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INTRODUCTION

The purpose of this paper is to correlate the information to existing
conditions on the Jos Plateau of Nigeria and to propose a design data for
the storage system. Because of the end use of the potato crop (as table
stock) in Nigeria, the paper inclines more to the storage of table stock.
Nevertheless, a few points of comparison between table stock and potatoes
based on other end uses are mentioned.

Potatoes are not one of the major commercial crop in the country,
but there is a great potential for the crop. For that reason it is not
advisable to invest much in a potato storage project, and this is why this
system is designed to use evaporative cooling pads which is relatively

economical as compared to high power cooling systems.



COMPOSITION OF TUBERS

To provide for effective potato storage, it is necessary to have some
knowledge of the potato: what it is, its composition, its responses to vary-
ing conditions and the favorable conditions for its storage.

The potato is a living plant that is continuously respiring at some
level of intensity, therefore it should be considered perishable. The potato
tuber is formed from the rhizome when elongation of the rhizome stops and
enlargement starts.

The major parts of the matured tuber looking from the outside are
the periderm, cortex, vascular ring which is surrounded by vascular storage

parenchyma tissues and the pith (See Figure 1). The periderm has a thickness

Cortex Vascular Storage Parenchyma

Bud End Lateral end

Vascular ring

Fig. 1, Principal Parts of a Potato Tuber

of six to ten cell layers and acts as a protective coating over the tuber.
The cortex is a storage tissue characterized by its narrow band of storage
tissue. The outer layer of the cortical cells contain protein crystals,

tannins, pigments, and some starch. The narrow vascular cylinder zones



contain secondary Xylem and phloem conductive tissue. The storage parenchyma
is immediately inside the vascular ring. The pith cells are lower in starch,

higher in water content and more translucent than the other tissues.

Tuber Cell Composition

A potato tuber contains about 10-100 million cells, each abcut 0.1 to
0.2 mm in diameter and are joined together by pectins. Between the cells are
the gaps which account for the two per cent of the tuber volume. The bulk of
the tuber consists of water which makes up about 75-80% of the tuber. This
water can evaporate easily from any exposed part of the tuber and that is bad.

The potato cell contains sugar, amino acids, proteins, mineral salts,
and other constituents which although they may seem insignificant, affect the
nutritive value of the potato. There are chemical changes constantly taking
place in the tuber, such as the conversion of starch into sugar and back to
starch depending on the temperature. Potatoes store best between 35-45°F,
At 30-35°F the conversion of starch to sugar takes place and below 30°F the
potato freezes. At temperatures above 42°F the sugars in the potato are

converted back to starch.
OBJECTIVES OF POTATQ STORAGE

The most important geals considered in potato storage are to:

1. Maintain minimum respiration - During respiration the tubers
take in oxygen and give out carbon dioxide, water and heat.
The respiration rate increases at temperatures below 38°F
resulting in rapid weight loss and reduction in quality.

2. Retain water in the tubers - This is an important factor to

consider because the marketability of the potato is dependent



on the moisture content of the tubers. The tuber could be
considered to be of 100% R.H. And because the relative
humidity of the environment is always lower than that of
the tuber, there is a vapor pressure deficit. The greater
the deficit, the greater is the water loss from the tuber.
Therefore, a relatively humid environment that is free of
condensation is required for storage.

3. Control temperature based on end use - High temperatures favor
the maintenance of starch or the conversion of sugar to
starch. At 42°F the sugars are gradually converted to starch.
The reaction speeds up at higher temperatures but temperatures
higher than 55°F may activate bacteria causing the potato to
Tot.

4. Maintain appearance - It is highly impossible for potatoes
coming from storage to look as good as they looked before
going in but with careful attention, much of the appearance
is maintained, and this is accomplished by maintaining the
right temperature and humidity.

5. Protection from light - Greening on the surface of the potato
occurs after prolonged exposure to light. This greening is
objectionable to the buyer, thus affecting the grade and

ultimately the price.
CONSIDERATIONS FOR STORAGE

Damage occurs to potato tubers during harvest, which can result in

diseased tubers, weight loss and this influences the kind of care to be



given the potatoes at storage. Fig. 2 demonstrates the influence of curing
and of the relative humidity during curing on subsequent weight loss. For
an illustration of how weight loss of adequately cured tubers are affected
by storage duration, temperature, and potato variety, see Figures 3 & 4
(pp. 7-8).
The total storage period may involve three stages:

1. The curing period

2. The holding period, and

3. The removal stage.

It is essential that wounded potatoes undergo suberization which is
a would healing or curing period. At this stage the tubers are subjected to
temperatures between 45°F and 65°F and relative humidity of about 90-95% for
a minimum period of 7 days. It is advisable to suberize at temperatures that
will be close to storage temperature to avoid drastic changes which may
result in shock. The desirable storage temperatures depend on the potato
use:

For seed and fresh use store between 35°-40°F

For dried or flaked potatces store at 45°F

For French fries store at 45°-50°F

For chips store at 50°-35°F
These temperatures should be maintained at t 2°F,

The practical consequences of the relationships mentioned in the
preceding paragraph is the influence on weight loss in storage cooled
especially by forced ventilation and outside air. Figure 5 illustrates this
point further.by presenting the relationship between time, vapor pressure
deficit and weight loss for three varieties. Figure 5 also illustrates that
it does not matter how the drying effect is obtained, the tubers would iose

as much moisture if they were kept for one day under very dry conditions as
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they would when kept for ten days in air with only 1/10th of the drying
power,

WNeight loss should be considered an important economic factor.
Weight losses below 5% are acceptable at which point the tubers have soft
skin but are sufficiently firm. Firmness decreases with increased weight
loss, and this can be felt by pressing the tubers. The tubers feel increas-
ingly soft between 5 and 10% weight loss and when the loss is in the neighbor-
hood of 8-9% the skin begins to wrinkle and a subsequent deterioration in
appearance follows. At this stage, the tubers are no longer good for table
use but could be used for other purposes. Table potatoes store well at
38°-40°F and potatoes to be processed keep well at 45°-50°F for about 3

months. For longer storage period, use sprout inhibitors.

Location Factor

The greatest problem in most storage facilities is temperature and
humidity control. A location that will help avoid the problem should be
considered. Doors that would be frequently opened such as shipping doors
should be located in positions to avoid the prevailing winds.

The storage should be as close as possible to the production area
for easy handling distance. It is also important to locate storage at an
easy access to an interrupted highway. There should be a residence close by
the storage to ensure proper maintenance and operation of the systems.

The storage size should be given good thought. The size should be
as it is needed to accommcdate the quantity of potatoes produced and to
provide space for future expansion. There is no sense in building a large
storage for potatoes while consumption of potatoes is on the decline.

Therefore, a study of the market is deemed imperative. The storage should
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be such that can pay off in a few years (in about 4-6 years). This might
offset rapid unfavorable changes in the industry.

To determine the actual storage size or bin size, start with the
seed potatoes. An increase factor of 10:1 to 12:1 could be used but to be
on the safe side in case of a larger yield than anticipated, it is good to
use 12:1. That is for every one seed potato 12 potatoes are produced, atc.
The depth of storage should be considered. As depth exceeds 10 ft, the

storage problems are increased at a high rate.

Site Selection

In selecting a site, consider the total cost of developing the site,
not just the initial cost of the land. The developing cost should be
compared to the developing cost of alternative sites. Cost of development
includes, earthwork, drainage, roads, wast disposal, utilities, etc.

Another cost factor to consider is the cost of operating the completed
facilities as they are influenced by the site such as the availability of

water, taxes, etc.

Soil Condition and Drainage

The soil should provide adequate load bearing capacity, to support
the building and its content. Tre soil type could really provide a problem
when clear span rigid frame ccnstructions are used, which concentrate the
load at column bases. An evaluation of the soil should be done by a soils
engineer. Soil load bearing can be improved in some cases by adequate
drainage. A well drained soil is also good for the general use of the site.
A site with a 3 to 5% slope will improve drainage without much earth

movement.
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Transportation

A centrally located storage in relation with production fields is
appropriate for short hauls. This could vary with the volume of crop to be
hauled from each field. Transportation to the market is very important.
Therefore, the site should be as close as possible to different modes of
transportation as they are available. Future shipping methods should be

considered since the facility is designed to serve for many years.

Utility Service

Electrical service is probably the most important of the utility
requirements. There should never be a power interruption. The electric
company should be contacted for availability of electrical service at the
site. Single phase power may be adequate but three-phase will provide
better performance from the standpoint of large electrical motor (7 hp or
greater) operation.

The water supply for storage could be obtained from the immediate
locality by providing a well. The water supply should be adequate to provide
for: washing, cooling pads, for fluming in some cases, and for fire protec-
tion, etc. If a well is used, it should be located away from possible
contaminations such as leaching from main fields and ponds. A safe minimum

distance of 100 ft. is adequate.

Waste Disposal

Provide for proper means of disposing of the waste from washed
potatoes and from sanitary facilities. Decayed tubers should be disposed

of according to the local requirements.
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STORAGE LAY -OUT

There are different designs of bins. There is the single-room type,
where all the potatoes are placed in one room under one air circulation and
ventilation system. There are the '"room per bin" and the '"door- per- bin"
which have several large bins per storage. The room per bin and door per
bin could be used where there are several growers using a common storage or
where the storage is used for different varieties. Regardless of the type
of storage, if potatoes are stored in large quantity, the loads should be
piled up as shown in Fig. 6 for better potato appearance and efficient use

of space. ~

Fig. 6. Method of Stacking Potatoes in Storage.

The storage capacity of a bin can be determined by

LxWxDzx 42 lbs/ft3

100 1bs/cwt = o1 Equation 1
where:
L = length
W = width
D = depth of potatoes in storage

and 42 lbs. is used as the weight of potatoes per cubic ft.
CWT is used here because it is the common measurement of weight. To deter-

mine the capacity in tons as sometimes the case may be, use equation Z.
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LLE—EEE—E Equation 2
50 ft"/ton
where:
50 ft.3 is an estimated volume of potatoes per ton load.
The storage lay-out is of a several bin in one storage with an under

floor duct ventilation cooling system using water cooling pads. The lay-out

also includes a work area and an office and room for expansion.
VENTILATION COOLING

This is through-the-pile, cooling by moist air system. The principle
involves blowing in cool air through the bottom of the pile and expelling the
warm air at the top to the outside. During this process of cooling, the
surface of the potato transfers energy to the passing air by convectionm.

This energy that is lost at the surface is replenished by energy flowing from
the inside of the tuber to the surface by conduction. This energy conducted
to the surface makes the average pulp and surface temperatures of the potato
practically equal. Table 1 shows the equality in temperatures. This equality
in temperature is due to the fact that energy transferred by conduction is
faster than that transferred by convection.

The through-the~pile cooling system does not cool uniformly; it ccols
in stages with the time. The area of the pile that is experiencing tempera-
ture change is referred to as "the cooling zone" and the topmost or forward
line of the cooling zone is called the 'cooling front." There are three
regions during the cooling process: the cooled region, the cooling region,
and the warm region. The cooling region progresses through the pile and when
its trailing end passes through the pile, the pile is cooled. Fig. 7 and 8

illustrate the different regionms.
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TABLE 1, Example of the Simulation Qutput of the Heating of a 1l2-foot
Depth Potato Pile from 45°F. to 65°F, at an Air Flow Rate of
1 cfm/cwt. (inlet RH = 94 percent).2

Air Prod Surface Abs Film

Depth Temp Temp Temp Hum Rel Thick

Ft. F F F Lb/Lb Hum Ft.
.00 65.00 64.02 64,02 .0126 .9357 .28E-03
.50 65.12 64.51 64.50 .0130 .9586 .48E-03
1.00 65.25 64.85 64.84 0132 .9721 .57E-03
1.50 65.37 65.08 65.07 .0134 .9803 .62E-03
2.00 65.44 65.17 65.17 . 0135 .9861 .64E-03
2.50 6535 64.99 65.02 .0136 .9933 .65E-03
3.00 64.96 64.28 64.38 .0135 .9999 .62E-03
3.50 64.11 62,75 62.94 .0131 .9995 .56E-03
4.00 62.40 60.11 60.42 .0123 .9986 .46E-03
4.50 59.53 56.47 56.86 .0110 .9972 .33E-03
5.00 55.69 52.58 52.95 ,0096 .9964 .20E-03
5.50 51.80 49,42 49,69 .0083 L9971 .10E-033
6.00 48.85 47.43 47.59 .0074 .9985 .46E-04
6.50 47.11 46.43 46.50 .0070 . 9994 . 18E-04
7.00 46.28 46,01 46.03 .0068 .9998 .61E-05
7.50 45.96 45.86 45,87 .0067 . 9999 .19E-05
8.00 45.85 45.82 45.32 .0067 1.0000 .68E-06
8.50 45.82 45.81 45.81 .0066 .95993 .25E-06
9.00 45,83 45,82 45,82 .0066 .9992 . 15E-06
9.50 45.85 45,82 45.82 . 0066 .9988 .20E-06
10.00 45.85 45,82 45,82 . 0066 .9988 .24E-06
10.50 45.85 45.82 45,82 . 0066 .9989 .24E-06
11.00 45,85 45.82 45.82 .0066 .9990 L.21E-06
11.50 45.85 45.82 45,82 .0066 .9990 .21E-06
12.00 45.85 45.82 45,82 .0066 .9989 .22E-06

aCargill, B. F. ed. The Potato Storage: Design, Construction, Handling
and Environmental Control.

(Michigan State University, 1976)
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The movement of the cooling air through the potatoes is dependent
on: 1) the air flow rate, 2) the initial temperature difference between the
cooling air and the potatoes, and 3) the amount of evaporation in the pile.
The depth of the cooling zone which determines the rate of cooling is a
function of the air flow rate. High air flow rates result in deep cooling
zones (see Fig. 7).

Fig. 7 and 8 also illustrate the position of the cooling zone after
35 hours at flow rates of 0.5 and 1.5 cfm/cwt. respectively, in a 12 ft.
deep pile of potatoes. Fig. 9 shows the temperature distribution in the
pile at different times when a 65°F pile of potatoes is ventilated with 45°F
air at a flow of 1.0 cfm/cwt. The effect of the air flow on the cooling rate
of a pile of 65°F is illustrated in Fig. 10 in which three air flows (0.5,
1.0, and 1.5 cfm/cwt.) are compared after 40 hours of ventilation cooling
with 45°F air.

After the cooling zone has passed through the pile, there still
exists a temperature difference of about 1° to 3°F between the bottom and
the top of the pile due to respiration temperatures. This is shown in Fig. 9.

Through-the-pile ventilation rates in potato storage may vary a great
deal from place to place. It could range anywhere between 0.5 to 2 cfm/cwt.
or more. But we should bear in mind the marked significance of a two-fold
and a three-fold increase of the air flow rate as illustrated in Fig. 10.
This could be dramatically illustrated taking, for example, 6 ft. up the
pile after 40 hours of ventilation at air flow rates of 6.5, 1.0 and 1.5
cfm/cwt. respectively; the tuber temperature is 65°F, 54°F and 47°F.

The simulation data of the cooling of a 12 ft. pile of potatoes,

initially at 65°F at an air flow rate of 1.0 cfm/cwt. is shown in Table 2,
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3 and 4 and Figs. 11 and 12, In addition to the weight loss, the values fcor
the tuber temperatures and relative humidities at different times at 9 ft.,
6 ft., and 12 ft. depth are also tabulated. Piles that are kept at a
constant temperature (45°F Table 2) attain rapid cooling and experience a
minimum weight loss. It can also be noted that during the cooling period
the relative humidity of the outlet air first decreases then increases.

The simulation results of the ventilation cooling shows that a great
deal of the cooling effect on the potatoces is due to vaporization of water
from the surfaces of the tubers. It was earlier observed by Meyers and
Hylmo1 that as much as to per cent of the cooling of a potato pile was due

to vaporization.

Effect of Respiration

In the cooling process, fans are turned off when the desired tempera-
ture is reached to minimize weight loss due to dehydration. At a certain
period, when the fans are off, the tuber temperature will rise sufficiently
to require the fans to be turned on. This temperature rise is from the heat
produced by the tubers during respiration (heat of respiration). Fig. 13
shows how the temperature of a pile stored at an original temperature of
45°F rises rapidly due to respiration heat at the rate of about 1.5°F per
24 hours. It is also indicated in Fig. 13 that the rate of temperature drop
of a pile is indirectly proportional to the rate of ventilation. At the
0.5 cfm/cwt. air flow rate, the potatoes will remain for an additional 65

hours above 55°F before their temperature begins to drop.

1Cargill, B. F. ed. The Potato Storage: Design, Construction,
Handling and Environmental Control. (Michigan State University, 1976).




22

TABLE 2. Cooling Rate of a 12-Foot Pile of Potatoes Imitially at 65°F.
Ventilated with Air at 45°F. and 93.2 Percent Relative Humidity
at a Rate of 1.0 cfm/cwt.D

Time Potato Temperature at Relative Humidity at Weight Loss_2
Hours 0 Ft. 6 Ft. 12 Ft. 6 Ft. 12 Ft.  1lbs/cwt x 10
0 65.0 65.0 65.0 ; 100.0 100.0 0
20 45.1 65.3 65.8 45.7 44.9 1.85
40 45.1 54.4 66.5 71.2 43.6 3.36
60  45.1 47.2 63.6 87.2 49.8 4.28
80 45.1 46.6 54.1 88.4 70.3 4.74
100 45.1 46.5 48.9 88.4 82.1 5.03
120 45.1 46.5 48.0 88.4 83.9 5.29

TABLE 3. Cooling Rates of a 12-Foot Pile of Potatoes Initially at 65°F.
Ventilated with 5°F. Daily Adjustment of Inlet Air Temperature
Starting at 60°F. and Relative Humidity Adjusted to a Constant
95 Percent with 1.0 cfm/cwt. Air Flow Rate

?ime Potato Temperature at Relative Humidity at We;ght Loss_2
Hours 0 Ft. 6 Ft. 12 Ft. 8 Ft. ,,”,%E_ft‘ lbs/cwt x 10
0 65.0 65.0 65.0 100.0 100.0 0

20 60.1 65.7 65.8 78.1 719 0.78

40 55,1 63.6 63.6 70.0 63.6 1.85

60 50.2 59.8 66.7 68.9 53.5 2.99

80 45.4 55,6 64.3 66.0 48.8 4.08

100 41.4 515 60.5 63.4 46.4 5.05

120 40.1 47.3 56.4 73.8 53.4 5.86

bCargill, B. F. ed. The Potato Storage: Design, Construction, Handling and
Environmental Control. {Michigan State University, 1976)
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TABLE 4. Cooling Rate of a 12-Foot Pile of Potatoes Initially at 65°F,
Ventilated with a Linearly Decreasing Inlet Air Temperature
Starting at 60°F. to 35°F. with Constant Relative Humidity of
95 Percent with 1.0 cfm/cwt. Air Flow RateP
Time Potato Temperature at Relative Humidity at Weight Loss_
Hours 0 Ft. 6 Ft. 12 ¥, 6 Ft. 12 Ft.  lbs/cwt x 10
0 65.0 65.0 65.0 100.0 100.0 0
20 56.5 65.7 65.8 67.4 67.5 1.00
40 52.4 62.7 66.6 66.2 56.5 2.18
60 48.2 57.4 66.5 68.0 49.2 3.37
80 44.0 58.1 63.0 67.8 48.3 4.43
100 39.9 49.0 58.2 67.4 48.3 5.34
120 35.7 44.8 53.9 67.0 48.7 6.14

bCargill, B. F. ed. The Potato Storage: Design, Construction, Handling and
Environmental Control.

(Michigan State University, 1976)
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