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Abstract/Résumé/Resumen

The authors of ths volume mclude rescarchers and scientists from many countries that
encompiss diverse climatie, geograptie, and sococcenomie conditions. L heir disciplines were also
numerous: home cconontics, food science, nutriton, physies, and engineering,

The workshop covered the most important arcas m the design and operiation of i deying system,
Phiese arer drvimg regquirements, consumer acceptance, heat and mass transter, and heat sources,
Within deving requirements, the need tor disnrg the product is diseussed as well s drying times and
rites. sample preparation. quadits changes dunng drsing, rehydration problems, and problems with
starage of the dined product, The section on consumer aceeptance includes the eftects of drving on
the nutntive vadue of Yood, the introduction of a dred food ¢ the consumer market. and how
comsumers provide vaduable iformation to scientists to help i improving o process or product. The
theany and desizn of o desmyg chamber and process contral are explamed under heat and miss
transter and an-operational tull-scal - drving ssstem s examined. Finally, under beat sources, a
number of examples are given in the use ol the sun, petroleam prodocts, agriculture wastes, and
woud s heat sources toracdrang process A fmal concluding commentios s made on the overall
recommendations dernved trom the workshop and proposads for future work e given.

Fosaatears de ce volume sont des cherehieurs et des techniciens venus de pass tres diftérents les
uns des atres dupoint de voe chimat, géographic et conditions socio-¢economigues, T es disciplines
representees Cent ansse 1res diverses: éeonomie domestique. alimentation, natriton. physique,
HENIC MU,

Fo eoliogue @ evamine Tes questions es plus importantes en ce qin concerne L conception et
Futisation dlane istalbion de séchage: besoms en maticre de séchage, accneil du consommateur,
transiesion de L chalear et cvacuation de Phamidité, sourees de chaleur, Le chapitee sy les besoins
cimateere de sechage trinte de o necessté et de B durée de cette opération, de L préparation des
cchantiflons. de Pucvon du sechage sur L quahité du produit, des problemes de réhsaratation et des
problemes de stockage du prodmt secs Te chapitre sar Faceaetd du cansommateur triaute des effets du
sechage sur Lo valenr nutrive du produst. de T commercialisation dun produart sece et de Farde que
pesent apparter fes consonmmateurs S Faméhoration dun proecdcé ou diun produit. Le chapitre sur
B tismission de i chadeur et Pévacaation de humidite trante de e théorie et de liconception d'un
secharrs des modes de reglage et décrt une msallation en service. Enfing le chapitre sur fes soarces de
chadenr donne des exemiples Futilisation du soleil, des produits pétroliers, des déehets agricoles et du
bots, Ui exposé des conchusions dégagdes par e collogue e de ses recommandations est présent” 4 la
lin de Pouvrage.

Fos antores de este volumen comprenden investigadores s crentificos de varios paises que. en
comunta, abarean diversies condictones chmiticis, geogrificas v socio-cconomicas. Sus disciplinas
respectivas tmbren son numerosas: cconomia del hogar, ciencias de ahmentacion. nutricion, fisica e
Imngenieri.,

Ficursillo abared o aspectos mis importintes en el disefio s operacion de un sistema de
deshidratacion. Fstos sons requasitos de L deshidranacion, aceptacion por el consumidor. trasferencia
de calor vy fuentes deocalors Fotre los requisttos se examina L necesidad de deshidratar el
producto asi como fos tempos ¢ indices del procesa, preparacion de muoestras, cambios en calidad
durimte ledeshidratacion, problemas gque presenta fa rehdratacion s problemas resultantes del
abmitcenmuento del producto desiuds edos Tacsecerin de aceptation por el consunudor comprende
los clectos de L destndrrtaensn sobre ehvator nutnigy o del alimento, L intoduceion de un alimento
deshidiatido en cbmercado del consinudorn v comu estos isuvez proveen imformacion valiosa a los
cientiticos avadiandoles aomeporar on proceso o producto. Se esphican T teoria v Crepo de Ta camara
de deshidratacion v el proveso de controlbigo trasterencia de calor v masa, examinandose un sistema
opetatin o de deshidratacion aescaln comeraal Fmadmente, s bago el coneepto de tuentes de calor, se
atan vanos ciemplos reliacionados conebuso del soll de productos petabiferos, v desechos agricolis,
asi como el de B madera como tuentes de calor para procesos de deshidratacion. Se electua un
comentatio il ~obre recomendaciones generades derivadas del cursillo al tempo que se efectian
propucstas para ol trabago tataro,
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Foreword

Foras long as we have historical record. the heat of the sun has been used
to dry cereal grains, vegetables, fruit, fish. and meat. Solar radiation is widely
used as adirect sourcee of energy by which to dry and dehydrate foods of many
Kinds in many countries. As fossil fuel costs continue to rise, direet and indirect
solar drying will gain increasing importance as a method of food preservation
throughout the world.

The International Development Research Centre (IDRC) s supporting
several research projects in whick solar radiation alone or together with
combusted agricultural wastes is used to dry crops and other food materials, in
several of which the influence of variable drying ~onditions upon nutrient
retention is being studied.

Because the food dehydration and crop dryving projects financed by IDRC
are located in countries with widely different environmental conditions and the
spectrum of research activities calls for a variety of scientific disciplines, it
appeared desirable 1o bring together research workers representative of the
geographic and scientific diversity involved.

A workshop was, therefore, organized from 6 o 9 July 1981, at the
University oft Alberta and in colluboration with the Alberta Department of
Agriculture (ADA). which included 2 days of formal sessions: a I-day tour
organized by the ADA of a grain drver manutacturing plant. a local farm, and a
primary elevator: and 1 day of informal visits to various university departments
and comnerciat organizations by individual participants, Those attending the
workshop came from Bangladesh, Chile. Egvpt. Guatemala, India. Indonesia,
Kenya. Korea, Malaysia, Mali. Niger, Costa Rica, Peru. the Philippines, Sierra
Leone. Singapore, Thailand. and Zambia, encompassing inunensely diverse
climatic. geographic. and sociocconomic cenditions and with expericnee that
embraced home cconomics, food szience, nutrition. physies, and engineering,
The main topics covered included drving requirements, consumer aceeptance,
heat and mass transfer, and heat sources. This publication comprises the papers
presented and discussed, together with commentary by the technical
coordirator of the meeting,

It s the beliel of my colleagues in the Agriculture, Food and Nutrition
Sciences (AFNS) vsion that, thanks to the contributions by those who took
part. this publication may prove of lasting value to others in developing
countries who share similar interests and concerns.

JUH. Talse
Director
Agriculture, Food and Nurition Sciences Division
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Theme and Objectives of the Workshop

G. Yaciuk'

Fhrough previous experience, it was telt that
the workshop should cover the four topies most
nuportantan the design and operation of a drvmg
sseteme mmely: drving requirements. consumer
acceptinee, heat and mass tanster, and heat
sources. The majonty of the papers deal with the
s)aentist's particudar rescirch and. therelore, do
not appear to follow a particular tonmat, The
doshowever, respond 1o the type of idormation
normalis within the four
topies,

Secion boexamines diving requirements of
four ditterent commodity tvpes. In terms of heat
transter. hish can asually be considered as o shib,
paddy s i porons hed, and potatoes as cubes or
strps. Bach paper loeks at the need for drving
the product, drang umes wand rates, sample
preparation. quabity - changes durnmg devang,
ehyvdiation problems. and problems with
stotee ot the dued produoet,

Section D contnns tour papers related o
consumer aceeptabuiny . T fust paper discusses
clecty of drvmg on the nutnenee value of tood., i
paricnlar drvmg ettects on carotene and vitamin
Cretenton i a number of Kemvan vegetables,
Althongh the second paper discisses the design
ob new conpea-based toads e Phailand. some of
the adeas may be ol value i the introduction of o

constdered one ol

Lechmcal coordinator tor meeting, Program
Omcer. Avncotture. Food and Nutinon Sciences
Divacn dnternationad Development Research Centre,
T8 Whate Avenue, Suite S04, Fdmonton, Alberta,
Coanda

how
consuners may work together with & scientist to

dried tood. The third puper exammes
mprove @ process or a product. Often an
tmproved process vields more product than can
be used by the processor (atten the Tarmer of
bsherman). The fourth paper exammes fish
marketing in Fast Java.

Nodrever i designed efticiently without some
thearetical - consideration of  heat and
tanster rates: The tiest thiee papers in section
I discuss theory, design of o drying chamber,
and process control. The fourth paper exitmines
drying of grapes on aliree commercial seade and
as suchos the only report at the sorkshop on an
aperational tull-seale drving system.

Sections IV exannmes & number of examples in
the use ol the sun, petroleum produets, and
agnculture wistes and wood as heat sources for
i dryimg process,

Spectal thanks are estended tor the editorial
support received from Amy Chouinard  and
Rathy Keales-Vallicre of IDRCS Communi-
crtions Division and to RS, Forrest, W,
Ldwirdson, and S.M. Vogel for chinring the
sesstons: to MLC. Beaussart for handling
logistical saspects; and to TDRC and the Alberta
Department of - Agriculture tor funding  the
workshop.

Mss
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Drying of Fish in India

P.V. Prabhu and K.K. Balachandran'

Abstract. Amony the several methods of long-term preservation of tish, deyimg is perhaps the
simplest method that does not requine sophisticated equizanent o highly shilled workers: Lraditonal

drvingin the sun, ahongh practieed widelv, poses some problems such as show drving and con-

tamination swith sand. insects. and pathogenie bactena 1tois, therelore, necessaty to consider
mechanieal diving of tish The smtluence of temperature of diymg, relatnve umidiny i the diver,
and the r veloaty as welb as selime betore diving e discussed i this papet. Greneral detects
observed in the conrse of storage of fish and some methads tor mmimusing them are abo given.

Fish spart quickly  because of bacteria,
enzymes, and chenical reactions, but bactenal
and enzsme actions cin be minimiized ararrested
by controlling the siorage temperature of the

tish. Chilling, freezing, and cannimg are some of

the processes: Towever, these are technigues that
requite sophisticated  cquipment foe the
processing, storage. and  distitbution of  the
processed products,

Water i essentiad tor bactertal growth as well
as tor the activity ot enzvimes. The removal of
water from nshoreduces the chances tor the
action al spotlage bacteria. Drvimg, either without
or atter sadung and with or without smoking,
widely aceepred  tadinonal
proservings hishe Saltmg, smoking, and drang
are processes that can be emploved with the
mimmum of cquipment and operated by wemi-
or unskilled workers, Nommabs . diving is done
m combmnation with enther saltimg or smoking or
hoth, Salting slows down o exen presents the
bacteriad spoifage ot fish, Some chienucals
presentan smoke also destroy spenlinge bacteria,
Phe remonal of witer by dising can halt the
growth of bactena and moulds. Drvng is there-
tare, o simple method ol preserving tish that
does nat require complicated conpment. can be
handled by unskdled workers. iy opr g
product with good properiic and
provides a highls concentuated tood.

In i

storage

Cental hnstitute of 1 ishenes Technology (CHE $,
Willimgdon Wland, NMatswapun PO Cochun 652004,
Indui.

priactice of

Becuuse drving involves the removal of water
o stap the action ob bacteriv or enzvmes, atten-
ton must be given to what amount of water can
besemoved betore the quality and thivour of the
product are atfected. Most of the spoilage
Facteria do not grow in toods that have less than
250 morture content (MO Simikarls . moulds
alsocease 1o grow when the monsture content
s 157 However, o the tish is salted
betore bang dried the permissible amount of
water can be higher. Depending upon the amount
of salt used, 35000 MC can be considered safe
cnongh 1o inhiubit the action ot bactern or
moulds,

In this paper. the discussions on diving will be
lmited to sun or mechanical diving of tish, tresh
or salted. The principal method of drving
practved m Indiac s sun dryving, which s muainly
used tor the by-cateh from shramp tawling,
Fishos dried tresh or sadted depending upon the
species. The most common practice is to spread
the fish on sandy beaches, bamboo mats, or
rised cement platforms where thes are allowed
todry tor 23 dass. Fish ke anchovies (Engrandin
tidica) are dried without salt: however, lrger
Tshare generalls salted whole or atter having
been spht. Faen Larger hish tike shark are split;
deep seores are miade mthe open flesh to allow
the salt o penetrate. and the fish are left heavils
salted overnightand then diied. Tish like Bombay
duck tHarpodon nehereusy, which contaim
YO-Y2 0 water, are hung from scattolds erected
o the open and then dried. In most cises after
a day’s deang dhe tsh are usually heaped
together overmght and spread out and dried
agamn the next day. This factlitates the ditfusion

or less



of water trom the relatively moist interior 1o
the surfice from where it can be more casily
evaporated during the subsequent drying
operabion.

Dryving of Unsalted Fish

The type of Tsh thatare usually dred unsalted
inchudes  anchovies, small stlver bellies, und
Bombay duck. for example. which are all used
tor human consumption, as wellas seseral other
varictios of small tish that are converted mto
fish meal. The tacihities avaiiable at kindimg sites
determine whethier these Tishare doed either by
being spread onsand on the beach aron mats or,
Jess often, on cement plattornis erected tor dus
purpose with the exception of Bombay duck,
which. as discussed carbicr, v otten daed by
hanging on scattolds

Bombay duck g nvpieal tish ol the Gaparat
coust e Inedie where o hoge gquantits ot fish
fanout 80000t Tanded within a penod of 4
months. Onlya soid] proportion s consumed n
fresh torn the rest osun died and used 1on
focel consumption cexport. The drvang
pracuce prosenthy wsed s oo wash the tshon
creck water and o hang them by panes jomed
pra-tooaw on horrzontal topess Ten to twelve of
these topessare then tied horzontadly Done abose
the other, feavimng a space ot abouat 30 cnbetween
thent Normalhy, 30100 tish are hung per metre.
A satenidtic study coverimg vanons aspects o
divine Bombay duck on scattolds Tis showp
that optimum water loss oceurs when SE-00 1izh
ate hung onca Lam dength of ropes This permnts
adequare caenbon of air orer indivadual fivh
and viekds o fmad product that s satstacton
both i phvsical and e organoleptie charae
teristios. With this method water foss ob 877 of
fresh fish has been achieved.
number of i per metre of tope did notimprove
the drving ume, whereas mereasing the number
of 1 resulted i a stower drvimg nate and exees-

and

Devreasimg the

sive sporlige.

Normally, mocases where the fishoos dried
without satting, the process s comtinaed unul
abhout 1070 MO Although Bombay duck and
anchovies dried e this manner are exparted.
othet sh are used Tocathy, some ey converted
mmto fish meal,

Salted Sun-Dried Fish

A number of species of fish, Targe and smadl,
ety and dean, are salted o sun doed in India

Mackerel, jew fishi, sole, actarius, cat tish,and
shark, among others, are most commonly
preserved by this method. The fish are normally
split open from the dorsil side, mised with
commaon salt (marine salty in the ratio of 501,
kept overnight, and dried the following day. The
b are ther dried tor 2 o 3 day s the sun until
about 357 MO Saled and dried fishare
generally marheted within the country.

Generally, the fish that are used tordrying are
not very {resh. Otten, only tish that cannot be
wold n the tresh fish markec are dried. lee s
eithier not used at all or used only sparingly.
Proper handhing s also notobserved, and drving
v done. with very hinuted esceptions, i the
apen. which mcreises the sk of contamination.
Flies often Tay eggs that, although not detected
mmedntely. become a problem during storage.
Occastonatly, contaminated  tish present 4
stieniticant public health coneern.

Drying of Fish in Mechanical Dryers

Hecause of the problems connected with sun
dryng, consideration s now bemg given to the
mechaneal debvdraton of tish. Inomechanical
dehyvdranon. the drving process s carred out
under controlled condiions. “Fhe temperature
of drving, e seloety, as well as the relative
humidity (RED v the deving atmosphere should
be strictly controlted 1o ensure that the final
product isoof sanstactors quahty.

Dryving Temperature

In mechamcal drvers, hot air as emploved as
the carner of heat to the hishoas well as water
vapour from the tishe At the inttial stages, when
the Gsh tlesh s saturated with water, the
temperatuie of drsing should not exeeed
40250 C depending upon the tish used. At
40-30 C most ol the
which makes the

temperatinnes above
fish tiesh gets cooked,

trad ey product brattle,
Air Veloeity

In mechunical hot-wir divers, gt has been
observed that the higher the velocy ol air
pasang over the fish the greater will be the rate
ol evaporation ol witer. However, b the air
veloenty s mereased bevond o certan linit,
anall whstlpool of o wilb oceut between the fish
and  this cesult e nonumitorty drving,
Faperiments hinve ~hown that an i velooty ol
1520 m/see s adeal tor devime most o the fish,

wili
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Relative Humidity

The rite of evaporaton of witer depends
on the partial pressure of water vapour in
the air surrounding the fish and the partial
pressure water vapour on the surface of
the tishe Theretore, at o constant aic velociny L the
dricr the ae the faster s the rate of evaporation
of water.

Water an Hshois ot present as puie walter,
It contans salts and protein,
When water deaves the fishoat the
these residues are ettt and b the air s very
div i crust will form on the I his
phenomenon i calied  case-lindening, Case-
hardemng also occurs when the teniperature ol
the s rosed and. theretore, ditfusion ot water
from deeper the suthiee
ditticult. This sall result moan mcrease 1 the
temperiature of fish tlesho which will atfect the
quahity, Alsoot the relative humidinn of e air
the infet point ot the drver iy too fngh. the drving
process swall be profonged. and the fishowill spoil
betore the diving process s over. Relatne
humedits between 30 and 60 s recommmended
for dising i hot-ue divers,

of

dissohved Clo,

surtiee

NHIRT

Livers o heconies

Constant- and Falling-Rate Periods

Fhere are two distinet stages when fish are air-
dried: the constant-rate period and the falling-
rate pertod. Inothe st stage, the rate of
CVAPOTALION OF WATer Per unit iarca per unit thime
renuns o constant and  this similar to
evaporiation from a saturated surtace, Onee the
surbace water is evaporated, turther evaporation
can take place only as st as i diffuses 1o the
suttace from within, The rate of ditfusion slows
down as the diving process progresses and
consequently the rate of esapotion also falls.
[his s the Hdiing-1ate pernod.

Faven momechameal dehvdration, 18222 hours
are required so that the end product will be
sufticienty low e neoisture o ensure safe
storage. Although mechamcal debydration takes
fess time than sun drvimg. it s sull considered o
be toa donye a process. and, naturatly, the cost of
producig dried fish usimg mechanical dryers s
high compared o the sun-doving process, Diried
Fish anomexpensive commadiy tor the
common people. theretore, an merease i the
price of mechamcally dred tish over that of sun-
dried  fish likely be unaceeptable o
consumers aoven though the ancrease o price
would be qustied by the nnproved  quality,
Consideration should. theretore, be given 1o

[

"

s {o

determine wavs 1w cut down the drving time,
without sacrificing guality, inan etfort to reduce
production costs. One method suggested o
aceelerating the drving process is o subject the
fish 1o successively igher temperatures durmg
the talling-rate penod. This method has stnee
been applied i the ciese of topical fishes and has
resulted 1o great success,

At othe Central Institute Fisheries
Fechnology (CTET) an Indias dreshly split
fish taverage wereght 90-110 2y are died under
a4 phised temperatare program, ialh ot
45 Countl the perniod during wineh deving s
comstant s complete. Then drving s done
progressively anereasing temperatures of up o
60 Cowith 300 R Tash are died tooa tingd
moisture content below X000 i 1221 hours,

Sibted Psh do not extubit any constant-rate
pertod. Inothe case of salted Bish, the intad high
Fite o dromg suddenly Fadlss however, s fall
mrate can be compensated g Faree extent by
a slow increise i temiperature. 1o the dise of
salted tish ke mackerel, jew Dish eten it 1ook
1012 hours to bring the mortare content below
RTINS

A tunnel drver emplosing this principle with
approprite controls for temperatare, humidity,
and arr veloaty has been designed at CHET,

of

Rehydration

In Indut, dry Gish s consumed in ditferent
stvlestatter fryving in oilas chutoey, or prepared
Just like fresh fish atter reconstitution in water.
Denaturation of the proteins takes place during
the process of dehvdrtion, particularly when
the fish is dried at high temperatures as in
mechanical dryers thereby aftecting the rehyvdra-
ton capacity, However, it the drsing conditions
are caretully controtled, case-hardening as well
as too high ammcrease in the temperatare of the
flesh can be avoided. and o tinal product that
rehvdrates to give a L texture can be produced.

Yackaging and Storage

The mam causes of spotlage of dey tish are
moulds, bactert discoloration, rancidiny, attack
by ansects, and changes i texture. Mould growth
v oreiatively low at 680 RHL but mould grows
apidy ar 780 RH ligher, a condition
venerally obtumed i the coastad areas, However,
m the monsoon season, the relatinve hunndity s
9000 or hegher and provides an atmosphiere quite

(8]}



conducive for all types of spotlige ta progress,
Salted and dried Diznd nsh (Swirida spa kept
outside had the following changes i moistare
content during - months” storage: infal mosture
content (MO ), N atter storage at S3-600, RH
For 3 months, [0 MO and atter a0 month's
storage at 900 REL 450 N,

AL 90 REL beaise ot the attack of bacteria
and moulds, the tish tlesh becomes sl soft,
and severely discoloured. Afthough bacterial
spoilige s conttolled e sadted tshe spolige

caused by o moulds occurs whether the fish s
silted o onsalted. Sothic aad o soduam
proproniate deatments are cticetne harpers

acainst i Idss owever. the problenvot prosad-
Mg an ¢ otive barmer against the monstine boss
or uptake remains, [nothe former cises waght
Joss and toughemng of the testure are the mam
problems, whereas mthe latter case incidentad
spoilige and attack by mould and bacteria are
important,

Another important sign ol spotlage e salted
fish is the pink.” the colour developed becatise
ol the growth of Lalophalic bacteria of the

Servatia sp. Coring salt s the wain source of

these microorganisms, Solar sl (marine salt) s
known 1o contain these  microorginisms in
relatively Lirge numbers and henee the problem’s
incidence is more widespread where solar salt
v used for curing,

Dricd tish in general, and dried faty fish in
patrticulir, become discoloured during storage,
They also develop rancid odours and fiavours.
The additional cost of providing an air-tight
pachage for dried Tish would not be cconomically
aceeptable 1o the common people and has, there-
fore, not been attemgted.,

Although there e been sporadic reports on
the of varfous antioxidants hke
butsLuted-hyvdrosvanisole (BHEAL butylated-
hvdrosstoluene (BHT)L cte.on the prevention
of rancidity in b, no information is available
on therr commercith utihization,

Insect mtestiction not been o
problem in the storage of sidied fish. but it s
common i unsalted fish. Fumigation s one
method used to prevent this

Commercially dried fish in badis, partcularly
on the cast coast,are packed i padmyrah (palm)
feal mats and tied securely with ropes, covered
with hessian cloth, and sewed at the joints to
provide a safe package. At present there are no
consumer packs of dry fish available, although
mechanically dried tish are packed o poly-
ethvlene bags tor the retal market. However,
polyethylene is not strong cnongh to withstand
any physical damage from tins and other sharp
contours of dryv fish, Studies on low- and high-
density polyethyvlenes, polyainylehloride fitms,
ete., are under way on the most suitible packag-
ing for consumer piacks of dry fish.

cliectiveness
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Drying Requirements

Drying of V:getables in Egypt
H.M. Ali and 1.A. Sakr!

Abstract. A solar drser was ised o dey Jew™s mallow (Corchorus olitoriuy 1) and okra (Hibiscus
escrentis 1), The arsine procedure depends on using heated air of 60 C on average. The results
revealed that the rate of drving was high nothe st 3 hours and then slowed down durine the
remiinder of the drsing time. The duraticn of deving for both Jew's mallow and okra was on
averiage 215 hours and A0 hours respectivedy s ana the meisture removed during that penod was
about 7I-75G 0 The quudity of the dried product was aceeptable to the consunier and was
comtdered to be natrmonally satstactory. The storage of diied products Tor 32 weeks a4t room

temperature showed no adverse ettect on gualinn or change i chemical composition,
Because of the igh ourket potential for the two dnied products, o technoteasibility study wirs
carried our to determine the cconomie powsibiity of wang this drved i aral neas.,

The cconomical growing of fraits and veget sles
is limited in many countries o cerkiin seasons
and Jocalities, and 1o meet the demand during
the entiie year i all wreas, the commaoditios are
preserved usimg ditferent techniques. The catses
of loss are linked in many compley wavs to heliefs
and atotudes that underlic traditional wavs of
managing the postharvest ssstem and complicate
change. These factors must be carelully examined
and understood before new conservation
technologies and practices can he successtully
introduced.

Drving technologies, as a process for food
conservittion, seem to be an adequiate method
under most conditions in developing economies.
Theretore, the International Development
Research Centre (1DRCY of Canada, together
with the National Rescarch Centre (NRC) of
Egypt, financed a project to develop a conimunity
solar dryer capable drying  commodities
without affecting the nutriuve guality,

of

Methodology

Baseline data about prevailing climatic
conditions, including solur-radiation intensities.
wind speeds, rainfall, ambient air tempernure,
and relative humidity (RH) were collected.
(Meteorological data should be studied for at

Naboratory on Animal and Poultrs Nutrition,
National Research Centre (NRC). Dok ki, Cairo, Egyvpt,
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least TO vears to obtain o good average.) Data
were collected on harvesting time, total produc-
tion, amounts pracessed. and chemical composi-
ton of the fresh product. Fxisting drying
operations were surveved at the government
fevel and in rural societies, and an evaluation
of the chemical composition of the products was
made. Sumples of vegetables were dried artifi-
cially using an clectrically heated oven and
sunlight to determine the nutrinve vatue of the
product and to make an cconomic evaluation of
the whole operation. The solar dryer wis
designed wecording 1o climatic conditions,
avinlability of daily solar encrgy, crop type, and
size of operation,

A questionnaire was designed to determine the
tvpe of commaodities needing drving, the fevel of
acceptability of dried products, potential market
for dried products, consumer preference, the
total amount of” crop harvested daily and the
portion that would be preserved, and the storing
Tucilities,

fo the experimental procedure tor test drving,
specified amounts of green agricultural com-
modities were brought in from the field in plastic
bags. They were loaded on the travs and placed
in the drying chamber on three levels. A fan wis
used to force hot air into the dryving chamber,
Hourly temperatures for ambient air and heated
air were recorded by means of thermocouples
installed at strategic locations and connected to
a I7-point recording potentiometer. Relative
humidity was recorded with o hvgrothermograph



for air entering and leaving the chamber. The
airtlow rate was mesured as @ product of air
velocity and crossesectional arei. Moisture
content (MO, ash, fibre, mitrogen-free extrict,
protein, and total carbohyvdrates ot the fresh
commodities and  dred were
determined osmg methods of the Association of
Official Agnculture Chiemists (AOANC TUOX)

Diried products were stored at room temper-
ature s osealed plastic bags and jute bags tied
with ropes. Bimonthly samples were cheeked to
detect motlds and to deternane the nutrient
content of the products. A technoeconomic
evalwaton was also made on the communits
dever taking mto consideration the cost ditfer-
ental between the tresh and the manutactured
product.

commuadities

Crops to be Dried

The results revealed that two main vegetable
crops are likely o be dred in the rucid comn-
munities: Jew's maliow (Corchorus olitorius 1.0)
and okra (Hibiveus excudenty 10, There isalsoa
potential market Tor the two products in the
urbian sodieties.,

Ok and Jew's mallow are cultivated in
February and March. They are finst harvested i
June and the harvesting scason can st untl
September or October. The first harvests are
consumed fresh and the late harvests are used
tor drung, dew's mallow gives 6 harvests and
ohra gmves about =5 harvests. The average
production in one harvest is about L3t (1otal
annuad production of Jew's muilow s 73000 1
and tor okra it s 65000 1), The average period
between cach harvest is 20-25 days,

Ihe treshly harvested vegetables are packed i
ute haps, sprinved with water, and loaded on
trucks o he tramsported for marketing, Jew's
matllow begins to detertorate 12 hours alter
harvesting, however, okra begins to deteriorate
only atter 2-4 avs, The rate of deterieration
ditters constderanly from one crop to another,
Deterioration a result of improper
handling and storige conditions priot to market-
g, espectally when the marketis a long distance
from the tarm. Bearuse of the size of Lind owner-
ship oo Fgvpte and the market mechanism, the
rarmers have a choce between aceepting any
price otfered 1o them or selling ther first-clss
products i the aty marhetand dehydrating the
rest o be sold m the off=season, However, the
Larmiers are Gihing a sk by keeping the dehy-
drated product, because i its not properhy dried
1 uswdby becomes inteeted by tungi.

sl
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Dried produce compared to fresh produce
amounts 1o about 45300 of the total production,
hut produ-tion is growing rapidly. therefore,
precise data about the annual rate of growth i
not available.

Survey of Existing Drying Operations
Phe nuin vegetablesproducing governorites
Jie mn the Delta of the River Nileo A sample of
22 villages, representing 17 of the total Fgyptian
villages, were visited o study the traditional
drving practices used in sural communities,

In all areas visited. sun drving was the main
drving procedure. Noaruticral drving wis used
in any of the governorates visited . 11 the maiket
price of the produce drop: significantly the
Carmers will harvest the crop and begin the
simple drving operation by tirst washing the
produce to remove surtace ditcand then spread-
ing it on mats or any other avarable surtice. A\t
the village level, the drving process mvohves the
whole timily.

In the governorates located near farge cites
like Cairo and Alexandria, there is avegetable-
drving system designed to supply the markets in
these crties. The svstrm consists of i senes of
drving mats on the ground. The wize of the
drving aren ranges from 200 10 2000 w7 Young
children begin harvesting in the carly morning
and leave the crop on the ground tor wilung for
2 hours, Teis then collected and returned to the
drving arca for cleanmng wher it is spread on
mats and left to parnally dey i the sun, When it
is halt dried it is transported 1o another drying
arca in the shade, the idea being to preserve
the green colour @i much as possible so that it
will retain an attractive appearance tor the
consumer.

Most of the produce is packed in S0-kg jute
bags and sent to the ity market. The average
drving times for sun=dried Jew's nallow and
okra in rural areas are 3= days and 5-7 days,
respectively.

The chemica! analvsis of fresh samples and
dehydrated samples taken from the visited areas
is shown in Table 1. The results represent the
average of 210 samples collected from ditferent
operations in the different localities, There was a
preat variation in the moisture content among
samples and accordingly other nutrients were
affected.

From the questionnaire it was tound that one
family produces an average of 10 kg ol okra and
10 ke of Jew's mallow. The most important
observation about the products was the high
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Maorsture

Crude
content protein
Commaodity () (')
Jew s mallow
1resh 8326 R
Sun dned 745 2302
Ohra
Fresh 86,72 254
Sun dried 11,35 16.78

percentiage of mpurtties. It seams that sun
drving was not enough to mactivite enzymes
amdd reduce the fungal Jowd. The questionnaire
alsamdicated a ditference inopion concerning
the number of deving units needed as farmers
preferred to have ther own individual devers,
but government agencies preferred huge drving
units capable of serving an entire community
i the production of o variets of commaodities,

Development of the Solar Dehydrator

Bised on the previous findings, the solar

energy ktboratory developed the community -size
solar dehydrator to help in the diving ol g
varety  of commodities containimg o high
mosture content (30 7567), The facility consisted
of o solar air heater with 24 m°
surfitee o supply heat for the air coming from a

(

Absorber

Insulation

Radiomera

RH-meter

[ hermomerer

Intake tan
/
'/

ol absorber

able 1o Chemienl analyses ot fresh and sun-diied commoditics.,

Soluble

Fther
Fibre eatrt carbohyvdrites Ash
(i) () () (0)
1.71 0.1 803 276
10,54 150 RETA 1612
0.93 0,28 838 18
2N 4047 9906

12,74

L4 KW centrifugal fan capable of moving SO0 m'*
of air per hour through o duct, The heated air
enters the drving chamber with a pressure rise
ol 10-15 cm of water, The drving chamber has
avolume of T mSand o chimney 1s provided to
cqualize the sar pressure 1o prevent the com-
maodities from being blown aronund insde the
chamber. Travs of stainless st wie mesh are
fived along the walls of the drviag chamoer on
three levels, The design of the solar collector is
Hustrated in g, 1.

We carried out some experimental work o
measure the rate of drving vegetables using ait
drving. and we found that the highest rate of
drying took plice during the Yirst 3 hours, The
duration of dryving depends upon: mitial wates
content. properties of the commodity, thickness
of the commodity on the tray, aiv velocity, and
ambient aiv temperature and relative humidity,

it~ coser
\\ Anemometes
plate - .
\ %

RIL meter

| hetmometer

7T 77

Fig. 1.
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Cross sectton of the solar colledtor,
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by blanching. Appropriate storage conditions
can help to retain the desired qualinies as well.

Storage Problems of Dried Vegetables

High moisture content will contribute 1o
quality detertoration and mdivectly o dect e
m quantits. bven under the most contronted
conditions, the stored produce cannot be
guaranteed as moubld trees The mtestition of
moulds in the presence of moisture, inereases the
resprration ritte of moulds. The production ol
L7 wof CO s avcompamed by 17 deyv-matter
foss (Smha 1971 In the process of respiration
there 1s o hiberstion of heat and water and, there-
fore. the monsture content of  the
increises, which i turn mereases the reaction
until the produce spoils.

tn our expernments, we tound that storige m
nylon bags had noadverse effect on the chemical
composition ot tie stored commodity. The
chemical analvsis showed no serious changes.
Moisture content, protemn, ether exteat, fibre,
carbohydrate, and ash content were almaost the
same. The tungal load did not exceed 1000600
spores/g e the examined samples. However,
further tests are needed 1o be conclusive, Some
af these mclude enzvmatic activity, aflatoxin
determination, and carotene and vitamin
deterioration,

produce

Future Work

The technoeconomic evithution of three solar
dryers installed at different locations in Egyvpt
indicated that we overestimitted the requirements
for steel (6577 of total costs) necessiry 1o build
the drver, which in turn increased the initial cost
and subsequentiy decreased  the profit (cost-
benefit ratio of 1.23:1 and a pav-back period of

19

4.7 vears). Another design now s taking this
factor into consideration,

In the final analysis, it should be stated that,
once a deciston s taken by policvmakers to
reduce postharvest losses of teod commodities,
drsing should be given sertous consideration as
this can sive about 2077 of the losses expertenced
m production. Farly harvesting of crops reduces
Tosses i the tield and increases the Tand available
tor other crops and better production due o the
carly planting ot the next crop. The postharvest
[osses of vepetables due 1o the long distance
trom producton sites (o the market can be
reduced together with the cost ot transportation.
Ihe ceonomie benetits are so great that dryving
should be considered as o standard practice n
reducing posthirvest fosses,
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Drying Requirements

Drying of Potatoes (Papa Seca)
in Peru

C. Lescano!

Abstract. A laboratory-level process for obtamimg two grades of papa seca of improved quality
was developed: extra (208 em diameter) and first grade (6.5-8 e dianmeter). The process includes:
grading, mechanical washing, abrasive pecling, cutting ito steps ¢ = 1 em), steam cooking
(1.7 kp/em’ absolute pressure), heated air diving (50 C drev-bulb temperature), grinding, and

packioging.

Experiments on drving of cooked potatoes, usmie o faboratory cabinet drver, demonstrinted
that: potato varieties with low-solid contents (Yumngav, Freahuas and Revolucion) provided better
quatlity products than high-solid vaneties: gelatmzation of starch nfected the water-sorption
isotherms and slowed down the drving rate, as compared with ancooked potatoes: and the absence
ot the constant-rate period of drying and the presence of more than three falling-rate periods of

drving for strips (8 > 1< 4 enand shices (1

Many developing countries are located
tropical zones where the potato grows well,
However, only in the Andean region of South
America, where the cultivated potato originated
as o wild plant, does the potato play an impor-
tant role in feeding the population. In Peru, the
consumption per capita is 142 kg/vear, rising to
285 kg the Peruvian Altiplano (Christiansen
1977y,

It is well known that the potato produces a
hrgher vield of calories, protein. and  many
essentiad vitaming and minerals per unit area per
umit ume than the major cereal crops and other

root crops. The production and utilization of

fresh potatoes as a fow-cost food in developing
countries s held back beciause of problems
cncountered o the storage, transportation, and
marketing ot thas bulky, high-rioisture, and
bghhv persshable product and by the wide-
rangmg scasonal Huctwaions i price.

Traditional Preservation Methods

Improved means of preservation are required
to cvord these problems. In South America,
tadittonal methods tor the preservation of

Departamente de Prenologir de Ahmentos s
Productos Agropecuie os, Umiversidad Nacional

Aprarie Lo Mohnae Ay artado 4560 Linma, Peru,
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S em dameten),

potatoes have evolved over centuries. Today,
they sull involve primitive technigues to produce
debydrated products, Generally, potatoes
chasen to be processed by these methods cannot
be consumed in fresh form. The bitter varieties,
which are the only ones grown in the highest
vitlless {more than 3600 m above sea level), are
processed into chuito. Common, nonbitter
varicties grown throughout the lower regions of
the highlands are processed into papa seca and,
i smaller amounts, into starch.

Individuad tamilies make papa seca by boiling,
peeling, chopping, and sun-drying spoiled or
damaged potiatoes, Oncee dried, the papa seea is
often ground. The final product is brown in
colour, of muxed particle size. and often adul-
terated with dirt and small stones.

Papa seca s very popular throughout Peru. It
is mainly used inoone dish, carapulea, which is
mide by first tousting the papa seca, then boiling
it in water with pork, tomatoes, onions, and
garlic. Many tamibies supplement their income
by producing pupa seca in excess of thetr own
needs and selling v in the rural and urban
nurkets.

Development of an Improved Method

Under a 2-vear grant provided by the Inter-
national Development Research Centre (IDRC),
the Universidad Nacional Agraria (UNA) La
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Mohna, Limae Perug i subcontract wath the
International Potato: Centie (CHPY a0 village-
level or cooperative method s bemg developed
Lor processing potitoes as gapa secad tor market-
mg o urbun and rarad This paper
Foctuses on the unte operation of drsing withmn
the fnhoratory process developed o produce
pupa seca, under the general and specitic
abjectives of the TDRC-UNA-CIP project.

A Taboratory-level process to obtain papa seca
has been developed for extia t - X em diameter)
and fiest-prade (0,38 cm diameter) potiatoes,
[his process mctudes: grading, mechanical
washing, abrasive peeling, cutting i strips,
steam coohmyg, hot-=iur drving, grinding, and
pachaging, (Dred papa seca can be stored for
2ot veans when packed e polvethylene bags.)

Results of experimental work presented inthis
paper will point out the mfluence of product
charactenstics on the dryig process Correla-

centtes,

ton of temperature, humidity, and velocity of

T —

FOUITIRRIUM AMOISTURE CONTENT (i water ¢ soludsy

Temperature: 37°C

air over the matenal to be dried has been
discussed i detail by Van Arsdel (Van Arsdel
et al. 1973),

Technmical informaton is available on drying
of potitoes (Fde and Hales 19480 Van Arsdel
19510 Gorling 1958, and  Charm
1962y, However, all the results reported have
been on blanched or scalded potatoes, not on the
dryving of cooked patatoes, where the geiatiniza-
ton of starch granutes and the behaviour of
stareh seems to be important. When the end
purpose is to produce Hour, freezing the product
betorehand is usetul, but sellow is the desired
colour for papa seca and freezing tarns it white,

The expernmmental laboratory dryer is shown
m Figo Lo Dry- and wet-bulb temperatures can
be registered during the entire dryving. A
thermostat controls r temperature. It s

Siravocos

possible to obtiin four air velocitien: 6, 4, 2K,
and 132 m/see. (The capacity of e indirect
solar dryer at the pilot stage is

5

kp/2 days.)

Raw potiato

. .
Papa seea ‘..,,—-"'
LT
g —ulog
bl TSP PESY LTl b

1 T i | 1 1 | 1 1 1 -

0 10 20 0 40 S0 ({4] 70 80 90 100
RECATIVE HUNIDITY (%)

Liv. 20 Water sorption sothermy of the Yungay variery of potato {raw, cooked, and papa seca).
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Varictios: Yuneay, licabuasi, and Amarilla
Samples: Strps (8 s Ly 4 emn)
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Fig. 3 Papa seca processing showmg the influence of potato variety on drving.
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Namples used e the diving tests were:
Ticahuase, Youngas, Revolucion, and Anagilla
vancties: extra- and best-grade <izess miechan-
allyv peeled by abrasions and steam-cookedd
at L7 Kgoem o absolute pressure tor 1 mim tor
the Amardbe sanets and 12 i for Ticahuas,
Revoluaron, and Yungay vaneties

Results

Anamportant feature is that cooked potatoes
wre used 0 making papa seca. Figare 2 presents
sorption sotherms for raw iind cooked potitoces
and abao tor papa seed (Yungay varen)., A
marked difference s shown for the dried and
undoed  products, The  difference between
cooked (steamed) and raw potitoes can be
explained by the geltinization of starch granules
and changes n physical structure caused by
cooking, Physical and chemical changes caused
by cooking alsa affect rates ol drving, tfor
example, steam-cooked potitoes dry ata slower
rate than raw potatoes.,

The variety of potitto used has proven 1o be an
important svariable in the processing of pupa seca.

The quahity o the final product is superion for
potitaes with @ gher moisture content (M),
The vaneties with a iz content of solids (native
vanetiesattect the structure of the Binal product.
even though they dry fasier and with fess energy
comsumption. However, they will cremble casily,
resulting m sinll particle sie ader
stding. After rehvdianion, the appeirance is
Ike o purees without presenving the mdiadual
panticle size and shape. whieh s o cluracteristic

oo i

ol papa seca ol good  qualing, Yungas and
Dicahuast vaneties have o low sohds content
227 and 2E360 respecinely)y but the Anarilla
vanety (2950170 s o lugh solids content potato.
Dreving curves for three vanictios of potato are
shown s Frge 30 The Amnba svarien, with a
Ingh sohds content. will dry taster than the
Yungay and Ticatiwasi varieties. However, only
the twovanctes with high moistiire content will
produce papa seca of aceeptable quality,

Shitpe and size of the product 1o be dried
alfect the drving process, Figtres 4 and & show
that strips ¢F = 1« cmo o will dey faster than
stices of I em thuck and 5 em diameter. 1t slices
are only 0.5 envthuch they watl diy faster. Figure 3
also shows that under the drving conditions of

o
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the test, boiled potato strips and slices present
ondy Falling-rate periods of drving, with shapes
similar to the ones obtamed by Gorlimg (1958),

Chistansen, LAC 1977 The uulization of bittes
potatoes oounprove tood production the tuph
alttudes af the topics. Connectiut, USAC Cornell
Universats, aupublished PhiDothess,
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Gorhing. P 195K, Phasical phenomena during the
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Satavacos, GLDoand Charm, S.EC 19620 A studs of the
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U S, Department of Agneudtuee, Bureau arculiation,
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Van Arsdel, WoHL Copley, ML and Morgan, AL I
1973 Food delnvdranon (2nd edopovol. 1 Connecticut
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Drying Requirements

Drying of Paddy in Indonesia

Suahyadi'

Abstract. Several studies have been carried out m Indonesti on the use o artifical drvers as am
alternatinve to the tradmonal sun diving ot rough rice (paddy). Compared to sun drving, atitiensd
drving produces i beiter guadits milled nce ninndy becanse it hasac lower pereentage of broken rice
and vellow or damaged grans, Other advantages of el desing that appear pronusing, but
require forther studs care a hrgh mulbrecovery rate anancreise i resistance to pests or fungi, and an
increase i storage tes However, trom the tarmer’s pomt of view, the cconomie profrtability of
artificral devers s sull doubtial, but because of government interest. the use of these drvers has been

encouraged. Artthendd diving may otter some solution to the problems encounteredom fong-term

storage of nulled nees howeser, ettorts must be made o reduee drving costs

Since 1970, the fndonesian government has
promoted the use of mechanical dryvers o the
private sector to encourage small-seale mdustry,
The drving cost ot the different drsers was
between Rp 74200 (Rp 030
rough rice to Rp Tods,and the cost ol sun drying
wits Rp 30070 of rongh rice. The use of artihienil
drvers at that time was very imited, Bnaddition
to being expensine, the drvers were refativels
compliciated and dithicult to operate. However,
artificid drving cannot alwiass be replaced by
sun deving, The possibthities of sun drymg are
hited under adverse weather conditions, and
delans i devig generally Tead o deterioration
of the gram,

Advantages of a Proper Drying Process

When paddy s harvested, the moisture
content (MY s 20-2277 when the weather s

good, but atter a vamtall the paddy could have
242700 MO Without aceraton, grams with a
gh moisture content will deternorate rapidiy.
sometimes within 24 hours, It the moisture
content of the rough rice reduced 160,
mmediately atter harvest, then the gram will be
ol good quality for 3-6 months (1t s common
practice for farmers to sun dey early to reach a
1670 MO and then store the gram for several
months).

s (o

Natonal Togistics Ageney (BULOG), PO Bon

25, Jakar, Indonesi,

LSS L00) of

It the fLirmers store paddy (rough rice) that
has a high moisture content, the result will be
discoloured gram — the high monsture grains
will have a high degree of respiration that may
result inheat-damaged gram and tungal damage.

Discoloured grium s the most evident sign of
damage and may reduce the price 25-30"7 as
compared with sound gram. The aimount of rice
classed as discoloured s difficult 1o estimate
because the Nanonal Logist s Agenes (BUHLOG),
the only mstitation responsible for price stali-
lizittion, scets certnin standards that imclude o
prohibition on sellow grams, and rice that does
not meet the standard requirements is rejected
and put on the free market at redoced prices.
Although gULOG sets the standard require-
ments, sometimes the agency esperiences losses
because of damaged grains that are mosty from
the purchase of rough rice. (In TOX T minimum
ol T6000 1t decreased 1 price by at least 257 and,
in the past, the deereased price has apphed 1o
close to 107 1) With appropriite drving processes
the evidence of vellow or damaged graims may be
wmvordedy and o Targe traction of the postharvest
problems may be chiminated.

With outiciad deving, the died rough rice
may produce o higher quality of nufled rice
provided that excessive drving temperatures e
not used. A comparnson of nlled nee dried by
sun dising and by aruhictal drving s given n
Fable 1. Another advantage of artthenl drang
over s deving s mceressed resstance toomsect
attacks and fungl. An mcerease i storability may
iho be possible but further studies are required.



Fable 1. Comparison of sun drving and artficial

drving of milled e,

Sun drviny’ Artafwenal drving

(] (N
Maonture content 14 14
Head nice (‘S NS
Rioken prans N 13
Chips 2 2
Milhne tecoveny 63 05"

Roprewnted byt standard ot domestic procutoment team
BT,

Ihe mudbmg recovers rom artihaad diving may be ngher,
hat e dincult toohind an adeguate sample.

Cost of Artificial Drying Compared to
Sun Drying

In 1970-71, the Wettz-Hettelsater Company,
Missourt, USA L studied the cost ot several drvers,
as owelb as sun drvng, and tound that the cost
difterence barween sun drvmg and artticnl
drving s quite Jarge (Rp 30070 of 1oneh niee
compared to Rp 74270 and that there s a
stentficant cost ditference between dryvers (Rp
A2 16N,

The Department of Agriculture i 1976 did
the same study and found that moss ot the at-
bed  divers had relatnely fow
because they were the lowestin energy consump-
non. and the labour requirements were mes-
pensive. Theretores any tape of drver to be
imtroduced i Indonesia should be technologically
simple and low mencrgy consumption to main-
tn dow drving costs,

In 19780 o study was also conducted by
BUT QG and THRC on sun desimg and on the
flat-bed diver developed m o the BUTOG/IDRC
project. The relative results were similar to the
carbier studs. The cost of sun drving was Rp
P30 of vongh rice and the aroficial drving cost
(thet-bed diver) was Rp 330071 of rough rice.

Althongh sun drving s much cheaper than
artiticiad drvimg, artticrdd dryvers must be used
when the weather condittons are unsatistactory
for st devimg. Pheretore, BUTOG has installed
1 devers thronghout the villige cooperatives
and will soon sl anothes A0 units as well as
60 sl thit-bed drvers,

Coving costs,

Problems in the Use of Artificial Dryers

Arthicul divers have ~several technological
advantages, but there are sl some ceonome
problems to he solved. s not ceonomical to

A

use an artificid dryver at any other time than
during the rainy season when sun drying s not
possible. Otherwise, sun wdrving s a0 much
cheaper method. Theretore, most of the dryers
are only in operation tor abour 4 weeks, The use
ol an artuhicil dever may only be cconomieally
Teasible i carcas where the madence of harvest-
i the ramy scason s high such as in moun-
Linous areas where cultnation s done
continuetshv or e wdl-rngated areas where.
because of water rationtg, harvesting has to be
done m the ramy season.

ree

A nontechnieal condiiton that forced the ase
of artiticial drvers, s the fact that nee s sull a
political  commodity in the country. Rice
accounts for about 3070 of the average family
expenditures in Indonesie, so the government
uses rice price stabihzation tor rice as the mean
for stabilization ef the cconomy ot the country,

F.conomic Analysis on the Use of
Artificial Dryers

A study on the ecconomie feasibility of the use
ol a sma!l lat-bed drver teapacity 1500 he/bateh)
by the BULOG/IDRC project
determaned that: mvestment i artificial drvers
does not substitute for mvestment in additional
floos tor san drving, quantitative losses i the
absence of artificial drving i the rainy season
harvest are 470, and tfuel s costed at commercial
prices. Anatysis shows that the cost-benefit ratio
for artiticial dryving (discount rate 1870y 15 unhikely
to eaceed +1in the absence of a Turther govern-
ment subsidy for paddys dried by araficial means.,
Another analysis by a Canadian University
Service Overseas (CUSO) volunteer on the
project concerned the possibilities of using a
small tlat-bed drver, o verncal-bin dryer with a
kerosine heater, and a vertical-bin dryver with a
nice-hall burner. The model considered  the
tollowang possibilities: three opportunity costs of
labonr thigh, tow, and zero wiages), whether the
use of artficid devers can be constdered as a
substitute for additional investment in sun
dryving, and weather conditions observed for
Jatsare (1970-80), & major paddy-producing
region where the rany season often presents
serious problems fos cun deyvimg.

ceonomists

Amaong the conclustons of the analysis e
(1 mechanieal drvers are unhikely to provide an
cHictent means of diving at the cooperative level
i ree habls are not used as tuel; €2) returns to
artihicnd dryers are bRely to fluctuate widels
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from year to vear because of the waather, which
is i senots problem to busimesses or cooperatives
that not have lonv-term credity (3
returns o artticial devers depend crincallv upon
alternative mvestments when wrtiticra) disers e
absent and upon whether Josses on the ooy
durmg sun devig cancbe lowered o aboat 10 1)
arthicral divers are notmtended to be substitutes
Toranvestment i additional sun-divmg capaciin
ot dosses on the floor mosun dving can be
fowered substntdly tas has been sagued by
ether rescarchers e tndonescn then mvestment
moarthicrad drsers s nat approprinte: 4 the
Indonesim government has for a long ume
provided extremedy Targe mdirect subsidies fon
private sector mvestment in aruticial divers (fuel
subsidies inerease the mternal rate of return o
flat-bed and vertical-bin drvers, usmyg herosine
fuel wnd operating i the rainy season, by ahout
L0 points). yerartiticial drvers have only been
used o the private sector or e cooperatives
when the government fully subsidizes investiment
costs s welll From thas information, it appears

do Casy

29

tiae the use of artificial drvers is not vet eco-
nomically vible even though they dohave some
technological benefits,

Conclusions

(1 The use of aroticial divers taproves the
quahity of nnlled e,

(1) One benetit devved from the use of artili-
crl disers may bean nporovements m long-term
stotability, ctes but this depends on clinges i
the denund for the qualny of mitled rice and
requires further siudy.

(31 or nowthe use of artiticiad drvers s still
unccononueal or G least guestionable, but in
Indonesi, bearise of the government food
policy. the use of artticial divers has been
cncouraged,

1A further study shonld be carnied out o
find cheaper artificial drying processes or other
drving processes, such as Tow-cent solar drsers
that may overceme the deyvmg problems
cncountersd during periods o tn or supple-
meit sun drving.
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Effect of Drying on the Nutritive Value of Foods in Kenya

M.I. Gomez!

Abstract: Vegetables weee analszed tor vitannn Cand wazotene oentent, Ton selected speetes
were subpected o solar delvdeation waith and sithont photoprotecion. Two pregeatments, steam
blanching and ~sultimye, wore apphed and cactene retention e the resulting died products wis
cvaliated A contral stady was conducred waith ambaent tempetature shade-doed matenal subjected
torthe samie pretieatiments, Mango and papava were sumbarhy subje wed 1o hlanchimg and citne aed
and sncrose pretreatinentss respecthivetssand retenien of carowne and viteann C o the ded
prodicts was shaerved

Carotene rerention n the
with contimued

nent temperature-doed teatments was lower than i the solar-
died teanments fosses e stotage The-protecied diving sesalted in Inyhet
retention han ghooxposed diving and steam blanchmy miproved tetention signhicantiy. Papaya
~howaed appreabiy hehicr etention ot vimn Con drang than dGid mango, while the Lattes
entton, Steam blanching ot mango pror to diving resulted

shosced aemtioanthy hrgher iotene et

teapprectable fosses o bonh absorboc aad and carotene,

Nutpitronal snrvess i Kenva have sdentitied o
number of mcrenutient dehiaenes problens,
notabhy i vitmnns A and Conbotlavn tolie
aved, celomme and ron (Bhodad e all 190v;
Keller et al 1969 Benows 1973 Steenberger
ctal 197N Inthe absence of anade goate animal
mtake,
\‘IILHIPC\I and et wvalable sources of these
ictonutients, Nutoent nogreen eat:
cepetablos (G mdieate that they are gond
R TGN I Vtinun
prbetioom, calarme and pons Froants are alse o
sonad ouree of viann
tin v kol
thes
durmie the Tong penods of diourehit

Prote segetables and truns are the

data

il Careiene. tohe aend.,
Cvaotene, and minerals,
ool Tt and
are particularh

Phe apph-

vegehables

"
t

Ili".\«."»\'“

s scasonad, and NSNS
cation o simple seace-delivdianon weehnologies
AU the vural devel would not ondy ensure o v -
cond arpphy o these toods bur would reauce
waste ob thee tnehiv penshable foods dunng the

sedsotnt o crahundanee

Bocanse trne amd sorctablos are o viluable
mrcrenttent resontccsdelndeation techinologies
Booadd il HEANTOIUIE DUt nt eleniiion
i the delndrared product Nthoazh the

mimnctal content b truits and vesctables s stabie

ety

Diepartent o Food S and Techidogs
Paoulte o Apncalture, Unveraty of Nanrobr, 1P Oy,
Boow 0055 Kabee, Naprahi, Kenva

W

o dehsdration, the vitimins are ughiy Tabile
and are destroved through enzy mes and oxidintive
and photodegradative mechanisms. The potential
of ol dehivdration presenvation af foods in
countries such as Kensi s recognized, but the
conscivation of nutrient gualiny is an importoy
consideration inreliation 1o prevadent micro-
nutrient deticieney problems. Theretore, solar
dehyvdration of some locul s and segetables
s studied inrelrton o nutrient and  qualin
changes i dehndion and storagee.

Green Lealy Vepetables

Coeen leaty vegetables, meludimg @ number of
mdizenous wild specie e populin when the
arcavailable thigs Ty However, they are subject
to sesonal saraty s disappearig entiredy from
the dict e the diy season. Sisvteen species of
vreen ety vegetables were soreened tor vitimin
Coontent and s speaes Tor b aotene content
thibles Tand D0 OF these, tour species (Gissina
feat. conpea feal Rale, and amaranthos) were
selected onthe bass ot nutient contont and
for solar-dehyvdranon studies,
Bnstiadls L these spedies were studied tor carotene

acceptabiling

retention e delivdranon.

A conventional bov-tyvpe solin diver was used
that consisted of o shallow waocden bos with o
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cramd vents at the base and sidess The wooden
Coene Do covered wath wodouble Lver ot
Lo pedvethulene sheets The feat mateniad. atier
cpetiale prebatnente was plccd on the
cocbertoneed Duis and Joaaed it the dinver
Prars aned bt evposed divmg was ascbreved e
St oane o heet of black polsethvlene at the
St cevet o one chaniber while Keepeng
Sthor vl
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Coevenahioy

ta
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Dryving

Fresh, steam-blanched, and sultited material
sirhyedted three dreving treatments
fambient temperature, shade divings and dark-
and heht-exposed solin divingy, Optmum
product quadity. storage stabiiny, and aehy-
diztion were observed moproduets dised 1o o hinal
monture content (NC ) o 608 Ambient
temperatore shade diving o reach this monsture
content took et davs, but soln diving was
completed m -0 hours
packed i pobvethylene bags and darktored o
room temperatie tor 3 moenths,

Speaes ditterences
were observed bised on phyecal heat and walt
stabihity and other mtmmsie factors. Under ol
conditions cassava Teal shosved L\\‘\'pllnll.ll
retention propeities, Toon s o s
catotene. but the pasiam observed aetention
Comwpea leat retaned
of e catotene e tons o the treat
honved

WS o

Drired saomples were

iention  propet BTG

TN

i kale s only 3
BTSRRI TN
anvasnthus

ments, hui

retention

compatable
modark sola-doed, steam-
blanched, and sndtied o In Jueat
drvers e colow o the product to be doed s
tpottant. s darh the diver eomore cthivient,

onh
catmonts

Amihient Temperature Dehydration

vmbient temperatie debsdiation resalted in
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Table 2.

Amarantus hvbridus
Reta vulearss
Brassiea oleracea var. weephala
Rrassica oleracea var. capitata
Corchorus oliiori
Colacada excidenins
Cronalaria brevidens
Cucurhita pepo
Cucurhita ~p.
Lrucastrum arabica
Galimvoga parvitlora
Gynandropsiy gynandra
Latuca sativa

Mamihor wtilissima
Phazeolus vulgaris
Solanum mgrum
Solanum therosum
Viena wngwiculata

B carotene and moisture content of I8 varieties of green

leaty vegetahles.

Carotene
e/ 100 ¢ fresh weight)

Moistuge content

iy Rungpe

0750-K750) 7410
4N75-71375 G128
6625-850 ERIN
10501163 1156
82S0-9150 R750)
JA00-99352 9700
06250-7750 THO0
T750-9000) 8375
7875-9125 8291
T750-7500 7625
72507561 7375
SS00-8910 SO75
25.40 RhR
1212514678 12237
GS500-11216 10650
T500-7750 7625
10823-11520 10652
8250-10500 9416

Mean of tour samples.

the fowest carotene retentions in kale and in
amaranthus of 20 and 4007, respectively, and
shightly improved retention of 6077 in cowpea.
Cussava was least alfected retaining over 907
of its original carotene. However, storige losses
ol carotene inoambient temperature-dried
material were significant, presumably because
ol vontmued enzvme acuvity and consequent
carotene destruction during storage,

Steam Blanching

Sterm blanching (3 min). although causing
some nntil of carotene from  heat
degradation, improved retention appreciably in
dehvdration and storage inall dehvdration
treatments.,

I()\\L‘\

Sulfiting

The major eftect of sulfiting was on improved
storage retention of carotene in steam-blanched
materinl. However, this improvement wis signi-
fricant only i the more wilt-susceptible species
such as amaranthus,

Solar Dehyvdration

Signtficant carotene retention difderences were
ohserved between dark- and hght-exposed
matersd an ol Teat species exeept cassava, The
dilterences were i the unblunched
treatment and were considerably reduced by
stean blanchmg and sultiting. Photoprotection

areatest

kR

of cassava did not significantly affect carotene
retention in fresh, steam-blanched. and sullited
treatments mdicating that its photodegradative
mechanisms are mimmal.

Conclusions

Cassavi and cowpea leaf showed the most
Favourable response to dehvdration in terms of
carotene retention and quality of the dried
product. Kale and amaranthus underwent
extensive vellowing and fading even with dark
sofar drving and showed correspondingly poor
retention propertics,

Traditional methods of drying leaf vegetables
in Afriea involve direet sun and shade dryving
(Goode 1973 McDowell 1976), The results of
these studies indicate thit excessive losses ol
carotene occur with such diving techniques and
in subsequent storige of the product. Steam
binnching, though causimg some mitial iosses of
carotene tfrom heat degradation, improved
retention apprecitbly i debvdration and storage.
In heat-sensitive. wilt-suseeptible species such
as amaranthus, sulfiting has o protective action,
Photoprotected solar deving resulted in better
carotene retention and storige stabality ot the
product  than ambient temperitire or light-
exposed  drvinge However, heatsstable species
such as cowpea, dehydrate gust as well under
shade-drsing conditions as in dark solar drving
as long as the Teaves are steam blianched first



Organolepne trals wath dehsdrated conpen
feat” showed excedlent rehadravon and aceept-
abihty of the prodouct. Cowpea Teat. on the basis
of nutrient retention properties, .lL'\L'I'[.lhll”_\.
and wide utthzanon, otters the best potentil tor
develepment as o dned-teat vegetable,

Nutrient Retention in Solar Dehyvdrated
Mingo and Papava

Carotene and ascorbie aad retention were
obverved in osolar debydration ot mango and
papava. The optmum degree ol nipeness and
other prepatation. pretreatment. and drving
vartables swere optimized i prehiminary espen-
mente Papasaciond mango were sheed 0.5-0.75em
and LS om thacks respectively. Optimum
pretteatiment for product qualiny torganoleptic)

consisted or e acid dip (00170) tollowed by

aosucrose dip (1070 The elfect of omission of
the cnre aad dipoon putrient retention and
quathity and the cetfeet of combiming  steinm
hlanch ng with the chenueal treatment were
The products were dirk solar dried (o
a tmal moisture content ot 15-201 7

Imoal monture, content (MO vitamin C
and carotene content ol mango and papasa are
represented 30 Pupaya showad an

observed

Fable 3,
increase 1 both ascorbie aad and carotene and
with the degree of nipeness in contormity with
obaervations by others (Aol etal. 1975, This
iv e exeeption to what s generally found with
other trurs that show
ascorbic acid with ripening,

Howeser, the retention o ascorbic acid i
mature papayi ranged from N=87¢ and was
signiticandy higher than m ripe frascin which
retention wis about 4J0-507 (Table 4), When the

decreasing  levels  of

table 3. Nutnent composition of mange and papaya.

Mosture content

Ripeness (M
Papasa

Ripe 86.00

Mature! 87.50

U ndermature 8675

Mature 86,40
Madige

Matine 7775

AMatuie X173

ASRIITI N1.Oo

Matare samgples trom ditterent tarms wathan the same area atd possibly toome dilterent caluvars,

Table 40 Nutrent retention i solar-dried mango and papay:

Ripeness Colonr Tevture

Papata

Mature Orange vellow lum
Ripe Bright orange Sutt, disintegrites
vellow on sheing
Mature Orange vellow I
Matue Orange vellow bFim
Mingo
tBorhol
Mature Golden sellow Farm
Ripe Orange vellow Saott, spangy
Matuge Cralden vellow Firm

[ory werght fueas
Mattire samplos

k¥

tean abifforent tarts wathan the same area and

NVitammn ¢
(mg/ 160 g)

[ carotene
g/ 100 gy

SN TS
BRI R
17.57 250,00
45856 552.00
RENGE! SO0.00
4113 FS78.00

128875

REME

¢ retention’

Treatment Vitmn ¢ B carotene
Citne aad and

SUUTON §1.27 S0.02
Citnre acrd and

SMIVTOSC 48,50 49,76
Citnie acid and

SUCTON 90,63 50.74
Sucrose ondy 8430 40493
Critrre acnd and

MICTON 7. S1IS
Crtne aad and

SUCTOSe REW{Y 85440
Steam blanched

g and

suchose dipped 2749 RRIR

possibls trom ditterent cultivas.


http:C.."liC,',.11

aitric acid  dip o was omitted, no - signiticant
ditferences were observed i ascorbic acid and
carotene retention mimediteds atter dehvdration,
However, organoleptic and colour diferences
hecame evident wfter 2-weeks' storige at room
emperatre.

Mango retmed only 30-57 of s ascarbic
acid ondehydration as compared to papaya,
althongh cirotene retention was appreciably
hicher The pantern of tetention of absorbie
acrd morelirtion to matunity was the siome as in
papavia. mature fouis retaining signiticantly
higher levels than nipe ones. Curotene retention
as o papasie did not siiow o distinet trend in
vitation with ripening.,

Signthicant reductions were observed in
aweothie actd (19°0) and carotene retention
{30 ater steam blanching atong with the
ducompansing of {lavour and colour.
Coloar of the product, however, appeared to be
more stable during storage with less tendeney
toward undesirable darkening,

loss
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Arriola, MO Madnd, MO and Rl Co 19735, Some
phaysical and chemical changes in papina during

Procecdimgs of the Amcerican Soviety of
g~

storageee,
Horneulturad Saience. 19,

Bhadal. Mo Cabbs) NCELaad Simmons, WKL 1969,
Nutnton survey and canpaignagainst malnntnton
e Renvie WHOTAOAUNICEHE, 170 p.

Burrows, 00 19750 Kenvas anto the second decade.
Manvkind, USAC The John Hophins Universany
Press, pp. -47-520,

Gioode, M 19730 Some local svepetables and frats
of Peanda, Fotebbe, Ppanda, Deparament
Agricultire. 61 p.

Kellere Wb Muoskate Toand Valder, B9y,
Investigations mto health and nutrition e Fast
Atnca. Munchen, DER, Weltforum Verlag, 253 p,

Mcbowell, 1019760 Village technology in Tastern
Afncas Nirobr, Kenyas Bastern Africa Regronal
Othee, UNICEHD, 32

Steenberger, WAL Kuseing AL and Onchere, S.R.
7S Tropcal and Geographical Medicine, 3.
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Consumer Acceptance

Designing Cowpea Products for Northeastern Thailand

T. Ngarmsak,! M.D. Earle,” and A.M. Anderson’

Abstract, This paper ilfusirites the ase of a product development system m designing cow peil
food producis tor northeastern Phailand. The Tome Processed 1 egumes Project it Khon Kaen
University has developed acceptable. tugh-protein com peacdishes and o -week mem forachalaneed
diet destened for use at the vllage Tevel and selected trom o combmation of covopea dishes and
common northeastern tood. A snack food made trom a product from conpea flour was also
developed tor marketing by tood vendors throughout Thailiand.

Over the sears, rescarchers at Massey
University, New Zealand, have butli o ssstem of
product development designed to satists known
or suspected consumer needs, The ssstem varies
in detail from project o project, but usually the
structure is divided o different stages, cach of
which s folowed by an evaluation.

The stages in designing o tood product start
with setting the aims tor the projects wdeas are
put torward bised on the aims. The product
ideas are sereened according o the potential
marketabilitn and technical teasthility of the
product. The next stage s the detailed study of
the market and of the processing involved. Tn o
quahtative evaluation of the preliminary
products. the most suitable products tor
development can be chosen. This s tollowed
by the design of protesypes and preliminar
testing. At this stige, it s possible to make a
mich more accurate cconomic evaluation of the
praject before the very expensive stages of
factory production aad market development are
attempied. The next steps are 1o study the
processing parameters, either in a piot plant or
on g small scale ina factory, 1o determime
whether the product can be made casily, con-
sistentiv, and cconomcally winle mimntdnmg
quality standards. At this stage. there is enough
mtormudon to mahe o detailed analvsis o1 the
potential marketand to draw upa complete plan
to mtroduce and test the product and  the

Department of Agocaltinal Products, aculty ot
Avnculture. Khon Kaen: Univerainn s Khono Kaen,
I hadand.

Depariment of Food Technalogy s Massey Unnver-
aty, PO Boy 63 Palmerston North, New Zealiand.

Rig

nurrketing methods in i consamer test orin i
test market. I the product successfully pusses
the test market, it is then ready to be launched
on the market.

The Design of Cowpea Products

In designing a1 food product Tor northeastern
Thatand, the main constderations were  to
develop nutritional products and o create a
market for a new raw material, cowpea. The
evaluation ob the development steps wirs bised
on the nutritional value of the products and the
ready acceptance of the products by the north-
castern villagers, The northeastern region is the
poorest in Thailand. About one-third of the Thai
population live in this region and rely for their
livelihood on agriculture, with an income derved
mainly from the production of rice, cussavi,
kenel, sugarcane, and legumes.,

From several surveys (ICNND 19620 Chan-
drapanond et al, 1973 Kumazawa et al. 1974, 0t
was concluded that in spite of the comparatively
abundant supply ol in the country,
Thaitland still sufters from malnutrition. Scarcity
ol food in the semi-arid arcas of the northeast
result moa high proportion of the population
suftermyg from malnuteition,

From a survey on northeastern cating habits
by Ngarmsak et al (19801 at Khon Kaen Univer-
sty was found that the dict included ghutinous
rice with small amounts of animel meat. mamly
freshwater fish, and vgniticant quantities of
vegetables, Small amounts legumes were
also caten, Food was obtained nionly from the
arein surrounding o village and varned with the

SCUNON,

food

of
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Two series of workshops will be held at Khon
Kaen University. The fost workshop will include
a demonstration on how 1o process the snack
products. The processimg cquipment and machines
will be displased and mlormaton will be given
on how to build o purchase the components and
the costs involved. Intormation willialso be viven
on the costs and profs that can be made iy
mithing snack produocts Ihe
vendors, small-scale tood procossors, and Tood

lor sale. tood
entreprencurs wiii be encouraged to try ont the
on therr own premises, Tngredients,
processiig equipiment, machimes will be
supphed to helpan the produchon ot the product.
At he same tme. atest market ol the product
will be ranan the villages ormethe arcas o smaldl-
saale food processors and - entreprencis who
have oxpressed anterest in the produoct. A
second workshaop will be conducted tor e group
of food sendors, tood processors, and entre-
prencurs who now mtend to produce the product
for maahet. This workshop swillillustiate in more
detatd the rechmgues of making good products
and how o mamtain the cquipment and
machines. They will also learn about production
control, quahity control and planmt sanitation,
bookkeepmg, and costing as well as other
important arcis ol fctory management, The
university will help at the beginnimg with the

prodessimg
and

kD)

praduct promotion in the area where the product
is planned o be Lunched.
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quality contred in this type of product were used.
on the basis ol information supplied by
Productos Gerber de Centro Amdrica, SCA,

The various mintures, containing different
percentiges of sovbeans, and prepared onan
industriad scale under difterent drying conditions,
were rated fors density, solubiliny s water absorp-
non, testure, tendeney o form lumps, and
viscosity. The findiegs indicated thit the
mgredients o the anivture have o preater
influence on the final product. and parocularly
it level of quahty, than do the dryving conditions,
As the minture’s nce content was icreased. the
final product’s water-absarption rating wis
tound to be Whether
prepared on s small seale or onanindustrial
scile, the omtures tound to have the
recotemended properties tor this type of product
Clable 20 simbar to those for anfant cereals
produced by Prodoctos Gerber de Centro
Amcérica, SoAL

adversely  atfected.

were

Sensory Faaluation of the Produet and
Storage Properties

Ihe composition of the Ry Goand 8y,
mistures e Ry, 3000 compeas, 2000 ricesand

400 banimas: Gy, = S0'¢ pigeon peas. 2000 rice,
and 4077 bananasiand S, 2007 sovbeans, 200
rice, and 000 bananas. As anonitial step, the
three mintures were studied tor aceeptability and
storage properties.

Samples were stored Tor 12 weeks in three
ditterent commercialiy  available packiges.
Chemival and  microbiological analyses and
sensory evaluations were carried out both before
and after storage.

Differences Between Mistures

The minvtures  ditfered  sigmificanmtdy s 1o
cotour, smell, testure, and tlavour (Tukey test).
e results showed the sovbean misture (5,0 1o
be supertor o the cowpea and preeon pea
mintures (R, and Gooomoterms of dlavour,
colour, and smell. As regands tesvture, the data
indicated that the R, omstmre, which vields
a cranchier tina) product, was more inghly rated.

Dilferences in Packaging and Storage Periods

There was no stenibicant ditterence toand
Detween the types of pachagmye nany of the
sensory characterstios anads zed for any ol the

mistures. This contims that the thiee kinds of



Table 1.
Mivture “oodiy e "o protem
T
N, .l\';I?an n :‘l: 17

pachagimg used share similar characteristics.
During the storape periods, there was no
diiterence for lavour, colour, or texture, The
onls signiticint ditference found was o smell,
which deteriorates somewhat after o weeks
storage, but was stlf within the aceeptable range,
Durimg the 12-week storage period, no variations
momoisture content oceurred in any of the
mintures i the three types of parckaging studied.
Lotal count, colitarm, and Tungus analyses alter
storage indicited that the produe presents no
mictobiological problems.

Bitches of the So, mivtuie were stored for |
yeatand then were analvzed for microbiotogical
cotnts and moisture content. Comparison of the
results ot amalyses conducted within 24 hours of
processing and those of analvses conducted
alter yvear's storage contirmed 1he cood micro-
Drologncal gualiy of the product, as nosigniticant
changes i the mastore level on nomber of nicro-
sy were tound. I wasalso demaonstiated
that no Luge changes o monture level took
plice m the packagimyg during the product's year
n storage

Industrial-Scale Produetion

Yhe product was prepared onan indust il

Chinawctensties o difterent nintures of sovbean-rwe -0

heal- 100 ¢

biana (S).

Chemeal seore Iimting amimo acid

200 82 Lysine
kU Kty ysine
UM 90 Lysine
RUR} 92 Sultur-conraining
RV 90 Sulfur-containing
RUA] 86 Sultur-containing
RUA] 8S Sultur-contirmng
06 84 Sulfur-comtinmng
RV by Sulfur-containmy

scale using the facilities at the Productos Gerber
de Centro América cereal plintin Costa Rica. I
was fortilied with vitamins and minerals and
enriched with 109 sovbean ol 1o merease s
caloric content.

The industrial-seale preparation process s
semicantinuous, First, the banana pulp s mixed
with the rice and sovbean meal. and then the
rest ol the ingredients are added, with water, (o
procuce aomistore that has i total solids content
ol approsumately 17 (Fig. 2),

Alter drum drying, the resalting product is i
the form of smalt thakes that smell and 1aste of
banana, Ity chemical composttion and calorie
vantentare as follows: moisture, 49077 protein,
HL2005 fan, T3R5 ash, 330 carbolrvdrates,
(75000 fibre, 0,700 reducing sugiis, 9407
cilotie content, 463 keal/ 100 2 (deyy thiaine,
LSS mgZ 100 p: pibollavim, 190 mp/Z 100 g nacm,
FLOS mp/Z100 p0 caloum, o34 mp/ i g
phosphorus, S28 me/Z100 g and iron, 15-25
mp/ 100 g The product meets Gerber's standards
as regards buncnonal characteristics and micro-
Brologicil amalvaes. The prepared tood product
was pachaged in alummuom/palsethviene
Lrmniate bags each comtimmye 265 ¢oand then
distibuted 1o the households taking part in the
study o aceeptability and nutrtional nmpact.
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—bunina ) miztures ;‘uuu\ud Junrdm" o seven dm;nm drving u\ndnmm

Tendenoy

and S0 1S = sovhe

Druang

Water to farn
A___“"mdiﬁ""l.,_ Densty Sotubility absorptr o Tature Tumps Viscosity Quality on hasts of
Mixture (path o (rpm) f xﬂ“\ ' fevel th tIh WPy th and 1y

S il 225 .19 270 | Loose None X0 1-1
N 223 .17 RIR)) 1 Loose None 1360 t-i

=0 RIS m19 330 1 Loose None 1280 1-1

=) 2350 .21 370 ! Loose None 1230 -1

140 323 016 330 t Loosw None 1360 -1

100 450 020 20 1 [.oose None 1200 1-1

106 RN 0.19 REX) 1 Ioose None 1120 1-1

S_v: 0 225 .21 274 | Loese Moderate 910 1-3
S0 228 019 356 I Looswe Moderate 770 1-3

N1 0.22 243 2 Loose Moderate 913 1-3

NS0 0.1%8 27.4 3 Loose Shight 1840 -2

1o 325 01 36 2 Loose None 1255 1-1

oo 450 0.20 6.0 2 Loose Shight 1130 1-2

100 S50 0.15 335 1 1Loose Shight 930 1-2

Siae 0 2.28 018 36 3 [oose Moderate j1s0 1-1
S0 2238 .24 478 2 Loose Moderate 1010 -1

50 kR 022 N9 2 Loose None 1280 1-1

N1 .50 0.22 37.2 2 Loose Slight K80 1-2

100 323 018 333 3 Loase None 1150 1-1

100 1.50 0.16 337 3 Loose None 1215 1-1

100 S50 0.1l RRE 2 Loose None 1170 -1

Siis S0 2,25 a8 RAI] 3 Loose None 1352 1-1
S0 RIS 0.12 36.3 3 Loose Stight 1600 [-2

80 325 018 KR 3 Loose None 1794 I-1

N 0.17 378 3 Loow None No reading -1

tover 100)

100 323 0.16 36.3 3 Loose None 1700 1-1

100 1.50 0.17 137 3 Loose None 1450 I-1

100 3350 0.12 .“:.3 3 L. oose None 1330 1-1

Viacosity s deterruned wath the Brookeld Spindls Noo 3 using the amount of water \nrru;mndm-' to the water-absorption

sre tor the mvture . guesiion,
“Level ot Guahity according to the swale ostabhishe d Py processers of mtant toeds levels Tand 2 are good, level 3 must be reg

orted. and level 3 must be repected.
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Aceeptability of the Product

Fhe seeeptabiliy of the product was determined
i the prefmnmany tield il mentioned carlier,
Phe tst step methis study was o condiet o
strven toselect 200 Lalies Tivins in tour urban
ateas adenthied by Costa Rica’s Nutnition
fotormanion Service as lugh madnutntion sk
arcas. Fach ot these tamilies had o least one
child eoder age 2 who caither had been weaned o
wits bemg weaned and who became the central
subect ot the analssis umit. The tamithes were
Spitcnto four groups of S cach, and were
provided with tood as tollows: group 1 banana-
Havorred debvdiaced mtant cereal: froup 2, riee
cerealaronp 30 nee and beans; and group doawas
A conttol proup that secenved no product.

Continious tecords were hept on the provision
and consumpion of the banana and rice cereals,
promanhy to determine then aceeptability and
nuttmonalimpact, The Limuhes in gronp X were
provided with nice and beans o test o ditferent
vpotheas: that an indacase e the avanlabiliny
At tood tor the adubes e a Ly group wonld
e a0 postive smpact on the feedimg of the
wtants o that goup. For all tear groaps, the
chivactenstios of cach familvs tood ke,

4S5

Process e for indusiriad-level produciion,

health conditions, and socioeconomic position
were measored extensively, The nutritional
impact of the tood provided wirs determined by
anthropometric mean-, and trained interviewers
surveved the mathers or other individuals
responsible for the clild's teeding o determine
acceptiabality,

Information wis sought on i series of virsbles
refating to acceptability: knowledge and picju-
dices with sespect o intant foods, the tpe of
toud provided 1o the child, the actual aviatlabiliny
of foodland so ons An effart was also made 1o
determme whether basie nutiition education,
which wits given 1o all four groups, and the trial
el were chamung these factors, Speaific
aceeptabilits factors for the infant foods were
divided e hive groups: organoleptic factors,
the clld’s seaction upon consuming the food,
mgestion. the resalts obtamed in preparing the
coreadoand ratmgs for the digestive and miniitive
properties ot the product provided.,

Fhe survess of these tctors were administered
twiee, once ad the start and once at the end of the
period dunag which the food wis provided, to
reveal iy changes takmg place and o cheek the
comsisteney ol the information obtained. The
food was provided over o period of 8§ weeks,



Results

Organoleptic

Fach mother tasted the products and then was
ashed ber opimion of characteristies of dlavour,
colour, and smell. The results showed  thint
between ™0 and 9007 of the mothers rated the
products as good ar very good on i hedonic
seale for all Tactors,

Preparation of the Cereal

In her own words, the mother deseribed the
consisteney achieved i preparing the product.
At the Tirst mterview, it wis found that 6070 of
the mothers felt the product to be smooth and
S0 et it was lumpy, o the second interview,
alter § weeks, more than 8070 feft that itwas of
a4 smooth consistency on preparation.

Ratings for the Product’s Digestive and
Nutritive I’rulwrlics

The mother was asked for her opinion of the
nutritive vidue of the product and how well the
child digested 11, More than 909 i both the first
and second mterviews sud the natritive value
wis cither good orvery pood,and the same wiis
true for digestibalinn Clable D,

The product was thus givena tandy high rating,
which agrees with the sensary anadyses crried
out under kibortory conditions, The mothers
apinons seemed  to be better delfimed m the
cecond surveys, and, theretore, it seems more
reasonable to attact greater impottanee to the
ditit trom that suetey than o those trom the
first. The intormation abtamed is ot at odds
with the recerded consumption. Aceeptability of
the nice cereal wis Wlso shown 1o be high, The
datit obrair ad tor this cereal are not mcluded m
thes repori. as the differences between locatities
were not entirehy ehmmated towmg ta the
researeh being conducted  under nonartificial

Table 3. Behaviowr of chiddien at the moment of
catmg and wanount of produce consunmied.

Sceeond
application

Faist
apphication

Resction

Iihed vy much } 5.0 RIIN } oy
I iked shghtly U .
Dishhed slightly 19.0
Dishiked very much -
Uneertan — 2
Missing vadues 7.8 —
Portion citen
All 5.0 } ye (9.0 } i
PRI 85
Almost all 75 § 7 g5 f TR
About hall 5.0 4.8
[ ess than hall 25 R
Hardly tasted 12.5 7.1
Missing values 7.5 —
condittons); henee, the data cannot be

considered wholly comparable,
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Consumer Acceptance

Marketing Driced Fish in East Java, Indonesia

J.A. Sumardi, 11, Purnomo, W.I1. Susanto, Puti

tti, Darius, and

I. Suryo!

Ahstract. A nnahenng Mves was made e a i processing villige and
ennts important charactenstios tog marheting of died tish o |
consumers were mtersiewed. T was found thar dyicd

by both merchants and consumers., ithhough this w

were concerned, howeser, about storag

I 19790 830 of Indonesia™s 1ot Hish vield

wins produced in Fast Java, More than hall of

this was dried fish (33856 1), Fish pracessing is
notstandardized and there is o wide variation in
product qualuy, Consumption of processed fish
viries trom region to region and between the
high and low soctoeconomic clhisses. The avail-
abilits ol products on the market and their
accessibility Largedy determine what the people
will cat. Based on these Fucts, we umdertook
servey ob marhets i Fast Java to determine,
among other things, merchant ana coinume
preferences and pereepuions. We felt the infor-
matton would be valusble as o hasis {or the
planning of improvements an praovessing
methods,

Materials and Methods

We mtervewed M merchants i dried lish
stlls o the municipatis of Malang ta consamer
arca) and in Muncin distoet G producer area).
About 25 consumers trom cach market area
were alsomterviewed, Munear has one market
onlv. whereas Malane has one lirge marhet
{Pasir Besary and smaller markets in the districis
around the aty Clable 1) Merehants were ashed
to claboritte on the varenes of died fish sold

Departemen Pendidiban Dan Kebudavaan,
Eriversitas B, Proseh Ketpsama mbrow -
IDRC, Ly Mavien Hanvono 1oy, Malang, L,
Indonesi.

47

an urban market 1o
ast Bavas Both mer hants and
putted fish with Tow salt content was preferted

as dependent on the species preferied. Merchants
¢ e ot the diied Tish present!y avinlable and this becime
more crincal wath the fength of the market chain, T mborm
mproved processing il drsing technology, beyng
with mnmimum st content, Consistent with adegu

aton will puide the deselopment of
cartied outat the tshmg vllage, as products
ate storage hite, are sought,

and therr origing buvers” preferences: the reasons
for those preferences; the qualiy of the dried fish
and their shelt lite: constraints in selling: and
stgpestions for product quulity improvements.,
Connmmers were asked how often they ate dried
fish, how they prepared and served it, what type
they preferred and why, how long the fish were
usually kept betore being caten, and what was
the longest amount of time they could sifely be
Kepto A siemple of dried lish was obtiined from
the stalls and the amount of salt it contained
wits determined by the Volhard method at the
Unibraw/IDRC Taboratory. The resalts were
compired with comments by merchants abow
the saltiness of the products they sold.

Results and Discussion

Our results indicated that there were marked
differences between the production area and the
consmer arei. Presumably, these retlected the
avatability of fresh fish and cating habits in the
region,

I the production area (Muncar), almost all
dited Bishesold at stalls in the market are produced
by small processors using very simple methods
and equipment (g, 1), Sometimes, the stall
owner s also the processor. There are also
medium- and Liroe-seale processors, but they
abso sell their products 1o merchants in lrge
cities throughout Java (Fig. 2),

Al the merchants in Muncar noted thant they
sold unsalted and slightly salted fish, beeause



these products Tave a better storage Hle than do
Beavily salted ones. Fhe Tocal consumers prefer
to buy small species hhe e ANtolephoris spp..
femuru (Clupea sppa. tembang (Sardmedla sppo.
and cumi-cumi (Loligo sppay as these e gquite
cheap. According 1o the merchimts, consamers
diterentiiie between the slightly safted b by
appeasance. The shightiy salted ishhwere compacl
and simalar in colour o freshe tishe they were
colter than heavity sadted fish and thercondition
wits more stable inall weathes condinons, The
heavily salted fish were very hard, whitish, and
ile, and their condition changed according to
the weather. The merchants telt the high salt
content perlips ciused fish 1o absorh monsture.

o prevent losses cised by changes i the
wenther, the merchants sad they dry the fish in
the sun and store them n large contamers to
obtinn good air arculation. Fish too Targe o be
handled mthis manner are hong at the front of
the stidl, The products are kept i the stall until
prrchised. the Tenpth ol time vanving between
spectes, salt content, and processig. Longkol
(s sppay wis usuadly sold withim 24
weeks, whereas ferr sometimes 1ok more Jhan
Y months 1o be sold,

The amount of dricd fish sold daily 1o Muncar
wis o mimimum of 2 kg and o maximum of
30 ke, the Jocal people being the anly consumers,
Sales dropped markedly during the fresh fish
wison. The prices dittered considerably between

Number - merchants, location, and mome
ol tnrhets surveved

Tuble 1.

[ scation and I'ntal Merchunts
name ol market stalls mternviewed
Molung
Bhimbimyg 8 J
Sarangsn [ 3
Klojen 4 2
Pasis Besar” 16 N
Ora-2 Dowo N 4
Ihnoyoe Y A
Fanjung 4 2
Suhun O 3
Muncin
Tembokrejo 7 J

Pasar Besar s wholesale market. the merchants sellmg
therr fish 1o tetaers Merchants motns marhet bus thew tish
direetly from producers o other Lieye dealers. 40 o whom
were mterviened) buy quantiies ab 2= paeehs and 1
tertiewedd buy about 1002 300 kgsweek Othes merchants m
Aalang apetate onasmall soade, S 10 he ol vach vaniels every
T das
and these difterences were recorded
the survey (Tuble 2

The merchants do not know the salt content
of the products they selt, Our analysis showed
that all the products contined st although
the merchants distinguished herween the fish as
unsalted. halt=alied. and fermented (Fable 3).

In contrast with the productnon e, the
consumet e (Malang) s several markets,

species,
during

Pigo 0 oA ovpieal dved s reiarl stall in the tishing village ot Moncar, Last Java
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Table 200 The prce of different species of dned hish
sold i a soadl sl Mancar durmy the sarvey,

Price (Rp kp

Mavimm

Species Mimmum
Slhrgehitly satred
Soaldl sivdine (Clupea
spp |50 50
Conn-2 630 2000
len A00 650
Part (Daseratiy spp.) Jon 5
Heavils ~salted
e andine 125 150
Came-cunn hhll} 1750
len RitH] [
Rl 50 J00
longhol i 600
Sement smadl sardine
Clupea spp ) 7S 250

Rpoein N

“tan

Diyred bl markheung radiates from Pasey Besar,
G Large market where the merchants ae e primanly
wholesalers who gecerve then products from
ontsrde and sell them to retinders operating i the
siler markets, named accordimg to the districts
mowhich they resides The number of retnders
vanies 1 cach market and depends on the mam
activinies of the muokets Most diged 1ish sold m
Mabang come from production arcas i Fast
Javal altheagh o tew come frome Sumatra and
Kalimantan ¢t Table §.

200

et
ﬁﬁ'ﬂﬁu a7

The processea tish Aurtst (Holocenrum sppo
and jangealah (Saurnda spp ) enher ansalied or
shghtly salted are the Lavoarites, accordmg to
the retmlers who noted that the most popula
fish had good fTavour, were attractive, had good
texture, were not too saliv, were properly died
when the fish were sphtcand could be stored tor
a resonable dength of time. The retatlers also
indicated that small tish hike anchovies (Srole-
phores sppoy and small sardines €Clupea spp.)
are alse popular manly because of ther low cost,

O the U8 consumers mterviewed, (4597
preferved Awrise and pangealad . The test com-
mented that thes bked all the species it the fish
were not too salty, attractive (sinudar i appeinr-
ance to fresh fish)o sphit tescept small species),
and properly diied.

tHandling by merchants depended on the
origin, species, sizes and saltness of the fish,
Usuatly . fish come from Madura, Probolinggo,
and Pasuruan, where the mediamesized fish are
putted and split, and from Muncar and some
other regions, where they are processed whole,
Small bsh sueh terizsmdt sardimes and
tembane (Sardmella sppoy ave alwavs dned
whole. Lemure/ ssivdines (Clupea spp.) from
Muncar e sometimes gutted and beheaded
and b the treshness dechmes, they are dried with
heavy salt contents,

Retatders (9 of 22y imuntnned that consumers
prefer gutted fish because they e clean: 12

as

P Deeed e gl taibaeenty e a faree cuyo market in Malung, East Java.
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Table 3,

Spectes Handling Clissitication

Semen Whol: tish Ensalted
K Giutting Halt salted
Fembang Whole Salted
Scla Wheale Salted
Lavang Whaole Fermented
Selar Whole I ermented
Kutine’ Whole Salted
Kurtsi Crutting Salted

Hoivcontrum spp

Table -1
Species
Femunesavdine (Clupea spp.)
Fembang (Sardinella ~spp.)
Lavame A Decaprerus spp
Lett tSrolephorus spp.)
Kurea (Holocentrum spp.)
Crulamah (Crolithowdes spp.)
Langpalak (Swurida spp
Kevong-2 (Hhwrapen spp.)
Banva (Ravrelliver spp.)
Selar 1Caany spp )

Bang-2 an tlutanus spp.)

noted that the gatted and split fish are preferred
becatise they are clean, properly dried. not o
saltye and have a0 reasonable storage Tife. Five
of the siv whaolesalers who bought and sold
100 -300 ke bish a0 week supported this infor-
mation.

OF the Y8 consumers survesed, 36 preferred
putted fish, and 32 hiked good guality whole fish
better. Onlv 2007 o1 the consumers preferred
sphit sl A magority (637) noted that they
prepated the doed tish by trsing i hot orl abouw
40 coohed the tishhwith pulps vegetables, about
1240 cooked them with coconut, and about 2145
put them together with other itemis as side dishes,
The frequency of consumption was about 117
danly, 780 more than 1 odavaweek, and about
159 only a tew dins per month, Amounts were
0.25-1 hesweek Most ol the consumers ate the
fish the same das they were purchased. although
some kept them for 225 dass,

None of the bish was completely unsalted: all

were processed wathe at feast soadl amounts of

salt. The tish dassetied as saled were considered
to e high comeentrations of sialt, All of the
retulers the unsalted™ wd salied dred
1ish,

High salt concentravons according to - the
retinlers result in the ish becoming moist during
damp weather and exhibiung white spots during
dry weather due to reerystadlizzvion of the sah

sell

Sadt and moisture content of doed fish

The vanety ol processed fish sold in Malang and their origin,
Processing methed

Salted dried

Salted dried

Silted dried

Unsalted dricd halt salted
Sahed dried

Unsabted/Zhalt sahed dried
UnsaltedZhall salted dried
Salted dricd

lermented diied

Salted dried

Halt salted dried

30

Muncar.

Salt content Moisture content

(i (7)
RRRR J4.56
29.02 SIS
RITE] 4804
RAN) | 4585
R 49.55
3759 JR.78
2902 SIS

4K.57

REN{YS

Ongim ol products

Muncar

Muancar

Muncar, Tubun, Brondong
Muncar, Madura, Suniitera
CGiresik, Madura

Pasoruan, Probolinggo
Pasuruan, Probolinggo, Maduara
Madura

Madura, Tuban

Kalmantan, Madura

Pasuruan, Probolinggo, Madura

on the surface. The consumers do not '5e the
very salty fishy and 3 of 22 retnfers said they
wipe the salt ersstals off the fish using coconut
husks moistened with water.

From the guithty point of view, the retatlers
noted that femuru/sardines (Clupea spp.) from
Munciar suffer the most from apid  colour
chinges (red or browny. The colotation was
presumied 1o be caused by high tat contents,
The gutted i beheaded products also dete-
riotade rapidly.

The retlers mentioned that the price was
stable for a0 couple of months, The marketing
volume decredses when farge amouvnts of pindang
(hoiled fishy come to market and during the fresh
fish season. The dned products, however, are
alfordable 1o consumers, especrally dried rerd
(Stodephorus sppayat Rp 3007kg and hurnd at
Rp S00/Kg. Most of the consamers buy the small
Nish because there are more Dishoin a kilogram.,

This study indicited the need o design a salting
and drving process with nunimum: <alt content
consistent with adequate storape hie tor the
marketng svstens on Last Jdava,
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Drying of Cereal Grains in the Philippines

S.C. Andales'

Abstract. The theary ot divig s reviewed with cnaplasis on the connposition and mture of the
granm product and wr desing. Datfere wechnigues of eitectng the diving process are lustrated.
Macroscopic and auctoscopic analyses of heiatand oss transter are teeated. 1 imm-laver deying and

deep-bed drvimg are also distngunshed

This paper reviews the principles ad theory
of graim drvingillustrates some typical drving
methods, and - presents the two established
approiches of heat and mass transter anatysis,
It must be made clear, howe e, that there are
hontanons in the cequations and  technigues
presented. Heneeo discrepancies are possible
where these are apphed in actual practice,

Theory of Drying

Drving s by comention the  process
renoving exeess  moisture from a product,
Removal of all or most of the moisture is termed
debyvdration. To understiand grain drving it s
necessary to compreliend fist the componitic
and nature of the grain product as well as the
composition and  nmature of the conventional
muedim of moisture extraction, namely, the
atmosphetie air.

Composition and Nature of Atmospheric air

Fhe ambient atmosphere ordinaridy surrond-
g the gram atany ume s a misture of dry e
(dey i is i turn e misture of oxygen, 20,950
nitrogen, 78097 carbon diovide, 0,037 «nd
argon 0937 and water vapour, henee, the term
moistar, The wamount of water vapour per unit
weight ot dry air s technically termed as the
hunidity ratio or absolute humidity.

Water vapour in the air exerts a pressure
depending upon its quantity and in accordance

Department o Agnealtural Process Figineering,
Cniversity of the Plalippines at Los Banos, Collepe,
Laguna 3720, Philippines.

ol

St

with Dalton™s Tow of mustures. The ratio of the
actual vapour prossure in the air to that of the
vapour pressure at saturation (the condinon o
At When careving s manimum amount of
moisture) s termed relative hundity (R1H).
The properties of diy an and water vapour
and their relananships are discussed i the stady
ol psychrometry. Processes performed with air
cin be plotted on the psychrometnie chart (Fig. 1),
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Ditterent povadle: processes of air m o the

chare: 0-1 conling, 1= /lmllllll,’. -1

cooling and dehumadificarion, -4 heating and

hunuditicanon, 0-5 drvine tadabane saturation), and
i destceatny ichemical debumidification)

Compaosition and Nature of Cereal Grains

Cereal grams are said 1o be composed ot dry
nustter (essentially starch)y and moisture. At
harvest, cercal grain normally has excess
moisture, which renders it unsate for storage or
unsuitable tor mithng, The amount of maoisture
i the product is normally expressed as monsture
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Table 1. Hygroscopwe equiitbria ot rougt

Gquiibninm telative humidiny o

1 tee”

) a1 the

0 "0 N Q0 100 Ho 120 130 10 150

(LR 03 0. 1.3 2 31 16 N u

. nw 13 Ty 2N 160 A6 - 103 22

3 29 i 3 Rt 9.2 IS R IR

: i TN Y 1.2 139 17.2 2o 225

3 0 6.2 9.4 i1 139 HSR [N 234 RN 1
fr NS 106 14X 173 20l 232 200 RIS RENZ 9 0
B 142 16.2 S IR 242 22 0.5 kAN Rt 219 a6 a
N 1o Nis X9 IR RRRY N3 11N 454 9.1 KRN 1
9 RN 3.3 7 100 BRI 16.2 194 AR 6.2 9.6 2
Y T3 200 154 482 St KR S 29 627 63 N
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13 622 621 < 7 T3S 7583 Tt TN NI x22
14 69 ] TO.X | TN N0 N1 SN 2 NS5
is 82 T66 N N2 R A 0.2 N N2
16 NI} N3 NS5 N6 3 7.3 N2 X9 .1 WY "
17 N7 AN 88T N9 .2 IV LIRS 914 920 SR
N K2 NX.N 91.2 91N 923 gl Wiz ERI 932
19 9l 91.3 PRI Yi- 911 EENN PR s 2 s s
20 932 9is 949 wi2 Y53 EARN 96 0 PIR b
21 39 Yiz2 o6l 963 96,6 I 9T o 92 [Fhe]
Yo 3 971 Y~ 3 9T 4 976 i St Ys (i
974 Y Y Y\ 9N 1 9x2 ux 3 g 3 RV
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20 134 Accuracy ot eatrapolated data beyend the ranpe o =111 b ohas not been ventied eypenmentally.
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Deep-Bed Drying

In locations where the ambient air condition
s adready sotable tor deving, arnficial means
of vreating vapour pressure ditterential between
the v and i may not be required: henee, the
name nataral ae drving. Indeep-bed dreving the
diving e moves frome the botton o the top of
the bed. Fachiange ol moisture, from gram to
arr, trhes phice i a fonte depth or zone of grinn,
At the sttt of the drving process the zone exists
at the bottom of tiie bed. As drving continues
the zone moves upward, and when the zone
passes entirely through the granm the entire mass
i dited to eqmbibrinm with the deving air.

The graan below the drsing zone has essentialiy
reached cquilibrivm condivions with the
mcoming air and has o moisture content equal
to the cquilibrivm mossture content corres-
ponding o the air relative humidity, The grinn
below the drving zone as siaid 1o be dried grain,

55

The grain above the zone has not begun (o dry
and sl has a0 mosture content equal to the
initial moisture content (MC) — this is called
wet grain.,

Hot air of very low relative humidity is nit
sutable for use in this method of deving becise
Wil cause an overdrying ol gt the bottom
at the tme when the top grans are diied 1o tae
destred mos ture content. However, b the an
s o high reletive indity, the diving zone
may ke an undesnably long tme o reach the
top ol the bed allowmg the top wet grains to be
destrosed by muoulds.

There a4 pattern ol moisture content
distribunion thronghout the destng bed dunng
the drsing process. The moisture-time curves
are functions ol the herght of the bed, wr
velocty s and e temperiture and relative
hunudity. As a rule Tow height and high iy
velociy resalts neurves that are closer ogether,
A decrease moain temperature will also bring

N
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the curves cbser together, bat the deving e
will be eapamded. However, mereased height and
Iow i selooity results i curves that are Bther
AP AN naease inoan empesdinre or low
rebative hunudiy will reduce the drsing time
bt sl conse the divimg curves 1o be tarther
At

Macroscopic Analysis of Heat and Mass
Transfer in Grain Drving

Poothe nmer o diver operator the macro-
atndvas ol devng s the most mportant factor
toeconstder Coven the mital condition of the
IR the nmbient imcluding other
ttotnnition, such s the desited purpose ot the
eram and the tops o diver 10 be used, the
tarmer of deser operator will give more umpor-
Linee to such Lactors as the amount of water to
he remosed, amount of an to be used, amount

and an

S0

of fuel to be supplied. and power vequired for
the drving system, The correlation of the results
in the calculation of drvimye time betveen the
prass (macroscopicy and the theoreneal fmircro-
scopict analyses depends on the accaracy of the
imstrimmentation and should be wathin 1077

Microscopic Analysis of Heat and Mass
Transfer in Grain Drying

be

ol

Farmers or diver operatorns nal
concerned  with the  detnled
diving, However, saientists and engmeers need
to undenstand it so that they can mampulate
the factors atfectng the divimg process, ose it as
agurde mothe destgn of the diving ssstem, and
look for better alternatives mednany techmques.

TIRN
mechanism

Rates of Drying Periads

Previous mvesthigators advanced the dea that
the convection diving process can be dinvided
into three penods CEhrelheld 1963 A mdicated
in Fig. 6. the drvimg rate s a tunction of the
maonsture content of the product. Penod A7 s
the zone of the “constant diving rite.” Durmg
this pertod, the wet surtice ot the product
behaves Pree-water surface. The period
continues as fong as water s supphied to the

das

surface s raprdly as evaporation takes plce.
The constant tate penod ends when the erineal
maisture content (MO ) s reached, The enitical
moisture eontent is i tunction of the product and
its thickness,

Period B s called the “tist fallmg-raie
period.” This zone s dinactenized by adecreis-
ing dryvmg rate beciuse of o decreasing area of
wet surface. As drving proceeds, the traction of
wet sidiee decreases 1o zeron A this pamnt
penod B oends.

Perped O
period™ and

ivcalled the second falling-rite
characterized by subsuifice
cvaporation  throughout. Under prolonged
operation, the penod continues unnl the
cquulibrium maoisture content is reiached.

Most ot the deving of cereal grinns tukes place
in the second falhing rate pertod. Drang i this
period involves two  processes: movement of
mossture withm the material 1o the surface and
removal oi the mostiee from the surface,

Brooker et al (1974, histed siv ditferem
phvsicih mechanisms proposed by mvestigator
to desenibe the movement o masture inside
a porous product durmg the drving process,
mamelv: (1) capllary low, 2y hiquid ditfuston,
(3 surtace ditfusion, (1) vapour dittusion, (5)
thermal dittusion, and (6) hydrodynanmie Hlow,
Henderson and Perry (1976) indcated that it the
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DRYING RATE

Mo, MO MO MO,
MOISTURE CONTENT
L. v, Drvne rate for a wel product.

maisture content v i bonnd moisture, diffuston
15 said to be the primary mechanism ol mosture
movement within the gram.

Mase Transfer Equation in Single-Kernel
Drving

Within the sohid, diffuston miass transter s
stitlay heat conduction in solid, and the
following cquittton applies:

to

(h (SG/at) - =D pAGMC/6N)

where G quantty of water (e, 8 ime thours),
D, miss - diffusivity (mZhoury p diy
wlid density (kg/m'). A surface area (m7),
MO moisture content in decimal (kekg)and
N distince from centre of the miss being
dried (m).

At the surfice the moisture movement is i
function ol the moistute concentration pradient
between the diving air and the surtace of the
product and the Tollowimg cquations apply:

2 D opaMO/6X) SIMO=NMCap

(H (AMC/700) - Do MC/6X)

where S surface conductance (m/Zhour),
MO maoisture content at surface (v db), and
M, cquilibriom moistare content at - the

relative humidity of the drving e (Y db).

The ~olution ol equations (1) and (3) deter-
mines i relationship indicatmg the variation of
moisture content with ame and  product geo-
metry, Fhe differential equations (1) and (3 may
be sobved cither by anadvtical or numerical
methods.

Heat Transfer Equation in Grain Drying

Generally, the grain drying process meludes
four distinet hestt flows between the grnnand its
surroundings: latent heat by virtue of moisture
evaporation ((.), sensible heat due to convection
heat transter () sensible heat due to radiation
hei transfer (g0, and sensible heat due 1o con-
duction heat tanster (g, These Tour heat
flows are related by

-h GG bge b g

Schematic presentaton ol these different
energy (lows is shown in Fig. 7. Applying o heat
balance fora umt arei of grain surface vields the
following cquation:

hetW. = Wobye - bttt = 1) 4 ity = 1)

FUL - 1)

(3)

Numidity ratio of the saturated air
at the grain surfiace, W hunndity ratto ol the
drving air. - drvng air temperature, oo tems-
peratine of grain surtace, o temperature of the
surrounding surtace. t teniperature of envi-
ronment below the supportng base, iy nuss
transfer coefticient. b comvection heat transfer
coetficient. . radition heat transter coetti-
cient. U overall heat transter coethcient of the
supportng base.and hy o latent heat ol vipor-
ization ol wate at ..

1 the efes of radiation and conduction are
negligible, as inordinary convection drying,
cquation {8) becomes:

where W

(6 (W, - Wb, (h/heCoGin = 1)
1.CH-1)
eomeniion oy o tadianon
LAV \
_/" q latent
An \it

T sy YT

ey
N S A PR PSR PR & |
. !

g vondudiion

1y, Schemane diagram o hear tlows bemeen the

erain and 1y surronnding area.


http:44//1.41
http:i2441114.11
http:hi114.I1

Note thacif the Lewis Number (I s a unity, the
drving process isan adiabatic saturation process
where toequats the wet-bulh wemperature,

Mass and Heat Transfer Equitions in
Deep-Bed Drying

The discassions m the preceding secitons were
based on the assompion tat diving s done with
individual kernels or swath acthin Laser of grains,
Although the informative, the
pracucal importance of the resulting equations
s hnted because cereal grnns are seldom dred
as ndioaduas kemels ornca tan daver. Instead.,
prns are died cither mea sationany or nmoving
deep bed,

Apphvng the basie Biws or heat and miass
transter to o deep-bed deving system leads 1o
a rather comphicated system of partal differential
cuuations. Howover by adaptmg sadid simphiy-
g assumpiions, by expressing the partial
ditterennal equations by use of tinite difterences.,
and with the help ol Loge digial computers.,
an accuriate prediction of the grain and
candiions at i time and location s possible,

Brooker et all (1974, presented awht valid
assumptions m the solutton ol four unknowns,
mamelys (1 the averiee gram lemperature, 1
() the iveripe grn kernel moisture content,
M3 the air temperature, T; and (1) the ain
humidis rano, W Lour heat and mass baliances
were made to come up with the system of four
difterental equations (7-10) for a fised-bed
dryer (dernvation of these equittions are presented
by Brooker et al. (1970

analvsis was

(7) (S/60) - th/pC b p COMOCHT - 1)
Bl ot CUT =)y

[PeCr b P CaMO G W /6 X)

(X)) ASMC.Z800 = an appropriate thin laver
cyuition, sav, DUa"MC,/8X7)

() (S170X) = =h(T - 0AG,C, 4 GoCW)

(I (GW/8N)  (=p /GOAMC/80)
where wrain temperature, MC, = oprain
monsture content, T - ir temperature, W= air
hunudny vatio, h convective heat transfer
cocthicient, py - density of produet, O, ¢ specitic
heat of product. Co 0 specifie heat of water.,
€ speattic hear of vapour, hy, = heat ol vipor-
tzation of water, G, mass flow rite, and
N o drving bed coordinate.

Transtormation of the above system ol partial

diftferential equations into hinite difference
cquations itllows solution by use of Large digital
compaters. A number of computer simulation
progrinms tor deyving systems exist. For example,
compiter progrims Jine been developed by
Michigan Stnte: University Tor corn and by
Kansas State Universits for corn and rice. A
sitmple computer output is presented by Brooker
ctal. (1970 wah com and by Chang et al. (1978)
with e,

Fhrough such simulation models as noted
above, the different etieets of the drving para-
meters could be readily studied without under-
pomg expensive and Jaborions experimentation,

Dryer Performance

The pertormance ol drvers ailfer according
tohow well the dryving svstem has been designed,
engineered. and operated. The desired pertor-
minee objectives of the drving svstems are:

(D The cram equality must be preserved, and
lor paddys . the prign should not fissure or crack.

(2) The entre batch ol grain should be uni-
formly dried.

(31 The gram should dry st enough o arrest
moulding and germination,

() The drver should be efficient in the utilizu-
ton ol enerpy. The unlizanon of the dryving
potentiad of the heated ai should be maximized.

To evaduate the performance of o drver, the
design speaifications should be known or
deduced and compared with measured indicators
such as:

(1) Static pressare at the plenum — this gives
anandwcation of air debvery of the tan and can
be roughly cross-checked with an aic-velometer.

{2) The mowsture content of the grain at the
top and bottom Eivers, and @ varions points in
the dryer bed areit, 1o monitor drvine, progress
and unitormity,

(3 The temperature and relative hunudity of
the exhaust air as an indication of degree of
utilization ol the drving potential of the dryving
air.

() The drving air temperature and. when
feasible, the actual grain wemperature. particularly
the lower Lrvers as it approaches 1477

{(5) The tan rpm — this s uselul if the fan
characteristies are known,

(6) The amount of fuel used by the burner —
i reasonably accurate airtfow rate can be
meisured, the efticiency o fuel combustion can
be mferred. This can also be inferred from the
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maotsture load 1f the heat of vaporization s
known.

(7y The ambient an, dry bulb temperatore,
and relative humidity - the process can then be
traced on the pavdhirometnie chart,

(8) The actual drvmg tune

19 The tmal prootas the nuthing quahity ot the
dined gram sampled from the top and lowe
fivers at vanons points i the doed bed. NMalling
qualiny o pomaniy the total milhing vield and
percentinge of head nees This many be compared
with 4 control sample that s dred or dried
m o sample drser.

Fhe ditterence between a properly engineered
drving swstenr and that which has been put
inecther without much concern tor thermo-
dviaimies, Hluid mechanies. and the physical
properties ob the grain, is reflected in the dryver
pertornuinee.
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Heat and Mass Transfer

Drying of Onions in Niger

A. Ba, Ck. Banzet, and J.M. Deghe!

Abstract. This paper describes rescaneh o date onanomdirect solan diver using foreed convee-
ton. The drving an was considered s a0 pertect gas, and relationships were developed that
permtted the rescarchers o deternume the heat and niss o onster i the collector, in the diving
chamber, and. consequentlvom the dever as awownole, hcaddinon, some desygn testares of the diver

are panen,

Onions are widely consumed in Niger in
siuces or stews Lintl now, the only drving
method  osed has been direct sun dryving.
Tradionally . the neardy npe onien s opened
and the leaves are piled mto o hole where they
are allowed to ferment. Thas partiadly teemented
product s then sun dried, The resalting product
s often msect indested, sand covered, and micro-
brologically unaceeptable,

Much of the Niger v desert-like, which lends
iselt well o solar dehydration, With a relative
humdits of ess than 307 for most of the vear,
006-3300 howrs of sunshme amneally, and an
average annual global radiation of 650 W/m-”,
agricaltural products cam be dried mea retatively
short time.

Ontons are generally grown only i the Maggia
or Niger Valley underrrigation on small plots
of 2001000 m7 with an average viekd of 25-30
ha, Three wvarieties are preferred: i white
variets from Toumarana and white and violer
varetes from Galni,

This study deseribes some ol the design
characteristies of the drver as well as reltion-
ships that permitted the research team at the
Oftice nattonal de Pénergie solatre (ONERSOL)
to determine the heat and mass transtfer in the
dryimg systen,

Design Considerations

The team considered the importance of taste,
colour, and general appearance of the dried
ontons, The mastmum drsing temperiture was

FOthice nattonad de 'énergie solatie (CONERSOL ),
BP 6021 Nuamey, Niger.

0l

S0-55 C. Final moisture content (MCO) of the
product wis 1o be about 57,

The collector was made of AS atuminum. The
callecting surface was 232 % 100 m with a cover
alass thickness of 3 mmand insulittion (6 cm of
glass wooly on the sides and bottom of the collec-
tor. Tor global radiation of 600° G- 900 W/m*
and rtlow rate of 190+ V- 225 mtZhour, exit
temperatures from the collector swere between 35
and 60 ¢

The drymg chamber, also made from AS
aluminum, consists of three trayvs 15 ¢mapart
cach 100~ 0.50 m. The travs are made from
I b em wire mesh 1o allow casy flow of air.

Heat and Mass Transfer

Heat aranster in both the dryving
chiamber and the collector: mass transter occurs
primarily m the desing chamber. In the fat plate
collector, it was sssumed thit heating of the
moving i was achieved without an increase in
humidity ratio, Based on well-known expressions
for psychrometre processes mvolved, the team
obtained a measare of the usetful energy within
the collector. Lfficiency the I
given as the tatio of usetul energy 1o the total
global medent radition received  on the
collectar plate.

Heat and mass transfer in the tower takes
pliace: G the ontons by diffuston (Fick's
Liw) or conduction heat transter (Fourier's law)
and (b) in the wet air by convection. With an
isenthalpic process in the drving chamber, it wis
possible to obtn the mass low and its elficiency,
Fiicieney of the dryver is given as the praduct
of the etficiencies of the collector and the drving
chimber.

occurs

ol collector



Measurements were tiken every 6 min on
temperatures o air entering and leaving the
collector, on temperatures of the pliass plates in
the  collector, collector pl;llu temperature,
temperatures of e entering and leaving the
dryving chamber, and global radiwtion with the
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use of a Hewlett Packard  dita acquisition
systent.

The results obtained from a limited number of
tests e encouraging. urther tests are now
being planned 10 improve drver efficieney and
product quithty.



Heat and Mass Transfer

Drying Fish in the Philippines

Ernesto V. Carpio’

Absteaet. Tradioonad sandiyvmg e the ilippries s assocnted with severat problems
meluding losses through spodage and aneven deving, v intestation, and improper handimg and
madequite storge tahtes Beceuse sun diving s dependent upon the total sarface area bemg
cxposed to sunhghta e deving areas requised but most processors ase lamited Lind resourees

and canonby diy o traction ol the cateh duing seasonal zhats, Therefore, controlled procedunes
wd approprate equipment are requred to ensure that the navimum vield of dued Bish with
satistacton storage ite can be prodoced quick!s.

Drying of Iish products, ane ol the simplest
and carliest tish-proservanon methods pricticed.,
s magor traditionad processing industiy i the
Philippmes. The diving industey, being sers
Hewible due to smadl and widespread units, s
important because ol the volume ot fish being
handled and the tact that tish surpluses can he
processed at any Lindimyg prior o distritbution
thereby stabilizmg prices oo certam extent. The
annuitl tonnage s estimated to he more than
160000t drred weight, equivalent 1o 35397 of the
totul Philippme cateh, and provides a0 stable
protein product that can be distributed over
wide arei.

The tradittonal drving practice in the Philip-
pes s o salt either whole or split-open fish,
depandieg on their sive, by dipping them m g
25 brme solution for 6-7 hours and then
placing them on bamboo mats in the open i for
s diving, The resulting marketable product
has o motsture content (MC) between 30 and
0% ot otal weight, but this varies widely, The
most common species dried are anchovy,
mircherel, slipmouth, sardines, nemipterids, and
roundscad.

Five general method of sun diving is assaciated
with several problems aside from the fact tha
sunlight v unpredictable even durmyg the dry
Surr drving rekrtivels  slow, and
because fish s highly penshable, losses through

ISR N

Department ot Food Scence and  Technology,
Univeriny of the Plubippimes at Los Banos, College,
Laguna 3720, Philippines.
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spotlage are high and the products are not
uniformlby dried. In the coastal arcas of the
Flolippines where sun drving is widely practiced
and where the refative humidiy (R Hy can fall as
low s J0% 0t takes an average of 1-2 days
(8 hoorsZday) 1o dry herring and sphit-open
mackerels to 3590 MO wet basis (whb), Another
migor probleor cnconntered with open-air sun
drving s vy ifestation. I the absence of itense
sunlight as i the carly and Tate part of the day,
nirggots develop and cause disintegration of the
fish. Eyps Laid on the exposed fish at the latter
part of the day could hatch and cause damage
to the products durmg subsequent storage.
Sun drving s Targels dependent on the total
surface area being exposed to sunlight so that a
very Large arca of drving operiation is required.
The fict that most processors hase limited lind
resources means  that during scasonal gluts,
only & fracnon of the catch can be dred. Han-
dling the materials dosing wnespected rains
presents another problens. Controlled procedures
and appropriate equipment are required o
ensure that the maximam vield of acceptable
dricd fish with satistactory storage fite can
be produced guickly 1o cope with the seisonal
landing.

Theory of Drying

Hall (19573 referred to diving in foads as the
removal of maoisture so that the environment s
untiouriable Tor the development of moulds
and bacteria, 1t is desirable to obtinn dehydra-
ton i the shortest time possible to onnimize
the chances of spoilage by microbial action.



Equilibrium Muoisture Content

sothermis tor anchovs Gmackerelsand herrmg
within the relatinve hunidiny anee of J0-807
were studied at the onversaty ot the Plalippines
at Los Banos (UPHR 1979 Fapernmments showed
that, at low refanve hunndiy tangee such as that
present an the divers only o small didterence
could  be observed between the equilibrium
motsture content (MO ) of the dilterent speaies
toested (Figs Do Thas micans that although the
deoercan remoeve 2507 ot the free morstare in the
products tested, the amount removed depends

on the mtad moisture content (MO,
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Rates of Dryving

Fhe rate at whineh the tree monsture as removed
tron. the product does not reman constant.
Lo clon2yand Burgess etal 01967y deseribed
the drving process as compaosed of the constant
nte peniod where mosture s oremoved at g
anitenm rate antl it reaches o entical moisture

0.4

content (MO, atter which the rate of monsture
remonal decreases s the drvig process enters i
talhing-rate pertod. Inothe case of fish muscles,
which mmnally have o water content ol about
4o of des weght, the mostute evaporates at
a constant rate untilar fadls to about Te e atdry
werght (Lison 1962y,

Henderson and Peres (1955) desenibed the free
surfiace evaporation morsture dunny the
constant-rate perod in the equation:

of

(1 PAWAdO) - 439 2010 AP
() OAS30K A=)/ h,
where (dWZd) ~ deving rate, ke ol wierZhour;
N witter vapour transler coethicient kg/
(mrm-hg/moy A water surlace area. me;
Powater vapour pressure at toatm Pooowiter

vapour pressure tnthe anatm: Koo thermal
conductance ot i Nl kealZememe - O
Lo i temperature. Coto water temperature,
wet budb, Coand by, Latent beat of vapornzi-
tion, keal/hy.

The mass nagration equation (equation 1
deseribes the rate of dreving as bemg dependent
on the vapour pressure difference between the
product surtace and the bulk of air and on the
nuiss transter coethicient. The constant rate of
drying may also be evaluated moterms of the heat
transferred 1o the product o evaporate the
surfice moisture (egiition 2).

At the end of the constant drving rate, the
hygroscopie material has reached  the critical
moistire content that can sustnn o uiform rate
of tlow ot fiee water to the surface, which s
cqual to the manamum rate ol water sapour
removal from the surtace.

The mosture dittusion wathin the fish decreases
below that needed 1o replenish the mosture at
the surtace, and the rate of moisture removal
trom the product slows, The tallimg-rate period
s Lrgely controlled by the movement ol moisture
within the matenal 1o the surface by hgud
ditfusion and removal of moisture lrom the
surtace (Halb 19370 The diving rate at this stage
i, be deseribed by the Tick™ Taw ot dittuson:

MO/ Ay

RY Dy (0 MC/8N)

qued phase dittasion coetticent
movement  through the
morstare content, dry
distance along travel of

where D)y
apphicable
phicse. m Shours M
hasisi 0 e and N
moisture, m.

A solutton to s ddterental cquation
(Newman 1931 regures that we tihe D oto be
comstant, which v not ahwins the e and
thit divimge would ocour only at one Lice of the
product. Fquation 3 sinphities toe

for sohd



(MC = MCWNMC - MO

g -Dporod -0y b
Sy RN

=Dy o ) }

where MO cquiibom moisture content, dny
basiss MO crrtcal morsture content at the st
of the diffusion process, dey basis: and
distance trom face o centre o a slab dving
from both faces or thickness ob o slab deving from
one fiee, m.

Fquation - may also be solved graphically
ustng the Grurnes--Lurie charts that have been
developed and used for unsteady state heat
conduction. Henderson and  Perey (1955) des-
cribed the divimg e during the falling rae in
the equation:

CAMO/d0) = =N C - NC)

(-h

AR

R

(M

where tos o deving constant, Integration of
cquation 5 ogives:

1/
e 0/t

(0) MO - MOCME - MC

whore MO imitiad moisture content, dry basis.,

Prgure 2 shows tie drving curves (fog of
arattable mostore v timey ot anchovy it variots
drvmge condinons. Fach curve is closely it 1o
cquttton O of Henderson and Perry (1955) and
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soaler o e dioore the delvdianon ot anchovy ar
{78 o air velociny across the product sunface.

miy be used o deternnne the diving constant for
the  ditterent Table I presenty the
ditterent drving-tune constants tor anchiny,
macherel, and heromg at vianous deving condi-
tiens, Fhe table the catculared
drving tme (1), 1o obton o finad mostare
content of 200 whe The diving tme, 0 caleulis-
tHons asstime contimuous diving with conditions
hept constant,

spedies.

also presents

Psychrometry
Psyehrometries of the Dryer Air

Psyehrometry reters 1o the study ot the
“principle which poverns the properties und
behavior  of the fixed  gases with
condensable vapor™ (Brown et al, 1950). A plog
of the drv-bulb temperature of the air-water
misture and ity water vipour pressure can be
made under w parniculir pressure fnormally
atmospheric) 1o obtain what 18 known as a
psyehrometre chart (Fig. 3).

i the physical properties of ur such as the
dryv-bulb and the wor-bulb temperature are
Knownoatis possible taidentfy the state pont
CAC B or ) of wir on the psyehrometrie chart,
With the state pomt detined, other physical
properties such s density . mosture content,
and enthalpy may be obtiined. For example,
when i at stiate point A moves to o ew conds-
ton Bt oas sand to have undergone o state
process. The amount of encrgy absorbed by the
air when bemyg heated from state pomt A 10 B
mity be calculated as the ditference menthalpy
(hyy = hy rbetween pomts Aand B,

Dryving wuth heated aire, partculiely durmg the
constunt rate period, s a constant wet-buib
process and may be des c.5ed by the path B o
C on the pssehremetrie o ot The energy to
evaporiate the mosture v o che product s
supplied by the passing air, Lhach decreases
intemperature from Fyoto T L Parker et oal,
9S4 mentioned that during this debydiation
the wet-bulb temperature s rather
constant and normally does not vary more than
1,

The water transport rate tor the constant wet-
bulh process s detined by Henderson and Perry
(1935 i the cquation::

so-catled

[)l'(l(\‘\\_

W N IOV - Hpes

where W water temoval site, heZhour; Vo air
tateom Yhoursm He o absolute humiding of arr
At stite Cohywater/kg dey airs Hy,
humidity of i at stie B kg water/kg dey airs
and hanmid ~olume of e m'/ky.

absolute
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Table 1.

Dirving time constants (0 and clenlated desing towe (0) to reach 2000 MC for anchovy, mackerel, and

herning doed under ditferent ivimg condittons.,

Drving time

Average Average
Are veloaity temperature R1l 1 0
i/ min) [ () thouts) thours)
Anchovy
173 70 MU J 84 .00
)2 R RIRIG 11.25
AR M7 RIVA 13.28
A8 098 2397 4.05 132
S8 271 4.8 16,27
S0.02 R 572 19.72
Mackerel
173 04.0 287 REY) 10,45
619 27.9 RIVE 11.70
49,5 .6 4.3 14.31
48 o9.59 264 445 13.08
64,1 REIR] 4.08 [RIRD
JON3 0.7 0.07 20,11
173, skewered 069.6 239 2.67 7.59
Moderate sun dned Sa8 REY] 5.0 22.01
Hernng
173 9.6 R 415 14,25
61,47 50 7.95 -
828 »n2 6,39 24,08
I 70.1 RENQ) 5.6 2487
00,2 279 093 2249
50,27 RYIN 879 RRIR{]

g H:0 kp dry air)

SRV WU

ABSOLUTE HUMIDITY (k

T
DRY BETB TENPERATURE (70)

Loy 5 The psvehvomerac Chart showinge state points
and processes of air mod drver.

Fhe cquation may also be defined as the
maximum evaporation capacity of the dryver. In
a design, however it is never safe to approach
too cosely 1o the theoreneal masimum, becituse
drving becomes very slow as the drving it is
reached and henee tirkes @ longer e to remove

all the free moisture, IF the airis almost siturated
at the cool end. as is expected in the above
cquation, condensiation and dripping of wiater on
the walls and rool will most likely oceur. Van
Arsdel (1942 and Parker et al. (1954 recom-
mended that for design purposes, it is well to
leave 8.3 C wet-butb depression at the cool end.
Ambient qur at A ol the psychrometnie chart
{Fig. 3 must be heated 1o condinon B betore
itenters the drving chamber. The amount of this

heat encrgy i~ (Henderson and Perry 1955y

q 7 ON/3)(hy, = hy)
or

¢ “)25:\'/\)“1“ - h\ )

where ¢ = heat rate, kealZhoursh - enthalpy of
air at state AL kealZkesand by - enthalpy of air
at state B, keal/kg.

The thermal cttficieney of the svstem as a
pereentage is given by Hall (1957) as:

Thermal efficiency =

(ke water evaporated) (latent heat, keal/kg)

(kg Tuel used) theating value of fuel, keal/kg)

where the latent heat is taken as 855.50 keal/kg
of witter evaporated.
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Design of Hot-Air Dryers

Dehvdration s defined as “diving unde
controlled  conditions  of temperature and
hunudity tow spectic end pointma gnven tme”
(Parher eval, 1950 There aie several micans of
arthiciadly drevig products, but the niost
commen s comvection devers, becanse they
arc relatnely sunple to vperite and mespensive
{hg -5

Al hot-nr dehydrators work essentially on
the same preiple: hot woras passed  throagh
the monst product and in the process evaporites
and carnes the moisture out of the drver through
anexhaust port. They may ditfer in the wivs i
witich the aris heated and coculated.

Beavens (19400 deseribed a tapical cabinet
dehivdrator, which consists of (1) an isubated
chamber with o suitable duct and baftle system
to promote gintorm ainr distribution through the
product bemig dred. (2 a0 circulating tan that
fovces the air trom the heat souree and then 1o
the prodact. (3 o heating system within the
chamber, h) product suppert within the
chamber, and ¢3) 0 convenient control system to
regulate the conditions within the drver.

Systems of Heating the Drying Air

Hall ¢1957) desenibed o divect miethod of

07

heating air whereby the primary e is allowed
to pass directly through an open thune and m the
process mines with the product of combustion,
Liquetied petroleuny gas (1 PGy has been enien-
sively tested (EPT B 1979 and has been found (o
be on e of the most conventent taels for heiating
ane Teasadead Tor direct-tued devices, as it burns
without producing odours that thivour the fish.
Hs relnvedy hiph cost and unsteads supply as
compated with other energy sources mahe 1t
unsuttable jor low-cost fish drvers intended tor
siill- to medisme-seale processars. Thermostat-
contiolled michtome wire heaters proved to be
very nunageable i terms ol operation and
temperature control. Flectrie: heaters e oot
ustidly s bulky as other heat sourees, and they
have awider range of application, Those types of
heaters and theiwr operation, however, e ofon
very costlss I most tshing villages of the
Phitlippines. the supphy of electnicity s alse
unsteady b avanlable ar all,

Kerosine burners have also been tried (UPLR
1979) i the direct-tued heating system. Fuel was
supplied through feed tubes from a pressunized
contimer to two o pressurized burners, The

burners are enclosed moa protective shell 1o
prevent the high discharge of an from putting
out the thime. When property operated. the
burner produces @ bluish tlame that burns the







Diving
chimber

T, 0,
hulls s o souree of heat, has been tested and
proved to be practicable. Rice hulls are burned
im - brick Turnace dhat heats up ar oo heat
exchanger. The hot i produced s used 1o dny
the fish focated moa desig chamber (UPLRB
|\)7l)'_

Air Circulation

Ssstems toocrreulate heated air within the
drvmg chamber aim to promote even or uniform
ae distribution throughout the chamber, This
v notmally accomplished through ducts, battles,
ar snnde vines

Hot air miay be passed horrzontally over and
under the debvdrated nuterial s om0 cross-
tHow dehvdrator. Inoa throvgh-low circnlation
debvdratar. however, hotan s allowed to move
througa the bed of fish and through the material
supports sach perforated travs (Beavens
(DRRFN

In most circulittion svstems, provisions are
made to recniculate air where the heated air alter
passing through the produa s reheated and
dgamn crenlated i the drser. In plices where the
ambient temperiture s much lower than the
aperatng diver temperature, rearcutimion has
been tound 1o save o considerable amount of
heat energy and, therefore, tuel (Wilkams-
Gardner 1970 The hunndits-temperature path
ol air. represented ona psyehrometric chart, is
shiown in Bigs 70 Withe this process, the drser
operates alba hugher hunudits thim one without
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DRY-BUT B TENMPERANTURLE (7C)

Iy, Unolute humindiy chavt, sy state points
of arr durme the recocndation process, e an miure
of presdt and vecvcled an cnrers the devone Gamber et
pomt oand passes thousde the product tollowims
comtant wet-budh process U1 vesidine i a monsture-
faden avr at pomng L4 porton of this au (1) iy exhausted
winde a certam anteant o meved witly the mconime frosh
arr front pomt -V vesudtine o a miviare at D This miviure
norcheared o 1 and avao allowed 1o pass thioush the
product 1o e dried.

recirculating an. and @ longer time —- propor-
tomte fo the energy sined = iy required tor
dryimmg. The pereentage of recrrculation of air
may be calculnted usmyg the equrtion:
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“o recireulation {( T, - H /0 - HL O T0O

wheve Hy o Hyy L 0 absolute hundities at
poimts AL Dy and Forespectively, aina psyehro-
metric chart (g 700 kg of water/Zhg of air.

IFfans and Blowers

De Padua (1970) recommended centrifugal
blowers espectally i arge drving installations
as they can develop hugh-stiatic pressures. Fish
dryers, tvpical of tay drvers, however, do not
need to develop hiprh-static pressure due to the
reliatively low product resistance wirflow.
Beavens (1940 Bowever, stared that Lirge volume
How of hot araceoss the product s necded to
merease diving rates, !

to

For s purpose, asni
How fans nuy be used as they are designed to
move Lirge volumes of wir usually at zero statie
pressure (MceCabe and Snuth 1956y, Cutung
(HO42) sugpested that Tor igh o rates of hish
drvig, debydiators shoudd be mstalled with
tans o1 blowers it can deliver anrac 1IS29 my/nin
across the product. For most 1ood products,
Beavens 01940 recommended wr veloctties as
gl as MIK-3048 m/min.

Material Support

For the  through-tlow pertorated
trays are preferred o wllow passage ot hot
throngh Lasers of materials, Amin and Bhaua
(1962) Tound that drving time can be reduced
substantally by the use ol wire-mesh travs
mstead of stnnless steel alumimum trass,
however, the use of wire-mesh triass presents
problem beciuse raw fish stick to the mesh, Used
fish nets have been tound o be adeal as trass
becatise the fish do not stick 1o them (UPLR
1979y With this type of tay fish dey umformhy
mside the chinmber without bemg tarned.

systems,
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Heat and Mass Transfer

Drying Grapes in Northern Chile

J.M. Olhagaray'

Abstraet Tis paper seports the resalton the diving o F Thompson seedless rrapes in Northern
Chale. The work waee carned out durme the simner of 1978 by the Instiune of Fechnologeal
Reseine INTICCHIET Y The Thompaon seedless prape s prown m the Valley of € ‘opmapo River
and s osed nanly Torexpart purposes asa tresh produoce. For caners and qualiey reasons only 700
of the production s exported, wihnch Teaves abont 8GO of wsable papes discarded.

Apart frome exlnbiting very pood ecologacal condimon

tor sunsdivinge s, the area s

ceononncally depressed, witha hieh percentape of nnerplosment Anadaptation of the Austiabian
methad of sun-diving prapes was Consdered s asolution o ke problem A diong rack protonype
swas budt with o Capaots of Trod fresh grapes Diovim: s we e conduod ted darmg the summer of
1975 Resalts show the wechncal teasibdine ob divmg the gapes v this method. An econonie study
was carped ont that consadered atacihy tordeving 200t ot fresh prodinct. Results show a maderate
mvestment. s pood et and o leh requirement o hand  Libon

Fhe Valley of Coprapo River where Thompson
seedless grapes are grown s oan cconommei |y
depressed area with high anemplosment. The
avinlabadiey of the raw matenal consists ot about
SO0 4 (heshy cotrespondiy to 3000t ol table
grapes ot export (Thompson seedless). The
region has adeguate condimons Tor sun diving,
but o divimg ssstem s needed that would be
fabour mtensive, capable ol being operated
within o small wrea. casilv constructed,  and
would not require Tiqund or solid tuels,

Procedure for Drying Unsulfured Grapes

I the procedure for dving unsuliured grapes,
grape bunches are tnst collected and washed
cold water 10 remove dust and contaminants,
The grape bunches are then canstic dipped (0.3
bothing Ise solution). The dippimg ome ranpes
between 2 amd 4 see producimyg cracks in the
sk which speeds up the debvdration process.
The grapesare then washed in cold water to stop
the chemneal atack and o avand cooking the
product. Anather cold water dip i ased 1o
chimumate traces of hve trom the grape shin. The
grapes then go through o sullunmg process to
develap o clear colour and prevent detenioration,

Fhe grapes are then placed i racks (load
IS KgZm b and left to drs, starting by the upper

Institute oF Technologioal Research (1IN T
CHI B Casilla 6067, Santigo de Chule, Clale

71

Hoors, Protection against ansects and small
animkthy nust be provided. Onee drs, grape
bunches are temoved from the rack and stored
i the shade tor about 200 dis,

The system characteristios are a drving rack
with a total capaets of 1ol prapes, o sullur
chimber made with sun-dried bricks with an
imner cover of coal tar,and ancillias equipment
consisting of 290-F drums, steet baskets, and a
brick tireplace tor the hot-chp drum,

Results of Drying Runs

Results of the arving runs indicated an average
drying tme of 16 Javs, The product characters-
tes are as tollows: the average moisture content
s B O gwet basisy, e deviation s 0,607 and
the average size s 6.5 mm. In the coloar evalua-
ton 5200 ol the sample exhibits were of o pale
vellow colour (uniform), 36,37 weie not of
umform colowr. and [ were pink coloured
with dinrh vellow spots. The muajor delects
mcluded BLST wath e and o remannimg SO,
of 460 ppme Podencee of wechanmcal damage,
burns, mowds, insect damage. and dust was not
detected, From L kg o unprocessed grapes
the vicdd was T ke of rosins,

Results of Feasibility Study

The results of the feasibility study showed a
hitse capacity of 2001 of fresh grapes per seison,
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raisin production of 70 t2season, and a land  USSH7007scason, the misin price was an
requivement of 2.5 i The total investment average of USSTISGA (707 of total praduction
wis ULSSISO000, sorking capital was US.is exported), there was o rate of retuen at 186
20000, the operation cost amoanted taand a libour requerement of 50 people,



Heat 'Sé‘uréés

Solar Energy as a Heat Source in Crop Drying
in Sierra Leone

Michacel W. Bassey!

Abstract. Soln cnerey as i heat souree has been used i many applicatons pertaining 1o
developime conmtries. One ot the man apphicattons, cspecradly i raral areas, is crop dryving, This
Papel exannnes vanots aspects of solar crop drving,

Phe evaluation of avalable salar enerey and ss onthization i virrions types o drvers are
discussed Factors aftectung the desgn of these dryers, which are minnhy for use in developing

cotttnes, are outhned

There s need tor more research and development work on solar crop

divers approprnate 1o the needs of these countines,

The diving of crops usang the sun’s thermal
energy has been carned out for centuries
throughout the world, The methods used hive
not changed i most countries due to several
Lactors, some o which are related to their leved
of technological  development. Tradinonalls,
the crops are spread out m the open an under the
sun on the ground or on raised platforms. This
method s chieap but has several drawbacks.

he disadvantages of open-air sun drvng
mclude: the mtermittent natare of solar energy
throughout the day and difterent tmies ot the
vear. the possihle contimimation of the crops by
dit and rodentsothe infestation of the crops by
nesectss the exposure of the crops o the elements
such as i and wind, wiich case sporliage and
Iossessand the exposure of the crops o qats,
Chichens, and humaen beimngs,

Crops that have been died using open-air
diving methods imctude tritss vegetables, meat,
fshe crame, sprees, tobaceo, cotfee. and cacao,
Other deving activities hinve been ased 1o process
tnmber and hdes The guadity of these products
are o maost cises gaite aceeptable although
mmprovements are possible: These improvements
can be achieved by applung certam moditica-
tons toexisting meihods or developig ditterent
svetenis tor drvinge depending on the particulu
‘].\P

I many cases. s possible 1o hise sophins-
teated svstems that pive good quadiny diied

Prepartment of Mechameal D nemeening, Foarah
Haw Codleges Unnersiy of Sterta Leone, Frectown,
Sierin 1 eone

products. Therr cost is hagh, however, most of
them needing electricnty to power a tan and tuel
such as ot or gas to provide the heat needed for
drving. In many developmg countries electrieny
is unavatkble meomost raral arcas and tossil tuel
s imported. theretore, this aliernatve appears to
he ampracneal ar the present ume. There many
be possibihities tor combiming wind energys and
cnergs e Fast Atoea where 1t
ceononmicatly feastble, but tn West Aldnea there
ate many places where there s noowind.

There has been an attempt over recent sears
ta coneentrate on the development of solan
dryers that can be used moagncaltural activaties
i the rarabareas. These devers have manly been
tor small scale use i which the drving times are
reduced and the gqualny of the hinal product
mproved. compared to the traditional methods,

Fhe fmanctal mmpheations of tmproving
tradinonal drving methods have greatly
influcnced the directon of the use of solar
energy as o heat source tor crop dreving in
developimg countries. Many of the dryers used
tor dehyvdiating crops are eelitively Tow cost
compared to systems nsed i developed
countres,

Pins paper discusses the use of solar energy
tor dryving crops in developimg countries, The
interaction between soliar energy and dryers is
outhined, and some design considerations are
made bearing i mind the existing teehnological
and finanaal imitatons, Some examples of
vartous types of desers usang solar encergy widl
be geven to show the possibilities that exist tor
turther developments,

solat SeCHIS



Availability of Solar nergy

The sobr radinon antensity, outsude the
carth™s atmospheres ar the mean distance ot the
cirtth trom the sun e PASTEW “me - This amount
vadiation st reduced o valaes ess
AW at the cand by the
presence ob clouds, dust particles, LINeS,
Lhe magnmitnde of the avinlable
depends on the Tocation, e ol year, tune ol
dav, and general atmosphenice conditions,

I radiation avalable at the carth’s
sutliuce primanhy ot wavelenpths
rangig trom 0.3 to 24 e Most practicad
upplu"llmm use solar raduiton between
0N and 2 pooes whieh covers the vissble ange
(0.38-0.78 ) and the near infrared (0.75-
2 The vanatton of solar radiatiion imtensity
with wanvelenpth s shown an Figs 1 oas s the
sadiuon mtensity outside the atmosphere ol
the carth and at s surtace. Abo shown are the
absarption of the radation by vartons g Ch
v noted that attenuation of solar radiation can
he quite significant throughout the whole
spectrum,

The total radiation imadent on o horizontal
surtace s called global radiation or insolation.
It includes the direct beam radiation. the diftuse
radution, and the reflected radimton, The direct
radhiation s received from the sun o a lincar
path. The dittuse radintion. however, 1s directed
trom all the sk Tt s mdiion that s
saattered by gases, paiticles, et the s The
dittuse component of radition may vary from
s ton o sery clear davy to 1007 ton 2 very
oudy davy o the global radianon, Fhe retlected
radittion ornginates from surfaces such as walls
of baildimgs, the ground, and other cquipment.
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In pracoce. the amount of avilable solar
vaedition s mcasured with equipment specitlly
desined tor o particuline component ot the
radimtion, Pyranomerers are used for mesunimg
global raduion and pyichehometers
direct adiuon. Vanous tvpes e
(Cout~on and Howell T9soy Iattase tachation
v obtamed with the and o a <hadow rimg, whieh

prevents the diect component trom reaching the

used tor
avalable

prianomietet.

For ol diving appheations. it s naportant
1o know the global radimon, Although this
vadue can be obtined with o pyranometer, the
fack of the approprate mbrastructure foracquir-
ing such solan radianon data presents o problem
i descloping countries, Many ol these countries
have radation dita for a few sears and only for
limited locations, Funds are usuadly umavaalable
to huy cquipment for obtamimg solar radition
at, for example. experimental sttes. These
constratints ke development work on dryers
rather difficult.

EFstimates of global <ol radiation can be
obtained using cmpoicat eguations that have
been presented in the literature (. Nistrom 1924,
Reddy 19710 Basses 1978 Hloyt 1978 Notarndou
and Falas 1979 Meteorologacal data are used to
estinte the global sadiion.

One ol the most common formultions was
due 1o Anstrom (1920 and it uses data on
sunshine duration that can be obtimed using a
sunshine recorder. The equation is

/0. at hn/N

O s the plobal radiaton receved on g
hotzomtal sarface, Qs the theoreticil radiation
on the surtace assummg the absence ob an
atmosphere, nos the actual duration of sunshine,
NS the masimum possible daration of sunshine,
and o and boare constants, These constants, a
and b depend on Jocation: o being relatively
constitnt but b dependimg on atitude.

Chmatotogical vilues total precipiticble
water, turbrditn . and sutice albedo hinve been
used by Hovt (1978 Another study (Notandon
and  Talas 1979 used panpmcters such
clevation, absolute hunudiy and clond cover to
predict plobal solar radianon. Work by Reddy
1971 used the mean fengeth of das the number
oty davsan the month, and mean homdin
per month to estimte elobal radion,

It b been observed (Bassev 1978 that the
tadition data focations are
not rehable, which mobe the estimates seterred
to carber quite usetul. 1 as usuadly posable 1o
abtam an wdea of the accuracy ot the predictions
by compatison with rehable measurements

where

ol

HA

avatlahle some



obtained in other locations having sinnlan
weather conditons and Jantudes. The Lach ol
meisured radinon datie at any place
shoald, theretore, not prevent wark on solie
deving as estimates can be abtaned that can

sobin

seive s i basas tor rescarch and development

studies,

Methods of Ultilizing Solar Energy for
Drying

Solar energy has been the oldest and maost
widely used micthad o deving cropsan deseloping
countoes. The methaods nsed o dinte have Liregehy
been based on open-air dving, However, o
better wuhize this abundant cnergey
cllectively, systems have (o be developed based
onspectlic needs,

Crop dovers can be designed 1o use solig
coerey o ovartous wans, There are two main
npes ob divers that can be used: active devers
and passive diyverss Active desers use an external
device operated. tor example, by means of i tan
to-crrculate the s but passive drvers do not.

Althongh passpe sastems tend 1o be more
reabstic tor appheation i developing countries,
bece of the relatneds dow mitid capial and
operating 1L s possible 1o use actne
swstems torrelatvely Targe-soale applications,
Fhen speatic uses, theretore, depend on varons
Factons such as avindabilits of G poaer souree,
sedle of appheation. focation, design, and avail-
able materads There are vianous modes mwhich
sodar enerpy cane beased Tor drving,

sotiee of

Costs,

Open-Air Drying

In this method, the divers use solar insoliction,
wind velocimiess ambient i temperatures, and
the telative hunidits of the an 1o reduce the
monture content ol the crops, This method,
which has many varatons, has been used
extensiely becise 10 cheap toamplement,

In one appheation, the crop s spread on the
ground on an drea that has heen cleaned ot
leaves, Lludss, [ he vnerey
mncident on the thindy spread crope provides heat,
which requined evaponite water. The
mechanisms by awhich thes i achieved are well
understood have ieported o the
hteramre. The mechanisne by which the mosture
feines the crop conduction, convection,
and radednon,

Radhiation trom the sun heats the wround and
the surcoundimg an. Heat s tansterred o the

stones, and solan

I~ o
and heen

AR

~d

o

crop by conduction from the ground, by con-
duction and convecnion fraom the air close 1o
the cropand by radition from the sun and the
ambient aie The mosture at or near the surtiee
of the crap is thus heated and s vaporized,
which movement of monsture to o the
sorface. Phe heat transterred to the aop may
also be transamtted to the mner core by conduce-
ton. which will in turn liberate turther vapour.
Fhas, the vate oF dving depends on the invailable
tadiition and the ground temperature,

Duneg open-inr divmg effors must be made
terensuie that the pround lemperatare is not so
high that 0 will damage the crop. Somctimes
crops are spread out onocement or asphalt
pavement. This method s more expensive than
ground divig because of the imtial cost ol
constructing  the pauvement. Tt does, however,
have the advantage of providing a higher surfiace
temperatare compatted to the ground.

Citlines

Beciuse there is hittle or novertical circulation
ol air through the crops, they hinve to be spread
thinly when dried by the open-air method, which
mithes Tt necessary 1o have a lirge arca ol Lind.
Although this methad s relativels fow cost, it
e many disadvantages as mentioned carhier,

Another method o open-amr desimg involves
raising the crop above the ground o dry by
placing it a tray and resting it on an open,
rased  plattorm. This sevangement reduces the
problems encountered when deving on the
ground. Rodents and insects, such as ants, tind
it more ditficubt o nfest the crops. To better
atze the ol energy. the base of the tray
stoubd be made of wire mesh and the tray should
be painted black o attain higher temperatures
tor heat transter. The depth to which the crops
are packed canan this instance be higher com-
pared to when there is no wire mesh because of
the imcreased circulation of air throngh  the
crops,

Open-ar drving on travs or racks can be used
tor heans, colfeeand cacao, ete. Forother erops
such iy grapes, the trins are stacked on 1op of
cach ather with a ool overhead that protects the
crops front dew or son (this method is used in
Aostrahay The method is cheap and can be used
to pracess Lirge gquantities of griapes,

Direct Drying

Fhe discussion on open-air drving has shown
that the i used o takimg moisture from the
crops s cttectne at the ambient temperature
and rebetnve hanudins (R However, it is well
hnown that an at a0 given temperature and
reltnve hunndity when heated  experiences 2



decrease inorelative hunndity, Thus, heated an
takes away more monsture from the crops than
unheated wee his tact has been used i vanous
solr corp divers that ase direct and indiredt
methods of heating the ambient L,

Durect divers consist o an enclosure wath o
transparent vover. Phe cropsaie phiced on s
i the enclosure and the solar energy s absorbed
by both the craps and imtermal mass of the drver,
[he cloevated temperatures cause evaporiabon of
water lrom the The warm moist ar
escapes throngh vent holes usually located on
the stde of the drver, and tresh aie s diawn in
through holes at ats base, Theretore, there s a
continuous tow ol ambient i through the
lll_\k'l

A sursey of these devers has been done by the
Brice Rescarch Insttate (BRE1929)0 A typical
drver s shown in Fig, 20 Heat s accumulated by
the greenhouse eftect, and the moist air escapes
through the vent holes. Muany of these direct
drvers are msalated on ther sedes and under-
neath
isthtion Cproper sealing of the glass or plistic
conet o present ancontrolted movement of air).
Fhe temperatare in this type of dryer can rise to
more than 100 C dependimg on the type and
quantits ot crops baemng dred. Care theretore,
has to be tahen o ensure that the tinal product
v ot everdried.

Cheaper divers, which use solar energy by the
Jirect methad, do not use isulaton. The top
and sides of the devers are covered with o tiins-
parent cover that serves to collect solar radiition
and protect the crops trom dint, bad weather.

L‘I(\P\,

Lherr eflectiveness depends on good

and meects.

Lhe design of direet divers s sach that the
crops e dhiecthy beneath the transparent top
covers that are stoped at the appropriate angle
to the optimum radiaton. The
neeznitude of this angle can be caleabiated for
vartots focattons, However, because 1t changes

collect ~olit

througehout the vear o recommended walue s
latitirde -

t 10 Ablthoueh this inchnaon will

Hodow v

Hioonans ol

_Nenn hodee
i to

Walll ol

not give the best pertormance when the dryer is
used on o ovear-round basis, 1t should be noted
that tacking the sim o would be an expensive
exerase nthing the applhication vers unceconom-
ik,

The transparent cover can either be asingle or
double cover with o about 1 oom
between the covers, The clteet of having the
Jouble glizimg s 1o decreise the amount ol heat
lost ter the awmbient r by convection. winch m
turn creases the temperiure i the drsving
chamber, An advantage of having higher tem-
peratures is that the relstive hunndity o the
maoist s will be low cnough to prevent water
from being reabsarbed by the crops. i process
thit increases the drving tme. Tt may be necessary
to have two transparent covers it wind speeds
are consistenthy Iigh during drving penods,
Cooling of the gliss cover causes loss of heat
and condensation on the transparent surtaee
instde the chamber, Asa result the crop mcreases
in moisture content, and ess cadition s trans-
mitted through the cover materil. Because of
this problem, an adequate number of vent holes
must be located at strategic points on the dryer
through which the moisture can escape.

The regalation of the temperatures an direct
dryvers is achicved by openimg or closing the vent
holes. Their operation depends on the experience
of the user and on the tvpe of crop being dried.
They have been used tor drving ok, ontons,
apricots, grapes, wulic, prmes. peaches, cauli-
Nower, et with good results (BRTT979: Bassey
19RO,

Design constderatons ol direct heating
systems imvolve masimitzing the temperitures m
the diver as this determimes the doad. As
mentioned  carhier, the imsulation must be
citective and the mitertnls used can be chosen
From siwdust, wood shavings, Iibregliss  coconut
fibre. straw, and other. Fhe thichness of msula-
von will depend on the matenial used and the
temperature ditterence betweer the ambrent e
and that m the chiimmber Wind speeds should
also be considered e the desien of the divect-
heatmg diver s this causes losses by comvection,

a4 distance

Indirect Drying

In mdirect divimg, soliar energy does not come
o direct contact with the crops, The air used
Yor deving s heated i g solar air collector and
then arenlited thraugh the crop 1o reduce ats
monture content.

This tvpe of diver has been studied and
reparted an the heeratare tARyure and Seleuk
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1973; Headly and Springer 1973 Satcunanathan
1973 Selguk et al. 19740 BRT 1979: Bassey
TOROa). s possible to use ot for cnculating
the s o qust aatural convecnion, The nvpieal
conhigueitiion of these divers s shownom Figl 1

Ihe solar encrey s colleeted i the wir heater
by means of the gaeenhouse elieet usimg the
transpitrent aid ol
huovancy cttectss the wanm an rses thionugh the
sloped collector and nto the diving chamber
where the crops are placed. Many designs e
possible dependimg on the mode of crrculating
the atr.

Some designs CARvurt and Selgub 1973) have
used o collector that has a glass cover, and the
absotber consisted of metal chips, The air was
blown over the hot metal chips by a fan and then
allowed to arculite through trns stacked on top
ol cach other.

Another ndirect drver has been reported by
Headly and Springer (1973) and is shown in
Fig. 4. The ambient air is heated m the douhle-
vlazed sloped collector and passes through the
by natural convecnon, The warm air
remenes water from the crops and becomes
cooler and Talls o the bottom of the diving
clunmber. Because the ae is enclosed ina con-
tnmons doop, the moist e s drawn ito the
through o duct where the water
condenses, The tollowmg crops were dried: wam,
sweet potito, sorrel, and prass,

A sunple diver using natial convection tor
arr coculanon has been reported by Bassey
CHOR00) Thos dever shown in Figs 505 used tor
dryvimg nees Two types of collectors have been
used: e the fiest one the i passes between the
gliss cover and the black absorber plate, but in
the second drver the air circulintes on both ades
ob the absorber plate, Another drser, using
plastic sev the trimsparent cover, makes use of

Colet absorbers Because

([‘w])\

collecton

Double vhized

Warm air out = T .

e mm e =~

Shelves tar crops _
-

Fransparent cover oo e s
Aovaorber R DN S
wobe 7 - Plenum
I N
it IS T RTRIR T A ——

Loe 300 Schenmane diaeram shonving the tvpreal features

ot an ondiect crop drver.

burnt rice husk as the absorther tExell 1978), The
side walls of the drver are made of plastic and
the air circulates swithout the use of a0 tan,

The min objective 1 the desien of indirect
dryers s to produce adequate air temperitures
that can be used 1o dry the crops, The design of
air heaters for developimg countries must be
ammed ot mimmizing the materiad requirements
for the diver 1o be cconomaily attractive,

It s possible o obtinn absorber plate tem-
peratures of B Casing single glizing and o well-
insulitted collector, Removal of heat from the
abserber phue is achiesed by causimg e to flow
onver b fn some designs an Tows over one of the
surtices of the plate. whereas the other sarfiee
s oo contact with an insulating material 1o
prevent heit foss through the back of the col-
fector, In another design, the wr removes heat
trom both sides of the plate (Fig. 6 and 7).

A collector can also be destgned so that two
phss covers are used. I this case the air ow
may be mide 1o flow as shown in Fig, 8, Teat s
collected from the space between the double
clazing and then trom the under side of the
absarher phate. I thas design there is no need for
insulation beciuse the hot air passes through
the crops immeditely alter it leaves the absorber
plate (Satcunanathan 1973),

TTTTON M e

collecton E\
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MWorer ol
oo Schomane dwavram of an indirect cvop drver deseloped Dy Headl and Sprneer (1973),
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Uooir cvop drver st a chimne

van be o used by wmcorporating a
chunney shown an Tigs 50 This creates a draft
that cam canse anadequate mass flow rate of air
to pass through the collector and then through
the crops. There does not appear to be o great
deal ot terest m this method of arcaliting the
e crop dryers using soba energy, although it
iIN veny amportant i osome parts ol the world,
Fhere s, however, work an progress by some
researchers, oy previously mentoned, to use
natural convection,

buoviney

One such stady, (Bassey 1980h) 1 presenth
lookimg at the methods of improving aflow
rites by duecthy mcorporanng sofar energy to
heat ap the chimpess which o wrn produces
higher o temperictnres and mereased buosaney.,
Figure 9 shows the blackened chimmey with a
plastic: glazimg over it Prehomany work has
shown that igher temperatines are obtimed in
the chimnes, and o reducton i the heght of
the chimney can be made using this mcthod,

The appheation onimdicect divers i develop-
g countries has been shown i miany studies
to be guite uvetuls The design of such sastems
i~ howesers dependent on local condions and
avanlable The relitne hunndins and
temperature o the ambient aire the maximum
allowable tempenture tor the crop and s

taailities
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Nt andet

Absorher

An
outlet

Figo 80 collecton e double elazing.

I this chunmey simcde plasire clazme o ued
tooohtann vlovated temperaiu e

T v

guanttty, deternnne the bea design of  the
syatent. The design of the chamber depends on
whether gnns ar truns. tar example, are being
dricd. Another conaderation s the veratihiy
ot a particular sustems s desirable, although
not ahwans feasibles to have a0 solar drver that
Can process vatons tapes of craps as this s

{more ccononncal proposition,

Y

Hybrid and Mixed-Mode Drying

The use of solar energy ina drver, so that both
imdirect and direet heating can be ciarried out, is
citlled mised-mode dreving, This method makes
use of the greenhouse effeet m both the drving
chamber and e the collector. Although the
itluence of sunhight on the quahty of the dried
product s beyond the scope of this paper, il
should be mentioned that mined-maode drvers
nitke use of the direct action of sunlight 1o
improve the overall quahity of some crops. These
dryers e not substantadly difterent trom the
other types mentoned exeept that the side walls
ar topouse o transparent natenial such as ghiss og
plistic,

Divers that use cnorpey well
suppltementary heating are calied hybrid dryers,
The heat source may be fossal fuel, electiieity,
agocultural waste matertal, ctes The design and
opention ol such systems s not considered in
this paper. but 1t should be soted that i certain
locations solar energy s not available 1o dry
crops fora few months of the vear, I s also not
possible to use solar dryvers at night, Theretore,
systems that cin utilize supplementary heat have
for apphicaton i developing

sofir RIS as

possihilities
countes,

Materials for Constructing Solar Dryers

Construction et solar dryvers tor use in
developmg countries very often poses problems
for various reasons. For example, the materials
used must be avatlable locally, and the cost of
the materials would be anather factor because
this determines the investment that would have
to be made by the owner. The expected Iite span
of the diyer is another factor that must be tuken
into constderation,

The materials that can be used for the trans-
parent cover are glass or plastices. Glass does not
detentorate with age, whereas plastic is aftected
by soliar radition. In many instances it may be
wise touse plastic materialif the risk of hreakage
of gliss s high T0is also possible to use gliss
and plastic on double-ghized collectors. The
arrangement should, however, be such that the
plastie material can withstand the heat and i is
advisable to use plastic as the outer covering,
This arrangement can also act as a protection
for the inner glass cover.

The collector can be made rom materials such
s owood, aluminum, or galvanized ron, The
ninin objective is that there shouid be minimam
air leakage from the collector, w0 possibility of
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the insulation getting wet, casy to manufacture,
and low cost. It is possible to use wood and
galvanized iron sheets to make pood ir heaters,
In fact, vrious designs have used these matertalds
tor small and Targe solar collectors, I wood s
used 1t should be treated against attack by insects
and painted as protection from wet conditions,

Methods of fismg the glazing to the collector
depend o the matenals used. For ghiss and
wood, wood putty may be ased and for plasties,
strrps of wood and naals are used to secure the
elazing. Scalants such as sthicon are good: for
some appliciations using glass, but they tend 1o
be expensive when used m arge quantities.

Insulanng materials are numerous and some
of them have been metioned cartier. Teshould be
noted that the use of alocally avadable thermal
inswdator does not necessardy mply cheaper
cquipment beciruse the thickness needed s often
greater compared to other materntls such as foam
or tibreglass woolo For o examples b straw s
used, i caviny of about TS em niuy be needed
compared to S em tor fibregliss wool and more
bunlding material v needed tor the dryer asing
the straw,

The drving chamber made  trom
phywood or sheet metal, Transparent materials
such s ghiss o plastic are used for one or
more ol the walls o mixed-mode dryvers. The
shelves on which the crops are placed are made
fram simple wire mesh.

Matertads that are necded Yor solar crop dryvers
are sple and govailible inomost developimg
conntries. There miy be cost restrictions becise
of import tises that cause prices to be high for
some sunple materialse This problem can,
however, be mimmized by finding alternatives
N some instanees.

be

Conclusion

This paper has attempted to evaluate the use
of solar energyas @ heat source i opertting crop
drvers. There is information in the hiterature that
can be used 1o design workable solar crop dryers
for vastous applications. But tests hine to he
catried out Jocatly betore the suitabiy ot a

80

particular drver can be established, and further
researeh and development work is needed in this
arca of uttlizing solar energy for crop drving,
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Solar and Natural Air Drying of Rough Rice in Korea

Hak Kyun Koh and Chang Joo Chung!

Abstract. An evaluation wis made of the teasbaliny ol the sobar and natural s m-Ian drying
and storge system, and the weather condvons and some expermmental reaalts condieted n
Korci from 1973 10 1980 were anishozed. The expertmentad results of solar natarad i diving were
discnssed mterms of doving rates monstuee varidon imothe s nss, and CIETEV TegUITeme s

per e ol water removed

Solar collectors with and without heat storage umits were used feoy dising ol pongh e
Fconomie protitabiling tor the ssstem developed s b anadszed mothis paper

The tradimonal method of rough-rice drving
m Korea consists of san drving in the held betore
threshung and sun deving on mats afier threshing,
which s laborous and highly weather dependent
Witlt s method, o considerable Toss both i
quahty cnd quantiey of rough nee s unavordable
Farly cutting and threshing m the held hane been
tecommended 1o prevent field losses. Because a
pew higle vielding variety was mtroduced
Rorea m 1969 o improved diving operation
has been nrgemthy required o reduce the shatter-
g loss i the tield. Inaccordance with the new
harsesting ssswem using a0 combine or binder
Iarvesters i mass deving of high-maoisture grain
hits been required. Howeser, Korean tarmers ape
faciag dithculoes e divimg of high-moistare
e wath the tradiional sun-dryving method.

Fhe concept o natural-or deving and  the
apphication of solar enerpsy 1o gram has recened
consderable attention in the past
meandy because of the tvourable weather condi-
tons durmy the harnvesting season in Korea,
Patthermore, the apphcation of <ol coergy to
grnn drsmg seems best sinted 1o low-temperature
ssstems fnaddion, anm-bins diving system
developed m this study would hinve an additional
advantage because o s extended HET)!
sproved storage svstem,

s mtended ro cvahiate the teasibiny ol
the and natural e anshie devinge and
starirge system that s to be used at the Bam
fevel. For this purpose, the weather conditions,

few v

Use

soli

Deveion of Apncaltmad Noachmeny and Process
Finectmg, Depatiment of Aencudtieal Fagneermy,
Arncultures Seond Natonad Unnveraaty
(1

College ot
Suseon, Kopea

N

the avernpe temperature and relative hundity,
and same expermmental resalts on solar and
mtaral an dving conducted o Korea from
1973 10 1950 were summanzed and reviewed.

Analysis of Weather Conditions for
Natural Air Drving

I natural air-deving svstems, the aeration
method and the minmmunm amount of son Pow are
detcrmined from ahe weather conditions and
il moistore content (MO ot grains, there-
fore, the feasibility of drving and storge using
matwal e must be stdied on the basis of
weather conditions over long periods, 1 weather
condittons dunng the harvesting season line
good dryving potenual, naroial air ddrving s
favourihle, otherwase heated ar drving must be
used. Drving potenual of nataral e can be
meistired by the drv-bulb emperature and
refative humidity (R nataral air,
calculate arewsonable drving potential, weather
datic over a long period must be analy zed.

The investigators who conducted the maturad
an-diving experiments duning 1973-80 gl
amtlyzed the weather data accumulated over H)
veirs tooobtam the average temperature amd
relative hunndiny that deternined the diving
potentiad of natural i Pherr analyses showed
that the average tempenture i October was in
the  ranpe [3.0-168 C and the relative
humidits From 04 1o 76070 Average temperature
and relative humdiy i October 14
Tocations were LY C and 6924077 respectively,

Pram these analyses, the temperature nd
eotnve hunndity me October provided  high

of l'o

ol

AN


http:ltta-.lC

drving potential because the equilibrium
mossture content (NC ) o grons was about 1590
i this scason. However ot must be noted that
ideal weather condiiions witls ligh drsing
potental did not alwins s occur dunag consecu-
thve dinvs, Sometmes, divng would bemntenupted
hecause of unsatistactors weather coaditions
In the weathed relative
humdity was considered o be the most npor-
tant weather tactor for natocd e diving. Ko
(1970 assamed that the cocal relitve humidin
CRE Y tor navaral i devimg was 753900 Based on
this asstmption, Kin amabhy zed the weather data
and reported that an opumum dindy desige nme
e Suscon arei wais Y hours, Duting Y hours, the
average temperature was o the dange ol
P37 C and the relative humidits was 6675,
Jhese weather conditions were lL‘[HlIIL'lI to have

s ol data,

such Ineh diving potential that the mosture
content of grmns was reduced as much as 14070
wet basee twbi By dssumny that any das that
had relative humdiey of than 73,
contmuousiy for 3 hours or wWas a
diving dav s Kemoadso reported that the Suweon
arca had 4 nondiviny dins m October. 1o the
amly s of Komet ab 019805 the Paeguirea was
tound o have b danvs of nondeving
October. Consequently, e weather condrons

d maoty

maore ot

HINE

dutimy the harvestimg season me Korea coudd be
constduered as having high drvng potentnd tor
natinal e drving,

Analysis of Natural Air-Drying
Ioxperiments

o deternine whedher not o mtual o
m-bin diving and Storagee sastem s feasible
a pattenban Birmoarei contimuous experimentil
studies oneturad i drvimg must be made over

ot o

many veats, bediise the ethiciency of natnral an
deving using o g bin vanes depending upon
the annual weather condimons e that area. The
technead ob the paterad ane m-bin
diving and storave sosten st also be made
on the basis of these expenmiental resaies Table
Posummanzes the resdt, of the nataral -
divig cxperanents analvzed e this study, Al
Fable 1.
capertment. emplosed  ambar esperomental
methods nd Al the
experiments were cotducted e October, and the
divme perod wa abont 1o 1S das
tnoespenments B Do b oand Boothe monsture
content of gane too I3 which
was within the mosture content requited dog
sate storage. Howeseroim expenmients A and ¢

cualtation

shewn ST naterad an-drvinge

showad simatar results,

W tedineesd

A

monsture cotent could not reach 137 durmg the
same devmee penod, because the amount of
airtlow i experrments A and C s Jess than
those ab the othet CApCriments

enage dinving nae dunimg the divimg period
was 0V 011 per tan operatvon hooe This
diving nete diftered waith o operaton methods
such as contmuots and mtermuttent operations,
Fhere were alse sgmbcant ditferences e the
drving rate between the beginnme and timal
stages of diving.

Stmbr vanations were observed moaverage
montute content dunmye the divinge penod,
although ~ome ditiered depending on the area
and ume. The ditterence e the hinal mosture
cartent (MO between the upper and bottom
Tavers of gran was onhv within 1007 and g
umfosm diving progressed from the bottom to
upper lavers, Noomonsture grcdient was observed
i the radiald within the wraimn b,
Consequenths . natural an devimge using o grian
b could be a very ethiaent diving method,
although 1t does regure o long diving period.

direction

Starage Faperiment

As mentioned, the gram bin
performs the tundtons of both the grion drser
and stotage und. A\ Inl:;lll-lIL'L' storage L'\pL‘l‘i-
ment ustng oogran binwas conducted ot three
focanions. I the thiee experiments, analyses
were made on the variations of the gram temper-
ature and monstute content. which
stdered to be importamt tactors that atleet the
safe storage of tough ce

From March to July of 19790 the average
tempenature rotieh durmyg storage
eraduadly morcased trom 3 o 30 Coand was
sencrally hirgher than the sanbrem temperature
as shownn b o This ngher temperiture was
attrthvtable to the respiration heat of rough nee
transter trom outside the
v b During this penod, average monstuie
content gradually increased from 135 1o 1537
In gencral, dunny wonter, Tiitde vanation was
observed o the gram remperature and morture
contentinstde the gram b buat o laree vanation
was observed divmy sunmmer Ko o974 ponted
out the problem from the
Pciedse 1 i temperatare o summer. Howe-
cver. Chung and Kolv olostn showed e then
that stummet
posstble even withont aceration,

[he nuthine the
“otage experients were completed. The resalts
of the mudlingr tost that
tevesers, nlled nice recovery, and head e

previousy

WUIe ¢con-

ol tice

and comvectine heat

storage resulting

caperiment safe stotage an was

test was condacied gt

showed broswn pwee
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Table 1o Summiny of diving expenments using natural air

Faperiment no,

A ) (o B} I I
Cross ection R R R 228 2 ERR 7.1
arca o bin (m?) (822 m) (2.0 m) (1L.S = 1.5 m) (1.6 m) ($2.35 m}) (8.0 m)
Heght of bin(my 1.8 1.8 1.8 1.2 1.2 28
B marerral steel steel plywood steel steed steel
Rouoph e
quantity (1 1o 20 1.7 1.0 23 42
Rice varen Fong-il Milyang 23 Jinhung Milvimg 23 Suweon 204 Milyang 30
Rough e depth [0 1.1 1.38 11 ny 0y
Nmoant of an-
tlow (emsm') R 40 1.6 RX{] .60 dal
Druarg penod 1310773 307097758 - 147107758 - 01r/10/79- 15/10/79~ 15/10/80~
02711773 12710778 O3/11778 12710779 210/ 28/710/80
Tnihial mosture
content (¢ why 2.2 20.0 248 19.8 20,0 244
Final moistare
content (s why 16,7 140 15.1 13.7 13.0 15.0
Fan operation
tme thouts) 107 210 28 iy 00 28K
Average diving
rate ("2 Zhonr) 0.05 0.03 0.03 0.03 0.11 (.03}
Round wtedd bins were ised tor alk the expenments exeept in evpenment C where o rectangulio plywood bin wasinstalled
Yy
29 e
28 o ,/
/
1.;: = === Cram femperatuee , \\//
. —— Nmbienat an temperatine
%
-
=
=0
z
N
R
lig. 1.

i

1

T T T T T T T T T I | L
40 St () il SO 90 1 L 120 130 140 150

STORANGE TINE (davs) 29 luly 1979

] 1) 20 )

I ALuch 1979

Varwtion ur average ambient an temperatire and gram temperature during the stonage pertod texperiment 19).
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recovery were 799, T28 and 63030 respectively,
These vilues indicated that the quality of rough
rice durmye the stornape penad was mamteined
within the Tust devree citenon,

Atter drung test Bowas completed. another
SLOTAEZe eApPeTInent Wi usmg the
same grain brand rough ree as used e devmy
test B The siverage moistine content range ol
rough nee dunng the storage pertod from the
niddle ot October of 1979 10 the nddle of M
19RO was nmanntaned o the range of 12513770,
which was o sate moist e content o keep rough
test atter the

conducted

rice undamaged. The nathng
stordge esperiment chowed that brown nee
recovers, mlimg recvers, and head nice

revovery were ST and B4 raapectivedy
[hewe values idicated that the quabins of rough
nee ditmy the stotaee pene D was nuontaned
within the tist degrec anterion, Novdantages due
teotoubds or msects were tound.

Cust Analysis

A discnssed i the previons sections, dryving
and storave of rough nee with he use ot agrinn
b were tound to be hnehhy precncal i Korea,
In adedition to the technial advantago s ol a graim
bin, the coonomic feasibilinn miust abso be con-
Howener, ot there are no
covnonneatiy feasible thut can be
compared o divne and storee g o grin
B, The cotventonal s divng bemy pracheed

sadered, proscnt,

methods

omest e areas, although cconomicitly dess
eapensive. s qualitatinve and
anantinate pron damage. lrequent aperational
intertuphons becaise of unespected bad weather,
and dittreults o the mednoization of harvest-
i These problans make 1t dithicult tor con-
ventional san diving 1o he compared 1o g

problems of

b diving.

Batoh or crvular drsers were not considered.
bevin ¢ ondy o lmnted noaber ot them e
been supplied. Theretores m s study s only the
drymg conts Tar wsmg i gram b were cadeulated.
In this eapertment. total cost tor diving 1ol
rough rice rom the imnd mosstuie content
(MO) of 20 1o 149 was 0000 won (685 won
USs1.000, The tived cost w2300 won (about
ROy and the vanable Cost was 7700 won Gaibout
20771 Because the tived cost took i bree pottion
of the diving costy the total deving cost can be
reduced to less than hadt when the capaats of the
bin s mereased o2 tand the annual use to twace
aovear Hothe price of b can be dowered by
nnss production, the diving costwill be redneed
even more, The present drsmg cost foracneuba
type of diver nsed m B areas b 600 won et

vick of rough rice, which is equivalent to about
12000 won/t. Theretore, if the additonal
advimtirees such as salie storage are considered, o
gran bin may be ceonomically reisonable,

Analysis of Solar-Drying Experiments

Asolar-drving test of rough riee was conducted
at three locations, The same gramn binused in the
natucal arr-desing experiment was also used for
solar-heated  r-drvimg expermments, Table 2
Shows the gesults ol solar-dryvimg experiments
anahvzed i this study .

Table 2 Sumimasy of raoueh nee arsng experieients

using solar-heated .
Fxpenment no,

B ¢ I
Chaantity ol
rough nee (1) 20 1.7 23
Amont ol -
ow en/m’) 4.0 1.6 kXA
Test penod 011078~ 10710778 158/10.79-
TEA10278 /10778 1210779
Inttial mensture
content £ why 198 21 256
Meeraee hinal
maoslure
content 7 wiy (R} 137 1.2
Fotal tun
aperation time
(hoursy 130 1304 W0
Average drvng
tate 0 houn) (.05 0.00 0.158
Fnergy consnmed
per 1o M
reduction
th\Wh) 7.00 0,29 AR
tnatural an
drvingn (9.7 (164 (7.5h
P dmonture
vontent ot top
e C why 134 151 [BR]
Final monsture
content
hottom kiser
. why 129 fn.2 10.0
Doy tan
aperation
thours) 29 hours 8:.00- 00—
20:30 17:00



Figure 2 shows the supplementary heating
svstem that wis used i Faperiment B Te s
composed ob the that-plate solir energy collector
and heat-storage umt. In this ssstem, the rocks
with a volume of 7.0 m which were piled overa
perforated duct meade the collector, were heated
durmyg the davume. and the hear stored i the
rocks was transterred tothe drving an duning
the might. The collectors used i oxpenment ¢
and I consisted ot a clecr tilm cover and o mietal
black absorber i whieh an oval cover and
absorber collector were used i experment s
shownoan Fres Band a0 Tat cover and trangudar
axpermert o Because no heat
storage umt was provided o these ssstems, the
collectors were only used 1o heat the air during
the davnm:.

absother n

Performance of Solir Collectors

The pertornince of the solir collectors used
necach experiment was snalszed i terms ol
temperature rise of desmg ane and solar collector
eiticreney. The drving cor temperature vanations
obtamed on a typieal day owith experiment B
showed, i veneral, that the nasimum temper-
ature of the air diawn throngh the rocks occurred
at about 1EOO hows and the mmimum temper-
ature e about 1900 honre Sl patterns
of temperature varttion appeared throughouat
the testing pertod, For the given system. the
temperature ot the an passing thiough the
prtorated duct was mcreased about 4 C on the
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average above the ambient air
during the might and abou 8§ ¢
davtime.

In expertment Cothe temperature vise of ain
during the solar-drving expernment was in the
range ol 65218 Cand the masimum temper-
ature of drvimg e was 0.0 Cand the nimmum
was 132 Co A simular vesult of  temperatoig
varithion appeared m experiment I Fhe average
temiperatvre of ar throughout the testing period
was 1523 C0 which could reduce the relative
humidiy trom 634 1o about 4007 on the
avenge. Fhe beated air, having such o high
dryving potential with ugh temperiature and low
relative humidity, however, may result inuneven

wemperature
during the

_______ _/________1._”4/ 13
% m |‘|J-_\

12

L O Nchemante diaeram
tdyvervaim b, (25 ventdlae

(N) anepwmeter, (Y ol slot-snatn

solur collector-dieat storaee sostem connected 1o the vram bin (experiment B):
‘oo Oy ounsade ladder, o3y o s tacc 0y sampling hole, (7) pertorated floor,
wehe, (11 pemometer, (125 acratton duct, (13) tan and maotor,

cidposidation wall (13) ciced e de (48 g (16 rock prde. oF7) plate covered with vinyl sheet, and (18) solr collector.



dreyving and overdeving for low-temperature, -
bin drving systems,

The collector ethaoreney on i typacal day i
cach expermment was caleuliated from the ratioof
the energy collected to the radinnon avalable,
The amount of encrey collected was based on
meastements of the guantty of an and the
temperature tese i the e, Caldeulated etticiencies
of the collectors were tound to be about 35,0
m-expernnent Bo3oo s i evpenment O and
A3 o eapenment |

Solar-Drying Analysis

b thns section, monstare varition of grain
with clectrie energy mput v the solar-drving
experiment s compated with natural an drving,
Froure 4 shows the diving carves of graan focated
at the top, nuddle, and bottom Livers when the
heated car was supplied through the solar
collector heat storirge systens 1 expertment
B ebags S and 6) Throughout the drvimg perod
there existed some mosture pradients of the
v ab cach daver. However, the gradient
decreased as dryvimg continued, and the ditterence
i montire content between the top and hottom
favers than 2,000 when the pramn
moisture content (NC) reached abow 133 on
the average atter S davs of drving.

The comparson of the average dryvimg curves
ot mctural g drvimg with wd wathout supple-
mentinry heat showed that solar deving gave a
much higher rne of drving and requited o
shorter peniod of drving 1o arnve at the desired
froal marsture content, although it also showed o
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little greater mostare gradient between top and
battom Tavers thraughout the testing period.
The results of the change i morsture content
atcach level of the gram nuss moexperniment I
meicated that adding <olar energy durng the
dintime mareased the ditterence o monsture
content between the pram at the anomlet and
the praen at the sor outlet as much as abowt
122007 even though the average grinn monsture
comtent reached about 1570 atter 69 howurs of
dryving operetion, It took 96 hows 1o dey the
erat tooa safe fevel for storepe of T ac the
top laser, but the mosture ditference was -4
atter the completion of drving. The didterence
in the moisture content between mdmaduaal Livers
resulted drom high ndet e temperature and
fow dorflow rate. Contimued Lan operation during
the mghttome, when the relavve humduy of the

ambient air oo ghs may help n achieving
untorm monture content all over the gnnn
IS

A sk deving pattern appeared in

capenment Coanowhich the i was operated
from ON:00 hours 1o 20030 hours, tonger than
i experiment BThe averige moisture content
was TR and the mosture ditference between
top and bortom Eavers was about .07 g the
end of the diving operation. Uneven diving as
well s overdryimg of the grain wasaldso abserved
e this experiment,

Energy Requirements

The electrie energy requitements Tor cach
dryving expenment are summarized in Table 3,
In gencral, energy use per Kilogram ol water
removed was lower by as much as 20-5017 for
solsp-heated i deving than for nataral air
dryimg. More clectnie energy was consumed in
experiment C when compared to the other two
experiments bedise of ats lower artlow e,

From the analysis, 10 should be remembered
that, under the operanonal and ambient iur
conditions examined moexpenments Boand 1,
not much siving i energy o mput as well s
advantage 1w aran deving could be attamed by
the addmion of the solar heatmg svstenn How-
ever, the need system
for gram Jivng i urtinvourable weathier con-
dittons should not be underestimated. There-
Tore, mote rescarch muost be conducted e the
tuture 1o develop a0 supplementiany heating
system that s applicable o a low-temperature
m-storage devimge systenm. There s albo o need
to decreise the solar collector costs and inerease
the durabiliny of the collectors.,

for the solar collecton



Table 20 Foergy sequirements per bilogim of water 1emosed.

Faperiment i Uspeniment € L aperiment |-
Natural Soku Nutunal Sl Natugal Salat
Maopture content {7 why
Initiald 0.2 19.8 QR 219 0 RAND
Linad taverage) 136 133 151 137 [RRY 11.2
Fotal energs consumed (KW O S0 [RARS SLo 82N .8
KWh/7ke of mosture 04N 0.333 0.678 0.3.20 0.2XS 0,200
Lo (79.7) (1o0) 172 (100 (72.4

L o Voolaor cofoon it it stonaet o wsed ton olar dit e fexperiment €y



Conclusion

In Korea, there s o great need (o improse
current grin drving and storage praciiees al
the tarm Jevel. Wath shortages and high prices
of Josstl fuel, the reducton o enerpy
sumption and the application of solin energy
to grain drvng are beconung more mportant.

Phis study o was designed 1o evaluate the
techmical teasthiling of an m-bin drving ond
storage svstem osig nataral and solar-heated
it ol presions expenmental results,
The tollowme conclusions can be driwn based
on the analvsis of the expenimental resulis:

o lhe weather condimons durmy the dreving
pertod tOctobery of rough rice i Korea were
tound 1o have good potentiad tor natural e
drving.

o Thioveh natural mr deving sty o prinn b
(was possible to dry tougl tice ot 1= 1 within
Towecks to the monture content necessary for
wite and this method
unttorm Jdrvmg.

o Inthe two storage experimetts, the monsture
content ol roush nee was mantaimed within
|4
detenoration in toueh e guahiy

o Solar-heated an diving helped i lowerimg
the fieal mosture content of tough rice and
reduciny the deving tme and the energy require-

LYo

hised

sloragee, also achreved

wh durmy the storage penod. There was no

ments per unit o water removed, compared 1o
natural e drving, Because a high temperature
tise of diving an with the solar collectors resulis
i uneven drvng and overdrying of rough e,
i low-cost, durable sotar collector heat-storage
unit shoudd be provided for e low-temperature,
m-bin drvimg sustem,

e [he ol the m-bime dreving system
appeared o be higher than thit tor consentionad
sun deving, However o an-bin dreving has advan-
Liges  such prevention  frony overdrying,
presenvittion of cood quality of rough riee, and
sate storage. It these advantages are taken into
aecount and the tined conts of the in-bin drving
sustem can be reduced with an increase ity
capactty and the freguenes of s annual use,
in-bin drving may be ccononuealty feasible,

Ccost

s

Claune, € Foand Koh, LR 1900 D apesmmental study
on the b divee with naturad and solar-heated
it and storage of tough tiees Jounal of Sokar D oergy
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Ko, S 197 Stady on the smadl graan bin for the
unprovenient of gron desing and storage Tound
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Hear Sources

FFarm Grain Dryer — Thailand

Sriwai Singhagajen'

Abstract, This paper discusses the work of the Agricultmal Fnmoeenng Division, Department
of Agniculture of the Government ot Thaland. i posthanest technology, spectfically i the
development of @ Gim graan diver tosssist Tocal tarmers i the processme ot aosecond harve ot The
daryer helps toreduce Josses and dising nme and improse dhe qualits of the fiad product, The wark
on this tvpe ol paddy deser has alieads been completed. snd design specifications id pertormancee
tesults are given. Further reseirch s needed to detenmmne appropoate desten modibications and
chimges i methods of operition to meet the requitements o the larmets

In 1976, the Agriculturad Fogineermg Division,
Department of Agricaltare of the Government
of Thailand, began work on postharyest
technology with support trom the International

Development Research Centre (1DRC)Y. The
survey  on o postharvest prictices of farms
conducted in that vear mdicated thin the

mtroduction of o farm grain drver was essential
because of the government support for second
cropping i various parts of the country, The
seeond harvesting begins in May and ends in
carly: August. which is during the wet season,
Phe Tarmers have probiems in drving beciuse
there are no sunny days in suecession to dry
paddy at one tmes This causes quahity Toss
hecause of mauld infection and beciruse padds
erin changes moocolour and quality, which
tosults i fow mitimg vield. The dever helps o
teduce Josses and drving tme and to improve
and stabilize the quadin: of the produce 1o
increise the farmer’s income,

Batch divmg dries paddy down 1o 147
nonstare content (MCY ziving the paddy o longer
storage Ite and a higher milling vield than sun
divimg, The Agricultural Dogineering Division
his destgned. developed, and tested  the per-
formance of the drver based on s simplicity
of operatton, and construction, and jis abifity
to be constructed using Jocal matetials and
lahour. The work on this tspe of paddy drver
has already been completed and made avinlable
to body tarmers and focal manutactirers | Fag. 1.

Stotage and Processie Seetion, Apnicaliugal
Frgineenme Diasions Depantment o Agrcultune,
Ministry of Apncobime and Cooperatnes, Banghhen,
Banghok 9. Thadand
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Components of the Dryer

The engine of the deser is 6 KW minimum,
and the engime from the power tiller can be
converted tor this purpose (Fig. 2). The rice-
hall Tarnace itotal sizer 0.6 5 0.6 % .6 m) iy
made of ovdinary bricks wuh an angle-iron bar
frame. Rice husks cian be burned. becinise iish
does not come in contact with product The ush
is then used 1o make bricks. The Turnace has g
A5 mehned hre grate made of o series of 6 mm
dimeter ron rods with LS mm spacing arranged
vertically. The proper operation of this furnace
would hold the destred temperature a0 13 C
Muctuation. The diesel burner s used when the
rice-hull turnaee s not available. Kerosine s
more expensie and not normally avinlable in
large quantities. The herosine vaporizing-pot
burner designed by the University ot the
Philippmes it Los Banos (UPEB) was Turther
maodified by addimg another pertorated sheet o
merease the vaporizing rate. The consumption
rate of the diesel burner s 1.5-2.0 1 7hour.,

The cyelo i has a 0.0-m diamieter rotor with
cight 015 0.3 m blades at o 700 pisch angle
enclosed with a 06-m diamceter metal sheet
howsing, The delivers rate s 03 m7/see/m'
1600 rpny. The holdimg capacity of the grain-
holding bin s 36w 1 composed of sin
picces of phiwood, 122 < 244« 0,006 m. and
wooden bars, L0385 < 00760 m. It takes four
people ahout 40 mm o assemble the bin,

Construction and Operation Costs

Fhe 6 KW diesel engine at 1981 prices costs
U.S.5700. The manerials for the nice-hull furnace
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otal USSTLO: the diesel burper, FLSSNA the
evelo fan USSIR dnd the grinm-holdimg bin,
PESS202 The totid construction cost amouts
to LNSSH and the wotad cost of the diver s
LSS

The opertion costs depend on e drving
time which is deternmed by the mitial moisture
content (MO wnd the materials tuel) used are:
rice hulls ata consumpion rate ol S=10 kghour
with o duranon af -6 hours/operidion -- e
halls e sadely avanlible ar o cost: diesolene,
at s consumption rate ot L3201 “hour and
cost of UUSSOS0-80.75 — psed o nee halls are
notavalable: and gisoline (power engined. at o
comsumption rate of 20-25 1 hour and o cost
of SSEIS-STH400 < can be ether gasoline

ot diesel engane.
Drying of Various Agricultural Products

Paddy

Hhe capacity ob the deser s 2 /1ot of padidy.
Crenerally, rice hanvested from the hield contains
20260 MC and wall tihe 3-6 hours to reduce

o e MO The rate of diving is about 27 of

monture reduction: per hoor, The temperature
Lange between I8N and 49 €, and statie
pressure s SOomme of swater. Hothe capacity s
Frothe statie pressare should be 10 mm of water
obtained by adjusting the speed deviee on the
engine.

The charactersties of the desing curves in
devmye padds by using the diesel burner are
shown e igs 30 The gran depth s 0.3 m,
220NEHC U and tmal moisture content (M), the
average atter 4 ohours of drsimg, s 1339 The
chanecteristios ot the drying corves in diving
peacdds by using the nee-hudl furnace are shown
s bres 40 The e depth s 046 m, 2200 MO,
and 1 ONC onan average of 4 homs deving.
Phe curves indicate tin the deving rate of the
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Lieo oA Paddy drving curves theat source: rice-hall

Jurnace ).
dryer usig rice hulls as the heat source is greater
than the diesel heat souree,

Corn

The capacity of the dryer s 151 Figures 5-7
show the characteristios of the drying curves
obtained from the three comparative tests on
car-corn dryving. In diving by unheated  air
(Fig. 5y the drving time s B hours, the average
initial moisture content is 159 average Hnal
maisture content a4 and the diving rate s
0.1 7hour. In drving by heated wir trom rice
hulls (Fig. 63 the drving time is 9 hours, initial
moistare content s 17.00 0 averige maisture
content s L3S0 and the drving rate s
0.4 Zbour. Drying by heated air from diesel fuel
(g 70 anvolves o dising tne of 13 hours,
averige et moisture content s 16,49,
iverige Tal moisture content s 135, and
the drving rate 0.2 Zhour. Tie general practices
e car-corn drvimg on the fivm before marketing
arer sun dising of newhy harvested  cir-corn
contiming H0° NC (the tinal moisture content
is 20-2200) corn shelling, and sun redryving off
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= I8
= S
= - 560,337 R
Ve
- 16
/.
—_— Do
L AN
=
= 14
z /\
z ; -
= 1 o Top
o Bottom
1

i} 2 4 6 8 10 12
DRYING TINE (hours)
Corn drvine curves (heat sowrce: rice-hull
furnace).

4

lig. 4.

20

04.95% RH

1Y

MOISTU RE CONTENT (%0 wb)

11 o Top
o Bottom
Lo o e e e e e,
2 Bl O h 10 12 14
DRYING HIME (howrs)
1. Corn drving curves theat source: diesel).

shedled corn until they are sufficiently dry,

It takes many davs 1o reduce the moisture
content from 20-227 1o 87, Procedures that
miy help to reduce the time used to complete
the above steps are the aruticial batch dising of
car corn and shelling atter the drving has been
completed. The nme can be reduced 1o 1 day
manimum.

Coffee

The apacity ot the diser tor cotlee berries
is 140 hp. The pereral practice at present is sun
diving, whch weualy takes 7-10 days. | there
is rain dunng the deving pertod the firmers
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will pile up the produce indoors and tike it out
again when the sun shines. This can ciuse
fermentation and, therelore, reduce the quality
and price. The tests on drying coffee berries by
using the batch drver hine been reported as
follows:

(1} The maximum temperature suitable for
drying is about 93.3 ¢, because the berries are
high-temperature tolerant.

(2) The higher the temperature i the gredter
increase i heated ar quantitny, The quantity of
air varied trom 0028 10 0,047 m'/sec. and the
temperiture abo varied trom 655 16 933 €
A flose ab 0.028 m/see, however, wis found not
to be sufficient o go through the laver of berries,

(3) The batch dryer reduced the drying time
from 7 o 10 dass 1o 20 hours,

Figures 8 and 9 shiow the characteristios of the
drying curves of coffee berries with an initial
moisture content of 6450 The drvimg period was
reduced to 15 hours to atm 8-107 MC,
Capacity 140 kg
Airflow 0.038 m e

- Dryvinge tempetature 93.3°C
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Chilli

The capacity of the dryer is 200720 kg, Sun
drsma s the general drving practiee for challi,
which takes 2-3 dayss Chilh beeomes mouldy o
exposed torn, which attects the quality and
lowers the cash income of the tarmers, The dryver
reduces the deving nme of chiflies (1177 MOy by
about one-third, and it reduces the nsk m qualits
loss to nearly zero, The frmer's imcome will be
higher ot the dered chatl s at the market betage
the Large supplies of Tower-poaced fresh el

Conclusion

The batch-tvpe diser tor rm gram (paddy)
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his been suecesstully designed, tested, and
introduced to the fermers 1o help i drsing the
second - hirvest. Some extensions have been
made through the workshop service section, the
Department ob Agrcultural Patension, and the
Ofnce of Aceelerated Rurad Developmant. The
sotree of heat wed depends on the avantabiliny
of the tuel supplyv i cach area, but rice hutls
are avafable momost arcas. Farmers also toed
s tvpe of diver incdrving other cash crops:
corn, colfee bermes, and chilli, as previousty
noted, but turther research i nceded to provade
the appropriate design modiiications and changes
e methods of operiction to suit the requirements
of the turmers,



Heat Sources

Economic Evaluation of Alternative Energy Sources
for Coffee Bean Drying

R. Garcia, C. Porres, J.F. Calzada, J.I'. Menchi, and C. Rolz!

Ahstriact. An cconomie evadwnon was made of five encrpy sources Tor parchment cottee
dehydration in sttie-bed mechameal drverss base data were the condittons of an 18 160 kp/day
peak capacity cottee processing plant (heactic oy located i the Gruatemalan highlods, The energs

sourees evaluated were diesel onll brogas generated trom the anacrobie digestion o cotlee winste
(pulph tiewood. partially dred cottee pulpeand solin ttoreed convection), The cost of sun drsing
on conerers floots tpatios) was abso caleulinted., The mummum cost tor the mechamical divers was
obtamed when cottee pulp swas used as taels tollowed mncreasime order by irew ood, solar, diesel

ol and brogas.

It the production of most cotfee beneticioy in
Guatemada s plotted versus time ina graph, it
will have abell shape. with low prodocuon at the
beginming and end ot the cottee harsest season
{about 4-6 months) and having o peak at mud
season, which lasts from 2 to S wedks, Bedause
wet coftee s pershable most on the equipment at
the heneficio s usuadly desipened tor peak capacity
and. thus, works below tull capacity tor about
A0=80" ¢ of the time,

Wished  parchment cotfee s dried on tlint
m the sun. the
process bemng supplemented by mechanicad
drving. At the begimmnimg and end of the sciason
only sun drving s useds whereas both systems
are used at the peak.

Dunng the scars when fosst fuels were cheap.
dhesel ol was burned e most mechancal dryvers
for direct heating of air. Because of present
diesel ol costs it s convenient to seek alternative

concrete surliaces o PLI“H\

energy sourees. For the beneticios tocated on the
slopes of the mountams i Central America and
tacmy the Pactbic coaste the anpual trimming ot
the shade tree v the coltee plantations prosudes
more than enough firewood to tuel the drvers
when the use of the patios is Timnted because of
frequent rain dunmg the harvest season. For the
heneticios located mothe faghlands Iike the one at
San Lucas Toliman, Authin, Guatemala,

Apphied Rescarch Diviston, Instituroy Centra-
amctivano de Investigacion Feanolopa Industind
ACNTIL Nvemda Ta Retorma 487 Zone 100 Apartado
Postat 1332, Guatemala, CA
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firewood is scaree and expensive, and sun dryving
in patios s hnuted becuse tat terrain s seldom
avanluble.

The alerative energy sourees selected tor
ceonomic eviduation were firewood, dried coftee
pulp. biogas from the nacrobic digeston of
coltee pulp, solir encergy (loreed convection),
and diesel oif. Other possible Tuels Tihe cotfee
halls were not considered. because they are not
genevited momost of the wet processing henetic oy,
or like brogas from the digestion of sludee from
an expenmmental water treatment plant an the
henefrcro at San Lucas Tolomin, which as stll
in the development stage. Fgure T shows an
outhne of the alternitive enerey sources icluded
i the cconomie evaduation,

Methodology
Firewood and Coffee Pulp
Base Data

Wished parchment cotlee was to be dried
from <45 1o 2570 moisture content (MC) (wet
hased i 24 hours/Zbareh, “The investment cost for
i drver wath o capacity of 2043 ke of dry (104
MCOY parchment colfee per batchy with heaw
exchanger, ike the protonype burlt by Instituto
Centroamericano de Investigacion v Teenologia
Indostrial (1CATH m San Tocas Tolimin, s
US37900 Gnstalled). s tirewood or diny cottee
pulp consumption i about 27 kpshour (from
expernmmentit] tests), Fhie cost of tirewood varies



No Yes
.
Al crop
dried in pattio
Diving
1 patios
l’;l.lliill Diving in
drying in patios plus
' ]
pattion solin
dives
Diving Diving Diving Diving Diving
using using s using usig pulp
dhesel ol tirewood hogas pulp and hirewoad
Ligo 1o thernanves for drvine cottee beans.

dependmg apon the regon. In the Guatemalan
Inghlinds, 1t can be obtimed for an average cost
of LS S0.25/7kz, The cost ot cottee pulp tor tuel
wis ostiminted to be equal toats diving cost
by son drving totf-season) in patios, by which
36000 kg of wet pulp (8000 MC) could be dried
using 1200 m7 o panios and @ S-em thick bed
m o6 days and requining 36 man-days at
USa3 50 man-day. The “dey™ pulp would have
a IS MO and ns caleulared Wils
USROS ke dey pulp. bis beating vaboe s
shown i Table 10 The cost ol electricny s
USSO2ZKWhe Al mvestment was assumed 1o
be tianeed by doans at LY terest Tor 7-year
p('l'lud\.

cost

Lable 1. Characienzation ot coftee pulp.
Analvsis Results
Monture content of triesh pulp RY-714
Movaure content o amn-died

pulp Lo

250 kp/m?
102 kp/m’
LLGE = 1 kg

Bulk densiy o fiesh pulp
Bulk densiy of dried pulp
Heatmg vaine ona diy base

Ash tar 875 ¢y 828
Potassium as KO RN
Phosphorus as PO 0.30';
Magnestunm as MpO) .29

()i

Capacity of the Mechanical Dryer

Because maost colfee beneficios in the
Guatemalan highlands have patios and
mechanical drsers, it was of interest o study
the tluence of mechanical drver capacity on
drving coste taking into consderation the
special operating characteristics of the beneficios
discussed carlier

A bencficio with o peak capacity of 18160 ky/
day of coftee frait (4040 kesdas of parchment
colfee), Iike the one m San Tucas Taliman, wis
sclected tor the eccononmie studs. Drving costs in
USSZhe of water remosed were calealated for
three sizes of mechamcal drvers: S0, 735, and
10077 of the peak production of the heneticio,
cquivalent to 20430 30420 and 040 kg of dry
piarchment cottee per day. The 5070 of peak
production size was the smallest commercially
avinilable drver,

It was assimed that the mechanical drver
operated at full capaaits and i was sgirted ony
when the amount ol cottee processed per day at
the Seneticio was cnough to hll the bed of the
drver. When the mechamcal diver wias it
operating, cotfee was dred an the patios, Under
such condittons, the gher the capacity of the



mechamcal deser the shorter the nme it operated

and the more expensive it became. Table 2
sumnuinzes  the condimons assumed e s
study.

Lable 2 Condions tor the coonogncal evaliation

ol alfernative cnetes sotrees

Amount ot cottee doed by the

mivhanical drver

[yser capaany

ol ot Operation

of peak kg dan prodaction tme. dasy’
S0 2043 N i)
N 042 St e

oo Jodo 28 (N

Precs danme whech the mechaiead diser openatad

Cost Estimation

Labour cost per bateh was estimited as 22

man-howrs ot USSO S5 man-hour tor the
furnace operator teonstant tor b dever si2es)
and N muan-hours ar PSSO man-hour for
chargmy and dischanging the drver bed of the
2043 K day o Thas Lebour cost was iereised
Iincarts as o tanction of dver capacitss Staight
Iime depieaanion was usedy assamime a hite of
F veans tor electiiead motors and 20 sears ton
the rost of the drser equpment. with no sabvage
vadue, Tnvestment cost tor the cquipment was
saled-up g the siv-tenthe-tactor naie from
the hnown cost of the 20435 ke das mechameal
diver Bade by TONTTL

AVnrual manteninee cost was assumed 1o be
D8 ol the mvestment costs The 2043 Ko din
drver has o 223 KW o blower and o 0019 KW
extractor tor the stack gisess ior s total power

merease hincanly s o tanction of capacity the
davy tor the Lger diver The samie assamption
was mnade tor sealmg up the consumption of
trewaood o diy cattee polp Gas tueh Toral cow
per bateh was divided by the amount ot water
removed per batch te obton USSRy waler

Dieseld

Base Data

A 2043k duy diesel-tucled direct-heated
drver s commeraially avubiable tor TS S>700
Onstadied). 1t does not requore a heat exchanger
Its diesel consumption s Y03 T how and hasa
373 RW blower. Diesel costs e TS s3]
Al other samie s tor the
tiremood-tucled  diver mentoned carher the

base datac are the

V6

capacity of the mechanical dryver s also the same
as for the fewood-tucled drver.

Cost Estimation

Fiabour cost per batch was estimated as 4
man-howrs at US SOSS man-hour tor the
operator fconstant Tor all dever sizesy and
N oman-howrs tor chargmg and discharging the
drver bed of the 2043 Kpsday anit, which was
mcremented hnearly as o function of drver
Capiiy,

Imvestment, depreciatton, electrety, and fuel
costs were caleulated mothe same wan s tor the
frewoad-Tueled  dryers. Annual omuintenamee
cost wirs assumed 1o be 2000 of the mvestment

viost,

Solar (Foreed Convection)

Bise Dauta

Itowas assumed that imdhited  plastic solar
collectars ot the kind desenibed by Baird et al.
(1979 could be used 1o heat the air fora statie-
bed  cottee dever. TCATTT built an mtlated
plastic soliar collector tora erarm-drsing research
project e JOSO0 which L SS10.06/m
Gnstatled, ar blower meluded), A 2043 Kesdan
diver will require about 1300m ot collector area
ancd i LAY KW i blower. Tis instalbed cost was
estinated gt TLSSN2T6,

Solar radrinion was asstmied tocbe 3088 Wy
tdata tor December- Apal e Guaatenale Ciny,
1300 m above sea fevel Al other
are the same s tor the trewood-tueled diver,
Fhe capacits of the mechamcad dver s also the
samic s tor the tirewood-taeled drver,

Cost

huase data

Cost Estimation

batch was assamied 1o be
I man-hoars at S S035 man-hows tor the
openator feonstant tor all dover sizes) and
S nnn-hours at VS s man-hoar tor g
e and  discharmme the diver bed of the
2043 keAdiy ot which was ereased hneatly
as o tunction ol diser capaaty

Straseht Line depreciation was used, assumimg
@ e ot 10 vens for the wor blower, 20 sears
tor the drver bedoand one season (3 months) ton
the plistic coblearor wlich means that 1t has to

Labowr cost par

be changed annuadlv with no salvaee value,
Mantenance ftovdludime the collecton was
assumed  too be o of the mnvestment cost,

Scdle-up ol mvestment costoand clearnom



consumption was caleulated in the same way
as tor the tirewood-tueled dryer,

Biogas

Bise Data

Ancenergy content of 24 M m® tor biogis
(63" v methane) from the anacrobie digestion
ot callee pulp was used for the caleulanons. It
wits estimated that 1L of diesel oil was cquivalent
to Lol m™ ot hiogas. A veld of one volume of
biogis per volume ot digestor per day was
anown from experimental data. which meuns
that 097 ' o digestor s needed o produce
Fomof brogis per day, TCATTT Burt severol
brogis dgestors Tor another rescirch project
and data trom which
of brogas per vear was

withered  economiaal i
cost of TN S23N0 me
estmited. The capaciy of the mechanical diver

v the samie as tor the frewond-tueled drver,

Cost Fstimation

Brogas was substirated Tor diesel oil as fuel tor
the cottee diser and then all the cost caleulations
were repeated dollowmy the same procedure
tsed ton the diesel-taeled dryver,

Dryving in Patios

Bise Data

Sun drivmge of washed coftee from 45 o 107
MO twetbased takes about S davs in the patios of
the deneticion Tocated inthe Guatemalan high-
landsowhere cottee processing is done in the diny
season. The pattos can vield  approsimately
FUs Re ot doy (1077 maoisturey cotfee per m? of
patio surbace per S-day drving bateh,

Drving Cupacity

It was assumed that the pattos would function
v vomplement ot the mechanical dryer: for
evamples when the mechanical diver has g
capadty b T8 tor the peak production, the
poatie should dry 2870 o the peak. It was also
assumed that the mechameal unns would dis the
cottee ondy o 280 NC and that this panialhy
driecd cottee would be stored tor several weeks
and then doed to 1000 MO a0 the patios at the
end o ghe processig season when produoction
i Aower. The purpose ol this drvimy ~chedule was
to utilize the mechamical devers ot then mavimum
cilicieney and leave the bess etticient drving
stiee (tram 25 1o 1070 MO 10 the patios,

97

Cost Estimation

Because Mat land is scarce in the Guatemalan
highkinds. it was assumed that the first 1200 m?
of patio area had to be built on o terrain with
a 105 opes and any additional patio area
woald be built on o terram with a 157 inclina-
ton. The higher the slope the higher the volume
ot sotl that should be removed at U.S.$1.25/m ",
The cost ot the concrete surface for the pitios
was USosbonsme . Contention walls (o protect
the patios trom small Lindslides) were estimated
at UUNSNS.007m 0 As with the mechanical dryers,
owas assumed that the mvestment Was
franced by o bank loan at 13 interest for

sears. Depreciation was straight-line for g
-year period,

Annual nunntenance cost o was estinited at
LS5 of investment. Labour for patios with a
capaaits for drving 3000 ot the peak production
Wias o estinated S0 muan-hours/batch at
US04 man-hours, and was varied lincarly
as o tanction cf drving capacity .

[WRAN

N

Results and Discussion

Drying costy eapressed as U S S/kg water
removed for 3 sizes of mechanical devers and for
sun deving - patios are presented in Table 3,
Part of the same mformation is also shown in
Fig. 20 tor which it should he noted that the
pereentage ol peak production figures tor the
patios are the inverse of those Tor the mechanica|
dryers.

The drsing tme of 24 hors o preduee the
monture content of colfee from 43 (o 250 was
an nverage value trken atter consulttion with
Fable 30 Washed parchment coltee diving costs

(S Re watern)

Stze of diver as 0 of peak
Iype of encrey R pl‘,'fhl.\_“f),”
] 160

utihized 75
Brogas [IRRI1] 0.190 0.5(H)
[hesel ol 0.090) 0100 0,140
Solar (toreed

cotvedtiont 0.061 0.069 0.07]
Lirewood (1066 0.071 0.129
T3 hirewood

23 puip (106 (LOOY 0.128
00 frewoad

S0 pualp 0.062 0L.008 0.126
Coltee pulp 0.059 0.064 0.123
Solar (patios) 0.020 - 0.032

This cost was not calvalited becanse the complementary
mechantcal diver would ine been too small
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CAPACIHTY OF MECHANICAT DRYER (")

Lie. 20 Drvimge costy and capactty of mechanical driver.,
drver operators trom several beneticios. Actual
drving tests done by TCATTE with a0 static-bed
drver at the San Lucas Toliman beneficio showed
that only 12-17 hours were required todny
cottee from 40 to 2577 MC. but the 24-hour
figure war used in the eccononucal evaluation
because it would give more conservitive costs,
However. using 12 hours mstead o 24 hours
drving time would only atfect the total drying
costs but not the relative salues between the
ditferent which are imporunt for
COMPITINON PUrposes,

sastenas,

Conclusions

e Sun drving in patios is the least expensive
method, but its use is severely limited by the
rogged topography of the highlands and by rain
in the Pacific coasts.

e Burning locally anvatlable solid fuels for
heating air through @ heat exchanger for a static-
bed drver wis the most ceonomical method for
drying cottee in o mechanical dryer.

o Partially dryed colfee pulp was the least
expensive of the tuels evaluated in this study,

o Biogas gencerated from  the anacrobic
digestion of coftee pulp is considered uncecono-
micitl for the conditions studied.

It was assumed that Iresh pulp would be dried
during off-scason in the patios: however, this
means that it needs proper storage while the
beneficio is in operation (=6 months). Although
this 1s already common practice i Central
America, it s also the main cause of air and
witter pollution associated with the beneticios.
One technical alternative that is being studied
is to press the pulp betore stonng it It praperly
done the juice vield will be about 60°¢ of the
initial fresh weight ot the pulp. estracting about
5 of the otal solid present, which will
probably be biodegraded  during fresh pulp
storage, and the final solid moisture being
7000 (Rolz, C.oet al, 1980). The lower solid
maisture and good testure will be an asset for
pu.p dryving in patios The puice may be a much
better substrite tor biogas  generiation than
whole pulp. and its throughput rate inoan
anacrobic digestor could be rather high
new digestor designs are emploved like the
uptlow sludge-bed digestor.

Raird, C.DL Chan, KV and Bagnall, 1.0 1979,
Final report on pran dising with solarenergy an the
humid south. Flondia, USAL Agncultural Engineer-
ing Department, Unnversity ol Plorida,

Rolz. Coet al, 1980, Pressing of cotfee pulp. Agri-
ciltural wastes, 2, 07-214,
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Heat Sources

Dryers for Cooperatives for Food Production in Indonesia

Sjachputra’

Abstraet. Thes paper oxvannmes the echnneal amd economie aspects of usig mechanical dryers

i the Indonesian Cooperatin e The divers
bin disers

mechamcal divers tor the ITndog

wsed are tlat-hed dryers, Lyster dryers, and tempering
Phe specticatiome and cperaion of the divers are mentioned. The important role of
e Coopenatives e the program of national stockpile and

mipreving the e stasdasd of the Cooperatives” members is explained.

I Indonesar san diving can be doae through-
out the searamd s a chep et od of proserving
food. Towevers the rope woasan, which Lists
about A4 monmths. resents same problems,
espectaliv s ecen searss s e use of carh
it padds and cornhas meoet that some

ol the crops e harvested durnag the raimy
AISTRTRI N

I Indonesia, coopetatives KUD-s unit
lhiege coopenatives) are activedy involved

m - the national program tor tood. producmg
91 o the nanonal supplies. Although this
amounts to g consderable contnibution, there
N roon tor anereased: production thiough the
Improvement ol numagenent personnel, and
Lecihiies, Muoch of the unhusked and
secondary crops s sun dried on o deving oo,
When v comes suddenly, the crop s at times
completel spoited. Ao, the tluctuations in
hamudity adversely aftect the qualinn of the
product. and. because of the Targe surlace and
comparatively long e needed for sun drving,
the capacity of the tcdities cannaot be increised
quickly o handle bumper harvests, Moreover,
cooperatives that have drvig facilities are still
tewoand the magonty soll depend on private
CIHCTPiise,

Simee the tiest b ve Year Plan, the government
has felt that the tood supply program  sufters
from the anetticiency of the diving tloors, In
ekt has already mtroduced same mechanical
diving cqupment into Targe rice mills owned by
private well as cooperatives,
Althoogh this partcular cquipment has not

rice

CIICTPEISeS s

Departemen Perdagangn Dane Koperasi (Depart-
ment Irade and Coopenitines), PO Boy 3849,
Jakartal Indonesia,

51}

Y

performed satistactorily, the government is
committed to finding mechanical means to deal
with Lairge harvests and crops during the rainy

SCUHSOIL,
Technical Aspecets of the Use of Dryers

Some problems are specitic to the mechanical
dryving of grain, For instance, fast drying can
damage the grain: the high wemperatures dry
the surface of the crop bed faster than the
mterior so-that the grain breaks casily, This
cin be overcome by using @ tempering bin,
Slow drving resulis ina better product but has
the obvious disadvantage of wking a long time.
The best temperature tor mechanical drvers is
hetween 43 and 49 Co Classitied by the flow
ot crop 1o be dried. mechanical svstems can be
divided mto bateh tlat-bed) and continuous-low.,

In batch diving, the crop is kept stationary,
whereas - continuous-tlow diving the crop s
comveryed. usualiy automatically. The capacity
of continuons-Now dryvers is Larger than that for
batch diyers. The batch drvers generally in
use e Indonesia o tat-bed  dryers,
domestcaliy produced. and Lyster drvers. The
contnuous-tlow drsers are rarely used.

dre

Ilat-Bed Dryer

Flat-bed dryers are simple and relatively
cheap. Kerosine is the source of heat energy.
During operition. a fan draws the heated air
and blows i through a steel sereen into a drying
hox. The dryers are usually equipped with an
oven toocerease the air's capacity o absorh
motsture from the crop, The temperature must
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be kept at about 43 C (reguiated according
to the size of the ame) so that detenoration of
the crop is minimized. The that-bed dryers are
cisy to maintain, and the oven can be made
domestically (Table 1.

Fable 1. Spedibications for two flat-bed dryers.

Py RPC I\ Satahke
lambun Japan
Dirving box: length 00 cm S0 om
vidth 180 e IS0 cm
height j20 em NS om
Maternil Plywood and  Plywood and
muetal metal
Capaaty of diang
boy 1600-2000 Ky 300 Ky
Powel Diesel 3 AW LTAW
Oven b Pelita Mitsubishi
diver diesel engine
NM
Speed o drvng 0.93- 1).88 -
1.3 hour 1.0 7 Zhour
Dirying temperature 4130 $0°C
Kerosine consump-
tion of oven 2358~ 1-6 L./hour

S Lzhour
Fuel consumption

(dieseh 0.49- 1-2 L./hour
0..9 L/7hour
Other accessories Fan Fan
Water Thermometer
nunometer Sole vord

Thermometer

O1l tank

Lyster Dryer

Lyster dryers have been used by cooperatives
in Indonesia since 1979 tor drving of rice and
secotdary crops. Fhe dryving capiacity s arour
15-201/20 hours, The oven of a Lyster drver s
separate and is attached when addional heat
s needed. Two Faster drvers (872 and ST3),
one with i capacity of 13-20 1720 hours and the
other 10=12 12200 hours e essentally the
same design. lllk‘) both burn diesel to operate
tans that provide avaal How of an, These fans
are connected directly o the engine. The naon
heat source is diesel tuel, Rollers move the crop
wong and deposit it g i that narrows nto
a trngulin duct emptvimg into aosuch,

Tempering Bin Dryer
Continuous-tlow drvers are generally auto-

matic or senautomatic and have a large dryving
capacity. The advantage of using this systenis

that drving can be done evenly and the equip-
ment s provided with o tempering hin o
minimize the accurrence of crop cracking when
being dried. The Satake tempering bin dryver
MDR-5002 B has the capacity of 10-121720
hours. The specilications of o tempering bin
deser are given an Table 2

Pahle 2 Speaihications of o tempering b drser

SpecHications Size
Maodel MDR 5002 B
Ihsng Gipaciy of bin S0t
Disimg speed 0.7-1.0 " Show
[Yving temperature SO-T5C

Energy souree tor oven
(burner)

Kerosie consumption

I-an

Power

Temperature control

Method of highung the burner

Elevitor capiacity

Nel wensht

Kerosie
1.5-6 [.7hour
Angal type
[hesel engine 3.1 RW
[hermad conteal valve
Autonutic
6 1 hour
1100 Ke

Production Plan

In deseloping cooperatives there have been
many steps trhen by the Indonesin Department
of Trade and Cooperatives to cooperate with
private enterprises. domestic investors and
toreign mvestors 1o found o plant where the
abundance of raw materrals and labour foree
avilable can be utilized. In
particular. o postharvest industrie the
Department v looking into the possibilities
of working together with a foreign private
enterprise to tound an andustrial plant tor
mechanical drsers m o cooperation with secon-

Indonesia

dary cooperatinves.

The tollowing advimtages can be gained by
this plan: 1t can incrcase industridization and
possibilities 1or employment: it ca uthze the
avarlable rew materals in Indonesta at a
masimum rate. technology can be transterred to
Indonestan personnel, woditications o the
divers can beomade with
Indonestan  requirements, save
foreign exchange.

accordance
and it ocan

Lconomic Aspects of the Use of Dryers

It has often been stated that the operational
drving cost of rice per kilogram using a mechan-
cal dever s more expensive than sun drying.
But the comparison made does not include the

100



vitlue of the other advantages gidned by usig
amechanical drver. For example, according to
the dita collected by the Dhirectorate-Gieneral
for Agriculture, o sunves conducted m Fast
Javas the svarmable cost for divmg niee usny
all tvoes of mechienval divers avalable was
between Rp oxoand Rp 17 ke (Rp 630
UUSST 0t ot e ready o ondong. whieh
3T nmes more evpensive than sun divn g,
In West Tava the vanable cos
Rp e and Rp Levswhich s 13 tmes the
cost ot sun drving tdiveege tloor,

Phe comparisons made did not inclade other
benehits maned by the use of mechamical divers,
stich as o mdependence trom weather coidi-
tons, the chimmation of the sk of detenona-
ton of the crop because of sadder raintalls,
and the posabiliny of both day and mght nsage:
(2 the riee dred by e mechamcal drver resulis
- better gquahity product than rice dred in
the sunc and. theretore, has e hgher selling
price:s 3 mechameal drving does pot encounter
the wmnvordable fosses i sun drsing due 1o
spithitge caten by poultrs and birds: o) mechan-
el drvimg s faster than sun drvomg, which leads
to o hreher turnover e capitd and an mcreise
im-oowee trade:s and (3 mechanical drving ofters
the possailiny of divimg several kinds of come
modrtes, maaddion o rices 1o fower unit costs
of drver ase.

[he mostimportant aspect of using ;0 mechan-
wal drver s that at can assist in making the

was betwe

progrim of food supply for the national stock
aosueeess, espeeitdly durng the rainy season and
when there s o big harvest,

A such times the price of rice and secondary
crops are threatened and cooperatives that own
G mechanical drver are expected 1o be able 1o
mnprove  then pertormanee and  increase the
standard ot hving of thew members,

Conclusion

Mectimmcal drvers are essential for cooperauves
i connectton with the program of food supply
for the national stock. especialls in big harvest
trmes that usually coincide with the rainy season,
These drvers can help improve the quality of the
crop produced. They can also assist in keeping
prices stable of rice and secondary craps and
merease the meome and production of tirmers.
A this stage the mechameal divers that can be
used are the bateh drever and continuous-flow
dryver.

For the sake of ciceney and effectiveness,
whenever the crop to be died exceeds 10 1/day,
10 preferable o use Taster drvess or tempering-
bin drsers, I thie crop 1o be dried s dess than
10 1. then the Hat-bed diver s suflicient.

Although the operational cost of rice drving
using mechanmcal drvers s relatvely higher than
sun drying, the additionad benetis gained justity
their use.
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Commentary

G. Yaciuk'

Drying of foods is carried out primarily 1o
ensure stability of produet quality for a given
storige period or to ensure product availubilin
an e vear-round basds,

Traditional sun drvimg s sl the most
common drving method. The product is spredd
thinly over an unlinished area directiy exposed
tosolar radiion. Solar radianon vaporizes
the water m the product. and ambient moving
arr with a fow relative humidiey picks up this
monsture and carres e away. Although e
method v cheap. there are problems associted
with sun drsving, which often results in o poor
quaiity dred product: no conttol over the dey g
processt possible contamination of the product
by dire rodents, antmals, etes infestation by
insects or moulds af dried too slowlyvy and
expostre of the product to rain and wind. which
cartses repeated rewetting and redrvang,

Improvements i the  tradinonal  method,
however, are possible, Instead of drving on the
ground, a drving foor can be made Trom
conerete. Bediuse the area of such o drving
Hoor tende to be targe. the cost is often prolib-
itive for all but high-priced tood items, Another
improvement is the use of drving mats or travs
raised above ground level, This allows for air-
flow through the product bed and eliminates
mitny of the sources of contamination,

The onlv way o ensure that the product to
be dred s not aftected by constant rewetting
and drving, s by use of drvers in which the
product s enclosed in somie tvpe of chamber,
Direct drevers comsist of an enclosure with o
transparent cover. The crops are phiced on triys
i the endlosure wnd the solar energy is absorbed
by both the product crops and the internal mass
of the drver. The clevated temperatures ciuse

Fechieal Cocrdmator for mectung, Program
Ofticer. Agrncubture, Food and Nutniion Saences
Division, International Development Research Cenire,
T30 White Avenue, Suite W04, Fdmonton, Alberta,
Canada.

-
cvaporation of water from the product, The
warm o monst air escapes through the vent holes
and fresh air is drawn by natural convection
through holes at the drver base.

There are a number of operational consider-
ations to be made when using a direet dryer:

{1y The temperature in the dryver chamber
should be as high as possible ta ensure low
relative humidies and etficient moisture removal,
At the same time, cire must be taken o avoid
overdrying the products. A higher lemperature
can be maintamed by using two transparent
coverscinsulation to reduce heat Frss through the
chamber wall. and by controlling vem apenings,
Temperature ma direct drver is often very hard
to control.

(2 The efficieney of the drver is related 1o
the colour of the product to be dried. Products
that are dark acting as o black bodvy absorb
more radiation, but they are also subject o
colour changes (viewed as unappetizing by the
cansumer) due to a breakdown of plam
praments.

To chiminate the problem of quatity losses and
overdrving caused by using a direct drver, un
indirect dryer can be used in which air is heated
ina solar air collector and creulated through
the product (o be dried, which is contained in
adrving chamber (several designs eaist), Indirect
dryving can be carricd out by use of cither foreed
convection (usimg a powered fan) or by natural
convection. In maost cases, however, the power
necessiry toodrive o tanos either unanvailable or
too expensive. Mived-mode drvers involve the
use of both direct and mdirect heating of the
product,

In the mtroduction ol cither tvpe of drver, it
should be ensured that they are: simple to
construct, operite and mamtnn: made ot local
materials: acceptable to the users: cost-effective
and capable of disimg o vareny of commodities
(il possible).
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I he that shoold be tollowed o the
development of o desvig system are:

(1 Ehe engmeer and s colleagues should tirst
determue the quantuty and nataee of the product
to be dired and particulan comsamer regure-
arents, By determimng swhat the mitaland timal
morture vontent are and the masimum divang
time and quantty te be doed per barch, the
kll'_\L‘l bed sive can be established ., asowell as the
amount of mosture to be semoved heat requnred
to remove this mosture, and required aflow
rate. Although not necessary. but fughdy usetul,
these can be corporated into a0 simehon
model 1o verty i the design s sitable,

(23 The drver can then be bult and itial tests
carried out. The home ccononnst could begm
constmer-aeceptinee testing while the food
scientists ook at product quality, Consumer-
aceeptance tests at thes tme will depend on
whether the dried product 1o be mroduced 1
a new lood or just an oamprovement on the
traditond sun-dred product and whether the
product s beine consumed by the processor’s
Bl or s being sold ar the marhet. Several
usctul concepts o deat with these topies hase
been dealt with in section 11

NP
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(N A team approach with interactive feed-
back is then used in protots pe moditication until
the prototvpe os suiiable tor the drving of a
Ingh-qualuy product acceptithic 1o the consumet.,

(-h) Suitable tield testing mvolving government
planners, pobeymakers, and extension workers
should be carnied out to ensure that the diyer
protorspe tunctons well ander aovarieny of user
conditions.

Recommendations for Future Work

The overall recommendations for future work
that develeped through discussions at the
waorhshop were tos

o | nsure that o multdisciphnary approach to
drving i used.

v Use diver prototvpes already tested tor
a particular commodity e o particular reglon:
(b tor a diterent commaodity i the same region,
and (2 tor the same commaodity mea different
ey on.

o Develop a eatalogue™ of avatlable known
and tested drver prototypes to help m determin-
mu the appropriate drsers and commodities to
use.



