shows thé airflow pattern
inside the oven. The sample tray was
bolted to the bottom of a stiff rod which
passed up through the oven ventilation

‘port and connected to the suspension

frame, which transfers the weight
without vibration to the top of the scales.
The suspension. frame is light but rigid
50 that the balance is not overloaded but
at the same time the frame damps out
any vibration in the system. This was
essential to minimise shaking or
vibration of the sample during weighing
measurements, The overall weight of the
suspension frame plus the sample tray
and the rod was 502 grams. The initial
weight of grain samples was about 20
grams. The maximum capacity of the
balance is 620 grams. Therefore, there
is a good factor of safety against
exceeding the capacity of the balance.

Sample preparation

Re-wetted Alexandria spring wheat was

used for the tests. A typical sample of
wheat contains kernels of many
different dimensions. For this reason it
was decided to ensure that the drying
samples had a uniform distribution of
kernel dimensions. The most vatiable
dimension in wheat grain is its length.

‘Thus, the kernel selection was ptimarily

based on kernel length to form the
tequited deying sample. of wheflt. This
was done by observations. A series of
sieves were used to select grajns‘ of
varying thickness.

To avoid having to wait for the
harvesting season, it was decided to re-
wet dty grain to the desired moisture
content. Re-moistening was petformed
by adding the requifed amount of water
to the grain before placing it.in a double
sealed container for about 40 hours. The
container was shaken approximately

_every 6 hours in order to uniformly

distribute the moisture throughout the
grain. To create a nicroenvironment for
mass transfer within the container, its
contents were sealed. In this case, re-
wetting was carried out at room
temperature and a re-wetting time of

“about 40 hours was chosen. The

procedure for re-wetting was: first,
measure the weight of the grain sample;
second, add the required amount of
watet, and close the containet tightly and
shake it well; and finally, periodically
shake the water-grain mixture until the
moisture is uniformly distributed.

The prepared, re-wetted grain was kept
in the tefrigerator until required for each
dtying test to avoid re-germinating of
wheat grains and mould growth.

The total grain sample was divided into
four groups, which.were re-wetted to
four different moisture contents varying
between 20 and 42%.(d.b.), in ordet to
emulate moisture content at harvest
which is typlcal of harvesting moisture
contents in the wet part of the world.
After re-wetting, these four sample
groups were kept in a refrigerator until

~ the tests for that particular group wete

completed.

All combinations of the following initial
moisture content and air temperature
were used:

® initial moisture content, m, (8 b)

ke k! dry grain

® groupl 7 =022
e group2 m =028
® group3 m = 036
e group 4 m = 042

- @ drying air temperature °C: 30, 40,

50, 60, 70, 80, 90, 100,.110, 120, 130
140, and -150.

- Ry
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There wete 52 distinct expefimental runs -

with seven duplications. Moisture
content determination was -done
accotding to the methods the standard
analytical chemists (Official Method of
the Association of Official Analytical

Chemists, 1990). A ground grain method

was employed.

Determination of the moisture contents
were made in triplicates to statistically
check the error that may occur. The
mean value was used in subsequent
calculations. The variations or accuracy
of determined moisture content values
were evaluated by using sample standard
deviation.

Thin-Layer grain drying under

constant conditions
A series of tests were conducted to
establish if the relative humidity inside
the oven increases while moisture from
the grain sample is evaporating into the
drying air inside the oven. This Wwas
carried out to check whether the
humidity inside the drying chamber rises
much during drying, The tests were
conducted by heating the air to the
desired temperatures both with and
without the sample of grain in oven. A
data logger with a temperature and
relative humidity probe was used to
record the temperature and the relative
humidity of the drying air inside the
oven. The tests with no grain sample in
the oven, which was just heating the
circulating and the in-going ait; indicated
that the relative humidity was
approximately constant. The second test
was conducted with a grain sample
inserted into the hot oven through the
ventilation port.

Prior to each drying test, all the sample
group were held .for approximately 1
hour at room temperature in a sealed
container for the sample to reach
ambient temperature. The grain sample
for each drying run was randomly
selected from the wet grain. In all of
the drying runs about 20 grafns of grain
approximately 500 kernels were used.
The remaining wet grain was immediately
returned to the refrigerator to avoid
mould development.

At the start of each test, the oven was
switched on and the required
temperature was set. The oven was

allowed to stabilise to the pre-set
temperature for 20 minutes if the drying
temperature was less than 100°C and
30 minutes if the drying temperature
was over 100°C., The sample tray,
tared to give a zero weight reading.
Without opening the drying chamber, the
grain sample (at room temperature) was
sprinkled onto the sample tray through
the ventilation port of the oven, then
immediately the initial weight of the
sample was recorded and the clock
started. At the initial stage of the drying
test, it was found to be important to take
data points'at short time intetvals and
as carefully as possible, since the

- maximum rate of weight loss occurs at

this stage. The interval was increased as
the drying rate decreased.

From the start of drying, the change in
the samiple weight was recorded at time
intervals of 2 minutes for first 10
minutes, 5 minutes tor up to 30 minutes,
10 minutes for up to 1 hour, and 15
minutes thereafter. The drying tests wete
terminated when the weight loss
indicated 0.02 grams or less. At the end
of each drying test, the grain sample was
divided into two sub-samples; one for
final moisture content analysis and the
other for 2 24-hour equilibrium moisture
content determination. The final
moisture content of each sarhple were
required in order to calculate the
moisture content at each weighing
interval. The 24-hour equilibrium
moisture contents were determined by
the drying of the samples from each test
in the same.oven at the same
temperature used in the drying test.

Moisture contenys were calculated
according to American Spciety of
Agricultural Engineers Standard (1993)
by the following equation:
W, — W,
mETLT W
Wy
where
m = moistute content, dry basis,
(decimal),

- = weight of the wet sample,
4 2

w, = weight of the dry sample.

Equation (1) can be used to determine
the moisture content at any time for
which we have a weight recording if we

know the weight of dry material,
Because #,is not measured for the whole
sample, this value can be calculated
from the final moisture content by
reverting equation (1):

=
CREFC

where m, andw, are the final weight

and moisture content respectively at the
end of each run.

Since the equilibrium moisture content
models use the relative humidity of
drying air, it was necessaty to obtain the
relative humidity of the drying air used
in each drying run. The dry and wet bulb
temperatures of the room air were
measured. The absolute humidity of the
moist air can be obtained from the dry
and wet bulb temperatures using the
psychrometric chart. The moisture added
to the drying air from the drying sample
was found to be negligible. Hence the
absolute humidity and the vapour
pressure of the drying air was assumed
to be constant throughout each drying
petiod. The vapour pressure (P) was
calculated by the use of equation (3)
from the absolute humidity. At its
maximum water vapour holding capacity,
the air is said to be fully saturated and
the vapour pressure at this capacity is
knpwn as the saturated vapour pressure
(P). The saturation pressure was
obtained from the equation (4) using the
oven temperature. Then, the relative
humidity of the air in the oven was
calculated- using equaton (5), since the
vapour pressure in the oven was
assumed to be equal to that in the room.
P..H, 3)

— atm’
k= H, +062198

The empirical equations relating the
saturated vapour pressure and the
absolute air temperature, T, for
different ranges of air temperatures are
expressed as:’

[0+ cT,, +dl2 + el + T3 |
Ryzaexq Cabs Tabs T2abs fTast
gabs+ abs
@

for273.15< T, < 533.15

where
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Fig. 3. Oven temperature and relative humidity versus time for drying a wheat sample at

60 <.

Fig.4. Equilibrium moisture content versus timefor ldryﬂi,ng wheat at 60°C: to
show the effect of fluctuation of the relative humidity on the equilibrium moisture
content.
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a =22105849.39

b =-27405.5258361
¢ =97.54129373

d = -0.146244044

e =0.1255753189x 10~
f =-0.4850171032x 1077
g = 4.349028978

h=-0.3938107141x1072
So, for relative humidity (th):

rh= —1-)"— (5)
P

Finally, the equilibrium moisture content
of thc' thin-layer grain sample for each
drying test was calculated using the

model proposed by Grace (1994) with

the standatd error of 0.0182Z:

m = a,m,rh(l—ln’(l—rh)) ©)
¢ ayrh+1

where

a=a exp(hadb/‘ Rvy;bs)
a=2..84x10"°

h/ R, = 4808

m, = 00785

Result and Discussions

Oven temperature and humidity tests
Fig.3 shows the variations of the relative
humidity and' the temperature with

respect to time during drying, The result

showed that the relative husnidity tises
for a few minutes and then decteases.
The ait temperature in the oven dropped
for a few minutes as soon,_as the grain
sample was inserted and became
approximately constant thereafter. The
reason for this is that heat was required
to raise the temperature of the grain and
to evaporate sutface moisture.
Assuming a constant ait température.
seems to have significant\ effect only
during the first few minutes of drying

Using the relative humidity values given
in the Fig. 3 the equilibrium moisture
contents wete calculated by the use of
the Grace model (see Equation (6)). This
was used to check the error that was
induced by the variations in the relative
humidity. Fig. 4 shows the calculated
equilibrium moisture content as a
function of the time. As can be seen in
the Fig. 3 and 4, the relative humidity
and the equilibrium moisture content
follows the same pattern. The variations
in the equilibrium moisture content

- values were found to be negligible. These

tests therefote indicate that it is possible
to assume the moisture added to the
drying air from the thin-layer grain
during dtying to be negligible.

Thin-Layer Drying Models
The models presented in the table 1
wete fitted to the experimental data for
drying under constant conditions. The
Stepwise regression analysis procedure
(SAS, 1989) was used to pick out the
important variables. The stepwise
regression analysis did not pick any
variables that did not meet 0.1500
significance level.

The REG regtession analysis procedure
(SAS, 1989) was then executed to check
regression equations produced by the
stepwise and to try out. other
combinations. The principles pursued to
look for the best relationships were:

e first, to find 2 model that maximises

the coefficient of determination R? and
minimise the standard error ot root
mean square error (root MSE),

® second, to find a model that has a

_capability of extrapolation beyond the

expetimental data tange obtained in this
study, which is important to modél drying
at low air temperaiares, and

e third to find a relationship that is
smooth and simple.
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Table 1. Thin-layer mass transfer models, coefficients and standard error of moisture ratio.

standard error of

Model coefficients
moisture ratio
Chen and Johnson model (Chen & Johason, 1969) a=-16.44
dm " b=2.266 0.0223
—= - k(m -m ) ¢ =-0.00483 0 0017)*
ar ¢ d= 03548 ©.
e =-6.027
k= exp(a+ bIn(T)+ T, + dln(m)) F=2.465
- L g =-0.0428
n=1+ exp[e+ fln(Tg)+ et + hm) G = -15.88
Grace model (Grace, 1994) a=-5.850
am, K ’?f?;‘;‘}’“ 0.0232
—L=="Lm, - m,) ¢=3.45 (0.0016)
dt fi d=-14.04
, . e=1.675
dm, _ ki(m,~m,)-k,(m,—m,) F=0.424
dt 1- fl = (0.654
k,=exp(a+ bT, + cln(m))
k, = exp (a’ +eln(T )+ fin(
Numerical diffusion model (Marchant, 1976) a=-32.555
2 ' N2 b =0.0521 0.0268
3m_D[a m+28m}+[8 m] J D ¢=2.90 0.0125)*
- 7T T 5 d = 33986 R
dt art rdr dr)dm o0 s
-4
=a , f=-1.0106x10
D=aexp(f m) A
- _ - ' h=-9.3715
m=exp(~y D)(m, = m)+m, i=0.0233

a = exp(a+ bT, + cm, )
B = exp(d+eT? + fIn(T,)+ gm,)
Y= exp(h+ zTg)

‘*Optimum standard error in (brackets), if coefficients were modelled accurately.

Source: Chen and Johnson (1969a), Marchant (1976)

Figure 5. Moisture ratio versus drying time “_for thin-layer drying of wheat at 100°C ana

initial moisture content 35.9% (d.b.).
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"The final sub-coefficients for the models
were found by combining the regression
equations from this section with the
parent models and by fitting them into
the experimental data for all the runs
together using the sub-coefficients as
initial estimates for the optimisation
progtam. The results of this analysis are
shown in Table 1.

As an example, Figures 5 display the
compatison of the calculated moisture
ratio -values with the experimental ones
for drying wheat at 100°C with initial
moisture content of 36%. The models
best described the drying curve. These
models have a higher number of
coefficients. Again the comparison of
these best fitting models showed that the
Grace model came out best in describing
the drying curve and there was no
significant difference in standard error
of moisture ratio. For the Grace and
the Numerical diffusion models moisture
dependent drying coefficients were
possible.

As an example of the drying curve, Fig.
5 displays the comparison of the
calculated moisture ratio values for the
three best models with the experimental
values fot drying wheat at 100°C with
initial moisture content of 35.9%. All
three of these described the drying curve
quite well, »

This drying ‘apparatus has many
advantages. First, it enables the
monitoring of the sample weight during
dryi_ng without opening the oven door.
As the result of this the drying air
properties inside the oven were kept
constant throughout drying, The second
special feature of the drying apparatus
was that duting recotding of the weight
of the sample when the oven was turned
off the sample continued to dry. This is
because of the fact that even though
the oven was turned off the air condition
inside the drying chamber (oven)
remains constant during the short time
interval required for recording the
sample weight. No temperature change
was observed after the oven was
switched on after 30 seconds. When
measurement was taken the time
recorded was that at which the
measurement was taken rather than that
at which the oven was turned off. Also
the time requited for recording the

April - June 2002
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weight of the thin-layer grain sample was
part of the drying time throughout this
experimental work.

A continuous tise in relative humidity
does not occur inside the oven during
dtying provided the ventilation port is
open and the grain sample weight is
small, which in this work, was about 20

grams. The variations in the equilibrium

moisture content values were found to
be less than (.14 percentage points.

This apparatus is relatively simple.
Howevet, several thin-layer grain drying
researchers have obtained moisture loss
a data using a data logger collecting data
at shott time intervals throughout the
dtying petiod. In this case a data logger
“was not used because of the necessity
to turn off the oven before taking
measurements.
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Short Course Announcement

4th Annual Practical Short Course on Texturized Vegetable Protein

and other Soy Products

September 15-20, 2002

A one-week Practical Short Course on “Texturized Vegetable Protein” will be presented on September 15-20, at |
Texas A&M University by staff, industry representatives and consultants. This program will cover information on

 dry extrusion; full fat soybean processing; extrusion-expelling of oilseeds; raw material selection for TVP; preparation
and characteristics of soy. flour, concentrates and isolates for TVP; single and twin screw ‘extruders for tvp
production; extrusion dies for tvp; effect of preconditioning; wheat gluten and its application in TVP; cleaning,
drying, cracking, dehulling and flaking of soybeans; milling and drying of TVP; application of tvp in meat, meat - |
products, vegetarian application, imitation bacon bits; quality control and testing of finished products; dairy aiternatives,
soy drinks, soy nuts, identity preservation of soybeans, GMO issue, soy flavor, processing -economics of TVP;
vegetable food protein from other oilseeds are reviewed.

Demonstration includes: extrusion expelling-of oil seeds; TVP production by single and twin screw extruders and
several others. Reservations are accepted on a first-come basis. For more information, programs and applications
forms, contact: '

Dr. Mian N. Riaz
Food Protein R&D Center
Texas A&M University
College Station, TX 77843-2476
(Phone: 979/ 845-2774; Fax: 979/ 458-0019)
(E-mail: mnriaz@tamu.edu)
www.tamu.edu/extrusion
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