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Methods of Reducing Postharvest Losses
of Rocts, Tubers, Fruils, and Vegetables

in Developing Country Eccnomies

Losses of fruit, vegetables, roots and tubers in
developing countries can only be reduced to a minimum
when the following conditions are met:

(1) Resources (personnel, infrastructurs, management,
favorable governmental regulation, techrical expertise and
practical experience, information availability, etc.) are
committed to reducing food losses to a minimum;

(2) Capital (local government, internaticnal loans
and grants, and especially private capi%al) is generated
to move the resources into place;

{ ») ‘wareness among developing country nationals
exirts thai most losses are avcidable;

(4) I+ uts of loss in the postharvest food handling
and ©3 i.ng chain have been identified; and

(5) Intervention techniques to recuce the losses
of the specific commodities are adopted as regular
procedures of conservation and quality control.

This report concentrates on suggested methcds
of reducing losses by appropriate technologies emphasizing
food processing and storage techniques. The general types
of technologies available will be discussed, but more
importantly the adaptation of these to the situation in
developing countries is critical.

Although the role of technical assistance teams
who can help design an improved processing and storage
facility is significant the great importance of adequate



treining at all levels must be stressed, {ntil develop=
ing country nationals are awvare of the methods availe

akle to reduce losses to an eccncmically “eazible

minimum and adequate numbers of better trainecg personnel
are available to implement, maintain, and promulgate

these improved technologies-=the results of any technical
assistance prcgram will be small, Training at all levels
and sharing of information on practical and technical

loss information is the key method ts reducing postharvest
food losses in developing countries, Technical assistance
support for national Postharvest food conservation programs
must be strengthened by complementary training at the
ministerial level and the estension worker level as

well,

The recent food loss study by tke National Academy
0of Sciences has stated, "The members of the study
committee are convinced, as a result of their vractical
experience with food loss problems in many countries,
that better education and training about food loss and
its alleviation are éssential if significant worldwide
improvement s to occur, This conviction has been
reinforced vy the results of a request for contributions
distributed by the committee widely throughout the
developing countries; the returns clearly identified
education and training, particularly of extention workers,
as a priority need among loss reductiocn activities, , . ,
Comprehensive instruction on ways to minimize postharvest
food loss is needed at every level, from public officials
who make policy to administrators, technicians, extension
generalists, extension speclalists, and the producer
at the farm or fish catch level., Zducation and training
Programs must be locally designed and conducted and,
most important, be adapted to local needs," (Nas, 1978)



srecific tecknelogies is thus & L2y Zeinhoa T focd loss
reduction, Training and ecucaticn must becorme =z major
compenent of technical assisance efforts, During eny
evaluatidh 0i the requirements for Imdroved food processing

and starage facilities, the educational ang training compo-
nents must not be ignored, and should indeed become an integral
part of most technical assistance programs,

Before smecific interventions to reduce losses can be
introduced it is necessary toc deterrine what is causing the
the various lesses, Identification of major loss points
in the pestharvest systen can be accemplizhed d by loss surveys
cr by the zpplicatica of nmore specifi

Am

¢ methodologies for
loss assessment, IICA in Central Americ

a 1o devsloping
a methodology to assess locsses in fruit and vegetable
commodities, This effort should help workers identif
losses and compare results emong countrizss and comnmad
Future develooment work in fr uit and v 1

root and tuber loss assessment methodolo
needed, Z=ZIIforts similar to the LITZ/ALC
loss methodolsogy Cevelcrment would provide important

~

e
standardized techni jues to assess lcsses c
perishable commcdities., Until useiul meth

3

0 al
lossz assessment are developed for these commocitiess, surveys
by experienced focd technologists cr cemmedity experts must
sufiice. Frequently lcsses are §C »ronounced that even a
cursory survey will tinpoint the major areas where losses
occur. IHNevertheless, it is imporiant to survey the sost-
harvest system wnen assessing loszsses so that the limited
resources availsble can be dr th
which are reducidle ir zs 55+ sifec
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remedies to a loss situation as a result of their expertise
in a specific technical skill, For this reason and others,
a team approach is best when examining postharvest lcosses.,
The loss situation must also be examined in a systems
approach so that one stage or step in the marketing chain
where losses do occur, does not receive excessive attention.,
In many cases, postharvest losses may result from or be
ageravated by preharvest damage., It is also necessary to
teke into account the methed of harvesting for this cau
greatly influence physical damage 0 many fruits and vege-
tables and particularly roots and tubers, Thus, vhen
surveying for losses, a team approach and a syslems concept
nust be adopted,

Possible interventions or improvements in the post-
harvest syster can be grouped in the folloving categories:
(1) Trensportation, (2) Packaging, (3) Storage and environ-

rnental conditioning, and (4) Procecssiag,

(1) Zransportation in meny developing countries is inade-
e

quate eand will zffect postharvest sces by influencing
bruising or mechanical damage, and bty influencing transiorta-
tion time from arca of harvest, cstorage, or procescing o

the final point of consumption, Thne effects of transporta-
tion can obvivucly be improved for example by road building
and maintenance programs, however, even under existing
conditions the effects of improved packaging, can mitigate

the deleterious effects cf transportaticn.

(2) Packaging Significant reduction in the amount cf loss
can be accoumplished by improved handling and packaging at
all stages of the movement of perishable produce from harvest
to cdnsumption. Delicate produce is often handled in the
same way as the more aurable crons, Since mechanical
camage greatly increases the rate and extent of toth
physiolegical and microbiolegical ceterioration, methods
of avoiding this damage must be carefully investigated in
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any postharvest food comservation program., Improvements
in packaging anc handling may be some o f the least costly
and most effective of all innovaticns in the postharvest
syster. Interventions to insure that delicate produce is
nandled in smaller quentities ard in shzllover contziners
Ccan make significant reductions in the emount cf damaged
preduce reaching the market., The substitution of wooden
crates or fikerboard cartons (even plastic) for sacks or
loose bulk can make dramatic improvements at little cost,
Packaging ard handling improvements are frequently very
gituation or commocity specific and thus generalizations
are cifficult however consideration 0f handling and
packaging should be some of the first aspects investigated
in a study of losses in the postharvest systen,

For this report, the focus of suggested interventions
to reduce losses of fruits, vegetables, roots and tubere
in developing countries will be on physiological conditioning,
storage and prccessing, It must bte remembered that greater
than 100 individual commodities are commercially inportant
and that no single technology vill reduce lozses to zero,
Even freezing and canning technclogies have severe limite-
tions, esvecially cust, The gcel of arprovriate food
technology is tg preserve, prccess, and store foods of
acceptable qualivy at a rrice the population can afford to
pay; and nmale a

Improvemernts in Processing and storage must also be
considered in light of the systems concept, A weak transyport
and storage system feeding into a very efficient, modern,
1igh caracity processing system which ther feeds into a
small and vealk marketing system is a waste of expertise
and other resources. There are many examples in developing
countriecz vhere good intentioned internationezl developmert
grouns have funcded mcnumentis to *heir developed countriec’
sophisticated feood procecsing and technological ability,
However, too Irequently many modern technical assistance
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projects also point out the lack of understanding for the
appropriateness of such a facility. The unfortunate

result may be an excellent food processing plant availiable
but uncderuvec because the inputs before or the merrzeting
channels after processing are veak, A conmorn characteristic
of these monuwents are the beautiful cornerstones cr bronze
plagues vhich attest to the good will of the donating country.
This gooe il frequenty ignores to stock the parts rcon

with adequate spares and to train the personnel in maintenance
of equipnment, sanitaticn and product development to keep the
plant running efficiently. One goal of food processing

is certainly greater thircé world sufficlency in fo0d aveil-
ability and safety; hovever the important cortribution
processing, nhysiological conditioning and storage ccn make
in reducing postharvest fosgd lcsses must be considered in

the systems ccncept as meationed earlier as well as the
appropriateness of any intervention tvithin existing
conditions,

In 1974 Schumacher wrote in the journal. Lopropriate
Iechnology, "There are now riany hundreds of thousands
of people engaged in the battle against world TOVErtye see

The essence of their work is helping pcor communities help
thenselves, and this means working within the constraints
ano limitations of poverty. These muny people and their
respective organizations have relatively easy eccess to

the technologies and equlpment of the affluent soziety

but they find that much of this does not 'fit' irn condi-
tions of poverty; it presuppcses the availability of ample
capital resources; it depends on the existepnce of an
elzborate infrastructure; it fits intc big cities where
markets are large, but not into *oums and villages tvhere
pmarkets are small because most of the people are very poor.
So they are forced to look for appropriate technolgies,

for the knovhow and equipzent designed tc help themselves,M
(Schunmacher, 1974),
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If we arc 0o suggest new technologies to reduce fooc
losses ve nmust remember that the need is for processes
and ejurpment tnat are small-scale, lazbor intensive,
capital sparing and simple to operate and maintain, As
Falcom Bourne states, '"A typical food processing plent
in a developed couniry takes in a large volume of well
standardized raw materials znd turns out a large volume
of highly standardigzed finished goods., The developing
countries are faced with the problems of sr2ll markets
vith low purchasing power, small volume and variable
quality of the inputs that go into & food processing
plant, and of course the usual shortage of capitel,
limited ability to maintain ecuipment and obtain acequate
Spare parts, and frequently an unrelizble supply of
utilities such as electric pover, water, transportation
and waste disposal systems, Partly offsetting these
problems is the fact that the expectation of quality
is usually not as high in developing countries,"

(Bourne, 1978)
(3) Storage and Tnvironmental Conditioning To extend

veriods of availability nearly all produce is stored

for various periods of time including storage during
transit. Temperature, relative humidity, gas concen-
tratiens, air flow or ventilaticn, and absence of light
affect shzlf 1ife gp2 quality of preduce greatly, The
ability to manipulate these factors for optimum stor=-
ability ic usually dzpendent upon the genetic ang

metatolic activity of the plaat tissue and on cost or
technological limitations, Technolcgies designed to
optimize perishable produce storability rely upon

research which tested each commoaity under varying con-
ditions in order to determine best storage conditions,
Research of this nature has been conducted on major specieg
and even varieties of produce commonly handled in developed



&

areas, Unfortunately the data base for some tropiceal
produce is incomplete and thus more work is necessary
before cptimum conditions for all tropical rroduce is
know

The rellowing factors are commonly maninulated to
optimize storage conditions: (a) physical spacing and
ventilation, (b) temperature control, (c¢) relative
humidity regulation and (d) atmospheric gas alteration,

(a) Physical spacing and ventilation can affect
storability by increasing the incicdence o< Giseace from
fungal attack. Physical placement of produce can either
hamper or rromote adeguate air circulation as well as
promote the spread of infection by contact,

(h) Temperature control or cooling anc¢ refrigeration
is probably the greatéét Tactor responsible for extending
shelf life and reducing losses of rerishablesz in the
developed areas, However it has limitationes for rzducing
losses cf roots, tubers, fruits and vegetables in
developing countries, Many of the tropical fruits and
root crops sustain chiliing damage at low temperatures,
especially =2t temperatures near freezing, Cooling
systems which lowsr ambient temperatures scveral degrees
nay be effective in recucing losses of many commodities,
Simple shading of the commodities from the sun can reduce
the internal fruit or vegetable terperatures significantly.,
Many perishable commndiiies ars low ir unit cost and
therefore the cost of mechanical refrigeration and storage
units may not be varranted, Cooling is still a significant
method of reducing perishable losses, however, the critical
maintenance of mechanical refrigeration ané power supply
is freouently a significant limitation on its use¢ulness
for vcreventing losses, Lovw cost systens and mechanical
deveices for cooling need tc¢ be developed and utilizead,

The cid 3erval gas rcirigerator is one cxample cf an
appropriate tecanolcgy that might well bve put to good



use in developing areas where gas lines or bottled gas
is available, These units required little electrical
energy and were virtually maintenance free, Mechanical
refrigeration does not necessarily mean the higher
pressure frecn systems but can inciude the lower cost
ammonia systems which the developed world has largely
abandoned for the sake of greater cooling efficiency
with freon. 1In many applications ammonia refrigeration
systems might be cost effective particularly when con-
sidering maintenance znd capital costs.

Water or hydro cooling is ancther cooling technolegy
that deserves atiention for developing areas, Temperature
reducticn iz provided when fruit is sprayed or immersed,
but lerge guantities of high quality water are recuired.
Filtration and chlorination may be necessary to prevent
the spread of microbiological contamination. Water
sanitation costs raise the energy recuirements of this
form of cocling and possible contamination of the food
from the water source must be cornsidered, however washing
and cooling of produce, perhaps before storage or spraying
during the hottest days may be helpful in extending
storage life of the produce.

(¢} Relative hunidity regulation can affect shrivel
and wilting loss of rnearly all perichable produce, As a
result of the inherzntiy high water content of these
vegetabie materials, they tend to dry out and shrivel
when numicity is low, especially at eclevated terperatures,
Higher huwidities may reduce loss from dehydration and
yet excessively high humidity levels promote microbio-
logicel growth and loss of the material. Control of
humidity other than by acdequate ventilation can be
costly and may or may not be cost effective for 2
particular cemmodity. Ivaparative air ccoling may be
helpful in zcme ceveloping areas vhere a small 10-20° F
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temperature drop fror ambient cenditions rlus the high
humidity created by evapcrative cooiing and air flow
are desirable for produce storage, Desert areas where
temperatures are hkigh and relative humidities are low
would fincd thz greatest usefulness of evapcrative air
cooling,

(d) Atmospheric gas alteration can influence length
and quality of produce storage, Controlled atmosphere
(CA) storage as it is commonly called is a system for
holding procduce in an atmosphere that differs sulbstan-
tially frcm normel zir in respect tc the propertion of
nitrogen (Nz), oxygen (0p), or carbon dioxide (COp) .
While other gases, such ac carbon monoxide or ethylene
may be acdded to the storage atmosphere, historically the
term CA has referred to alterations in the proportions

cf Kp, Cp, or CO The composition of the atmosphere

2.
may be altered by restricted venting of the ccentainer,
such as a storage room or individual wrapper, by scrub-
bing the stmosphere of CG» or O or by adding individual
) = 2 29

t

¢ the contziner while reducing the proportion of

1

others. Ior CA to be cost effective the produce must have

ty after a given time in CAi storage than it
tored in air, CA can also store a product
lability decreases for the freshly harvested
produce and prices increase at the market level to
Justify the expense of CA. Controlled atmosphere
storage and refrigeration in developed areas have
greatly expanded the season of fruit availability,
especially of apples and pears. The costs may be
Justified as a result of greater consumer purchasing
pover and the econcmies of sczle vwhich are ressible in
developed country situations,

Cne methoc used to extend shelf life of baranas and

planteins and thus Possibly to recuce losses czn be
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accomplished by removal of etiaylcene gas which accelerates
the ripening process, Tthylene is produced endogenously
by the ncrmal ripening metabolism of the fruits, By
seallng the bananas in polyethylene bags which contain
pctassiun permanganate the ethylene is absorbed and
ripening is delayed.

Plestic film can act as semi-permeable membranes
vhich inhibit CO, escape from sealed bags coataining
fruit anc inhibit the entry of other gases. Packaging
research with peanuts has shown that nitrogen or CO;
fiushed bags filled with peanuts then.sealed can develop a
partial vacuum as the peanuis metabolize travped gases,
Pzanuts packaged in this manner have been successfully
stored for seversal years at amblent conditions without
loss, although the special semi-permeablc plastice being
usec ere relatively expensive at the present time,
Physiological manipulations c¢f a simple packaging method
or ncre sophisticated controlled 2tmosphere storage
(normelly combined with refri eration) can be designed
for greater use and application under developing
country conditions, Plastic bags and sheeting offer
possibilities fcr Ci storage in develeping areas, but
Turther adeptive research ic necessary te design effective
means for employing plastics as an inexpensive film and
wrapping for gas contrel.

A unique storage condition for roots and tubers,
especlally cassava is the clemp or pit storage. This
storage method hold great promise for it is merely a
pile of the harvested and cured tubers piled up and
covered with dirt, The dirt acts as shading and adds
humidity. GSawdust impregnated with potassium permanganate
is & further refinement of the me*the~., The literature
is inconclusive as to the best storage nme :
cassava, Considcring it ncrmal short siorage 1ife and
its zreat magnitude of consunption, storage research
with this cemmodity In particular would possibly expand
the availability of this staple by reducing its losses.
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Since most developing countries have breveries which
produce CC» as a waste product of fermentation, research
focused on the effects 5f increased CC, concentration
especially on tropical produce might provide useful results.

(L) Brocessing of perishable produce offers wverhaps the
greatest impact on reducing losses. Food preservation
may be grouved in the following categories: (a) drying,
(b) heat processing, (c) freezing, (4) fermentation, and
(e) chemical preservation. These technclogies vary
greatly in their cost; degree of sophistication, require-
ments for energy and equipment, length of potential
preservation, transferability, social acceptability,
and applicability to various commodities, Lettuce cannot
be frozen nor heat processed and retain eny of its
original texture or acceptability while many vegetables
or fruits can be canned or kept frozen for many months,
even years and still retain most of their fresh character,

(2) Drying can involve rather sinple sun drying
or can rzquire complicated and expensive air tunnels
Or spray drying ecuinment, Unfortunately few fruits
anc vegetables ars suitable for sun drying althcugh
improvenemts in sun drying techuniosues vould Fhave great
value to troypical countries, particularly the less
humic cnes., Drying is one of man's oldest methods of
food preservation and is still the mest widely used
methcd of food nreservation, More fruits are precerved
by drying than by any ciher method of foca preservation,

Dehydration or artificial drying uader contrclled
conditions produces food of higher quality than sun
dried counternar:is and requires less land, Surn drying
for fruit requires aprroximately one acre of drying
surface f r every 20 acres of crep land, Dehy2ration
obviously is more expensive than sun drying hovever
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dehydrated focds have higher value as & result of their
higher cuality. Unfavorable weather 2lso acts as a
deterent to expansion of sun drying activities, 4 new
inncvetion under development in many areas is a solar
drier ior focds, Sclar driers can theoreticelly generzte
concentratec heat under sanitary conditions. Lov mainten-
ance, operating cost, and perhaps low capital reqguirements
holc promise for this drying technslogy in developing
countrieg,

chips, yam cnd sveetpotatoe flour can fing nev uses in
the cdiet az well as trasitiornzl on S, Dried staple root
crops exhinit excellent gtorebility and present good
opportunities for rrodu deve

(b) Heat processing cr anning 1s usually =z capital

intenzive form of fcod processing, hovwever canning as well

as other forms of preservation can urder some .onditions
reduce produce cost to the conesumer. .ben transportation
from production zreazs to urban consumpticn zreas is either

. t
long or difficult, processing at tte aroauction site can
t

o)
eliminafe leocsses resul ing from transportation, Processed
{ reservation tuchniques more than
C

canning perhans) be reduced in sizc, bullk, or weight for

[

meére convenient packaging and mariieving a2c well as
reduced costs for packaging and transportation., Cnce
canned, produce can vithstand moderately long periods of
ambient storage conditicns without serious delelerious
effects, Ceniing may utilize less than market grace

product

Hh

or julce, puree ov jam vproducticn, £i1s0, canning
as well

©
)

Other processing can preserve Lroduce during
epundant surply vhen priczs are low. Vhen
el
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product. Canning for local and export markets will increase
in ceveloping arsas as resources become eavailable to share
the techniczl and zdministrative skills reguired, Smalil
labor intensive, l1ow capital cost systems have heen
developed anc should receive greater attention as

possible small-scale canning facilities at the village
level, Ultimately the econonry of scale in ceveloping

arsas wWill foster grezter heat processing of suitable
perishable produce,

(c) Freezing is generally an excelilent yet ervensive
fooa preservation techiique. As mentioned earlier under
refrigeraticn, ammoriz systems, gas powvered freezing
equipment and egui efinements nay promulgate the
use of freezing azs = rethod of recducing losses arg
increasing evailability, Freezing appears to be rather
capital dntensive zud difficult tc meintain for many
developing areac =zt the present time, however it wilil
grov In porularity as electricity znd maintenance
services are increaced in the develioping areas.

(d) Fermentation iz one of the least costly forms
0T preservaticn, rraquzntly the flavor or texture of
the Zerzented product may change drastically, yet nay
e preferred to the raw product, Clives, pickles,
c2bbege, grapes and other fermented fruit, vegetanle,
reot and tuber crops are porular vorld-wide, Because
of the possibility of processing without outside energy
anc thc relatively simple nature of fermentation of
perishable cecmmodities, this method of preservation holds
great promise and deserves a great deal more interest
in international development programs designe?d to reduce
losses of perishiable crops,

(e) Chemical preservatives such as sal*t or acid or
&n entire host of otler chemicals offer great promise for
redaucing postharvast food lozses effectively aud at low
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cost. By acting directly tc reduce spoilage organisms
or by establishing unfavorable groving conditions for
microorganisms, chemicals can prevent decay, dcelay
sprciting, or enhance storability, Chemicals and wax
ccatings or dips con control disease and inhibit
shriveling from moisture loss, Vaxing is a simple
brocess that deserves further vork especially for

use on root and tuber crops and tropical produce,
There are nany chemicalz available precently for use
in te postharvest €ystenm but great opportunity for

further reduciion »of loss e¥ists as chemicals and

9]

[SK
vax coatings are developed for use on produce important
to developing couvvutries,
lthougn this report contains nany suggestions for
methods of reducing postharvest ioseee ci perishable
e

produce, the greatest impact can be made in developing
areas by the transfer of existing technologies with little
¢ no basic research, Concern for cost effective procedures

and technoleogics vhich are capital sparing and labor
intensive vill fing greater aprlicability, The transfer
of these existing technclogies which may require slight
adaptation to fit into the developing area cultural and
social patternz cen be accompliched through better
ccordinated rrograms of training and technical assistance,
lodern precessing plants must be conceptualized in

terms of their aprropriateness anc impact on the devel op=~
iag econony, Io single technology exists to reduce losses
of all commodities and all technologies have limitations,
It is only through greater sharing of technical knowhow
in carefully planned programs of technical asszistance

that losses can be significantly reduced,
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