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Sumrhary 

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 to obtain maximum benefit from its expanding activities in this area. 

In terms of commodities it recormnendq that the effort be apportioned approximately 
60 percent to grains and cereal legumes; 20 perccnt to roots and tubers and 20 
percent to perishable foods. In terms of activities it recommends approrimately 
55 percent to education; 25 percent to adaptive research; 15 percent to basic 
research and 5 percent to lite rature research. 

A comprchensive educational prograi in DCs that sta):;v with top Jevl government
 
officials and reaches down to school child:en is rnnn:CamAneC. A, D. shou.d
 
nitiate a program to establish a course in post ha:.t fooc tecimology in sa].ected
 

U.S. colleges, and later have this course taught in coll.ges in ])Cs. 

The report recoir. ends that A.I.D. sponsor a tour of China by a group ok experts 
to learn how the Chinese are irmp].cnting post harvest food loss reduction activitics. 

Recoruanded ada:tive rcsearch activities include the W,voiopment of drymr1 & rud
 
storage practices for cereals that are ta:ilored to Ge eonditions o! each .ocal
 
area, and that the Agricultural Extension Service n PCs provide u. ai fumition
 
service ro farmers by training extension Agents anO tood iar"ra to be Tum:,rtrs.
 

' '
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of low cost ret.ri,,ern| ion, and n search MY0: a pacir'gr of p-ac .. ce.s uniLg '..,pc
 
technl.ogy that wil., pcrmit :hc drying and StOrage Of pl-i.s1able Woos in:M .,
 
humid tropics.
 

on and se]..>.ed perishable is: co 
Also a s .- h c old USDA and Experiment Station pulblications to find whu. simple 
methods oi food -reu(rvntion were recommended in the old days when U. , 

.had to produce m.ost of their own food, with a view to extending the best ot thnc 
pracLtices; to DC. 

A .iteraturn searc, tubers a few foods copunOd-

Greater P.oe of chemical preservatives is recommended. A. .D, sou.d im2,e.1 -,t: aly
 
con tr.act for a st"iy of the f... ibility of using oroplou:ic acid Lr .lbow .,,
 
of we .,ddy for a pVe:,d of 5 to 10 weeks. The us of: prout anx o ir ibL.toys
 
to 011c-d the keep:inp; qualities of tropical roots and tubers should be ,u-,o.ed,
 

The report adhvises :gainst any major support of commarci~aJ canjni, fresn.,
 
freeze drying, and irradiation"-as a means of reducing food losses among the poor.
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J Introductio i~''tN 

~A.D. , in commion with' most other organization's that have 'an interest in international' 'developmient,. h1a~s identified the food~supply in :'developing countrleo'
als ,one ,of' the critical aicas that need attention and over the years h as devot ed
Co5nsiderable ,f unds, to~ this, end.. The bulk 'of these funds have been devot 'dt1 i 
Sincreasing food production wh-ilelthe' preservation and protection' of the food
Safter. harvest has received much less 'attention.
 

~'T e, ~were ~good rea.' fdr 'this decisioni to :concentrate initially 'on p~loduction
.eca..s.e
this has anope4rindp°otentia. and iAcreases'of"50 percent, 100 percent,
1 a 200 percent pisible. in 'contrast.food peserva.ion e.hnol.gy has,. ..

S ose d Ptentiai. For:example, if post harvest lossesa '20 'perc'ent them.aximum increase that ,culdbe obtaired by the application of "post harvest fo6"d,.ehnology is 20 er..nt. The decision to begin with increasing production offood arh torrect one.; iod 't'i ' , ' 

'_The-'nc". rcchnologies and inVestrmulL in production that hav.e been-applied in
 
offodavebeing ou 
 aeo
ed i paying' off; greatly increased quant ties 

nearsof voodh keeping up' with the population incras 
' 

'~and in some;, cases moving ahead to. give'a'higher pr capita food productilon. ~>Now thdt hepcdures for developing 'and sup orting" increased fo~dodutoin D~s have&developed into" improved systems it) is time to,'give increased attentionto cdLiing for the food' so that it is not lost after prodtuction.'
 
"The incred.d production offood. has placed 
heavy pressurs on the post ilarvst
 
's'oo -~~' j i!wpkesegan 
 e nic' that -chai! j~d
C--U~ 
 oz Lite i~ct~nlKhari.ron incereased focd piro'dUCtionbe og~unllls-itisTJ in the' DCs wil.'.yavailabl ....
be is1~V'n~hs'At i tvei ;htt r~ post harvest caire than is ipresentlyaviblFoo d losses represent aneconomic andnitiitional los to'the'country, and theeconomic.lo.s inc.re..s...as the food mo.ves dow;.7 the chain frm 'producer to consumer,Another reason for' corcer with post harvest food losses, (PL) is' the feedback fmechansm-to 'the producer; the farmer: has', no incentive to6 increase productionif that inczreas ecannot be satisfactori G and marketed. 

The benefits thar accrue to a DC that inivestsq inposlf harvest, technology canb~he grecater, than mi-ght appear at 'first sight of Lthe 'definite ceiling in the amount61L~f'extrafood- ihut Canl be put on' the ltablf as~~ r f e a' result of 'post harvesttechnology.'fo -tecuty pshretW~,producch 90' percent 95 per~cent their foodLn of supply even in- abad'crop 
yer, Tle5percn L'o, 1 per1ceilt s*.iort 



1.ll that mutst'be'imported cairepresent0 arge, Lonnages 'of'fdod,( because of the lar.ge population~~s that mrrust be fed and9 
Sthis-.tmp'sE.s' 
 logisti cal pr.oblems and. severe strains onSfor the country'.'f caruste' oPt'8 the balan'ce. of -pa)ymenit

z can be reduced by -half-o imorefrom- theirpresent: levels of 10 pcent to 20percent, (st frequent estimates of 
f 
range'oes;),hy can reduce or eliminit the ecrh
 

impOrtat.ion of large quantities 
 Of. food, te tf 
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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 community to work together toward,- the goal 
of cutting in half post harvest food losses by 1985 and to develop a ' 
comprehensive program to this end. His call was adopted a,- n UN resolution 
on September 21, 1975.
 

This report is designed to contribute to the develwopment ,tof
the comprehe;nsive
 
protram to r*educe PFI'L. It will concentrate on the cebicn. aspects of the
 
problem bec-ause this is the area of expertise of the cC;.::,n .Lnc. OthCer important
 
dimensions to the problem such as major investmi.t: in . ';e and''iandling
faci.lit.ies cnd political and economic aspects wiil not b cddressed 'in this
 
report except insofar as they interact with tebchnology,
 

it should be recognized that reducing -11L by DU 'percent .orldwide is a major 
task that has never before been attempted. There will have to be a total 
mobilization of all resources in post harvest systems and t:chnoogy in both develop
and developing countries if the goal called for by the UN resolution is to be 
met, 

A proposed definition of the meaning of the term "post harvest food loss", has 
already bcen prepared and circulated and will not be d(iscussed here. 

The total denx.zand for food is constant on a day to clay basis (ignoring J.og-tcrm 
changes in popu.-ation) but the supply of food is very uneven from day to day 
over the course of a year. Post harvest food preservation and storage is themechanism by '.hich :n.nkind tries to match up the ieven cly,-to.-day supply of 

food with the oven day-to-day demand for food. 

The ideal. situaion in balancing daily food n..e and supplies occnrrcd when thr 
Children of Israetl made their historic 40 year jci FomEgJypt to the l-oj.sed 

Land across gr(at desert. Their food was prov.., in Lhe form of manila tha: fe2.l. 
every night in a quantity sufficient to feed the r-:grating na:ion for oi,: day. 
This i. probably the only time in the .orld s hJtcr that thcce has been a perfect 
match between thn daily supply and the daily n , fC,.r food. It 4 -; just as well 
that the manna rrined do,,:n from heaven each nM,ht becau;e it had poor kecping 
qual:ties. After 211 hours storage, it "bred worim and ,Stank" (Exodus, Chapter 
16). Although the Children of Israel were in an ideal situation in terms of their 
daji.jy food supply they complained bitterly that ,hrar was insufficient variety 
in the diet (Numbers Chapter 11, verses 4-6). 

The preservation food prevent spoilJage fal..E the field of foodof to within technolo 
The disciplines of chemistry,- biochemistry, iJcrobiology and engineering form 
the base on which food technology is built and azr- .nown as food science. There 

of food science and technology, while oLbers havve activitie in this area without 
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recognizing It as a formal department. There are some departments of food science 
and technology in DCs but not nearly enough in number or in strength to cpe 
with the task of reducing PHFL by 50 percent within 10 years. 

The Institute of Food Technologists is the major profcssional societythat ;srves 
the needs of all food scientists, food technologists, and food engineers in the 
U.S. It has a membership close to 14,000. In addition, there are a number of 
other professional societies t:lat serve a segment of the t:otal food spectrw. 
by specializing in one commodity area, e.g., the American Associatin of Cereal 
Chemists. Other professional ortanizations cover both ,:oduction and pos;t production 
aspects of a ccw:,odity area, e.g, the American Association for Dairy Science 
and the A.mrican Soo-tv for -Jormiceul.tural Science. Stil. other organizations 
that ari: Wooed on a ccntific discip.linec hvc a sect Joel devoted to food e,g, 
the Food and Agr:.culitur. Divisi en oT the A:ncrican Che.ical SocictyoN There are' 
also a num;ber of ti:ae .ssocinti n that .P,rv9 every aspect of the U.S. food 
industry, l)Cs do not have 1his extensive network of professional societies and 
trade associatincA n keep profcssionals and parn prcfczsion.ls up to--dn to on 
deve.Loprents in their field. 

Food technology operations may be divided roughly into three classes, 

a. 	 PreparyfJ:io is the preliminary separation of edible from non
cdJii 1e a grictlr.uural prod ietion e.g., dehulling grain and slaughter 
and dressing of animals. 

Preservp:ion s the prvcention of losis and spoilage of food e.g, 

fish,. Thi:s c]::nqs is w>nc r A. I.D. must dMrca : most of its activities in 
orde.r to reduce -HYL in D.. 

ProcC:es.Fn : is .he couv,,r;:;:ion of ed ible food into another fori that 
is ro.' ad ccoptuhbIe to the consumor, n.g.: the viak:ing of brppd .frnm 
whear; b.,'irit beer fr m barley and making in'stant coffee from 
coffe,: bean:. 

The problems of prus:,crvation of food have been largely sol ved Jn1 the developcd 
countrics. Conoequu-atly the food industry in these countrie s , :-xprC:5 o:' grentest 
effort in the food p'rCceossing a ru a. Grceter lrofits ena be W.dc by dcve.e .:Lnag 
som.lE now coenven .'C to : or,. P,,Pw fl.aor to tit.l.].ate th a, atr: bud- of the 
we. fed than by try._ 1-o rdr, f ither a. ,Lreodv low level of po:st harvest 
loss. This att is rC : in, Lh W'u;hi'g proglaim.s; eIM diportVr.sol0Ct' 
of food science W1t' 't0LnoolMy iQ dv Pv:'..o!cc' countries where food processing and 
quality factors geocJhal. ncn :. h r ca]phas is than food prcservation.r::g 

in contrast, the Des have high rntes-uf loss and spoilage in their food supply 
chain and lack the hNo.;le,-lge c:ud cquipment to reduce it to a low level. Food 
preservation technology is the great need in these countries. Their populaticas 

http:ProcC:es.Fn
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canhot afford to buy any great quantity of processed foods and food processing
 
occupies a smaller proportion of the total food industry activities than in deveJoped
 
countries. This difference should be reflected in the food technology programs
 
that are being developed in DCs.
 

Post harvest food losses may be divided into two classes:
 

a. 	Disappearance losses caused by spillage, by consumption by non-humari
 
agents such as rodents, insects and birds or by excessive pol.ishing,
 
peeling or trimming in the preliminary preparatilon of food.
 

b. 	Losses in quality to the point where people refuse to eat the fooO. They
 
can be caused by chemical, biochemical, physical, physiological or 
microbiological action or by combinations of these. factors. 

All stored foods undergo deteriorative changes in time resulting in loss of flavor, 
color, te.xture or nutri tioacl alue. Thereis.. no no, n Om "11 t,,,sf-hr,,!:P1ege
 

losses. This is a fundamental fact in all food preservation activities. Food 
preservation technology can slow down the rate of deterioration but it cannot 
stop the deterioration, Every food, no matter how well preservci, will eventually
 
become unfit fer human consumption if stored for a suffic':cnt length of riimu. 
Howncver, from a practical viewpoint, we know that: an..rea..s and most oth,: OWi:xl 
foods, together with some other processcd foods, can be stured and ma'.ind 
in good condition for periods of several years provided the: have been corre ctly 
preserved nd are subject to good storage conditions and go-i mrae an c p ,er ', i 


rua.nnampu 2: u tacrurr LOSC &YUM =ee rLV 01 U&2YOVUW Ui O.P''I
are 1,mrer.curu and humidity, The rate of deteriorative can,." in OooJ, 
.Lncrepses with increasing t.Mperature and with increasing humil.ry. T, "- ili.. 
high ambient temperatures of tropica], countries ,;akes the problem of p,,nrvWag 
the quialiiy of stored food more difficult thpn in th. tcmperato 7on'., 'year

round high temperatures of tropical countric~s allows pests such a s irldontM and 
insects to feed and multiply throughout the year wheren the cold vintc:s of th, 
temperate cliates stops reproduction and reduces feeding activities ol these 
pests, ,nd in very cold climates can even kill off many of the n ets. The hig 
humiJditv of ti-lie humid tropics makes f.od presecva: on even more diffiuly.; benaps, 
foods that have been properly dried will rbsorb moisture from ibe air La he point 
where molds can grow unless the food is well protected from the h:igh r-vidit-y 
surro,_rmdings. 

Even if the tropical countries had the same per capita income as the dcv_,lop,'31
 
countries they would still have a more difficult set of problems with the preservation 
of their food suppl.y than the temperate zones. The shortage of funds to provide 
adequate technology and equipMLet in DCO makes a bad situation even worse. 

The 	developed countries have a large cadre of well trained, e;perienced personnel
 
at all levels of responsibility in the food supply chain who know how to care 
for food properly and minimLze losses. No such extensive cadre of trained people 
isJ prcsc.t J.USin . 

http:humil.ry


To.sum up, developing countries have four strokes against them in the battle 
to reduce post harvest food losses. 

I 

a. 	 insufficient knowledgeable personnel who know how to preserve and 
protect food;
 

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

C. 	 insufficient purchasing powei to pay for the cost o proper protecl:ion 
(although some food loss reduction activities should pay for th emselves 
because of food saved); 

d. climntic conditions that favor the growth of insects, rodents, 
and molds, and that nccelerate the normal deteriorative changes that 
occur in stored foods. 

III. Distribut:.on of Effort 

A 	 Conodity ,'leakdeown 

Nost organizations that work in the area of post harvest food loss reduction devote 
their efforts wholly, or almost wholly to losses in grains and dry legurcn. 
Toi;, approac.h is based upon the fact that the greater part of the calr'ic" and 

are large an where roots and tvbers such as Irish potato, you, 'ct Yo5to 
and cassava pro..ide a large propor tion of the calorie intake. Some at:-mio: 
should be given to these cormoditi.s. The International Potato Center (Ci]) a': 
alreIady bc.an Cstablished i. Peru to study problems of production aad prcser.ation 
of Tri ;h pota to:s; therefoye this commodity will not be discussed furLhc:r bccause 
it is already covered by CIP. 

Perishable foods are usually given little attention although they provide Pany, 
of the importanit vitamins, minerals and high grade protein. These commodities 
shoul.d be given some consideration in food loss reduction activitics. In general, 
nutritional dcfcA nci.s of the minor (vitamins ineral.s). nutrients and take 
a longer p)eriod1 of time to produce obvinus clinical symptoms tihan do ,Wi:f cierncies 
in calorics and protein, but deficiencic:s in minor nutr:ients can sap the nigor 
and increa-e the morbidity end mortality: rate in a population jusu as surely 
as caloric and protein defic:iencies. 

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 perishable foods. This is shown in 
Table 1. 

http:Distribut:.on


TABLE 1 

Mean Per Capita Food Supply in the Philippines 

Recoimon dde o 
In take 

Food group g/head/day Ava:Llable Intakc 

*/head/day % of *j:ccounn 

Cereals 317 31,.i 99.0 

Iloots and Tubers 67 89 1.32.8 

Sugairs alld Syrups 33 52 157.6 

Pulses and Nuts 19 33 173.7 

-, 't ,- - 1 V .. .. 21 , 1933 4.A 

Meats and J,'is h 108 90 83.3 

Eggs 15 7 t6.7 

;iilk 173 '12 24.3 

Fats and Oil, 29 8 27.6 

(Fron F-hiippinc Journal of Nutrition 22(2) Aptril-Juie 1969, Ta.qC 77.) 
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This' same survey showed that in terms of nutrients the average Filipino gets 
76.5 percent of the recommended calorie intake and 86.2 percent of the reconsend
 
protein intake. Increased consumption of cereals would help overcome the ca]or'ie
 
deficiency and make up part of the protein deficiency. The surrvey also shoped

that the 'average intake of calcium is 33.7 percent of the recommended level,,
 
and of Vitamin A, 49.8% of the recomendod level. The deficiencies in nutrients
 
that are provided nainly by perishable foods are much worse than the deficiencies
 
in calories and protein. 

Nany other DCs show a food intake pattern similar to that of the Phi.ippincs
with tha gravest deficiencies in those nutr:ients that arc. supp3inod by the pOSishablC 
foods . There are pressing nutritional considcrations for allot:ing a part Mi: 
the ovcrni iuPiH'L rcdut[ion activities to prcscrvat:Ln of per is:.hin foods c&;,paci: ].ly
in view of the fact that most other donor agencies c:pesd no fus(]5 in this (,. 
A.I.D. should break now: ground by alloti:ing a portion of PNIJL f un;s to parchabic: 
foods. 

The number of perishable food items is so great that it would be iwpossiblc to 
cover them all. A.T.]D. should seek the advice of a gioup of experts cons.stinc, 
of cnurtry representatives, nutritionists and food Ltchno.logists in sn.ct '' 
a limitc~d inmbcz, of perishabe foods (perh aps 10 in nuMe,; r) for PA:l r:ciucti''a 
activi:ies and restcrit its interests to this list. Some: obvious endidatus for 
inclusion in this list would be fish, paay manigo, pantoin an citrus fruits. 

Cereals should conin:is'e to have the malor 'art of PHU?!. reh!ction Eadi.'uc h.lvn, 

U. v"I', Lb kmug Ju Lo 
lre,_p up i t: e increasing population. 

,IU , to , L 1:J rom the consu,.:i und &0 Liu l. o',t)t . ptiu o.j,.i.I 

W:i.tb M OML cons-iceratioUs in mind, I propose that A.I.D. apportion its M'l:- fYundin'.; 
in appro:inately the following ratios: 

Cereals and dry legumes 60%
 
Roots & Tubers 20% 
Selected perishables 20% 

These l;j:ora:rti, 1s wi ll need to be changed soncvohat from country to contry, 
depcndieL on Jocal circumstances. For example, tubers might range from 40 
purcen: of i:1:, eMort in a country in which they provide a large proportion of the 
calorien, down to zore in a country in which tubers are barely ussed. 

B. Acti.':i Ltv ]rcakdown. 

There is en obvious need for coAnstruction of many food .-uoiane and handling
facilities in the DOs. An analysis of this area requires eypertise in construc:-ion 
enlg-ineering and economics. Since these arc fields outside the spacia compeCence
of this consultant, they will not be discussed further in this r'.or t apart fron 
notin, tt ccd for major activities in this area. This report wi conecntran 
on the tec:hn' o gical aspects of post harvest food los reduction activitices. 
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The actual amount of food lost in the post harvest chain is not known e-:c.rly,
but for cereal grains the average overall loss is probably in the range of W 
percent to 20 percent of productio%. It is an ticipated that the Ludy houL 
to be undertaken by NAS will establish what reliab]e figures foy log; are n!-. 
record, and that the in--country survey tcaums propo::cd in the i..n,or Kopo ill 
fill in the kno.:_(deg gaips the't will lh erpnocd ly the NAS study. It will be 
I to 3 years hence before thcs e figures income avai.lab]. so for tio W, rivig 
w will hW.e to accnpt thd broand 2oncnsi:: of opin:ioan among nrprs tha t W"1, 
are e .cssivel high in DCs and thL they car be subs,antial]3y rMduced at (nl 
econo:.c cost. 

in th mCuntin:irte we slhoul.d pors vigo rously nh :.d w. .ih those acnivi tc Lb"Iwil.l 
clearly reduce .or;r.s in C, One third Cr mor of tho tcn-yr'nr time Framc of
 
the UN rusom]. utiow, w.l:l-lol:l )a if .:a wait for the dus:;ired fir, .Tigurns f'on the
 
HAS and other studies be for, ini .iit:ing wn:jor nctions.
 

An L ,gnt: exauoi of cctellcmit control of PHYL in Kont. can he found in Au- orol, 
where 'oat is li,:yvusted in th. hot surnimrr Ponthr Mnd there is IL.Nc nro!-.,,

w:i.t] high ,,rm... .. ,:n c a p ce nt (7 .,,u
mois"v-nture . * percent (0 of WhinI: producd t . :
 
is reoluLad on die farmuand the other 93 perccnt1:,:1 h- sold only to a 


:i.n Au trl ... 
Go,yint: 

gu ' . t-n-.ai is ]) the at Board,. 'ThisBoard EuC(pS c.areful rcsrni.V". of

all eh .. nd .ovr' .s of weat. It: records sho': that ,het 'vupr.,c. .on: L2o.n
 
all : .' caoJ:-J2u' the 96,2-1972 Ln" 0.2,:9 pcrc' nt c.;th H daiC,
, -ii,; fo. year:; 
,f 0 - tr' ' c'c-i 10(c.r veer"t c't '. i-•s neriod. 'hL' o'. o ri] P. 

Th:e , ,co o-f i g loLsos to this lw level is 15,6 cents per ronTlu 
(thin cL, ecu ' ' c ip ] costs of Fu.a; g an;-;d ha'ndl.ing strucLur s). .[ .C 
f:L2,r,:; Shub tha Lit is pos0 ::Lb.Jo to redcuce ]rose to P,very low leve] Puid t1,ey 
servoes a n .st. 1 0(d reference figure for an achievable goal. 

It is. :miressl;"i. to ontLe tha_ irnoabods for PonT,:rc;i: nrfpost harvcst food lo.sc. 
are we.. nown aid widely ue-; d in dev 01,1 ed coun:tr:Lcs but uot :in DCs. There is a 
wldc.pred .rch: oif ,hn',.nwlcd,2 in DCs of how, to reduce losses. ' w.id spruad
educa.t :i.O cl proc -'n is thcr.. e needed acres all . l.evc.s of s.Ciety in DW]' to 
aler t thie Ppo an to the need for prou'ctning the food supply, and ho.. to 
go about accomlrishingi :Ai: 

There are .'s:. w',ere there is no Miccntive :o apply the nvai].ubls. 1:no,'.lcugr, Wh
the ach of i'centiva is bec'ause of ,e.nmijTei c pol i;:: "i scc "aI, or U:othc factors 
it should be not 0d t:hat providing the k.enow,-how will not reduce the l.osse s 

. In 
these cases non-technological :i.n terventiors are required. 

There re ins tanc.S where the technology to adopt the bnsic k'ornlege to locnl 
conditions is lac'ing. A derailed, com.]tc, practical technology that is tvi]orc 
to spur:ific l.ocali::ed prob.:s needs :o be made avv:ilab]e to each distinctive 
region.. This requires a coo .siali iznlcaL ohn ',d itL ivev;,ar'] 

Thckrc iK a need for mere hash rascnrol; Wo 0=0e thC. NOW~1 0, Of M: U r1.Q 
causes of post harvest food losses and to deve.o, btte r ;eans of at:t:aclkinr thc:s 
causes. Continued basic research shoud occupy a limited proportion of the tte. 
budget. 



More literature research is needed. Organizations such as the Tropical Products 

•nstituc, have maintained thorough reference lists on losses in cereals, ard
 
some refcrences have been kept on losses in tubers, but there has been little
 

literat[ure research on PHFL in perishable foods. Soimce effort ,hould he M,,odc
 

to 1iteature searc(:hes. in perilab.e foods.
 

Taki n-g" ac in co.sidention.E.tor. Iads tn the r.ecommended brcnkrnwn of
 

A.I.]X funding of tlie technological aspcats of P]I3?L r eductiorl activities shown
 

in Table 2. Each of these activitLes will now be di s cuss ed in more detail.
 

TABLE 

uggasted ]hastributinn of A.I.D. Fuds for Thchno.ogical Asjqccts cf PBFL ActivitIies 

Roots and 

Aci.:ivLry Cer". Tubers Per sshar-bl r2s Total 

Education 40% 1O% 5% 55Z
 

Adcptive Researchl 15Z 5% A% 257 

BaSiC Rsearch 5% 5% % 15.. 

Li tcrn tur, Search --- 5% 5 

Totals 60% 20Z 20% 100Z 

One assVupLion in this report is thot the major losss in DCa occur early in 
the chain that INs the farm to the tabl,. Consequently, the emphasis in this 
report is pl.: Ced on the early part of the food supply cin. I doubt whether 
losses j; the h,,-a are a source of gru,.nt loss for Neo reasons, I) the cost o2 

focd Won.s up qo much of thc m:l;ay budg'et that food ust be in n very poor ,cond.itI( 
to be hrcan out; enud 2) Wc'. K -mnnr in Dl': usua.y n:aos frequent trip: ro 
the food, stmroa aid sh du< Dot hold n'v quant:l . of food in tle housc. i40 

places :h v. k Of los On;i th :,O r c' ov r. it in; in: w:,rcth x, aLud, to f'i ! 
out ho..' u foodF is lost in the h one , :i f it s h-igl er than aaipcted t:a 

g~ar hoo ccOianis;Mt to deva.op a proni ,m to rcduce food losses in the hon.
 
"In-horc," losses are noymcant to i.ncludc the "on-faim" losse.s of stored grains
 
of the subsistence farm family.
 



1.2 

1. Educational Activities 

Thdre should be a major educational effort across the whole s]prtru ot society
in DCs. The entire population should be mada aware of the fact 1!t arc losses 
are not inevitable, that there are known causes for the os.." "co that thicre 
are known cures for cach cause of loss. In some areas il: wi.l. bec L,'crsiry to 
overcome sutperstitious nW. errr nco. bel.ii'.u nuch as onc o.omt r;the tha ec: e
spontnaeously generatucd in storcd foods. M'aie pers op.: hard J ing food should-11
 
be taught hew to care ior it pvoperly, SOML: SP:CH
ifia acihs :i iaat A.i.1). could
 
take in this area are as follows:
 

a. Top Level . - .Wvnrm.. nt :f icals s:ch as .ini:st r of Agricu:lture fro 

DCs and their immLd~i Ce s .tf~fshould be gi,,' a shortLac si . or wcrkshop of 2-5
 
days duration to put across thr mrc'-:o'..gc. I t stdr.d food is a living system that
 
m.ust be continMcas . y w:.;: Lkc:d; Lhit :to c. 
 i. naL ia'r l.ke a, .ucklj el
 
metal or lumber that can lbe stor,..d and fo..p 
 ten. Stoe iau. e c'red W
by h.nowlag.,ble pcopla Lar,gc: storages rpauire tra:ined pec, toy prope:r C.,:,r;:tio: 1
Funds ,mist be provil '' to hire ui lo Ido. people and toP ",.'va L Man WKt 
essential inputs such as electric power, funiignts, nc. 

In the.e propoc,,d werkshps, stored prnduns:Cs ptc:c: I I K: ,s .L . uinpla in
 
the need for correct ,,I. -._o p Lctice and slia d-u.,i LL](] . C c ocur!;
the M i n5 '-.t 

when t:hensoc practi.cs ro t Fo1ov.,uad.
. Psr: Thi:: par: of L.A ccuic t-hou!& ho ...Pw-

o . -

JiuiU(; thie couits of mainunain.n; proper caci~ o trec Qa. it 04H] bie 'L
for the 1po itic._ . . of doc. .onpi",, c
process a ,v try t:o I-. .", L. ': ." 'R f: , :
 
Storuge and 'ai ntenO:;anc, un.i.Css t]p gOVerrme;ant oicials 
 have a ear unc":" t" Ii
of the geunwral principl.e s of storac and t:c costs that 
are incurred in imult_ n
 
good storage pracuicus.
 

b. Co..c' .,n i T'r.jnine, are mav for.! There in students rec .. L
 
educ'C:in om Li.n 1e U iv 'it:iC..;. ollege who shiould 1u given qm, tra ,n-

in food pr .aervaLin and protect ion practices. A.I.D. should n' -od :;
colleges to r: courseinmd'uc n :iii r-opica. ood prcserlTvrtton . g o .'W',ats.
in fond .ucc, agr.ony, nd oL:hr dpart nuts in callu.ge of n'ru'ri., . ' ,rc,
be placed ,nder hea r,, ,rcss,,re t:o c' ka this coCse whn it is a d Qhnl
studei:s w1o shoul d Le nc,.a- ...a "t to are h:hi courseorri () oi st,'
no Mr (iQa) who havc 
overseas, and (iii) 

.mtt:,_r wh: tha .ajcr; Americn stud-ents - a;y t;i C ,f..A c.'c ;n.' 
p-tntial Pi:ae Coups Vcluitecs 

'.o the best of my kno' 3.edge no cci]].c;' in the I.S. tec chos' a co.p~rohc-siv,
course in preservae:ion and larot ction of foods with pvrtc'] ar refrcrce to the 
constraints that apwply in DRs. A.I.O. con S'.,,p into this ,np by ar.an in. M.: 

workshop to be attCended by sC'.a< d f . ro U , Theconducted . the bwouldSt.obe nr,:neei n",,hv ....-t ... I perc. in food acclog' etlt1botoy ogy , grain1nooob.agrin and 
storage cnpi:ering nand stcr-d products eccn-mi.cv;ho ou.d ,o throg e piciinh.ipl
of tropica l food preservnation with the intuntion of Lavin- th faiv Wrh li 
interdisciplinary course aIl.nr, pih'se l:ines in t'heir own college. The ,-. ..... : 
of this r u s .l L pubil.h:i a a icOi o...oma ',,., . .ooi... 

http:callu.ge
http:practi.cs
http:mrc'-:o'..gc
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editorship for use by students who take the course, and by other interested 
parties. The course in cereal storage that is ofered by Kansas State University 
each sumuner would be a good core around which to build a multidisciplinary, multi
commodity course in post harvest food technology. 

Once this has been successfully accomplished in the U... the workshop 
sboold be oifered to a selected faculty in those collegs in DCs thut undertalk: 
to offer the course on a regular basis. This activity should b Liven high priovity 
by A.T.D. because it is an essential first step to "nceaee t'he' number of people 
in DO who are knowldgeabl.e in the area of post harveq. food techo..l cgy. This 
phase vould be a logical activity for the United Hations Un. v .rsity if it develops 
the competnce it is hoping to achieve in the post harvet t'.d area,. 

c. 1 .igh S.chool artd 'riry School Educetion. Al.. c.hi:Lldrn e n school All 
rural arrS in Ds snculd be g:i.vuen sor.m :ins:tct Lion in th-_ i:Mch11oly .of Zo,.d 
protecti". ,n I, ). should encouroge Education Dpa rtuents in DO:; to inalud! 
in. Me .u: ic Ltur coma of the si.mpler concepts of Ocr p ro a..tn paut:L.c:A., La;: 
ways to pcesrve food. This effort could reach all the oay downi-i LO ciildr-ea 

" 
in the 10.-12 year old age group. It is jus t a; import, an.t that: Yhr' chilircn 
learnM o to preserve their precarious fond st'pply as :itP is to i : o toCa 
and write. A.1.D. cnn help by arranging work:hops for Leachers, .nd . cor.as 

,in teac'h.r' colleges to impair the knowledge to tcacIe's and t.ach,r-uo.-, 
A.I.D. could also support the devnlopment of tcacliingr ,ateria' in: this arwt1 
sui.at:bly for t:he tangt. age grou.,,. The teaching materials Whould he ",.pa'T: 
Ly "vpr. L:s in ::cha.t: ,,,n and chcce. d for accuracy by ,pac ]a .ist in p,'; .. ',.nt 

...c:;t r a -- do poor 00 oJf .o.nlunic. tagt W LA lay POCple, t -OL '...L ."A 

b . c" c .n with te Regioa" ureaus d A. I .,. pe:r sonnel 
who =r2 .involved in eMlucation and human rsotices. 

d. ... sl..tion l B W,:ith 

0. ETiA.on 3cr':, en. A.I.D. should hel.pi decelop tducaticr programs fur 
sh , P :il te E .;Lenl s ion er viTce in 'M . There is a co cie,3abLe amo-,.I')':';'i': id, 
of rlp roplar , t' chn, a.!,cgy a .Lread y :vai].ab. e that shoid be broug'ht to th.e f:niov. 
A.T . could a-lso help by -ding the development aod supply of dii:i.c .nal; ... 
such as pos ers. leafle.ts, and movies to be used by Ext-ension ,-rvice pur:,,nel 
in tsi .r wo:N v,,iith fa rrcrs. These mater:iais should be developcd iy .c; i.si 

.u51 .or 1:.';]....rso .. l Pnd io.t exper is and chec.ad ec.uracy by :c i "" 

A..D . si.oui ta 1atc assis -;c in traiinng E'rter io Servic s., al.:,o;', Y". 
the prca- ,bu,;of.,iil. pp umi g-ti n and sprny:i.r:g tccl iq ucs for ncoet { seCOo.f. ...
in:rati::Lo' in s ., on-farm 's .l, sirorag. L.Lenson p oina- . he Or I.;"t. .":. r . ,Poo.Cl uiti 
to perfom n this service fo f.rmars and be provideod ,ii scme aqulpment. subch 
as sprayers, etc., that min needed to do the job prope:cly. 

The s .iest, cheapest and safest fumiga ion technique is the proprietary 
formula of the Degesch Corp. which is sold under the registered name Phos:oxin. 

http:leafle.ts
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The U.S. distributors of Phostoxin inform me that all users of Phostoxin in
 
the. U.S. must be trained before the first purchase of Phostoxin is authorized.
 
The Distributor maintains field staff around the country to .ive the training,
 
which is done on the prcerniscs and requlres only an hour or two for the average
/unericar farmer. The U.S Distributor ways that the cost of IPli0 tox in ta 
is higher in the VS. than in most other countries because the cost of maintailning 
the field staff throughont tl-, country has to be included in the selling price.
Even so, t1he Plisto:.in cost: of funigatin, grain ranges rom $4 to $24 per thousand 
bushells dcpending on how miuch Phos to:tin is purcav::,c.d, the gas tigh tness of the 
s tor age, tempera 1ture of graii, n c o V1 ir fu cturs. 

A. I.1), can lie Ip by ma:i.ng thiis iow cotst si i e L.9Cklliq1C w.ide.y nvi:b].e 
in DC . Perhaps t:ho best. wny to bein in for A,]oD, to arran ,e with local gcvermT.t 
to traccin,* and if accona ry reogiLster Mc: ns oui Peorsonnel to fumi gate fa rmers'c 
grain ,stornat'as, Once thI tecJnology has icoe'o etab'sl-,ld an'd understood ir 
should be poss iii . to train conscientious far:ar, to fum.igate tLc:i.r own nd theirx 
nei, bors grai'ng supplies thus relieving ic1 r f ticn pres:sue an the E.xtons inn 

e. Food Fr Pence.Sourr'y.'F'The Off:ice of F.ood For pence ha cs conducted 
t raqr. i rC,5 ,; l, .:i -i ]_.: ... l i La Southeas t As a, ;'d "Af_ricafor those pert;onne]. 
in DCX: rccceive di1tilt . lt ic-a. This :is worthwhile ptrCgroawho nd Ittu Ci co . a 
that shoul.d Sic ,;ot"lnur bccarc,s o .: can reduce Jo-.ns inr F]? hIipment s. "L "s 
rep'iun135 scoL.h';" should r1 y t ,.'h'.hl. i:''' .! :in "ar( o keeupl the tullovOS 

pn.mnai *7'Q ! (Era . vim nminnyQ tr,0,-04-. , 

t.,,0c. t{: CO.: iIltCT C,jUl.. c., t : ciA pKrcl .,.C C,vi J' '.' .2 U3.55 .Ip . J . 

w.. ,: t.o u. p,, t. u : ] pr'ogra the to out rns':tisc as YA.KL cnrry the 
eOdM I 1.... .. ,t acUr a s M, KOM S' Pi ... Of cii ty ns out.:inod in the sc ction, 

f. Ro". rso ELduratio.n. hie PeopiC', ,,epub.i..c o! China has gai necd a rc 3ptticn 
fOr .e,. i c.' 'a;tio;,. s;ai, Lcechni oloy to ED" rural level and hvii W'Jdy 
.I .. a...... as,-, aro. ns Of : ,,.v , th: food supply nd utritlooal Wntt - K 
2ts K,',.mso popr'CiO. 'liC,' is; a good pro::b:i: y tot they have been :r sfu 
in valop' Aih,: e .ow-co:;:- tcs':nlry'v :'" I.(ocI.' ion of stourod fod. The 
N4at.on 1 Ac'n u. y W ,S'c oCs arr:n csi'r. for v,':iivs to ChiLac; by aou five [.,,, 
proes', 'inn'3 gr:q1 , c nuar Se?.''ari c' ou K K iv 'e Ans-r.St, in C(',Ylr .UMLur
h}' 'u 'cuiu c: . ,'l : ' i" t~?l''C ": . 1:: '. !cei. yo{ I: >]',(' *[* IC'(,[! 0.1- ( ;f.'Q]O 1 [ i 1. Vii( 0 25 V 3C.: r: St" 

fiKl&. A.I. . rhould Lr:y to "r,'ag t fo: a Loam of W'''yrt's 4o Mir China inr'Ov 
what: nct:i.vitio:. they hn.,,e tino t:his ay P,n to dci-.tearm:inc v het er .SoPe of tI.(i 'C 
pc:aaL:Lct:s ra:i gil: bQ copied Cc.: adiit,:0d for us inQ oUC.r :.,,,DW, 'Mhus ItOUr should 
be cLrnc, d. as nna:; poss.ibl.:wi:l., ., D expandingcl reg r,:togrcrm is still ill 
ics for.ati/e stgces. 

2. Adajit:iv, ] csareh 

A.I.D. should support efforts that soenk to convert the basic knowledge of 
* U ,,pf~,i,, IV i i lowi..to,. 'it, i-pal,, I a)hln, ~ a r- ;aaa ,illa f.,~ qhga.

http:Ans-r.St
http:Plisto:.in


15
 

into the farmers' existing practices and customs. Most of this work will need to
 
be country specific, taking into account local 
customs, local building matenj.aJ.s,

and whether or not there are incc:vtives for Lhe fanmer to adapt the new package.

Every aspect of the total packace must be worked out :in detail and check:cd out: il 
pract:Lce before it is taught an a wide scale. It is vasting cverybdy s tire and
 
money to rush in with a now recomrmended pcactice that has nOC beC:n thoroughly tested
 
under the conditiop: of thpt part:iculnr luca.ity, lin those cases , IAra the
 
cost o. the new pacha fiA beyond the f.2:rs ' iens A.r.D consider witat
, should 

grants or loans cmn b)e raised to pay for th, needed capital N vs.TflTfments.
 

Drying n;:dtorge of groins sh]uuild be ,i.,n major c.a,'pnl..s' in adaptive
rese:rch. Atctiv i1u such ns aernation of the .grniAiw.ci, at".cp-a.phic condit:ions arc
 
right:- 1 p i , in o a';r C' dust-s in gy as a mean, of ct,, us .
C O in kiJ.ing .,s of
 
large p:.lascic bLc:g for 'm;all--cale fumi ions., w.kypnoo ing Lod rod.ent pro... ,
 
o toragen.. should be givcn much attention.. . A numbe: cK2 otler ev onV(us fOa considncJ era tic. 
for adaptive esic,,-h are g:ive.rn in the ,ec Lion "'Methods for Pr.erv:iug Food" 

There is a good probability tla the stdy of Chi nese pract:ices wV l provide 
a number of ex amples of well worked out pach;,s ii oroved post harves"of technologios 
that can be used in Ds 

Ti is wovth 2evi wir g here how oto 1- n - St atosthe E-"r introuc
new praft:ivce, to Imeric('n famers. The u.',l p] 1oceduis fis : cvelbp.c th. 
new pr-r;ie .: on then Ex.[ue ri C"pn5-12 ii (1 foirm p, Vi "hatIi kT 1..n , '"'i r .,-.v 

th..c " in .: ..... L-_CiLl ciT f. 1 C iWiOf.r CNG arc".L: ;Onl~ 'ho b';t ' -, O -nWOnS Mad1(e0
in the pi..ospud rw ,racLJice a.s a result of two jo:Lin Cxirlanc of the fniyc5; an--.. 

The .un practice is not e:ivondacd to n.i Trners in ti stat:e- umtil 
it h; lIp th:orouphly -. teLd, adapted to ocal condl: tLof. and prii,-_, to tLie 
sa Lac,:io;a of Lh- L-s fai,.. tS n s ui'pior p:,.ctice. Th,e M%-,L ;t-c : t'.oO be 
ex -an tl-l: lhn',7 techli.qu by m(.ans of demoirIO22 CrowiOn, m.ectings, and pIblicat:Lons. 

This pro ccdn:e can require sever-l rs-l fron the first u..-f;..rm LS:i 2 to
the point oC st;r:.-wdc extension but the -pcri.ment Stn.. n. n from loDS cxpcrien
that tb:is is the t route to follcw. WiLh LKi succc.ssuIii model at home to serve 
as an 0:.l, A.1.I). should bhu prepared to fund ada.pt:i\e roseatcre activi.es in 
each lo,cti nn for P :.0lfic.i L numb or of years to ns u': t:at." roea: .riienidecd n1!o7 p:actic:: 
are fully comurilibi.c :.ith and acceptable to local cordit: ons cust.o:s and H.int 
there n". a1 iacen tives to farmers to adpt i:hem. 

3. ba'ic ,,-ny .h 

.T.D. should consider funding b-ssic research in a few areas where more informati,
is needed to provid,. t-he foundtion on whichi now successful techirc logies can beo
developed. This kind of funding ne-ds ].on term commitrments of the order of five 
to twenty years given to a single center of excellence in each area of interest. 
Areas that are recommended because of their relev:ance co PUFI,-reduction potential. 
a.rc : 

http:activi.es
http:techli.qu
http:g:ive.rn
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a. Drying Technology for Cereals. This should include use of solar energ*'
 
and uss of local fuels such as hulls, straw, and other inedible plant miterials
 
like .hrubs , bamboos, and trees that have no other economic use. It should also:
 
include studies on the technical-economic feasibility of rultra drying" c .,r(:a
 
Present praet:Lce dr:ies grain to a moisture level that st:op the grv'.] of nmKds
 
(usual.y abou: 1/ perccnt). [ho gro:,th of insects can olc ho stopped by di:yig
 
gra:[n to even lower mno:isture contents (usually about 1.0 pcruc:t).
 

b. I]:h Wmpnrati.r,'Storage of Cereas for 1n:t c.idid -,:,.:;ods of Time.. The 
proposed p 1' :io'gs .:o e: Labli rh large world food rcerw:; r:, pred ic.tud u"oi the 
ans-umpt on that grains can be sto red and mainta-.in.fd in g ood condition for pcrJa,' 
of nony yeae. W know V:his can he done in tnpucro, le cli r,, but ther_e :i no 
asurau-e ;,t iL: crn he done in Lropical cl:i:'nes. A.'Io.. should conis:ider iL 

o; ;epcy long gri sLU)e Lca m, LtL u cc in .iate a tCh!?. StUdi of ] pre an 
cn: tt occ-ur7 in r;:in stored for a period of five y-ar: on .on-cr uan.. 

c. ,.yi.; T.echnology for Certain Perishables. 

d, Ly Cost Refr:igeration and Cooling Systems That Do Not Use Electr:i.c:ity 
ac Lh , .... Soure. 

n. P s:t Harvest Physiology of Tropical R:oots and Tubers. 

,c,--c Analysis.of the Comparative Costs of the Various Methods Av:liabi c 

Some of these Hmis will be discussed more fully in the section "Methods 
for Prese g ""'", o'o .) 

4. Litt~o::!urn R~ec'on,: T 

Thu, T' i.pci;, ] in,.:t~u-e mai.i:aius a complete frile of published a,:! dciU 
concrOun r ,:: of c"eon s and ex-port tropical crops and there i.s no need for 
A .. 1), 1'C d , l CL t'volrk. 

Th.. 0v,..'ity of ( -g-c cowp~i~led a cowprchcnsive bibliogrnphy cn ca.rv 
-onUNK. .up:cY eytunsi.'u an A.T.D. should the compip:on an 

b .bliographyQ! 'n: tubers of :importance, mke provisionson topa ,d 
to ,c, fth c :;..i -:: C-to.datc on a continv.i:ng bas:is. 

Ot"',crc . )nn0: cc ,inc , ' hrd almost no acti::.v:ties in assvalnb!:n g a bibliography 
on losgus aWd causes of .los:.c' in perishable foods, wit:hc thie possible,, exception 
cf fish. 'Thceis a real gap here. A.I.D. should select a :limited nuv.,oer of 
pnrisbable foods for atnt:Lon aand establ.:i.sh a-nd mainla:;: a bib:l.:Log:,:aphy on these 
commnodities. 

http:establ.:i.sh
http:ta-.in.fd


In the early days of the U.q. Department of Agriculture and State E.periMent 
Stations, much attention was given to food spoilag- on the farms, and simple practical 
ways that farm families could recetc their l.osses were deva loped., ThCadvent of 
modern transportat ion, m'r]:cting, ,nd supermarkeI:s hvac J 0.v:d today 's .aercrican. 
farm family of the task of raising and preservinga alirost ai their own food. Therc 
should be praat:il .. .. bu ri in older lications thtso... c.,good, informatio: . the !pub of 
that should be applice. to WD,. .[I. , should rpons., a Eorch througph thlis old 
litera t:ure t:o retri eve it , brig it 1n-to- i>c "in uhe li:,.it. of advances in knu .. co 
in food science and apply itt1:o prob lc>i W.< 

IV. Me.'hods for Picaseo olt " va!ov fd3 

Th.is section isa a briof rri.:w of uthe availah afr p ry lag food ond 
reducing lo-;ss <-. It is int : ed to idl ect- co A.?T.D. tho:. -. s tia : should 
have a high pr::or:i.t in i-ood loss roeduct a a. Liv.it:s (that; doscve a 
low priority. 

One imp or tnt con ,idernatn is thc cost of t... vor.nu. -e.o Iod of preca rvation. 
" 'M O'Q,. :Oi.-O a <a.ay theLAN.D, Slo MI:: s eLahIc nd ' ,. ty.pi.cal figurese for 

total cost of the M dU of ii U.S. us adiff:r,.t OO:h presr':arLion tr and these 
figurines as nab tsto pro-ject probcl)e cost W: 1M,-, Thi-; \w.ill. he2lp s5(21 'nct the 
l.owest cc' . ho&i of prc;iCva ion and elmia::- from further eaOnsidcat.on the 
more costly metods. 

This has iscRer tic: najor ..... or pscs ng W .... 'od. fo supply 
thro.ughouL rcco 1ri WMT ',. fl's (.nn0of C 2~ 'igern0tio,tchnoieo ralr' 


,,.tunsy.e .: ;' K.,,,i 'r. h h",V bee dnR c' o d o, ' tlha J.st ]50 yea.'rs 
have L.,-d dry,-ing n ',1 Ito r'flc fo: pcus.hile Ques.- But :ryi' is 
stil.l thes pr U,'?oM'&. toy p2 Cr',,''r5rv:ig r'a:n bd h:Wu it in WIJ. the 

n toh :bed [iu> dr1i,; oneNumber 1 food ."e' .i,'. . r', on t-0sa:v.i .. :.Hi of 
the low ,tI : L'Ih',nd V,'food pr,cI Crv t::i21 : ;ou. N hI. lon.," bp( ns a 
Pajor nethod for ;cuscri:t.s, of poyible f''< :ifdUs.<sL A.M"'.n cant. 
to surport C',;annici on ryi.ng of ('cCr:ls. ''ia atteition should b' given to 

a:] ' "ilabin co.cusing r;olar ,Cgy and ', from voca]y'Tic MR. KS of 
mix..ng a d'scca''nt w.ith :A :ran to d.y it, ad .leid-:. sa:ra ti f: the. d.,sicent: 
and roercratig it r:nL:(' conti r:,:dtudy, 

Drying and d, '.rat.on sh'ould a].o be o'nc of 1hp mnannli pr. "5.1."v t tecnliques 
for perishal,_ foods :i.n )C. The fi. t that :i :J,: ctim
 
consuming, ].N capital con: teiniqui that yicds a produ ct that requires several
 
hours to prepare for conoumLption has made it u:ppopular in developed countries but:
 
these are just the attributes that are desirabl.2 for Ms.
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A good sun drying technology is available in the ar:ic regions whore d&.y1nyq occursunder low temperature condit~i.oun,, and in the arid tcmperate rcgions .ehr;.'c hi .J1 sUmanlatemperatures and low relative humidity causes rapid drying. But no tchnln.y has
been devclopcd for sun drying in t:h e humid tropics were temperature Wd rulative
humidity are high but the intensity of the sun's rays is also hi, 
 .'I.D .ould
 
support a research c-enter in a long term program to 
dvelop a p.,h;.e of tc 1olony
for drying and storing i erjsrhahl.efoodp rndr the condit: ions of tlhe humid tropics. 

Since all dr.cd foods, cercais, legume, , anin.i lvoJP tur(pc : is:b s dop: : on the:Lr lc,'

content to pr.event gdowth . ro.ficb:,, it is:enential Wiht e
My:'..ept dry by protect:j
them from water and h h humiidty su::roundi,,. The:': :v ::-;o a n1:c'd to biCroi:,cto,

from hl:iJ;h)r form5 of life steh ,s insccts ,non.p ro:on. Mau. o..ctivu .. 
of dried.(nds [Jst c'('1Oo nu essentlP tLi lr\ uh I'An rI _1," . pr.ocess. Ef v[ctiv. p g.inil, be rya'nshould n m.ojr by' /uT" . . 13 "
retn:il ,c Jra,ympi stor-pu on far' .d t:or::, ann .;'r ,oyaO'o ,Cn
an'_d tc:].i nalsr:.:. ovtuL
TIic in' a need lhprp Wn l,::.. r,ru,..uc..'."ndvo.:
, tiv.n r"pf:nr-.:ch', r:<'.,v: , 

i-cn'tioV ,p or stc:,: fa ili . . sand cul of c L le pro','ion of ,.dditiona, UD6 stor-.' capaciLy in DOi should be tho m.,ajor avenue 
for ons [-ructionI and iC..eItr fu'nds
 
in the c.:)d,'i dc P 1 'L e.duction program,
 

B. cfr a t 

It is a 
M!.l estali, d fact that reducee:l temperaturc prolong the storage life
 
of foods. There aru three activities that A.T.D. sh . Id support in this area.
 

coo.:ll, in not v good as caomplete rofrit:g.c (I,'tbut it is b': a or th..:'1.
 
no coo.ML at all. :Mu.nds that: should I:a estca,:i d a ud.a pinq foods cm:
 
of dir t '-i qt ,, , of evnporativa 
 typO "at:Ur. C0c -10 in regi:.''ons that
 
have low .ul]tivu n,.dity, and insul at ad 
 storagen fora Lhose r2S:;isai. that have
 
cold n1dIt -'ldc
.,.
 

Tropical rito, and tubcrs have an opt 
 0, .III ,"t lSifeat teraperatur,-s in I
 
range of S'O-5 .
. .. F. The,se tempcratures are easier to ach:cve nuted oi.n rain
than the ruiirlIil-. ration trampcrature,. of 32-40 day,1CU' F. Thc:sa sin'.,ple

:i'.ve
and plaCi:U .y '- meuhliods for reduai:ng tenpra i .. ;houI he of parti',ir 
use for tii. storaec 
of roots and tubers.
 

2. 13evalop .u.LU.Q svall, low cost cnoling systcms. A.I.D. had a contract
 
with Muran l ectric Co., :a i962 (Con tract No. R.EPAY- p)art of which included
 
a survey uf naiods of rufrieration.-coli.- ,."s... atc'
r i:uirol communi.ties. indeveloping' countriesca. There ap.,ears to have )e' nn 
A..D. acti\vity in this 
area since 1962. Even. though ref geration ray not h:adthhi rrach of the
subsistencc far:ar :it might be possible to develor sum ie nind of :: locker system
operated by a storekeeper or cooperative tlaet wouJ.d mask: cold s.torage space
availabl, to a community. This project calls for percis:ence b'cause some kind
of copling system is bad]y needed, especially for th pciishable foods. 



Th s of solar 4 energy and~igssoldb sdrd as:osblte 

Pro5cessProducts Inc) of Gardena,Calif ornia make, an"'icy Ell"Srefrigeration system that'uses an. i.n I-ermittcnt f'4ire:,,to ,,op erate. The6- unit: they'

~manufaecture is toepniefrDsbtte rnil foeainmgtb

~adaptable. tlilie that icy ball type refrigerators were widely used,'
url.arasof the'U.'S tefarmsin before were connectod rothe electricity, 

<3.Q Storage of cceais in tropical-climates under redluced.,temperatI resshouild 'bestde beas hr is no assurance at, this time that 4 cereals can' 
"De successfully stored for'l 4
g,periodsof time'underhot condit'ions. S omec
 
+Pelimninaryexperiments along these li'nes have been performed ast tlie Tropic~al 4 
P 4'but 'the technique should be studied further 'With. ref 6.renceIroducts Institute

to..long4 terrn'storago of'~coreals in 'tropical.clim~ates.'
 

Aohr 'possibility for long term storageof,grai1n in the 'tropics

~is to ;consti-iict Lhe storage centers 

4
 

at high; altitudes where the prevrailing ~ 
tempe'rtures are lo6~er.' Below about 60'F insects ~practically stop
'itltiplying, mold growth an~d biochemical reactins!4in 4the grain are slowed4 

'
 

'andthe w~hole., sto- problem becomes much easi er 
 to nae Tisoil1 
'ed to be a tech'nical-ecaonimic study'b-cauoc tbe co~t S1hof~trasotn 


to a 1v~ J-1.eIV1_~ufi agaiiit5L: quIi.Ly. deterioraiorl~
possible lossoth grain~ in storage near sea 'level wh'ere4 temp eritures 

'C. Chemical Preservatives 44 

Theie ome. close to: the' ideal method for preservaticin of foo'ds in the tropics.

.h' ey are cheap, effect~e LWlly to apply and usuai~ require a minimumriof
easy
o'Vquipffent4-, Thec food 1additivs that are'p~mte by th U. ,ood and Drug, '" 

Y"Administrationi can into ma.in '4 (i)be, divided~1 two groups. 4 'Preservaties Chat,4444 
444retard &4oilage of food. .This is',the4 4group, in $ich' A.'I.D. should, have a4' 

~~'nees.4 (ii) Functional additives. that' are'ti. ed 'to im'provecth c vr,-.texture,, ornutritonal'pr pertes of. the food., griro hei 4
t'4hi~grup asto~is, 'of, minorinterest40iA, 1' D.~ Actions that iA, I. D.'hsI 't ake fin"t'h i*Sar e C1arI list Ic,' '4 " 

1,,-iiajjFCC: an bdntcde arad hv a >well.estabished'.~'"'''i

place in grain 4 sti~age,!sstems.~Thoe, practices shouLld- bc,.extended"'more wiclely -- '- '
 

2- The produiction 'of. a second 4crop of&4rice4 4has begun,,C be adopted , n, some--"->'
 
areas but iti raises, tha'4'erious problem4 of hou to6 dry the, ricelharvested- duing~'"4 he' weTt~S'eason." Chemfical 4pre servatives 'ae lavailbe 

4t~ 

Lhat~~~ib~.~ ol rwh no s g'rain £for. a This~ ca _44 year. practice" is4 usocd"'~"" 
~ av l~u'7pp'~ rgiajn~ 4nr'endcdl foi 'cditlo feed'd lndhasl'bcen 

tlhe sujec-- Of CXpe mo n ithU. ' S. :rpqi' c.( s no used on~.n.44>4'4onumpiiClsfition f'itsunpJ.aas'n sodium

ancl calciumn 4Salts Of'~1):pi'hia~~addare permnitt6&d to!bc, aded1~ to bread without 


44L21L fc ' b'Cecause-.or: fao 4 ht4 h ~
' 

limi4at in 'n 4he U.S a mold 'nhibitor.<- ',4> 
4 4 ' F>4t 

http:b'Cecause-.or


1b 	 dose' of' rojpionic acid 'applied to moistltiqiepsile that a~ ~1oer 

paddy 'rice"' 6i%7d preet mold gr~owth for a month or~two and tha.tlms.o the 
c'd would be, removed wh~en the~ rice was 'dchulled thus~ elii intn telaor 

pioblem;i':'The potentaldd itioal weeks that the moi~t' paddy' codld be- safely 
~stoiea would -ease'-'the'problem of ov'eiloading-thd c~apacity of ricci dryers during the 
iharvest season and might even hold the mioist paddy u~ntil the 'nd Idf the wet, 
se'ason thu's allowing it to be dried in the sun. The'cosL. of the{propi.onicl 
acid would be in the range of '$1 to $5 per ton of trae iebae n the. 

I have. made oxtensive'inquiries, and can locate rno attemp't to' usei
 
propionic acid as-a, short termi mold J.nhibitor for wet pacdytbat is'destined'
 

,for humnnconisumption. The potential advaintages of chemical control. of mold'in wet~ 
paddy areso great' that A.1.D. should consider this a high priority research 
'project and should 'contract for this 'line of'research'to be-starte'd as'soon as 

'A.1.D.' shouldJ make a contract with a qualified organization~ to study
~the'effective'ness of propionic acid or miixtures of propi=nLc with Iother preservative'"' 
c~hemic~als, in inhibiting mobld growth on high moisture paddy. The study should be. 

redstricted' to6rice in tended for human consumption., It should',nlot'be extended ta-' 
'include other grains. The ideal organiza.tion to perform this:-contract w"ould 

hae heT-ll~ipchretritis:(1 feeacess to known varieties of rice4 

toppyth cid'Iuniformily to the paddy; (3) either~ a tropical climnate fi Gorage~ 
or a, controlled' te'mnperate, facility that can dulplicate the conditions ,,of thew 
~humnid tropics; (4) 'dehulling andmilling- eqipment that can give close control of 
1:he operaLtions,; j(5) analytical 'laboraitor-y to <measur~e acid levels, and (6) a 
jfood, techinology departmnt'.with capability in the area of sensorv ytetin methndolog'

-~5~eerminewhether th'e flavor of' the propionic acid can be eliuinated b'efore ,the ~ 
Kcook-ed rice reaches the table. ' V 

3.Scredrb'ots and tubers arte prone to sprotin~g and decay Chmcltamnt, 
~are available that stop, the sprouting of potatoesland' onions ,(in"11 1eic hydrazide 
and chlorpi6fam)' and that inhibit rotting in sIiored pota.t Ioes 'an4frulits 
(tib-iaoeadbnml 	 These' treatme~nts "are permi~tted and 6 well
 

t bf~ed 'practices in-.the U.S.'~ Their 'us'e sho'ild, be 4explored.o extndng
 
"the st'oragc ,lif&e anid redtcing spoilage of tubers in' roplcalciates.K TtiLs 
 - '->

i''would7~ rejir comibLnati5ocf ',asic research towrkot thel procepdures to be"' 

used on a par ticular cmmodt such, ayamru b adpil r~sac to nm',-loe 

44~'the procedlure fit, regional condit.-ons. , 	 ~ > 



y A 4~Anumber ofceia reevtv' such, as benzoic acid' sulfur
 
dioxidce-,, sorbl5,;cidb nlathe; and fa anixdnsare used~as pemitted food
'pIreservativcs in,, the'U.S.- The~ir use1 bn specific products to reuespoilages Otil. bb:explredu-ae

shud ~~~ltd ai' the stic~essfu1 'applications extended to ,DCs., This reqjuires
 
'.teaching,'the ueof pr'eservatives 2in courses in food preservation and supporting,~

adaptive, research' to 'f it"them into, loca.l conditions. ~ 

5.On'of th es I,,t
nd safet ,chemical preservatives is,salt. is used'
 
~in' many tropical~areas inV an atep to preserv~e fish and it,can be used to preserve
 
s~Inoe vegetables. 'Unfortunat1ely the salt is~usually very imipuire and' the impurities
 
cau~se almost as many problemis as, the addilton of the salt 7Solves. The technology


Sfor' producing pure salt' from sea:,water is well, known. and effectively used in

developed countries. A.D. should, br~ing in salt experts, to teach the DCs,.how 
~to upgrade the purity of their supply., The' salt.iikdustry often has political.

overtones in DCs but its importance as'a food prese'rvative is so great that some
 
c'ffort" should be made to upgrad 'is quait
 

6 '. :There4 are some interesting possibilities in combining cheniical pesrtiesS,'
,witli drying procedures for 'perishable foods. The use of preservofives asadjunct~in'dryin lhold be~a'f 'tr o h' ff rt t practLc fe 

anl 
(Is1 

freetive sun dr~ying of tropicai fruits. ' 

l Soiul rh n~al lacti1c, acid etains,lcohol and fer d~O 
~~n~u.aipesr2va Liv e as' a product of the fei:Tnnation. lTheC lcohol.itti~j,

IS'widely usleds aeens.o helping to pr6eeve certain beverages -and requires
'v"no further commient. The lactic ai fermentation is effective in preserving 
t"ce.tain vegetabl'es and~in helping to preserve some processed meat produ.cts.

Altouh ota ig pjirity matter" the-adaptation of-the-"hc tic acid f ernientation 
tolclconditions should be encouraiged whenever possible.
 

T, Cannina 

Th thermal sterilization of food in cans or bottles is one of the~best means
 
of-pieserviing perishiab.le fobods but it is an epnieprocess is a,
-and'there 

low probability of- the costf b~iig",redIiced 'sisti~aly ,n, development in-,,this 'area is the' use 6f 'heat' sealabJlc ,p't ' cehe n butat~cpouchesp to replacetecn
ths. technol~ogy is even wore expensive than4 cans at' the present~time. '. Corixnrc'i6.l

41Canning~is:.oy fo'usi~ec1 rcm~ne 'ppltos-OZLsof, the' ighl cost 
"but it'has aniI rolo ini ity~ pplationswhose stan'dard ofepain~Tg c~bs living''.~ 

~'.Khereis,ohne area of 'exccption. 5to this, recminieidtioi" against action in.cnig 

caRnning, center. for DC,-,. rTie c~ cp ejlst6have 'a' community' canning, center"'
 
whr beralavi atill to al embers of the,,omunt
 

to rasrveanyexcsslof Peishblefoo, oerimmeiate' needs.' The, gla s * s4isth 
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come. with ', cai +thekit, are reiusable Which reduces'the container cost. This
 
cocetha ptetiland should be ,encouraged for those villages that have a'I
 

's trong comrlunity, spirit ad the funds' to provide the ii~ial capital cost of,
 
the canning cnter, or the- 'ability to persuade'som& donor toproVidethe equipment


''and the jars.~
 

F~ Freezing and frezcz.dkn ae• excellent but 6xpensive Tmeans 2ofpFeservin
 
h igh qua li ty in food. 2,Their cost puts them. out, of the reach of ,low iincoie 1populationis,
 

GSterile filtratioand pasteurization require sophisfcated equ:Lpment2 and -on these. grounds are unsuited for low income populations, 

1-.H2 I[rradiation 

'~ L,nctme irradiation promised a convenient low-cost method of pi. $Ie'.v.ing foo6d 
owever-25A'~ years of intensive' reseairch has clearly demonstrated that, under
 

prcscnt condcitions, irradiation is inferior to 'othe)r means of preservation 
with 
respect to' cost and, convenience. (There. are still a few partisans whoia loudly
 

1 prolaim Ls potential!)
 

The disinfestation1 of insects, from grain can be successfully. accomplished by 
means of irradiation but an anialysis of the total costs in~volved showv that -fumigation

~teclhni'qucs cost less and are more convehient. The ei.tension of the st'orage. life, 
. 

2 than by irradiation. <Tfhe steri tion oi- foods by rhiigi I
 
at~lower. cost and yields etrqait rdc ta steril, ation -by ir2-ai'6nTA
 

There is a possibility that irradiation will find a niche inthe,,fod 'p esdkvation
 
n'-idustry, but ifit happensi it will probably be for-a 
4~r~y special-set Ofvc(2ircLuMStanICes, 

thaL apply only :to a minor food item., 
22-2 

A.'I.*D. should not support ir'radiation studies as a means of PH-FL reduction at
 
1:ime..is However, irradiation should niot be dismissed and fogol ten 2 There
 

k2is always the- possibility that a new development in irradiation technology iwili occur -that will mrake lt attractive as afocd pl'eservration technique, In, the ~'> 
22.4 

42likely2 event that the' rood and Drug Admiiiistration. bans the u e of a.1 grain1 
' 

,fumogants, irnadiation would probably'be, used' todisinfec grain despite its;++i++y:t+:++ l2+++++: +++++ 2-hierost and ±Pconvenence because itwouldbe better...h.an no.tra..mentag
 
insects. In 'the mean.1.Ime, theburden of poof of-.the, ef fi'ciency nrdiot

as~~~~~~ alw:cs:peerainLhnique 
 houd remuain with itsprontsnt 

2-222- 22 '7 1 2 2 2 2 

sjy e 2 P rotein, and Fo.' Singleu pp C 11 .o ;+;:+ -+, 2+,++ -+ From+: Wast eA * 2 "22 2*22 22 22 * 22, .222u 

1rThe&sfL7 rtwotpics are 2presently receiving uch 2nt 
to2 

r s'r1 al and-publicity,
2Therec have been'some: attempts link these projets withi~P1F~r'rdiition, activit~ies.2
 

Jje+ T-ben" inthcfield of food productior noc
j-22:2--21+I ,+2 2 : 2 12+2.2 2 ,, * * 2' 2 2 in, th'e post'' h etp, 12 1 2 se222 12-2 222- 1 22 * ) -2 2 22 2 2 2 and,+2 ' 
22 nc 2v no vai li.t ea post haivest activity. 2 If: 2 these prfocesseR-2 ~ 

2+"+ '2 2-2222+++)-;++ ,2 2 '2 2+.+ 22,Pver 'become successful 2 2 

2s :the 1 2 will almost cartail be ire o'isticatei 2,capl~l'4 2~~2 °m ::+22>* 22 2 2 2c21 ''22 +i-2 e 
' -* 21L 1s un.L:keJ that these 2-,2 ' 2222 2222 * 22. '''+ 2-2. +122 2'2 2 opexiins2 '!Lllimakea"significat contribution to 2 2+ .' 2 2* the sn oa pfopi S nd A £ 1)'-2--2222 2' .2 + f2222,2222 '2,,*+ 22*(,1. 21 , 2+ 222 

~should2;not~,support~ these'activities1 as aposoible mneans 'of,2 improving th~e,, foold-''Y of I'llAS. 2' ...... 



I 

J Dehulling, a ndC-Milinrg 

Deiu2lllng' -nd milling of "cereals is not -a'preservationactiity >but it can'be 
~a sou~rce, of. considerable loss of food, especialliy, rice. A..D. soldhelp Impirov


'the .efficiency of the deu31iig and milling operations whenever p~ssible. Some Ie
 
tactivities that AU..D. could support arc:, M1)programs that teach operators~v '
 
!of. this type *ofi equipment how to run it wi,th maximnum efficiency;9 (2) research 

yinto improved methods of threshing, dehulling, and milling grain for small operations~$
in D~s; (3) jthe aquisition'of new equipment. 

K. Small-scale Extraction Proccsses 

Small-piroc~sssing plants in D)Cs that extract' sugar from sugar cane and oil from 
~ oilseeds, coconut and peanuts are usually inefficient, extracting only 50 9per.cent 
to 751 per~cent of the Wanted f od,Material.~ The sugar remaining in the pressed
cane.1,i lost 9food. The oillot in the oilseed prcsscake is not a loss if the 
cake, is uso-d for human consumption but msoreoften It is lost betcuc- theicake 

Si's uised for cattle feed-or fertili.zer. A. I.D. "sh~ould help ,to *ipoetlic ef ficieny< 
1 of these i-iiple extraction processe's Nqhencv7er~ the lopportunity is, prcscnt'cl bysupporting research in thi- ,areai andpoiigi~ or im~vd p'res-sesfor extractioh 
AThis problem of low extraction 'does' not apply to large. modern extraction plants-
Qsuch as sugar centrals that' usid1ly'have. the equip-rment~to give hi ,I efficiency
of e-,,tt:act:L'on and minimnum lloss of food in, the: residuies., 

SL' Transp'ortaton'<-

M9Ath ougli outsidcq the arei 'of, expertise 'of the consultant, i7t should, be nioted
 
-d:a transportation system that-is adequaite in quanLtity and quality is -ai 
 ir~portant -S 
()M;)uetof th ttl po.L harvest: food system,' ,a 


