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Abstract: In this study, the author has purposed that Shrinkage of potato sheets was tested and studied at the
temperatures of 60, 70 and 80ºC and air velocity (0.5- and 1 m/sec). In equal time intervals while drying,
samples were photographed by the digital camera. Of taken photographs, body dimensions were obtained and
analyzed. The results showed that drying of product was uniform at the temperature of 80ºC and had more
desirable and marketable temperature than the other temperatures. The air velocity at the testing area did not
leave any effect on the shrinkage of the product. 
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INTRODUCTION

Using fruits dried chips has highly been developed in
recent years. Chip of fruits and vegetables, which are
classified at the group of dried fruits and nut and
consumed as refreshments, has nutritional value.
Moreover being enriched with fiber, dry fruits have
various vitamins, sodium, potassium and body other
required salt. In addition, dried fruits will cause
improvement of metabolism process and consequently,
absorption of valuable elements at the body. Drying fruits
will prevent from growth of microorganisms.

Using visual sense is one of the methods in the
selection of food and using this sense is usually of
paramount importance in the selection of dried fruits.
Using visual sense for the selection of materials, usually
combined of color, shape, size and shrinkage of materials,
is of paramount significance. 

In drying fruits chips, color, size and tissue of
materials will tolerate noticeable change due to the exit of
moisture in a way that change in size and type of
shrinkage of product leaves high effect on marketability
and desirability of the product. 

While drying, vacant spaces are created in structure
of material due to the exit of moisture. These vacant
spaces will cause eradication of main structure of material
and shrinkage of the product. Shrinkage of the product,
while drying, has been studied by the many researchers
and with various methods. Using calipers and micrometer
is one of the methods for measuring changes observed in
size of the product. At this method, it seems necessary

that sample size should be exited from the dryer for
measurement. Exiting sample size from dryer will also
cause change in drying trend of the product. Moreover,
this process enjoys human error due to the dependency on
the user. In addition, measuring circumference and area of
product is impossible at this method and measuring large-
and small-diameter of the product also is  followed with
error to a great extent. Using Machine Vision Science in
agriculture has highly been developed in recent years.
Vision machine has vast application in grading fruits and
vegetables in terms of color, size and decay and also in
measuring plants' leaf surface. A few researchers have
used vision machine for measuring dimensions of fruits
due to high accuracy and its comfort and removing human
error and capability of online measurement. In studying
shape of chips, circumference, area, small- and large
diameter are of paramount importance. Mendiola et al.
(2007) have measured shrinkage of potato chips while
drying operation. These researchers have used two
cameras for measuring dimensional changes of chips and
its relation according to the degree of product moisture.
Fernandez et al. (2005) used a camera for measuring
circumference, area, small- and large dimension and Fort
circle diameter in drying of apple sheets.

Also, vision machine was used for measuring
changes  of  grape  size  while  drying  operation  (Ramos
et al., 2004). 

Since the degree and way of shrinkage of product
differ from one type to another type and at various
temperatures and dryer air velocity at the time of drying
operation, science of vision machine has been used at the
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present study for measuring dimensional changes and
degree of shrinkage while drying potato sheets and its
relation with the sample moisture.

In today world, exports of dried fruits are of
paramount importance. Inappropriate distribution of food
industries and various types of agricultural products and
seasonal and regional production of many products in
world are of the main reasons for drying fruits. Also, dire
need of some countries due to their climatic and food
conditions and high transportation cost of fresh fruits and
vegetables and limitation of their storage time are of the
other factors behind drying seeds. 

Generally, fruits chips are carried out when they
enjoy relatively high moisture while harvesting. Drying is
one of the oldest and known methods of preserving fruits
and vegetables. In drying operation, possibility of
microbial corruption and velocity of other detrimental
reactions is lessened to a great extent due to the reduction
of moisture. Moreover preserving product, drying reduces
volume and weight of product as well. Thereupon, drying
will reduce transporting and warehousing costs to a great
extent. In some cases, drying will cause production of the
byproducts which make their consumption easier and
more favorable. Fruits chips are classified at the group of
dried fruits and nut in slice or pick forms and are
consumed as refreshments. To date, many research
activities have been carried out in the field of drying sheet
of fruits. Drying is of the most sensitive and complicated
processes after harvesting. 

Doymaz (2007) showed that The drying
characteristics of tomatoes were investigated at 55, 60, 65
and 70ºC with air flow rate of 1.5 m/s. Prior to drying,
tomatoes were subjected to dipping in alkaline ethyl
oleate solution (2% ethyl oleate + 4% potassium
carbonate). Also, drying of raw tomatoes was taken as a
control. During the experiments, tomatoes were dried to
the final moisture content of 11 from 94.5%, respectively
(w.b.) It has been found that pre-treatment and air
temperature affect the course and rate of drying.

The removal of water during drying of biological
products leads to cellular structural modifications due to
reduced tension inside the cells. This phenomenon causes
alterations in the shape and dimension of products. Such
changes,   according  to  Yan  et al.  (2007),  affect  the
physical properties of products (including volume
shrinkage rate) and modify the final texture and transport
properties of dry foods.

Accurate study of drying process seems vital for the
precise and full comprehension on the way of reducing
moisture and anticipating products' drying behavior
within this process. Determining effect of temperature and
dryer air velocity on drying potato chips is the main
objective of the present study.

MATERIALS AND METHODS

This research was done in 2011 at Jahad Research
Institute of Iran (JRII). The area resides at longitude 52º
10! east and latitude 36º 53! north 31!.

Used dryer: At this study, a thin-later laboratory dryer,
equipped with image processing system, has been used for
fulfilling thin-layer tests. 

Figure 1 shows schematic view of the used dryer. The
specified dryer had been comprised of a blower, three
electrical elements (500 Watt totally 1,500 Watt), air
current rectifier, air temperature regulating and
controlling circuit, image provision system and main
dryer chamber with a two-story tray and a digital balance.

For preventing temperature from being wasted, all
parts of the dryer were insulated by the glass wool. 

Air regulating and controlling circuit had been
comprised of an AVR microcontroller (AT mega 32) and
a thermal sensor (LM35) made of the U.S.

The specified temperature for each test was used in
a program which had been designed through the
application of Visual Basic software package. After this

1-Fan blower 2-Element 3 - Microcontroller 4 - Compartment lighting
5-Speed Sensor 6-Digital Camera 7-Glass plates 8-Lamp
9-Sensor temperature 10-Sample tray 11-Digital scale 12-The sample preparation
13-Computer 14-The containers directly

Fig. 1: Drying the components used for testing
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stage, dryer air temperature is measured by temperature
sensor, based on which, microcontroller is transferred to
the computer and program. With comparing the measured
temperature  and   regulated   temperature  after  turning
elements on or off, program adjusts dryer air temperature
with the amount set by user at the program through
microcontroller. The air temperature at the dryer chamber
is set with the accuracy of ±2ºC. Current of warm air
should be passed from an air current directing chamber
for producing the least disturbing effect on the product
mass. This chamber was comprised of a number of
aluminum pipe with internal and external diameter (0.9
and   1.1   cm   respectively)   and   as   long   as   20  cm.
Turbulence movement of air blown by blower was turned
into a linear movement after mandatory passing from
directing chamber with the aim of being moved at the
main chamber of dryer horizontally to have the least
effect on the figure as read by the balance. Air velocity at
the dryer chamber was measured by (Lurton, AM-4201
and Taiwan) speedometer and was set by a dimmer
connected to the blowing electrical engine. 

The balance was placed on the main chamber of
dryer and a two-story tray, containing samples, was hung
from the balance through a bar-shape mechanism at the
chamber of dryer. The information related to the weight
of samples' tray was sent by (Sartorius GE812, Germany)
a balance with 0.01 g. accuracy to the computer in each
minute, details of which were saved in a file.

Image provision system has been comprised of a
lighting chamber, handy camera (camcorder), computer
program and also photo processing program. In addition,
two 40-Watt energy saving lamps were used at the lower
part (lighting from below) of the lighting chamber. Handy
camera (camcorder) was placed at the upper part of the
chamber and product was put between camera and lamps.

Product sample and background were in black and
bright colors respectively in taken photographs. The used
dryer had been equipped with two computer programs.
The first program had been adapted for taking photo from
sample which can be set and saved at the computer in
time intervals. The second software was used for
processing of photographs taken within test and
determining dimensions of sample and saving at Excel
file. 

Carried out tests: The wanted potato was provided from
market Standard method of the Association of Official
Analytical Chemists (AOAC, 1990) was used for
measuring moisture of potato. At this method, potato was
first peeled and was divided into small pieces. After
weighing samples, peeled and cut potato was placed at
pendulum at the temperature of 70ºC for 24 h, aimed at
evaporating all moisture extant in it. After being taken out
from the pendulum, samples were weighed again and
moisture of samples was calculated, based on two groups
(wet and dry), through Eq. (1) and (2). 

For enhancing accuracy of test, determination of
moisture was carried out in three-time repetitions:

MW = Ww ! Wd /Ww (1)

Md = Ww! Wd/Wd (2)

Md = Amount of moisture based on dry group (percent)
Ww = Weight of wet sample (percent) 
Wd = Weight of dry sample 
Mw  = Amount of moisture based on wet group (percent)

The moisture of tested potato was obtained 82%
based on wet group and 455.5% (4.5 g. water at one g. of
potato dry material). After peeling potatoes, they were cut
by bologna cutting device as thick as 10 mm with the aim
of reading potato for testing. Then, samples were
converted into cylindrical pieces by a vacant tin cylinder
as diameter as 35 mm. Dryer had to be turned on 1 h
before conducting each test to reach appropriate
temperature and velocity and balanced mode. 

For each test, ten (10) sheets were put at the main
dryer chamber for measuring moisture. Tests were carried
out at three temperatures of 60, 70 and 80ºC and two input
air velocities of 0.5 and 1 m/sec. All tests were repeated
three times for more accuracy and reduction of error. All
tests were continued to a constant weight as long as
reaching to the samples. During drying operation,
moisture of sample of potato was calculated through
weight of samples, each of which was measured by the
balance and saved at the computer.

Mathematical study: At this test, it was assumed that
product layer is enough thin and air velocity is enough
high at the drying tunnel with the aim of considering
condition of drying air (relative temperature and moisture)
for whole samples as identical. 

Parameter of moisture ratio was used in order to omit
effects of partial change of product moisture in the
beginning and end of drying and draw all carried out tests
on a diagram for studying and comparing. 

Moisture ratio is dimension free due to the division
with identical units and can be compared with various
cares. Equation (3) shows calculation of moisture ratio:

MR = (M –Me)/(Mo – Me) (3)

MR : Moisture Ratio
M : Production moisture at the current moment 
Me : Equilibrium moisture 
MO : Product initial moisture 

Since amount of equilibrium Moisture (Me) very
partial in comparison with the initial moisture and
production moisture at the current moment, equilibrium
moisture was set aside in calculation of moisture ratio and
moisture ratio was calculated according to Eq. (4): 

MR = M/Mo (4)
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when the drying operation was finished, image process
program  opened  all photos taken within drying operation
consecutively. All information was saved in an Excel file
after determination of area, large and small diameter and
proportion of large diameter to small diameter.

RESULTS AND DISCUSSION

Figure 2 shows reduction trend of area of potato sheet
during drying operation based on time. Potato sample area
reached from approx. 900 mm2 in the beginning of drying
to approx. 450 mm2. In the beginning of drying, slope of
diagram, which indicates area reduction velocity, is very
high and slope of diagram is reduced with the
advancement of time and reached zero at the end of
process.

A set of photos taken during drying of potato sheet at
the  temperature  of  70  and  80ºC  have  been  shown  at
Fig. 3 and 4, respectively.

Changes of size and shrinkage can be observed
clearly within the drying process. 

The green number (left hand at below part of each
image) indicates the spent time as of the beginning of test
according to minute and red number (right hand at above
part of each image) indicates Moisture Ratio (MR). 

Fig. 2: Reduction trend of area at temperature of 60ºC and
velocity 1 m/s 

For comparing effect of temperature and dryer air
velocity on the reduction rate of area and shrinkage, area
reduction diagram has been shown at Fig. 5 at all tested
conditions according to the moisture ratio. The drawn
curves show that moisture reduction rate (0.2) is identical
for all temperatures and velocities as of the beginning of
drying up to the moisture ratio.

At the ending stages of drying, area reduction rate for
60 and 80ºC has the maximum and minimum rate
respectively. With studying diagram, it can be grasped out
that dryer air velocity has not had any effect on the
reduction rate of area.

Fig. 3: Set of photographs taken at 70ºC

Fig. 4: Set of photographs taken at 80ºC
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Fig. 5: Reduction of area ratio with moisture ratio at various
temperatures and velocities

Fig. 6: Ratio of large diameter to small diameter while testing
in velocity (1 m/sec)

Ratio of large diameter to small diameter
(Elongation)  of  sheet  while  drying  has  been  shown  at
Fig. 6. 

In the beginning of drying process, this ratio neared
to "one" for all temperatures which shows that large and
small diameters in the beginning had almost been equal
with each other and surface of sample section has circle-
shape mode. With the reduction of moisture rate than
moisture ratio (0.2), this parameter was remained constant
for all samples which show uniformity of shrinkage up to
this stage. 

At the ending stages of drying (reduction of moisture
ratio to less than 0.2), amount of ratio of large and small
diameters was increased for the temperatures of 60 and
70ºC, showing increased size difference of large and
small diameters, which indicates non-uniformity of
shrinkage. The rate of this parameter is almost remained
constant   up  to the end of drying for the temperature of
80ºC. Namely, at the mentioned degree of temperature,
shrinkage had been uniform at all drying time and the

product could almost preserve its circle-shape mode up to
the end. Fig. 3 and 4 confirm the results obtained from
this diagram. 

CONCLUSION

The obtained results show that the product faces
shrinkage due to the exit of water in drying operation. The
amount and type of this shrinkage varies in tested
temperatures. 

Such shrinkage is found "non-uniform" at the
temperatures of 60 and 70ºC at the end of drying while
the shrinkage had been found "uniform" for the degree of
80ºC. 

At 80ºC, the dried product enjoyed more
marketability due to the uniform shrinkage (very similar
to the circle-shape mode). 

It should be noted that air velocity has not had any
effect on the shrinkage of product at the tested area.

Yadollahinia et al. (2009) Results showed that
airflow  direction  had  significant  effect on parallel and
perpendicular diameters in 60 and 70ºC and had no
significant effect when temperature was 80ºC. Drying
time decreased with increasing air temperature.
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