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. ABSTRACT
Fruits and vegetables though known to be major source of vitamins in our

diet, are hlghly perishable. After harvest, they undergo chemical changes
and spoilage by bacteria, yeast, and fungi, leading te gross reduction or
total loss of nu'tﬁents.~These,.tend to be the major cause of wastage in
fruits and vegetables during time of glut, resulting i.n very low selling
price for farmers and also responsxble for its mabxllty to be preserved '
against oﬁ‘-season resultmg ‘te extremely high pnce for users
(consumers). Several storage systems have been designed and are being
used for storage of these fruits and vegetables. The evaporative cooler is
one of the storage systems used to store fruits and vegetables. The pbt-in-
pot and the metal-in-pot medels of evapera'tive coolers were chosen for
the burpose of this project. The problem however, is what happens to the
quality parameters‘ of these fruits and vegetables, during this period of
storage .Of considerable importance, among tbese_ parameters are those
that have to do vvith the appearance or physical qualities. Sterage trials for
mango and tomato were carried out for a penbd of ten (10) -days per
replication. Temperature inside the storage chamber and ambient
~condition was taken at mid day. (12.00 noon). An e:ght pomt Hedonic

scoring quesfionnaife was used to.assess the color and texture ‘changes in
both the pot-in-pot and meial-in—pot evaporative cooler by ten (10)
panelist. The result ebtained vvas analyzed using Chi-square. The Tesult
shows that tomato shows no significant change in both color and texture

in both cases (pdf-in—pet and metal-m-pot E.C.5). While mango shows
~ significant difference in both texture and color in the pot-in-pot structure,
and only significant change in texture in the m.eta!~in-150t structure.




CHAPTER ONE
INTRODUCTION

1.0. WHAT ARE FRUITS AND VEGETABLES
FRUITS: -Is deﬁned botanically as a matured ovary of a plant with or

without seeds. Some fruits however are formed from other ﬂower parts or
from the receptacle Example is. pmeapple Fruits that are formed from
inferior ovaries have their enlarged floral tube still present in them. In some
cases, these accessory structures may-be'COme a prominent part of the fruits,
as in apples. |
Further more, a fruits may consist of several natural ovaries remaining
* together as a unit and may include the matured ovaries of an entire.
inﬂorescence. (Hill 1982). Fruits can also be'classiﬁ'ed'into true for those
derived from the corpel(s) True fruits may be fleshy or dry Fleshy fruits
include drupes such as plums and cherries as well as tomatoes, gooseberries
and currents. Dry fruits are numerous and vaned and include the caryopsis
of greases, the product of pees False fruits are those contammg parts of
other organs ‘which include apples and strawbemes the ﬂesh of which are
actually swollen receptacles (Clayton 1986)

VEGETABLES: - Generally refers. to plants other than fruits that are
culti.vated for human consumption or for stock-feeding, for example
potatoes, carrots, cabbages. Some fruits such as tomatoes, cucumbers, okra,
~and pepp’ér and some seeds such as pears, beans are also considered as
vegetables. Most vegetables contain useful 'arhcurit of vitamin C and.
minerals. Root \'/egetahles are rich in protein. (Clayt_on, 1986‘)7
Most. vegetables are leaves, or steams of herbiscouse plants, although

flowers, calyces, immature s$eeds or fruits may also be consumed as




vegetables. Tomatoes and peppers are vegetables belonging to the same
plant family (sola naceae) but like the other fruits. (Sydenhem, 1985).
-‘1.2..PERISH.ABILTY OF FRUITS ANDVEGETABLE_S_ ‘

Fruits and vegetables widely grown in Nigeria like tomato, mango, pepper

e.t.c, are very valuable and useful agricultural crops. Unfortunately, they are’
not only seasonal crops, but they are highly perishable and deteriorates few
days after harvest, lo'osing almost all _their'required quality attributes and
so-m'elmay likely results to total waste. At high temperature and low relative
llumidity, as obtained in the northern part of Nigeria where these fruits and
vegetables are mostly grown, it is difficult to 'preserve perishable products
(fruits and vegetables). because "deterioration sets in fast. Weight loss
suffered By the- commodities due to low humidity often becomes so high that
shriveling and skin ‘wrinkling leads to ‘economic loss. (Robertson, and
Creech, 1984) _
1.3. PRESERVATION AND STORAGE OF FRUITS AND
VEGETABLES

Several storage systems have been designed and are been used for the

storage ‘of some of the se fruits and vegetables “The problem however is
what happens to the quality parameters of these fruits and vegetables during
 this penod of 'storage of considerable importance’ among these’parameters
are those that have to do with the appearance or ohysical qualities» Prices of
these frurts and vegetables sometimes depend mostly on their physical
:appearance (Grace 0.0, 2000). o

In Nigeria, because of the initial runmng and maintenance cost, sophisticated
cold storage facilities often supposed for fruits and vegetables storage are in
most cases not affordable and hence not avaxlable for most rural dwellers

due to cost, the advanced technology they entail. They, are also inappropriate-




to be used in many developmg countries, particularly in the tropics because
of the operatmg temperature as most of these crops are prone to chilling
injuries. '

Chilling injuries causes death of small group of epidermal and assoclated
cell, which dries up and become useless As a result of excessive moisture
loss, accumulation of toxins and mycotoxins occurs in the fruits, leading to

'.diso‘rderliness at Tow temperature in the structure of the crops, thus, loss of

' freshness and flavor of fruits and vegetables occurs when stored in

,refrigerators | ’ -

1.4. STATEMENT OF PROBLEM

Fruits and vegetables are highly penshable in their fresh form, after harvest

partrcularly under hot troprcal ‘condition. During harvest, products in excess
of immediate consumptlon are sold processed or stored. Products such as
fruits and vegetables needs low temperature and high relative humidity for
ideal storage. '(Babarlnsa and Nwangwa, 1986). The relevance of low
temperature and high relative humidity to preservation of fruits and
vegetables has been well established. (Robertson and creech, 1984). At high
’ temperature and high,relative humidity as obtained in the northern part of
- Nigeria, it is difficult to preserve perishable product. The initial, running and
maintenance cost of sophisticated cold Storage facilitles'oﬁen supposed for
fruits and yegefables storage, are in most cases not affordable, due to high
cost: The high technology they entail also makes them inappropriate to be
used in developm g countnes |

Consrdermg the socro-econonuc cxrcumstances of most farmers and traders
in fruits and vegetables, it was stressed that the least expensive method for
both short and lorg term storage should be sought, (Ojehumon et al, 1975).

To this regard, the evaporative cooler storage system has been 'developed to




provide a suitable cooling chamber for storage of perishable products under’
reduced temperature and high relative humidity atmosphere, (Babarinsa and
Nwangwa, 1988). |

This project ‘is undertaken to modify and evaluate the perforruance of the
existing pot-in-pot evaporative coolant storage structure.

1.5 JUSTIFICATION OF THE PROJECT.

Durmg harvest product (Fruits and vegetables) in excess of immediate

consumption are either sold, processed or stored. The initial, running and
maintenance cost of sophisticated cold storage facilities often supposed for
~fruits and vegetables storage are in most cases not affordable. Hence, not
. avarlable in most rural homes, due to cost of the advanced technology
involved.

~ Considering the, technical and economic .positiOn of most farmers and traders
in fruits and vegetables, there is the need for least expensive methods for
both long and short-term storage for these products. In this .regard, the
evaporative cooler storage system has been developed t_o provide a suitable
cooling chamber for storage of perishables (fruits and vegetables) under
reduced ternperature and high relative humidity. The effect of temperature
and humidity on the quality parameters namely color and texture on the
stored products, which are the deterrrlining factor for the price acceptability
and of the product are examined for the period of the trial storage.

1.6 SCOPE OF THE PROJECT

The project work is llmlted only to the pot-in-pot and metal-in-pot-

evaporative cooler storage structures. Mango and tomato: being widely
grown and consumed vegetable and fruits in Nigeria were used for the
storage trials. The studies of the effect of lowtemperature and low relative

humidity obtained .in the cooling chamber, on’ the ‘selected fruits and




provide a suitable cooling chamber for storage of perishable products under
reduced temperature and high relative humidity atmosphere, (Babarinsa and
Nwangwa, 1988). -

This project is undertaken to modify and’ evaluate the performance of the
existing pot-in-pot evaporative coolant storage structure. |

1.5 JUSTIFICATION OF THE PROJECT.

Durmg harvest product (Fruits and vegetables) in excess of immediate

consumption are either sold, processed or stored. The initial, running and
maintenance cost of sophisticated cold storage facilities often supposed for
~fruits and vegetables storage are in most cases not affordable. Hence, not
. available In most rural homes, due to cost of the advanced technology
involved.
‘Considering the, technical and economic ‘positiOn of most farmers and"traders
in ijuits' and vegetables, there is the need for leaSt expensive methods for
both -long and short-term storage for these products. In this regard, the
evaporative cooler storage system has been developed to provide a suitable
cooling chamber for storage of perishables (fruits and vegetables) under
reduced teinperature and high relative humidity. The effect of temperature
and humidity on the quality parameters namely color and texture on the
stored products, which are the detemlining factor for the price acceptability
~and of the product are examined for the period of the trial storage.
1.6 SCOPE OF THE PROJECT

The project work is limited only to the pot-in-pot and metal-in-pot:

evaporative cooler storage structures. Mango and tomato- being widely
grown and consumed vegetable and fruits in Nigeria were used for the
storage trials. The studies of the effect of low' temperature and low relative

humidity obtained .in ‘the cooling chamber, on the selected fruits and




vegetables (Mango and Tomato) would be ﬁmited to some physical quality
parameters, namely color and texture.
1.7 AIMS AND OBJECTIVES.

1. To monitor the degree of cooliﬁg achievable in the cooling chamber.

2. To test the effectiveness of the system for fruits and vegetable storage.
3. To evaluate the changes in color and texture for the specified period of
the trial test.




CHAPTER TWO

| LITERATURE REVIEW
2.1 FRUITS AND VEGETABLES

Fruits can be defined as a structure made up of one or more matured ovaries
together with any accessory structuré closely associated with them. Also,
fruits is the npened ovary of a flower, either by itself or in combination with

other structures that have matured w1th it as a umt e.g. tomato mango e.t.c.
(Hall, 1982). |

Vegetables are the leaves, roots or stems of herbaceous plants that is
cultivated for human consumption. It is also referred to as edible plants. The
edible portion. may be the root, stem leaf, flower structures, fleshy fruits,

e.t.c. Examples are oarrots, rice, beans, et.c. (Owuye, 1998).

2.2 FRUITS AND VEGETABLES STO_RAGE_ _

After harvest, fruits and vegetables remain living organisms with normal life
. proee’ss; absorbing oxygen, releasing Co, and metabolic heat. But, once they

are severed from mother plants, they necessarily draw energ'y'from within,

hastening'internal oxidation and their own deterioration. Thus, preservation.

requires slowing those processes tlxrough low temperature, and high relative

humidity between 85 to 99 percent. |

Appropriate refrigeration System faces high capital costs, better suited to
long term storage than the mere seasonal pre-cooling. Thus evaporative

cooling is more 1deal for removmg field heat from any products offering low

cost, adequate air ﬂow and humility, and reasonably adequate low
temperature (Kordyles, 1990).




2.3CONDITIONS FOR STORAGE
Harvest crop when matured, but when still in the green state and avoid

mecharﬁcal injury to the crop while handling and exposure to direct sunlight.
1. Sort out damaged crops from undamaged crops before storage, and
stored crops should be washed and cleaned. -

2. Clean, ‘smooth and ventllated containers should be used for packaging
2.4CAUSES OF SPOILAGE IN PERISHABLE PRODUCT (FRUI
AND VEGETABLE) N

Fruits and vegetables, unlike durable crops do not undergo dormancy period.

" They do not keep for longer than seven (7) days after ripening. Apart from
physiological problems, bacteria, fungi, insect and mechanical damage also
accelerate the spoilage of fruits and vegetables. To extend the storage life of '
fruits and vegetables, these agents of de_tetioration must be controlled
(NSPRI BREIF, FEB, 1986).

Indication of spoilage is noticed ‘by chaxiges that render definite variation in
original charaeteriStics odor test, physical abpearan‘ce and chemical
behavior. Mechamcs of- spoilage i in fruits and vegetables is as a result of
continual chemical activities after harvestmg (Tindall, 1986).

Extending the shelve life of perishable products such as fruits and vegetables
will'be-o.f a_dvantagé to rapidly expanding market. This will also help in

"stabilizirjg the price and reduce waste (Tindall,‘ 1986). Oluwale, (1993)
described-some of the cooling procedures as hydrocooling, contact icing,
‘vacuum cooling, and the use of high velocity cold air. Other methods are
elimination or ‘drastic reduction of cozfror_n'the_ storage environment in

conjunction with cold storage. Midon and Lam, (1980).




2.5. STORAGE SYSTEMS AND STRUCTURES FOR FRUITS
'AND VEGETABLE STORAGE.
2.6. VINE STORAGE

Market situation or processing companies sometimes force farmers to

practice “vine storage by hmxtmg the number of creates or boxes they will
accept each day.vine storage means that the earlier maturing fruits are left on
the vine for several weeks after they reach fuli color Rueben, (1980).
2.7. COLD STORAGE
This is a method of preservmg perlshable commodxtles in their fresh and
wholesome state for extended self-hfe by provrdmg and controlling proper
temperature and humidity conditions vathm the storage compartment.
" Normal atmospheric temperature and relative humidity conditions are
“seldom at a level conducive to the safe and prolonged storage of perishable
foods. 1t is ‘necessary fherefore that artificial means be provided to produce
such an environment. Cold storage is recommended because it retards: -
l.Respiration and other metabolic aetivity. |
| 2.A_§in_g due to ripening, soﬁening, texture and color changes.
3.Moisture lost and wilting.” '
4. Spoilage due to invasion by bacteria, fungi, and yeast.
5.Undesarable growth, such as potato sprouts. Opadakun, (1987).
Table (I) mder appendlx (vi) shows the characteristics of products in terms
of temperature, relative humrdxty, storage life, highest freezmg point, and
water content in each product under c'old storage. McCollum, (1980).
-2 8HISTORY OF EVAPORATIVE COOLER .
Table (I) Under Appendrx (IIT) shows the optimum storage temperature and
shelf life of fruits under cold storage. Hall, (1973).




Evaporatlve air-cooling occurs in nature near waterfalls, over lakes and in
pamcular human skin. Most primitive humans probably observed it, and
exploitation occurred in many areas and ages. Early development took place
in the Near East, where hot arid ‘climates provide both incentive and

. favorable condition.

Evaporative eoolin'g was known to ancient Egyptians.Fresccoes from about
: 2500 BC'S.howed slaves fanning jats of water to cool them The vessels were
porous enough to maintain wet surface to facilitate the process. Dale, (1990)
Leonard DA Vinci probably made the first mechanical air
cooler, to cool the boudoxr of his patnots wife, It was a hollow water wheel
through which air was drawn by rising and falling water in 1ts chambers as
they revolved successxvely into and out of a stream. Water entering the
wheel splashed through the air-cooling and cleansing it and forcmg it
through wooden valves out of the hallow axle and into the boudoir. Dale,
(1990). e o
Also, early attempts at automotive air conditioning consist of evaporative
coolers that‘ Where.'hanged from the passengers side window. Water was fed
' by gravit}; or capillary action over a filter or screen. Incoming air foilowed_
through the screen into the passengers’ compartment The evaporating water
absorbs heat from i incoming air. Hall, (1979).
However, the dlsadvantage of this system is that it rises the humldlty inside
the car. Early Auto air condltloners were nanged from the passengers side
window and cooled only whlle the car is moving. |
Such coolers deserve some credit for the rapidly growing wealth and
population of 'western areas. Not only did they proﬁde employment in
several cities but also, as the world’s first inexpensive air conditionihg, they

make the hottest towns and farmers comfortably habitable for the first time.




Nevertheless, the most usual cooling market agriculture, to which the cost of
reféridgérative cooiiﬂg aré prohibitive. It is an ideal market for evaporative
cooling. - - o
2.9 EVAPORATIVE COOLERS. |
Evaporative cooler use heat from air to vaporizes water. This,.increases the
relative hﬁmidity, but lowers thé air temperature. The lower the relative
humidity of incoming air the more_effective is the evapdrative ‘cooling.
Evaporative coolers are therefore useful in dry areas, but also effective in
“other aréas; Humidity drops as air temperature rises, and is, usually lowest
‘during the hottest parf of the day. ASAE Hand Book (1987). Evaporative
cooler works on the principle of cooling resulting from evapofation of water
from A'the surface of the structure. The cooling achieved by this device also
results in high relative huihidity of the air in the chamber from which the
evaporation takes place relative to aﬁ;ﬁi’en't temperature. The atmosphere in
the chamber therefore becomes more coﬁducive for fruits and vegetébles
storage. NSPRI, (1990) . | |

2.10 TYPES OF EVAPORATIVE COOLERS
2.11 RECTANGULAR DOUBLE WALLED E.C.S

This structure of evaporz;tive cdoling system is composed of burnt brick wall-
with an insulating roof fig. (1) below. The burnt brick on a solid foundation
is used to make a déﬁblé ‘walled rectangular chamber and carries a heat-
inéuiéting roof. Riverbed sand is filled between the double-Walléd serves as

the cooling medium. The storage chamber, which is ‘the inner wall, ié

10




div_ided into compartments for fruits and vegetables storage bed. NSPRI
BRIEF, (1986).

s e W Handle

, f i —\ Insulating roof
m = \\ Cooling chamber

© 197 SRR :
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(FIG. 1). Doubled walled-rectangular structure evaporatlve cooling system. :
Source:- NISPRI BRIEF,(1986).

2.13.. POT—IN-POT EVAPORATIVE COOLANT STRUCTURE
MODEL

This model éohsists of two clay pots of different sizes. The smaller pot is

placed inside the blgger pot The space between them was ﬁlled with
riverbed sand that is perlodxcally kept wet. The smaller pot was coated with
cement externally to prevent inside seepage of water. The principle of
cooling is based on the wet river béd_.sand which forms the cooling'medium
from where heat is also sent out across the outer wall by evaporation of
water from the outermost surface of the structure. (NSPRI Brtef, 1986).

; Bt Form board cover

. Outer clay pot

2N - River bed sand
Inner clay pot




Fig. 2. Shows the pot-in-pot evaporative cooler model.

Source:- NISPRI BRIEF, (1986). | |

7 2.13METAL-INAPOT EVAPORATIVE COOLER
This model consists of a big clay pot in which a metal tin is placed inside it.
The space between the clay pot and the metal tin is filled with riverbed
sand which is constantly kept wet. The metal tm serves as the coolmg’

chamber

Form board cover

ﬁefal tiq'
__River bed sand

. =——-——Clay pot_

- Fig. 4 Metal-m-pot evaporatwe cooler
Source:- NISPRI BRIEF ,(1986). - _
2.14 LIMITATION OF. EVAPORATIVE COOLERS

Evaporatlve cooling of air closely approxunates a.constant wet bulb process

and lowest possible dry bulb temperature of the air off the cooler (at 100%
adiabatic efficiency) as the wet bulb tempetature of the ambient air. The area
is then one of the irhportarit. limitation on the evaporative cooler
performance. ' & : et
However as far as dry bulb temperature is. concerned most people will
agree that coolmg as desirable in many climate where 32.2 °C is exceeded
for several hours of the day over an extended period w1th wet-bulb
'-temperature not exceedmg 23.8°C. (Stockler 1958).

EoN -k




Therefore,eVaporative cooling is satisfactory only in areas where dry-bulb
temperature is in excess of 33.2 °C,combined with wet-bulb lower than 23.8
°C. | .
2,15. PSYCHOMETRIC COOLING.
“Psychometry iIs a-graphical representation of the psychometric properties of

- air. The term adiabatic means that a process occurs at constant heat. As
applied to evaporative cooling, this means that an.air-Water-{rapor mixture as
cooled (ie. it’s dry-bulb temperature is lowered) wrthout any gain or loss of
heat through the ambxent or casing of the cooling mechanism.

However if an evaporatrve cooler is to cool air without any heat transfer to
or from the outside of the unit, it follows mescapably that some form of heat
- transfer or exchange must occur W1th1r1 the cooling unit itself.. This internal
heat excharnge involves the evaporation of water, and the heat required to
evaporate the water is taken from the sensible: heat of air into which the
water evaporates. | |
“When the water is injected at a pressure equal to the wet-bulb, temperature of
the entering air (tw), the_n the process follows the path of constant wet-bulb

temperature line (WTB) as shown in ﬁg.-_?».‘below.'

o WBT
| Enthalpy /

TWrTWz ;

A | W,




Fig.3 showmg psychometnc coolmg by adiahatic coohng of air by
evaporatlon of water into the air stream.
Where: " T = Dry-bulb Temperature of entering air.
) i T = Dry-bulb Temperature of leaving air.
Twi = Wet-bulb Temperature of entering air.
TW;, Wet-bulb Temperature of leavmg air.
Specrﬁc humldxty of entenng air.

Wz = Specrﬁc humxdxty of leavmg air.

2.16. MECHANICAL REFRIGERATED STORAGE.
Mechanical refrigeration is a process of lowering temperature of a substance
“below that of its-surrounding. Refrigeration is ﬁrmly rooted in two basic
- principles-known as frrst and second laws of thermodynamics The first law
states that energy may neither be created nor destroyed The second law’
states that no system can receive heat at a glven temperature without
receiving work from surroundmgs Heat always ﬂows from the warmer to
the cooler body. Through, a consrderatron of this law the ideal refngeratron

cycle would be the reversed carnot cycle.

217 QUALITY EVALUATION.

-

Quali_ty.of foodstuff is said to be assessed on the basis of balancing specific

"char-acte]r_isticl each of, which has significance in determining the

14




acceptability of the product, thus determining overall gravity. Drecrosier,
.('1'997,') declared the each of there characteristies should be measured and

controlled adequately.

Quality is said to be jcommonly thought of as 'degree o'f excellenee.

Drecrosier, (1977) also noted that it may be considered as a specific action

or set of specifications which are to be meet, within a given tolerance or
limit. Therefore the level of excellence of the product may be considered as

the average or mean level of qualxty required in the market place and not

necessarily the hlghest quality that is obtainable regardless of cost.

The uniformity"of rhe product may be described in terms of minimum limits

or a tolerance between upper and lower control limits.

An important aspect of quallty control 1s said to be the utrhzatlon of reliable
method of measurement m estabhshmg standards or specrﬁcatlons of quality
and gradmg procedure, to control the quallty of raw materlals as well as the
processing operation and ﬁmshed products. (_lehams, 1982).

218 OBJECTIVE AND SUBJECTIVE METHODS.

SubJectrve or sensory evaluatlon is said to be made up by human

judgement, using human senses. It has been noticed by Wﬂhams (1982) that.
sensory evaluatron suffers ﬁom bemg influence by environmental
conditions, mood and health of the individual, lack of an absolute reference
point, tendency for cooperatrve rather than absolute evaluatlons and above
all personal blas whxch may enter the evaluatlon “consciously or

subconscxously




Objective evaluation is said to refer to use of calibrated instruments, to
measure physical or chemical components, which is less dependent on
human element. However, Williams (1982) that unless correctly conducted,'
it can lead haveé noted it to greater error than subjective evaluation. It has
also been noted by \:Villiaﬁls (1982) that human gvaluation is the ultimate
pritérion of the accuracy of any objecﬁvte niethod, hence if a subjective
evaluation is b‘ossible,-. it is generally used in pfeferen'ée' fo an objective
evaluation' With all products désﬁhéd for consumption. Williams (1982) has
noted that the only way to judge their success or fallure is to have them
exammed by human assessors

2.19 QUALITY ATTRIBUTES |

Quality attributes’ are said to be classxﬁed as either sensory or hidden.
Sensory characteristics are those which can be detected with human sense |
including sense of sight, touch, tasté, and smell, whereas hidden’
cha_raéteristics are said to be those which cannot be_‘evalua_ted' with sense but

are of irhportan'ce to };ealth.,. Williams et al, (1977).

Appearance-Factors of quality mcluded in apoearance 1is said to be those
evaluated W1th the eye and hence the first noticed by the consumer. It has-
been noted by Williams et al, (1977) that it is often on its appearance that
product is 'accepted' or rejected, and therefore good appearance ‘is most

important.

Colour-is-said to be an appearance property attributable to the spectral
distribution of light. ' '
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The most complex and experience instrument used for Colour measurement
is the spectrophOtometer which measurement the amount of light reflected
from the surface of an object at each wave length in the range of

. approximately 380 to770 um.

A quicker and cheaper method is the munsell system-—which uses 3 or 4.
Colour disc, each of which is calibrated in term of live (red, green), value
(lighting and darkneSS) chroma (strength of Colour) each of these is
expressed on a scale. The dlSCS are developed so that the proportlon of each
disc, which is- exposed may be ad_]usted until blend of colors obtained by
spxnnmg the disc, match the object whose Colour is bemg measured The'
percentage of each dlSC exposed and the disc notations are converted to
_-munsell notions, using tables and charts.

_The_‘rnain Colour evaluation instrument is the Hunterl Colour difference
- meter. Itﬁis less expensive than the spetrophometer, but more‘costly than the
munsell system. It measures the value, the amount of redness or greenness.
and the amount |of vellowness or blueness, that.is Hunter value, which can be

converted to munsell notation.

Some important propertie's are said to be determined by instr'unients or by
chemical analysis, but lehams et al (1977) noted that such measurements-
must be related to consumers preference by sensory evaluatron hence direct
.sensory-evaluatlon is often the only acceptable method, especially when the

- combined effect of several different prope_rties is concerned.

17




2. ZOSENSORY EVALUATION
In sensory evaluatxon the reactlons of a selected group of people testing the
product under controlled condltrons are used to predict the ultimate
acceptablhty of the product. Useful mformatmn are obtamed only if the right
questions are asked of the nght people
To ehoose satisfactory test procedure, depending on the type of product
being tested, different assessors are required. |
1.Expert ‘assessors: - Experts assessors are said to be those who know a
great deal about the production, use, and marketin'g of a commodity. Thy are
said to be able 'to descnbe all the attnbutes of a sample 1 m detail and can
usually mdlcate the causes of any defects Their training is a long and
expenswe process and they are usually founu workmg in production and
development departments of food manufacturmg companies or consultancy,_
and spe01atlst commodity dealers._ They are full-tune assessors. Dresrosier,
1977). - | |
2.Eperienced assessors: -These is said to be people selected for their ability
“to recognize, describe and qualify basic characteristics of food and to detect
- small differences between samples. They may or may not specialize in one
.commodity Experienced assessors usually employed‘ to spend only part of
thelr time as asSessors. They work in panel of 10 to 15 members Most
quahty control and product development work is done with assessors of this
type. Dresrosxer (1977) -

3 Untrained assessors: -are said tobe selected as typicol as possible of the.
consumers of the product concern. They work in panels of 10 to 30, usually
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assessing,acceptahility and preference before consumer trails are begun.
Dresroster, (1977). | ‘ ‘

4.  Consumer panels: -Consumer panels are said to be of large untrained
groups of at least 100"rnembers they are selected at random from the section
of the population whom the product is-aimed and usually concerned with
preference and acceptabllrty, in which case they must be willing and able to
take part in as many test as is necessary.

5. They are also selected for interest purpose in which case, they must be
-mterestecl in the product and in taking part in the test. They should normally
be consuming similar product themselves This group is for consistency
 therefore they must be consistent in thelr assessment. If they are presented
with the same preference ina srgnrﬁcant proportxon of these test Drosrosier,
(1977).

It has been noted by Drosrosier, (1977) that experienced assessors would be
able to: -

A. parred companson . A

This test is more eﬁlcxent when Ris always the control sample This method
should not be used when there are more than two treatments ‘Statistical
tables can be used to determine the significance of results. Drosros1er,
7. |
B. Rankmg

~The panelists are. asked to rank several coded samples accordmg to the

-

~ intensity. of some partlcular charactenstlcs The ranklng method is said to be
generally used fo_r screening on_e of the best sarnples from a group of.
samples rather than to test all samples thoroughly.

This method is rapid -and allows for testing of several samples, but no more

than six samples of any product should be ranked at a time. Ranking gives
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no more indication of the amount of difference between the samples since
samples are evaluated only in relation to each other; results from one set of

ranks cannot be compared difectly with the results. Dresrosier, (1977).
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CHAPTER THREE
MATERIALS AND METHOD

3.1. MATERIALS
- Two big burnt clay pot
- One small burnt clay pot |
- One cylindrical metal pot with cover
o :Rlv'er bedsand
- lvlango (magnifere indica)
- Tomato(Lycopersium esculentum)
- Wetand Dry bulb Thermometer
- Colour and Texture scouring Questionnaire. |
32 [EVALUATION _ OF. THE EXISTING 'POT-IN-PQT
'EVAPORATIVE COOLER STRUCTURE. R |
Storage trial using Mango (Magnifere mdlca) and Tomato (lxcogersmm

esculentum) were conducted using the exrstmg‘ pot-in-pot evaporative

cooler. The tempera_ture drop and _~relétive humidity inside the storage
chamber were recorded daily for a period. of thirty days A test panel was
"constxtuted amorng Lecturers, Laboratory Techni icians and “Students of _
Federal Umver31ty of Technology Minna, to obtam the variation in Color
and Texture, using the eight point - Hedomc score as described by
Desrosrer(1977) ‘

3.3 VALUATION OF THE METAL-IN-POT (E.C.S).

Storage trails were conducted m the modified system wrth mango
(magnifera 1nd1ca) and tomato (lycopersium esculentum) A similar
procedure was followed as dlSCUSSCd in 3.2 above.

i




- 34 DETERMINATION _OF COLOR AND TEXTURE(QUALI ;

PARAMETERS)
'SENSORY EVALUATION METHOD.

The color and texture quahtles of the fruxts stored in evaporative cooler were

determmed usmg sensory evaluation method Sensory evaluation is used in
studies mvolvmg product development, product unprovement quality
‘maintenance as well as’in acceptab111ty studies of newly formed product.
Omojiba, (2000). | |

The test essentially employs senses of sight, feel or touch to ascextam the
"quallty of the product. This method is important, as it makes research into
~consumers preference of organolephic quality (such as that of color and |
texture in this particuler research wo'rk) therel)y, ascertain the product.’

acc_eptability.

A ten-panel .cliosen from Lechxers ' Lal)ol'atol'y' Technicians, an'd Students
were used to evaluate the color and texture ouahtxes of the stored frult and
vegetable, usmg exght-pomt Hedomc scoring scale method Dresrosxer
a9om. | o
'Coded samples were evaluated far specific characteristics (color and
'textnre)',i by the panelist, who records their evgluation on a descriptive
“graduated scale shown in Appendix 1,2,3 and 4. Scoring gives an indication
~ of the size and direction of the differences or variation from standard
sample, which are the fresh fruit and vegetable. The samples were evaluated
at an interval of two days fr.om. the beginnin‘g of the storage.

22




3.5 CHI-SQUARE TEST |
The data collected was then transformed and analy‘lzed using chi-square

method (for analyzing enumerated data) using the formula below.
2= (o . E)? |
Where, o =The observed value of each sample
E= Correspondmg expected value (Kwan chi et al, 1984, Thomas et
al, 1978, Murry, 1992).

To evaluate this expression, the expected value is first determined, according
’lto our hypothesisZ'-The expected value is then subtracted- from the observed

value, tlte resultin'g difference is then squared ‘and then divided by the

expected value. These quotlents are summed over all the samples The sum

is then compared w1th values in a chi-square Table at the approprlate degree

of freedom (df) .
.The chx-square test is the classrcal method of analyzmg frequencres The

test mvolves comparmg a test statlstrcs which is compared with a chr—square,
(x?) distribution at a glven degree of freedom (df) called the value at the
significance, level we are mterested in, that is p—-O 05and 0.01 (S%and
l%lvels) each are commonly employed Mun‘y (1992). .

"A measure of the’ dxscrepancres exrstmg between the observed and expected
frequencres is supplied by the statistic
(chl-square) which is given by Murry (1992)
=01 -E) + {07 e QR e Y )? |
B B . E
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=1
Where the total 'frequgncy isN
To=ZgN
%2 DX =N, ‘

Ify= 0; fhe observed and expected frequencies agree exactly, while if x2>0,

they do not dgr'ee e'XactIy. T'he. larger the value of %, the greater is the

discrepancy between the obsérved and expected frequencies.

In I;ractic.q (Murry, 1992) fréqugncies are computed on the basis of a
hypothesis H,: I ﬁnder 'this hy'pothesis,. the combuted value % is given by-
equation (x; =M or{z =3¢ “(oj — Ej)*} is greater than some critical

Value (such as x; =95 or X; =?9), which would,cc)nclude thgt'th_e observed

frequencies differ significantly from thé expected frequencies and would
reject H,: at the corresponding level of significance, dtherwise we accept it

(or at least not reject it).
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CAPTER FOUR

" RESULT AND DISCUSSION
4.1 EVALUATION OF THE POT-I IN-POT EVAPORATIVE- COOLER

TEMPERITURE AND RELATIVE HUMIDITY OBSERVED IN THE
PO-IN—POT E.CS.

Readmg of wet and dry-_bulb-temp"eratures and relative hurnidity inside the
pot-in-pot evaporative cooler storage structure were taken at mid-day (12:00
Noon), for the thirty days storage tnals The results are shown in table 1
below.

Table 1 Wet and dry-bulb temperature and relatlve humldrty in the pot-in-
“pot structure, for the thirty days storage period.

POT-IN-POTE C.S A_MBbINT TEMPERATURE
DAYS | Wet-bulb Dry— | Wet- R.H |Wet- - | Dry-bulb Wet-bulb .
- 1 bulb |bulb | (%) |bulb ¢c) depression(°C) |R .H
. 1C0 depressi co y
. : | on(°C) r : . (%)
1 24 128 |4 70 |25 36 - 11 38
2 |24.1 276 |3.5 75 |24 |38 | 14 28
3 25 7 |30 |5 . 65 |26 © |33 |7 |56
4 26 - |27 1 92 26 |35 |9 - 48
5 20 123 {3 |75 |20 28 8 45
6 21 27 |6 |56 26 34 8 151
7 20 25 5 61 |20 34 |14 . 23
8 20 22 - |27 82 21 |35 14 23
9 20 |24 4 | 68 20 134 14 23
: 26 129 3 - |26 34 8 51
24 25 1 84 |21 136 15 22
25 29 3 78 |24 36 12 |34
25 29 4 71 23 |37 14 26
2 - 255 |35 73 26 38 o & - 36
24, - 25 1 192 25 |38 13 32
25 27 _' 2 184 {26 |39 113 134
25 127 |2 84 - |25 40 - 15 27
123 25 2 84 |26 |30 |4 72
126 128 |2 85 29 36 7 ~ 58
25 1287 |3 77 27 134 |7 56
-~ |27 30 |3 79 - |27 |34 17 56
125 - |29 |4 71 1260 |37 11 40
26 |30 4 %3 28 . |38 . 10 - |45
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24 25 29

T4 71 |26  [375 1115

25 25 30 5 65 27 38 11
26 |23 25 2 84 |23 27 4

i T 25 128 3 77 30 36 6
128 ° |26 30 - 4 72 29 35 6
29 . .27 30 - 33 78 |29 38 9
|4 72 {30 |35 5

30 |26 - |30

40

140

70
63
63
50
69

Table 4and 5 shows the Hygrograph and multiple bar chart for the above
data

“4:2 - COLOR SENSORY EVALUATION OF THE STORED FRUITS
AND VEGETAB_LES (MANGO AND TOMATOQ) IN THE
POT-IN-POT STRUCTURE.

During the storage period, each of the fruits and vegetable samples were
evaluated for change in- physical quality parameters by the use of

questionnaires shown in.Appendix 1;2,3 _and 4.

The results of the observed panelxst scOres for color and texture for the two

products (mangc and tomato) are shown in Tables 2 and 3.

4:3 COLOR EVALUATION OF STORED MANGO IN THE POT-IN-
POT EVAPORATIVE COOLER STRUCTURE

To determme whether the observed color scores differs significantly from

the expected -or original color of the ..mango, the obSer{(ed panelists scores

 were statistfcally analyied. For mango, the data is'as shown in table 2.

A statistical hypbthesis is then set up :about the sample population. It is

hypothesed that there is no significant difference between the color quality
of the fresh and the stored mango at the end of the ten- (10} day’s storage.
H:p=8 - : ,

H:pj<s
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TABLE 2 RESULT OF COLOUR SENSORY EVALUAITION OF
STORED MANGO IN THE POT-IN-POT STRUCTURE. -

w2 | Y1(replication) Y2(replication) Y3(replication)

§ Panehst - Panelists:- ‘ Panelist:-

[¢]

" 112345678910 |X 12343678910 15 12345678910 |X
All | 8888888788 |79, |[8388888 888 80 8788788888 19
All | 8878787677 . |73 |8678778787 .73./7787777877 |12
All [7667776566 63 |7657567666 6.1 |5676666766 6.1
All |5364665455 49 12235446543 38 [3554654654 |47
All [3243443334 |33 1122434332 25 12343543442 34

‘ Y o |594 | WY |55 Y |5.86
- e _ 4
Al2 | 8887887777 75 |7878788788 76 |8787787888 7.6
Al2 |7787876766 69 7667667687 6.8 7776676677 6.6
Al2 |6576655745 5.6 5745556464 ' 4665575554 2.2
Al2 (4266554543 44 (2243335432 5.1 12443563543 3.9
Al2712164332422 2.9 1133223221 31 1232432331 2.4
: ™, 5.46 . 4 ' ", g 514
‘ : 120 ‘
Al3 | 8888867776 7.3 8887787787 4.9 7777687777 |10
Al3 |7788766765 6.7 8767676576 2‘ 6676655666 59
Al3 (5576744644 =) 5746555554 14555554644 4.7
Al3 (3276633632 41 11134324432 2434543433 3.5
Al3 . |1154322421 |25 1112322221 75‘ 11233322421 1.6
‘ s s ol 516 TR T wX g ' wY 4.54
3 6.5
5% '
-
1.7
47
Where:- All, A12 &A13 Samples of mango stored
Y1,Y2 & Y3 = Storage rcphcatlon aﬂer ten (10) days.
.Y = mean color scores at the end of ten (10) days

: Storage period.

To determme whether the observed frequencies (obtamed from 4.14 above)
differs significantly from the expected frequencies, a measure of dlscrepancy
existing between the observed and the expected frequencles is supplied by’
the statistic chl-square

Given by x= (OI-EI) + (Oz-Ez) .......... + _Q_K-EK)
E, Ez
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4.4 COLOR EVALUATION FOR TOMATO STORED IN THE
POT-IN-POT E.C.S.

TABLE 4 RESULT OF COLOR SENSORY EVALUATION OF

_STORED TOMATO IN THE [HE POT-IN-POT E.C.S

w» Yl(rephcatxon) - Y2(rephcatlon) _ Y3(replication)

% Banelhg; _ . Panelli , a ~ Panellist .

th |12345678910-| X 12345678910 |Xx © . 11123456789(X

. . . ‘ 10
Bll 83888888888 80 |7788788888 |77 8788788888 |78
Bll |8888888887 |79 |7578788888 |74 7778788888 |76
Bll |[7887778877 |74 |78797788887 |75 7777677788 |11
Bll |7877767776 |69 |4576487778 |63 7777778778 |69
Bll |6877666766 |65 |[4566376667_156 7767666677 |65
i ’ CWY 734 | WY |69 A WY |71
Bl12 |8888888888 .[80 |7688788888 |78 8788788888 |78
B12 |7877787887 |74 |6788788888 176  |7777678888 |73
B12 |6777687887 |71 |7878877788 |75 7767668877 |69
Bl2 |6776676787 |67 |7567476676 |6.1 17766758876 |6.7
B2 |6766575777 |63 |7567356565 _|5.5 6756747766 |6.1
Y |71 v LY | 6.9 WY | 6.9¢
B13B (8778888888 |78.'|7688688887 |74 8788788888 |78
13 8788787788 |76 |7478687887 |70 . 8688688887 |75
BI3 7777677778 |70 |7768877786 |[7.1 8678688876 |72
B13 6777676676 |65 |7468377687 |63 - |6678777875 68
Bl3 [5676666567 |60 [7457257576_|55  |6657777765 |63
.Y 698 .Y | 6.66 Y | 9.45

"To determme weather the observed frequencxes (obtained, from table 4) ,
differ mgmﬁcantly from the expected frequencies, a measure of the -
discrepancy existing between the observed and the expected. frequenmes is
supplied by the statistic chi-square. Using the mean values obtained in table
to calculate the chi-square value as shown below.

x = E(Q_El

=(7.34- 8) +(7.1- 8) +(6.98 -8) +(69- 8) +(6.9-8) .......(7.12-8)
=112,




Checking the calculated value of 1.12 opposite one degree of freedom shows
that the probability of obtaining the result by chance is greater than 5%.

Applymg the results to dlSCI'CtC data to determine its goodness of fit using
Yates correction factor, to further check the discrepancy the validity of the

previous result obtamed

.x ( corrected) = {(01 El)—OS} +{ (0,-E,)-0.5¢* +
EZ E2

+{ (Ok—Ek)-—O.S"}z
Ex

'xz (corrected) =1 (7-34-8) =05 * +{ (7-1-8)-0.5 1
. . . B | 8

+4(7.12-8)-05¥ =265
| 8

Referring to the chi- square table under 1 degree of freedom, we would
expect a value greater than 3.84 at 5% level and not less than 1.325 at 1%
level.since the calculated chi — squared value of 2.65 is less than 2.71 the

hypothesis is accepted at with 5 % level of error.




' 4.5 TEXTURE EVALUATION FOR MANGO STORAGE IN THE POT-IN-POT
E.C.S '
TABLE 5 RESULTS OF TEXTURE SENSORY EVALUATION OF STORED
MANGO IN THE POT-IN-POTE.C S

va | Y1(replication) | .| Y2(replication) ° Y3(replication
r% Panelist _Panelist Panelist

12345678910

X1

12345678910

x|

G 112345678910

x|

All 8888888888 |80 |7388887888 |78 |8788788888 |78
All |8786877877 |73 |7377777787 |67 |7676677776 |66
All |7674766756 |61 |7356666776 |59 |7455666655 |55
All |4463465544 |45 |2325433544 |42 |1344554543 (38
All |2342433333 |30 |1213433544 [30 (1233343342 |31
Y |[5.78 LY 1552 WY | 536
. , i
Al2 |8887877778 |75 |7478777778 |69 |7777667778 |69
Al2 |8885776767 .|69 |7257667567 |58 [7655656666 |58
Al2 |5774655665 |59 |7235555566 |49 [6344544544 {43
Al2 3552534453 |39 [3233334455 |35 |1323433432 |33
Al2 1231312242 |21 |1221322333 (22 [1111322231 |19

Y |526 Y | 466 Y |44

Al3 | 8876777777 |71 |7477778876 68 (8778676777 |70
Al3 8764766676 |56 °|7346558778 |60 |6557665665 |57
Al3 [5553656554 |49 |7134547767 |51 |5336553544 |43
Al3 |2441534444 |35 |2222326646 (35 [1234542432 (30
A13 1211312233 (19 |1111214422 |19 (1112224122 |20
Y |46 | .Y | 4.66 WY |44

~To determine weather the observed frequencies (obtained from table 5)
differ significantly from the expected frequencies, as a measure of the

: discrepancy existing between the observed and the statistic chi —squared..

Using the mean values obtained in table 5 as follows.




x*=Z(0-EY

—(578—8) +(525-) +(46 8+

T S
(536 A +(466 8)2+(466—-8)
8 8
+(536—8)+(444—8)2+(44 8
8 8

-062+095+145+076+1 39+l'39+087+158+16 1063

~~Che.cking the value of 10.63, opposite 1 degree of freedom shows that the
probability of obtaining the observed result by chance is about 1%. Since the
observed chi- squared is close to 10.828 found at 1% point.

Applying the result of the discrete data to determine its goodness of fit using
Yates correction factor, to further check the discrepancy and the -validity of
the previous result obtained.
x2 (corrected) = {( 0, ~E,)-0.5 *+4 (0y= Ez) 0. 5}2 i et

- E3 ' E, '

{(o,; Ek) 0.5 12

% (corrected) = 4(578-8)-05>2+{(525-8) os>2+<( -8)—
05>2+{Qsz-8) 05>2+{(466-8) 05}2+<(466-8) os}2

) +{(536 8)-05>2+<(A44__&)_Q5i +{(44-8\ os&2
.+ '8
—092+132+190+111+184+184+123+206+210

=14.32
Referring to the chi-square table under 1 degree of freedom, we would

expect a value not greater than 10.82 at 1%, but 14.32 is greater than at 1%.
Hence, we reJect the hypothesxs at 1% level of 31gn1ﬁcance
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4.6 TEXTURE EVALUATION FOR TOMATO STORED IN THE POT-IN-POT E._

C.S.
TABLE 6 RESULT OF TEXTURE SENSORY EVALUATIION OF STORED

TOMATO IN THE POT-IN-POTE.CS.

v | Y1(replication) . ) Y I(replication) Y 1(replication)
g Panelists : . . Panelists ' - Panelists
B g e T s
12345678910 |X 12345678910 |X 12345678910 |X
All | 8888888888 80 |[8688888888 |78 [8788788888 |78
All [8778888888 78 |8778888888 |78 |8788688887 |7.6
All |7778788887 75 |7778778888 |75 |8788688786 |74
All [6768778877 71 |4777478777 |65 |6677687776 |67
All |57687777671_ 67 |3777377777_ |62 |5677577775% |63
WY 7.42 LY |7.16 WY | 7.1
' Al2 | 8888338888 80 8688888877 |76 |8688788888 |77
Al2 (8888788887 78 8778888767 (74 [7677688878 |12
Al2 |6777688887 72 |7578878766 |69 |7667587777 |67
Al2 |5677667786 |65 |7678377656 |62 [5566586767 |61
Al2 |4767666678 |63 |[5566366646_ |53 |4555676667_ |57
. T ..Y 7.‘16 ' J N * uY 6.68 . ' ) nY, 6.6!
Al3 18878888888 |79 8678888788 |76 (8688688788 |75
Al3 |8868788788 76 |8767768788 (72 |7688687778 |72
Al3 16658777788 . (69 [8667757788 |69 |6778577677 |67
Al3 |4857757688 65 (7767247677 |60 |6678566657 |62
Al3 13877657577 |60 |6667236577_ |55 4667555556 |54
- WY 6.98 | ~Y | 664 | LY [66

.T.o detex?nige weather the observed frequencies (obtained from table 6)
d{ffers s1gmﬁca}ntly from the expected frequencies, as a measure of the
discrepancy existing between the observed and expected frequencies is

: supplied by the statistic chi-square. Using the mean values obtained in table
6 to calculate the chi-square as follows. ' S

 =3(O-E)"
' - E .




—(7428) +(7.16-8) +(6988)2+(7168) L (66-8)
8 8 8 8
—0.042++0.088+0.130+0.088+0.218+0, 231+o 088+0.218+0.245

=1.35

Cheekxng the value of 1.35 opposite 1 degree of freedom shows that the
‘probablllty of obtammg the result by chance alone is greater than 5%.

Usmg Yates correction factor to further check the result

x¥(corrected) = { (0,.E,)-0. 51+ (0B 0.5 ... +...3(Ox-Ex) 0.5
| T E, E, E
= (7.42- 8)1 0.51+4(7. 16-8)-0. 507+, .....4(6.6-8)-o§ t

=0.146+0.224+0.320+0.2245+0.414+0.432+0.224+0.414+0.451
=285, |

Referring“to the chi-square table, under 1 degree of freedom, we would
expect a value not greater than 6.6349 at 1% level. '
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4.7 EVALUATION OF THE METAL-IN-POT E.C.S
TEMPERATURE AND RELATIVE HUMIDITY OBSEVATION IN

THE METAL- N-POT E. C.S.
TABLE 7 showmg the wet and dry-bulb temperature and relative humidity

readings in the metal-in-pot structure for the thirty days storage period.

METAL-IN-POT EC.S | AMBIENT CONDITION

WB(C |DB(C) |WB- |RH%) | WB(CC) | DB(CC) | WB-dep("C) | R.H(%) |

O | |deplC) ' 1

24 27 3 77 | 25 37 12 35 |

24 26 2 84 - 25 38 13 32

25 |28 3 77 26 33 7 56

26 |27 1 92 26 35 9 48

22 26 |4 69 |20 28 8" 45
121 25 4 68 26 35 9 46

20 |24 4 68 20 34 . |14 23

20 21 1 91 21 35 14 23

20 23 3 75 20 34 |14 51

24 |26 2 | 84 126 34 |8 22

21 |23 2 183 21 36 15 . - 34

23 |28 |5 64 245 136 |12 28

23 27 4 70 23 37 |14 136

22 255 3.5 76 26 38 |12 32

22 25 3 76 |25 - |38 13, 34

25 26 1 |92 26 39 13 129

25 265 |15 88 . |25 40 15 70

23 25 2 84 24 28 4 61

21 |26 5 62 129 36 3 61

25 |26 1 92 27" 34 7 61

26 |29 3 73 27 84 TS 40
125 28 3 77 |26 37 11 45

25 29 4 71 28 38 10 36

23 28 5 64 |26 1315 {115 40

25 |28 3 77 27 38 11 61

23 |25 2 | 84 125 31 |6 63

25 |28 3 77 30 36 |6 40

26 27 . 4 77 27 . 38 11 50

26 |28 3 85 29 38 |9 134

26 |29 3 78 26 35 |13 34



4.8 COLOR SENSORY EVALUATION OF STORED FRUIT AND
"VEGETABLE (MANGO AND TOMATO) IN THE METAL-IN-POT
EVAPORATIVE COOLER STRUCTURE.

Storage trial was conducted in the metal-in-pot evaporative coolant storage’
structure using mango and tomato samples. The samples were evaluated for
changes in physical parameters namely color and texture, using an eight
point Hedonic scoring questionnaire as shoWn in appendix 1,23 and 4,

The result of the observed panehsts scores for color and texture for the two
spacemen’s (mango-and tomato) are shown in tables 8 through 9

4.9 COLOR EVALUATION 'FOR MANGO STORED IN THE

METAL-IN-POT E.C.S

To determine weather the observed color scores dlﬁ'ers significantly from

the expected or original color of the mango, observed panelists score for a

period of ten (10) days per replication are statlstlcally analyzed .The data for
_mango is shown in table 8 below |

A statistical hypothe31s is then set up about the sample population. It is
hypothised that there is rio significant difference between the color quality of
the fresh mango and those stored in: the modxﬁed evaporatlve coolant
structure at the end of the storage period.

Hop=38 2 ~

Hi: u< 8
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4, 10 COLOR EVALUATION OF MANGO IN THE METAL-IN-POT

“E.CS. |
Table 8 RESULTS OF COLOR SENSORY EVALUATION OF STORED

MANGO IN THE METAL-IN-POT E.C.S.

7 Yl(replicatioh) Y2(replication) . Y3(replication)
les] ' 5 .- =
12345678910 |X - .1234567"8910 x 12345678910 X

All [ 8888888787 |78, 6688688888 74 8888788788 7.8
All | 8878877677 |73 |6588688777 70 |8888787687 |75
All |7668666576 |63 7578677777 6.8 77'6‘76_76546 6.1
All | 6568455455 |53 |4467565656 54 |5657575439 5.2
All |5448354344 |44 (3347453443 40 |36473543314_ |43
Y |62 WY | 612 .Y |68

Al2 |8888888777 |77 7688687787 72 8888888778 7.8
Al12 | 7887777766 |70 |7687577677 |66 88788777717 7.4
Al2 |6677676665 |62 |7677566666 §2 | 7863387653 6.2
Al2 |5476464544 |49 |4456654544 4.7 4757365544 5.0
Al2 |4246253433 [3.0 [2346432332_ (32 3736253433 139
LY |5.76 . «Y.|858 @t .Y, |6.06

Al3 | 8888778878 |77 6688587777 6.9 8887888787 7.6
Al13 |7778766767 |68 |6578576666 |62 |7867777866 6.9
Al3 |5568856576 |60 |6668575555 58 |6856557745 5.8
Al3 |4357355545 |46 |5567564434 4.9 3846354644 47
Al3 {3137142433 -|3.1 2237343,'222_; 29 1223734238325 150
| 5.65

Y | 5.64 Y |534 ¢ AE

To determine weather the observed frequencies (obtained from table 8
above) differs significantly from the expected frequencies, a measure of
discrepancy existing between the observed and the expected frequencies is
supplled by the statlstxc chl-Square Given by,

-E +(0p- oo (Ox-Ex)

. E; - Ex
=ZJ-iJ_j__J) |
"By - _
Using the mean values of obtained in table 8 to calculate the chi-square‘

values as shown below.
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P =(6.22-8) + (5768 +...covoreree e (5.68-8)

8 8 8
, ~0.396+0.627+0.696+0.442+0.732+0.884+0.415+0.470+0.673
593 |

Degree of freedom = 1 , .
Checkmg the calculated value of 5.33, opp031te degree of freedom 1, shows
that the probablhty of obtammg the result by chance aione is less than.5%.

Applying'thé result to the discréfe data to determine its goodness of fit using
Yates correction factor to further check the dlscrepanuy and the vahdlty of

the previous result obtamed

x (coxrected) <(OI'E])2 -0.5 ?2 + {(QJ_EQLQJ_}_ +. {(QK Ex)-0. Stz

o El Ez EK
: ' ‘={(6-.22-8)-o.5}2+4(5.76-8_)-0.5}2+................

g8 8

. (_5.68-85-0.5 P

'8 : =
-O 649+O 938+1 022+O 708+1 066+1 248+O 673+0 744+
0.994
= 8.04.

Referring to the chi-square table under dégree of freedom 1, we would
_.expect a value of not less than 6.63 at 1°/o Since the chi-square corrected

value is hlgher than 6.63, we reJect the hypothesis at 1% level.
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'4.11. COLOR EVALUATION OF TOMATO STORED IN THE

'METAL-IN-POT E.C.S.
TABLE ‘9 RESULTS. OF COLOR SENSORY EVALUATION OF

STORED TOMATO IN THE METAL-IN-POT ECS.

n .Yl(rep'licatiOn) | Y1(replication) Y1(replication)
bl | Panelist Panelist
12345678910 |X . |12345678910 |X |12345678910 |X
BT (5588788888 |79 |8788788888 |78 |8887888888 |73
B11 |s788788888 |78 |7788788888 |77 (8887758888 |76
BI1 8787678778 |73 |7878687878 |74 |7876877788 |66
BIl |7787477777 |68 |7778777877 |72 |8586686788 |70
Bl1 7688736777 |64 |7777677777 |69 |4777866777 |66
o Y |7.24 Y |74 ‘ Y |10
BI2 (3888788788 |78 (8786788888 |76 (8888888888 |80
Bl2 |8887788878 |77 |7786787788 .|73 |8788688888 (73
B12 8786587868 |71 |7786786788 |74 8687588888 |74
B12 |7786386868 |67 |7776786788 |71 |7677487878 |69
B12 |7776276756 |60 |7675676777 |65 [6577187767 |6.1
| Y |706] 0 Y |78 | Y |74
BI3 (8888888888 |80. |§883888888 |80 [8838883888 |80
BI3 (3888888888 |80 (6887687788 |73 |8887688888 |77
BI3 [8888587877 |75 |6787686787 |70 (8787588877 |73
BI3 8778376877 |64 [6787586677 |67 |7587387887 |67
BI3 (8777276877 |66 |6761586676 |64 |7871777666 |56
| Y |73 | .Y |7.08 Y |7.06
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To determme weather the observed frequencies (obtained from table 9
"above) dxffers s1gmﬁcantly from the expected frequencies, a measure of
dxscrepancles existing between the observed and the expected frequencies 1s.
supplied by the statistic chi-square.
2 =(OrExY +(0=Ea)’ + -ov. (OxEx)*
E; E, ; Ex
Using the meah values'cbta.ine'd in table. 9 to calculate the chi-square values

as shown below.

2 =(1.24-87 + (1.06-8 + ..........(1.06-8)
g 8 8

= 0.072+0.110+0.061+0.045+0.084+0.106+0.120+0.092+0.110 '
0.80 |
| Checkmg the calculated value of 0. 80 opposite degree of freedom 1, shows
‘that the probablhty of obtammg the result observed by chance alone is over ‘
5%. Since the calculated chi-square of 0.80 is less than 1.323 found at 5%

level.

Applying the result to the discrete data to determine its "goodness of fit using
Yates correctlon factor to fuxther check the dlscrepancy and the vahdlty of

the previous result obtamed o
" (comected) (124-8)-0.5 +4(7.06:8)0.51 +.....3 (7.06-8)-0.5}2
8 - 8 s
=0, l98+0 259+O 18+0. 151+O 218+0.252+0.274+0.231+0.259
- =2.02.
Refem’ng'tc the chi-square table under degree of freedom 1 , we would

expect a value either less than 3.84 at 5% level and not greater than 6.634 at

.41



1% level. Since the calcu\atéd chi—square‘ is less than 3.84, the hypothesis is
accepted at 5% level of signiﬁc'ant. C |
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4.12 TEXTURE EVALUATION FOR MANGO

STORED IN THE METAL-IN-

POTE.C.S.
TABLE 10 RESULTS OF TEXTURE SENSORY EVALUATION OF STORED
MANGO IN THE METAL-IN-POT E.C.S. : : .
Yl(rephcatlon) Y2(replication) Y3(replication)

r% _ PANELISTS U PANELIST_S B PANELISTS 43

@ 112345678910 |X 12345678910 |Xx 12345678910 |X
Bll |8388888788 |79 [7588888788 |75 3888888888 |8.0
B11 18786777767 |70 |6677787667 |67 |8877888767 8.4
Bll |7775666657 |62 [5566676546 |58 6766677656 |65
Bll 6656454546 |51 |5555665435 |48 [4655556545 |50
Bll |4445333434 [37 |3444454324 |41 |3534344434 3.7
. - .Y | 598 | .Y |5.78 .Y |6.06
B12 |s8sss878787 |77 |7687787877 |72 |8887887777 |75
Bl2. | 7874667776 |65 |7676668677 |66 |7866876676 |6.7
B12 16853555666 |54 [5655685655 |56 |5655565565 |53
Bl12 (3531222343 44 |5544674544 |48 |4655556545 |4l
B12 | 5742344465 |28 |2333453433 |33 |3534223343 |28

WY [536 | . .Y |55 . 5.28

B13 |8887786877 |74 |777778788¢% |74 [8877888877 |76
B13 |7874667776 |63 |5666676767 |62 (8756878766 (6.8
B13 |7653455565 51 |5654565666 |54 |5545557664 |52
B13 (5542443454 |40 (5533554555 |45 4444336553 |4l
B13 1321112232 |1.8 [2333453433 |26 (2222223432 |24

- oy 4.92 ' LY [5.22 : Y (53

TO determined weather the observed frequencies (obtained form table 10
above) differs significantly from the expected frequencies, a measure of

discrepancy existing between the observed and the expected frequencies is
supplied by the static ch1-square

Givenby ¥ =(0;-E; )*+(0,-E )} +

Ei -

=¥ (0;-E;)?

J=1

E;y

E

E;

oo (O =Ey)?

Using the mean values obtained as table 10 to calculate the chi-square values

as shown bellow.




-

= (5988 )+ (536-8) +(4.92-8 ) +(5.78-8)" +(5.5-8 Y+
e F. . 8§ - B8 g 8
(5.22-8 )2 +(6.06-8 Y +(5.28-8 )7 +(5.22-8 )’

— 3 g - 8 8
=0.51+0.87+1.19+0.62+0.78+0.96+0.47+0.92+0.97

=7.29.

Checkmg the calculated values of 7. 29 under degree of freedom shows that
the probability of obtaining the result by chance alone about 1%, since the
observed chr-square of7.29 1 1s close to 7.87 Found at 1% pomt

Applymg the result to the discrete data to determine its goodness of fit using
Yates correction factor to further check the discrepancy and the validity of
the prevxous results obtained.
a (corrected) {(5.98-8)-0.5 }* + 4(5 36- 8) 0.5 +......... {(5.22-8)-0.5
8 , ' 8

=0, 794+l 232+1 602+O 925+1.125+1 345+0 744+1.296+1. 345
=10.41 '

Referring to the chr-square table under degree of freedom 1 we would expect-
a value not greater than 7.87 at 5% and riot greater than10.828 at 1% level.

Since the calculated chr-square is less than 10.828 the hypothesm is accepted
at l%level of error -

44




4.13 TEXTURE EVALUATION OF TOMATO STORED IN THE METAL-IN-
POTE.C.S. ’

TABLE 11 RESULTS OF TEXTURE SENSORY EVALUATION OF
STORED TOMATO IN THE METAL-IN-POT STRUCTURE.

Y1(replicate) Y 1(replicate) Yi(replicate)
% Panelists Panelists B Panelists i
E 123456789 - | X.- 12345678910 |X 12345678910 (x
| 10
Bl1l |8888888888 |8.0 “8888788888 79 |88388888888 |80
Bll [8788888888 |7.7 ./7688888788 76 8888888888 |80
Bll |8787888888 |76 |7588778788 73 18878678688 7.6
Bll (7687778777 |71 |7687768677 69 |7778586778 7.0
Bl11 |7587778776 |69 |[7587676776 64 [7767367777 6.4
A WY | 7.46 Y 1.22 % 4 7.4
Bl12 |[8888888888 |80 (8788788888 78 |8888888888 8.0
Bl2 [8888888888 |80 [7688787888 75 |7788888788 7.0
B12 17767888878 |74. |7687787888 74 |7787578677 6.9
Bl12 |8777688768 |72 |76877877717 71 |7687477667 6.5
B12.|6766687767 |66 |7587676716 66 |7686267566 6.4
’ «Y | 7.44 4 7.25 o, 4 6.96
Bl13 | 8887888888 |77 (7888887878 77 | 8888888888 8.0
B13 (7886787778 |73 |[8687787878 |74 |7788788888 Ak
B13 (7886787778 |73 |[7587787868 71 |7787578677 6.8
BI3 [7786777668 (69 |7677676768 67 |7687477667 6.7
B13 |7785776661 |66 |7676575757 |62 |7686262756 |6.1
' X 716 . WY 702 " 4 7.06

To determine weather the observed frequencies (obtained from table 11
above) differs 51gn1ﬁcant1y from the expected frequencies, a measure of
discrepancy existing between the observed and the expected frequencies is
supplied by the statistics chi-square. Given as

12 = (01-E1)* +HOp-Es) +........ (Ox-E)?
E; E; | Ex =

Using the mean v 2lues obtained in table 11 to calculate the chi-square value
as shown below. - -

x* =(7.46-8)* + (7.44-8)* +(7.16- 8) Frieereeeeeenn..(7.06-8)

— 85 5 8 8
=0.036+0.039+0.088+0.076+0.065+0. 01zo+o 045+0.135+0.114
=0.714
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Checking the calculated value of 0.714 opposite degree gf freedom 1 shozvs
that the probability of obtaining the result by chance‘xs greater than 5%.
~ Since the pbserved chi-square value is less than table chi-square.

Using Yates correction factor to further check the 'disciepancies,
+(corrected) =4 (7.46-8)-0.5 1* +4(7.44-8)-0.5 > +.... ... (7.06-8)-0.5 t*
. | g 8

- | |
=0.135+0.140+0.224+0.205+0.186+0.274+0.151+0.296+0.259
- - -=1870. . - | L - h :
“ Referring to .the chi-square’ table under degree .of freedom 1 we would
expect a value either less than 1.323 at 5% but, not greater. -




‘ TABLE 12 COMPARISM OF THE POT-IN-POT AND METAL-IN-POT

EVAPPORATIVE COOLER STORAGE SYSTEMS.

OBSRVATIONS _ |POT-IN-POTECSS | METAL-IN-POT
o o E.CS.S

Mean Temperat'lire - ]26.2°C 25°C

Mean Temp. drop. | 9.8°C g |

Relative Humidity | 76% - 88%

Chi-square for mang_o | s -

(color) 8.45 533

Chi-square for mango

(texture) 1063 * 7.29

"Chi-squ'are for tomato o

(color) 265 0.80

| Chi-square for tomato |
(texture) 1135 N
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: -~ CHAPTERFIVE
~ DISCUSSION AND INTERPRETATION OF RESULT .
INTERPRETATION OF COLOR CHI - SQUARE VALUES IN THE POT-

IN-POT E.C.S

TABLES 5.1 . SUMMARY OF THE COLOR ASSESSMENT

Product x* calculated - Corrected - | Table ,
ok a, . | 5% 1%
Mango ~ =~ 1845 - = . 9.02 - - 13.84146 6.63490
Tomatoes  -|1.12 - 2.65 : : 2

MANGO

Referring to table 5.1 bemg the summary of the analysis of the result obtained.

Since the calculated chi-square value of color of mango is greater than the chi-

.Square table both at 5% and 1% level ‘we could therefore say that the observes
.,colo'r'frequencie's_ for Mango, do differ si gﬁiﬁcantly from the expecte_d frequencies.
- Therefore the hyﬁoth‘esis is reje__cted at 5% level of error. This indicates - that
resultant color of r.r.langoi at the 10days storage under the given condition could be

said to be significantly acceptable color.

TOMATOES

Referring to tables 5 I smce the calculated Chl -square color value for tomatoes is
less than the chl-square table value both at 5% and 1% level, it could be said that
the observed color frequenmes for tomato do not differ sxgmﬁcantly from the
expected frequenmes This indicates the he resultant color of tomatoes at the end of

the storage under the given condition,” could be of no sxgmﬁcant different from that

.of the fresh tomatoes prior to storage
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5.2 INTERPRETATION OF CHI SQUARE v ALUES FOR TEXTURE

- INTHE POT IN POT E.C.S.
TABLES 5.2 SUMMARY OF TEXTURE ASSESSMENT

Product [y Calculated. | Corrected Table
- | % 1%
Mango | 1032 — 1432 T [384146  6.63490
Tomatoes 135 R 285 . |

'MANGO TEXTURE

~ Referring to table 5.2 the summary of the result analysis of the obtained for

texture m the exlstmg color structure. Smce the calculated cht-square value

mango is greater than the table chi-square valie at 5% and 1% level, we

could therefore say that the observed texture frequenc1es for mango do differ

significantly from the expected frequencies. Therefore,v the hypothesis is

r rej'ect at 5% level of error. This .i_ud_icates that the resultaut. texture of mango

a at the end of the storage condition could be said to be sigt'tiﬁcantly different

| from the orlgmal texture of the fresh mango hence ‘would not give well
acceptable .exture

-TOMATOES TEXT URE

‘ Refemng to tables 5.21, since the calculated chi- square value for tomatoes is

- less than the chl-square table value both 5% and 1% level, it could be said

that the observed texture frequencxes for tomatoes do not differ s1gmﬁcantly

from the expected frequencxes Therefore, the liypothesis is accepted at 5%

level since the Chl -square corrected value obtained Is less than that of the

critical Table value at 5% point. This indicates that the resultant of tomato at

. the of the storage, under the gi_veu conditions, could be said to be of no

slgniﬁcantly difference from that of the fresh tomato prior to storage.
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53 INTERPRETATION OF CHI-SQUARE VALUES FOR COLOR

"IN THE METAL IN POTE. C.S.
' TABLES 5.3 SUMMARY OF COLOR ASSESSMENT
Product x2 Calculated Corrected ¥ Table |
| B 5% 1%
Mango " [333 8,04 T (384146 6.63490
Tomatoes 0.80 . 12.02 '
MANGO COLOR

Refemng to table 5.3 being the summary of chi-squares obtained for colors_

in the modified Evaporatlve coolant structure since the calculated chi-

square value for mango is greater at 5% level and less at 1% level, we could
~therefore say that the observed color frequencies for mango do differ
" srgmﬁcantly from- the expected frequencxes at 5% level and do not differ

srgmﬁcantly at 1s% level. Therefore the hypothesrs is reJected at 55 level
- and accepted at 1% level.

TOMATOES COLOR |

Referring to tables 5.3 , since the calculated ;hi-square value for tomato is
B less than the chx-square table value both at 5% and 1% level, it could be said
) that the observed color frequencies for tomato do not differ significantly

from the expected frequencies. Therefore, the hypothesis is accepted at 5%

level. Since the chi-square 'corrected value is less than that of the critical

Table value at 55 pomt This indicated that the resultant color of Tomatoes
at the end of the storage, under the given condrtrons could be said to be of

no significantly difference from that -_of the fresh to_matoes prior to storage.
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54 INTERPRETATION OF CHI-SQUARE VALUE FOR TEXTURE
IN THE METAL -IN -POT E.CSS.
TABLES 5.4SUMMARY OF TEXTURE ASSESSMENT

| Product - | x¥*Calculated | Corrected Table
" . | 5% 1%
[ Mango. 1729 o [1041 T [3.84146 663490
Tomatoes = | 0.714 1.87Q . '
- MANGO TEXTURE

Referring to table 5.4 being the summary of chi-square obtained for texture
- in "the modified Evaporative i:_oblant structure, since the calculated chi-
o sduare value for mango is greater at 5% and 1%.1evel, we could therefore
say that théobéerved fefct’u;e frequencies for mango c‘lo'diﬁ'er_ significantly
from the exbected frequencies both at 5% and 1% level. Therefore, the
‘hypothesis rejected at 5% and 1% levels.
'TOMATOES TEXTURE
~ Referring to tables 5.4, since the calculated chi-square value for tomato is
less than _thechi-_sduaré iablg value both at 5% and Al%»leVel, it could be said
that the observed fext_ure‘- .fr.equencies for tomatoes, do not differ significantly
- from the expect_e_c_i frequencies. Therefore, the 'hypothes;s is accepted at 55
level since the chi-square corrected value obtained is less than that of the
: criﬁcal table value at 5% point. This indicates that the resultant texture of
o tématoes at the end of the storage ﬁerio_d, under the given conditions, would
be said be of no_signiﬁcéntl_y different from that of the fresh fqmatoes prior

to storage.

a5




55 CONCLUSION AND RECOMMENDATIONS
CONCLUSION
1. The statistical analy51s of the evaluatron of the stored fruit and vegetable
| Indlcates that
. (a) " There are no significant drfference in color and texture of tomato
- " Stored in both the - exlstmg and the modrﬁed evaporatlve color
structures, and that obtarned from the fresh prior to storage.
(b) There s a si gmﬁcant difference i m the color and texture of mango
| Stored in existing evaporatlve coolant structure ,_.and that obtained
when fresh prior to storage '
(c) There is s1gmﬁcant dlfference in the: color of mango in the modlﬁed
. Evaporative coolant structure but a srgmﬁcant drfference m the

_ | texture from that obtamed when fresh. ‘ | /
' RECOMMENDATION

(@ Statistical.' analysis of the evaluation of color and texture in mango -
Shows that there is a signiﬁcant difference il the colot afid texture at
“the end of the ten days storage perlod Hence the storage period for
mango under thrs storage system should be lowered from ten (10)
days in this project work to Sor7 day° ,
(b)  Since there is no s1gmﬁcant dtfference in the color and texture of
- Tomato all .the color end of the storage penod an extension of the
| storage period for thls vegetable should be tried to ascertain duration
of storage under the system..
(0 The experiment should be carried out during other season, to see its

- effectiveness during different season’s or weathers condition.
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APPENDIX 1

COLOUR SCORING QUESTION FOR SPACEMENT A

DALE ...oonus54

Please eValuate.t.l.w:se'samples of stored fruits for o/oyr- [APPEARANCE)].
Check the point on the scale that best describes your eveluation of the
sample as compared with original, standard [Fresh] sample [R].

Extremely dull brown- yellow =1
Very dull brown- yellow =2
Moderately dull brown- yellow = 3
Slightly dull brown- yellow =4
Slightly bright golden-yellow =35
Moderately bright Golden-yellow=6
Very bright Golden-yellow =17
Extremely bright golden-yellow = 8

Comments ..........c.coovviviiiiinieunniin,

SAMPLE CODE | coLo42Z  NUMERICAL SCORING SCALE DATE
[Fresh] [R] 1234567(8] 1234567(8] 1234567(8]
Replications Y1 Y2 Y3

All 12345678 [12345678 (12345678 |YI
Al2 12345678 [12345678 (12345678 |Y2
Al3 - 112345678 |12345678 |12345678 |Y3
All 112345678 12345678 [12345678 |Yl1
Al2 12345678 [12345678 |12345678 (Y2
Al3 12345678 (12345678 (12345678 |Y3
All 12345678 (12345678 (12345678 |Y1
Al2 12345678 [12345678 (12345678 |Y2
Al3 12345678 (12345678 [12345678 |Y3
All 12345678 |12345678 |12345678 |Y1
Al2 12345678 12345678 [12345678 |Y2
-Al3 12345678 (12345678 [12345678 |Y3
All 12345678 [12345678 (12345678 |Y1
Al2 12345678 12345678 |12345678 |Y2
Al3 12345678 (12345678 (12345678 |Y3
COLOUR SCORING RATING




— et ETI

S ees tes s e e ses e Faiiee s sen sae e baas e
ATE . n

'lease evaluate these samples of stored ﬁ'ults for texture [APPEARANCE]
oheck the point on the scale that best describes your eveluation of the

sample as compared with original, standard [Fresh] sample [R].

Moderately bright smooth =6

Very bright smooth

=1

Extremely bri ght smooth 8

Comments

60

SAMPLE CODE | TEXTURE NUMERICAL SCORING SCALE DATE
[Fresh] [R] 1234567[8] 1234567(8] ' | 1234567(8]
Replications Yi T ¢ . Y3 -

All 12345678 12345678 12345678 Y1
Al2 12345678 12345678 12345678 Y2
Al3 12345678 12345678 12345678 Y3
ALY L 12345678 |112345678. 12345678 Yl
Al2 12345678 12345678  |12345678 |Y2
Al3 12345678 12345678 12345678 Y3
All 12345678 12345678 12345678 Y1
Al2 12345678 [12345678 12345678 Y2
Al3 12345678 12345678 12345678 Y3
All 12345678 123456781 12345678 Yl
Al2 12345678 12345678 12345678 Y2
Al3 12345678 12345678, 12345678 |Y3
All 112345678 (12345678 12345678 Yl
| Al2 112345678 12345678 - [12345678 Y2
- Al3 112345678 |12345678| 12345678 Y3
e s

TEXTURE SCORING RATING . ‘ | '

Extremely dull rough =1 ! ‘ -

Very dull rough: =2 L i

Moderately dull rough .éi - i! |

Slightly dull rough = i <

Slightly bright rough =5 ]

I




* | APPENDIX IIl -

CoLouR, SCORING QUESTION FOR SPACEMENT il

NAME...
DATE.

Pbaﬂcwaluatctheﬂcsamphofsmted.vegdabksforoolow
(APPEARANCE).Check the point on the scale that best describes your
evaluatioa of the sample as compared with original standard (FRESH)

Sampie [ R].

SAMPLE CODE | COLOUR NUMERICAL SCORING SCALE DATE
[Fresh] [R] 1234567(8]) 1234567(8] 1234567(8]
Replications Yl Y2 Y3

Bl11 (12945678 |1 235678 (12345678 |YI
B12 12345678 (12345678 (12345678 Y2
B13 12345678 112345678 (12345678 |Y3
B11 12345678 (12345678 12345678 |YI
B12 12345678 |12345678 (12345678 |Y2
B13 12345678 |12345678 (12345678 |Y3
B11 12345678 (12345678 (12345678 |YI1
B12 12345678 (12345678 12345678 |Y2
B13 12345678 12345678 |12345678 |Y3
Bll 12345678 (12345678 |12345678 |Yl1
B12 12345678 (12345678 (12345678 |Y2
B13 12345678 [12345678 |12345678 |Y3
B11 12345678 |12345678 (12345678 |YI
B12 12345678 (12345678 (12345678 |Y2
B13 12345678 (12345678 (12345678 |Y3
Scoring Rating

Extremely dull red =]

Very dull red =2

Moderately dull red =3

Slightly dull red =4

Slightly bright red =

Moderately bright red = ¢

Very biight red =

Extremely bright red =

Comments: .........ccv v e

%
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APPENDIX IV

-

TEXTURE SCORING QUESTION FOR SPACEMENT B

NAME .
DATE ..

Pleaﬁeevaluatethmesmplesofstored

vegetables for texture

[APPEARANCE]. Check the point on the scale that best describes your
eveluatioa of the sample as oompared with original, standard [Fresh] sample

[R].

SAMPLE CODE - | TEX TURE NUMERICAL SCORING SCALE | DATE
[Fresh] [R] 1234567(8] 1234567(8] 1234567(8]
Replications b 4 T Y2 Y3 :

B11 12345678 12345678 12345678 |Yl
B12 12345678 112345678 (12345678 |Y2
B13 12345678 (12345678 (12345678 [Y3
B11 12345678 12345678 (12345678 |Yl
B12 12345678 112345678 12345678 |Y2
B13 12345678 |12345678 12345678 |Y3
B11 12345678 12345678 (12345678 |Y1
B12 12345678 12345678 (12345678 |Y2
B13 12345678 12345678 (12345678 |Y3
B11 12345678 12345678 12345678 |YlI
B12 12345678 |12345678 |12345678 |Y2
B13 12345678 112345678 (12345678 [Y3
B11 12345678 12345678 (12345678 |YlI
B12 12345678 112345678 (12345678 |Y2
B13 12345678 12345678 12345678 |Y3
TEXTURE SCORING RATING

Extremely dull rough =1

Very dull rough =2

Moderately dull rough =3 -

Slightly dull rough =4

Slightly bright rough =5

Moderately bright smooth =6

Very bright sinooth =17

Extremely bright smooth = 8

Comuments ...........
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- APPENDIX ¥ _
Thermal conductivity, Specific heat ahd Specific gravity’s of some metals and
Alloys. - | |
K=BTU/(hr)(f)CF/)

Substance Temp.°F K* | Specific heat | Specific
| | B/b)CF) | gravity

Aluminum |32 17 00183 2.555-78
« 212 19 |0.1824

. 932 115 |0.1872

Ironcast |32 132 |0.1064 7.03-7.13
«  laz |30 |om7

Iron wrought |64~ [346  [seeiron  |7.67.9
% 212 27.6 | o« 7.83

Steel 32 26 | - |

p a2 e |

« 112 2t ] e

Source:- process heat transfer. DOnald.Q. Kéfn,(1989).Pp795-797.
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Appendix ("‘)Table () Shows the charocferis'ﬁAcs of commodity in terms of

temperature relative humidity,

period (storage life), the highest freezing point

and the amount of water content in each.

(Wave and McCollum ,

1980).

64

APPENDIX W TABLE ()
S/No.| Commodity Temp- | R,H. Period - Highest Water
() (/o freezing point| Content
(c)

Beans green snap 4-7 |9 -957=-10 days - 0,7 88.9
> Beans lima 0-4 90 1 -2 wks, - 0,56 66.5
3. Asparagus 0-2 95 2 - 3 wks. - 0.6 93.0
4, Cabbage ( early) 0. 90 - 95| 2 - 6 wks. - 0,89 92.4
P " (late) 0 90 - 95| 3 - 4 month - 0.89 92.4
6. Beets bunched 0 95 10 - 14 days - 0,39 -
r " topped 0 95 3 - 5 months -0.95 87.6
R, Carrot, mature

(topped) 0 90 - 95| 4 - 5 months - 1.4 ‘88,2
9 Carrot immature

(tapped) 0 90 - 95| 4 - 6 months - 1.4 88.2
10, Corn sweet 0 90-95 | 4 - 8 days - 0,6 73.9
11, Cocumbers 7 -10 | 90 - 95| 10 - 14 days - 0.5 96,1
124 Egg plants 7-10 | 90 1 wk. - 0.78 92.7
13. Ginger shizomes | 13 65 6 Months - 87.0
14, Greens leafy 0 90 - 95 10 - 14 days -
15, Lettue 0 95 2 - 3 wks -0.17 94.8
16. Watermelon 4-10 |80 -85|2 -3 wks. -0.39 92.6
[ 4 Okro 7 -10 | 90 - 95) 7 - 10 days - 1.8 89.8
18. Onion (dry) 0 65-70 | 1 - 8 months -0.78 B7 .3
19, " (green) 0 90 - 95 - - 0.9 89.4
20, Potatoes - 90 - - 0.6 81.2
21 Punpkins 10 - 13| 70 - 75{ 2 - 3 months -'0.83 90.5
22. Tomatoes firm-ripe | 4 -7 [85-95|4-7 days - 0,5 94,7



APPENDIX VIl TABLE (1)

S/NO, CRCP VOPTIMUM STORAGE APPROXIMATE SHELF
TEMPERATURE (°c) LIFE (WEEKS)
1. Apple 1-3 8-28
2_' Bonana Green 12 2-3
<3 Carrot 0 12 - 20
4. ~ Grape fruit 10 - 12 10 - 16
5. Guava 7-10 2_‘- 3
6. Lemon 12 12 - 20
7, Mangc 10 - 12 2-3
8. Onion 0 12 - 28
, {8 Orange 5-7 6-12
10. Pawpaw 7 2-3
11 Pineaple 10 2 -4
12. Tomato (Coloured) 7-10 1-2
13. Toﬁato (Mature green) 12 3-6

Appendlxu‘l'l‘ (Table II)

Shows the optimum storage temperature and shelf life of fruits

(Hall 1973).
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SOURCE GEOGRAPHY 'i)EPARTMENT,FUT,M-I’NNA

66"

}
. |
CELSIUS SCALE ‘,,inT
iy DEPRESSION  OF “-WET~-BYtB ' °c " |
e oS T 70 [ 15[ 20 ]25] 3035 ] 40 ] 45]50][55][60[l6S]7
iy 9% | 79 | 69 | 59 | &9 | 39 | 30 |-20 | 10- | 1 H
0 1 so [ 81 | 7 61 | 52 | 6] 36 | 25 | 16 7 i
“1 | 90 | 81 | 73| 64| 55 | 47| 38 | 29 |20 | 13| &
2 [ 91 |82 | 73| 66| ST | 9] 61| 33 26| 17] 9 1
3 [91 | &3 | 76| 65| 57 [ 9| &3 | 36| 28| 21| 16| 7
v |92 |8 | 75 67| 59| st | 43 | 35 [32] 25| 1811 [/&
s [ 92 [ 8w | 76 68[.61 | 53| 46 [ 38 [ 31 | 2] 31|15 |'8 Y
6 [92 [ 85 | 77| 70| 62| S5 | 48 | 41 | 32 |.27 | 20| 14 [12 | €
7 |93 [85- | 78| 71] 6b| 52| so | st | 36| 30 24| 17 [ 11 ;
3 |93 [86 [ 79[ 72] 62| 59| sz | ~e6| 39| 33 [ 27| 21 [:15 |
= 93 86| 80 73] 67| 60 | s& | w8 | 2 | 36| 30 [ 26 [118 | 12
10 |93 | 87 | 81| 76| 68| 62| 56 [ S50 | &b [ 38 [ 33 [ 27 [F21 | 16
11 | 9t | 87 | 81| 75| 69| 63 [ 58 | s2 | s6] 41 ] 35| 30 |24 [ 19
12 | ot [ 88 | 82 76| 70 65[ 59 | s& | s8] 43| 37 32| 27 [ 22
13 |96 | 88 | 83| 77| 71| 66| 60 | 55| 50| &5] 40| 35| 30 | 25
1% [ 9 | 89 [ 83! 78] 72| 67| 62| 57| 52| w7 | 42| 37|32 | 27
15 |96 [ 89 [ 86| 78] 73 [ 68 [ 63 | 58 | 53| 48| 42] 39 |34 30
16 |95 [ 89 | 84 [ 79| 74 | 69| 64 [ 59 | 55| 50 | &3] 41°[ 37 | 32
17 |95 | 90 | 85 | 85| 75 | 70| 65| 61 | 56 | 52 | 47 [ 43 {139 | 34
18 [ 95 | 90 | 85 | 80 [ 76 | 71 | 66 [ 62 | 57 | 53 | 49 [ 45 | 40| 36
19 [ 95 [ 90 |86 | 81 [76 | 72 [ 67 [ 63 [ 59 | Sk | 50 [ 46 | 42 | 38
20 [ 95 | 91 [ 86 | B1 [77 ] 73| 68 [ 64 | 60 |56 | 52 | 48 | Lk | 4O
21 95 |51 | ¢ 82 [ 78 | 73 [ 65 | 65 [ 61 | 57 |53 |49 |45 [ 42
22 195 |91 |87 [82 [78 | 74 [ 70 | 66 | 62 ['58 | 54 | 50 [ 47 | 43
023 [96 (91 |87 (83 |79 | 75 | 71 | 64 |63 [ 59 |55 [s2 | 48 |45
26 1 96 | 91 | 87 [ 83 |79 | 75 | 71 | 68 | 64 | 60 | 57 | 53 | 49 | 46
25 |96 [ 92 | 68 [8h-|80 [ 76 | 72 ] 68 | 65 | 61-] 58 [ 54 [ 51 | 47
25 |9 |92 [ 83 |84 | 80| 76 [ 73| 69.] 66 [ 62 | 59 | 55 |52 [ 49
27 | 96 [ 92 | 88 | 8% [ 81 | 77 | 73| 70| 66 | 62 ] 59 | 56 [ 53 | S0
28 |96 | 92 [88 [8S [81 | 77| 7u | 70 67 | 64 | 60 | 57 [ 54 | S
29 |96 |92 [89 [85 |8t | 78| 7t | 7% | 68 | 64 | 61 | 58 | 55 | 5
30 | 96 | 93 | 89 | 85 (82 | 78| 75| 72| 68 | 65 | 62 | 59 | S6 | 5:
32 |96 | 93 |89 [ 86 | 82| 79-] 76 | 713 [ 70| 67 | 64 | 61 | S8 | 5
35 | 96 | 93 | 89 | 86 | 83 | 80 | 77 | 76 | 711 | 68 | 65 | 621 59 | §
36 | 96 | 93 | 90 | 67 [ 86 | 81| 78 [ 7S [ 72 [ 69 | 66 | 63 | 61 | 5
38 | 96 | 94 | 90 | 87 | 8L | 81 | 78 | 7S | 73| 70| 67 | 64 { 62 | S
L0 96 [96 [ 9188 [ 85| 82| 79| 76 | 76 [ 71| 62 | 66 | 63 | ¢
42 {97 | 9u [ 91 [ 88 [ 85 | 82 [ 80 | 77| 75 72 | 70| 67 [ 65 | ¢
LYy 97 94 91 88 86 83 | 81 78 75 72 70 67 |! 65 (
L6 | 97 94 91 89 86 83 81 78] 76 73 71 68 || 66
Le | 97 | 95 | 92 | 69 [786 | 83 | 81 | 78| 76 | 74| 72| 69| 67
S0 97 95 92 9 87 B4 B2 79 77 74 72 70 || 68
52 97 95 92 B9 87 84 821 79 77 75 73 70 |' 68
54 | 97 s |1 93] 90| 87| 85| 83| 80| 78| 75| 73| 71| 69
| 56 1 97 | 95| 93 | 90 | 87 | BS | 83 | B0 | 78| 76 | 74| 71| 69
56 197 |95 | 93 [ 90 [ 67| 85| 83 [ 81 | 78] 76 | 74 | 72| 70
1200 198 (96 |93 | 90 [ 87| 85|83 | 81 | 79[ 77| 75| 72| 70f
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PLATE 1

PRODUCT IN THE POT - IN - POT EVAPUKAL+v.

COOLER AT THE END OF TEN (10) DAYS STORAGE.

PLATE 2:

PRODUCT IN THE METAL IN - POT EVAPORATIVE

COOLER AT THE END OF TEN (10) DAYS STORAGE.




