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DIFFERENT STORAGE SYSTEMS

Gamea, G. R.*; Abd El-Maksoud, M.A.*; Abd El-Gawad,A.M.**

ABSTRACT

Physical characteristics and some major chemical properties of potato
tubers (Diamond and Santana varieties) at fresh, cured and stored in two
storage systems stages were investigated. Nawalla traditional storage
system at 16+3°C; 84% relative humidity and Cold storage system at
4°C; 90 RH were used in the investigation. The storage period after
curing stage was 75 days. This period was divided into 3 sub periods
every 25 days. Physical characteristics included physical dimensions,
shape, weight analysis, actual and calculated volumes, particle and bulk
densities, , surface area, particle density, repose angle, static coefficient
of friction on different surfaces (rubber, steel and wood), firmness,
penetration resistance, impact height and the percentage of bruised
tubers due to free falling on steel. While, chemical properties included the
changes of moisture content and sugar concentration of tubers. Statistical
and regression analysis were conducted to the obtained data.

INTRODUCTION

he potato (Solanum tuberosum, L.), ranks the first position for

export and the second position in acreage among vegetable crops

in Egypt. Its total area in year 2000 was 75 million hactar. with a
total production of 1.76 million tons (Ministry of Ag. And Rec. 2001-
2004). Due to the increasing demand of consumers and foreign importers
on this important crop, special attention should be given to increase its
yield and quality. This could be achieved through improving its post-
harvest agricultural operations during handling and storage. Potatoes are
stored not only for seeds but also for different purposes.
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In the same time, the method of storage and its conditions has major
implications for the quality of the product and for losses due to pests and
diseases. During handling operations, many external factors affect tubers
as bruising;

Mohsenin (1986) defined bruising as a damage to pant tissue of potato
tuber by external forces causing physical changes and chemical reactions.
The blue- black or gray-black discoloration associated with black spot
bruise is a result of oxidation of tyrosine by poly phenol oxidizes.
Similarly, during storage sprouting, disease, water loss, sugar built up and
greening could be happened and controlled. Studying both physical
characteristics and properties of tubers and the major chemical properties
sand also the effect of the storage method on these properties will be one
side of solving the question of the quality and quantity of potato tubers.
Suliman et al., 1999 concluded that the shape of Alpha is oval while
Sponta potato variety is long. According to ASAE, STANDERS, 1998
large potatoes > 89mm diameter with a low specific gravity of 1.050
g/cm”3 reach the smaller bulk density value. Small potatoes < 51 mm
diameter with a high specific gravity of 1.10 g/cm’. Smith, 1977
mentioned that the high specific gravity of potatoes are preferred for
potato chips, while the low gravity tubers are preferred for canning. This
because they fall a part less during processing. He also confirmed that
temperature and humidity of storage influence on specific gravity.
Baritelle, 1997 stated that higher specific gravity potato tubers are less
resistance to bruising.

Mohsenin, 1986 clarified that the knowledge of the surface area of
vegetables and fruits is important in many aspects like heat transfer
studies in heating and cooling processes. Many methods (numerical and
experimental) are recommended for measuring surface area for potato
tubers. The appropriate technique is by peeling the individual tuber and
projecting or tracing peels on a white paper . Then the traced surfaces are
scanned through a scanner and computer program (written by C')
Similar techniques were achieved by Matouk (2002) and Alhamdan et al.
(2003) on individual date fruits.

Rastovski and Van, 1981 concluded that the dropping heights for potato
tubers when processed must be limited from 30 to 40 cm with conveyor
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speed not exceed 40m/min for minimizing tuber damage .Smith, 1977
pointed out that cured potato tubers for 8-12 days immediately after
harvesting under warm moist conditions lost 7.54 % of their weight
during 7 months storage period. Those which were not cured had a weight
loss 0of 9.33 %.
The main objectives of this study are:
1-Assigning some major physical characteristics and chemical properties
of two Egyptian fresh potato varieties (Santana and Diamont).
2-Studying the effect of storing in both cold store and traditional one on
potato tubers properties.

MATERIALS AND METHODS
Two randomized samples of potato tubers (Diamond and Santana)

varieties were taken carefully from a private farm to the laboratory of
Ag.Eng.laboratory, Fac.of Ag., Minufiya University during summer 2005
for carrying out all measurements related to physical characteristics and
chemical properties during the following stages :fresh, cured and stored.
The experimental procedures of this study involved three stages:

-The first stage included all measurements and calculations of tubers
properties during harvesting day (fresh tubers).

-The second stage included all measurements and calculations of tubers
properties after curing forl5 days from harvesting day. Curing treatments
were done under room temperature 24°C.

-The third stage started when potato tubers stored in two widely
distributed storage systems:

1-Nawalla traditional storage system at 16+ 3°C; 84% relative humidity.
Usually, this store was built from perforated mud bricks or normal bricks
under shade, where potato are placed in piles (2.2m width, 5.2m length,
and 1.5m height). The piles were covered with 30cm thickness rice straw
(dusted with insecticide carbonyl powder 5%) to protect tubers from light
and insects. Piles were placed 50cm in between and 25 cm from Nawalla
wall .The internal dimensions of this storage system was 5.4 m width , 6.6
m length and 2.6m height. It had upper and lower openings
(20cm*20cm), which was covered with meshes for protection and
ventilation requirements.

Misr J. Ag. Eng., January 2009 387



2-Cold storage system at 4°C and 90% relative humidity. It is normal
isolated storage method. Its internal dimensions are 8.5m width, 13.5m
length and 4.5m height. It is built from thermal bricks and isolated walls.
Potato packages are stacked in rows at 3m width, 11.5m length and 4m
height. Potato stacks are placed 90cm in between and 60cm from the cold wall.
The storage time of the two varieties of potato tubers within the two
systems was divided into 3 periods, 25 days each. All experimental
measurements related to physical characteristics and chemical properties
were taken every 25 days storage time.

A digital slide caliper of accuracy of 0.01lmm was used for measuring the
three axis of tuber (the major axis as tuber length (L-mm), the
intermediate diameter as tuber width (D-mm), and the thickness of tuber
(T-mm)). The weights of tubers were conducted using an electrical digital
balance model (ACCULAB-LT 3200, Cole parmer, Chicago) with
maximum capacity of 3200 grams and 0.01 gram accuracy.

Shape index of the measured samples was calculated according to
(Ismail.1988) as follows:

| =L
VDT
Where:
I = shape index; L = length of tuber, mm;
D = width of tuber, mm and T = thickness of potato tuber, mm.

The obtained data were compared with the recommended limits and
classified into two main classes (spherical and oval shapes) to specify the
tubers according the calculated shape index for each variety of potato
tubers .(I < 1.5 for spherical while, I > 1.5 for oval shape).

The actual volume (V-mm®) of potato tubers was measured by immerging
each tuber instantaneously in 500 or 1000ml measuring cylinder filled
with tap water to a fixed limit, the displaced water (W-g ) was checked up
also by a 250ml pipette with 0.1cm® accuracy and determined according
the following equation:

V.. =W

act Sp
Where:
V = actual volume of individual tuber, mm3,
W= weight of displaced water, g;
S,= specific density of water g/mm’.

Misr J. Ag. Eng., January 2009 388



The nearest mathematical expression for the volume of potato tubers of
the two varieties was taken according Mohsenin, 1986 as follows:
V,, =(z/6)L.DT)

Where:
V..t = calculated volume of individual tuber, mm’ ;
L= length of potato tuber, mm;
T= thickness of potato tuber, mm. and
D= width of potato tubers, mm.

Particle density of potato tubers was calculated considering the actual

volume of the individual potato tuber and its weight as follows:

P —W
d Vact

Where:

P, = particle density of the individual tuber, g/cm’;

W = weight of potato tuber, g and

V= actual volume of the individual potato tuber, cm’.

Bulk density of potato tubers was evaluated by dividing the weight of a
bulk of tubers on its estimated volume. In this case, the volume was
measured using a density wood box. It has the dimensions of 30x30%30
cm’where a bulk of tubers was put in the box, then the box was vibrated
to the tubers incorporation.

Surface area of potato tubers was measured by peeling the tuber and
tracing it on a white paper Then, traced surface was measured by using
scan-processing methods with computer programs (1 photo express and
Auto-cad programs having accuracy up to 107%). The test procedures
were done according to Matouk, et al., 2002.

Potato tubers repose angle for the two varieties was measured by pouring
a knowing potato bulk from a recommended height under gravity into
repose angle apparatus according to Ismail, 1991.

Static coefficient of friction of potato tubers was measured on different
surfaces rubber, steel and wood according to Abd El Mageed and Abd
Alla, 1994. Experiments were conducted at harvesting day (fresh
potatoes), after 15 days curing period and at 25,50 and75 days during
storage time in both Nawalla traditional storage method and Cold storage
systems for the potato tubers of the two varieties. A digital penetration
resistance meter (FGN-50) with accuracy of 0.1N was used for measuring
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both potato tubers firmness and penetration resistance. Firmness was
measured by pressing a flat end of appropriate plunger with diameter of
12.22 mm into each tuber of the concerned sample to a depth of 8mm.
While, appropriate plunger with con end (45 angle con) was used to
measure penetration resistance at 8mm depth into each tuber.
Impact height and measuring the related bruises of tubers were conducted
by free dropping of each sample of the same weight from heights ranged
from 0.30 to 0.90m on steel surface using a particular free falling table
Potato tubers of the same weight (g) were tested during fresh period after
curing period and at 25, 50 and 75 days storage periods in both Nawalla
and Cold storage systems for the two varieties. The percentages of the
bruised tubers as affected by both falling height and by weight due to free
falling were estimated. To detect the bruising in tuber the samples were
taken to treated with a detecting solution (catechol) - Boswall, 2002.The
mean values of ten replicates as a percentage of impact damage were
recorded.
Moisture content (w.b%) of tubers was determined according to AOAC
(2003).. A refract meter with an accuracy of 0.5 prix No. was used for
measuring sugar concentration in tuber sample at all stages of the
experiment.

RESULTS AND DISCUSSIONS
Four hundred potato tubers of both diamond and Santana varieties were

used for determining physical and chemical characteristics for fresh;
cured and stored tubers at equal periods of times in two popular Egyptians
storage systems.

Main dimensions

The statistical analysis of the variations of the main measurements for
length "L"; width "W" and thickness "T" in mm of both Santana and
Diamont fresh tubers are shown in Table(1).

The analyzed data in table (1) show that a high dispersion was found in
Diamont tubers with respect to length, while the difference between the
investigated varieties was not significant for both width and thickness of
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Table (1): Descriptive Statistics of some physical measurements for
fresh potato tubers (Diamont and Santana varieties).

Average Range, S.D. |S.E.| C.V. | Conf.
Properties | Varieties _ test
X Max - Min [(dn-1)((Sy)| % L
Tuber Diamont 75.56 98.38 -60.97 9.54 | 1.74 | 12.63 3.56
length, mm | Santana 83.28 107.28 - 63.99 | 12.24 | 2.23 | 14.69 4.57 194
Tuber Diamont 55.07 68.83 — 45 6.93 1.26 | 12.58 2.59
width, mm | Santana 68.59 83.17 — 58.94 648 | 1.18 | 945 2.42 >
Tuber Diamont 46.75 55.16 — 38.25 4.58 | 0.83 9.81 1.71
thickness, 2.51
Santana 51.24 64.78 — 42.78 530 | 0.96 | 10.36 1.98
mm
Sphericity, | Diamont | 76.298 89.83-6595 | 572 |0.738| 7.49 | 1477 405
% Santana 82.31 93.55 - 69.09 5.78 10.747| 7.03 1.495
Shape Diamont 1.49 1.86 —1.18 0.16 | 0.03 | 11.27 0.06 18
index Santana 1.40 1.74 -1.19 0.14 | 0.02 | 10.52 | 0.055
Tuber Dimont 109.56 216.49 - 56.66 | 37.49 | 6.61 | 34.21 13.5 | 3.98
weight, g Santana 174.13 314.24-98.15 | 52.74 | 9.62 | 30.28 19.6

Where: S.D. - standard deviation; S.E —standard error; C.V - Coefficient
of variance Conf. L. - Confidence Level (95.0%) T tabulated = 1.96
the tubers. The same table clears that Santana tubers varieties were higher
in the main dimensions in averages and range.

Figure (1) indicates the changes in the main dimensions during storage
periods in the Cold and Nawalla storage systems.

A grading decrement was noticed in the main dimensions of potato tubers
for the two varieties by increasing storage time. Also the small changes in
potato tubers dimensions were happened when stored in Cold storage
system.. Statistical linear regression analyses were conducted to the
experimental measured data to observe the effect of storage time on the
main dimensions of potato tubers. The equations were as follows:
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Diamont

. L. =-0.0567 ST+ 73.677 R*=0.93
variety
L, =-0.0796 ST + 73.385 R2=10.99
Santana - 00043 9T+ 81.492 R2=0.99
variety
L, =-0.1034 ST +81.208 R?=0.99
Diamont o, _ 0326 ST +54.281 R2=0.97
variety
W, =-0.0482ST +53.96 R*=0.99
Santana o0 0378 ST+ 67.718 R%=0.99
variety
W, = -0.0428 ST + 67.58 R?=0.98
Diamont . = _ 0338 ST +45.939 R%2=0.99
variety
T, =-0.0512ST +45.842 R?>=0.99
Santana . _ 0336 ST + 50.64 R2=0.99
variety
T, = -0.0383 ST + 50.561 R2=10.99
Where:

ST = storage time, days ,

L., L, = length ,mm of stored tubers in Cold and Nawalla storage
systems,

W., W, = width, mm of stored tubers in Cold and Nawalla systems,

T., T, = Thickness , mm of stored tubers in Cold and Nawalla storage systems
The obtained equations clarified that tuber dimensions were inversely
proportional with storage time for the two varieties.

Shape index
Figure (2) represents the frequency distribution curves and the average
value of shape index for the individual fresh tubers of the two varieties. It
is clear according to Ismail, 1988 that the fresh tubers of the two varieties
may be considered as round to oblong group. The percentages of the
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Figure (1): Changes in potato tubers dimensions during storage periods in
Cold and Nwalla storage systems after curing.
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classes of fresh tubers shape were 54; 73% spherical and 46; 27% oval for
Dimont and Santana tubers.
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Figure (2): Frequency distribution curves of shape index for the investigated
fresh potato tubers (harvesting day).
Sphericity
Also, it is clear from data in table (1) that the difference between the two
varieties was not significant with respect to sphericity. According to
storing tubers in the two storage systems a small changes were happened
in the shape index of tubers of the two varieties as indicated in figure (3).
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Figure (3): Changes in potato tubers shape index during storage period in
Cold and Nawalla storage systems.
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Weight of potato tubers

It can be seen from table (1) that the fresh potato varieties varied greatly
in tuber weight as it ranged from (98.18 to 314.24g) and (56.66 to
216.49g) for Santana and Dimont respectively. The mean values and
confidence limits were (174.13+19.69¢g) and (109.56+13.52¢) for Santana
and Dimont varieties. Multiple regression equations were determined to
describe the relationship between the weight of tubers and its main
dimensions for the two varieties as follows:

Dimont varieties: W = 1.65L+1.85D+2.44T-228.3 R*=0.97
Santana varieties: W =1.82L+3.3D+2.66T-3473.2 R’ =0.94

The equations show that the dimensions of fresh potato tubers varieties
were directly proportional with its weight for both varieties. This logical
result was confirmed as shown in figure (4).
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The weight of potato tubers had a negative relationship with storage time
in both Nawalla and Cold storage systems as shown from obtained linear
regression equations and figure (5).

Diamont : Weg =-0.1774 ST+ 108.51 R*=0.97

variety © Whawalla = - 0.2425 ST + 109.07 R*=10.96

Santana  : We =-0.3263 ST +173.55 R*=10.97

variety © Whawalla = - 0.4098 ST + 174.24 R*=10.96
Where:

W cold:Nawalla : 1S weight, g in Cold and Nawalla storage systems;
ST : 1s the storage time, days.
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Figure (5): Changes in potato tubers weight during storage period in the
two storage systems (Cold and Nwalla)
Volume of tubers
It is observed from table (2) that both the changes in main dimensions and
weight of potato tubers with storage time as demonstrated before clarify
the logic fact that volume also decreases with storage time for both its
actual and calculated forms. In this regard.

Table (2): Statistical index of some physical characteristics for the

investigated varieties of fresh potato tubers:

. Average Range, S.D. S.E. C.V. Conf. T
Properties Varieties _
X Max - Min (on-1) Sy % L Stat
Actual Diamont 103.6 186.5 - 60 34.35 6.271 33.15 12.82
3.58
volume,cm’ Santana 159.5 275 - 88 51.09 9.328 32.03 19.07
Calculated Diamont 104.32 186.42 —62.59 6.279 32.96 12.84
34.39 3.61
volume, cm®
Santana 159.87 275.21 - 85.21 49.82 9.096 31.16 18.6
Particle Diamont 1.096 1.26 — 0.968 0.06 0.0109 5.48 0.022
0.13
Density, g/cm® Santana 1.099 1.221 - 0.924 0.067 0.0122 6.114 0.025
Diamont 681.5 688 — 672 64.81 2.52 9.5 3.44
Bulk Density, kg/m® 5.59
Santana 658.3 668 — 653 65.16 2.63 9.9 3.69
Measured Surface Diamont 134.45 198.88 — 89.92 26.19 3.381 19.48 6.76
4.38
area, mm’ Santana 168.88 259.12 -101.5 34.45 4.485 20.4 8.98
Calculated Surface Diamont 110.37 164.35 - 78.63 21.48 2.77 19.46 5.55
4.98
area, mm’ Santana 142.91 220.01 - 85.31 29.01 3.77 20.3 7.56
Repose angle Diamont 3133 35 28’ 2.37 0.53 7.51 1.11
3.51
Santana 3450 37 30 2.57 0.61 7.38 1.28
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Particle and bulk density of potato tubers

It is observed from table (2) that the average particle and bulk densities of
fresh potato tubers was 1.096; 1.099 g/cm’® and 681.5; 658.3 kg/cm’ for
Diamont and Santana varieties.

Surface area

The analyzed data in Table (2) show that the average measured surface
area was 134.45 and 168.8cm’ for fresh potato tubers Diamnot and
Santana varieties respectively. Linear regression analysis were applied to
the data for the individual tubers with respect to the relation ship between
weight and measured surface area of fresh tubers and the obtained
equations were as follows:

Simca = 48.30 + 0.761 W R* = 0.94 for Diamont variety.
Smea = 59.06 +0.657 W R* = 0.95 for Santana variety.
Where:

Smea = fresh potato tubers surface area (cmz),

W = weight of individual tubers (g),

Appositive relationship was found by the previous equations.

Significant differences were appeared with respect to the measured and
calculated surface area. In the same time, Santana variety tubers had the
maximum differences between the two parameters in the average values.
Repose angle

It is clear from data in Table (2) that the mean values of repose angle of
tubers were 31°33" and 34°50 for Diamont and Santana varieties. In the
same time, non significant differences were found between the two
varieties concerning repose angle.

Static coefficient of friction

Data of coefficient of static friction of potato tubers showed that the
coefficient of static friction of potato tubers was the highest on steel
followed by wood, and then rubber surfaces. It increases with increasing
storage time against all surfaces in the two storage systems. It may be due
to the changes happened in the tuber surface during storage (lash in potato
surface). Generally, as it can be observed from the following regression
equations a positive relationship was happened between the static
coefficient of friction and storage time.
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a-Rubber surface:

Santana LiNawalla = 0.0014 ST + 0.459 R*=0.99
variety sico =0.0009 ST +0.461 R =0.97
Diamont Linawatla = 0.0019 ST + 0.471 R*=0.99
varirty tcod = 0.0015 ST + 0.467 R*=0.99

b-Steel surface:

Santana  /awaila = 0.0009 ST + 0.547 R*=0.99
variety & =0.0005 ST +0.545 R?=0.97
Diamont  ANawaila = 0.0011 ST + 0.607 R”>=10.97
varirty 000 =0.0007 ST +0.607 R?=0.94
c-Wood surface:
Santana  Znawaia = 0.001 ST + 0.488 R*=0.88
variety 4 =0.0009 ST +0.477 R2=0.99
Diamont  ANawalla = 0.0012 ST + 0.495 R” =0.95
varirty Licod = 0.0008 ST +0.487 R?>=0.99

Where: gioid:Nawala s coefficient of static friction of potato tubers in Cold
and Nawalla storage systems;

ST :is the storage time, days.

Firmness (N/mm®) and Penetration (N)

. The resulted statistical analysis of the investigated data are presented in
Table (3) and Table (4).1t is clear from the tables that the results of both
firmness and penetration force tests had the same behavior on potato
tubers. It is observed that both firmness and penetration force increase

slightly up to the first 25 days under the storage conditions in Cold ( 4C;
90% R.H.) and traditional, ( 16+ 3C; 84% R.H.) storage systems. It may
be because of the high elasticity of the tubers in this period due to the
higher percentage of water loss. Mean while, both of the two parameters
decrease with storage time. Concerning the potato variety, it was noticed
that the minimum firmness N/mm” and penetration force N values
recorded when potatoes were storage in Nawalla storage system. These
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results of firmness and penetration force of tubers affected by storage
time are graphically presented in figures (6) and (7).
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Figure (6): Relationship between firmness (N/mm?”) and storage time
(days) at two storage systems for potato tubers varieties
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Figure (7): Relationship between penetration resistance (N) and storage time
(days) at two storage systems for potato tubers varieties

In the same time the following quadratic regression equations were
produced for the experimental data and explained the mentioned behavior
before.

Y=aX’+bX+ec
Where:
Y: is firmness, (Feoid Frawatia), N/mm?, Penetration force (P coig Prnawatia), N
X :isthe storage time, (ST), days; and a, b, c :are constants,
The values of a, b, ¢ varied according to the investigated varieties .
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Foud = - 0.00006 ST?+0.0052 ST +1.6513 R?=0.85
Diamont )
Variety FNawaIIa = - 0.00006 ST + 0.0033 ST + R2=0.89
1.6518
Santana Feold =-0.00007 ST?+0.0058 ST +1.58 R2=0.91
variety Frawalla = - 0.00003 ST2+0.0018 ST +1.578 R2=0.79
Diamont : Preod = -0.0088ST> +0.75ST +127.05 R2=0.93
variety Prawalia = - 0.0078 ST? +0.53 ST +127.17  R?=0.84
Santana Preog = -0.0024ST> +02ST +123.67 R2=0.92
variety Pryavaia = - 0.0028 ST +0.18 ST +123.84 R*=0.84

Table (3): Statistical index of firmness (N/mm?) for the investigated
varieties for fresh, cured and under storage systems (Nawalla and Cold

store) for potato tubers:

Store | Storage time, . Average Range, S.D. C.V.
Variety _
system day X Max - Min (on-1) %
Harvesting Diamont 1.605 1.896 —1.133 | 0.1605 9.99
£ day Santana 1536 | 1.817-1.131 | 01339 | 8.71
E After curing | Diamont 1.69 2.022-1.376 | 0.1878 11.11
period Santana 1.615 | 1.904—-1.238 | 0.1554 | 9.62
Diamont | 1764 | 2.079-1.417 | 0.1464 | 8.29
After 25 days
o Santana 1707 | 1.942-1.374 | 01316 | 7.70
1=
S Diamont | 1734 | 2.048-1.353 | 0.1658 | 9.55
After 50 d
g CrSTCYS | Gantana | 1.664 | 1.906—1318 | 0.1789 | 10.75
Diamont | 1702 | 1.955-1.213 | 0.1929 | 11.33
After 75 days
Santana 1.620 | 1.825-1.246 | 0.2053 | 12.66
Diamont | 1721 | 2.036-1.552 | 0.114 | 6.64
After 25 d
2 AT | Santana | 1611 | 1.992-1279 | 0.146 | 9.07
- Diamont | 1.639 | 1.976-1.484 | 0135 | 8.24
= | After50d
g roN S 1 Santana 1574 | 1.903-1.268 | 0.158 | 10.06
«<
z ) Diamont | 1.562 193-1.389 | 0.161 | 10.34
After75.days | G ntana 1.53 1.841-1.186 | 0.182 | 11.88
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Table (4): Statistical index of penetration resistance (N) for the
investigated potato tubers varieties under storage systems (Nawalla and

cold stores):

Store | Storage time, Variet Average Range, S.D. | C.V.
ariety — .
system day X Max - Min | (dn-1) | %
Diamont 124.45 145.1-95.3 9.734 7.822
—_ Harvesting day
E Santana 122.89 137.4-102.6 8.588 6.988
; Diamont 129.48 151-103.4 10.207 7.883
After curing period
Santana 124.5 142.3-107.4 9.735 7.921
Diamont 141.848 158.4 - 115.8 11.587 8.169
After 25 days
Santana 127.103 144.3 - 106.6 10.265 8.076
L
S
S Diamont 141.29 169.2 - 111.1 14.302 10.122
= After 50 days
3 Santana 128.19 153.9-99.5 13.98 10.905
Diamont 134.25 160.1 - 105.4 15.95 11.882
After 75 days
Santana 125.66 143.5-97.7 14.824 11.797
Diamont 137.38 161.7 - 116 9.436 6.868
After 25 days
@ Santana 126 152.6 - 104.8 10.373 8.232
=3
- Diamont 132.44 155.5-111.6 10.975 8.287
= After 50 days
g Santana 125.118 196.1-99.9 13.945 11.145
4
Diamont 124.11 146.5-101.4 11.875 9.568
After 75 days
Santana 122.1 187.6 — 92.6 14.895 12.199

Impact height
The percentage of bruising tubers (damaged due to impact

height) for fresh; cured and under storage conditions are presented in
figure (8). It is cleared that the least damaged tubers due to free falling
were obtained from a height of 30cm when handled after they have been
cured (15 days). The figure also shows that the percentage of fresh
damaged tubers increases due to increasing the height of free falling.
Similarly, the experimented tubers showed an increment in the percent
damaged tubers with storage time for the two varieties. This can be
explained by the fact that during storage time some physical and chemical
factors occurred in tubers as changing some carbohydrate materials into
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sugar material and potato shrinkage due to the high water loss percentage

particularly after harvesting.
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Figure (8): Bruising percentage of potato tubers due to impact height for

fresh tubers; after 15 days curing period and during the storage of tubers

in Nawalla and Cold storage systems for a-Diamont and b-Santana

varieties.

Multiple linear regression equations were obtained from the analyzed data
which confirmed that both the falling height (cm) and storage time (days)

402
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were directly proportional with the percent of bruised tubers due to
impact height as follows:
a-Diamont variety:

Nawalla:

B.P. %

Cold store: B.P.%

b-Santana variety:

Nawalla:

B.P. %

Cold store: B.P.%

Where:

B.P %

is impact height, cm.
Chemical properties

a) Moisture content:

029ST + 037H —-11.33
0.25ST + 0.36 H — 9.85

0.3 ST + 0.36 H — 8.87
0.25ST + 0.33 H — 6.98

R?=0.98
R?=0.96

R’?=0.96
R?=0.96

is bruise percentage - ST is storage time, days;

Table (5): Statistical index of moisture content, (M.C, %) for the
investigated varieties

Store | Storage time, . Average Range, S.D. C.V.
system day Variety X Max - Min | (én-1) %
Diamont 81.06 86.33 — 78.68 2.26 2.78
—_ Harvesting day
E Santana 83.35 87.78 — 79.84 1.81 2.17
§ After curing Diamont 80.11 84.84 - 77.35 2.48 3.09
period Santana 82.25 85.97 - 78.77 2.85 3.46
After 25 days Diamont 79.63 82.85-75.19 2.67 3.28
. from storage Santana 81.23 84.61 -77.27 2.94 3.79
g After 50 days Diamont 77.49 81.35-73.21 3.24 4.18
E from storage Santana 79.55 82.18 — 74.07 3.59 4.7
After 75 days Diamont 76.35 79.47 - 72.57 2.78 3.53
from storage Santana 78.64 81.47 -73.84 2.57 3.26
After 25 days Diamont 78.20 81.81-77.14 1.09 1.39
@ from storage Santana 80.82 83.33-78.42 2.04 2.52
2 After 50 days Diamont 74.55 80.84 — 72.75 1.89 2.41
g from storage Santana 78.20 81.64 — 73.14 2.15 2.94
“ After 75 days Diamont 73.13 77.25 - 70.64 2.97 3.84
from storage Santana 77.26 80.06 — 71.25 2.75 3.55
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Data in Table (5) represents changes in moisture content (% wet basis)
for fresh; cured and during storing potato varieties in the two storage
systems. It is clear from data in the Table and the following linear
regression equations also that storage time (days) was inversely

proportional with tubers moisture content.

Diamont M.Cea  =-0.05 ST +80.41 R?=0.95
variety : M.Cnawalla =-0.1 ST +80.19 R?=0.97
Santana M.Ceog  =-0.05ST +82.29 R*=0.99
variety : M.Cyawaia = - 0.07 ST + 82.27 R2=0.97
Where:

M.Ceold » M.Cnawalla  are moisture content, % wet basis; ST is the storage

time, days.

It is obvious from the drawn equations also that the smaller moisture
losses were happened when potato tubers were stored in the cold storage

systems.
b) Sugar concentration:

The analyzed results of sugar concentration (S.C, Prix) are presented in

figure (9).
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Figure (9): Changing in sugar content of potato tubers during storage time
at different types of stores for Diamont and Santana varieties.

The plotted data in the figure show that sugar concentration increases

with increasing storage period. The values of sugar concentration were
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higher in tubers stored in Cold storage system. This may be due to the
lower temperature within this system, so a higher breathing rates
associated with biological operations for tubers were the main effects for
increasing of sugar concentrated percentage in the traditional system also
The following regression equations confirm the positive relationship
between sugar concentration and storage time in the storage systems used
in this investigation.

Diamont  S:Ccod = 0.037 ST +8.69 R2=0.95

variety S.Chawalla_= 0.022 ST +8.93 R2=0.88

Santana  °>:Ceold = 0.033ST+8.7 R2=0.96

variety S.Chawalla = 0.023 ST + 8.87 R2=0.88
CONCLUSION

1-Santana tubers variety were higher in both average and range values of
the main dimensions when compared with Diamont variety.

2-Shape of both varieties was characterized between spherical and oval.
Storage time slightly affected tubers shape index.

3-The weight of tubers had a positive relationship with the main
dimensions and a negative relation with storage time.

4-The actual volume of tubers exerted slight decrement with storage time
which was higher when tubers were stored in Nawalla.

5-A positive relationship was found between static coefficient of friction
and storage time.

6-Both firmness and penetration force of potato tubers with skin increased
slightly up to the end of the first 25 days of the storage period and then
decreased with storage time The minimum values of the two
parameters were observed when tubers stored in the traditional
system.

7-The values of sugar concentration recorded were higher in tubers stored
in cold system than the traditional one.

Misr J. Ag. Eng., January 2009 405



REFERENCES

Abdel-Mageed, H.N.and H.E., abd Alla, 1994. A simple machine for
grading fresh tomatoes. J.Agric. Sci., Mansoura Univ., 19 (9): 3033-
3047.

Alhamdan, A.M., B.H, Hassan and A.M. El onsari (2003). Prediction of
some engineering properties of four Saudi dates cultivars. Misr J.
Ag. Eng., 20 (4): 183 —192.

ASAE standards (1998). Loads exerted by Irish potatoes in shallow bulk
storage structures. ANSI/ASAE EP 446.2 DEC 95.

Boswall P. (2002). Potato shatter bruise test using catechol. Website.
Email:prmachail@gov.pr.ca.
www.gov.pe.ca/at/agweb

Chen, P.and Z. Sun (1991). A review of non-destructive methods for

quality evaluation and sorting of agricultural products. J. agric.
Engng. Res. 49:85 — 98.

El-Sahrigi, A.F., (1997). Principals of Agricultural Food processing
Engineering. Aca. Library, El-Dokki, Cairo.

Ibrahim, A.(1992). Design an apparatus suitable for winnowing and
separating wheat products from stationary threshers. M.Sc. thesis,
Fac. Of Ag., Alex. Univ.

Ismail Z.E., (1991). Potato cultivar, cultivation, harvesting, handling and
storage. Dar EL mearef publisher — Alexandria : 23 — 57.

Ismail, Z. E. (1988). Some of the physio- mechanical properties for potato
planters. J. Agric. Sci. Mansoura Uni., 13 (4), 2259 - 2270.

Matouk, A.M.; Radwan A.S.; El Kholy M.M. and Awees T.R.(2002)
Studying the characteristics and physical properties for some
agricultural cerial crops. Research project by Fac. Of Ag.,Manoura
Univ. and the Acadimy scientific research — Cairo.

Ministry of Agriculture and Reclamation, 2001- 2004, Arab Republic
Egypt. Affairs sector.

Mohsenin, N.N. (1986). Physical properties of plant and animal
materials. Gordon of Breach science publishers, Neaw York.

Misr J. Ag. Eng., January 2009 406



Rastovski, A. and A. Van (1981). Storage of potatoes: post- harvest
behavior, storage practice, handling. Center for agricultural
publishing and documentation, Wageningen.

Ryall, L.A. and J.M. Lipton (1983). Handling , transportation and storage
of fruits and vegetables. A VI publishing company. INC. Westport,
Connecticut. V. second edition vegetables and melons.

Smith, O.(1977). Potatoes; production, storing, processing. The AVI pub.
Co., INC. Westport, Connecticut.

Suliman, A.F.; E.Y ghoniem and F.M. Abdou (1999). Some physical and
mechanical properties of potato concerning the design of diggers
and handling operations. The 7th conference of Misr Soc. Of Ag.

Eng : 290 —301.
2l padlal)
AalA s dalal) it (udalall @il jal AuiLasSl) (al gA0) g dadall (ailadll
.&..“!S

*a) gall e daaa 3l gl LS 0 *a puallall ae ZUL Ao daaa 0 Frala ald) Jlaa L0

& osbladl il LiLesll Gal sl 5 Al ailiadll aal ) jo dadl 138 4 a3
P Gl 5 Cagaily Lgiallae aay — (Aa ) 3dle dbanll 2ay Le A8V dalall
oaibadll ods @ lu o o jaill (a yry (AN Guilide (paldas Cnd dulia o A5 < b

L e 5 Al Jlall Clidee (s Las Jal el 228 J31A dalg)

daal) walic

Ll g i gagly Gudaldaall e pta e 4l pall -

Maall amy 1 A5V Jal e SO 3 cpiiall i) Lpeglal) Gailadll uld W -
OaoA el — (Addlall (3 s0a) JU 5 hbail) 3l ) Lagy 15555 aae — 5 yilie
o2 ol (i po oAl Gadae Guallal Cad a g 25 S dande Loy 75 354
Silas) clulall oda a5 pailiasll

@ X 5 - %90 A sy 5 Ase Aa )y 4l Aaladl A3 B Al S -
Y85 A Ay sh ) Ay i da )2 16 43 da o e (A5l ) Al 400

it il A Ayl &S - A 3l Acerig] o A ) Anig e Love St
Boalall — Ao ) ) 3l digll & ga dgaay udige

Misr J. Ag. Eng., January 2009 407



t Y e bl alladll clad) -
haiall aaall = (5l — KAl aaat | (el — Gyl — Jhall ) Al degY!
il & Sa Ay gl g pedand) Aalise — Agdall 2GS 5 4y jallall BESY  Wlial) anall g
5 lally blhdl ) & sdaud &3 e @lall ASiay) deles | oo sl 050 —

Aeal) A glia | (31 00 & jall e glie | A00A) | (adal)

Dt s el o AiLasl pailiadl) culaill 5 -
LS S sk (s il

r ) Al L) a5 Al sl cilS

, 831 S Ly 4234l & 5 3aall vie 96,6, 5.73 Jshll & padlill Jae oy -1
(Al e Ll 5 i gagls Aial Gllh g all gill 8 o Al e 9497

, 5.82 & lain 4230 & o)Al vie 94,17 , 4.32 Gaadl 4 Bl Jare gy Loty
sl e Wl g e sagla a3 elld g )il o 5al) die 94,74

Aasalla) gd 5 KU o Ll e psial) ST udalaal) cul jo JIKET Cudia 2D

Gsine il all Guliall aaall 5 o gunall anall (e JS 8 DAY yiing ol -3

oabalad) el Aa) dndand) dalual) G dulag) A83e Jhadl) jlasaV) il & ekl -4
Agihaie A8e (A ALl (s

O W LAl a8 5 8l gy 8 31500 A glaall g el e e IS ) Al -5
i GosE g (JW 5yl 8 il ol 3l G dge 5l 483l ol rinall)
(Caldail) SIS a cp 3aill 5y Aled s 5 llalill 8 Ul ey I Log 25

Bl any el 20l 3 58 aey daali s an30 gLV e el il bgiu (IS -6
290 s a0 &Y (e da il vie aie bogiul) dagn A8 bl ds
Ol B ae AAN bl A (Al A0 5k Ale @llia cilS ddle ddiay
ol T il i ) 83 s

Al il A Lgie a8 Ly 5as &5 Al Gudalad) <l o 8 Sl S 55 A cala ) -1
G bSall S 5 sl 5 syl el (mliasl G Akl ALY Gy aa N
cosbaldall
10 I 8 G310 () 8.4 G an gl 5 388 dlan) aay ilijall Sl 5 55 dpwss Lol
a2kl A8l e a8l g i il e Lliiu g sy e e JSI (8 5
Sl 3 Ay G 5 B Jaal) lasal) d8de gaash )

Misr J. Ag. Eng., January 2009 408



