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Summary

This report examines the technical aspects of post harvest food loss reduction
activities and points out the most promising avenues that A.I.D. should follow
in order'tc obtain maximum bencfit from its expanding activities In this area,

In terms of commodities it recommends that the eifort he apportioned approximately

60 percent to grains and LClCﬂl legumes; 20 percoent: to roots and tubers and 2
percent to perishable focds, n terms of activities it recormends appre:imacely

55 percent to education; 25 pc1can to adaptive research; 15 percent to basic
rescarch and 5 percent to literature researcn.

A comprcth,Jvo educational progcram in DCs that starios wit h tep level govelgment
cfficials and reaches down to school children is recowmaended. ALT.D, should
initiate a program to esiabiish a course in post hamvost o technology in calected
U.S. colleges, and later have this course tsught in coilcgns in DCs,

The report recormernds that A.L,D. sponsor a tour of China by a proup ol experts
to learn how the Chinese are implementing post harvest fcod logs reduction activities.

Recommended adaptive vegearch activities include the development of drying #ud

storapge practices for ceroals that are tailered te #he conditions of ench loczl
area, and that the Agricultural Extension Service in DOs provide o prain fum#cutior

gservice to farmers by training extension Agents and good Yarmers to be dumicators,
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of Low cost ruxzngorntion, and o secarch [or a pacikege 0F praciiCes Uslng Supic
technolopy thait will peviedt the drying and storage of pevisbable foods in e
humid tropics.

literature sonrch on tubers and a selooted few perishoble fouds i wecouacndad,

Also a scurch of old USPA and Ixperiment Station publicotions to find whut simnle
methods i food preservation were recormended in thie old days wvhen U.5. farmevs
“had to produce nest of their own food, with & view to extending the best of
practices to DUs.

sreater vse of chcmich preservatives is recommended. A T.D. chould dmaedintely
contract for & stwiv of the feacibility of using prepicndc acid to allow sioroo
of wer paddy for a poriod of 5 to 10 weeks, The use of eprout and rob inhibltors
to ciicnd the keeping qualitics of twrepical roets and tubers should be zupleved,

The report advisc

s against any wajor support of commercisl canning, freening,
ilccbo dvvlnn, and i r

adiation-ns 2 means of rediucing food losses anong the poor.
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I, Introduction

A.I.D., in common with most other organizations that have an interest In inter-
national development, has identified the food supply in developing countries
as one of the critical arcas that need attention and over the years has devoted

considerable funds to this end. The bulk of these funds have been devoted to (
increasing food production while the preservation and protection of the food b
|

after harvest has received much less attenticn,

There were good reasons fdr this decision to concentrate initially on production
because this has an open-end potential and increases of 50 percent, 100 percent,
and 200 percent are possible. in contrast, food preservation technology has

a closed-end potential. TFor example, if post harvest losses are 20 percent the
maximum increase that could be obtained by the application of post harvest food
technology is 20 percent. The decision to begin with increasing production of
food was the correct one,

Thelncw rechnologies and dnvestments in production that have been-applied in

the developing countries (DC<) are now paying off; greatly increased quantities

of food have been produced in rocent years keeping up with the population increasc
and in some cases moving ahead to give a higher per capita food production.

Now that the procedures for developing and supporting increased food preduction

in DCs have developed into improved systems it is time to give increased attention
to caring for the food so that it is not lost after production,

The increazsed production of food has placed heavy pressures on the poust harvest

e L R R s st | e T et ook fdag o B 155 o} : L PRTA P TP e i B v s L i D It S
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C~QIily. JIGCh O Lhe recenl hard won increased food production in the DCs vl

be lostiunlecs it is given better post harvest care than is presently available.
Foocd losscs represent an economic and nutritional loss to the country, and the
economic loss dncreases as the food moves down the chain from producer to consumer,
snother reason for concern with post harvest food losses (PHTL) is the fecdback
mechanism to the producer; the farmer has no incentive to increase production

if that increase cannot be satisfactorily storaed and marketed.

The benefits that accrue to a DC that invests in post harvest technolopy can

be greater than might appear at first sight of the definite ceiling in the amount
of extra food that can be put on the table as a result of post Larvest: technology.
DCs produce 90 percent to 95 percent of their food supply even in a bad crop

year, The 5 percent to 10 percent short fall that must be imported can represent
large tonnages of Food because of the large populations that must be fed and

this dnposes 1

Logistical problems and severc strains on Ehe balance of paynents
for the country. Tf post harvest losses can be reduced by helf or more frow theis
present levels of 10 percent to 20 percent (most frequent estimates of range

of losses), they can reduce or eliminate tho economic havoc that results firom
importation of large quantities of Ffood,
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The need for more funding and investment in post harvest food technology
has become increasingly visible in recent years, culminating in Secretary
of State Kissinger's speech _to the UN General Assembly on September 1,
1975, calling for the world commumity to work together towards the goal

of cutting in half post harvest food losses by 1985 and to develop a
comprehensive program to this end. His call vas adopted as a UN resolution
on September 21, 1975.

This report is designed to contribute to the development of the comprehensive

- progrem to yeduce PHY¥L, It will concentrate on the technical aspects of the
problem beczuse this is the area of expertise of the coisuvliant., Other important
dimensions to the problem such as major investmsntes in o1 d'nundan"
facilities ond political and economic aspects will not essed in this
report except insofar as they interact with technnlogy.

it should be recognized that reducing FIIL by bU perceat worldwide is a major

tasic that has never before been aLLmetcd. There will have to be a total
mobilization of all resources in post harvest systems and tachno!o v in both develop
and develeping countries if the goal called for by the UN wesolution is to be

met .

A proposed definition of the meaning of the term ''npost harvest food loss" has

zlready been prepared and circulated and will net be discucsed here.

ok Worsen ol ovha Byalam
The totali demend for food is constant on a duy to day basis (ipnoring long-term
changes in population) but the supply of food is very uncven from day to day
over the course of a year. Post havvest food preservation and storage is the
wechanisn by which mankind tries to maich up the aneven day-te-day supply of
food with the cven day-to-day demand for food.

ihe ideal situation in balancing daily food needs and supplies oceurred when the
Children of Israel made their historic 40 year .vek from Egypt to the Promiced
Land across great desert. Their food was prov.ded in the form of mavna that Fell
every night in a quantity sufficient to feed the migrating naiion for one day.
Thiec is probably the only time in the world's histcry that theee has beon a perfect
match between the daily supply and the daily need for food. It 43 just as well
that the manna rained down from heaven ecach night because it had poor keeping
quelitiee. After 24 hours storage, it "bred woums and stank" (Exodus, Chaptern
16). Although ithe Children of Israel were in an ideal situation in terms of thaoir
daily food supply they complained bitterly that there was insufficient variety
in the diet (Numbers Chapter 11, verses 4-6),

The preservation of food to prevent spoilage falle within the field of food technolo
The disciplines of chemistry, biochemistry, wicrobiology and engineering form

-

! - . - . 1 . B
the base on wh1 ch feod technelogy is built and ave kuown as food science. There
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of | ood scicoee und techmology, while oihers have activities in this area without
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recognizing Lt as a formal department. There are some departments of food scicnce
and technelogy in DCs but not ncarly enough in nuuwber or in strength to! ‘cope
with the task of reducing PHFL by 50 percent within 10 years.

The Institute of Food Technologists is the major prefessional society'that scrves
the needs of all food scientists, foed technologists, and food enginecrs in the
U.S. It has a membership close to 14,000, 1In addition, there are a number of
other professional societics that serve a scgment of the total food speclrun

by specializing in one coumodily arca, e.g., the American Associaticn of Cereal
Chemists, Otiier proicgsicnal organizations cover both produciion and post production
aspects of a commodity arvea, e.5, the American Association for Dairy Science
and the American Socicty for Horticultural Scicuce, Still otherw organizations
that are besed on a scientisde discipline have a section devoted to foods coge,
the Toed and Agriculiora Division of LH“ Auerican Chexical Sociletys” Theve ave
also a number of trode aseociations vhat sevve every aspect of the U.S. foed
industry. DCs do not Lave this extons ivc network of professional socletics and
trade asnociations te Leep profcesiconalis and para prefceeaionals up to-date on
developrnents in their field.

Tood techmology operations may be divided roughly into three classes.
a. Preparstion is the prelininary scparation of edible from non-

edikle agriceluural production e.p., dchulling grain and slaughter
and drescing of animolg.

0

Preservation s the prevention of lose and spoilage of food e.g.

ia whore ALT.D, wmust direci most of 1te ectivities din
Todn Do

[e]

—
)
N

fich. Thie
order o reduce FH

Proccesaing ic ihe conversion of cedible food into ancther fora that

ia more accopteble to the conzumer, o,a., the making cf bresd from

wheai; buewing beer from bariev and smaking instant coffece from
coffec boons,

The problams of precevvation of food have been largely solved in the developead
countyics, Consequently the {food dndustry in these conntries ciponcs i:' srenlest
effort in the food processing ovea, Grester profite can be nade by dev ing
some new copveiieneo Cactor ov pew flavor to titillate tha taste buds ol tno
well fed than by tyying o vodoee Turther an alreadv Low level of post harvest
] we pesching programs of el departuenis

.

loss. This attitude is veflocio? in o
of food science aud tochnology L developed countries where food procescing and

quality factors mencially roooiv: saphas thon food prescervation.

Teater o

In contrasi, the DCs have high vates-of loss and spoilage in thelr food supply
chain and lack the lnowledge and canipment to reduce it to a low level. Food
preservation technology is the great need in these countries. Thedir populaticas
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cannot afford to buy any great quantity of processed foods and food processing
occupies a smaller proportion of the total food industry activities than in developed
countries, This difference should be reflected in the food technology programs

that are being developed in DCs.

1

Post harvest food losses may be divided into two classes

a. Disappcarance losses caused by spillage, by consumption by non-human
agents such as rodents, insects and birds or by excessive polishing,
peeling or trimming in the preliminary preparation of food.

b. Losses in quality to the point where people refuge Lo eat the food. They
can be caused by chemical, biochemical, physical, physiclogical or
microbiological action or by combinations of these factors.

All stored foods undergo deteriorative changes in time resuliting in loss of flavor,
0101 texture or nutritional wvalve. There ieg no Lnowm m~'13d.55f stonnine thege

=N

osses. This is a fundamental fact in all food preservation activities., Food
pres vatlon technology can slow down the rate of deterioration but it cannct

stop cbe deterioration. Every food, no matter how well preserved, will evertually
become unfit fer human censumpticn if stored for a sufficieant Xewgth of ine,
However, from a practical viewpoint, ve know that coreals and most othew dried
foods, together with some other processed foodg, can Lo stoured and maintainad

in good condition for periods of scveral years provided the: have heen coviectly
preserved oud are subject to good storage conditions and gou.) managonone preactice,

(‘\

somUUL LUBOTLINT XQCLOT: LDOT QLYQCU NS TLLe 0L QLUeriorarcon of Uoeocoor ntuu
are temperature and humidity. The rate of deteriorative chanron in slorvedt foods
increcses with increasing tamperature and with increesing hvmidity. The prevaliing
high anmbicnt temperatures of tropical countries wakes the problem of proscrving
the quality of stoved food mowve difficult thon dv the temperate wones,  The vear-
round high temperatures of tropical countrics allows pests such as rodents and
inscets to feed and wmultiply througheut the year vhercos the cold winters of &ho
temperate clinates stops reproduction ond roduces feediag activitiecs ol these
pests, and in very cold climates can even kill ofi many of the “nsccta.  The hiph
humidity of the humid tropics makes foad presecvation even more difiicuvls Lecause
foods that have been properly dried will nbsorb moisture from ihe air to¢ {he point
where molds can grow unless the food is well protected from the Ligh howidity
surroundings,

Fven if the tropical countries had the same per capita income as ithe developed
countries they would still have a more difficult set of problems with the preservation
of their food supply than the temperate zones. The shortage of funds o provide
adcquate technology and equipment in DCs makes a bad situation even worse,

The developed countries have a large cadre of well trained, experienced personnel
at all levels of responsibility in the food supply chain who know how to care

for food properly and winimize losses, No such exteunsive cadre of trained peaople
is

S DrYeacnt dn b
I3 k.l Siie an uuo-
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To. sum up, developing countries have four strokes against them in the battle
to reduce post harvest food losses.
a2, insufficient knowledgeable personnel who know how to preserve and
protect food;

b. insufficient capital to provide the iecessary handling and storage
equipnent;

e, insufficient purchasing power to pay for the cost of proper protechion
(although some food loss reduction activities shouvld pay for themcelves
because of feod saved);

‘odents,

d. climatic conditions that favor the growth of insects, r
ve changes that

and molds, and that acceleraite the normal detcriorat
occur in stored foods,

»
i

III. Dietribution of Lffort

A. Commodity Iwreakdeown

Most organizutions that work in the arca of post harvest food loss 1'c:duct;:ion devoie
their offorts wholly, or almost wholly to losses in grains and dry legure:

Trnis approach is based upon the fact that the greater part of the caleric and
v de i man aeem him e s e ....a..l.-;-.»-a,s R, uu-,— a,---—‘~vf f‘y-;‘\m c,\uﬁﬁji,,h—-c-n»i YA bessvs acivrvenss

monerTT onTt sonunt Lo
arve larpe areas vhere roots and tubers such a2z Irish potate, yow, suect =mohsto,
ana cassava provide a large proportion of the calorie intake. Some attoniion
choutd be given to these commoditices. The International Potato Center (CIF) hag
already been cstoblished a Peru to study problems of production and preservation
of Twish potatocesy therefore this commodity will not be discussed furthor boeonse

it is alreuady covered by CIP.

Perishable f20ds are usually given little attention altkough they provide nany .
of the 'wporrnnt vitamins, minerals and high grade protein. These commodities
should be givon some consideration in food loss reduction activitics. In general,
nuiritional deficicnciecs of the minor nutrients (vitamins and minerals) talke

a longer period of time to produce cbvious clinical symptows than do deficicencies

1n calerics and protein, but deficiencies in miner nutrients can sap the vigor
and increace the norbidity end mortality rate in a population just us surely

as caloric and protein deficicncies.

Extensive nutrition surveys conducted in the Philippines have shown that the
average Filipino comes close to a sufficiency in cereal intake but falls far
short of recommended intake in some of the perisheble foods, This is shown in
Table 1.
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TABLE 1

Mean Per Capita Food Supply in the Philippines

Food Group

Cercals

Roots and Tubers
Sugars and Syrups
Pulses and Nuts
Traite snd Vesatables
Meats and fish

Eggs

RN

r

Pats and 0ils

(From Thilippinc Journal of

Recommended
Intake
g/head/day

317

67

Available Intake

g/head/day % _of vecominne

314 99.0
89 132.8
52 157.6
35 173.7

133 R3.4
90 83.3

7 46.7
42 24.3
8 27.6

Nutrition 22(2) April-June 1969, pase 77.)



¢

Thls game survey showed that in terms of nutrients the average Filipino getsz
76.5 percent of the reccommended calorie intake and 86,2 percent of the recommendoed
protein inteke. Increased consumption of cercals weuld help overcome the caloric
deficicncy and make up part of the protein deficiency. The survey also chowved
that the ‘average intake of ccleium is 33,7 percent of the recommended level,
and of Vitamin A, 49.87 of the recommended level., The deficiencies in nutricnts
that are provided mainly by perishable foods are much worse than the deficicucies
in calorics and protein.

i

Many othier NCs show a food intake pattern similar to that of the Philippines

1

with the gravest deficlencies in these nutrients that are sunplicd by the perishable

foods . There are pressing nutritional considerations for "1lo'iwv a part of

the overaxl PHYL reducrion activities to presorvation of poerishable foods cspocinlly

in view of the fact that wost other donor agencies expend no funds in this ovea,
A.X.D. should break new ground by allotiing a portion of FUFL fuads o perishablc
foods,

The number of perishabie food itews is so great that it would be fupossible
covev them all, A,T.D. should scck the advice of a group of expacic consisting
of countyy representatives, nutritionists and foad technelogists iu selccting

a linited nunboxn of porisheble foods (perheps 10 in nanlex) for Pl weduction
activivtice and yestryict its interests to this list. Some obvious eandidates for
inclusior in this list would Le fish, papava, mango, . lantoin and citrus {ruits.

Cerenls should contirere to have the major part of PHITL reduction Sfvnding hooanang

suppdy o vereals wnersiag Drom the consuney end of Lhe Lood supply pipeiine oo
Feep up vieh the incrcasing population.

‘e oconsicerations din mind, I propose that A.L.D. apportion its PHEL Tunding

in approzimately the following ratios:
Cereals and dry legumcs 60%
loots & Tubers 207
Selected perishables 207

These proportiers will need to be changed somewhat from country to countuy.
deponding on local eircumstances. For exawmple, tubers might range from 40
percent ol the eljort in a country in which they provide a lerge proporiion cf the
catories down to zoere din a country in which tubers are barely used, ‘

B, Activity Drechdown
There is an obvious need for construction of many food ztorage and handling
facilities din the DCs.  An analysis of this area requires coxpertise in constiuction
enginearing and economics. Since these are fields outside the spacial comperence
of this consultant, they will not be discussed further in this r-pert apart fron
noting the need for majer activities in this aren. 7bis report will concentratoe
on tha techunlogical aspects of post havvest foed loss reduction zctivitics,
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The actual amount of food lost in the post harvest chain is not known excctly,
but for cereal grains the average overall loss is probably in the rauge of 10
percent to 20 percent of production. It is anticipated that the study aboud
to be undertalen by NAS will establish what reliable ficures for loss are oo
record, and that the in-country survey teams prepoced in the MNilner Repoie uvill
f1l1 in the knowledpe gaps that vill be exposced Ly the HAS studv. 1o vill he
{3 | . J

1 to 3 years hence before these figures become avadlable, so for tie time heing

- - <
we will have te cceopt thd broad consensus of copiaion among experss that PITL

iy high in DC: and that they car be gubstantially reduced at an

o the mermtine we should press vigorously chead with those activitics that will
clearly reduee losses @0 DCs. One third cr wore of ihe ton-year time frame of
the UN resolution will be Jost if we vait for the desived firw
RAS and other stuvdies Leforo initiating wajor actions.

An elegont exauple of execellont control of PHTL in vhicat can be fouind in Ausirali
vherc vheat is harvested din the hot summer wonthe end there is 19¢tle problow
with high moistove geain.  Seven percent (77) of vhanr produced in Augtrali
ig rotoicea on vhe fasw and the othier 93 pevcent con be sold only to & Goivannent
Agency called the Aasbralian Wheat Board, This Loard beeps cavelul reocrd. of
all sciecho and wovencnts of vheat. Ite vecords show that the averagpe loss Drom
all wop-insucable causes fow the years 1962-1972 ie 0,249 percens vith a Ve

U 00138 poreent te 0,005 verveent per vonr Curine this peried.  Thov wote fhat.

The everagn cost of veducing losses to this Tow level i3 15.6 cents per tonne
(this cont oxcludes aupital costs of storvage and hondling structures), These

faipures show that it is poscible to reduce lozses to a very low level and ihey
serve as an established reference figure for an achicvable gonl.

It ds dmpressive to note that wethods for controlline post harvest food lonoan
ave vell lmown ard widely used in develened countrics but uot in Dis. There s a
widespread lack of hnowladps in BCs of houw to veduce losses. A vidaspreod
educaidonzl prorrom ie therefere needed acyrong €11 levels of society dn B¢ Lo
alert the populacion to the reed for protecting the food supply, ond how Lo

0 about accounnlishing i,

.

There ave cosca vhere there is no incentive to apnly the avaiiazble knovledpe,  Wae
the lack of dncentive ds becdzuse of cenncmic, polilical, socinl,y or other factors
it should be noted thet providing the knou-how will not redvce rhe losscs. In
these casves non-technological interventions are required.,

5
1

There ave dinstances where the technolopy to adupt the basic knowledge to local
conditions is lacking. A derailed, complete, practical techuclepy that is tailorve
to specific localized problems needs to Lo made available to each distinctiv
region. This requires a coasiderable awount of adapiive roscorch,

Thnavmn 460 o neod foas mean S ae
LA S AaE At REOLEEEHRA S AN ¢

Hnn - meanenly e e A et 4
Goad 0 <~ AL HC D Tl i

Ay o Toww qe=l L 1o P o e T
Cola OO Onh LAl W0WALOLG O TNIS unGeey Loy Ly

causces of post harvest food logses and to develop better weans of attacking these
causces.  Continued basic research shos Ld occupy & limited proportion of the tatral
JoEe otal
budget.
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More literature research is needed. Orpganizations such as the Tropical Products
Institute have maintained thorough refercnce lists on losses in cereals, and
some references have been kept on losses in tubors, but there has been Jittle
literature rescarch on PHFL din perishable foods Some effort chould be dovotaed
to literature scearches in perishable foods.

Taking these factors in considerantion leade to the recommended bLrenkdown of
AJLLD. fnndinw of the technological aspcots of PIOVL Lcductlon activities shown
in Table 2. ach of these activitics will nov be discusced in more detall.

TABLYE

uppested Bistribution of A.J.D. Funds for Teclmelopical Aspects cf PHVL Activities

Roots and

Activity Cexe . Tubers Perigheblies Total
Education 407 10% 5% 557%
Adantive Research 15% 5% 54 257
Dasic Research 5% 5% 5% 15%
Literature Saarch - - 5% 5%

Totals 60% 207 207 100%

Onae ascunpltion in this report ic¢ thet the major losces in DCo occur early in
the chain that links the farm te the tabic. Consequently, the emphasis in rhis
rapovi d¢ ploced on the carly part of the food supnly chain, 1 doubt whether
losses in the howne are a source of preat loss for two reasons,l)  the cost of
foca cnlas up so ruch of the family budeet that food must be in a very poor conditic
to bhe threcun out; and 2} the hoipcmaiter in DOs usually mabes fuecuent tvips o
the food storcs and she dozs vot Lold ary geantity of focd in the houvse. Juds
places the viclht of loss on the storciicepoy, Tt way bo worth o study to find
out how wuch feod 45 lost irn the Lone, ond if it iz higher than cxspectad to
engage nowme cconenists to develep a progranm to reduce food losses in the home.
"In~heme' lesses ave notmeant to include the "on-faim'" losses of stored grains
of the subsistence farm family.



1, Educational Activiries

There should be a major educational effort across the whole spectyunm of coclety
in DCs. The entire population should be wade sware of the fact that Jarpe lossos
are not incvitable, that there are known couses for the losszes, svd fhat there
are known cures for cach cause of loss. In sowe aress it will be R=eosLary to
overcome supervstitiove and erreneous belicfs such as the onc thed incects ol
spentancously generatoed in stored Foods. Those P“YhOlﬂ handling food should
be taught hew to care for it properlv, Some specific aclicns thot A IWD. could
take in this arca are as follows:

a. Top Tevel Governmont OF . such as Mindistors of Apriculture from
DCs and thelr dmmedicte stoff chould be given a shott ~cuarse or wovkshop of 2--3
days duration to put across the neusape thet stored food 1s a living system that
must be continously waicheds thot ctored food 9o not iners lilo . LLUCKPT 2 o1
metal or lumber that can be stored and forpoitten., Storad vood be cored fow
by lnowledgeable people, Larpe storages require tralied penple prover cpoerationg
Funds must be provided to hire and hold theoe pecple wrd to pro Chanowith

essential dnputs sueh a3 electric power, Dowipants, ote,

In these propeced werksheps, stored produces speciolists shoadld exvlain
the neced for correct vtorage prectice and show the dancge and lose thot ozcurs
when these practices are not followed., Thic pari o Loccurse shoeald bhe oenerat
KR AT RN VR AN 1 Siuoohisuld dhion covoy rhn
inceluding the coste of maintaining proper coivc Gi stored Lowd. Tt o] CRNE AN

for the political process of a developing covntyy to wrovids the Ducds £ oo
storage und maintenasneae unlos xtp govercnent ofideicls have a clear undessatonlin
of the general principles of .,Lu] e and the costs thut are incurred in inoloment

good storage pracuicoes.

'r—‘.

b Collerc Lovedl Tr ainine. There are many foreign students recoiving o
education in U.d, Univercitics and volleges who should 1o piven seno trainine
in food presevveiicn aud proteciion practices, A.T.D. chould cncourare »nd aunin
colleges to intrcduce a course in rropical Iood prescrvation.  Foro'cn students
in feod sc?vu“', agrenomy, and other departuents in eolleger of aouieudiurs shouls
be placed vnder heavy wressore to teke this course when it 1g of feved,  Ciher
students vho shovld Le encouraged Zo tale this course arc: (i) 23l Jorvedpn studon
no matter vhat thedr unjor; (34) Americon cruldents who have Wy Lhousgnt of suerving,

overseas, and (iii) pote 'ill Peice Courps Velunteors.

3

Te the best of my knowiedge no collepe in the .S, toaches a couprehcnnive
course in preservaiion and protcntlon of foodu with povticelar reference o the
constraints that apply in DCs. A.L.0. con gtwep dnto this pap by avranging fou
a workshop to be atitended by celecied faculty from U.5, Collepes. The worhkahop
would be conducted by the bost experes in food technology, entomology, grain and
storage cnpineering, and stcored products ccernemics who vould o throush the puineipl.
of Lxup;:al food prescrvation with the intention of hLavin ¢ the faculiy teach nn
interdisciplinary course along these 1ines in their own college.  The prececdings
of thiz workshop should be published as a Leseboni under competent
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editorship for use by students who take the course, and by other interested
parties. The course in cercal storage that is o.fcred by Kansas State University
each sunmer would be a good core around which to build a multidiscipiinary, muliti-
commodity course in post harvest food kechnology.

Ounce this has been successfully accomplished in the U.3, the workshop
should be oifered to a selected faculty in those colleges in DCs thet undertake
to offer the course on a regular basis. Thig activity shovld be given high priovity
by A.T.D, beecause it is an’ essential first ctep te incresee the mumber of people
in DCs who are knowledgeable in the avea of post harvest [ecod techuclopgy. This
phase vouvld be a logical activity for the United Natione Univereity if it develeps
the coupectence it ds hoping to archieve in the post havvest foced area,

c. MHish School and Primary School Education, Al. children in school dn

rural arcos in DCs chould be given some dnutruvction in the cechnoleyy off Jood
protection, & . T.D. should encouvrape Edveation Departments in DCos to include
in the curric Lum seme of the simpley concepts of focod protocllion ead practical

ways to prescrve food, This cffort could rcach all the way dovn te children
in the 10-12 year old age group., It is just as dmportant that +hoso children

learn how to preserve their precarious food svpply as it s to e Low Lo road
and write, AJT.D. can help by arrvanging workchops for teachers, wnd for coviucs
in teachers' colleges to impart the knowledge to teachers and teachors-to-hao,

AT . could also support the development of teaching materials in this area
suitablie for the tarmet ape group. The teaching materials should he propuaicd
Lioenperts dn ooducation ond cheched for accursey Ly epacialists dn post hav ot

PO anahnniony, Yho oeeciolisoe ghowedd uet pronsue Uhe oo
cienrists do o poor trob ol compunicating with lay veoplile.  This aciiviiy shouwdd

.

be daone do close consulbation with the Repional BDurecaus end witn ACTLD, perconnel
who are dnvolved in cducation and human resources.

2 e, ACLLD. should hely develop educaticr progrems for
che porusornel dn the tension Service in DCz,. There is a consideyeble aneourt
of cppropricte technolopgy already available that shonld be brought to tho froneivs.
E.TvD. could aiso haip by funding the developuwent aund supplv of cducational

guch as posters, leaflets, and movies to be used by Extension SLervice porsenuecl
in their worl with favmers. These materials should be developed by entonsicn

mabkerial

persornel And commnniceotions experts and checked for cccuracy by sciontisiao,
Acl.D. shonla assist dn training Bxtersiopn Servicoe porsenned dn

ihe procadures of sipple fumigsticn and sproving teehnigues fovr confvol o

indesstation in soall on-foim praln storaze. Extensicon percomie® should he authoring
te perform thie sevvice for farmers and be provided with some acuipment cuch

£
as gprayers, cotc., that is nceded to do the job propevly.

insect

~

—

The gimplest, cheapest and safest fumigatvion technigue is the proprictary
formula of the Degesch Corp. which is sold under the registered name Phostoxin,
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The U.S, disctributors of Phostoxin inform me that all users of Phostoxin in
the U.S, nusi be trained before the first purchase of Phostoxin is authorized,
The Distributor maintaine ficld staff avound the country to give the training,
which is done on the premiscs and requires only aa hour or two for the average
American farmer. The U.S. Distributor says that the cost of Thostoxin tablets
is higher in the U.S. than in most other countriecs because the cost of maintai
the field staff throughout the country has to be included in the scoilling price,
Even so, the Phostondn cost of fumigating prain ranses frem $4 o $24 per thousand
bushells depending on how wuch Phostonin is purchaned, the gas tightness of the
storage, Lemperaturce of grain, and othev {facrors.

ning

AJI.D. can bhelp by waking this Jow cost simpie fochknioone widely availsbhle
in DCs.  Perhapn the best way to begin is for A.T.D. ko arrenee with local pevermnont
to truin, and if wccessary, vegister @ntension Porvsonnel to fumipate farmers’
zrain stovages.  Opnce the technolopgy has hecome estoblishad and mderstood iv
should be nossible to train conseienticus farmers to fuaipate thoir own and theiv
neighbor's grain suopliecs thus relicvine wuch of thc pressure on the Extension
Service.

_Scowinars, The 0ffice of ¥ood Tor FPoace has conductad
er iing tin /iorica, Southeast Asic, ond Africa for those prrsonnel
DCs vho reccive end dasisibete PIP cowmodities.  This dis a worthwhile propran
sodn FIP shipments.  Thesc

that should be centinued bnrynnn it ocan reduce Jost
in order to heep up with the turmover

h)
Of warvesnasl whn LandTa TED cevamaditdee T B0 Thiv eominare chanld erantd ana

rogioncl scouiness chould be bheldd repulanls

ST FICAN RV G VIS B E S LN A S (R T Do carve and proevoctlod o bel Zownodivies, LU wouldd
Be eing Lo aoierpt to use this progran as the velidcie to carry out the majox

crt acress the whole gspoectrum of socicty as oublined in the scerions
J

cducaiional of

ahove.

n. The People's Republic ol China has gained a reptaticon
UJu>1n to"hnolonv to the rural level and having it widely
odupeooving the food supp! y ﬁnd nutriticaal status of

for
imploemanted

Lte dpmonce populition.  Thove ds a good probability that they have boen cucaessful
in dr‘\fﬂ')'*"f:x;', inie lowv-conn techmnlooy for plo..uu._uon ol stored {cod, Tre
Hationol Actdery or Scienecs avvanpes for visits to Chinag by whoui five U,0.
pruiesnlnudl Zronns ensh v ooy Several proups widh tone Inccerest In agcicultuare
have teurcd i Lot thove oo now yel veon o group of esperts in the post harvest
fielde AJI.D. chould iy to arvense for a teaw of cxperts ko four China (o see

what  activities they Love do this aren ond to determine whether csome of their

practices mipght bo copied on adapted For use in othor DCs.,  This tour shouid
arvenged as soon as possible while A, T.D.'s expanding nrogiem is still
its fornative stages.

2. Adaptive Nescarch

A.T.D. chould s upport cfforts that seek to convert the basjic kn wledge of
rl’)ud it vt deva i bose enat s mp'! e vechng |\"::::\7 I ."‘\'ﬂf"n"'."; rhat T
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into the farmers' existing practices and customs., Most of this work will need to

be country specific, taking into account lecal customs, local building mateijals,
and whether or not there are incentives for the farmer to adapt the new package.
Every aspeet of the total pachage must be worked out in detail and checked out in
practice before it is taugut on & wide scale. It is wasting cverybody's tine and
money to vush in wich a now recommended practice that has noc been theroughly tested
under the conditions of that perticular lecality. Tn those cases, where the

cost ol the new package de beyond the formers’ means, A.T.D. should consider what
rants or loans can be raised to pay for the needed capital fuvestments.

Drying cnd storage of graing shovid be given majoer comhosis in adaptive
research,  Activifics such as aeration of the grain whon atrospheric conditions are
right, niing fine increanic dusts in groin as a weans of killing dngects, use of
large plosvic beos for small-scale Tumications, vetcarprooling cad rodent procfine
of storages chould be given much attention., A nembor of other avenuss for comcideratic
for adaptive resecarch ave given in the section "Methods for Prcserving Food".

There is a good probobility that the study of Chinese practices will provide
a nunber of examples of well worked out packages of improved post harvest technolopios
that can be used in Ns.

Te ds worth reviewing Liere how the Stote Bxperiment Statious introduce
new practices to Anevican farmers. The usnal procedure is to fiyst develop the

atevnr hockun Inbhnrators

new nractice on the Pueperiment Siaitian favm periorsine

the otate da collabovation wiih somz of he bost fotcco.  Modilicitlons aro made
in the proposcd new pracitice o8 o resull of tue doirt cnpevience of iho favincrs and
i ! H

researchors.  The new practice is not extended to all Tarmers in the state uatil
it has Leen thovoughly tested, adepted to Jocal conditions and preven to the

saticlociion of the test fammcrs o be a superior praciice,  The woene step is to
exitend the ney techoique by wmeans of demonsirations, niecetings, snd publicaticns,

This procedure can require sevor.] years frow the fivet co-foram tricl to
the point ¢f statc-vide extension but the Experiment Scations knew from lour cxpeorienc
that this is the bozt route to folleow. JLLh this successful moded at home to serve

as an exanple, AJT.D. shouvld be prepared to fund aduntive rescarch activitics din

each location Yox o sufficicnl nimber of yeavs to ansuve thot vecormended now practico
ave Lully compatiblic with and scceptable to local Lu1! Ciona aund customs and that

there are real dncevtives to farmers te adept them.

3. Bagic Rescnich

AT, should consider funding basic research in a few arveas where more informoti
is needed to provide the foundation on which new successful techrnolepics can be
developed. This kind of funding needs Jons torm cemvitments of the order of Five
to twenty vears given o a single center of excellence in cach arca of interont,
Areas that are recomsended because of their relevince ro PHFL-reduction potential

N e
CLit.e
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a, Drying Technology for Cereals. This should include use of solar enevgv
and usz of local fuels such as hulls, straw, and other inedible plant matenials
like shrubs, bamboos, and trees that have no other economic usc. It should also
include studics on the technical~economic feasibility of "ultra drying” of
Present proctice drics grain to a woisture level that stops the srovih of meids
(usually about 14 percent). The grovth of insects can alec be stoppod by dyging
grain to cven lower moisture contents {usually about 10 perecni).

b. Mich Tenporature ‘Storage of Cerezls for I: r(vﬁnd Porindg of Timne, The
proposed programs to cstablish large world food reserves cve predicoted upon the
aseunpLion that pgrainsg can be stored and mainteined in gnod condition for period
of weny yvears. Ve knew this cen be dene in torperate climates but there die no
assurvance vhot L can be done dn trvopical cliwates. AJT.D. should consider ic
A meiter o vigensy o dnftiate o long term study of grain swovape practice and
chir othat cceur dn Lirain stored for a pericd of five years ox 1 Y MR TN
tropieal conditions.

Blectyicity

)

co Yoot Harvest Physiology of Tropical Reots and Tubers.

Avadyele of the Comparative Costs of tho Varicus Methods Available

Seme of these dtemws will be discussed more fully in the section "MHethods

for Treserving Tood"

4. Liteysiure Receavch

The Tvopies? Products Institute maintaine a complete file of published articles
concerning ¢iorane of corexls and export tropical erops and there is no need o
AT D o dupdicate this vork.,

Tha deiversity of Ceorgic compiled a conprchensive bibliography o cascavy
vider an AcT.D, contiacin A0T,D. should support the cowpiletion of an estensive

Liblicgrapiy on il »ntnne tropieal tubews of dmportance, sud make provicicns
i t

to keeop the conpdictions ny-todate on a continuing basis.

Otiier donor agencics hove hed almost no activities iu assenbling a bikliopraphy
on losses and causes of locses dn perishable foods, with the pessible excoption
i)

ci fich, Thece is a weal gap heve. AJTLD. should sclect a limited puonber of

perisbable foods for attention and establish and maiutaiy a hibliography on these
commodities,
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In the early days ol the U.S. Department of Agriculturce and State Experiment
Stations, much atteniticn was given to food spoilage on the farms, and simple practical
ways that farm families could reduce thelr losses were developed.  The advent of
modern transportation, merketing, ond superaarkets have relieved today's Anerican
farm femily of the task of faJvﬁn“ and preservinp alwost oll their own Zoed. Therc
should be pood, practical information buriced in the older publications of these esoencic
that should be applicable te Do AL, shovld spons.r o cesvch through this old
Lliterature to reotricve dt, briag it up~to~dove dn vhe lighu of advances in knowledpe

. ]

in food scicnce and apply 7t to problams in DCs,

v,

This section is o Lvicef reviow of neihede aveilable fov prerserving Food ond
redue 11; lossea. Tt ie dntended to indicate o ALLD, thous oress thain should
have a high pricrity in food loss weduction activities ¢l ihose that descrve a
low priority.

Onc dimposrtani consideration is the cost of tho various meihods of prencrvation.
A,L.D. shoud engage an eoonomisit Lo aseemble and mnalyzc tvpical Lieurces for the
total cost of the different metheds of preservetion in the .S, and use thoese
figures as a base Lo project probablic cosis dn DOz, This will help select the

o

lowest cco* mechods of puescrvation and elinicots Lrow further consideration the
more costly meihods.

This hac brr-n the wmajor wethed for prescoving and anoerivg sralind'c foed C'l:]:ply

throughiout rocorded history,  The technologics of conmning, refvigeraiion
p““tuer;ﬁLluJ snd froczing that have been develoned ovew the least 150 years
have rologated dryving to o stallar role for pevichoble fecds. Dot dyyine is

still the prefcrred meched Dov proeserving sraing ond howes 10 4o stiil the
Number 1 food prescrvation technicoe based on connage.  Since diving is one of

’ T

the lowest conv wethods of feod prescrvation it should stiil ke looked upen as a
major method for prescrvetion of pevicheble foods din DOs.  AVLD. sbhould continue
to support rescenrceh on drying of cerceals,  Special attention should be miven to
using solayr oncrgy, and enevgy from locolly evaileblic fucle, The KSU ceacept of
nixing a ﬂvmivcant with woict arein to duy 6, and letec soparating the desicennu

N

and vegoenerating 16 varroats continnad study,
Drying and dehwdration should aloo Lo one of
for perishable foods iv NCs. The faet that abo. dntensive, time
consuning, lou canital cost techniaue that vy vct that regquires several
hours to prepare for conuumption has made it UApopulnr in developed countries but
these ave just the attvibutes that are desirvable Ffer LCs.

proeseaveoiion teclmiques
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A good sun drying technology is available in the ariic reglons vhere duying occurs
under low temperature conditions, and in the arid tenperate regions wvhese hish sunimes
temperatures and low relative humidity couscs rapid dvying. But no tcclnolesv has
been developed for sun drying in the humid tropics where temperature aod relative
humidity are high but the Intensity of the sun's rays s also higl. AcleDs chould
support a rescarch center in a Jong term progrom o develop o packane of technology
for drying ond storing perishable foods under the conditions of the hnmid tropics,

Sinca all dricd foods, cercals, legunes, and perichables dopond on their low modotur

content Lo pirevent growth of nolds, it is cseentisl {hot ey Le kept dry by prvoteots
4 H K i . J

g i 2 neced to be prooecten

oo
v .

them frem water and hich huaddity susvoundings.  Thero o
from hipher foran of life such as insects aed rodrnis. Adcnuat

of dricd feeds o therefore aun cocontial cornllary ob (e ol prestrvation-py-
process. Effccrtive puckaping should be a naior aves of cuprozt Ly AJTUD., includivg
retail pachoeges, coall storores on farme ond stores, amd lovge stovapes ot elovators
and terninads. There i2 a need here for haoie vroescoreh s wdoptive yonoarel, edoontdn
and constvetion of nejor stosans facilitics.  The provieion of additionsl
capacily in DCs should be the major avenue for consiruction and invesimint
iv the wortduide YUrL veduction program,

e proftective pockopine
' .

ty ! -

ration ang Cooling

cetablivhiced fact that reduced temperaiurces proeleng the storape life
of foods. There are throe activities that AT.D. should suppert in this arca,

n

cocling du not o5 cood as complete roiriceration but 1t is Berver than
no cooling at all. Uothods that should Do entended fyetude Feeping, Foods out
of dircet «naiight, une of evaporative type vater coolovs in resions that

have lov relative hunidity, and insulated storagens for those raoions that have
cold nights and ho. days.

Tropical roots and tubers have an opiinmuic storage Lifc at terperatoras in tl
range of 50-55 desrveis ¥, These temperatures are ecsier o achicve aud majintoin
than the ususl relviooration temperatures of 29-40 depre - Foo These simple
and partioally ciicetive mevhods Lor reducing temperaturce should be of particular
use for the storage of roots and tubers.

2, Deval i
with CGeneral Rlectric Co., . 1962 (Contract No. REPAC- 1) part of wvhich included
a survey of peihods of refvigeration-cooling systoms for rural communities in
developing countyics. There Appears to have been nn AZ.D. ectivity in this
arca since 1962, Even though refrigeration may not be within reach of the
subsistence favaer it wmicht be possible o develep sone “ind of u locker system
operated by a sterckecper or ccoperative that would muke cold siorage gpace
available to a community. This project calls for persiscence brciause some kind
of copling system is bLadly needed, especially for the porishable ifoods.

opweat of emall, Low cost enoling cvsteme., AJT.D. had a contracl
1
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The use of solar energy and biogas should be considered as possibilities
for the energy source for refrigeration systems in DCs.

Process Products Inc., of Gardena, California make an 'icy ball"
refrigeration system that uses an intermittent fire to operate., The unit they
manufacture is too expensiyve for DCs but the principle of operation might be
adaptable. It is claimed that icy ball type refrigerators were widely used
In rural areas of the U.S. before the farms were connccted ro the electricity
supply.

3. Storage of cereals in tropical climates under reduced temperatures
should be studied because there is no assurance at this time that cercals can
be successfully stored for long periods of time under hot conditions. Some
preliminary experiments along these lines have been performed at the Tropical
Products Institute but the technique should be studied further with reference
to long term storage of cereals in tropical climates.

Another possibility for long term storage of grain in the tropics
is to construct the storage centers at high altitudes where the prevailing
temperatures are lower. Below about 60°T insccts practically stop
multiplying, mold growth and biochemical reactions in the grain are slowed
and the whole stoxage problem becomes much easier to manage. This would
need o be a technical-economic studv hecause the cost of transportinglithe

Sy £y - e - - wllw - - -
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and possible loss of the grain in storage near sea level where temperatures
are higher.

C. Chemical Preservatives

These come close to the ideal method for preservation of foods in the tropics.
They are cheap, effective, easy to apply and usually require a minimum of
equipment., The food additives that are permitted by the U.S. Food and Drug
Administration can be divided into two main groups. (i) Preservatives that
retard spoilage of food. fThis is the group in which A.I.D. should have an
interest., (il) Functional additives that are used to improve the color, flavor,
texture, ox nutritional properties of the food., This group is of minor interest
to A.I.D, Actions that A.2,D. should take in this area are listed below.

1. Rumigants, insecticides, and rodenticides already have a well established
place in grain storage systems. These practices should be extended more widely
in DCs, especially the use of Phostoxin.

) k A

2. The production of a second crop of rice has begun to be adopted in, some
areas but it raises the serious problem of how to dry the rice harvested during
the wet scason. Chemical preservatives arc available, notably propionic acid,
that can inhibit mold growth in moist grain For a year. This practice is usecd
extensively dn U.K. aud Furope on grain inte Etoricattle fecdfandhast been
the subjec: of experimentation in the U.S. Propionic acid is not used on grain
inteénded Lor human: consumption because of its unpleasant flavor but the sodium
and calcium selts of propionic acid are permitted to be added to bread without
limitation in the U.S. as a mold inhibitor.
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It is quite possible that a lower dose of propionic acid applied to moist
paddy rice would prevent mold growth for a month or two and that most of the
acid would be removed vhen the rice was dehulled thus eliminating the fillavor
problem. The potential additional weeks that the moist paddy could be safely
stored would ease the problem of overloading the capacity of rice dryers during the

fharvest season and might even hold the moist paddy until the end of the wet !
season thus allowing it to be dried in the sun. The cost of the propionic {

acid would be in the range of $1 to $5 per ton of treated rice, based on the
U.S. price.

T have made extensive inquiries and can locate no attempt to use
propionic acid as a short term mold inhibitor for wet paddy thbat is destined
for human consumption, The potential advantages of chemical control of mold in wet
paddy are sco great that A,I.D. should consider this a high priority research
project and should contract foxr this line of rescarch to be started as soon ag
possible.

A.I.D. should make a contract with a qualified organization to study
the effectiveness of propionic acid or mixtures of proplonic with other preservative
chemicals in inhibiting mold growth on high moisture paddy. The study should be
restricted to rice intended for human consumption. It should not be extended to
include other grains. The ideal organization to perform this contract would
havq the Fallowing rhrwnr.crxvijr" (1) free access to known varieties of nice
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to dpwlxriI;L acdd u1Jfo1n]y to the p]diy, (3) eithex a LIUPJLJI climate fox storage
or a controlled temperature facility that can duplicate the conditiouns of the

humid tropies; (4) dehulling and milling egnipment that can give close control of
these operations; (5) analytical laboratory to measure acid levels; and (6) a

food technology department with capability in the area of sensory testing methodology
to determine whether the flavor of the proplonic acid can be eliminated before the

cooked rice reaches the table.

3. Stcred roots and tubers are prone to sprouting and decay. Chemical treatments
are available that stop the sprouting of potatoes and onions (maleic hydrazide
and chlorprofam) and that inhibit rotting in siored potatoes and fruits
(thiobendazole and benomyl). These treatments are permitted and are well
establivhed practices in the U.S. Their use should be explored for extending
the storage life and reducing spoilage of tubers in tropical climates. This
would require a combination of basic research to work out the procedures to be
used on a particular commodity such as yam followed by adaptive research to make
the procedure fit regional cenditilons.



4, iA number of chemical preservatives such as benzoic acid, sulfur
dioxide, sorbic acid, benlate, and fat antioxidants are used as permitted food
preservatives in the U.S. Their use on specific products to reduce spoilage
should be explored and the successful applications extended to DCs. This requires
: teaching the use of preservatives in courses in food prescrvation and supporting
& adaptive resecarch to fit them into local conditions.

5. One of the best 4nd safest chemical presevvatives is salt. It is used
In many tropical areas in an attempt to preserve fish and it can be used to preserve
some vegetables, Unfortunately the salt is usually very impure and the impuritiecs
cause almost as many problems as the addition of the sait sclves. The technology
for producing pure salt from sea water is well known and effectively used in
developed countries. A,I.D, should bring in salt experts to teach the DCs how
to upgrade the purity of their supply. The salt industry often has political
vertones in DCs but its importance as a food preservative is so great that some

: effort chould be made to upgrade its quality.

6, There are some intcre@tinp possibilities in combining chenical preservatives
with drying procedures for perishable foods. The use of preservetives as an
adjunct in drying should be a feature of the effort to develop a .ackage.of practices
for effective sun drying of tropical fruits.

D. Termentations

Sume ! fommentiaiions. notably tha aleohol and Jactde acdd fermentapione devalny:
3 a preservative as a product of the fermentation., The alcchol farmentation
3 is widely vused as a means of helping to preserve certain beverages and requines
A no further comment. The lactic acid fermentation is effective in preserving
o certain vegetables and in helping to preserve some processed meat products.
i Although not a high priority matter, the adaptation of the lactic acid fermentation

to local conditions should be encouraged whenever possible.

T, C:mm'.ng

The thermal sterilization of food in cans or bottles is one of the best means

of preserving perishable foods but it is an expensive prcccss and therc is a

{ Low probebility of the cost being reduced substantially. A new development in

ﬁ . this area is the use of heat sealable plastic pouches to replace the cans but

: this technology is even more expensive than cans at the present time. Commercial
canning is not recommended for subsistence populations because of the high cosgt
but it has an expanding role in those city populations whose standard of Tiving
is dincreasing.

There is one area of exception to this reccmmendation against action in canning.
Some years ago, A.I.D. contracted with the Ball Corporation to develop a home

® - canning center for DCs. The concept here was to have a community canning center
i where small scale facilitiies would be available to all members of the community
i Lo preserve any excess of perighable food cver immediate needs., The glass jars that
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come with the canning kit are reusable which reduces the container cost. This
concept has potential and should be encouraged for those villages that have a
strong community spirit and the funds to provide the initial capital cost of.

°  the canning center, or the ability to persuade some donor to provide ihe equipment
and the jars.

- F. FEreezing and freeze diying are excellent but expensive means of prescrving
high quality in food. Thedr cost puts them out of the reach of low incoma populations, .

G, Sterile filtration and pastenrization require sophisticated equipment and
% i e 1 | I 1 ]
on these grounds are unsuited for low income populations.,

H., frradiation

; At one time irradiation promised a convenient low-cost method of preservang food,

g However 25 years of intensive research has clearly demonstrated that., under

: present conditicns, dirradiation is inferior to other means of preservation with
respeet to cost and convenience. (There are still a few partisanc vho loudly
proclaim dts potentiall) :

] The disinfestation of insects from grain can be suceessfully accompiished by

p means of drradiation but an analysis of the total costs involved chow that fumigaticn

] techniques cost less and are more convenient. The extensifon of ithe atorage life
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f than by drradiation. [The sterilization of foods by canning is done more conveniontly,
o at lower cost and yields a better quality product than sterilization by irvadiation.

X There is a possibility that drradiation will find a niche in the food prescrvatian

2 industry, but if it happens it will probably be for a very special sel: of clrcumstances
? that apply only o a minor food item.

A.T.D, should not support irradiation studies as a means of PHFL reduction at
this time., However, irradiation should not be dismissed and forgofitea. There
s always the possibility that a new development in irradiation technology will
occur that will make it attractive as a foed preservation technique, In the
unlikely event that the Food and Drug Administration bans the use of all grain
fumigants, dirradiation would probably be used to disinfect grain despite its
higher cost and inconvenence because it would be befter than no tredcment against
insects, In the meantime, tle burden of proof of the efficiency of frvadiation
“as a low cost preservation technique should remain with its proponents . not
with A.I.D. W

L. Single Cell Protein and Food From Waste

. These two topics are presently receiving much research attention, and publicity.
i There have been some attempts to link these projects with PHEL reduction activities.

They belong in the field of food production not in the post harvest phase and
hence have no valid claim to be a post harvest activitv. If these processes

ever become successful, they will almost cexrtainly be large, cophisticatad,
Caplial intensive operations. It is unlikely that vhese operations will make

a significant contribution to the food supply of low-income populations and A.L.D,
should not support thesec activities as a possible means of improving the food
supply of DUs,




i

J. :Dehulling and Milling

Dehulling and milling of cercals is not a preservation activity but it can be

a source uf consilderable loss of food, especially rice, A.IL.D. should help inprove
the of'iclﬁncy off the dehulling and HllJLHP operations whenever possible. - Some
activities that A.I.D. could support are: (1) programs that teach operators

of this type of equipment how to run it with maximum ¢ efficiency; (2) research

into improved methods of 'uLo'ang, dehulling and milling grain for small operations
inDCs; (3)) the aquisitionof new equipment.

K. Small-scale Extraction Processes

small processsing plants in DCs that extract sugar f£rom supar cane and oil from
ollancdd, coconut and peanuts are usually inefficient, extracting only 50 percent
to 75 percent of the wanted food material. The gugar remaining in the pressed

cane 1s lost food., The oil left in the oilseed presscake is not a loss if the

cake is usad for human consumption but more often Lt is lost because Lhe cake

is used for cattle feed .or fertilizer. A.I.D. should help to dmprove the effilciency
of these simple extraction processes whencver the opportunity da presented by
supporting research in thie area and providing new or improved .
Thiis problem of low extraction does not apply to large, modern extraction plants
such as sugar centrals that usually have the equipment to give high efficicncy
of extraction and minimum loes of food in the residues.

Ii. Transportation

Although outside the area of expertise of the consultant, 1t should he noted
£ a transportation system that is adequate in quantity and quality is an dirpportant
component of the total post harvest food system,
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