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1.0 INTRODUCTION

Drying commonly describes the process of
thermally removing moisture from a product to yield a
solid particle and can be achieved via various methods,
one of which is spray drying®. Spray drying is a one-step
processing operation for turning liquid feed into dried
powder by spraying the feed into a hot drying gas
medium2.This reduces the bulk weight and size,
minimizes handling and also preserves the product by
reducing its moisture content to a level unfavourable for
bacterial degradation3. The concept is based on the high
increase in surface area of contact between the material
to be dried and the drying medium promoted by
atomization.

Spray drying has been intimately associated with
the dairy industry and dates back to the 1800 but
industrial scale production did not start until 18504, This
technology, however, has been further developed to
cover a large group and product capacities ranging from
a few kg/hr to over 50t/hr®.

The appearance, flow property, bulk density,
solubility and storage stability of spray dried powders
depend on the nature of the material and spray drying
parameters.

The tomato (Solanumlycopersicum L.) is the
world’s largest produced and consumed vegetable crop.
Tomatoes are well known as a health promoter having

vitamins and disease fighting photochemical especially
hycipene®.

Tomatoes are low in saturated fat, cholesterol
and sodium 1.
Post- harvest loss in Agricultural products is a major
problem in the market supply chain of small farm holders
in West Africa coupled with seasonal shortages.
Tomatoes and tomatillos present a high moisture content
making them more susceptible to decomposition by
microorganism, chemical and enzymatic reactions
rendering them extremely perishable and difficult to
market or export as fresh produce. The general practice
of preserving agricultural products such as tomatoes and
tomatillos is either sun-dry, grind or refrigerate. While the
former takes more time and the final product is bulky, the
latter requires constant supply of electricity which is
mostly unavailable hence the need for a different
approach to increasing storage life, which reduces the
weight, preserves its taste and curb losses associated
with the transportation and storage of fresh products.

2.0 LITERATURE REVIEW

Drying is one of the oldest methods of preserving
food, which involves the removal of moisture from the
material, the oldest of which involves keeping products in
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the sun for days as recorded in history (Rodriguez-
Hernandez, et al; 2008). These days sun drying is
obsolete as it either causes over- drying or under drying
which results in not getting the desired goal. We apply
drying to both food and non-food substances and
materials

. Food materials: Food products are dried to
prevent spoilage and enhance their storage. Grains, nuts
and cereals are dried to specific moisture content lower
than the original moisture content, retaining their viability
and also preventing microbial attack8. Drying is not only
to prevent browning during storage®.

. Nonfood materials: Materials like wood, clothes,
drugs and animal skin for example can be dried. The
development of spray drying equipment and techniques
evolved over a period of several decades from the 1870s
through the early 1900s1°.

2.1 The_Design Process Parameters: These are
summarized to include the product recovery and produce
end product recovery and produce the end product of a
pre-refined specification®?.

2.2 Spray Drying Process: Fluid is first pumped to the
atomization device where product particle breakdown
occurs and air is drawn from the surroundings and passed
through a filter and a heater to increase its temperature.
Droplets produced by atomization and the hot drying air
is introduced into the chamber where evaporation takes
place, cooling the air in the process. Thermal efficiency, a
parameter comismonly ysed for process atomization but in
most cases, the process is guided more by product
guality?2, It is always advisable that the outlet temperature
be kept low and the drying be achieved as quickly as
possible?.

2.2.1 Spray Drying Stages: There are four basic steps
involved in spray drying?3.

Figure 1: Spray Drying Stages

. The atomization stage is designed to create
optimum conditions for rapid evaporation as it converts
feed into droplets!4.

. Droplet - Drying for contact stage: Is the central
stage, the central element of a spray drier is the chamber;
atomized liquid is brought into contact with hot drying air
resulting in evaporation of thel®.

Moisture contained in the droplets. The manner of droplet-
air contact influences the behaviour of the droplet during
the drying phase and could be in the following ways?!3 —

. Con-current : Air and particles move in the same
direction

. Countercurrent: Air and particles move in
opposite directions.
. Mixed Flow: Air and particle are subjected to co-

current and counter flow

2.2.2 Spray Drying Parameters

Powder properties, such as moisture content,
bulk density, particle size and hygroscopicity were
affected by inlet temperature!®. Moisture content is
decreased with an increase in drying temperature, due to
faster heat transfer between the product and drying gas?’.
An increase in inlet drying air temperature often results in
the rapid formation of a dried layer at the surface and thus
prevents more moisture from being evaporated. The
effect of inlet temperature on tomato pulp investigated
and was found that at constant feed flow rate, increase in
inlet air temperature reduces the residual moisture
content!8, It was conclusion that a temperature range of
150°C — 220°C as ideal for the spray fry technique for
food powder?®,

2.2.3 Drying Air Flow Rate: Moisture content in tomato
and tomarillo powder increased with increase in drying —
air flow rate’® .

An increase of the drying air flow rate, decreased
the residence time of the product in the drying chamber
thereby leaving a product with a high moisture content.
The higher content of water in the product leads to the
powder stocking together resulting in a large bulk volume.

2.2.4 Feed Flow Rate: Higher flow rate of feed resulted
in a shorter contact time between feed and drying gas as
reported by°. They revealed that more well deposited and
produced yield were got by increasing the flow rate. The
high feed rate resulted in decreased heat and mass
transfer and a lower process yield.

2.2.5 Atomizer Speed: According to result from
correlation with earlier findings and it was stated that
higher atomizer speed resulted in a smaller particle size
and hence a quicker drying. This was as a result of an
increased contact surface area between the drying gas
and feed and a decreased in bulk density?®-21,

. Components of a Spray Dryer:

()Drying chamber.

(i) Air circulation system — supply fan, heat gun and air
distributor pipes, exhaust fan.

(iii) Atomization system — feed tank, feed pump, nozzle
control valves

(iv) Product recovery system — cyclone separator filter
bags.
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2.4 Spray Drying Properties of Tomatoes and
Tomatillos

Tomato/tomatillo pulp is very difficult to spray dry,
as the powder tends to become soft and sticky while still
warm and poses a caking problem due to its hygroscopic
and thermoplastic behaviour. Various systems capable of
producing a free flowing product are summarized to
include?®

. A con-current drying chamber having a jacketed
well for air — cooling
. A Bars tower relies on the time-delayed fell of the

product droplet and the very low temperature of the air
flow.

. A chamber where particles are cooled with
atmospheric air admitted near the bottom allowing
transport of the powder to a collector having a low
humidity atmosphere.

. A scraped surface drying chamber.

Spray drying parameters such as inlet temperature, air
flow rate, feed flow rate, atomizer speed, type of carrier
agent influence. The bulk density, particle size, moisture
content, yield and hygroscopicity in spray dried
materials'®.

The problem of tomato stickiness is mainly due to the low
glass transition. Temperature (Tg) of the low molecular
weight sugar present in them?'’. These problems were
proffered solutions and recommended the addition of a
carrier agent before atomization?2 23

3.0 MATERIALS AND METHODS

3.1 The materials used for the machine are as follows

. The chamber which is normally made of a
stainless steal
. Cyclone made of stainless steel as well normally

5cm inlet duct, 10cm diameter, 30cm straight height,
3.25cm bottom opening.

. Blower of electrical component with a centrifugal
far; 370W, 2.0a
. Spray gun of electrical component RDSG0202;

220V — 240V AV; 60W.

. Pipes of stainless steel 6.cm/25inch diameter

. Themstel of electrical component normally at a
temp. of 400°C

. Contactors of electrical (component used for

connecting power to the machine.

3.2 Methods

Methods include the fabrication process and the
finishing touches. The fabrication process involves:

. Marking out and cutting of sheet metal: according
to the standard specification listed above.

. Chamber fabrication: using stainless steel
materials according to design requirements.

. Welding process: which is the joining of two or
more metals using electric form or AC or DC welding set.
. Electrical installation: All electrical parts ranging

from blowers, spray gun, heater, thermostat were brought
and installed on the various parts of the machine where
they are required to be:

. Control panel fabrication: which consists of the
power cord, the flip switches, the thermostat regulator and
the indicator lights which is connected and indicates
power supply, and the power supplied to each
component.

. Finishing touches: The chamber and distribution
pipes were cleaned which is grinding off of welded parts
and filling up with metal filler to seal up and holes. The
control panel is painted to limit rust.

4.0 RESULTS AND DISCUSSION
4.1 Result

Proper atomization of freshly grinded tomato and
tomatillo fruits by the atomization device with a fine spray
pattern with adjustable flow rates were achieved. There
was a minimum air losses in the drying chamber.
Adequate air circulation within the chamber was achieved
using air draw from the surrounding by the blower. The
atomization device has a knob for regulating the degree
of atomization of spray materials.

Table 1: Results for drying tomato pulp at various temperature

Inlet temperature
180 90
170 90
160 90

Source: (Fisut, 2012)

Outlet temperature °C

Result

Feed flow rate m3/hr
80
80
80
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Table 2: Inlet temperature for complete powder recovery of red and yellow tomarillo

TSS

9.8 3.9

PH Outlet temp. °C Inlet temp °C

90 164

9.8 3.88

Source: (Fisut, 2012).

4.2 DISCUSSION

With 40gm addition of malt dextrin in 1litre of fresh
pulp and with a feed flow rate or 80m/minute; an inlet air
temperature of 160°C for tomato and 164 for tomatillo with
an outlet temperature of 90°C were observed as the
optimum conditions for the complete recovery of fruit
powder.

CONCLUSION

It is concluded that spray drying is most effective in
achieving fruit powders and a major relief to post harvest
loss in fruit juice.

RECOMMENDATION

Clean tangy tomato and tomatillo juice are obtained
by addition of five (5) parts of water with one (1) part of

powder.

. The use of additives like Malto-dextrin can be
used to enhance product output.

. Enhance sensory equipment can be used to

control the drying parameters which are the backbone of
spray drying.
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