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1.0 INTRODUCTION

A problem that cannot be defined can hardly be exflVfurthermore,
solving any problem must start with understandihg tircumstances
surrounding the situation, as that will enableaiprevent events that could
start the problem. In this unit therefore we shalkimple as possible define
what we mean by post-harvest losses and have & dmigoost-harvest
physiology that is simply put what happens to fammaduce after harvest,
or common activities that go on in thée of harvested produce? Note the
word “life”, does that interest you? Not to worwye shall soon understand
that harvested produce are living.
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2.0 OBJECTIVES

At the end of this unit, you should be able to:
) discuss the scope of post-harvest losses
) explain the fact that harvested produce are livisgues

3.0 MAIN CONTENT

3.1 Definition of Post-Harvest Losses
Post-Harvest, Physiology, Produce, Storage

* The wordPog meansfter

* The word harvest refers to the process of harvesting; gathering the
ripened crop or the produce obtained from a faiPast-harvest”
therefore refers to events after harvest, wherhthrgested produce
had been cut off from the source of nutrition fribra parent plant.

* The word Physiology is a branch of biology (study of all life or
living matter), physiology deals with the functioasd activities of
life or of living matter (as organs, tissues, otlgjeand of the

physical and chemical phenomena involved.

* Produce these are plants parts that are of economic itapoe to
man.

* Storagethe act of storing goods or keeping safe

Post-harvest losses refer to all forms of reduetiwhich may generally be
in quantity or quality of harvested produce, frdm point of harvest to the
point of consumption of such produce. In other womhy form of
reduction that occurs in the quality or quantity ledrvested produce
between the points of harvest till the time of agnption.

In order to have a good grasp of what we want $oudis, we should have
an idea of the processes going on in harvestedupeodres that banana,
plantain, tomato, guava, oranges, yam tuber, catmotthat you have just
harvested or given to you by a friend or relativatthas just arrived from a
long journey. In other words let us start by bgiediscussing post-harvest

physiology.
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3.2 Brief on Post-harvest Physiology: What Happenso Farm
Produce After Harvest?

Harvested produce are made up of living cells @asslés in other words
they are alive. Before such produce are harvet@gdre nourished by the
parent plant through the process of photosyntheBrefly let us evaluate
how true it is that harvested produce are alivee st thing to do here is
to examine harvested produce using the charaatsrist living things. |
remember in my elementary biology that | was thaubht | could easily
remember these characteristics by an acronym: EMNiger” Decoded as

Movement: living things move, this is obvious inraals, however plants
roots move towards water, they also move when bloywwinds and so on.
Respiration: the process whereby oxygen is takeanahcarbon (1V) oxide
(CGOy) is given out.

Death: plant and animals also experience death.

Nutrition: this means that all living take in foodrftheir nourishment,
plants manufacture their food through the procégshotosynthesis using
energy from sunlight, water and other mineral rmis from the soil;
animals on the other hand take preformed food leygifey on plants and
other animals.

Irritability or response to stimuli: animals respaiedtouch, the eyes also
respond to light, skin respond to cold, heat andrsan the same vein plant
move in response to light (photosynthesis); sorapaed to touch, gravity.

Growth: is also another prove that both plants andnals are alive.
Growth is the irreversible increase in height, woéy weight, area and so
on; this is experienced by plants and animals.

Excretion: this has to do with removal or eliminatiof wastes from the
body. Plants take in carbon (IV) oxide and give @utgen. Animals sweat,
pass out feces.

Reproduction: this has to do with regeneration afingj birth to young
ones in order to avoid extinction and ensure caoitin

Never mind the order, it is just to enable us refmenthe characteristics of
living things.

Don’t forget what we are discussing any way thesphlpgy of harvested
produce and the fact that we claim that harvestedyze are alive.
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When a fruit is initiated it will continue to grountil maturity. A growing
fruit is nourished by the food provided by the nestplant in the process of
photosynthesis, the cells in the fruit takes ingety i.e.respires in many
fruits you have seeds for reproduction and the fran die. Now we can go
ahead to discuss physiology of harvested produce.

One major activity that takes place in plants amdvésted produce is
Respiration. | am sure you are familiar with this term. Neweind if you
can’'t remember. Respiration is defined as the m®eehereby oxygen is
taken in and carbon (IV) oxide (GQOs given out. Can you remember the
equation to represent this? Here we are:

CeH1,06 + 60, = 6CO, + 6H,0+ Heat energy

Respiration leads to break down of harvested pmdu€arbohydrate or
sugar in the harvested produce is used withoutna@gns of replacement;
remember that green leaves continue to make maol®ltgdrate through

the process of photosynthesis to replace thaiasispiration. On the other
hand harvested produce continually use carbohydaaig lose water

without any replacement. This eventually leadageing, death and decay.
| am sure you can understand this, just imagineragm carrying out all his

daily routine without eating, he will eventually aamate, look old and then
die.

Air must be supplied adequately for normal resprato take place. When
air is in short supply to the extent that the oxygmvel reduced from 20 per
cent to two per cent, it has been reported thanhdetation instead of
respiration will take place(www.fao.org/docrep/t0073e/t0073e02.htm
Fermentation leads to the production of alcohol eaxtbon (IV) oxide from
sugar, the effects are production of unpleasambfiaand premature ageing
(www.fao.org/docrep/t0073e/t0073e02.hHtnlLack of good ventilation will
increase Carbon (IV) oxide concentration in thedpee and if it rises from
oneto about five per cent, production of bad flavoccurs as well as
internal break down of and failure of fruit to ripe

Another other major activity that also takes plategrowing plants and
harvested produce is transpiration or loss of wakeanspiration is the
passage of water through the plant. This processtamas the high water
content as well as the pressure needed for support.

In fresh produce loss of water also occur, buttilne without replacement.
When there is up to 5-10 per cent reduction inhfregight, harvested
produce wilts and may become unusable
(www.fao.org/docrep/t0073e/t0073e02.htnin other words, usable life of

4
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harvested produce can be extended by minimisingates of water loss.
This can be achieved by keeping the harvested peodn a moist
atmosphere.

Secondly, although good ventilation through thevésted produce is
necessary to remove the heat of respiration, monewwfeair through the

produce must be gentle because the faster the nemteoh air over the

produce, the quicker the water loss. Good packagiaterial will reduce

the rate of air movement over the produce. It khalso be noted that rate
of loss of water differs from produce to produceeOnain factor that plays
a role here is the ratio of the surface area tovilleme of the produce.
Produce with high surface area to volume ratio imeee water than those
with lower surface area to volume ratio. That ie tkason why produce
like vegetable amaranth and other leafy vegetabdeslily lose water

compared to tubers like sweet potatoes, yam aretoth

SELF-ASSESSMENT EXERCISE

Mention two main physiological activities that takace in growing plants
and harvested produce which have implication on lhavg they can be
kept?

4.0 CONCLUSION
A brief on post-harvest physiology that is simplyt pvhat happens to farm
produce after harvest was discussed

5.0 SUMMARY

In this unit we have defined post-harvest physiglag the study of the
functions and activities of life in harvested prodwand post-harvest losses
refer to any form of reduction that occurs in thealgy or quantity of
harvested produce between the points of harvektthg time of
consumption.

6.0 TUTOR-MARKED ASSIGNMENT
1. What are post-harvest losses

7.0 REFERENCES/FURTHER READING

Jingtair, S. (2002). Post-harvest physiology opital fruits. Proceedings
on tropical and subtropical fruits. In R. draw editActa Hort. 575.
Respiration- Food and Agricultural Organization
www.fao.org/docrep/t0073e/t0073e02.htm
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1.0 INTRODUCTION

Having defined post harvested losses coupled wathnlg a shot on post-
harvest physiology, we shall at this point expldie different categories of
post-harvest losses that can occur; we must alessshere that one form of
loss may lead to another or some other ones.

2.0 OBJECTIVES
At the end of this unit, you shouldbe able to:

) distinguish between different types of post-hanesses
) explain how one form of loss can lead to other(s)
) appreciate the fact that not all forms of lossesvasible

3.0 MAIN CONTENT

3.1 Quantitative Losses

This is a measurable reduction in harvested pradlicis reduction might
be in terms of weight or volume. This type of lass®n occur through

different means; for example moisture which is dssantial part of
harvested produce can be lost between harvestarsimption. This will

6
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lead to reduction in weight or volume. Freshly lested tubers have more
weight than that which has been transported anekdctover a period of
time. Weight of grains of maize might reduce inrag@ due to moisture
loss this will also amount to quantitative postuest loss. Shrinkage in
oranges, tomatoes and potatoes due to moisturenldsnsit or storage for
example during the harmattan will also reduce tlgit. The effect of
moisture loss might transcend or go beyond redacitio quantity as it
sometimes leads to quality reduction. For exampleisture loss in
vegetable amaranth will reduce the consumer applealsame goes for
tomato and potato. Reduction in quantity of haeesproduce can also
occur during threshing, winnowing and transportilmgtransit leakages in
bags will lead to quantitative reduction in hareestproduce. Pest
infestation during storage can also reduce the Wefharvested produce.
Rodents attack on stored yam, banana, plantaimsgliae maize, cowpea
and others cause measurable reduction in thesedtadv produce. | am
sure you are familiar with some of the examplegdisCan you give other
relevant examples?

A distinction can be made between loss of weight Bood loss. In the
example given above, the fact that there is redaan weight due to loss
of moisture does not make the produce to be unfitbnsumption or used
as food.What then is food loss?Food loss implies that the produce has
been rendered unfit for consumption and this isrofissociated with loss in
quality.

3.2 Qualitative losses

| am sure that you are familiar with situations wéhgrains are purchased
and excreta of rats are found inside. When suclpdrapl am sure sorting
became compulsory before further processing forseomption. The
disposition of the consumer is quite different whiea grains look so clean
and smell nicely. This is also common with cowplemean incidence of
cowpea beetleQallosobruchusmaculatus) which often bore holes in the
grains, produce an offensive odour and reducestgimlity. These are
examples of losses in qualitQuality of harvested produce is assessed
visually by observing the shape, the size, the colour and general cleanness
of the produce including absence of insects. Other parameters of quality
include moisture content, taste, odour and firmness. Moldy grains have
repulsive odor, the same goes for other harvested produce. Many will
not go for over-ripped plantain, banana, mango, gaaw cucumber and
other fruits all because of reduction in qualitye\Whall discuss this in
detail as we proceed.
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3.3 Nutritional Losses

These are reduction in the nutritional values atésted produce. We eat
food whether cereals, pulses, fruits, vegetables ot just to fill our
stomach but to derive nourishment for our bodi€xains have in them
food reserves made up of proteins and other natridémen rodents and
insects attack such produce their targets are thedens of the grains.
You would have noticed that many times when eittoglents or insects
attack a cowpea or maize store they often eat wieatan refer to as the
heart of seed and not the whole grain. Such eviytigad to reduction in
nutrition quality even if such are fed to poultrigecause some vital
nutrients would have been consumed by the pestpiRRéon which is a
major characteristic of harvested produce leadsréak down of the food
and nutritive value of harvested produce.

3.4 Economic Losses

Qualitative, quantitative and nutritional losseemwally lead to reduction
in economic value of a farm produce. The farmartome is thus reduced
on one hand and there is also reduction in the ammiufood available to
the masses and national economic loss on the d¢tied. Apart from
economic losses that can result directly from pdatsagethere are other
form of economic loss due to factors like markett,gboor road network,
inadequate storage conditioM¥hen more produce are taken to the market
than are demanded the result is glut and of cowtsn such produce are
not purchased for consumption, loss is inevitab¥®u can better
understand this when you visit a popular orangéoorato market at the
peak of the season for such crop. You often seeige lheap of spoilt
produce this is an example of economic loss.

3.5 Viability Losses

Seeds are stored with the primary aim of using sichlanting material in
the following cropping season. Activities of insgasts may destroy the
embryo and render the seeds unfit for planting. offter times, high

temperature, inadequate storage moisture andvelhtimidity as well as

poor ventilation may induce reactions or activibatt lead to loss of the
viability of stored seed. This is also a post-hanless.

SELF-ASSESSMENT EXERCISE
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In a tabular form classify the following into difent types of post-harvest
losses or losses that can result: Holes made BctmOn grains, rodent
attack in a yam barn, shrinkage of tomato due tstme loss, shrinkage of
tomato due to excessive respiration, failure ofestoseed to germinate.
Hint: Some of these may fall under two or more gyp€losses.

4.0 CONCLUSION

While you were familiar with some of the post-hatvisses discussed in
this unit, it is important to ponder upon those ybave not really

considered until now, then you would have increasdahowledge. Several
factors are responsible for various forms of lossesure you remember
them.

5.0 SUMMARY

Post-harvest losses occur in various forms: quaive, qualitative,
nutritional, and economic and viability losses. Goen of loss can lead to
some other.

6.0 TUTOR-MARKED ASSIGNMENT

1. Mention five types of post-harvest losses
2. Using a named fruit , vegetable or seeds explaniriter relationship
between three types of post-harvest losses

7.0 REFERENCE/FURTHER READING

Klaya, V. (2014). Post harvest losses and strategee reduce them
www.actioncontrelafaim.org/sites/default/.../tedabi paper_phl .
pdf
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1.0 INTRODUCTION

We have discussed the various forms of post-harigsstes and it is
obvious that such losses are undesirable espediallthe developing
countries where production technology has not preduthe amount of
food needed to feed the populace. It is therefaeinent, | mean very
crucial to understand the causes of the lossedifidenin order to prevent
or reduce such as much as possible. Thus in thismenshall be studying
the causes of various post-harvest losses thatsgassed in the last unit.

2.0 OBJECTIVE

At the end of this unit, you should be able to:
identify some of the causes of post-harvest losses.

3.0 MAIN CONTENT

3.1 Injury

Injury sustained by produce especially mechanigatynmat harvest is one
of the causes of post-harvest losddechanical injury occurs when tools
used for harvest pierce or cut part of the prodegppsing the produce to
higher moisture loss and infestation with diseddechanical injury can
also occur as a result of crude methods of hangs8ometimes long poles

10
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are used to pluck off fruits from a tall tree whd#owing the fruit to fall
freely on the ground causing both external andmatieinjury which could
kick start other forms of losses. Similarly, shakwoff fruits off a tree when
many fruits are harvested will also result in mexbtal injury.

3.2 Chilling Injury

Chilling injury is a disorder that occurs in esgdg tropical fruits and
vegetables when they are stored in cold storadenaperature above the
freezing point most times between®C0-15C. You know that water
freezes at {€, but for these produce injury or damage occupteethe
freezing point. This is quite interesting and intpat and should be of
interest to you because you would have been awateohe of the ways of
preserving fruits and vegetables is to store therthe refrigerators, it is
therefore necessary to know how cold should thepésature in the cold
store be for safe keeping of your produce. Produeekept in cold storage
primarily to reduce the rate of their metaboliciates and slow down
ripening and extend their shelf life. In other wotike we have mentioned
severally these food items are alive even thougly ttave been detached
from the parent plant. For produce that are imued the chilling
temperature, the tissues become weak becauserthegptaable to carry out
their normal functions. The seriousness of chillingury a produce can
sustain depends on how low the temperature is anddng the produce is
exposed to the low temperature.

How you will recognise that a produce has been injed: Some of the
symptoms of chilling injury include surface lesiprise colour inside the
produce would be different from normal, the tisshesomes water soaked
and the produce will fail to ripe as it should. $aesigns are usually noticed
after the produce are removed from the cold stok expose to a warm
environment. Produce injured by chilling temperatare equally easily
attacked by microorganisms.

There is also what is known &egezing injury; in this case ice crystals are
formed in the tissues of produce when allowed ¢éeZe. Produce that are
not susceptible to chilling temperature are affeédig freeing injury. You
then be sure that produce affected by chillingrnnjare also much more
affected by freezing injury. | remember sometimem d@hat someone
purchased some fresh tomatoes and kept them iemfoezer. The frozen
tomatoes look so healthy until they were brougtitand allowed to warm
up by the surrounding air. Guess what? The tomdiags completely lose
form and could only be good for tomato paste aneheat that you will
need to convince yourself that they were still dafeconsumption. That

11
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was even fair enough; of recent some cucumber aisie kept on some
other stuff in a freezer. This time when brought the tissues also
completely collapsed and was only fit to be usedrganic manure.

Injured produce are not usually fit for sale, sauysee that this also
constitute a post-harvest loss.

3.3 Loss of Water

You are quite familiar with this as it has beencdssed under transpiration.
Loss of moisture directly reduces the weight ofveated produce and
reduces the quality.

3.4 Decay

This occurs as a result of entry of pathogenic ognganisms into the
harvested produce or on the surface of the prodlicese microbes like
bacteria, fungi and viruses can cause differenedypf diseases in the
commodity. The disease causing microorganism coaitde in contact with
the produce before harvest, from the soil thahisugh tiny holes on the
tubers, they could also come in through woundshangses during harvest,
injury during transportation or in storage if thiere or storage materials are
not properly disinfected.

3.5 Improper Curing

Curing is done especially in tuber crops to encgeinaew cells to form to
cover up bruises and injuries sustained during dsir\before storage. If
this is not properly done, post-harvest lossesbeaencouraged.

3.6  Sprouting and Rooting

Root and tuber crops are peculiar in their own trighhese crops are
propagated using the economic portion of the cres, yam and potatoes.
Yam and potatoes undergo a period of dormancy h#erest. During this

period once the general principles of safe storageaintained the produce
are kept intact. After the period of dormancy igiead, these produce
begin to sprout and produce new shoot. This nevotsivdl make use of

the carbohydrate and water stored in the tuberstgogrowth and by so
doing leading to both moisture loss and food ldsss of moisture also
paves way to entry of disease causing organisroghiet produce.

12
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You must note here that sprouting and rooting aretime only or major

cause of pathogenic attack of tubers and root caspse have mentioned
above.

How long a tuber crop will remain dormant is therefaffected by whether
it is wounded or not or the degree of injury, teenperature in the store
house (high temperature favour high respirationg; moisture content in
the store, the air flow i.e. the ventilation of thre and the carbon (1V)
oxide in the store.

SELF-ASSESSMENT EXERCISE

I. What is mechanical injury?
il. Distinguish between chilling injury and freezingury

4.0 CONCLUSION
Post-harvest losses have their root causes inyinghilling injury, water
loss, decay, sprouting and improper curing. Itheréfore obvious that

avoidance or reducing occurrence of these conditiemot beyond what
you can handle.

5.0 SUMMARY

In this unit you learnt the causes of the lossestifled in order to prevent
or reduce such as much as possible

6.0 TUTOR-MARKED ASSIGNMENT

What are the causes of post-harvest losses?

7.0 REFERENCES/FURTHER READING

Chilling and freezing injurywww.ba.ars.usda.gov/hb66/chilling.pdf

Wang, C.Y. (1982). Physiological and biochemicapanses of plants to
chilling stress. HortScience 17:173-186.

Wang, C.Y. (1993). Approaches to reduce chillingump of fruits and
vegetables. Hort. Rev. 15:63-95.
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1.0 INTRODUCTION

We had identified avenue through which harvestediyece are reduced in

physical, nutritional and economic value. In thidsection we shall be

considering things to be done or efforts to be ipuplace to reduce or

prevent these losses.Preventing post-harvest lassebe as simple as not
doing or avoiding things that will cause deteriamatand losses as we have
discussed above.

2.0 OBJECTIVES

At the end of this unit, you shouldbe able to:

e prepare adequately for proper harvest of fruits\agetable
e take precautionary measures during harvest andewmgndling
harvested produce to reduce post-harvest losses

3.0 MAIN CONTENT

3.1 Harvesting Operations and Field Handling

Maintenance of fruits and vegetables in the besalityufrom the point of
harvest to time of consumption is one of the mairectives in studying
post-harvest physiology. The first step towardsieaghg this is proper
harvesting and field handling.

The farmer should aim to harvest a good qualitylpee in good condition;
keep the harvested produce in good condition unid sold or consumed
and hand over the farm produce to a buyer or desjiom the market as
soon as possible. This aspect is foundational anghall spend more time

14
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to discuss. The importance of this is seen in #et that the quality of a
produce cannot be improved beyond what is brougfut the store. The
following points must therefore be noted:

*

Care must be taken at the time of harvesprevent bruises and
injuries, this is of utmost importance.

A successful harvest must be precededchyeful planning.The

plan should include:

. Provision of appropriate and adequate supervisibralka
stages of harvesting and handling

. Crop selection and timing to meet expected market
requirements;

. Appropriate contacts with buyers in order to geg@od
selling price at harvest

. Adequate provision for sufficient labour, appropria

equipment and adequate means of transportation.

When appropriate plan has been put in place asfollogving questions:

When is it appropriate to harvest?

*

Harvesting should be done in the coolest parthefday; very early
in the morning or late in the afternoon. This iwiadble in order to
keep the harvested produce as cool as possible. haheested
produce should be conveyed immediately to the maskebe put
under a shade prior to the time it will be transpdr Produce left
exposed to direct sunlight will get very hot andl weteriorate very
fast. We shall discuss more on this as we prognetsss course.

If harvesting is done in the hot sun the differersmween the
harvest temperature and the optimum storage tetoperavill be
high and the pre cooling energy cost will be hidéterioration will
also be faster under high temperature.

Another precaution to take here is that prodwt®muld not be
harvested when it is wet from dew or rain. Overimgabccur in wet
produce if not well ventilated, this will also pawway for
multiplication of microorganisms which will eventlya lead to
decay.

The market condition is also an important fadtorbe considered.
For example for tubers like cassava, farmers woale concluded
with the buyers before uplifting the root tubergnrthe soil. This is
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because the tubers deteriorate very fast andukes may be limited
if unprocessed immediately. Produce for local mirkean be
harvested early in the morning. For more distantketa it may be
an advantage-if suitable transport can be arratgddvest in the
late afternoon and transport to market at nightearly the next
morning. This is also commonly practiced by farmeos only to

meet the quality desired by the buyers but alsgetoto the market
as early as possible and disposed of their produgeod time and
in good shape.

What time or stage should | harvest what?

This is another important question to be askedaanssvered in order
to prevent post-harvest losses. Fruits like banplaatain and guava
should be harvested when mature but unripe othertvisy will
deteriorate fast and decay before they are takerthédr final
destination especially if they are meant for aatistmarket. When
produce are harvested immature, they shrink argdwiil lead to a
loss. Fruits like citrus must also be harvesteduneabtherwise they
will not ripe further and they will become sour whiasted. We shall
discuss more on this as we proceed in the course.

How should | harvest?

Harvesting is commonly done manually by hand indxisgand most
part of the developing countries. Even though mhhaavesting is
the general practice there could be some variaitothe actual
operation depending of what type of produce is ésted.

Tubers and root cropsrequire lifting from the soil. Examples are
sweet potato, carrot, Irish potato, yam, cassavd ano on.
Mechanical injury from the tools used for harvesh ©e minimized
by planting of such crops on beds, mounds or ridges

Vegetable cropsare those whose economic parts are vegetative.
Such might be harvested by uprooting of the plarityocutting from
time to time using a very sharp and clean knifeargples include
telfairia, amaranth, celosia, cochorus and so on.

For vegetables like cabbage and lettuce the abomend parts of
the plant from the main stem is cut and trimmedhim field avoid
placing the cut stem on the soil.

In the case of bulbs which include immature greaioms, leeks,
mature bulb onions and garlic; harvesting is bydpulling of
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immature green onions; leeks, garlic and maturd lmulions are
loosened by using a digging fork.
Fruits
A fruit can be defined as a structure in plants thdormed after successful
pollination and fertilisation of the flower; aftéhis process the fertilised
ovule developed into a seed while the ovary cogetire seed developed
into a fruit. In other words a fruit is the seedabeg structure of flowering
plants which is formed from the ovary after poltina and fertilisation.
There are different kinds of fruits: simple, aggeg multiple and
accessory fruits. You can read more about thispdsg you must have
treated this topic in your biology classes andteelaourses like botany.

Fruits and vegetables feature prominently in humd@lanced diet. They
supply man with vitamins and minerals needed foealthy living; some
provide us with roughages for proper digestion amake our digestive
system to be in good condition. Vegetables are més@ssary for our blood
formation, hence the circulatory system. For ins¢arthe structure of
chlorophyll is has something in common with thathefmoglobin in red
blood cells.

Many ripe fruits and some immature seed-bearingctires such as
legume pods have a natural break-point of the ftaitk, which can easily
be broken at harvest. Harvesting immature or unftipg and other seed-
bearing structures is best done by cutting thenmfrithe plant, using
clippers, secateurs or sharp knives.

Plucking methods vary according to the kind of pr@elbeing harvested:

e Ripe fruits with a natural break-point, which leavéhe stalk
attached to the fruit, are best removed by a "tiftist and pull"
series of movements, e.g. apple, passion fruitatom

o Mature green or ripe fruits with woody stalks whibheak at the
junction of the fruit and the stalk are best clipgeom the tree,
leaving up to a centimeter of fruit stalk attach#dthe stems are
broken off at the fruit itself. disease may enter $stem scar and give
rise to stem end rot, e.g. mango, citrus, avocado

o Immature fruits with fleshy stems can be cut witkharp knife, e.g.
okra, papaya, capsicum; these can also be harviegtbreaking the
stem by hand, but this method may damage the plaintit and the
rough break will be more susceptible to decay twanld a clean
cut.

What do | require and what capacity do | have?
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Labour is an essential part of successful harvgstand quality
maintenance. Labourers must be well informed attmufact that harvested
produce are prone to mechanical injury and mustaoght to exercise
caution. Mechanical injury may result from sharpger nails, exposed
nails in containers, throwing of fruits into a caimer from a distance,
rough edges of containers, crude method of hangssuch vigorous
shaking-off of fruits from trees, allowing free Ifadf fruits at harvest
without using a harvesting bag, overstocking of tamer meant for
stacking.

Apart from avoidance of mechanical injury, all stge containers should be
thoroughly cleaned to remove any particles orde#ir of previous harvest;
such residues will provide medium for growth of migrganisms that can
eventually lead to spoilage of the fresh fruit at memoved. The containers
should also be well dried. Harvested fruits shaalkb not be allowed to
make contact with wet soil as microorganisms caso dbe contacted
through that. Caution must also be exercised tadasontact with all un-

authorized chemicals that are not directly involirethe storage procedure.

At all stages of harvesting and handling, methddsukl aim at avoiding
damage to produce and providing ventilation to pnétemperature rises.

3.2 Other Precautions that Will PreventPost-harvetf osses

Once all necessary precautions have been put oe @ harvest and in
handling of harvested produce, other general measiar be put in place
include storing of harvested produce at the riglmhgerature to prevent
both chilling and freezing injuries. Rate of lodswater from the produce
should also be reduced by not exposing the protluahrect heat of the
sun, keep the harvested produce under shade awd@ily gentle and not
fast blowing air into the produce. Avoid activitiebat will bring the
produce in contact with disease causing organi§tae produce in proper
condition to prevent sprouting and rooting. Theduwed to be stored like
tubers, root crops and onion should be properheduo seal up injury
incurred during harvesting.

SELF-ASSESSMENT EXERCISE
Highlight two reasons why shaking off fruits frorhet tree is a bad
method of harvesting.

Do you think harvesting of fruits immediately af@rrainfall is ideal?
Give reasons for your answer.
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A fruit merchant wanted to buy a truck load of fsuirom an orchard at
about 1pm on a sunny day, would you advise thedatmgo ahead and
quickly pluck off the fruits for the merchant? Giveason(s) for your
answers.

4.0 CONCLUSION

Quality of harvested produce cannot be improvedbdywhat they are at
the time they are brought into the store, hena#rieg, bruises, exposure to
direct heat, direct contact with the soil and abmadr storage conditions
should be avoided.

5.0 SUMMARY

Prevention of post-harvest losses begins with pridpge and methods of
harvesting as well as proper handling of harveprediuce; and disposing
off harvested produce as soon as possible by makoogl contact with
buyers before harvest. Keeping of harvested prodoceght container,
avoidance of injury and bruises at time of harvast transportation,
keeping harvested produce away from direct he#tteun, storage under
the right temperature, humidity and proper curihgroduce before storage
all help in preventing post-harvest losses.

6.0 TUTOR-MARKED ASSIGNMENT

What are the necessary precautionary measuregychaivest?

7.0 REFERENCE/FURTHER READING

Prevention of post-harvest food losses fruits, tedges and root crops
www.fao.org/docrep/t0073e/t0073e00.htm
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1.0 INTRODUCTION
In this unit we shall take time to explain what ordy, ripening and

senescence of farm produce mean before we prooedsduss how the
environment affect them in the next unit.

2.0 OBJECTIVES

At the end of this unit, you shouldbe able to:

) distinguish between different farm produce espgciaith regard to
their maturity

J harvest different farm produce at the proper tioregroper ripening
and reduction of post-harvest losses.
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3.0 MAIN CONTENT

3.1 Maturity

With respect to post harvest physiology should b# @larified:
Maturation is said to be a stage of developmenditgato physiological
and horticultural maturity.

Physiological maturity: A fruit for example is said to be physiologically
mature when it is at a stage of development wheraili continue
development even when detached from the mothet.pfafruit is said to
be physiologically mature when it has attainedni@ximum size and this
takes place before the fruit is detach from thehmoplant at harvest. | am
sure you are quite aware that a fruit starts saradl continues to increase in
size. The size increases as the growing fruit aobteid stores up water,
carbohydrate, protein and other substances.

Horticultural maturity on the other hand refers to a stage of development
when a plant part possesses the required chasiierifor use by
consumers.

Many fruits that are transported and stored for edome before
consumption are harvested when they have attaingsiglogical maturity;
such fruits attain horticultural maturity during rftding and storage
processes. Produce that have not attain physiabgmaturity shrink and
are rendered unusable. You must however note thaty nmegetables are
harvested immature, that is they are acceptabterisumers (have attained
horticultural maturity) at a stage when they arggologically immature.
Think of okra, green peas etc

3.2 What is Ripeness?

Ripening describes a period or a phase or a transibetween
physiological maturity and senescence or death.n/the fruit is detached
at harvest the fruit at this stage is still aligeitacontains living tissues. One
major function that continues at this phase of lifee of the fruit is
respiration. | am sure you still remember what ragjn is and its
function. It is a process where complex molecules @xidized, that is
combined with oxygen to release energy, carbonidéand water. Since
the fruit has been detached it depends on the audest stored before
harvest for respiration and to obtain the energyired during ripening.
As ripening progresses more and more food ressreensumed until it is
used up leading to death and rottenness you atairdgrfamiliar with
some changes that take place as the fruit ripemsselinclude:
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a)changing of the skin colour from green to yellomarme, red etc.

b)the fruit also becomes softer

c)sweeter as carbohydrates are broken down to sisygdars, you are
aware that ripe plantain is sweeter and softer tmipe plantain. and

d) flavour/aroma develops as the fruit ripens.

One gas that is given off by ripening frutBSHYLENE. You can easily
get this; when you leave an over ripe orange imadf oranges everything
will soon become ripe, also putting ripe plantaia box of plantain makes
all to ripe fast due to release of ethylene by tipe fruit. It therefore
follows that restricting exposure of fruits to etrye will extend the shelf
life.

Climacteric and non-climacteric fruits

Based on the rate of respiration, harvested frugige been classified as
climacteric and non-climacteric fruits. Climacterwits enter what is

known as climacteric phase after harvest that &y tbontinue to ripen.

These fruits continue to produce more and moreletieyand also have
increased respiration rate. Examples include guawango, banana,

plantain, pawpaw, pear, water melon, tomato, bre#dfpassion fruit and

apple. Non climacteric fruits on the other handeoharvested do not ripen
further; they produce small amounts of ethylenearples include orange,
grape fruit, lime, lemon, cacao, cucumber, eggplant

3.3 Explaining Senescence

Senescence has been defined as the final phas#agenyof the organ in
which a series of normally irreversible event istiaed that leads to
cellular  breakdown and death of organs. Accordingp t
www.encyclopedia.corrit refers to all the changes that take place praat
that will finally lead to death of cells, tissuasdaeventually the whole plant
body. For example the green pigment chlorophylteésioved and other
pigments like yellow carotenes and red anthocyeghace such.

SELF-ASSESSMENT EXERCISE
Distinguish between horticultural maturity and pibyegical maturity.

Give two examples of produce that attain horticaltunaturity before
they are physiologically mature.
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4.0 CONCLUSION

Agricultural produce differ in their behaviour aft@arvest, climacteric

fruits enter into climacteric phase after they det¢ached from the parent
plant and should be harvested mature but unripe;chmacteric fruits do

not continue to ripe after harvest and must bedsted ripe.

5.0 SUMMARY

Agricultural produce are said to have attained mtggical maturity when

they can proceed into the next stage of developnifetiarvested or

detached from the parent plant at that point, bolttiral maturity however
is the stage where those qualities that make thwebted produce
acceptable to the consumer are developed. Climadmit continue to

ripen after harvest, while non-climacteric fruitave very slow rate of
respiration after harvest and do not ripen furtiidsis should be considered
for proper harvest. Ethylene is one main gas thagnitted by ripening

fruit.

6.0 TUTOR-MARKED ASSIGNMENT
What is maturity, ripening and senescence of faioalyce?
7.0 REFERENCES/FURTHER READING

Cantwell, M. &Dauvis, U.C. Maturation and maturity
indices.http://postharvest.ucdavis.edu

Kader, A.A. (1999). Fruit maturity, ripening and aljity relationships.
Proceedings of post harvest factors on storageraf. fin L.
Michadzzuk editor. ActaHort, 485: 203-208

Senescencevww.encyclopedia.com
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1.0 INTRODUCTION

In this unit you will learn about factors that affenaturity, ripening and
senescence.

2.0 OBJECTIVES

At the end of this unit, you should be able to:

J identify and control some environmental factorsider to favour or
retard maturity and ripening

J identify and control some environmental factorsonder to retard
senescence

3.0 MAIN CONTENT
3.1 Factors Affecting Maturity
Maturity of most agricultural produce is controlleg the genetic makeup

of the crop and some environmental factors. Thegefactor is an innate
quality which is only modified by the environmeRor example a variety
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of a crop may mature in 60 days another varietyhef same crop may
mature in 75 days, while another one in 90 daysrygiall necessary
environmental conditions. However the maturity daight be delayed by
some environmental parameters. Some of these anvaotal factors are
soil nutrient availability, availability of waternd drought and sunshine
hours.

3.1.1 Nutrient Availability

Plants require nutrient for growth and developmekdequate nutrient
availability encourages plants to grow well, floveerd produce fruit which
mature at the right time. On the other hand lackd#quate nutrients will
retard growth, development and maturity of fruits harvestable organ.
You can mediate here by ensuring that you know suqgply the right
amount of nutrient required for proper growth o ttrop you are handling,
follow the prescribed fertiliser recommendationytfu are using organic
fertilisers you ensure this is also applied atappropriate time.

3.1.2 Water Availability and Drought

Plants take up nutrient in solution; this impliémtt even when adequate
nutrient is present in the soil,there must be ehaugisture to dissolve the
nutrients before plants can take up such nutriebtging drought soil
nutrients are not available to plants and this wlidlay maturity, you
mediate here by planting at the correct time if y@nt to depend solely on
rains or you do supplementary irrigation.

3.1.3 Sunshine Hours

Plants vary in their response to day length. Mdants are day neutral that
is to say they grow normally, flower and producgitd no matter whether
the day is short or long, whether we have moreeaef hours of day light,
others are long day plants and the last categeryhear short day plants. For
those that are day sensitive the plant will onbwiér when the appropriate
hours of light and darkness is provided. You mumivk the requirement of
the crop you are handling and grow them at the appate time when
adequate growth environment are provided.

3.2 Factors Affecting Ripening and Senescence

Ripening is affected by three major factors; thesee physical,
physiological and biotic factors.
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3.2.1 Physical Factors

Refer to issues that have to do with the body eftthrvested produce. One
important factor here ithe ratio of the surface to volume Produce with
high surface to volume ratio will ripen faster thinse with low surface to
volume ratio. What we mean here can be understdmhwou compare the
surface area of say vegetable amaranth to its v@alifau will realise that
the surface area is quite large compare to themwlurhis means that rate
of loss of moisture will be high leading to wiltirapd senescence. It has
been reported that increased rate of ripening s®a@ated with increased
moisture loss. Smaller fruits also have largefaar area to volume ratio
and lose more water than bigger ones.

Another physical parameter has to do wimiechanical damage Injury
inflicted during harvest through the use of crudethmd of harvest, like
shaking-off fruits from the tree, injury from hastmg tools could also
hasten ripening. Openings created on the produwsdes rmore moisture to
be lost; fruit damage also generates ethylene ptamu and hastens
ripening.

Peel thicknessis another physical attribute that can increasertte of
ripening or otherwise; the thicker the peel, thedo the rate of moisture
loss and the slower the rate of ripening; and vEesa. In other words, thin
skin loses more water. The implication of thishattif the consumer does
not so much discriminate against some varietigga@fluce, you can decide
to choose between those with thin skin or thickeeso depending on
whether you desire early ripening or delay ripenesgy a producer or
marketer.

3.2.2 Physiological factors

The physiological parameter is made up of the le¥ehaturity of the fruit
as well as some environmental factors which affeetabolic activities in
the produce.

You will easily understand that the level of matyrof the produce at
harvest will determine how soon it will ripe andwhearly it will be from
harvest to senescence. It has been reported dhdhé same variety of
banana, ripening took 11, 15 or 22 days when it hasested 100, 90 or
80 days after flowering respectively. It must hoeebe emphasised that
too early harvest will lead to yield reduction ®nihe plantain or banana
would not have been fully filled.
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3.2.3 Environmental Factors

Now let us discuss some environmental parametatsaffect ripening and
of course senescence. Can you make a guess? Yigxrtdure, relative
humidity, sunlight and altitude are very important.

Temperature
The storage temperature is very important and begetvith the relative

humidity goes a long way to determine ripeness sakescence. When
temperature increases the shelf life of a prodwoeestses because increase
temperature increases metabolic activities espgaiale of respiration of
stored produce; as the rate of respiration inceggeduce ripens faster
and deteriorates faster. It has been shown thabifatespiration doubles for
every 10C rise in temperature over the range % %o 25C. It has also
been reported that ripe fruits respire as mucloastimes the rate at which
unripe fruits respire.

Relative humidity

This refers to the amount of water vapour preserthe atmosphere and it
usually expressed in percentage. In other wordaitih@unt of water vapour
in the atmosphere relative to the amount of waggrour the air can hold
multiplied by 100 gives you the relative humidityhis environmental
attribute also affect ripening and senescence. Yemember that the
harvested produce contain water and like we sartiegafaster rate of
water from harvested produce hastens ripening atekidration. Another
important point here is that when a produce is gnbunto an atmosphere
(say a store) with high amount of moisture compaité the produce, the
produce will take in more moisture, while in anatkavironment with low
relative humidity compared with the moisture comtenthe fruit the fruit
or vegetable tend to lose moisture. It has beeerabd that at saturation or
near saturation when the relative humidity is 95%6100% fruits rarely
loses moisture and ripening period is unaffectew, is important because
you know that faster rate of ripening and senessasovhat we try to
prevent in the study of post-harvest physiologycdss amount of moisture
in the storage environment could also be damagnitpe stored produce.
The important point to note here is that the rigitative humidity must be
maintained.

Sunlight

This is also an environmental condition that aSedpening. When
produce are exposed to direct heat from the suntemperature of such
produce rises above the temperature in the atmosplikis leads to
increase rate of respiration and causes ripenirggtor faster. The extent
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to which the sunlight causes this is dependentheniritensity of the sun
that is how hot, it also depend on how long thedpoe is exposed to direct
heating of the sun, the season of the year whictoafse determines the
guality of sunlight also affects this as well asutd cover. You will agree
with me that in Nigeria, the intensity of radiati@very high in the dry
season shortly before the rains begin. Also dutiregrainy season, days
with high cloud cover have low sunlight intensifjhe lesson you must
learn here is that you do not expose harvestedupsotb direct heat of the
sun. When displayed for sale ensure you keep thederua shade with
thatched roof for example this is better than stprinder a roof made of
plastic or polythene which can absorb more heattermsmit same to the
produce. Yes | think | should share this also witlu to drive home the
point. | had long ago learnt not to put my banaathe dash board while
travelling in a commercial bus, because from exgee | had realised that
banana bought fresh and attractive at a point, dvduhve severely
deteriorated about two hours later because thetdieat of the sun that is
transmitted from the wind shield to the fruit. $kalso depends on the time
of the day when you are journeying and may not ndogou are travelling
in the rains. The effect of exposure to sunlight rgpening is however
exploited locally; barely 24 hours ago | peepedtigh the window of my
apartment and observed some unripe plantain sposeadn the sun to
hasten ripening. Now you know the scientific basigeased temperature
leads to increased rate of respiration and ripening

Altitude

The altitude of a location refers to the heighthadt location relative to the
sea level. You must have been familiar with thergaythe higher you go
the cooler it becomes.” You must have encountdnedin geography, can
you remember the “lapse rate?” The air temperatigereases as the
altitude increases, for every 100 m rise in alatuthe air temperature
decreases by 8. Therefore fruits and vegetables have longef $ifein
higher altitude if all other rules are kept compiate those stored in lower
altitude.

SELF-ASSESSMENT EXERCISE
For proper post-harvest handling, early harvegtiaftain and banana is

desirable once physiological maturity is attain€dse or False?
What if the harvest is too early what will be tlfeet?
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4.0 CONCLUSION

In this unit various environmental factor affectinwaturity, ripening and
senescence have been discussed. Some of thesenememtal factors can
be controlled, while careful planning of farm adies could help in
overcoming some of these constraints.

5.0 SUMMARY

In this unit you have learnt that various physicphysiological and
environmental factors affect maturity, ripening as®hescence. Choice of
the right variety, avoidance of mechanical injucipice of proper size of
material for storage, harvesting at the right tigepd cultural practices,
and keeping of harvested produce from direct shhhgll all help reduce
negative environmental impact on harvested produce.

6.0 TUTOR-MARKED ASSIGNMENT

Locally people sometimes place plantain out ingte for quick ripening,
why do you think that they will achieve their objjge?

7.0 REFERENCE/FURTHER READING

Cantwell, M. &Dauvis, U.C. Maturation and maturity
indices.http://postharvest.ucdavis.edu
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1.0 INTRODUCTION

Temperature and relative humidity have been idedtif as two
environmental parameters that are important inagerof harvested
produce. High temperature and high relative humitgitreased the rate of
deterioration. In this unit we shall be discussimyv these two attributes
make storage in the tropics to be more challenging,

2.0 OBJECTIVE

At the end of this unit, you shouldbe able to:
explain why deterioration could be very fast in thapical environment.

3.0 MAIN CONTENT
3.1 Temperature and Humidity in the Tropics

The tropical environment is such a unique one @t both the temperatures
as well as the relative humidity are always high.other words tropical

climate is hot and wet for most part of the yednisToften shortens the
shelf life of most produce. High temperature inse=arate of respiration in
harvested produce leading to faster rate of tissaak down. High relative

humidity on the other hand favors multiplication gEthogenic organisms
which could further reduce the shelf life of theguce. Rate of chemical
reactions increase with rise in temperature angl dbtreactions are taking
place in harvested produce since they are stiltaknzymes are involved
in these reactions and they are affected by changesperature.
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SELF-ASSESSMENT EXERCISE

Do you think the tropical environment is better rththe temperate
environment when we want to reduce the rate ohiipg? Give reason(s)
for your answer.

4.0 CONCLUSION

Tropical environment is unique for having factotgatt will naturally
increase ripening and reduce the shelf life of faroduce proper handling
of produce is very important to reduce post-hari@stes in Nigeria being
a tropical environment.

5.0 SUMMARY

The tropical environment is unique in the senseitheas high temperature
and high relative humidity; both which favor incsearate of respiration,
multiplication of pathogenic organisms, faster raié ripening and

senescence. Post-harvest intervention must therdfervery decisive to
prolong shelf life of harvested produce.

6.0 TUTOR-MARKED ASSIGNMENT
Why is deterioration very fast in the tropical eoviment?
7.0 REFERENCES/FURTHER READING

Cantwell, M. & Davis, U.C. Maturation and maturity
indices.http://postharvest.ucdavis.edu
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1.0 INTRODUCTION

Quality characteristics in fruits, vegetables andeo produce are those
attributes that make buyers or users want to beynth These attributes
may be physical that is they can be seen or obdeoveby the fingers,

others attributes are chemical and cannot be saetimtiae eyes or felt

between the fingers.

When you want to buy fruits like mango, tomato, \ggpawpaw, banana,
plantain (for immediate consumption), apple andetalgles, what do you
often look out for in them? | am sure the attramtess is a factor,
sometimes it is the size; at other times may belifight red color of

tomato, or the firmness. Now what about vegetabtaranth, telfairia and
cochorus? You will prefer the green and fresh Ingkones | guess. Good.
These and other attributes we shall be discussitigs section.
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2.0 OBJECTIVES

At the end of this unit, you should be able to:

J differentiate between the physical and chemicalceslof quality in
harvested produce.

) handle these produce to bring out and preserve sbrtiee desired
qualities

3.0 MAIN CONTENT

3.1 Physical Indices of Quality in Fruits, Vegetables iad
Flowers

In fruits and vegetables, the physical or exteatalbutes are: size, shape,
colour, texture compactness, uniformity, absencdedécts, freshness and
ripeness, gloss, firmness, flavor and juiciness.

Size | am sure that before you purchase certain prqdyce have your
mind fixed on acceptable average size below which will not go for
such produce, yes that is what we are talking abBot example large
sized citrus are preferred to smaller ones, sams fm tomato, guava and
others. Fruits are not only purchased by immedatesumers some are
purchased by food manufacturer for his industrypsdever is doing the
purchase, size is often a major physical attribzaesidered and while
producing you must have that behind your mind.

For most fruits and vegetables intermediate orapyessize is preferred. In
vegetables like okra, the size of the fruit indésatthe quality; that is
whether it was harvested late or at the right tifey fruits are often
avoided as they would have become fibrous and suehrejected by
consumers. You can make the size of produce unibyriproper sorting.

Shapeof the fruit is also a factor; sure you will tudown an orange fruit
with oblong shape, since naturally oranges are kntmabe roundish. Thus
you will not want to do a thing that will negatiyehffect the shape of the
produce intended for marketing; say packaging iighat container. The

natural shape of harvested produce can be maidtéyneroper packaging
using the ideal packaging material as well as ne¢r ostocking the

container.
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ColourAnother physical attribute that is considered buydyr is the colour.

Fruits come in different colours like red (e.g. sompple, tomato, and
cashew), others are yellow examples pawpaw, soargges, plantain, and
some have golden yellow colour. Whatever the casg lbe, the consumer
or buyer have an idea of what the acceptable cakwand he goes for
produce that meet his expectations. You must rereserhbre that colour
may also vary from variety to variety of the samgitf in that case the
market demand or the target market must be corsidend the consumer
preference while producing or sending a commodityhe market. Colour
is also an important attribute in vegetables. B@ngple in leafy vegetables
like telfairia, amaranth and cochorus greenness/elyy important as

compared to yellowness, cucumber is also value@ngiEs yellowness
indicates over mature for consumption in other woirtdhas gone past
horticultural maturity, | am sure you still rememibeat. The desired colour
can be achieved by timely harvesting and handlswgv@ll as choosing the
desired variety.

Texture of a fruit describes how the fruit feels when exasd by the
fingers, the hand or the mouth. It describes hofty bard, tough, crispy, or
meaty. Other attributes associated with texturelugde smoothness,
hairiness or dryness.

Compactnesshis attribute is very important to the consumerewh
evaluating the quality of flowers and vegetableat torm heads like
cabbage, lettuce or cauliflower. Loose head coutd iferpreted by
consumer to mean that the commodity was harvestedagiurely. Also it is
used to evaluate freshness. Dehydration resultiog floss of moisture
during display for sale will make the heads to di@sk and to the consumer
that shows that the commodity has been harvestelbrig and not really
fresh. Dehydration or moisture loss must be coletidlo make the produce
as compact as possible.

Uniformity The importance of uniformity as a quality paramegnnot be
over emphasised. Consumers generally preferredyev@ped fruit with
uniform colour, uniform size, and uniform compa&®end so on. This is
important whether you are purchasing tomatoes t@pe$a oranges, carrots
etc. Buyers repose more confident in the markétes bbserves uniformity
in the produce displayed for sale. Proper sortind grading will ensure
uniformity of produce and increase consumer appeal.

Gloss This refers to surface shine of the harvested ymed Can you
imagine a shining reddish tomato displayed undshade in contrast to a
dull looking unripe one, | am sure you are begignta imagine having
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some slices of the brightly shining one in youiadaif you love that. That
underscores the importance of this attribute. Gbess is also related to
freshness.

JuicinessThis refers to the attribute of having a lot ofcgl | remember
buying oranges that scarcely produced any juice leowd discouraging it
was. You can be sure that if a consumer samples goanges and
tangerine and the tissues found as hard as if geatislice of yam, he
wouldn’t need any preaching to move away from you.

Flavour:The flavour of fruits is produce by aromatic compds in them.
This has to do with the taste. Have you had ammepce when in order to
persuade you to buy a fruit like citrus the merc¢haifiered a knife and
agreed to give you a sample to taste at no cosi® iBhbecause a
commodity might be very attractive but the desirBavour is not
guaranteed. Flavour is a combination of taste aacha implying that both
the tongue and the nose assess this quality.

3.2 Chemical Attributes in Fruits

Unlike physical attributes chemical attributes deiaing quality in fruit
cannot be seen by the eyes or felt between therBngr the taste bud. The
chemical attributes refers to the nutritional quedi of the produce.
Specialised instruments will have to be used mosilyevaluate these
attributes. These attributes are also affectechbyariety of fruit as well as
the degree of ripeness.

The chemical quality attributes include the N-camtey compounds which
are about 0.1% to 1.5% and about 35% -75% of tisgsmteins.

Carbohydrate is a major chemical index and thituge glucose, fructose,
arabinose and xylose, some fruits have maltosefréits contain cellulose,
hemicelluloses and pectin. Starch is present mamlynripe fruits and it
decreases to a negligible level as the fruit ripensiajority of the fruits.
The pectin content is also affected by ripeningouYnust understand here
that chemical quality indices are very importanthe industrialized world
especially when the fruits are purchased as rawenmatéd for industries.
Also a producer who aims at exporting his producstralso strive to meet
the required standard.

3.3 Safety Factor
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Just like for any other food items, eating of fusind vegetables should not
pose a health hazard to the consumer. Safety issu®re pertinent in
fruits and vegetables since most are eaten rawaaiest after peeling or
slight cooking. It is therefore very important riotbetray the trust repose
on individuals involved in the production and hanglchain before it gets
to the consumer. Food safety has been definedeaabibence of dangerous
substances in fruit and vegetables, that is substathat can negatively
affect health must be absent in the fruit and \edget displayed for
purchase and consumption. Harmful substances gmilthto the produce
during any stage of the production and handlingn €ou think of anything
in this line? Let us quickly consider the stagesiwed from production
(pre-harvest) to post harvest and the likely headthted issues:

Site selection Soils with high concentration of heavy metals atter
pollutants will produce fruits and vegetables camteated with such.

Use of agrochemicalsAgrochemicals like herbicides, fertilisers,
insecticides, fungicides, fumigants, disinfectahtsot well handled and if
not used in the right rate, time as well as for tight operation could
eventually find their way as residues into the bkated produce and be a
great threat to the health of the consumer.

Irrigation waterThis could contain some microorganisms that arenhar
to man especially in the developing countries whhbee sanctity of rivers
and other bodies of water is not maintained. Theemeould be messed up
by contaminated feces and urine upstream and lzeassarigation as well
as for washing of vegetables and fruits downstream.

During harvest Contact with contaminated soil during harvest doallso
introduce pathogenic organism into the commodity.

The golden rule here is that care should be takah stages of production,
harvesting, and down the distribution chain to dvactivities that could
contaminate fruits and vegetables.

Since safety factor cannot be compromised as aghauld not be seen to
be “digging his grave” with his cutleries; a buyeust as much as possible
purchase his produce from a reliable source.

SELF-ASSESSMENT EXERCISE
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In a tabular form highlight some quality attributesfruits, vegetables and
flowers that can be positively enhanced by youerwvention as well as the
likely intervention.

4.0 CONCLUSION

In this unit various quality attributes have beescdssed. Timely harvest,
proper sorting, use of proper container, avoidasfcgehydration are some
of the physical intervention that can be put incpldo preserve some of
these attributes. Safety standard should also bared to put safe and
acceptable fruits and vegetables in the hand ofdhsumer.

5.0 SUMMARY

In this unit we have discussed the physical andnated attributes of fruits
and vegetables; we have also considered some dafgtys. Proper site
selection, choice of the right variety, good cutipractices, timely harvest,
choice of right container, proper sorting, and dsoce of excessive
dehydration and keeping of produce in the rightremment are all issues
to be consider in achieving a desirable qualityitaites in fruits and
vegetables.

6.0 TUTOR=MARKED ASSIGNMENT

What are the physical and chemical indices of ¢yaii fruits, vegetables
and flowers?

7.0 REFERENCES/FURTHER READING

Abbott, J.A. (1999). Quality measurement of fruighd vegetables.
Postharvest Biology and Technology 15: 207-225

Manual for the preparation and sale of fruit andgetables:
www.fao.org.docrep
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UNIT 2 PHYSICAL AND CHEMICAL INDICES OF
QUALITY IN SEEDS
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1.0 INTRODUCTION

In the preceding unit we discussed the quality desli of fruits and
vegetables. Seeds are different from fruits andcetages and in this unit
we shall briefly discuss quality attributes thattam to seed.

2.0 OBJECTIVES
At the end of this unit, you should be able to:

. keep your seeds safe and viable till the next gigweason
. distinguish between a grain and a seed.

3.0 MAIN CONTENT

3.1 Physical and Chemical Quality Attributes of Seds

Seeds are fertilised ovules formed after successghilination and

fertilisation. Sure you are familiar with that imyr elementary biology. In
the seed is the embryo, which we can call a miregplant. In other words
the next generation lies right there in the seedp&r handling of seeds is
therefore very important. Seeds are stored withstile aim of continuity,

they are not meant for consumption, grains are imfearthat; that is apart
from looking clean to the eyes they must be ablgeioninate and produce
a good field of crop when planted. It then follotiat you will want to

know how best to handle the seeds in order to rizdm keep for a long
time without reducing their viability or ability tgerminate. Grains are
stored for the primary reason of consumption, ineotwords extra care
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given to seeds to retain their viability might benacessary in preservation
of grains. This does not rule out the fact that yngrains sold in various
markets are viable.

Now what attributes do we look for in a seed thatwant to plant? There
are both physical and chemical attributes thatrdete the quality of a

seed. You should remember here that you are rartested in eating those
seeds but to plant them. What a buyer looks feerds are:

a. High viability
b. Good vigour
C. Integrity of the seed

High viability simply put means most or all of the seeds germiraid
emerge from the soil when sown. You remembenvien you are sowing
seeds say of maize many times you are told to bogetseeds and later go
and thin to two at two weeks after planting. | kngau will be wandering
why not sow just two seeds? Remember that sometouesf the three
seed sown only one may emerge from the soil. Tappéns if the seed is
low in viability. To ascertain the viability of aeed lot, the viability or
germination test is often carried out.

Germination test: You take a sample of the seeds, say 20 seed® Plac
seeds on moist cotton wool, keep it moist for satags threeor fourand
later count the number that has germinated. If 800620 have germinated
then your germination percentage is 20/20 x 1000¢4.0f 18 germinated
out of 20 you have 18/20 x 100 = 90%.

The vigour of the seed is defined as the ability of the seedmerge

rapidly and completely under a wide range of emmental conditions. It
has also been defined as the seed propertiesdteatdne potential for fast
and uniform emergence and development of seedlingsr a wide range
of field conditions. Methods used to measureowvigiclude: Field

emergence of seedling, accelerated aging, condayciprotein, respiration,
seedling growth rates, cold test and rapid gernunat

You could read up the details of these methodoif go desire to know
more.

Seed integrity: this is a quality index that defines how free seeds lot is

from contaminants. For example cowpea with a br@gad coat in all

white variety is a contaminant. You must know hérat it may not be as
straight forward as that, for example the seed ought be the same but
the growth habit or maturity date may vary. Thenmaoint to note here is
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that as much as possible the seed lot must be fieptof contaminants.
Some contaminants that are organic in nature magkbrb moisture and
attract microscopic substances that can cause @bdssto deteriorate.
Broken seeds, feces of rodents etc. must not bedfouthe seed lot.

SELF-ASSESSMENT EXERCISE

What is the difference between grains and seeds?
Describe how you can carry out a simple viabilggttfor maize seeds.

4.0 CONCLUSION

Seed viability, good vigour and integrity are kejality attributes that must
be preserved in seeds. Proper processing, hanaidgoreservation must
therefore maintain these attributes.

5.0 SUMMARY

You have learnt that grains are different from seechile the primary aim

of grain production is for consumption, seeds acglpced for propagation;
seeds meant for propagation must have high viglailid vigour indices as
well as high purity; proper processing, handling atorage must therefore
be ensured.

6.0 TUTOR-MARKED ASSIGNMENT

1. Differentiate between respiration and transpirationfruits and
vegetables
2. Briefly explain how respiration and transpiratiofieat fruits and

vegetables after harvest.

7.0 REFERENCES/FURTHER READING

Abbott, J.A. (1999). Quality measurement of fruighd vegetables.
Postharvest Biology and Technology 15: 207-225
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1.0 INTRODUCTION

We had discussed the importance of seeds earligrand if you can

remember, keeping seeds alive and preserving thgur are some key
attributes that must be preserved. In this unitsival discuss how to safely
store seeds and factors that determine how longssesn be successfully
stored.
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2.0 OBJECTIVES

At the end of this unit, you shouldbe able to:

. identify both pre storage and post storage fadt@msdetermine how
long seeds are stored
. adopt best practices that will elongate shelfdifseeds

3.0 MAIN CONTENT
3.1 Storage and Shelf Life in Brief

Storage can be simply defined as the act of keeping odihglsomething
(in this context seed) safe for future use.

Reasons why we store harvested produce:

Amongst several reasons, we store agriculturalymedn order to:

1. Ensure all year round availability of especiallasenal produce

2. Reduce loses especially during harvest when supplpeyond
demand

3. Reduce scarcity and attendant high market price

4, Get the best price for harvested produce since adiways fall when
there is glut in the market.

5. Make quality seeds available for future propagation

Shelf life: This is the length of time that a commodity may diered
without becoming unfit for use, consumption or s&Wikipedia free
encyclopediattps://en.wikipedia.org/wikBhelf life

What are the things that we store?These include seeds, grains, fruits,
vegetables, stem tubers and root tubers.

3.2 Factors Affecting Shelf Life

We need to understand the importance of propeagtoof seed because
not all seeds can easily be purchased, losing sseees may be very
costly, so you must as much as possible curtaiviaes that will reduce
shelf life of seeds.

There are several factors that determine how leegls can be stored. You
surely can mention some, because you know theme¥ample you know
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that corn harvested fresh for consumption cannatri@el and use as seeds-
the grains are not mature and will shrink whendiriéou also know that
seeds that are not properly dried will get spoittew stored. That is very
good. What we therefore want to briefly discuss thiags that you are
somehow familiar with.

Pre storage factors

Shelf life of seeds in other words, how long seeds be stored is
determined not only by conditions in the store Itseveral other factors
before you put them in the store. These includelitiom of seed at harvest.
The following factors are related to harvest canditThese are:

1. Thetype or speciesf the seed stored. Seeds that are high in oil for
example groundnut or soybean easily lose viabilibhen compared
with cowpea or maize. This is the reason why se¢deybeans are
better stored in air-conditioned room, while maieeds can be
safely stored in a well-ventilated room even in #iesence of air-
condition facility.

2. The level of maturity of the seed at the time harvest cannot be
improved in the store; therefore ensure that tleelséo be stored are
fully mature. Immature seeds shrink in the store.

3. Propertime of harvestHarvesting should be done at the right time;
delay harvest will expose the seed to environmeantal biological
factors, such as excessive heat and infestationdegts.

4. Mechanical damagensure that seeds meant for the store are those
free from bruises and injury during threshing anthnewing.
Mechanical damage can also be reduced by ensupgpmoisture
condition before threshing.

Storage factors

Apart from those factors associated with harvesihich affect shelf life,
there are other factors which are associated ategtlto the condition in or
of the store. These include:

1. Fumigation as well as treatment against rodentsnsect pests and
moulds. If fumigation and other use of chemicals are p@tperly
handled in the store deterioration might be hastene

2. The volume of seed storednhight also determine how long it will
stay viable. The volume of seed stored must no¢exthe carrying
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capacity of the store to maintain the right comai§ for proper
storage. When the carrying capacity of the stoexweeded, proper
air circulation and ventilation amongst other tlsingannot be
maintained.

3. The initial moisture content of the seed

It has been documented that in order to store seed effectively for a
period of up to one year you should keep the initial moisture content
of the seeds at the point of storage at 5 per centto 14 per cent. Can
you guess why we have a range? Did | hear you say because we
have different varieties of seeds? Yes you are smart and correct. The
moisture content will vary from seed variety to seed variety, smaller
seeds will be expected to be drier at the point of storage.

4. Storage relative humidity

This is related to the moisture content in the deschuse it is also
moisture content, however, this time it is the patage moisture
content in the atmosphere where the seeds aredstioa¢ we are
referring to. Did you get that? While the relatikamidity in the

store refers to percentage moisture content instbee, the initial

seed moisture content refers to the percentagetunisontent in
the seed. You must also know the relationship betwée two. If

you bring in seeds with appropriate moisture cantato a store
with high relative humidity, the seeds will absarnoisture from the
store and be prone to lose their viability quicklyus reducing the
shelf life.

5. Storage temperature
This is also another factor of great importance yaoust pay
attention to, in order to store your seeds for jdhgt is to extend the
shelf life. It has been reported that appropridteagie temperature
can be derived using the formul® + RH< 100

Do you understand this? Don’t worry | will try tx@ain. That is the sum
of the storage temperature (in degree Fahrenhadt)lze relative humidity
must be less than or equal to 100.

You are familiar with degree Celsiu®Cj, you know that water boils at
10C and freezes af0, good. 6C = 32F

To convert from degree Celsius to degree FahrenfiefC) = (T (F)
—32)/1.8

| hope that calculation is simple enough?
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Below is a Table showing the appropriate combimegtiof seed moisture
content and relative humidity that will guarant¢éerage of different seeds
for up to a year:

Tablel.1: Recommendations of Safe Storage Moistufer a Period of
One Year

CROP SEED MOISTURE | RELATIVE
CONTENT (%) HUMIDITY (%)

BEAN 12 65

BRASSICA 8 70

CARROT 10 67

PEA 14 63

RADDISH 9 65

SWEET CORN 12 74

TOMATO 9 60

Source: Hill Murray, 1999 (www.seedquest.com)

You should note that routine check of the seed mesnade. For example
you can be carrying out the germination test sagedn three months as
well as the seedling vigour assessment. Simplywh#n you take random
sample of 100 seeds how many actually germinatefl® germinated that
means that the germination percentage is 99 pér &%, the germination
percentage is 95 per centand so on (this has beated earlier). The
seedling vigor refers to how big or robust the $agd look when they
germinate. The big, robust and healthy are praletoethe small, fragile
looking ones.

SELF-ASSESSMENT EXERCISE

A farmer interested in storing some seeds compdaioke low level of
viability of his stored seeds. When examined clpg@iu observed that a
good percentage of the seeds have shrunk, otheesdwane parts slightly
broken off and the seed store was filled to therdsiep. How will you
advise the farmer in order to extend the shelfdiflis stored seeds?

4.0 CONCLUSION

Quality seeds are needed for propagation from seaso season.
Understanding the seed we are handling, harvesiinghe right time,
avoidance of mechanical damage as well as maintpiproper storage
environment will work together to extend the shiédf stored seeds.
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5.0 SUMMARY

Maintenance of seeds in their in good conditions dolong time after
harvest is important. Proper time of harvest, aaogd of mechanical injury
and maintenance of appropriate storage temperatmmsture of the
environment and the seed, not exceeding the cgroapacity of the store
will all prolong shelf life of seeds.

6.0 TUTOR-MARKED ASSIGNMENT

How can we safely store seeds and what are theréaittat determine how
long seeds can be successfully stored.

7.0 REFERENCES/FURTHER READING
Dilip, G. (2009). Post-harvest seed storage/ hagdisyngenta foundation
for sustainable agriculture.

www.syngentafoundation.org/db/1/808.pdf

Food quality and shelf life: www.ift.org/media/packng-quality
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1.0 INTRODUCTION
We have been talking about some modern ways basedcentific

principles by which fruits and vegetables are stohe this unit we shall be
discussing traditional method of preservation oitfrand vegetables.

2.0 OBJECTIVES
At the end of this unit, you should be able to:

) appraise traditional methods of processing fruiis eegetables
) improve on this method of processing and storage.

3.0 MAIN CONTENT

3.1 Drying Most Common Traditional Method of Storage

As a young boy in town in the northern part of Nigeone method |
observed which was used especially by leafy vetgetaierchants (mostly
women) is to use a wet jute bag to cover thesetablps in order to
preserve their freshness at least for a day or two.

Sometimes, tomatoes, pepper are harvested fresimadyrboiled to reduce
moisture content and then dried .Other methods l#és@ been used to
process and store vegetables traditionally on@ict snethods is drying.

Drying is the most popular and the most commonlgdusf fruits and
vegetables preservation methods among the farmexsgeria. As you are
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aware and also from our discussion so far, ond@fnajor factor leading
to rapid deterioration in fruits and vegetableshat they are very high in
moisture content, respiration also continues dftawest. It has also been
understood traditionally that dry food keeps longens knowledge is
therefore employed in the preservation of vegetabkpecially those that
can still be acceptable even in the dried formyify is done primarily to
reduce the moisture content in the commodity ireotd achieve the goal
of storage which is to keep the produce in a fofrmmimal respiratory
activity and so extend the shelf life. Commoditigst have been so
preserved and still found acceptable to the consuimgude tomato,
different varieties of pepper, ginger, telfairiaitdr leaf, okra and so on.
Sun drying is majorly employed which makes it chespecially in the
tropics since sun shines for most part of the y&he precaution that is
taken in this method of processing and storage ensure that such dried
commodities are kept in a dry environment to prévenabsorption of
moisture and spoilage. Also the store should be fkep of both insect and
rodents.

This method of storage has been very useful insgmng such

commodities during the peak period and for augmgnsupply during the

lean period. One major disadvantage of this metisothat the quality

indices of some commodities would have been neggtaffected such as
the colour, the taste, the aroma and the textur@ sometimes the

nutritional quality. Their uses is also limited some cases, for example
even after soaking in hot water before grindingedirtomato cannot be
eaten as when it is fresh. One other disadvantdgéhi® method of

preservation is that during the drying processeeisly sun drying high

hygienic standard is seldom maintained making predareserved in this
way to pose some health hazard. Some are contadiriat rat feces

leading to diseases like Lasa fever.

It is therefore necessary to maintain safety stahdehile sun drying
produce for storage. Flies and other organisms toatd cause health
hazard should be kept away from the dying produce.

SELF-ASSESSMENT EXERCISE
Highlight five quality attributes of fruits and vetgbles that may be
affected when drying is used as a method of praserv

Briefly discuss safety standard in traditional meging and storage of
fruits and vegetables
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4.0 CONCLUSION

Drying is a traditional method used in processihfuts and vegetables to
extend the shelf life. In the modern times efférd@dd be made to use this
method in the most hygienic way in other to fullgheeve the goals of
storage of which safety factor is a part.

5.0 SUMMARY

Fruits and vegetables have been processed andl Storine traditional
ways before the introduction of modern ways of pesing and storage of
fruits and vegetables. Drying is the most commorthoe in this regard.

Some qualities indices are traded off when foods dnied. Traditional
methods must be improved on by ensuring safetydatann modern days.

6.0 TUTOR-MARKED ASSIGNMENT
What are the traditional method of preservatiofrwits and vegetables?

7.0 REFERENCES/FURTHER READING

Food preservation - Wikipedia, the free encyclogedi
https://en.wikipedia.org/wiki/Food preservation

Storage of Fruits and Vegetables-Missouri botanicglarden:
https://www.missouribotanicalgarden.org5tdrage200f%2Frui
ts%20.
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1.0 INTRODUCTION

So far we have considered the basic requiremetsseary for storing our
seeds for a long time or for extending the shédf ¢if our seeds. Can you
mention them? Good. Yes, the quality of seed brougb the store, the
relative humidity and the temperature in the stboeise are important
factors you must consider. Now we want to considguirements for

storing our fruits and vegetable. Remember fruiid @egetables have high
moisture content, so you cannot keep their moistargent as low as the 5-
14 per cent without destroying them. So in thisoakat should you do?

2.0 OBJECTIVES

At the end of this unit, you should be able to:

) mention the temperature and humidity required forage of some
common fruits and vegetables
. explain the likely shelf life of some fruits andgetables under a

given storage condition.
3.0 MAIN CONTENT
3.1 Ideal Atmosphere for Storage
To start with, you should note that just like wesalissed in storage of
seeds,temperature and relative humidity are the major environmental

conditions that are of prime importance in storafyfuits and vegetables.
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General tips for successful storage of fruits andegetables

Furthermore, there are general rules or guide lymesought to follow in
order to successfully store your fruits and vedewbThese include the
following:

a. Ensure that fruits and vegetables meant for stoeagein the best
condition- no bruises, no sign of pest, diseasaesect damage. This
is because fruits and vegetables that are damagedeteriorate
fast is storage.

b. Leave a small part of stem about two to threeoonthe fruit or
vegetable to reduce loss of water and entry ofadisecausing
microorganisms.

C. Keep all fruits and vegetables in DARK and AERATED
environment.

d. Avoid storing of produce in excessively low temgara, this will
lead to chilling and freezing injury and render tipeoduce
unacceptable for consumption.

e. Keep off pests like rats and mice.

Finally remember that both fruits and vegetables «ill alive and

you must strive as much as possible to keep thera state of

inactivity (reduced respiration) if you will evextend their shelf life
and thus achieve the goal of storage.

—h

Do not store fruits and vegetables together becansene hand fruits will

produce ethylene that will hasten the ripening led vegetables, on the
other hand, vegetables will contaminate the tabthe fruits as the fruits

will pick up their taste.

Classification of fruits and vegetables based on geired storage
environment

Fruits and vegetables have been classified into gmoups based on the
kind of environment they require to extend theirelhlife. This
classification is as follows:

1. Those that will store well in cold and moist envineent

2. Those that will store well in cool and moist envineent

3. Those requiring cold and dry environment and

4. Those requiring warm and dry environment

Below is a table showing the classification of fsutand vegetables based on

the combinations of environmental conditions reegiiffor their proper
storage.
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Table 3.1: Environmental requirements and storage @riod for some
fruits and Vegetables

VegetablesRequiringCold and M oist Environment
Fruit/Vegetable | Temperature(F) | Relative Length  of
humidity (%) storage

Apples 32-36 90 2-6 months
Cabbages (Earl | 32 95 3-6 week:
Cabbages(Late) 32 95 3-4 months
Carrot matur 32 95 4-5 month:
Carrot immatur | 32 95 4-6 week:
Corn(Sweet) 32 95 4-8 days
Lettuce 32 95 2-3 week:
Potatoes (earl 50 90 1-3 week:
Potatoes (lat 39 90 4-9 month:
Vegetables Requiring Cool Moist Conditions
Cucumber 40-5C 95 1C-14 day:
Egg plant 45-50 90 1 week
Water melon 40-50 80-85 2-3 weeks
Pepper(swee 45-4Q 95 2-3 week:
Tomato (green) 50-70 90 1-3 weeks
Tomato (ripe 45-50 90 4-7 day:
Vegetables Requiring Cool Dry Conditions
Garlic 32 65-7C 6-7 month:
Onion 32 65-70 6-7 month:
Vegetables Requiring Warm and Dry Conditions

Peppei(hot) 50 60-65 6 month:
Sweet potat 55-60 80-85 4-6 month:
Source: Storage Guide Lines for Fruits and Vegetables
www.gardening.cornell.edu

SELF-ASSESSM

ENT EXERCISE

Mention two environmental attributes/factors the¢ anportant in the
storage of fruits and vegetables.
Highlight five important tips to consider for susséul storage of fruits
and vegetables.

4.0 CONCLUSION
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We want to conclude by saying here that based enkttowledge that
storage conditions differ between fruits and velgies, only fruits and
vegetables requiring similar storage conditionsushde stored together
and fruits and vegetables should not be storedhege

5.0 SUMMARY

In this we have learnt that produce meant for g®maust be in the best
condition and that fruits and vegetables ideallp b& grouped into four
based on the environmental requirement for therage and effective
storage can be achieved by storing similar frurtd segetables together
based on the classification.

6.0 TUTOR-MARKED ASSIGNMENT

1. Obtain 30 fresh and firm tomato fruits of abauerage sizes, keep
10 fruits in the freezer of a refrigerator, anotiHd fruits in
compartment meant for keeping fruits and vegetabtdsin the
refrigerator and the last 10 on the shelf in a roBmsure those kept
in the refrigerator are kept under constant powsgpl/. Bring out
five samples out from both the cooling and freezoognpartment
after 14 days and immediately record your obsemmatAllow the
fruits to remain outside the fridge for 6 hours amtord your
observations.

2. Give an appropriate title to this practical rexse

7.0 REFERENCES/FURTHER READING

Basediya, A. L., Samuel, D.V.K. &Beera, V. (201Byuaporative cooling
system for storage of fruits and vegetables - aevevl Food Sci

Technol. 2013 Jun; 50(3): 429-4dpi: 10.1007/s13197-011-0311-
6PMCID: PMC3602570

Storage guidelines for fruits and vegetables fromrn€ll Cooperative
Extension. www.gardening.cornell.edu
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UNIT 4 CONTROLLED ENVIRONMENT FOR TRANSIT —
LONG TERM STORAGE
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1.0 INTRODUCTION

Most fruits and vegetables are produced at a locathd consumed at other
locations much further than the point of productiémterestingly, some

produce are transported several hundreds of kilemiedbm the place of

production. This make the issue of post-harvestlvam and safe keeping

very critical.

Locally, you would have observed that harvestedlypce are not usually
handled and transported properly, the results béegps and heaps of

spoilt and damaged produce especially of fruits amdetables at the
commodity market.

2.0 OBJECTIVES

At the end of this unit, you shouldbe able to:

. identify some precautions to put in place whent$raind vegetables
are to be transported over a long distance

) explain what it means to transport produce in a trotled
environment.
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3.0 MAIN CONTENT

3.1 Tips for Maintaining Produce Qualities for Long Distance
Transit Storage

Maintaining high quality of produce from the powit production through
the period of transportation and finally till suphoduce is placed in the
hand of the consumer is very important as we hasgeudsed so far.
Realising this when the producer and consumer alesmpart however
requires first, understanding and observing sonesruHence, we shall
briefly have some tips that should be followed taimtain the qualities of
produce transported over such long distance. Téeseand don’ts include:

1. Do not harvest immature fruits as they will shrimktransit and
become unmarketable.
2. Climacteric fruits (I am sure you know what | mdanthat) meant

for long distance market must be harvested matuteubripe, so
that they get ripe at the desired destination.

3. Do not transport infected or bruised produce.

4. Proper packaging materials like crates should leel asid the crates
should not be stocked beyond capacity, this is imxaver filled
crates will lead to compressing of and bruising angiry of
produced when crates are stacked.

5. You must not stack crates on bare floor of the alehibut arrange
some raised platform on the floor then put theesradn such to
facilitate proper air circulation through the trpnged produce.

6. Transportation of fruits and vegetables is beshedasing a
refrigerated van with the temperature and humislyas appropriate
for the transported produce.

7. Fruits and vegetables must not be transportedeirséime container,

remember the reasons being that the fruits candakée flavour of

the vegetable and the vegetable might deterioraserf from
ethylene oozing out from the fruits.

While in transit avoid rain falling on the transpea produce.

Avoid over heating of the vessels being transpobeghainting the

container with paint that will reflect light and é@ the container

cool.

10. Proper air circulation must be ensured through piheduce to
prevent buildup of heat and deposition of moistonethe produce.
This is why it is advisable to transport the hatedsproduce in
crates and other appropriate packaging materiatdikeu the
polythene bags that are often used in some paiftshe developing
countries.

©
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3.2 Controlled Environment

You must always remember that fruits and vegetahtesstill alive after
harvest and if the rate of respiration is not redljceterioration will be fast
and shelf life will be reduced as we have discussadier. What is
therefore aimed at when horticultural crops arenpperansported is to
create an optimum environment that will retard detation. Two terms
are generally used:

Controlled Atmosphere here the gas mixture around the transported
produce is controlled and kept at desired compwsiti

Modified Atmosphere: this involves addition or removal of gases inesrd
to create air composition different from that whiagkd around the
commodity.

Controlled atmosphere is the enclosure of food igaa impermeable
package inside which the gaseous environment wihact to Cg O,, N,,
water vapour and trace gases has been changed s@ledtively controlled
to increase shelf life. ©scavengers and ethylene absorbers with, CO
release agents could be classified as CAP duriagetirly stages of the
storage life of packaged product.

Modified atmosphere is the enclosure of food inaalkage in which the
atmosphere inside the package is modified so thatomposition is other
than that of air. Modification can be achieved ®moving air and
replacing it with a controlled mixture of gasestrbigen is frequently used
in MAP to reduce the concentration of other gasesthie package.
(https://answers.yahoo.com/question/index?qid=2003082317AA5zKQ

L)

The general idea in both is to keep the produdberrequired temperature
as well as in an atmosphere with the best percentagnbination of
oxygen, carbon (IV) oxide and nitrogen.

Creating either a controlled or modified environtesguire more training

which would be handled in more detail for thosemaing to specialise in

this aspect. It is however important that you kribat the container used in
transporting these produce have cooling or refaiger systems with other
equipment to regulate air, relative humidity, aficaurse temperature and
maintain the desired air composition .
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SELF-ASSESSMENT EXERCISE

Differentiate between controlled atmosphere and ifiod storage
atmosphere

4.0 CONCLUSION

Controlled environment implies controlled or moediatmosphere around
the stored produce. Careful observance of safpyyi$ the first insurance
against losses in transit.

5.0 SUMMARY

Maintaining high quality produce from the farm gat#il such produce are
placed in the hand of the consumer especially ifaradistance is an
enormous task that may require creating a diffeemtironment in the
transported produce. Being a rookie, you may natlide to practically do
this; however understanding and practicing thetgdfgs in this study will

go a long way in extending shelf life of producelamg distance transit
storage.

6.0 TUTOR-MARKED ASSIGNMENT

What are the precautions to put in place whendraitd vegetables are to
be transported over a long distance?

7.0 REFERENCES/FURTHER READING

Basediya, A. L., Samuel, D.V.K. &Beera, V. (2013jaliorative cooling
system for storage of fruits and vegetables - aevevl Food Sci
Technol. 2013 Jun; 50(3): 429-4dpi: 10.1007/s13197-011-0311-
6PMCID: PMC3602570

Code of practice for handling fresh fruit and vedpss in refrigerated
shipping containers for Australian exports. 2007 itieal
https://shippingaustralia.com.au/wp.../Code-of-BcaeDraft-
2007.pdf

Food Packaging, Principles and Practice by GordaiRobertson:
https://answers.yahoo.com/qguestion/index?qid=2003082317AA

5zKOQL

https://quizlet.com/15860879/10-controlled-and-moéfled-atmosphere-
packaged-foods-flash-cards/
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1.0 INTRODUCTION

So far we have discussed some principles that teiskept in order to
retard the rate of deterioration and extend thef dife of harvested
commodities. Remember that irrespective of thet fari vegetable the
temperature andrelative humidity must be well maintained as required
for safe keep of each crop. Proper handling duhniawyest, packaging and
transport are amongst safety measures that carexisod shelf life. In this
unit we shall discuss additional treatment that t¢en carried out on
harvested produce which also extend shelf life

2.0 OBJECTIVES

At the end of this unit, you should be able to:

. explain what curing of produce means and howadloige in yam

) list some additional chemical treatments that canchrried out
where applicable on harvested produce in ordextend their shelf
life.

3.0 MAIN CONTENT

3.1 Curing

When harvesting farm produce like root tubers aathdubers mostly yam
and lIrish potato, sometimes the skins of these ouodlities are

scratched/wounded and could serve as entry pootdidease causing
organisms if left unhealed and taken to the stitwis;of course will shorten
the shelf life. | am sure you are aware that thes®e crops are important
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tuber crops in Nigeria. Incidentally both are stefimers. Do you remember
the difference between stem tubers and root tubdésg®u don't, read that
up. Okay, in order to keep focused, the princiglewing involves treating
the produce withigh relative humidity andhigh temperature for some
days before storage. This process will encouragdirfteof the bruises as
new cells will be formed to cover up the wound. Yeould have observed
such in potatoes before, as greenish skin on paneduber. For yam it has
been reported that curing can be achieved on &é by heaping tubers
under a shaded area and covering the heap withnvgnass matting. The
curing process will be accomplished in four day$e Theat produced
through the respiration of the tubers as well asmioisture loss will create
the required temperature as well as the relativaidtity.

Field curing for yam (adapted from
http://www.fao.org/wairdocs/x5403e/x5403e04.htm)

Yams and other tropical root and tuber crops caauped outdoors if piled
in a partially shaded area. Cut grasses or strawbeaused as insulating
materials and the pile should be covered with cantarlap or woven
grass mats. Curing requires high temperature ag falative humidity,
and this covering will trap self-generated heat amoisture. The stack
should be left for about four days.

canvas tarpaulin
or jute bags
NOT FLASTIC

At legst 6 (15 em} depth of oyt gramg
placed on top of yams.

Fig.5.1: Cut-Away View of Yam Curing

Source: Wilson, J. (n.d.). Careful Storage of YaBsme Basic Principles
to Reduce LosseslLondon: Commonwealth Secretariat/International
Institute of Tropical Agriculture. (IITA, Ibadan,igeria.)
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3.2 Waxing

This involves application of artificial wax to fitsi and vegetables after
washing before storage. Waxing is not done forftimeof it; rather it has
the following advantages: it restores the shinéhefproduce and makes it
attractive, in order words it enhances its qualitgmember consumer
appeal is very important. Waxing also protectsftbgs and vegetables by
sealing off scars at the point where the fruit @getable was attached to the
stem, as well as the cracks or dents on the skiaxivg also reduces
moisture loss and eventually extends the shelf life

Non-organic fruits and vegetables that are commuwalyed include:

. Cucumbers

. Bell peppers

. Eggplant

. Potatoes

. Apples

. Lemons and Limes
. Oranges

(http://www.whfoods.com/genpage.php?thame=georgekily5)

Natural wax on the produce is removed first by viaglbefore coating
with the artificial wax, this artificial wax may bgetroleum based or from
other natural means.

3.3 Other Chemicals Treatments

Chemicals including fungicides, anti-sprouting aigeend disinfectants are
also applied to prevent fungi attack, break or aisimue cycle of diseases
as well as retard sprouting.

Fungal attack causes different kind of diseaselanvested produce e.g.
citrus and plantain. This can be prevented by itrgatvith fungicides. You
must however remember that fungicides as well gsciemical must be
applied strictly according to the prescription oiredtion of the
manufacturer and must not leave harmful residuthercommodity. This is
because although you want to make more profit gjinqaroper post-harvest
storage and extension of shelf life, the healthefconsumer must not be
compromised and the trust he reposes on you tadadwm with safe food
must not be betrayed. Use of fungicides is moremomin the field than
on harvested produce.
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Low concentration of chlorine has been used asiafdctant and has been
found to be advantageous in that it does not |le&emical residue on the
commodity.

Use of chemical sprouting suppressant has beerdfoseful in extending
the shelf life of potatoes and onion especiallytha temperate countries.
This is important because once these commoditiesugpthey deteriorate
faster as they utilise the food reserve in the pcedor vegetative growth.

SELF-ASSESSMENT EXERCISE

Highlight three protective treatments given to lested produce to extend
their shelf life.

Briefly describe how you will carry out curing oam

Mention one advantage each of curing, waxing arehttnent with
fungicides

4.0 CONCLUSION

Additional treatment of harvested produce shouldcheied out where
necessary and applicable, curing, waxing, appticatf chemicals must be
done to seal up openings that could be used asneetrof agents of
deterioration, retard sprouting sometimes and eixgtelf life.

5.0 SUMMARY

In this unit we have discusses some treatmentsctratbe carried out on
harvested produce ranging from curing which does require external

inputs to waxing, application of sprouting retardamd fungicides. All

chemical treatments must however be carried oittlgtas prescribed and
leaving of residues on produce must be avoided.

6.0 TUTOR-MARKED ASSIGNMENT
What is curing of produce and how is it done in yam
7.0 REFERENCES/FURTHER READING

Field curing was adapted
fromhttp://www.fao.org/wairdocs/x5403e/x5403e04.htm

Wax coating on fruits and vegetable:
http://www.whfoods.com/genpage.php?tname=georged=i5
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1.0 INTRODUCTION
| am sure that so far, you have acquired more kedgg in the area of
handling and safe storage of harvested fruits agttables. As we draw

the curtain in this course, we shall briefly comsithe basic guide lines in
designing and operation of equipment’s for storage preservation.

2.0 OBJECTIVES

At the end of this unit,you should be able to:

. list the general requirement for a good store

. list the two common types of stores

. explain how to apply the principle of a good stdoeyour local
environment even in situations where all the eqeipi's are not
available

3.0 MAIN CONTENT

It is important to state that the operations of soeguipment used in
storage may be a little bit technical but | bet ywee can comprehend a
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great deal. You are quite familiar with a refrigeraand | am sure you
would have visited one or more cold rooms, so yaw comprehend what
we are about to discuss.

3.1 Common Storage Systems

There are generally two types of storage systenhesd are the bulk
storage types and the pelletized storage type.

In the bulk storage type just as the name suggests commodities to be
stored are piled up in the store as a heap. Aslistem is placed under the
pile to circulate conditioned air through the pliethe produce a fan is also
installed for the same purpose. This type of s@nagused for crops like
potatoes and onions. In designing this kind ofagjersystem, the walls of
the store must be constructed such that they ctiostand the force that the
produce will exert on them. A space should alsalb®ved between the
pile produce and the door; say about 50 cm. Theeespvill allow you to
freely enter into the store for proper monitoridgthermostat is installed
(this is a device made using two types of metal éhgands at different
temperature, this regulates temperature, the sawieadis put in a pressing
iron that makes it trips off based on the contnali¢ated, that is it trips off
once the temperature is reached in order not teezkit). A humifier is also
installed to allow enough humidity for produce remg such

In palletized storage,produce are placed in boxes or pallet bins which i
turn are stacked in the store room. In the desogritfe palletized storage,
there is no provision for exertion of force on thalls since such is absent.
We use this for crops that cannot be easily pilednua heap or for crops
that can be easily bruised. Examples of these ciogade most fruits,
cabbage, carrot and many vegetables. Here crogdgfefent varieties can
be stored but be sure not to store fruits and ebdes together. Different
bins can be handled independently either for marggedr for prompt
disposal of problem bins without affecting or contaating other bins.
Ventilation is also controlled here as well as theperature and relative
humidity.

General considerations for a good store include:

1. Irrespective of the material used in constructimg $torage, it must
be resistant to moisture

2. The store must be insulated.

3. The store must also be air tight

4 The foundation must be insulated on the exterior
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The store should be such that it will last for agdime.

The store should be such that it can easily bdisadi

The store should be provided with a means to cbritte air

temperature, humidity and air flow.

8. For controlled atmosphere storage, the carbon @xiYle and the
oxygen must be regulated.

9. Storage may be either air cooled, refrigeratedodin.b

NOoO O

SELF ASSESSMENT ASSIGNMENT

I. Highlight the differences between bulk storageeysand palletized
storage system.

il. Itemise at least five things to be considered wtdsigning a good
store.

4.0 CONCLUSION

In conclusion a good storage should be well insdlashould serve the
function for which it is build, and must have goedvironmental control
(temperature control, relative humidity control, £&nd Q).

You must however remember that the quality of poedwcannot be

improved in the store, so make sure you store gugllity produce, free off
disease, bruises etc.

5.0 SUMMARY

In this section, we have briefly considered theunegnents for a good
store. We have also considered two types of sttinesbulk storage system
and the palletized stores.

6.0 TUTOR-MARKED ASSIGNMENT

What are the guide lines in designing and operatbrequipment for
storage and preservation?

7.0 REFERENCES/FURTHER READING

Handling and preservation of fruits and vegetables:
https://books.google.com.ng/books?isbn=9251048614
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Processing of fruits and vegetables www.agrivi.quoessing-of-fruits-
and-vegetables/

UNIT 2 LOCAL STORAGE EQUIPMENT
CONTENTS
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3.0 Main Content
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5.0 Summary
6.0 Tutor-Marked Assignment
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1.0 INTRODUCTION

We shall briefly consider some local storage eqeipt's that can be
constructed and used for small scale storage. tyhes of storage becomes
useful in rural areas and under local conditionenehthere is erratic or
absence of electricity.

2.0 OBJECTIVES

At the end of this unit, you should be able to:

. explain the principle behind some local storagam@gant’s
. construct simple storage equipment.

3.0 MAIN CONTENT
3.1 Local Storage Equipment
Storage equipment have developed over time hovibedundamental goal

has remained to prolong the shelf life of harvegtextiuce by reducing the
rate of respiration, by controlling the temperatanel the relative humidity.
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Earthen wears have been used to store water anditEros traditionally.
Clay/ earthen pots are often used to store waténarvillages. Such pots
are placed on wet sand in a shaded part of the @ongp and interestingly
the water fetched from such pots is often refragliginold relative to water
kept in plastic or iron jars and container in thene environment.

Cooling by evaporation

The principle involved that is what makes the waitistored in the pot to
have lower temperature is the principle of coolimg evaporation. The
earthen pot have tiny holes which will keep its ypaabist without allowing

the liquid to leak out, similarly it pick up moisaifrom the wet sand. From
time to time the moisture on the body of the eartlare will evaporate, as
this happens, the container becomes cooler. Thestas transferred to the
content as well; in other words, the water beconwdder over time. The
same effect is produced on you when you had a showe hot weather,
when you leave the water particles on your skireeaporation of these
water particles take place you feel cool. This ecduse for the water
particle to escape heat required is taken from gkim.

Application of this in storage equipment
This principle is being used locally to achieve rshiome storage of fruits
and vegetables.

A bigger pot can be obtained; in this bigger pahsovet fine sand can be
poured, then place a smaller pot in the bigger Ipw, the inner part of the
bigger pot, that is outside the smaller pot withrenaet fine sand and then
store your fruits or vegetables in the smaller pmin’t forget to put your

storage equipment in a cool place. With the shigdfdf your produce can

be extended. The advantages of equipment usingtimsiple are that it is

cheap, require low inputs which are locally avdéahnd does not require
electricity. It is however limited in capacity andeful for only short period

of storage

There has been various modification of this singitgage equipment, but
the principle is the same.

A pot-in-pot refrigerator , clay pot coolet! or zeer(Arabic. »)) is
anevaporative coolingefrigerationdevice which does not use electricity. It
uses gorousouterearthenwaneot, lined with wet sand, contains an inner
pot (which can bglazedto prevent penetration by the liquid) within which
the food is placed - the evaporation of the outprid draws heat from the
inner pot. The device can be used to cool any aobst This simple
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technology requires only a flow of relatively dry and a source of water.
(https://en.wikipedia.org/wiki/Pot-in-pot_refrigeos)

SELF-ASSESSMENT ASSIGNMENT

Briefly explain how the ‘pot- in pot’ evaporativefrigerator works.
Highlight two advantages of this kind of storagstsyn.

4.0 CONCLUSION

Using of earthen wears of different designs empldys principle of
cooling by evaporation which is a natural physigahciple. This is also
found to be useful to extend the shelf life fohars time till date.

5.0 SUMMARY

Cooling by evaporation is natural physical prineighat has been employed
and found useful to extend the shelf life for arshome till date. The
advantage of equipment using this principle is thist cheap, required low
inputs which are locally available and does notunexjelectricity. It is
however limited in capacity and useful for only ghmeriod of storage

6.0 TUTOR-MARKED ASSIGNMENT

1. Differentiate between climacteric and non climaictéwits
2. Mention four pre storage and fourpost storage factbat affect
shelf life
3. What effect will harvesting plantain before attagmh of
physiological maturity have on:
a) The yield
b) The shelf life under room temperature?

7.0 REFERENCES/FURTHER READING

Pot in pot refrigeratorhttps://en.wikipedia.org/wiki/Pot-in-pot_refrigecat

Basediya , A.,.Samuel, D.V.K. &Beera, V. (2013). Evaporative cooling
system for storage of fruits and vegetables - @&wevJ Food Sci
Technol. 50(3): 429-442.

General summary and conclusion
This course has presented us with the opporturfitktnowing and fine
tuning our knowledge of post-harvest physiology. Wave realised that
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harvested produce are alive and must be handlegdepyo with that
consciousness in order to extend their shelf Heoper management or
control of moisture loss as well as rate of resrawill extend shelf life.
We have also learnt that several pre-storage fcight from the time of
harvest and harvest conditions affect the shedf. IAll effort directed at
proper storage is to preserve both visible anddndgualities of harvested
produce. Proper storage condition has also beenstisd.
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