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PREFACE
 

This book is the Proceedings ofIhe scminar on "lostharvest llandling ofTropicaland Sibtropical 
Fruil Crops", held in Taichun, ['aiwan ROC in November 1987. The seminar was co-sponsored 
bv the Taiwan Agricuhural Research Ihsti tnt, (TARI), and oVed HIIch o1' its success to the 
oreanizine abilvi and devoted work of the orcanit'itic staff. lo all of them, and to tile Director 
off TARI I wish to e.pres niv deep ,ypreciation. '[IhCenter is AIMo indebted to the Council 
of Atcgiculture ofIR()(. which provided a large propoltion of the lnl(s for tile publicatiCo n 
of this ,oluie. 'Ilic nn, of re,.lUests, we have rcei,'ed Iltoi potential reader-s, even befoie 

pblished. cive ' badlyit haS been someIL]indic'ation t ho the irifornilitiom it contains is needed 
v thlo, wvttkiIL he ol I'tliiv,.,t kin', of tropicl and subtropical fruit.iI field dling 

lPosihavcst oskes ue a pI'Oh.nI iI atriIlt[n.VU:all-seie ,vei-vwICre. but te putti._ularl\ 
seriou, in thecase f-uit pFltUC1tiot., particulal\ tihe delicate l'ruits Of' t tropics and stibutropics. 
Althulgh die timirket plIOpcts f r such Iit.ate good in boih domestic and overseas markets, 
it has be_'en Ctiiiitcd that 25; Or Ituic 0t truit producd iI ,\siin cOntri-es is lost because 
of iniproper. l1,idligL, and ,trac. Iftathe ittit el harves,,t weretr Itorecet' e bl,tter handling. 
this en1101lOrUS tllmUlnt 0!, prllc w% then a,.ailable provide higherOulld become oil tieimarket. to 
illcOtlleit f limiuul, ild ,.UIalit\ fOnd Idto t lstll lr". 

Thl piwp+, pii,bli-,iL i thi, priiceditcs -ixC e (eults,of1 deal IeceIt researchl 1a',Clt Of 
oi such topics us ehejal tretmntst,,tcontrol of thermal siess, packaging techniques and 

,I'C patprsC
of p ~thar'est losses of, fruit, and I.Is cl]entries Call develoIp practical and efticient 

,,[tora+c met~,IsL. CA'useful gixe g'eeral inifOmiation oin the exlent anld causes 
inwhich 

por thnitvest iandlituc systems it s!it 'hir particularI needs. Several authors cmphasite the 
variotiomn bet\',en ,tpecies. aMid belct .'ce illCirt xarieties ofl"the same species, in response 
t) lx,,rticiar handlil procedurCs. SOtuie variCties. IFr e.XaMpl_, Muia\ respond welil to cold 
storace 01 hAt itcAllclt x h1ile \t inila-Ili' may be ruinled bv exactly thefruit varieties 
samlle trlcllllcli. ()1' e thi, (O>, nt1 aCMtl ih;t Succl .1essfulteCitlo)yV canott) be trlnsferltd 
to iexv pCcies. bit it des lt n iatualelful testU"ti is lecdcd. 

Fruit production i, tlread\ nilkitic a s-ubstaltial o-tlribtltiulii to tle incomes of millions of 
.- lmall-scale f'armelr, in the recion anud the fuIture otb1tllk is extremely promising. Given the 
difficult\ of fficiUnt postlu\ist handling procedureIs on simall-s,,,ale fa-ms, especially when 
these are %,idclv scattcred aIld liC smile distatnce fronmimarkets, it is ei''ouraging that the scientists 
of this rcgioti, xvorkin vi th the fariers, have alreadv achieved stch success. I hope this 
v'(l time, cottain inc tHie reseaorh aid field experienIce of many di sti ncui,,hed scientists, Will be 
helpful to all those who are workinc to improve the quality and stora-=Ie stability of th1e frtuit 
harvested in this rocion. 

Director. FFFTC 
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ABSTRACT 

This paper presents a general review o ffeetors which must be considered when posthanesthandling 
systems b')r nirtt are heing des ned. I),sthari'cst !cchiiolo, is (i'ten commoditv, and location spec.'fic. 
DifIj'rent rarici's ,f tht' sane Spec's tha, rc'sp, 'i ,lifrt'nTc to' tli saint ))stharres; treatment: eien 
cultural !rci iccs ,h'iui can 11ii'1.0/f)c' T, ui S i'ncfiiciiI pc isthariesthandlingyr ',st/Ierc'C'Stphysi, ,lc,vY. 

lttndi /c'-i c'i.f c oc'c cifrtlRaragrc, htn iiitv, atnosphericSiV'StcI'n. (I l 'IX/1 , ( ' r{ 'cisct i, nic'd/ Xtf'c.\, 

c cccpoitm n ill 0 ' W1I"/c i iS U ]I/c' ,f cw citl ic also ic mcerstoodrs ch''i. i,/tI ' S1/'" shocul 
incrc'asc' inr'c'j;tocc/i /1/IIfIc' ' ic .c[Icc''c' cc'ci'cHc i' ''c1/ !iSIlicI if the' .onsi pd(umer can('(1/ fi)r tlh( 

i 'ic't'-casol'c/, Ihl Ult'\\' litc/(1'Icc ,,i ' cl/ it ianIi /i' itiit'rate'dinto the existingl / cc'{hl?',A ' ]1, cw 

si St /CI, 01cli '/c '' ' ,0t 11sll./ ,Uis ,'. I/i' C/it P 1 11 ' 1t n/ecici 

INT ROD LICTION specific and location-specific. For instance, 
controlled atmosphere (CA) storage is very 

Most fruit crops are perishablc crops which useful for apples and pears, but is not appropriate 
deteriorate i,i quality rapidly after harvest. It for oranges. Hydrocooling is important when 
is generally believcd that postharvest losses of peaches and litchi are to be shipped to distant 
fruit ate high, although estimated figures differ markets, but is less useful when these fruits 

.substantially from one report to another 31 >'* .-re to be marketed locally, and is harmful to 
However, losses in quality and quantity can ome other fruits which cannot tolerate water 
often be reduced by the development and submersion or showering. Corrugated fiberboard 
application of improve- iandling methods and boxes are ideal containers for many fruits, but 
facilities. The main purpose of this paper is they are expensive and can be used only if 
to discuss the proper approach researchers the consumers can afford to cover the cost. 

and program designers should adopt, in order Therefore whether a particular technology or 
to develop practcal handling methods and facility is practical or not depeaids on the kinds 
facilities for fruit to meet national or local needs, and varieties of fruit, the type of markets and 
It is not intended as a comprehensive review marketing systems, and the economic and other 
of sophisticated postharvest technology, which conditions. A systematic approach is often neces
is available from many publications, some of sary in the development of practical technologies. 
which are cited in this paper. This paper will discuss ri-cessary steps to be taken 

Postharvest technology is highly commodity- in developing practical methods and facilities. 
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UNDERSTANDING THE FRUIT on keeping quality and too little on eating quality, 

or vice versa. United States consumers oftenFundamental knowledge about the complain that many fruits have poor eating 
postharvest life of a fruit should be obtained quality, despite good appearance. Mangoes,
before suitable handling methods can be papayas and pineapples shipped from subtropical
developed. A cjeneral knowledge of postharvest or tropical areas to the northern United States 
physiology, such- as is available in many are often harvested at an immature stage and 
textbook and publications, is insufficient, never develop good eating quality. On the other 
The species or variety concerned, tilegrowing hand, many apple growers in the northern states 
environment, and tie cultural methods make harvest their apples too late, because they want 
significant differences in the posthnvest life' to wait for tilered color. Late harvest apples
of fruit. Agricutunre Handbook No 60 of tle have poor k ,eipg quality and are unfit for long

' 
If the hasic data of the relationship

useful summary of the hindlinj nd tora,'ue hetween maturity and eating and keeping quality
requirements and storgige lis'e 

U.S L)epaitment of Agricultuie provides .I term storage. 

:pa',., ('f29 kind'l; are available, a suitable compromise can be 
of fruit. However mhore letdil( t mforinatiot obtained. 
is often necessary to develop in1ITrv, I handlink.)
 
methods. lurtheimore, there.,. .. n!, species Potenlial Shelf-lifv
 
aInd varieties of fruit vlicli :1.,ve yetnot ,ec
 
well studiedt, paiticularly :hose iow n trpih:a i 
 Tile potential shelf-life of' fruit when 
and subttopical coutries. l carefully 

varieties ire fte!tuently develo ped or to i,.d 


Net' specie and harvested at different stages of com
i ercially acceptable maturity and kept at room

into new prodtnct,on ireas. CuIt,,! ineth,.d ,a temperature should be examined. Shelf-life 
such as the Iise of o(<tstocks fertilizet;,ros,,,,ith varies; preatly between different species and 
regulators and Othe agi clt ral chemicals, valieties, from several hours to several weeks or 
change frequently. The:efo-e, the stu.dy of longer While shelf life studies are being made,
postharvest life of fruit mist be :I co ntnuouss the principal causes of deterioration of the fruit,
effort. The following items are iiost i r tant inch as shrivelling, overripeness or senescence, 

decay, cr other disorders, can be examined.
Maturity and Qualitv This inforration provides a useful basis for 

developing practical handling methods and for
Fruit maitoty .r harvest has a great effect consumer educ,ition. 

on the eating quAlity and keeping quality.
 
Unfortunately, . fruit 
 harvested at the time lesplonse to Various Temperatures, 
when it has optimum eating quality often does fHmidities, and Atmospheres 
not have the best keeping quality. Fruit harvested 
earlier often has better keeping quality but poorer Refrigeration is one of the most effective 
eating quality Therefore, the stage of maturity ways of extending the postharvest life of fruit. 
at which a fruit is harvested is largely determined When economic conditions permit, refrigeration
by the distance to the market, and the handling, is often recommended for shipping and storage 
storage and transportation methods and facilities of fruit. However, many fruits of tropical and 
available. The basic data of the relationship subtropical origin, and some fruits of temperate
between harvest maturity, eating quality and origin, are sensitive 'o chiliing injury6 . 0. ' s 

keeping quality should be collected in order in addition, all fruit is sensitive to freezing injury. 
to develop useful maturity standards. Fruit Therefore, the response of each fruit to different 
growers and packers often put too much emphasis degrees of low temperature needs to be studied 
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thoroughly. Tolerance to high tempcratures 
also needs to be studied. Many tropical and 
subtropical fruits develop high temperature 
injury before being shipped to market. The 
high temperatures fruit may encounter may 
be in the field, if the fruit Licks proper protection 
from the sun, or iipi -skaesor stacks with poor 
ventilation. 

Relative humidity atisO hocl a great effect 
.on the postharvest life ird q(litli1v of frtit' 

'1 fny fruits rX uire hiih .!0eliv I hum idity 

(90 9T) ).bit otherS iAly rvJii.le slightly 
lower huiiiridit',/ Boios require higher 
humidity when in,, fiutt is qjirot. but se 

humridity when the fruit is;il, .I UderIta IlidgI 
the requirement lid tolcrkor r e! frti 

to hnrnidiTy 1.,ioport.ilt I 1etilwhich 
cIIno t tolerate thih imriilty oc,.toti 
VIoter cOnollsetl'Ot on :, tC, i :tlt) :,t be 

Intptto clvii ii 'am Vig' 

out :Jijyil r, side Ipples an"l talr 
a po u iv ,i n :nttiolled atinosphere 

(CA\) -Inl oci-. i. , ,l(A) .*t 

Some hlt.,s ,; to ,)IMAt(.:..rj',! iv CA 
evern at igh .it res. ananarelatively o 

is one example of ,oshi fiuit: ' Eich 
fruit has its beneficial i wqut' o' 0 1nd CO 
cornbinations, and its i i-s levels of low 

0 and high CO Yh,.otjur ou:; levels; may 
chlange with tentpcelature, dilation of exposure, 

and the physiological 'gie oif th. fruit. This 
kind of inforniation i.;usefli in developing 

handling method: particu orly if CA o, MA 
storage or packwgirg is to be considered. The 
imlormation will also be useful for identifying 
disorders caused by low 0- of high CO, , or a 
combination of the two, if the fruit is accidentally 
exposed to such conditions. In addition to 0 
and CO, concentrations, ethylene accumulation 
in the storage atmosphere -,n have a significant 
effect otn the postharvest life of fruit : '. The 
sensitivity of fruit to ethylene depends on 

the species and varieties concerned, and the 
physiological age of the fruit, as well as 
on the temperature ane the O and CO, 

concentrations. 

Many fruits, such as avocado, banana, 
mango, and papaya, are often harvested at the 
'mature green" or artially ripe stoge and ripened 

after harvest. The ripening treatment, such as 
ethylene application, and the ripening environment 
they recieve, including temperatire, humidity, 
and O and CO, concentrations, will affect the 
quality of the fruit after it ripens. The currently 
recommended best ripening temperatures for 

various fruits differ slightly according to the 
species, but are rn o tlv within the range 16- 27 C'> 
Howe~ar, there isscnwe evidence that the best 
ripening temperature of any one kind of fruit 
may vary accolding to the { owing conditions, 

rd therefore reos;sessrient of the temperature 

mal he for different Drod uct ionI;lVy n'ese 

l,: .; 

riMoti,' putllished resarch papers (iive only 
the bet:;tempeltute, humnidity, or controlled 
atmosphere for each fruit. Thi., intormation i: 

often riot sufficient fol : dJppi.ctIast.i [lull. 

Too often the b'st [s)itition,; are difficult to 
obtain ()Iecono[ically unfeasibLe There are 
occa;sion:, wtien the s;econd lest or third best 
condition is mo,;t practical. Therefore, resetrchers 

should be encouraged to collect an report data 
covering a wid, i tote ,t cod itions, and include 

harmful as well as beineficil ones. 

R-sistance to Mechanical St.res 

Mecha nical rlaniage, such as btuises, cuts, 
breaks, defoi nation, and invisible wound; which 
lead to funqal :itt,ck and )Iiys:o'ogical disorders, 

is a major cause of postharvest losses of fruit. 
Damage may occur dtiring harvesting, hauling, 
handling, transpo tation or marketing. It is easy 
to blame workers for noi being careful enough, 
or simply to tell them to be more careful in 
harvesting and handling fruit. However, we .aeed 
more information on how much care is needed 
for each kind of fruit. We sometimes hear the 

suggestion that fruit should be handled as carefully 
as eggs. Is it really necessary, or is it in fact 
sufficient, to handle fruit as if it were eggs? 
The answer might be negative. Probably some 

.3 
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small fruits sch as, strawberries and raspberries,'~ methodfor a rih uthave somne knowledge
should be handled more getytaegs te, o the'flow channels of ,the 4fruit2adlhwthatY7

'6friiich-h-,& relativelyj tough r-rind! ftiitffiiFred-a in tffhe partic6u.lr..area.ofi.ritest 
more resistantto wmechaical stress athan!eggs. The'new methodhedevelopS has to b'ompress-' compatiblee......

esngnersito dgentlehandling is costly ihdwith' tandcuirrentosyf'temsor p
~difficult.,i If researchers can provide ' ... .. . .. 

d s 
notprecise otherwise a technically sound methomayr! .'information on what level of compression, be practical. ,The anticipated impact ofthe

abrasin and' impact foices a fruit can withstand,' new method on other sectiQ?s of the markpting ,
and on which practices are lely to cause damage channels s nouldbe considered, 
and which are not, it will be' amuch easier for The application o otavs ehoo' 
engineers and designers t'design suitable handling beginsdin the orchard The size of the orchard, 
macer and containers, and much easier for the quantity of fruit the groweri produces, the 
supervisors to instruct fruit harvesting and handling educational standard and the, economic (condition
workers 'so as to' provide adequate care without ofa the grower, the availability of labor, thei
adding wastefully hih costs. ' availability nd cost of machinery etc. shold 

a- all be considerad in developing new methods 
'Principal Postharvest Diseases and Their to be used in rchards and packinghouses.
Control The distance between the orchards and 

the market is a major factor in deciding whatPostharvest decay caused by fungi and techricogy should be used. Ifthe distance is
bacteria is another major cause of losses. The 'short, handling methods' can be fairly simple
importance of studies onthe kinis of disease, Farmers'. retail markets are popular in both less
 

.. route of infection, resistance of hosts, and control 
 developed countries and developed ones. Growers 
measures' cannot be overemphasized, harvestatheir fruit, clean, sort and pack it 

', (or leave' it unpacked for bulk transport) 
Preharvest Factors Affecting Postharvest bring it to market and sell it directly to7,, Life a~'consumers. Some'times the time interval bet'ween 

harvesting and selling the fruit is only a few 
The potential postharvest life of a fruit is hours. Very little postharvest treatment is adetermined, no~t only by the genetics of the fruit, necessary in rthis case, and the most effective,''

but also by many preharvest factors. 'Weather, way of reducing losses and maintaining qualityplant niutrition, and cultural practice (including 'is to 'educate thegrwstohvetadanl 
chemical sprays) affect postharvest diseases 9, as their fruit carefully. If the time interval is aa
well as physiological disordersi 2 . Therefore, it is substantially 'longer,' simple cooling'facilities '2 ~~necessary to study the effects of prehar,,est factors (natural 'or mechanical) will help. If the distance"7-a on the postharvest life 'of each kind'Aof fruit. between the orchards and markets is very along

'a' aaand/or the marketing channiels arecmlx 
UNDERSTANDING THEPOST-.. a wider ..r e of'techno.ogy will be involved, 

?7aaHARVEST FOOD SYSTEMS, and a greater 'number bf. economic and humanfactors must be considered. A comprehensive a 

a Postharvest. haindling and ma'rketing'systams asurvey of the reeat rasotto facilities,for fruit are 'so' diverse in the, different nations loain and "unloading operations, inspectiona 
or regions that it is neither possible nrnecessary systems,' transaction and pricing structures andfor every p horticulturist to. information, and handling practicesin wholesle
 

~~aaap~familiar with all isystems. However, before 
 and retail markets etc. will be necessary in orderaa'trying ato develop a, new, improved handling to develop new, practical methods. Costs and 

a'4
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profit sharing' at' each step of the-operation. and the early 1960's, but had become popular only
 
transactioi also. be, isefuli formation. ten years later Supermarkets were rare in Taipei
 

If s eFin, the arly 1.980's''and-, seldom ;emphasized'"
 
a~nd -marketing bystemrniirent storage faciitiesV :freshprdc bu rwrpdynnmber,' size,~
and costs be'surved,'If h u' Ishol e~oueiuod.dbe the qaiY~ and the volume of freshiVproduce they can~ied 
' 27 quantity of is ionly 	 later 
improvement 'or addition of storage 'facilitie's 'a higher and more uniform qualiity of'fruit, and
 

~~should be considered'. - therefore ,better handling methods-and facilities,
 
v The economic conditions and living Grading, precooliin refrigeration,, and' improved
 

standards odeterminn ar as io nt packagingewhich -are considered 'unnecessary : 

2~'or storage ~a 	 a few ch ngssoon d 

or
 
factors in determing fruit metho impractical one point time, become essential
handling s .in 

and+facilities. Economic conditins determine 'a f yeas l Researchers and planners,
 
the +popularity of home refrigerators and should not only understand- current systems,
 

+0-consumers' buying power.- Consumers -in less but also future changes andfoeast 	 prepare 

welhyntins rregions may not beal opy technology ready forutr needs,

high-prices for fruit. Overinvestment in handling ' Other" factors that need to-be -considered
 

S 	 -infacilities 'may resuilt -economic loss, because iniclude quarantine requiremhents,- government 
consumers cannot absorb-the added cost, Con- regulations- for markets and prices, availability 

< sumners in wealthy nations have home refrigerators, - of labor, and wages at different stages of the 
and, canmafford to buy high quality fruit at higher handling system.-food 

priceds, so that more sophisticated technology can
be applied to maintain-fruit quality. -- RE VIEW OF OLD AND NEW HANDLING 

is-Although this is probably sound in theory, - AND STORAGE TECHNOLOGIES 
it isoversimplified for the real world. Consumer
demand andipreference are influenced by many, Handling methods and facilities for fruit
 
other factors' besides the 'economy. T1he existing - change frequently. For 'instance, 'small field
 
marketing systems -may not be sensitive -enough - boxes -have been replaced by bulk bins for
 

A -to reflect consumer needs or preferences. handling apples, c~itrus and mainy- other fruits-For 

.,	exape a newly developed low-ethiylene CA in the -United -States- over the last two 'or three 
storage- procedure can keep apples longer and decades. Bananas, grown for export in 'Central 
in' better -condition2 *. We thought this - America were -formerly- shipped An stems, and 
procedure +!:-would+ ++++n++,U++adoptedu+?t + ~od ,+++ ++ ++++ I d + +; a+i+!+- aiI'++ I 	 "be quirkly ti +€ I ++ '++ +?+)+: 

++:+++'; '++t + h~+ mm i+f+J+ +++++f + o +++--n-----------a---------n-I :++.+:+h++;:+ 
by''U,S. 7 are- now shipped~in -fiberboard cartons. The 

+!n t+r ;:+++: 	 +++ + l+ ++
apple growers, to upgrade the quality of apples methods land facilities used in the United 
, 

+ +' a+ f~> + + : -- ++"++-. m ~idt: ,+ : +f o< C +". 'nh .; +#++:~ + + 4 a <::++++++,++P=::; +o b y g g +q ,+': lh + f ++ l h r 	 + t + +;v,-a+:: t> ++y 	 -++++++++++
-sold after a long period of storage. However, States at present are not necessarily suitable'
 
S '+ !d++p ; o+ +an+-- i- '---: ++++ ~''" -5b+ NL+++++++!
):+++++++ 	 b+g
in 'reality the growers have been very reluctant-. for other countries. 'Researchers and program
 

to++ make ++ ) +P,+ investmenti + +++ ++ + this +=new'+ + ++ i+ method, 5 5/developers++++ fr'- use ' :':+ " +:+
. +?+ any in + + + -should -4?/make + + v-++! ++ + + + + : + ;+]++'
+]her al l~+ 4o er)+++++++++++ ++ + ++++ ++: ++++ +':a !+ 

a-++ ;+: 	 -- + :++ : : ++ + , .++, of, the ,wealth 'of 
++i++t++so er~o~ ~i'gn u + ++ +i+++/ +:+ +++++i+++ 	 -+ +: 

because 'the wholesale market or chain store -- published literature covers old and 'new-which 

ioter:+actrsesdeeonmy :+heemtm : hagefreuetl',i ' j; th 	 ntacei Sal feld+
a buyers are not ready'to'pay extra for high quality - handling methods. It:F ris generally ea Iier to "-

Sapples. .Apple grades are primarily based~on -- adapt, an -existing or old technology th'an to 
++?::+++ ++++++: '++ ++ 	 +fo le++++fle++++++o+++ l+++++I++++++n + i + + ! + B~n : ++) ro+ ), I e'Iai !frii:i i}+ appearance," and the internal quality is only - develop a -new one,~ A brief

+: 

review of some
 
Iclassified'' into pass~or fail categories, without technologies is presented below. However, :this
 
going into any further details. review is by no means complete or comprehensive.' '
 

In rapidly 'developing ,nations, consumer
 
~jdemands admreig.stmscan change Grading andTac~ilig
 

Srapidly. IiTaiwan,' for ,instance, coa home' ''
 

a refrigerator wa s considered-',a -luxury item in Grading and packing can be done ete 
r7'a'. + -' :--	 a-.-a 



in tefedor ,in the~pacinghouse. Strawberries toca nd~sbrpal'futs Fuit is either,~ 

are ofteny -gaded as they. are il soeedwt, megdwater.~coldyor er sand-put intocotainers ' theywill iren~aimilutij...g The" temperature ",'difference between,:te'water
uL:.~Leu~MIL-emai untl hey\ rea'ch--nhe retAilmarket, an~d the fruiit, the-,size fte;ri adtetpbecause.'anyebecauseany dhandlingtouching i ra for of pack g, ill determine therte Of cooling, 

~W~of the berries 'for regrading 4or, repacking will ' and hence the thre requ ,ed for coolingi;SSome 
increase the rate of d Small re of such asr fruits' strawberry aind grape cannot, 
man of sseiote s fruing their products forredb tydrocoohingprocess,the 
in simple packinshed on or near the growingaincreases.thndraomesf decay. Hydrocooling also 
fields. However, when substantial washing increases rind turgor of. citrusthe fruit, and :
3izing, waxing and other treatments are required, ' therefore increases mechanical damage to the 
large packinghouses have some advantages, fruit during subsequent handling Hydrocooling 
Large packinghouses are commonly used for increase contamination' of fruit withmay. pthe 

apples, avocadoes, bananas, fuit, dea ogns , a
ci a or fungicides 
some othertyps wofe:t fruitLarge mdrn aretherefoe fteaddediohe water. 

packinghouses may more effectie oolingues f n.be cost acAr sefl rha kinds of fruit, 

lessdaomaget hepout.Eupmn n coigtecn eare kept well.'' 
management of a packin e a ted un aatedrom . In forced-air 

often.. ecessary..o..valuatethdaaeausedan s w ith the fruit, to 
by''eac stpn apacingous,o th opraton seedup he oolng rocssSince warm fruit 
to oeablientfymaagemntaeaswhee hs a eryhig vaor pessretheair must be 

t water vapor,' ~fltha ,bual oebuae do buyneesrilypressurecausg..de inudk' ing straw eribes n rae. I-rogradient 

byr'can see all the fruit they buy. However, Containers
 
gaestandards 'are very important 'if the 'fruit,
 
itobe shipped 'to distant markets, or sold in Bulk bins are' often used in the field and 

more complex marketing systems. Filling up in packinghouses for fruit which canwihtn
 
acontainer' with fruit of' non-uniform~ grade some pressure caused by' the weight of" fruit
ntonly makes pricing and selling transactions 
 in the bins. The bins are moved with forkliftdifficult, but also encourages buyers todgde rcso ysm ohrmechanica easdown in the container to excamine the fruit at t),e' so that menhanical damage is generally reduced.botm an,,heeoecauses extra mechanicc I When 'bulk bins cannot be used-:because of adamae. lck 'of forklift tiucks, field boxes or baskets 

Precolig cntaiersarenotvery'' important, b~ut the 
conrtainers 'must be sm~all' enough, to be 

Cooingfrut qicky n eailywhe filedwit fritand strongaterharestis lfte 
effctieo wy ndtherefore enough to protect the ~fruit duingi lifting, moving,rmov fildheat, 

t lwdowny the rates'of' respiration, ripening or stacking- They must .have "smooth or soft 
andeterioration, of the fruit. Hydrocooling surfaces to avoid mechanical damage-'and have 

iveyuseful for peach,,banana, cherry, and' "adequate, ventilation holes. ;,Wooden boxes arelthand. is probably, useful for many, other commonly used.' ha e ,~enbmo akt 

I.4 hav senbabobskt 



* "'with"cloth lies'used for oranges in-, Turkey; Chemical -Applications '' j 
rd plastic crata fofu ycleverly,dessignd 

S durig sackngj,o prvid suporhcrate?rsd'Containers fo filedofit h rovdeda lstri e for f30Ochemicals which are currentlyp a us nthe-Unite 
areh Areused,shouldbe disinfeted fre y Ths crs"e on wi at chemicalsr-' 'y 
ctes ai- eiocularied ad fipped dcFay o eo used andcetheadeca 'aigens hai 
frut whichannot tolerate pressur och as: pe chemical chcntrhs, are al tabuel 

strawberries and grapes, shallow trays or boxes The list includes Benomyl, Biphenyl, Sec
are used'' butylamine (2-aminobutane), Calcium hypo. 

Corrugated fiberboard boxes (cartons) are chlorite, Captan, Sodium dehydroacetate, 2,6
- probably the ideal containers for fruit during Dichloro-4-nitroaniline, Formaldehyde, Imazalil, 

shipping and marketing, The fiberboard can Methylene chloride, Potassium sorbate, 0 , 
be waxed to prevent it.absorbig moisture which phenylphenol, Sodium borate, Sodium dime. 

would weaken the box. Since cartons are thyldithiocarbamate, Sodium hypochlorite, 
expensive, growers and packers sometimes wish Sodmium-phenyiphenate, Sodium or potassium 
to use them more than once. A grower in New bisulphate, Sulfur, Sulfur dioxide, Thiabendazole, 
York State told me thathe was able to reuse Thiophanate-methyl, Thiram, Methyl chloroform, 
his cartons five :times, since he delivered his Triforine, Zinc ion-maneb complex, Zinc pe -
produce directly to the same retail stores each troleum sulfonate and' Zirai,: Formaldehyde 
time.: Some growers or packers collect used can only be used: for equipment and storage 
cartons 
valuable 

which have 
industrial 

been used 
and 

once 
reuse 

for more 
'oo&,them for 

areas and Zinc petroleum s Ifonate can only
be used for baskets, boxes lor crates used in 

fruit. There is nothing wroug in reusing these harvesting fruit. Other ch,-micals on the-,list 
cartons, provided that theyae not contaminated can 'be applied directly 4io' various fruits and 
with toxic substances,. However, before the other crops. ." ' ''' 

cartons are reused 'for fruit, adequate ventilation Very few chemicals are , available for 
holes should be made in them. Inventing a simple postharvest insect control, Ethylene dibromide 
tool which will' enable such users to make (EDB) has been used for quarantine treatment 
ventilation holes in the used boxes would be against fruit fly, but its registration been .ha 
very helpful. One common mistake made when withdrawn for most quarantine use in the 'United 
packing 'fruit in a; carton or, some other States since 1984, Methyl bromide 'is another 
container. is to overfill the container,, causing insect quarantine treatment, but is also' being 
extra mechanical damage during stacking and considered for ,a lower' residue tolerance or, 

shipping. 'possible withdrawal of registration. 'Satisfactory 
When cartons are not available for economic alternative: chemicals, have not yet beenfound.i 

or other reasons, materials such as wood, bamboo, .. Several growth regulators are either 'applied 
or plastic can ,be' used. for making containers. postharvest to fruit, 'or 'are applied before birvest 
If the shin distance is not very great, the for the purpose of reducing postharvest vsses 
containers should be designed 'in such a way Davies"1 has' reviewed the benefits of applying 
that they. caneasily be returned and reused, to' ' 2,4-D, various gibberellins, and ethephon to 

reduce costs. Containers~ often contribute a 
significant 'share of th postharvest, handling' 

citrus 
fruits 

fruit. Ethephon has been 'used on many 
to enhance ripening. - Daminozide has 

and marketing costs of fruit.' been used on apples to reduce preharvest'drop 
"
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as well as to improve the storage nuality of the Refrigeration 
f-vit. It is necessary to understand the ;ndirect,
 
as well as the direct effects 
 of a chemical Refrigeration is a well established method,
before it can be applied with safety. For instance, and is the 'nos, effective way of extending the
daminozide, vhich gene:aliy has the effect of postharvest life of fruit. The most desirable
delaying ripening and senescence iaapples, can temperature range for each of many important
actually agqravate senescent 'ueakdown of kinds of fruit is.given in the USDA Handbook
McIntosh apple; inCA,. )toiaie when the ethylene No. 66' referred to on p. 1 above. The handbook
concentration is high Ethphon redtuces the also provides information on the approximate
decay rate n tnneritnes, bec umse it r"educes the lowest safe temperature for each chillino sensitive
percetitage of luc f,ut cmd i-i in indiie,:t _lnit and the highest freezing temperature for
effect, also educeOS u(i'i (ttlt"ti each finit covertd in the handboo. The lowest 

non injurious temperat tre,- diffei, not onlyHeat T'fatillot Ibetween species, Lut also between varieties of 

the same species. The growing conditions andHot w,nir tre,tyiewt, or a comblnation harvesting tine of a fruit can also affect its
of hot water and i fungicide such as benorny; sensitivity to low temperature injur;,

isoften usced to control certain 
decav orga niras Refrigeration is generally very costly.
for peach, p,iaya in fruitind intoo: The 'echanical or vapor corp, ession refrigeration
is su b nerqed il hot w,te l-o(,C) ;ystem .; require electricity. Where there is a 
period i ngling froi a fe illniutUpes; '1 t;eat source, such as geothermal or solar
minute , depdil on !ini!h .d 
 :e oi ,Lergy. oi. methane gas generated from animalfruit. A rccw repol tI y ee' , ndi.(ites tht waste, the use of an absorption refrigeration
dipping m igo. fo! five minutes in 1 0.1 :'ysmtem can be considerted.
 
benomyl solution at bi6 C etfectively controlled When 
 using refrigerated storage or trans
decay witho't ci,,sing arty seriois inju.y. Dipping portation, water condensation and water loss
litchi iinhot henoiy i (0.05 henotnyl at 52 C) problems should be considered. When refria
for tvio rriute 1i:,rolontiolld rottilll 'Ind eration is discoutnuet and cold fruit is exposed
brovning of the f! it1 Hot water treatment to warm air, water condenses on the surface of

is generally I iifficlait and expensive process, the fruit. 
 This may not cause serious problems
because the , hviltt Tt,.' aure chaiinge the for soome fruits, but may cause rapid deterioration 
water temperat l'edhing dipping, of some other fruits such as strawbery. Poorly

Htent ir', tinet: ha:, lso bean tested fot deigned refrigeration rooms or chambers may
insect control, pa ticuirlv for quanrt ine have very low humidity, and hence cause rapid 
purposes. Thi., is done ly keeping fruit such wa t i loss and snrivelling of fruit. 
as papaya and nmn a,rncist hen t (41 - C)
for one to seveial hour.,. A I985 report' Ontill Controlled Atmosphere and Modified 
experiment carried out in the Philippines indicated .\timosphere 
that a treatment which maintained the core tern
perature of mrrngoes at 46C for ten minutes Controlled atmosphere (CA) storage is
resulted in the perfect disinfestation of bruit fly used extensively for apples and pears all over
without impairing the market value of the fruit, the world. The CA storage conditions for these
However, a more recent repor' has indicated that two fruits, and various aspects of CA technology,
such treatment can cause severe breakdown of have been summarized by several writers4 ,S .26 . 

mango flesh. Furthr, "tudies and development of Twenty-two other kinds of fruit have also been 
this "high technog," seem to be needcri. reported to have a moderate to excallent potential 
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of benefitting from CA storage or transpor-
.
tation "7 These are: apricot, avocado, banana, 

blackberry, bluebery, s-weet cherry, cranberry, 
fig, grape, grapefruii, kiwifruit, lemon, lime, 

mango, nectarine, papya, pc,ch, persimmOn. 
pineapple, plum, r-spberry, and straverry 

Probably the list will grow further as mo're fruit!: 

are tested, and a.:furthcr improvements are 

made in CA technoiogy. Some of the fruits 

mentioned above benefit frotn reduce d 0, 

some from nigh CO:, and some frcnt con 

binations of the two. Some fruits, such as rape:, 

which do not benefit firi low O : in! hiq 

CO, due to decay problem c in 'Lenelit roin 
CA to 	vieh has been addedt nbout i0, cirbon 

cmon'oxide . Applicaiic n of CO i:;effective 

in controlLbg sostiarvest decay in tore fruits, 

but unfc;rtunately the g.;s is very toxic I) hunain 

beings, and is theiefore difficult to handle 
While largIe CA\ ;torage urnits rc ostly. 

smallIcap polyethbylene ch.,inbc.r, (,,n h-r;made 

for storing sia lrrtiantit iesof fruit The 
chambers can be placed in refriger~ttedi ooiis;. 
common storage :ooms, or caves. Apple growers 

in northern Chins store apples in poryethylene 

tents, with :'ilicone rubber diffusion windows 
cn control C, and CO: concentrations, with 

considerable success. The results are somewhat 

inferior to modei n C/A storage, but substantially 

better than air storage, 

Practically ai fruit; which have a positive 

respoise to CA sto:'age ire al.;o potentially 

successful InrrmWified atinosphee (MA) storage 
in sealed polynr.r: ti'm. The bersefits of MA 

storage foi i i, mainyt-iJ'1), mc.nstrated 

years ago rn ith.is nov sme commercial 

use for shippinri oananis particularlv varieties 

which have a siort preclimacteric life in ordrlary 
air. In the long-term storage of batninas in 

polyethylcne bags, decay of th, stern tissue, 

beginning from the cut surface, is a major 

problem. I. order- to re:uce decay, bananas 

can be stored in bAnches rather than in hands, 

sealed inside polyethylene bags with ethylene 
.
absorbents' 

While 	 MA storage or shipping seems to 

have great potential, it has not been very 

successful for many kinds of fruit, despite 

numerous experiments conducted by many 
researchers. The two main difficulties are that 

it is hard to maintain the stable O and CO, 
levels dcesitable for fruit inside sealed bags, and 

that wate! condensation inside the sealed bags 

increases tse rate of fruit decay. Misuse of this 

method can cause heavy losses, due to low 0 

and/or hih CO, damage and decay. Future 

developrent of this method depends on the 

producti,, of im pyoved plastic or other film. 

Cmonini' Storage and LildI'ergrotlnd Storage 

Coinmon ;torage, underground storage and 

cave soraqle are old methods which have not 

received eriough a ttention from researchers in 

devwbt no!d countries in recent years. Very few 

nev publications on the:;e methods are being 

puhh ied, although they can he very useful 

in subtropical and temperate cone.. Synthetic 

is well as natural insulation materils can be 
used !o insulaie common storage chambers. 

Stor,,ce teirperatures can be maintained at a 

level substantially lower thin daytime ambient 
ternrperarures; by 1)1oper control of the storage 

ventilation This is particularly true in the winter, 

spring, or fall se;asons in subtropical areas, when 

ere are cool nights. When there is no cool 
inoient air available for cooling, evaporative 

cooling can be used to help reduce the storage 

temperature. 

Many citrus fruits are stored in common 

storage chambers during the winter in Tsiwan 
and Japan. Improved facilities and storage 

methods can significantly reduce storage losses. 
Many citrus fruits are stored underground in 

southern China, and cave storage is an important 

method of storing apples in northwest China, 

where large quantities of apples are stored in 

CA or MA tents i caves. The soil surrounding 

the underground or cave storage regulates the 

temperature of the storage systen. However, 
the quantity of fruit and the surface area of 
the storage have to be balanced, so that the 
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,-i will not be heated up too much by the heat 
from the fruit resp;ration. Ventilation should 
be controlled in such a way as to make full use 
of cool night temperature., arid effectively protect 
the storage system from daytime ambient heat. 

Other Treatments 

Waxing is used for many fruits, including 
citrus fruit and apples. Its effects in controlling 
transpiration watei loss and improving the 
appearance of the fruit can be very significant 
Wax can also ,erv a a cart'ier for th, funglidus 
and growth requliators which are to; be applied 
postharvest to thr fiuit. Many researchers have 
attempted to use waxing to generate modified 
atmosphere ccilditions iside the fruit. in order 
to extend the shelf life, but with veiy limited 

success. The difficulty is similai to that 

encountered when usln sealed polymerit filin 

the coating iiaterials (wixe::) and tlie thickness 
of the coatingi detern in". the oas diftision rate. 

and it is simply too difficult to find in ideal 

material, and to coat the fruit with it 'it in dea 

uniform thickness to generate the desirable MA 

in the fruit. Nevertheless, iesearch in this field 
is still active, and new caitic1- materials ate 

frequently being introduc-d 


The use of ethylene or ethephon o ripen 

fruit is an establikhed ,,inique. Proper ippli-

cation of ethyieno ie right time leditu,.can 

postharvest losses. Application of ethylene 

to avocado induce, 1mciii q of the fruit, a rio 

makes the fruit lest: sensitive ta chilling injury 

and more tolerant to longei periods of storage 

at 2'Ci". Ethylene treatment for mango before 
or during shipping increasc-d the acceptability 
of the fruit to consumers'. Ethyiene treatment 
is particularly important for specialty fruits, 
since 	 neither retilers nor consumers know how 
to ripen them or when to consume them. 1 
recently heard tb-mt : me unripe sweetsops were 
kept on a refrigerated shelf iv a Taipei super-
market, and that neither the seller nor the cu,.s-
tomers knew what to do with the fruit. Cuatomers 
who 	 bought the fruit out of curiosity had to 
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throw them away, because it was 'inedible.' If 
the fruit had been ripened with ethylene before 
being 	 sold, such a loss could have been avoided. 

Irradiation has been tried as a means oi 
extending the postharvest life of fruit. Maxic 
ci (. - concluded in 1971 that it was unfeasible 
to irradiate fruit and vegetables. However, it 
may still be possible to use irradiation as a 
quarantine treatment for fruit to disinfest it 
of insects7. . The interest in fruit irradiation 
hs grown considerably since EDB was withdrawn 
fron tegistration in the United States. 

DEVELOP!NG PRACTICAL HANDLING 
METHODS AND FACILITIES TO
 

MEET REGIONAL NEEDS
 

A comprehensive Lind erstanding of the 
iIit itself, a thaiough knowledge of the food 
systems in which the fruit ik to 'be handled and 
marketed, ani an extensive ieview of both old 
:oiid new handling methocds and facilities in use 
in different parts of the world, provide the basis 
for developing practical new technology. A 
strong national or regional program of applied 
research will be needed to produce such 
information. This is the foundation for all future 
extension and education programs for postharvest 
loss reouction and quality maintenance of fruit 
crops. The stronger the foundation, the more 
effective will he the future programs. 

The next step should he to identify the
 
major causes of postharvest losses of both quality
 
and quantity, and 
 find 	 our, where the losses 
occur and why. A working group consisting 
of experts possessing the relevant knowledge 
described above should be able to identify 
problems easily. A survey cove,'ing major sections 
in the food system may be necessary. 

Probably many problems can be solved 
without developing new methods, by introducing 
effective education and esttension projects. If 
new methods or facilities seem to be necessary, 
a brain-storming approach among experts is 
recommended, in order to select appropriate 
methods or facilities. To -adopt existing 



methods or technology is easier than inventing 
new ones, and should therefore be given higher 
priority. Modifying existing technology or 
facilities to suit regional needs might also be 
considcred. Sore, old methods may bo even 
more useful than new ones, and therefore should 

not be neglected. Simple and inexpensive technol-
ogy and facilities have a better chance of being 
accepted by those concerned with ihandling fruit, 
and should therof'ore be given higher priority than 
sophisticated and expensive ones. 

Once the candidates of technologies or 
facilitiesI re identified. iroagined experiments' 

should be ccnducted before real experiments 
take Ilpace. This means that .i group of experts 
should use their imagination, to predict what 
might happen it the selected technclort, or 
facilities were to he use! Hvow v,el] mrlcht they 
fit rot -heclrent sysiten Will their Idoption 
require cliange, in other se'tois ic the systemr 
If so, how IlffIcu It Vi! S it h)e to mnke such 
changes, ,ind how i:ey h,-t h, ide Wh~t 
will be the cost, and iow 1nu1ch benefit c:,i he 

anticipated , If additional cost is -iticipatcd, 
will the consumer be ,:ble to pay for it If the 
answers to the;e questionls favor the adoption 
of the new technoljy or faciiities, the chances 
of success ore grerit: if not, the chainc.:S are slim 
The success of' a technoirgy depends on the 
whole s.stern, and not on/h on the technologyv 
itself If the technology or facilities do riot pass the 
imagined experiment, they should probably not be 
tested in real experiments at all. It would probably 
be better to look for a new alternative, 

If the selected technology or facilities 
pass the mental experiment, they can then 
be developed and tested in a selected location. 
Further modification or improvement may he 
necessary. if the test is successful, demonstration 
and extension programs can follow. Ithe 
development of the new tecinology or facilities 
can then be considered complete. 

These steps seem to bL very obvious, and 
to contain nothing new However too often 

R&D.- Rasoarc; and D,.v!epment. 

programs are being implemented in the wrong 
order. The most common mistake is to introduce 
a piece ef new equipment abruptly into a system 
which is riot yet ready o accept such equipment. 
For instance, a hydrocooler is of little value 
if the tiansportation trucks or rail cars are 
not refrigerated, or even insulated, so 'hat the 
precooled fruit warms up quickly during 
transport. A mistake of this kind can easily 
be made if the decision maker does not use the 
brains of experts who understand the fruit, the 
system and the technology. Aggressive m-rchants 
are often very persuasive in selling their equiprnent 

and facilities. 

The development of postharvet technology 
and facilities should adv.nce at roughly the same 
pace as economic growth and a national increase 
in persona1 incomes. Postharvest scientists and 
technologist, should have good judgemeit as 
to what level of tehology should be adopted 
at present, and what Ievl in the projected futire. 
They should develop technology slightly ahead 
of the time of neCd, if resources are available. 

THE NEED FOR COORDINATED 

PROGRAMS 

Althcugh the development ot new practical 
methods and facilities seems to be the responsi
bility of researchers or R&D vorker , its success 
depends on well coordinated program,. Since 
the application of new methods or facilities 
involves direct users as well as other sectors in 
the food systems, and may indirectly affect 
giowers and consumers, research programs should 
coordinate with extension and education programs. 
Researchers also rely heavily on extension workers 
to collect information about users' needs and users' 
input, with regard to the performance of hew 
facilities or the usefulness of new methods. 

Coordination between R&D workers, 
policy makers, funding aoencies, and management 
or administrators, is of utmost importance. 
Management and funding policies have a great 
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impact on the achievement of R&D workers, 
If 	 the goal is to develop practical methods, 
the R&D workers should be carrying out 
mainly applied research, and should be evaluated 
according to the usefulness of their work, not 
according to the number of papers they publish.. 
A project often fails because the goals or 
objectives are not clearly ndicat(i, or because 
the evaluation standards for workers do, not 
coincide with the goals. Overemphasis on 
publication is a very common mistake. Many 
practical methods are neither new nor fancy, 
and might therefore not he publishable in scien-
tific journal;. However, for practical purposes, 
R&D workers should be encouraged to review 
and repeat other people's work, and to revise 
or modify old or existing methods to make them 
useful to the local situation. 
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IDENTIFYING THE MAGNITUDE AND CAUSES OF POSTHARVEST LOSSES
 
OF SUBTROPICAL FRUITS
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ABS'T RACT 

The dc'terinnaion o./ the casc's ai v.', I " s, lcsses..c r ait' type on .f'uit is an inexact 
science as standardstastsical tnalsis is cit/v 'OWi,ft/en pli 'hl,/,l hi i/o 11M (I ti''oIa/Ih rarahlc'. Puhlished 
estimates fiar plstlar, cst!losscs, 1 lsublro, ica! /'ils rim a.shiigh as io . 'lar.eting stn/d's are usuallv 
exCnlsile 1d10 i!eXac.'. [; IS r'h h l ,,r". haselie data he icrd I/ potentialpost
ha l'es life , 1/ tIi ,,.Iss,' il / 'u, tl l'c rtA 'ii .' sffldies.. Ifelit l,i ,'I l.sss "tarts With the 

lia~,ic n rriiedtc'i fall I impi h, I/1t1hlhe l 1 ackui,' t'iifli cINI S1c ribC1 . 

INTRODJCTION will be drawn. 

In general, the extent of typical postharvest 
For the purposes of this review, subtropical losses of subtropical fruit issimply not known. In a 

fruits are considered to he non-temperate zone 1984 review, Kelma-'11 stated that losses of perish
fruits commonly grown in subtropical latitudes, ;ble crops in developing countries are cc.nmonly 
e.g. in Southern California, the Bahamas, Southern cs high as 30%. A 1978 report cites far higher 
Florida, Kyushu (Japan), subt-opica! Chile anrl the figures than this for fruit in scme developing 
Mediterranean coast of North Africa. countries" A 1980 report from Sri Lanka 

As Mukai"' and Moline"' have iccently estimates losses of horticultural crops as between 
pointed out, the deteimiination ot the ca and11 15 and 50',,' '. Certainly, postharvest losses are 
extent of posthalrvest losses of fruit and vegetables commonly far too high. They can be reduced 
is an inexact science at hest: too many variables considerably by intelligent study, coupled with 
are usually unknowni ..!nontrollable. Fiuit is ,onstamt education of all concerned. 
a product which is in!.erently designed to 'self 
destruct' as, botapic,'iy, its role is t'j release ESTIMATION OF POSTHARVEST 
seeds, for which deccy ur dl.inteqgation of the fruit LOSSES 
is necessary. This is parrtcinly true for tropical 
and subtropical fruits, which lack any mechanism Potential Postharvest Life 
for winter dormancy. Such fruits tend to be inher
ently frail and most are susceptible to chilling, A neglected field of study is that of deter
which severely limits the use of refrigeration to mining what the /)teontia! postharvest life of these 
prolong postharvest life. Moreover, very few sub- fruits may be. Studies of postharvest losses usually 
tropical fruits have beer studied in slich exhaustive fail to start from the ultimate baseline: What would 
detail as that quintessential temperate zone fruit, have been the life of the fruit if it had never been 
the apple, or the banana, the major tropical fruit handled at all? To attempt to determine this, the 
of international commerce. An exception i, citrus, ssnior author has occasionally used non-handled 
concerning which many examples in this discussion controls'. Two results with citrus can illustrate 

- 14 



what is meant. The first was during a season in market place continued. An elaborate and expen
which postharvest losses of Florida Dancy tanger- sive shipping test, involving Iboratories iii Orlando, 
ines were particularly costly. The 'non-handled Lake Alfred and New York, failed to indicate the 

"control' tangerines were clipped on longl sterns and basic cause of the trouble ". A series of simulated 
lowered gently into a carton, while the sterns were shipping tests with packan.ies instruimented for 
then clipped closely without the fruit being temperature and humidity, ;nd handled exactly as 
touched. Thus the fruit was never actually for transit andi marketing, reveiled the cause of the 
handled. The reuign i cornrol sample (without a problen '. When the fruit was taken from the 
fu egicide) wasvpicked from the same trees by the iefrigerated truck or cool store, condensation rap
experiment station field '.corkers and run through idly disappeared frorn the fruit stoied in ;,et hags, 
thr. psckiriqhonse for the then standard d imp- but persisted almost indefinitely inside heavily 
wash-p'olish- w -j ick treatment. After two weeks perforated plastic fili hags. Water gathered whele 
at 21 C. only I,, of the 'nont ahndled Uonitrol' had the oranges touched the plastic tili for long enough 
been lost from decaiy, while 20D o-f the 'regular to rupture epidermal cells by endosmosis, allowing 
control' had been lo;t. Sn bseqiuent checking of the entry of fungi. 
e!ach s;tage fron tree to p:icking showed that about 
,i thid of the damage was beinlg done by the Basis for Evakltating Losses 
pickers, lad tn'Dst of the rest of the damage canie 
fr(Jm : unexpe-ted source, the polisher brushes. .iniy of the concepts of 'loss' used in various 
This; latter finding ",' then confirmled in :Ilar'e- conferences on food los;es. (e.g. the National Food 

->cale stud'.' in crninercil pachi..h , e. An1- Loss Conference held in U.S.A." ") cannot be ap
,)tho;r stlikir, '.:nijr! cf the value of . non. plied to subtropical fruit. Decay can he calculated 
irii' contro)l' '.'.' s.~ in investiqgatni. report of as the percenttage A spoiled fruits, but one rotten 

.quflr;ed 'gas bin (ehh'lrne inlury) ,1n l'exas ftit may soil several others and make them all 
Mfirts Fiily or.iges. , '-ry tender vaiety. Only unsaleable. Mo';t .;uhtropical fruit are 80-90% 
the urju-1'.ldled co r:as',as I'., uf the supposed water. which is ,utritionally useless in itself but a 
'a> !,rin '.,uicnt ',',,, sea l' . i , ' ' due water loss of 5. 0': can result in a shrivelled, una
to pickq ,ic 0 t:1,1elily il tht: notunn, when saleable fruit that m'ir also have i poor flavor-2 

it 'vS :till too tuti Various peel blemishes; (pathological or physiologi

cal' can render fi ait quite unmarketable. An 
Silllatod M;rkeltimit , ti,. 11 apparently sound fruit can develop an internal 

breakdown (which, ig ain, can be pathological or 
Out long toti n-:'eieice it Lake Alfred in phy:uiological). Only toooften industriousresearch 

Florida has been -,kit, havingjobserved posth,lirvest workers gcathe: a mass of data Cr. what is, in effect, 
losses in the matk&.t place. the best way to initiate a dying sample, so that the result is statistical chaos. 
studies C;f the oniqns of such los;es is to carry out One way to avoid this is tc reduce observations 
simulated murk:,ting experiments. These can he arbitrarily to some simple, useful, manageable 
very helpful if repeated systematically, p/,,,idi/,r denominator. In many of our studies on packaged 
Hti r yr/I '11 ! CON,5' Cr/1r,,s tWiih.1/i'v. citrus, a very useful colttin on the examinationla 

Plastic film bags are about as hostile a con- sheets ha:; been headed MCI' (- F.,ad Customer 
taiaer as can he used for suhtrooical fruit. In the Index!). That is simply the percentage of packages 
1950's, when plastic bags were firt introduced for that cor aiied one or more decayed or otherwiseir
citrus in the U.S., a simple 'holding study' indicated edible fruit. No customer wants to buy such a pack
that as few as four L 'A-inch (6.35 mm' holes in a age. nor does arty wise retaile: want to sell it. Gath
five pound (2.27 kg) bag provided ade.tuate venti- ered over a long period, these single figures for each 
lation. Nev-ertheless, reports of seic a losses in the treatment ii each experiment can be manageable. 
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P oblems ofStatistica Evaluation .One extremely surcessful statistical, study

related to theItolerance b f Marsh grapefruit"to cold> 
AsIMkihsrecently 'Ited 6',4--

4 4poinyost stan storage temperatures For five years grapefruit 
dar.d'stdtes anisaatons owostres t were -picked-randomrly along the same rowoftrees 
over a limited priod canbe useless. A great many approximately 20 times each season., For each 

~ observations over''a long period mnay overcome the picking, data was reduced to a single figure of 'days 
unseen variables of weather, time of day of harvest, 

' 

in storage at 4.5 C before appearance incipient Y4te4-44'of 
degree ofpfrit mate .cd that can result in chilling injury'15. Tolerancefor thatstorag 
exraof: nry.variability. Talens 	 temperature ranged from aefow of10:days to a 
comparison of decayoin 'Pineapple' oepicked m o 7 

mat ties fm te sm rw of trees at approxi. station is also aweather reporting station, a statismately wk inteeorvals. Ech picking included tically minded graduate student was able to derive 
fruit from every tree 1 

3 . From each picking, 20 correlations between winter temperatures, r 
mesh and 20 polyethylene bags were packed. If 0963 (p = 0.01), pan evaporation, r 0.933 (p 
the ehad been limited 	to the December 0.01), and at 4.4C',Laterpaestorage 
1,8 and 29 picking dates, any deleterious effect of work iindicated thatsuch tolerance to refrigeration 
poly bags would have seemed minor and mathemat- was associated with an increased level ioreducing 
ically not significant. However, if picking had been sugars in the pel4 , arid may be controlled by 
limited to December 13, January 5 and 12, the stress-induced changes ingrowth regulator leves 2 3 

obvious conclusion would have been that the use Two other statistical studies correlated rough har
of poly bags without precooling or fungicides is vesting with subsequent susceptibility to deforma
disastrous. We still do not know the reason for these tion of-Marsh grapefru it4 3 and development of off
drastic differences between six successive pickings flavors in Orlando tangelos27. However, both 

4from the same row of, trees. However, one factor ths tde novdmany harvests meticulously
that has been established is that the time between replicated throughout a harvesting season. 4 

picking and waxing can be a serious consideration 3. 

Role of Variety (Cultivar) and Growing j
Area 

Table 1, Decay In simulated? 'retail scale' of Pine
apple orange wihu fugcie orre Of all the subtr6'ical fruits, citrus and avoca
cooling, following six days 'transit' ,at 4/do have been studied in most detail. Nevertheless,
15,6'\C plus four days 'marketing' at 210C even for these two well-studied genera, it can be 

-~ 	 dangerous to assume that findings (particularly 
Harvestdate ,%decayed irult %bagsWIthrot , 	 gegoigsao)o nidvda1058.59, mesh po meh ag-bg ba -pl a 	 variety or within a given district can be applied 

generally. Thornton 7 has also pointed out that,
D-acermber 1 0.0 0.9 0 15 because large areas of the tropics and subtropics 

13 2.5 18 0 3armoninous, results should also be checked at 1 
13 25 2. 5 100 variou litdswihna ie district. In explor

29 2.5 , 4.3 , 45 ,45 atory studies to find suitable fresh lemon cultivars 
Janar5-.-.7 2 	 nhnln methods for Florida ., 1,15 cultivars
12 2.0 20.0 25 90 were cured after harvest in four types of onneack, 

-' - .'- of which involved the use of a polyethylene carton~.47444'.-~4 Average - 1.5 9.9" 2 '33 	 3 458 ie Tersos 	 f23.3: 5. linTer . hBrsoh o only twovarieties is sh'0Wn 
'4-~~~ in-4,.Table 2. Both________________ 	 picked from the.varieties were

ricrson, W. 1962~Gore 	 same. grove, on tesame day. If we had -worked-"" 

16.' 
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Table 2. Percentage' decay in two varieties of in cold storage when semi-firm or soft tolerated 
~ '~%' ~'Florida-grown I 1 ns Stored for 30 days low temperatures better thanf 

a15Ci atn it n ihu The pitfalls in p-)stharvest,.studies of such 
poletylneinrsfruits are. many. -It, isbest.to-use~small, frequently' 

.cuftlvar:, - :. ;.Without liner ' " With liner: 
replWtcatestudies which span as many 
possX ;ile.:;, 

variables as 
/d,;; 

Source:Gricron, 
:.: 
W. 1962 

... 7:1: . 

Actual postharvest losses are very difficult: to
ascertain. However, suthwastageohasbeenclosely 

monitored by the U.S. Departnent of Agriculture 

for* several crops, including citrus, marketed within;, '" 

,' 
only with the Sicily:,variety, we would probably 
have advocated curing in polyethylene box liners. 

the U.S.A.. Table 3 shows figures extracted from''a 
1976 review of these studies4 °. Pentzer attributes , / 

This could have been disastrous with other cultivars. the sharp decreases in average losses between the 
Succ;ess in extending the shelf life of Califor- two ten-year periods to the development of effec-' 

nia avocado Varieties Fuerte and Hass grown in New tive fungicides and improvements in storage and 
South Wales in Australia, by infiltrating the fruit. transit refrigeration, Not only are such improved 
with 4% CaCl 2 :,could not be duplicated with techniques often not available for many other sub' 

o Florida-grown Reed and Monroe avocados, due to tropical fruits, particularly in the less developed 
a prohibitive increase in decay. There is a fairly countries (LDCs). but they take no account of 
extensive literature on the postharvest treatment 
of citrus and avocado, 'The'ituation is more diffi-

" losses after retailljsaie- Al y controlled 
study4 reported a.,'withithe U .A.,losses ofntrolle 

cult with the more exotic subtropical and tropical ' fruit at the consumer level .were approximately 
fruits that are becoming increasingly popular, cer- double those up to the point of retail sale, For 
tainly on the U.S. market 32 . 45. About 20 years
ago, we carried out a two-year study of the post-

oranges this figure was x 1.82. Various simulated
marketing studies confirm this8for oranges 182. , 

harvest characteristics of'the carambola or starfruit but' indicate that pOde-purchase deay of specialty 
(Averrhoa carambola), working with the Golden fruits (tangerines, tangelos, tangors)' could be ten 
Star cultivar2 4 .'9, We reported to our surprise,' 'times higher than such losses upto 'the point of 
that carambolas were totally resistant to chilling ret3il sale, when fruit is held under 'fruit bowl -

injury. In the intervening years, various new vani- conditions' at 210C1 9." 
eties have been introduced into Florida3 , and 
plantings have increased to the point where amajor 'b 3 
shipper put many fruit in cold storage to tide over .the U.S.A., comparing the averages for '1 

'a temporary glut. All except Golden Star' were two successive ten-year periods ' 

destroyed by chilling injur-y. A very recent reportai 
:confirms the poor keeping quality of two recent . , Average % loss over 10-year period 

selections, thus illustrating'the importance of.se- ' 1942-1951 1951-1960 

lecting any fruit for marketability 2 as well as for 
palatability and appearance. ' further complica Grapefruit 13.0 2.0 

tion is that durability at various storage and transit Oranges 15.3 14 
1tcv-peratures may be greatly influenced by maturity Tangerines 16.0. 7.0 
and/or ripeness, as in a report of the holding quality 

-'ofthree Israeli avocado cultivars54 . Fruit placed Source: Pent-er, V.T. 197 640 
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Reducing Postharves"t LOSces, Sanitation . 

' Education This is again a matter of education, as it is ' 

The reduction of postharvest losses starts, carded fruit, plant trash, dirty containers, etc.can 
not with expensive chemicals and,equipment, but be putting out untold millions of spores that can
with the education of everyone involved in growing, rob them of future pay checks. It is possible to
picking, handling and marketing these frail fruits. educate such workers. These authors observed 
Everyone involved needs to understand that fruit .' strawberries being picked in Spain, where each0 is alive,' and that profits. for any of the people picker had a small, marked container 'into~which 
involved in their production and marketing come any damaged or diseased berries were placed At
only from repeatedly placing a healthy, attractive, the ends of the rows vere plastic bags into which 
living product in the hands of the ultimate con- these containers were emptied the bags being6sumer 1 . This 'human factor' is so important that closed and buried when full. It'is no coincidence
it has been suggested that sociologists and psychol.' that the company involved (Pascual Hermanos S.A.)
ogists be invited to join horticulturists, engineers, is one of the most successful produce companies in 
economists, etc. in efforts to get more fruit to the Europe.
 
consumer in better condition For some subtropical fruits, particularly pa

7 33 paya there is generalagreement that fungicidalPicking spraying of the tree prior to picking is necessary if 
the fruit are to be shipped any distance. When thisMore fruit is probably lost due to careless is done, attention should be Paid to using fungicides

picking than to any other cause. Fruit should be from different groups to avoid the selection of
picked carefully, preferably into rigid containers resistant strains of fungi in the field that can then 
holding not more than 20 kg of fruit, Picking make any postharvest fungicida treatments inef- '7 
containers should be emptied carefully into what- fective.
 
ever field containers are being used, and these
 
should be shaded until they are picked up. When FieldPacking 
postharvest losses are seiious, the first thing to 
check is the quality ofthepicking. (See comments Many subtropical fruits are being producedon comparison of regular and 'non-handled' control by small growers who lack packinghouse facilities. ' samples above). 'F, ' ' For these, field packing is a practical approach to ' " 

Rough, careless picking can cause many trou- marketing, but it should notbe done squatting .on

bles other than decay. As noted above, strong ' the ground pawing over piles of fruit. Fig. 1 shows
statistical correlations have been obtained between a simple thatched shelter that is adequate for pro- . poor picking' practices and later susceptibility to tecting:the fruit, 'the 'workers, and the shipping 
,deformation in grapefruit 4 , and' the development containers from the sun and rain.

+'.' of off-flavors in tangelos .. Stylar-end breakdown Tender fruit should never be dumped on a
is a major cause of market losses of seedless Persian flat table. Fig. 2 shows a simple packing station 
(Tahiti) limes,; This can almost all be attributed to that any carpenter can make. Note that there are6rough picking . Only tob often there is an attitude two of these 1.25 m units side by side in the shed 
whereby the grower tolerates poor picking, thinking shown in Fig. 1. The following excerpt is taken 
that consequent troubles can be amended with from a recent field packing manual6 :packinghouse' treatments such as fungicides 'Containers for packing are set along the
and waxing. Only too often this proves to be packing ledge. For an export pack you may 
a fallacy. need to have cartons ready for two or more 
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-- Fig. 1. 

Field Pack'ing Station. Con
. .[ structed entirely of local native 

-t materials except for 34 rn of 
I,,CCMI: , AC'rU,JAT ON builder's 0.15 mirt polyethylene 

filn. From Grierson1 6 
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FOU 'R 
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T j) il, t¢ D i 

f7 I 

j Fig. 2. . jj1
JI Field Packing Stard. Shown here 

_as a single 1.25 m section. Several 
E' ''' -Such section; can bp used toether, 

.,/ ..... as in the tw-teit asser bly shown 
in Fig. 1. Note that the height or 

Sf 1c.. the stand may need to be Adjsted 

4 to Suit the stajture of tile workers. 
"x[ From Grierson 6. 
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sizes and always a carton or other container 
off 'off-grade' ro he sold lhcally. Also ha.ve 
containe, re:.Iy i,reeiv,: trish. The con 
taineis of fiA l-ru. pduc arnt on the 
dump ledge and q .d n hUt fruhit Io 
out gently o t ;ip0ut ,,i rot towards 

the packers ,,; Men Wte toI) he ih 
decisions. Exptfijade? L-iroe, ndiuo or 
small sizel ind :;oon. DON'T ITFHI:'R! 
Once a fruit is ri,:nl up, do S;nethil uefi-

nite with it! (It inbe very oe!r?!u I11t I hi 
examples of Allwdlo (rgaes olis tAtm! 
on spikes where bhepacke; can see them ,n: 
stantly). Once picked Up, that fruit !.d 
go into its proper ilace ,vithi no fifrther hli-
dling, Carton.; Khoaud :) that theP: pack-ed 
contents mie snlugly stowed md carnot lttlel 
arotnd. But do not overfill which causes 
great damage when tine cICrtoni, are ovenniallh 

stacked in highway trucks.' 

-. 4.....4' 

-.. : . .Fig. 

- . {. A . 
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('olingand Ilumiditr (o:trol 

Mechanical refrigeration is usually beyond 
the capability of any small growesr who is field 
packing. Attention to hmtiity control is far more 
practical, ,illd is often as beneficial for tropical and 

sublropical fruit as refrijeratiotn (which can be a 

laitterous too! if overused). Although humidity 
crtrol i; usually thought of as affecting only 
slhri:irge, it con also have profound effects on 

lit physioloqygv - A :;irple evaporative cooler 
:,1 le Ireidi usiliq lcIsI materials. One University 

o Jalilornia 1:i1)" call give swilishgly effective 
cooling in ard chinat, but needs electrivl Power. 
it small internal coiii:;troii engine can be used 
(Fig. 1) if elect-icit , ,t available' Even in 
hiuii c:iii:nte,, ii a: cv:prrtive ionlei provides 
sortie UnWl:n. and the fmru meaiwhile held in 
narl I c.,ltive hiamidity while awaiting pack

ing. I\ a)1,,ctiic"unrIloh i to pil fuit picked in 

the heat of theday in such a cooler overnight. The 
next morning it is pocked without the field heat it 

held at tite' of picking. 

3. 

A Simple Basic Fvapoizive Coolei. If con
structed on aconcrete slat) over at least 30 cm of 

w ell drai red co rr f;J it cat latc ;e c n erted 

to r ri ariCe itrtr, particilalv if ao ne:, 
vapor lam i of sulit!d [ y,)1ettlylerie fill is laid 

under the con : to sliei. Frm Grierson 1 . 

AI 0 
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Washgn g 	 sc u-aniectation,, prompt humidi otrolchardsas for the small growr'packer. (2) It mighti polishing should all be et.apply just'as'.much for arge commercial. or
7 -, 7avoided -if-possible-As, MYN Chianig demonstrated be l W ll'tziilf-o cebtinreen "m6in, Taiwan 24 ye .aIrs ago , washing citrus fruit in publlcatior s:, which merit ;the :attention of any

drastically increased the rateof decay.pails o .tubs 	 organization with. technical staff able fand wilhng 

Moreover, if fruit is submerge and if the f.:itis to use'the advice,therein, adaptingit to their own 
warmer than the water, 'contaminated, water is local needs Postharvest Technoog of Horticul
drawn into the fruit with obviously unfortunate al 28 gives a wealth of detailed informationturlCrops
results. Admittedly, washing reduces certain on the. postharvest handling of a wide range oftypes of decay incitrL, fruitiobut ths is reporte horticultural crops,;includiig various subtropicas 

by research workers using packinghouse equipment such as avocado, fig, guava, papaya and citrus.; 
with non-recovery rinses, not washing by hand in Fresh Citrus Fruitss 1 deals in depth with the post
tubs or pails. Under field packing conditions, the harvest handling of citrus fruits, including' such 

.most that should be attempted is wiping the fruit aspects as the tolerances fort pesticide residues 
with cloths frequently dipped in water containing found in varie-,s countries., Much of the advice is 
about 30 ml of household bleach per liter.. . applicable to subtropical fruitsother than citrus. 

Handling and Storage Practicesfor Fresh Fruits 
Fugicides . ' and Vegetables deals exhaustively and cheerfully 

Fungicidal treatments are, in general, imprac.. with the handling of Australian horticultural crops, 
tical for a field packing operation with one excep. including various subtropical 'fruits.* Tropical 

4£ T 	 tion.' This isa field treatment with 2-aminobutane' FritS4 ,differs 'from, other apparently similar ".1 

(sec-butylamine) vapor that,:ha:: proved to be texts ii that chapters on the growing of most fruits 
surprisingly effective on citrus fruit2 O. (NOTE: include a section on 'From harvest to consumption'. 
Liquid 2-AB can be explosive and should be handled A recent review article' 1-deal3 siecifically with 
with the same precautions as for gasoline). We do chemical control of postharvest diseases of sub. 
not know 'if this treatment 'is effective on other' tropical and tropical fruits. A more specific, and i' 
subtropical fruits. At present, 2-AB has a temporary even more up-to-date review 9 covers, in consider- ' 

tolerance under the C ex AJimentarius and is 'able detail, chemical decay control for citrus fruits , 
acceptable on citrus fruits in nine countries5.** , ... . C ' ' . ' 

Packinghouse Operations 

We have probably exceeded the terms of ref. Like all fruit, subtropicals 'are alive and sub
erence for our assigned topic, but we cannot leave ject to physiological and pathological diseases just
 

.. '.,J.postharvest handling of subtropical fruits in LDCs as we are. Those who handle the fruit like newborn
 
3 7 .Mittendorf 

in his view that" too much money and effort is to the grower, farm hand, picker, p cker, truck 

without 	 expressing agreement with babes merit the financial return the fruit can bring 

commonly exiended on buildings and machinery, driver, merchandiser 'and all others involved. If 
Sand too littl'j on relatively inexpensive 'appropriate anyone along this long marketing chain handles the 
technolog'/'. That said, we will only note, for the, fruit differently, the money Will not flow back from 
benefit of large-scale packinghouse operations (as the ultimate retail customers to pay all involved in 
for avocados in California and Florida, papayas in ,their prdcto an akeig 'h trnt of 

ai 't in Brazil), the following points: chain is'inits weakest link',which is,all too often,(1) All theabce comments on care in harvesting, 
'a 

the little regarded picker.., 2 ; : 

Because 2-AB has not proved to be economically competitive in commercial packinghouse use, its clearance under 
Codex Alimentanus and its manufacture in the US.A (by li Llly & Co., Greenfield, Indiana) may be discontinued. 
Its use within LDCs will depend on local regulations, if any, and the availability of 2'A- 

.2 
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DISCUSSION 

Q. (SK.Sun) 
The 	Tables in your paper indicate the ,ates of decay and rot for various types of citrus. To what 
type of decay (to you refer? 

A. In Florida oranges, /)ipl/,fd :ter end :ot was the worst, while .I'cicil/umu green mold did much less 
damage. Either kind of rot was increased by rough h.ndling. The spores of Diplodiaare waterborne,
and are kept out of' the fruit at the stem end by a membrane which is broken by rough handling. 

Q. (W.J. Ho) 
Table 2 in your paper shows Lhe difference in the rate cf decay in lemons of two varieties, Sicily and
Parman. Were they picked at exactly the same time? Did you observe any major differences in the 
texture or structure of the rind in the two varieties, which might influence the rate of decay? 

A. Both varieties were picked from the same crove on the same day by my own assistants. Parman
lemons are large with a smooth skin, while Sicily lemons are smaller - I don't know if this may have 
been part of the -eason foi tLe difference in their rate of decay. 
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ABSTRACT
 

.Ulala. a Iflr,,dis a wid,hdi' Na 'h, .[hil'. .hOhlio1"tihe hln-sedsohnal fititsofes,',hal an,/h re-Nds,'al 

/ Of! /11 l rP/ ltsarc 1)0alla d, ,il,a . 1[ll1, ',1'Jia,1 I(rW'c1) 1'0 td/it'h la.0 i )tlar . 'd( i;al 


rn'hbutalz, mhll.u,' i 1/'I prd(
i hcludc m11riai, I Snic'sti lh /u /nic a. l.'I l tcrIM ' i tll41d/t 


illrol'e ) S/Ih!In St / ('ct ,'iHn u miic/r . nill '' 'T , '' i.\il' (;,)1 lJIll Sl1/O) i.
11% no hl 1 'l 1'i' 

INT ROD UCT IO N from December into February. The fruiting 

season can fall a month or six weeks earlier or 
Malaysia comprises Peninsular Malaysia later, depending on the location. 

(bordered by Thailand in the north and Singapore There is tremendous growth potential 
to the South), and the sLates of Sabah and for the Piialaysiaa fruit industry, in view of the 
Sarawak on the islaiind of Borneo, which ties increasing demand in both domestic and export 
700 km to the east across the South China Sea. marl..ts. It is planned to ,:es-pan1d fruit production 
Peninsular Malaysia covers an area of 132,000 from 76,500 ha in 1980 to 263.000 ha by the 
km'. while Sabab and Sara': have, a combined year 2000. This is:in line with the National 
land area of 198,000 km-. The capita1 city, Agricultural Polcy (NAP), i program for national 
Kuala Lumpur, is located on the vest coast agricultural devaiopment in Malaysia up to the 
of Peninsular Mala';sia, and has i population yeak 2000. This policy emph'asizes increased 
of approximately one million people. Igricul'urC food production, for both national self
repesents about 264k of the Gios, Dome:stic sufficiency and export. 
Product. In recent years, the quantity of fruit 

Malaysia produces a wide range of seasonal exported has expanded considerably, from 
and nor-seasonal tropical fruits which are both 71,448 mt (valued at US$6.69 million) in 1978 
delicious and nutritious. Some of the noi seasonal to 110,448 nit (valued at US$14.33 million' 
fruits are banana, napaya, pineapple, starfruit, in 1984. The most important overseas market 
guava, watermelon and sapota, while popular for Malaysian fruit is Singapore, while exports 
seasonal fruits include rambutan, duria, mango, to other countries such as Hong Kong and 
mangosteen and duku langsat. The seasonal Japan :Lregradually increasing. It is realised 
fruits are available once or twice a year, and that, besides the production of higher quality 
their main fruiting season is from mid-June to produce, the industry also depends greatly on 
mid-August. The time of 'he minor fruiting the availability of appropriate postharvest handling 
season is less clearly defined, but normally occurs technology. 
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STATUS OF. POSTHARVEST 
siderable distanceHANDLING from 	 ai 

ai roads, ,to, which. rthey are connected by narrow, rough jungletrcswhich can__only beue D l 
thdl. -7haetid, efitehco
nn sl t wthey;Major :.- The bananas are crowded)e 	 quas rii-vt use .-iby ma leeem in 	 int these,in Malaysia. em of e an lig'thaSerrveschntali.j	 obRough handlinge rt industry transported to theoften results in 	 main roads Iforcoecti 

severe 	 by larger vehicles. Thisdamage and 	 practicelosses 	 often resultsreach market. 'The to the fruit when theyneed 'for 	 tinProper handling t quality deterioration 
of 	 severe "Mechanical of the, fruit to :dproduce at a 	 injury durnPostharvest stage is not given Dueto this 	

transportatn 'problm o , ntris fr sh araproper attention, as in most casespractices 	 better handlingmay not 	 can:u' necessarily 	 beii~~~~il~~~iiii</;i~~~Du only". . benefit r'thes cfruit 	 marketed locally or ins ...	 countriesproducers, in terms of monIetary return, 
:npa 	 thisri ae 
wheretohigh quality, fro m is not nw from2such. areaHowever, 	 a major,e requirement,With the increasebeterhadlngsystems 	 in. export demand forsome growers on highlyhave been practised bypriced fruit such as

starfruit and guava, for selected markets',m 	 Theses y ste m s wastill need further improvement, 

Harvesting 

Different kinds of fruit require differentmethods of harvesting. Some fruit are harvestedby. hand, using clippers, secateurs or. knives.Fruit borne on high branches present a problem.Commonly, a long pole withto the end is used a bag attachedin picking. Other means of 
reaching high fruit are ladders, or climbing thetree. Iin the case of durian, the fruit is normallya.
laowed to drop onto the ground when it is fullyripe. Detefmination of fruit maturity is donevisually, a most fruit growers have a good deal 

of expertise in harvestingworking experience. fruit, gined by. long 

iI ' infield Handling 

Infied Hanlingbecause 
. 

a madGenerally, handlingf on the farm is not 
a .	 mmaj ofoprrbl emost orchards mos fru t g ower , s nceis sold locally. are small inHarvested size andfruit is transportedthe fruit 

by various means,or4 Landrovers suchContainersas bicycles, motorcycles 

of woven 
are often 

pineapple 

Many 

such as baske6 made 
bamboo or rattan, or wooden crates,used, although both banana and 

are handled without the use of any 

banana farms are lsrabed a 
locaedacon-

I a famI aA.....
 

I 2 6 

good
quality fruitand from countriesJapan, farmers such a's Hong Nocngare now becoming' morecareful in selecting 

hards.
Most pineapple inoo uonarMalaysi are ogher, wngrown
 
on peat soils, This typeProblem in on-farm of soil 'poses anotherhandling, since it does not 
allow heavy vehicles or machineryIn a country 	 to be used.where insufficient :farm labor isa major concern, such a factor is a major drawbackin the. development of fruit production, and isone of the reasons for the decline of the eappleindus 
 over re

A r rbet y 	 pineappleears y ffc 

growers 
 in highland areas such as the CameronHighlandj the major producing for citrus,is severe 	

area 
virus infestation. Athough this highlandregion 'is More suitable for citrus cultivation 

disease problems are great 

that productionconsumption is insufficientThe area ev or loof citrus orchards has 
rmained static at around 240 ha. This is largely
steep of virus dise~se,s oOf the but is also because Ithehighlands 

harvestingand postharvest make
hadln difarl

fu ' parti inview o f the highly perishable nature of the fruit ,
Packinghouse Operations
 

Some fruit is packed on the: farm in small
packing sheds,
commonly The only packinghouse operationspractised by fruit growers are tosort fruit according t ade agreed be 

aducad c fruit into.containers. However, proper' packcinghouse opera

• 


=
 



i' tions, have been: practised by several large fruit by local fruit growers and dealers is crude and 
producers and exporters. One such.organization unpredictable in its effect. Usually fruit is 

__ isthe Food Industry Marketing Authorit Kpndinsalros nwoe oe(KIA 	 r 

hichi as been'actvely i n promoting0 or baskets lined with newspaper, close to the 
large-scale cultivation of mango in the northern market area, The ripening agent used by most 
states of Pennsular Malaysia Another active fruit operators is calcium carbide, which some 

orgarzation is the Federal Agricultural customers dislike because it gives the fruit an 
" 	 Marketing Authority (FAMA) which has unpleasant odor. 

cons-tructed 24 large, . modern packinghouse 'Ethylene gas and better ripeningfacdilities 
complexes. The Boh Plantation in the Cameron have recently come into use on the FIMA 
Highlands, which is involved in producing Plantation to ripen 'mangoes. Ethylene has also 
and marketing citrus, is another good example been used on the Boh Plantation in the Cameron 
of large-scale . packing operations, since it is Highlalds for several years to degreen citrus. 
equipped with the most modern packinghouse Although such methods are being .practised 

line for citrus in Malaysia. by only a few fruit producers, there are good 

indications that they will be widely adopted 
Grading in the years to come. 

FrLit grading practices in Malaysia are RESEARCH INTO POSTHARVEST 

generally based on prearanged agreements between HANDLING 
buyers and sellers. Although uniform standards .. 
for some types of fruit have been produced by Research into postharvest' handling of 

the Standards and Ind ustrial Research Institute(,' fruit in 'Malaysia is mainly undertaken by the 

of Malaysia (SIRIM), they have not been widely Malaysian Agricultural Research and Development 

adopted by growe' .- is done manualy, (MARDI). isGrading Institute The 'main 'objective to 

emphasizing the size, the visual appearance, and establish a package of postharvest technologyc: 

any defects caused by mechanical injury or for every fruit crop, which' can be utilized for 
disease. The grading system varies according to local and export markets. Research activities 

the type of fruit and the market it is intended for. in MARDI cover harvesting, infield handling,' 

grading, packaging, storage, transportation and 

Transportation ripening. Emphasis is given to priority fruits 

such as banana, papaya, mango, rambutan, 
Towns and villages in Malaysia are linked' starfruit, durian, pineapple and guava. Other fruit 

flby good road and rail networks. Therefore, crops such as mangosteen, duku langsat,' sapota 
no problem is: encountered in transporting fruit' and jackfruit are also included in the program. 

:'to market, as all markets within Malaysia can In research and development, the following 
be reached within a short period of time. Trucks steps are followed: '" 

are commonly used to transport the fruit to Collection and generation of information 
bith local and, Singapore markets,.The use of through research and literature surveys, 
refrigerated trucks is practiced 'only by FAMA, ' 'Development of handling' 'techniques "and 
and by exporters sending fruit from the systems, from' 'small 'experiments in the 

packinghouse to the port. laboratory to trials at a" semi-commercial 

and commercialelevel.m 
Ripening and Degreening ' * Dissemination of information to the target 

groups, especially growers, dealers, exporters 
The ripening system practised at present and government and private agencies. 
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1l|rvestin 

In harvestinq two aremalor aspects emphia-
sized, matuity iindices and harvestiegj methods. 
Studes of naturoy irind:.s are aied at establishinq 
tile stalr, :f fruit deve!opnieit foi optiunIIIIii liar-
vestinq, i w, I.>. ; ciate-i v. ii,h, 
St(rdage lite in h be,y :f p t 'Ilphiu'. 
/11ethxi;S ;tuJIdid Iulihid., 

vVisual lie l ii htit ,s'",
 
Physical cli 't' rStics .;pe fi: qravitv 
 texillle. 

size). 
* Chemical atti ilbtes (pi1 TIS ['A, i d stiach, 

Iiid sgOail Co011tent). 
* Computation (peliod etweetn flcwering, or 


initial fruit setting and ,qptinin giovth). 

" Physiological 'ttributest (re;sizatoi y pattern. 


etlyleue productu-n). 

S.tudie; of the tatity iiilce. of loA fr'.iit; 

hive beeti conductud for bai na, pineapple. mngjo, 

.apota, papaya, 
ste: it, sonsop, quava, jacktruit 

and some other 'i si banana, the optimur 

harvesting stage:, for M,;. Iimtn and hferaniailyti v-

riedies are reported t, b-e ri sevei and iine 
weeks 12-15 wek 1dI 1i. week.I 31 i. , re-
spectively, from tie stage A Wv n.ret aence. For 
mango, s;tuies have L1n 'ion dt i five viriet-
ios, naliel'' HarlunM11lis (I,, 123) C-lo IA 162). 
Tok Loon (NIA 121";), Apple- (IA 1'94)d f'.tj'rill. 

As well a. ni.taiit, idices, emphasis has alsc. 
been ptiaced on the t:lpioveneist of harvesting tech 
niques. A harvestine t,o-icli is,practical, simple 
and economical liis een reveloped for mango' i 

., . . . , 

/ 

Harvestig tool for manjo 

The tool is a pole with a ring and catching net on 
the end the ring is ;8 cn1 ili tldiameter, made of 
netal coated with lubber tubillqj. leUp~er part 
of th ian,; has five pron(,s, and the lower part has 
three. Ditinl0b haivesting, the tool is placed so that 
/ilt i ,lw the ;i ;uqs imu the stem is above them. 
ll to )li u. hfwsnen the fruit is attachcr to the 

I0 L; l II f jit a ,ati the ulpper ring, 
.i!l li haivestted fruit is ollected in tile act. 

'tinllt . 

Reseaich into fruit storage is mainly 
concerne with ef'r igerat io; and n od ified 
atmosphere (M.A.) techniques. The occuirrence 
of chilling iijury, and chai es.; in chenical 
composit ion and og us.depic lioperties after 

e a;l(,rie tudh(. III (iei t , 'eltbn the 
optimrn tcmperaturr:; tot 'telqe over various 
perods of tite. [rlfOilll i(it 1i1 thaile lhvsiological 
behavioL 0tl e.i) - )JiI,.,dit, . iiow aliso 
iviiaible. The lesllt of. ;One of the earlier 

studies have been suIInuui;:ied by Aldullali it 
,efrigera itoti how , ;tltiot be, used 

for ill types of fruit i itIray cause physiological 
di;orders i; add it cc to chilliit injury, such 
a:; b'lack heil or internl birovning in pineapple. 
Black heart I iple is charicterized by 
the dalkenn g o: flesha tissue after tile fruit has 
been store 11, i; ia tire:; lowe! ,Ian 20 C. 

intensity if the di ,ojder is greutly infliiiced 
i,,y steia(e tineerie ftc. sioi ige period and the 
period of exposur, to hiiliel telfrofature after 

eitInii .0 (Jetrig - TIwo imporitant ocal varieties, 
-irit!u;- .M iid , 1.walive been found todevelop ie c: luring or after storage. 

Tie developmernt -f i lack hast can be effectively 
controlled by theintheraplihy , modified aitmo
spherel ', or by liiing tWe lenah ti e period the 

fruit is kept at ambient temperatures a fter storage'i' 
Itesides refrigeration, studies have also Leen 

coriducto- on the use of modified atmosphere 
(M \.) storage for banana, mango, papaya and 
rambutan. When it is used for the storage of 
Mas baiana, M.A. storage may result in CO, 
injury, chaiacterized by blackening of the 
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::.id,:.,.marked.: suse 
ineton.DrigMA.soae, -the ,bananas , ,are :now ;being .carried out , Currently, benzimi- : ,:r.. 

'iappear'to be'greeni anid fresh, but ~they develop : , dazo1e; compou nds such as.beno~myl aind thiahein- :1..! 

an,4 iii t .:o . pathological :.;diseases inbanana 18-papayapieapple and mango ,<:.:!i 

.'sympt~oms after ;exposure :to normal" atmosph!eric 

'co~nditionis.:: It; wa~s the idisorderfound thilat was ! 

Slikely;: todvlo fthe storage: atmosphere i 

chaacerze by asotpelmcrisagThmain 
-

Sand an early climacteric rise, and is highly sensitive 
..to ethylene' . The development of: C02 injury 

.-:can :bel avoided by maintaining the gaseous 

.!i"concentrations within the safe range, controlling 

?: certain parameters such as fruit maturity, 
-tng.!; increasing the efficiency of the gas: exchange 

S process between P.E. layers, and by selecting 
-:suitable, types of ethylene absorbent s . If all 

these factors are controlled, Mas banana can 
il,:be. stored for up to six weeks in refrigerated 

' i, storage without any- deterioration in quality. 
;
iii: 	 Control of physiological weight loss is 

another important aspect of storage. Some 
ii fruits, especially guava and rambutan, may 

experience a ;high rate of water loss during 
prolonged storage, resulting in wilting, shrivelling 
and excessive weight loss. Attempts have been 


made to solve:his problem through the appli-

cation of a w x c tig and/or the us f 
ilii'appropriate wrapping materials. The storage 
i :'::life. (var. Taiwan) is shortened by theof guava 

::di:;:evelopment' of a bronze-like due
..:' surface, to 

i':i weight loss during storage. By
excessive- prces ewen ayr, ndb sletng..wrapping the fruit in unsealed polyethylene 

bags and storingstat5bC, the storage life can 

daol",as wll s prc-loaz ad ht waer teat 

'ment,have been f o und to be effective in controlling '-:;~! l 
postharves't diseases in some fruits ".:::-.:: :;:; 

objective of research in this field is : 
"'-' U	 i 

to devise .systenms for grading selected types of 
fruit. Some of the aspects being studied are: 

•Identification 	 of quality parameters for the. 
grading"of selected fruits for identified markets. 

e 	 Establishment of grading equipment, in order 
ee 	teeqirmets. :
tO dSSiSt the selection process. 

* 	Classification of grade standards and specifi-•.
cations according to specific quality parameters 

and identified markets. 
The selected commodities include banana, 

mango. papaya, starfruit,mangosteen and pineapple. -

The work of MARDI on grading systems 

is being carried out in close cooperation with 
other relevant agencies and institutions, especially'-: 
universities, the Federal Agricultural Marketing : : 
Authority (FAMA), the' Standard Industrial 
Research Institute of Malaysia (SIRIM) and
 

local exporters. As grading of fruits is a new 

o ed f eerch in Malaysia, the; information 
gathered so far is very linited. Standards for some 
produce have. been published, including those-for ::: :: 

banana Opineapple' andmango", iThere isaneed j.:! 
for continual updatng to meet the. reqireent
* 	 lasfiato o gae tadrd ad29ciiof different markes Studies on postha.et 
have been limited to pappinapple and mngo.g 

. be .thansLx 	 . Cr.e.nfedoubled to more weeks with minimalcarried 

wpeight loss. The use ofrwax can slightly delay 

the ripening of pineapple at ambient temperatures, 
obesides a better cosmetic appearanceproviding 


iby tgiving 	 aohthe fruit aglossy skin, 


.
• ilii~!'!';:;!,Storage-research iis incomplet e unless, it
inciudes pathogical studies aimed a n 1% 
0and ,a Che problems iof postharvest 
o Control so fardiseases, methodsinvestigated 

incre the application of fungicides and physical 

Packaging u as" ben. my and thibe 

' r water at 

Research into pafkagingfsmainl concrni 

with improvig ad sodernizingthe existing 

:.
packaging system.C The fastest and most leffective -::,ii, 
-approach
isto conduc t ess on theitability
 

of different tyesof containerscurrently available.
 
Evaluatioms are the ength ruggedness
aspes 

todresisttnceo preuetio entipions
shand.ess
 

http:postha.et


an eoomi eltontot ypte of j~oueThe 
concerned, and the preferences, of dealers and con. 
sumers, The most significant achievemeant has been 

n r, uction of returnable, plastic 'containers, 
now widely *used by the' Federal Agricultural Mar-
keting Authority (FAMA) and local fruit producers.

17Various types of corrugated fibreboard carton have 
also been introduced for local and export markets, 

Ripening and Degreening 

Ripening and degreening studies at MARDI 
are aimed at improving existing ripening and 
degreening systems on ii commercial level, for 
both local and export markets. Studies on this 
aspect have been intensively conducted for 
banana2 .3 .14 . 16 , papay3, mango, durian, mango-
steen, jackfruit and citrus. This research was 
concerned with understanding the ripening and 
degreening behaviour of particular fruit varieties,
the .parametersassociated with ripening and 
degreening, quality evaluation and the de.. 
velopment of sysierns for commercial use. The 
application of exogenous ethylene to replace
calcium carbide has been given special priority. 

Transportation 

Research on transportation is aimed at 
evaluating the suitability of handling technology 
for a specific commodity to bring it from a 
specific location to a. specific market, to develop 
improIvements. Aseries of studies on the transport 
of fruit from local orchards to local and Singaporeof pa tic f uiide re ni gla eh vi urVri ti s,markits has been conducted 'since .1982. For ' 
the Singapore market, trials were carried out 
on banana and mango, The trials proved to . .
 be sucessful, and encouraged 'further studies 
to include 

of
other' markets with more complex 

and challenging transportation problems' such' 
as Hong Kong and Japan.. MARDI has been 
successful in' introducing ti:o commercial 
application of an M.A. systsm to overcome the 
problem of prematu:e ripening oft Mas banana 
during transportation by air. Today, this method 
has gained wide acceptance among local exporters. 
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export 'of fruit by air is costly,, and,
 
hence not economically feasible for certain
 
markets. As an alternative,_tra nsportation by
 

:sea is considered to be economically via"; and more suitable for distai' akt. fiin
 
sea transport will therefore promo~te the expansion
 
of the fruit industry, Appropriate technology

for commercial application needed, and in 
response to this need ,an intensive research 
program has been in operation since 1981. 

Several* problems were. encountered in N 
developing handling technology for exporting 
by sea. Bulk storage at low temperatures can
 
extend the green life, of the banana, by only

10 days, while storage under M.A. conditions
 
often results in the development of the C02
 
injury described above. The handling technology
available for Cavendish banana, is not suitable
 
for the Mas variety. Probably, controlled
 
atmosphere (C.A) storage: is the ideal solution
 
for long-term storage of banana, as the gaseous
 
composition can be'.precisely monitored.
 
Howivr, this .system is. still too costly for
 
commercial transportation of banana.
 

. The only alternative is to further modify
 
the M.A. system established for Cavendish, so
 
that it also be used
can for Mas banana. The
 
iritensive research conducted by MARDI over

three years. generated at least one practical
 
!;duerhSion to this problem, involving the use of
 
ethylene absorbents,. This method has been
 
successfully tested commercially in eight trial
 
shipments by 
 sea. to' Hong Kong and Japan since
 
1985, and proved effective
at . s 9reserving Ios he e ( st ra e inhe' id al:s lu the 
greenness of Mas for up six weeks"banana to . 

Experimental shipments of' starfruit and 
papaya have also been successfully sent to 
Hong Kong Following these successes, MARDI 
now. proposes toxtend its studies on the handling 
of "fruit 'to~other' distant markets such as the
 
Middle East and Europe.
 

COOPERsFrVE RESEARCH 

It is realized that there is a great need 
tor develop improved technology for the 



postharvest handling of fruit in Malaysia. The 

need is an u-qernt one, and all available resources 

should be fully utilized. MARDI, as the leading 

aglicultural res, Iclh institute i' Malaysia, has 

been inVolveu in cooperative ,'Si.rch with many 

institutions, noth national and TheThver.t;. 

supptort from local UinversitieS,.:,ciadly the 

National University of MaL;ysia and the Ulnivetsity 

of Malaya, hs; been very encouragingj. !nter 

national colfbiorl~atiou lis been htaibled from 

relevant agencie n i JkEt II ouniies and 

A:tralia, es;jew:ially d',: iuhtruliir Centie frt 

International Aqricuhtutil Rm;ciich (ACIAR). Major 

activities conducted un eIithe:> pi ogrils include: 

* 	 Generation of new inloinat oi on. postharvest 

handling. 
* Evaluation of te:holtinlay. 
, Trar:fer 'Ind sh:; iti.of e r:;e't? 

* 	 fina ncI ail i r,.e.'r and de'velopment. 

* 	 Sponsorship and 1m i ,ation of training 

for staFf, hot 1 it iwalays:ii and abroad. 

In !sIndJiuq commerciil itia) shipments 

counties, MARDI lis collabotat a with FAIMA. 

local Malay:sia,. exporters, and iunporteis in the 

countries concerned. It is obvious that ttrough 

this cooperation a close link has beea established 

between those engaged in research and the private 

sector. 

D EVE LOPM EN T A CT I V IT Y 

The availability of handling 'ech rology 

for some fruit ha, creeted alnt s; in the 

private e to)torbegiP trlditta It Pluit. More 
tl'; 80 colnpanies hive been giveu technical 

advice by MARD! ovei the past three years. 

This is considered a gfreat contnibution to the 

improvernenL of the ftuit industry in Malaysia. 

Recent statistics show that tie number of 

succes'ful exporter:; has mcre-: ;:el from three 

cormpanies in 198 to a totai of ten comrpanies in 

1986. This figure is expected to increase, since an 

interest inother market outlets such is the Middle 

East and Europ 2 has also been expressed by fruit 

exporters. Efforts have also been made by the 

government and the private sector to increase fruit 

production, in order to meet the increasing demand. 

The assistance giver, to fruit gowers and 

exporters is mainly in t,,e form of lectures, 

dernonstrat ions, advice, trials ,nd field visits. 

As mentioned earlier, these activities have 

established a close link between exporters and 

research woikers. !ts a result of this coltaboiation, 

appropraLte technology can bc channelled directly 

to tiletarget group. In order to meet the 

increasing demand fo information among growers 

and exportets, routine coLI,' e are organized 

on a regular xis.,. Tis ac-tivity has provided 

considerable impetus to the improvement of 

the fruit industry in Malaysia. 

CO NCL USION 

MARDI can he considered the focal point 

for research and development for fruit in Malaysia. 

With the increase in 'oth the demand for fruit 

and the supply, mote research should be carried 

out on postharvest handling, not only by MARDI 

tont also by nther research organization:;. Coopera 

!ion fron the international agencies is always 

welcomed. The development of appropriate 

and effective handling technology would assist 

local ontrepreneutls to expand their markets. 

Limilarly, he deelopnet of new products and 
the 	imtrcduction of new technology would benefit 

suppliers, processors, exporters and consumers. 
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DISC USSION
 

Comment: (W. Crierson) 
I hitve with me a set of 40 slides which I use to teach small-scale Caribbean farmers that they must 
handle fruit carefully. I wot,'d be very glad to show them to anyone who may be interested. 

A 	 Thank you ;tarfriit qrower, in Malaysia are very receptive to new ideas as lbng as these are 
practica, econcmic, aid easilv understood. For example, they knew itis acceptabLe to use 
newspaper linin ;when 1ruit theilnej for Hongkong maket, but that other packing materials 
should be used cr male. tiewhee. Postharvest handling systems must be specifically adapted 
to the particul'.!- nmnem v idmarket. 

0. 	 (Y.L. Chen) 
What is the proper a el,or t.ansit temperatue for starfruit? H w long can they be stored in an 

' optimum environment 

A. 	 Starfrtiit of the vaiety 'B10'can be stored at temperatures ranging from 5°C to 20'C. At 50C, the 
fteshness of the frmt c in be preserved for up to nine week;. 

Comment: (W. Crierson) 
Insome vicrk I carried out on starfrait 22 year'u ego, i found that they could be stured at very low 
temperatures without showlng any sign:; of chilling injiy. However, the nevi varieties introdu.ed 
since 	then are very smisceptihle to chilling injury. 
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POSTHARVEST HANDLING OF BANANAS IN TAIWAN
 

L.S. Ke and S.(. Iiwang
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I n 


P.O. Box 18, Chiuju, Pingling, Taiwan, l{ejIhlic of China 

ABSTRACT 

hli lAjo~r : I11l it]l//. h kllw t -l-fHmo' ill "]Idi'lvIldlI'C 

il /it,,J'/',?11:/I lTSuh ht'lt/ I / i,tll /Wi'l l 

iN/'/[ ac'i 'ki hl lf/t'l iih i/it l// r 'A.,N '' / / O it 

INTRODUCTION 

Commercial cultivaion tf banana; in 

Taiwan produce,; fresh fruit fct local consumnJptiOn, 

and also for -,xport, iniiily to Jaian Annual 

ploduction i:; 1l)ot !9 ,000 Hit, Of wilich 
about 

. )7-, is exportcd, ritot i v o111 ti;d ii r.ricod 

between Mtich and July (T,l 
 1 Vitb.i.1tfirI ) 

Tiiwrines jiOWf.; clie dlhc':
smal earn 
with a bout 0c0 hi of fairmlarid. IX)ot 
95"c of bhn,'as iorexport are p-rodu:ed ii 
,onther n Taliwt,(c ,000(I, Banalias oroduced 
m central '1diwan (c. 5.000 ha) are govili mainly 
for local c'numptiol (Fig 2). 

Tahle 1.A eria ifrlual lotal piodlct:tiorl 

expof ts and local cowll'tirr ntotfrlo 

banana in Taiwan, 1981 - 1985 

. . ..... ..........
 
Item Amount Ratio 

(flt) () 

.......... 
. . .......... 


Total productio,- 19b,282 -

Export 110,198 56.8 


Local consumption 85,084 43.2 


Data from Taiw3,i Fruit Yearbook 198614 

&J. I'm'p[ lre d p(Jst'fll-reSt hllilllg l'th iques,
 

' t ' lr,I l I 'lt 5 h'' es,au' l jn'' i/gthiud 'stt.li 

Ut /,i/ [ttI1(''1)[il/' I I s hMidhl,l '., irt It 'idItuski ' 1c.V 

The banana girowirin area in Taiwan is loated 

at a latitude of Thout 22 2.'N,md :nc!udes both 
subtropical anWd trUpical clit.b iailas le prC
duced tlrouqlout the yeaLui, time eedh for
 
hunch ldeveopnmint 1a, .iePSfttlV, r,anini 1 froz
 
les, thin thlee iiioithl ii ,he wnulrii tc five 
ptottiitv; in thtwilte:. ba, na, ill referred to as 
', , S'JIIIn:I , lil trn i. or vinter bananas, 

.tccor(2,11 tO lrrest Thertteasontoen i 
 are
 
differece,; ill .,s, fruit qulmiiiiy and postharvest
 
b, ivin hetwe,i these :.,:;easonal types' .-.*
 

In thr early 196 9's the Japanese market
 
wa; dominated by 'aw.anese bananas. However,
 
their share of the Japanese market has declined 

s;harpl7 since 1970, due to competition from 
Phiippin,,- biillac; In recent years, 'laiwarn se 

,alnaa; t tik-ii b 10<. the'avu only !,out of 

Jap me:,1 rnairket (11l" . 35).
 

About 20 year:; av, o in Taiwan bananas
 
for export were in woven
p cked iianboo baskets
 
(48 kg). Since 1969, bamboo baskets have been
 

replaced by cardboard cartons (16 ky), and con
sequently posthc.rvest havelosses fallen from
 
4.45,, to 2,87. ('able2). These losses are
 
mainly due to bruising, latex staining, bad 
labelling antI ,nderweirit fruit. (Table 3). 

Bad crown cutting, fruit deformity and 
weakness of the pedicel also cause substantial
 
losses.
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Table 2. Compai ision of iveigie jate ot ;poilge POSTHARVEST HANDLING OF 
of exl)oit hanarsla aimved it Jilane BANANAS FOR EXPORT 
ports, in eatly peiiod ( ItM (5) ind i 

reient yett , (I CM81 -8-5) 

1')1-' All Taiwinese btrnm:ts are exported asItern I I 
Amoint ',9o, 7(5l , . hands packed in boxes. An increase in the 

% of total exp ..' -1-1 	 quality of fruit packed in Taiwan has occurred 

w iiiq iiaFt.YTaiwiao Frma Y,',jtilo, t719,,- ,' since the result of improved handlingl).t~t 	 ,. 1970, 

k,,) It, ,,
In hIikt., (,.IS h1t' ki procedures after harvest 

30 
Average over 5 yea ,jeriod 

(198] 85) 

25

1

u 20 
0 
0EL

a 15 

0 

nj 

J F M A M J J A S 0 N D 

Month 

Fig. 1 	 Percentage of Tarwanese bananas exported each month. Data
 

from the Taiwan Provincial Fruit Marketing Cooperative
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25"____2 

Each dot indicates 20 ha. 

~4O 
244 

230 

Kaohsiung County 

22' Pingtung County 

121 122' 

Fig. 2. Distribution of banana producing areas in Taiwan 4 
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Table 3. Major defects at Japanese ports of bar;anas exporterd from Taiwan* 

Detects ('i') 

Year Bad 

Bruising Unclean labelling 

1982 14.45 10.08 12.23 

1983 16.64 14.1] 10.J3 

1984 24.44 18.88 8.78 

1985 13.20 15.82 10.88 

19S6 24.26 19.56 11.56 

Average 19.60 15.69 10.84 

Bad 


crown cutting 


/.66 

5.94 

9.10 

6.84 

8.59 

7.63 

Deforiwed Weak 

fruit finger neck Underweight 

6.63 

6.28 

7.32 

7.36 

7.93 

8.15 

6.98 

7.40 

5.55 

7.54 

16.32 

11,14 

11.04 

8.44 

6.53 

7.10 7.12 10.69 

D It;;wimnthe laivan Pros ijcial I:rait ,lMarketingi Cooperalive 

llarvesting, and Transport from Field 

to Packing Station 

After the banana bunches are cut, they 

are divided (dehanded) with a sharp sickle on 

the ground near the banana tree and carried 

to the pick-up point at the edge of the field. 

Dehanding may be carried out by some growers 

at the pick-up point. Detached hands of 

banana stacked at the pick-up point are 

transported in a small truck to the packing 

station. Such a process causes a large number 

of fruit defects, due to bruising and latex staining. 

Some growers transport banana bunches protected 

by cotton pads to the packinq station, and dehand 

the bunches on the ground at the packing station 

to reducee fruit defects. Fruit defects are further 

educed by dehanding hanging bunches from 

the top downwards, with a special knife (Table 

4) and then immediately moving the bananas 

through a washing tank. 

Packing Procedures at the Packing Station 

At the packing station, bananas are given 

the following handling procedure. 

those fruit of a suitable(1) 	Se'lection. Only 
size (1.8-4.8 kg/hand) and maturity which 

are free from bruising are selected. 

(2) 	 Wf'rhit,. The total weight of exportable 

bananas brought to the packing station 

by each grower is determined. 

(3) 	 lt'ashjii,. The fruit is cooled and washed 

in a washing tanK. 

utirca The 

with, or dipped in, a fungicide solution 

containing 400 ppm TBZ. The important 

postharvest diseases of banana in Taiwan 

(4) 	 I"tngiriJc m. fruit is sprayed 

Table 4. Effect of two difterent dehanding 

nethods on incidence of bluising, 

scarring and latex stainng of 

banasn a s 

.	 .- .
 
Severity indexz 

Dehla nd ig 
method-...........
 

Bruising Scarring Latex stain 

Hanging 1.35a 0.50a 1.75ay
 

On ground 2.091) 1.08b 2.49b
 

Z hie l3re: tl ' recirdcd. Ilie severe is tiheti_'uIe nore 
in, esirY. sciil .ind th\ uhin Muieil,5lvry severe). 

t sig niiA )% t e ne letter in ac cod in 
are not significantly di'lercnl W=6,05) according to
1)uncan'sinuluiplerninge test. 
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A 
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Yejr 

Fig . 3 . Peic e nta ge o f t h o n o r rso n ap an e se aile l ir np i te d Ir e m ( a d n i Ph ilipp iNes a n d T aiw an 

are listed in Table 5). thc uai y ,,tro!ler of tie Taiwan Provincial(5) Quu~rrm;,'lr n.'. 06, hr p bit. Fruit Fruit Marketing Cooperative. One out of everyweight per box i.; ,bto1 16.5 kg. 100 boxes is selected at random and inspected.(6) l.a /i.,. l]ach h nilna h~lnd is nd iv id ually If the quality score of the bananas iL; the boxlabelled, 
is lower thar. 60 points (Table 6), the whole 

(7) lack/mJ'. [Four to ,otven himd; oe packed truckload is rejected and returned to the originalinto each -,,a:d boa .- cirto;, packing station for .o Is at a J.ca' market'. 

Transj)orlfation li'oin Packing Stidtion New Placking System 
to Wharf 

In o!dei to increase fruit quality and reduceThe boxed bantaras are then transportc-d the transport distance from plantation to packingby truck from the packing station to the wharf place, a program of building small packing shedsin Kaohsiung, where they are inspected Ey has been carried out in Taiwan since 1975. 

•Major port in southern Taiwan near banana producing area. Ed. 
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Table 5. Postharvest diseases of bananas in Taiwan 

Disease Cltusal ganim 

Crown rot Thielaviops.spararloxa 

Botryocdplodia theohromae 

Fusarium roseulm 

Anthracnose CoI/etou-i('hlu ,nLe 

Finger rot Botryodiplodia thohrotnhI, 

Freckle Phyllostict)na luJSrut;n 

Deightoniella DeightonlheI/a toru/o£'j 

speckle 

DO ry point 

Cut surface of crown 

tissue 

Latent field infection; 

bi t a11d ablasion' 1s 

Won iided tissue 

In ite field, from 

infected leaves 

In the field, forn 

dead leaves 

Effect 

Softening anti hlackerins 

of crown tiissue, ,,preading 

to pdicel ai ftI 

I ngei (diop 

i3rOwn, -p: e'ii!g,I i .)Idtcent 

,killles ., dcvel.pilg 

dii 59 I Sll1)n 

[iowlllh h1la k di,(oloiation 

(0t tie <,,iri;<,o i iing of 
the 1)(111) 

LocalJized ,po t of skin 

qnumeious blemithes on the 

skin 

Table 6. Quality attributes of export bananas 

Attritbu te 

1. Uneven iipeness 

2. Incoiiect imtl0eti 

3. Under weilht 

4. Incoit-I weight 
5. Car witiouIit 

6. <lmacii,: ittthed 

7. Ovei'l,'ecI iirli+m', 

8. With !, - t',-

9. UJrii 'stace 

10. DO o I I I t2(l I 

of hands 

)il 

Ihum fingers 

, 


of illi lity 

11. 1O'j2e I uiT ,li Il1,11Ion 

12. Me l,!w, 'I, 111illy 

13. (:i,<(e:lt,ownv,, 

14. irilen hiiogel 

15. Wea! oi edmim111 

16. Sunt ii u poo 

17. Scrlr ing 

18. Po5( I 

lrgi reck 

isiloi 

i.ig 
19. MaItllt ii.1 oil/lugt 

20. Pooldee lipiel I 

21. tlncIe,in 


22. Inappiop ,jte parking 

23. IwIappi Pate lablelingi: 


Score reduction 
Unit (No. points)* 

Hand 50 

Box 50 

Box 15 

Hand 45 
Box 45 

Hand 40-45 

Hand 35 

Hand 30 

Hai Id 20 

II 20ttland 

Hand 20 

Hand 10 

Hand 10 

Hand 10 

Hand 10 

Hand 10 

Hand 10 

Hland 10 

Hand 10
 

Hand 10
 

Hand 10
 

Hand 10
 

Hand 10 

Perfcl ct,.C t, it li I p.mtl ii:i,ihio, Il l 111n1 
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A grower or a group of growers with a culti ,ation are rejected by the quality controller at the 
area of 3 5 ha gisien 
from t '' -o 

Coopel ltive .
 

near the ba,a t 


servi.:,-c hnrg-., e :
:;Iln , 

Plact:'e, iIclu dII : Iat 
transpcitation of intinas. 

finan,Jii ,sist.trce 

I .
",,d it:JwJ 

.t' t it; shXl 
The gtowei rtus(:es 

u foin lihi finding 
n t, t p 1C'111, 1 1i 

Howevet, if L'atn,,: 

wharf, the losses have to be absorbed by the 
. 'Iis gtvs aIn extra incentive to achieve 

high staindi,1:;, init a.; a result banana quality 
has imploved substantially (Tables 7 arid 8). 
Thie n ihct ot sin illpackii:j sheets has increaseed 
from 14 ii; 1975. fiefir t year of the program, 
to 10' this year ( 987) (Table 9) 

Table A FtiLt quality ot pOt t.o e, spacked i 
pack ig s.trot .,~tl-, o*at ,tig 

a it ,Jirte- uv t)otIiri i traditional 
t ot i pa .I stied,' 

Scot es 'if fiuit quality'Scot hNo.of 
packingType of-t ns ive tigated

packing 1983 1984 
stat ion . ..- - -... -

Kaolahst rig Pitgit o ig Kaohsio rig Pi ngtu ng Kaohsiung Pingtu ng 

Traditional type 68.8 66.6 56.A 52.1 73 45 
Small packing shed /3.5 69.0 69.6 58.5 34 22 

" ).ia li,)mOhw 'l,,Iv,'n m l
l1-,. it %Lirkctin! (Copc),.atic 

lrlc I .'.rc is l )(I 

Table 8. Effect of handling operations from field to small packing shed on 

the incidence* of mechanical injury and latex staining in bananas' 

OccuiI etice (%) 
De ha n d in g Trans p o r t a t io n M e c ha ni c a l "j
 

method method Mechanical njuiy Latex staining 

Light Sevre e 

Dehanding of Cablewayhagn ulh37.3 
 6.2 9.6 
hanging bunch 

Dehancing of bunch Cat, small
 
lying on ground 
 tick, motorcycle 

t Ka )hiut ltl tta tl l:,mi iharl,[Iaiwan ROC, ,n May' 15, 1979 

Shipping they are loaded on board ship. The ship's holds 
are pre-cooled to 10 C or les; before the barnanais 

After passing inspection at the wharf, are loaded. Immediately after lo.Jing is 
boxed bananas are stored temporarily in a completed the hatches are closed, and the 
large cool room at a temperature of 160 C until temperatuie is brought down to the operating 
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TaIbIe 9. VoIume of export barina IhandI led by different types of packing stat intI in Taiwa il, 1986 

Cover age of Total 
Type plana tion No. export Ixnaa,, hindled Ra tin 

(Wa) Statios (1,000 boxes, each of 16.0 kg) (N) 

Trad it iona I 
aimge type 40-50 180 5,200 80.0 

Inproved 
40-50lIrqe type 8 500 7.7 

Srrr,illI 
3-10 104parklni shed 800 12.3 

l)Dmri -i, ih. liwin l,,i-n6Ll ruit Marketinrg o,qpcr:tive 

level as quickly as possible. During the sea kept at 20 C in an atmosphere containing 2% 
voyage to Japan, the hold temperature is O and 8/o CO, their storage life could be extended 
mainitained It 1 5 1,4 C' to two month:;I The preclimacteric life of 

bananas could be naintained for at least 30 
POSTHARVEST HANDLING OF days if the fruit vere kept it !0 C in sealed 

BANANAS FOR LOCAL MARKETS polyethylene bags; with an ethylene absorbent. 
The Ihlna,.; themselves caused the 0 and CO: 

I-' i,or market ri I;tiibutior. delhrded confen t of the atmosphere in the bag to change 
banana" a Ir: , k i plf:III: rates with to 3.5-8.5w. and 35-5.0,, respectively, during 
polyathylew. ' cr woven barn boo.,q) ill the storage period 

i tre.vspape (50 kj). 
They ale picke ill heid aid are not washed RIPENING 
oi given iny other ret Inuilt Baranas for 
locl market: uffe out 9 los ;es due to Artificial ripening of banana is widely 
mech:inicil !i1njy!itt, Export(i ,,inax g'. practiced in Taiwan. At an tat ly stage of 
bananas icjectc3 it h bt-f and returned to the banana industry, ripening rooms were simple 
the packing station iic ako re packed for sale and without temperature control. The design 
a: lot-ca market. of the ripening room has been improved greatly 

in recent years. The room temperature is 
STORAGE controlled by an automatic or semi-automatic 

refrigerating system. Previously, bananas were 
Bananas are produced all year round in ripened by acetylene released from calcium 

Taiwan, and the voyage to Japan takes only carbide. Since 1982, most commercial banana 
three to six days Consequently, there is ripening has been carried out using ethylene 
o storage problem for b,:natras p.'oduced -,onvertem from ethanol at a high temperature 

either for !ocal e:oi,tnption or for export. (-350'C) in a ethylene generator. Bananas 
Nevertheless iesea.ch into Jhe storage of are kept in a shady, airy place for one or two 
Taiwanes;e banana,; wa.r undertake.n in the 1970's. days before the ripening treatment. Usually 
Rcsults sho'-d that when green Lananas were bananas are exposed to ethylene or acetylene 
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for 10.13 hr in summer and 48-72 hr in winter 

in the closed ripening room, without any 
temperature adjustment. After treatment, 

the 	door is opened to allow fresh air to enter, 
and the bananas are cooled immediately by 

spraying them with wate:. The door is then 
closed aq,-in, and the room temrperature set at 
1a-15 'C to allow the banana:s to slowly change 
color. It take!; about :;even or eight days for 
bananas to reach :ohloindex No..1 e No.5, 

the standard color toi local mrketi; 

POSTHARVEST PROBLEMS 

When Philippie ,e-g!a;ninin; :o dominite 
the Japanese market, Japmese w les 
experienced difficulty in ipeninq Taivanese 
bananas at 16 C, the ripening] tempn~erature 
recommended by hono compinies in the Philip 
pines. Experimen: (atried out ,i the Taiwan 
Banana Resemech lnstituite. ;howed that Taiwanese 

bananas exposed to ethvlene at 16 C d:d not 

ripe uniforni ly, even when the ethvleoe concen 
tration was increased to 5000 ppm . Uniform 
ripening was achieved by iaisir,q the ripening 
temperature to 20-24 C', which had no adverse 
effect on the shseif life of the bananas . 

Abnorrnal ripening of 'I'awanese bananas, 
commonly called -Two-Zone-Color" (Ao-Down. 

in Japanese) has become a major p.ostharve1st 
problem in recent years. Only the ba&-il part 
of the affected fruit tins yellow after the 
ripening treatment, while the distal end remains 
green. The length of the green zone varies 
dependine, on the severity of the disrcder' . 

In general, the disorde is most prevalent in 
bananas produced is southern Taiwan and 
harvested from late April to mid-June. The 

top three large hands of the bunch and the 
out-layer fingers of the hand are more susceptible 
to the disorder. The stagte of maturity of the 
fruit appears to be of little importance. Severity 

of the disorder is greatly reduced by covering 
the bunch with brown paper in the field when 
the bract of the inflorescene falls". The cause 
of the disorder is still under investigation. 
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DISCUSSION 

Q. 	 (W. Grierson) 
Do you use treated pads on the wounds where the hands of the bananas have been severed from the 
stem? We use small treated pads in the Caribbean for this. They are impregnated vith thiabendazole, 
plus alkali to coagulate the latex. The use of such pads is considered essential in the Caribbean 
for export bananas, unless coagulating water tanks are used. 

A. 	 No, we use only a sprayer to apply fungicide. The cost of labor in Taiwan is very high. 

Q. 	 (W. Grierson) 
Are there any blernishe, on the bananas from the latex, where the hand has been cut? 

A. 	 There used to be in the old type of operation, in which the hands were stacked. Latex blemishes are 
not a problem in the modern packing stations, where che bananas are hung from an overhead cable. 

Q. 	 (S.C. Tongdee) 
What kind of spraying program do you carry out in Taiwan to control banana diseases in the field? 

A. 	 There are two main foliar diseases, blackspot and freckla. Diazanon controls most disease, but if the 
disease potentiai is particularly great we use Benlate. There are usually about !0 spray cycles a year. 

Comment: (F.W. Liu) 
One of the slides you showed during your paper presentation gave the rate of defective fruit in 1962 
and 1986. The rate of defects in 1986 appeared to be higher than in the earlier year. 

A. 	 Yes - this is because banana prices were comparatively high during the earlier period. When prices 
are high, local producers take much more trouble to protect their fruit. 
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POSTHARVEST HANDLING SYSTEM FOR SUBTROPICAL FRUITS IN TAIWAN
 

S.C. Lin' and C.I. Chn 2 

Tainan District Agricult.Ural Iniprovement Station 
Tainan, Taiwan, Ileputblic of China 

2 Planning lDepartnent 
Taiwan Provincial Fruit Marketing Cooperative
 

Taipoi, Taiwaii. lepuihlltie of'China
 

A B ST R ACT 

This paper descrihes the n,,sthar'esthaidli'n, .vstv'ns used .tOrcitrus anilychee in Taiwan. After the 
J7iit is har'ested itis sol'ted aiid gradco/ i,v ihe armer hetvre it is sent to the collectingstation, where title 
to the comnn,;tiiv is mrnsVrreJ r',m liner tho ver. 17e -i'l is then transported h' tvruck to the 
packii,house. Ilf the ackin.hii, usc, citrns J'tit is washed witih rtushes, waxed, wrapped, fint'iated, 
pakeid, . and shipped. i"n' 01 re :lelina:e !relne are .'iita,lt, pre.'ooih anid /)iaeeil in Lob! 
ste rage, hlee,re /eeil, pc//riecd aid shiplqet. /',U'in'ation with HI) is required o,i/v11i fruitpac'l, 


e.ported [o Japan. 

INTRODUCTION {(itus iins',ist are the major varieties grown 
for expoit (Table 2), while 'Hei-yek' is the leading

Taiwan is located between latitudes variety of lychee'. 
21('58' N and 25'18' N with the Tropic of Although citrus and lychce are both 
Cancer passing through the middle of the island, produced for domestic and overseas sale, the 
dividing it into the tropicai and subtropical zones. operations used in postharvest handling are quite 
Taiwan is a mountaineous island, with a central different, because citrus fruit is far less perishable 
mountain ri:ng, running fromn north to south. than lycheeee.
 
Many subtropical fruit ciops, including citrus,
 
lychee, loquat, avo.ado, 
 longan, and kiwi fruit. Table 1. Production area and quantity of sub
(Table I) are grown in) the subtropical lowlands, tropical fruit in Taiwan, 1987
 
and on rha slopelands of the tropical zone' 
 - -..............
 

Citus (('i/ni 
 yp./ and lychee l.ixclii Crop Area (ha) Production (nit) 
c/tinel-n ie a-e the two most important subtropical ............... .........
 
fruits in 'Taiwan in terms of" both production Citrus 
 38,442 386,819 
and planting area (Table 1) . Since both fruit Lychee 12,139 13. 0i5 
crops are exported to Japan and other countries, Longan 
postharvest handling systems have been developed 
by the Taiwan Provincial Fruit Marketing Loquat 2,158 14,241 
Cooperative, to control fruit quality and meet Persimmon 1,481 10,626 
quarantine requirements. Citrus was first exported Avocado* 300 3,000 
to Japan in 1970, vihile lychee exports began in------------------------------------......... 

1976. 'Ponkan' and 'Tarkan' varieties of tangerine e;,iaIroie Taiwan.,I.Vricultural Yea.-hook 1987. 
(Citrts reticl,'a) and 'Liu-cheng' sweet oranges l-stiialed dalta. 
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Table 2. 	Production area and quantity of citrus 
fruit inTaiwan, 1987 

Variety A ea (ha) Pilductior (rt) 

. .... 


Ponkan 11,087 119,25 

Tankan 10,061 94,1434 

Wertan punelo 1,446 9,011 

Jou potti( i 65 643 

Pai pomelo 219 1,825
 
Satsurna o auqe 56 4 54satnuia 256 1A0whereasValencia- 269 1,707 

Lin-chieny 12,353 130,129 

Lennons 959 10,166 

Giwapefruit ,133 2,775
 
OthIe1 1494 16,379 


IliU, .. Y'arhi,,A /9S7.ataom 	liiv ly tnitulura 

POSTHARVEST HANDLING SYSTEMS 

Ilarvesting 

Citrus fuit is cut with clippers. A two-cut 
method, which first cuts the fruit stern from 

the tree and then cuts the :;ten down to the 
c.alyx without leaving mn, protrusion, was 
developd, aihout 20 year2; ,,;U . Farmers are 
encouraged 2:ic this inetrhod whlen hMvesting 
fruit, elp;p.iatlv tir .,: wa foi export or for 
storage. Howeer. (Liu to the present shortage 

of laboi at hariest time the snap-picking (twist 
and pull) method ik hecoining popular, especially 
when harvestin,; Liu-chvng' oranges which arc 

fairly resistan- to damagce and decay. Plastic 
bi'ckets and small bamboo bins lined with jute 

cloth are us.ed as picking containers. H-H-;ested 
fruit is collected in field hins niade of plastic 
or bamboo, and then brought u:de shelter 
for sorting, grading and sizing. Fruit is sized 
into five groups (3L, 2L, 4square L ( [] ), 
circle L ( , M,.and S), using a hand-held 
aluminum sizer with graduated holes. 

The inflorescence of lychee has branched 
panicles, and clusters of fruit are set at the end 
of the branch. They can only be harvested using 

the snap method (pulling the fruit branch and 
snapping it). Fruiting branches are harvested 
and placed on the ground under trees or some 

movable 	 shelte for defoliation. They are then 
sorted 	 to remove substandard and immature 
fruit, and sized. The fruit is then stacked in 
bamboo field bins ready to be transported to 
domestic markets. Fruit intended for export 
to Singapore is packed in 5 kg plastic bins with 
a perforated polyethylene (PE) fibm lining, 

fruit intended for expo,t to Japan is 

packed in 5 kg PE mesh bags which are then placed 
in plastic field bins, with three bags to each bin. 

Maturity 

Degreeniu of citrus fruit caused by the 

removal of chlophyll from the peel is induced 
by cold nights and Warm nays, In Taiwan, 
citrus fruit is degreened when cold fronts begin 
to move down fonl Mainland China in November. 
I owever, the early maturing varieties 'Ponkan' 

and 'Iiti-cheng' mature before degreening, and 
can be harvested at the break stage in October. 
Fruit harvested at tnis stage is high in storage 

ability", and can be degreened during storage 
when exposured to low ambient temperatures. 

The maturity of lychee is reflected in 
the color of the peel. Lychec mature quickly 
during the high temperature months of June 
And July l-'ully mature fruit is bright red in 
coloi However, lychee are most palatable and 
have the best. keeping quality when the fruit 
has gained only 80% of its full potential color8 . 

Collecting Stations 

Farms and orchards in Taiwan are very 
small " (on average about 1.14 ha) and many 
diverse kinds of fruit are grown in any on2 area. 
This makes it difficult to produce a single type 
of fruit crop on any large scale, or set up packing
iouses close to producing areas. Furthermore, 
fruit orchards are usually scattered over 

slopelands, where transport is difficult. It is 
necessary to establish collecting stations where 
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Flow Chart of Postharvest Handling System Used for Citrus Fruit in Taiwan 

Operation 

Harvesting (by clipper or snapping) 
I 

Plastic bucket or bamboo picking bin 
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,4. 
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Flow Chart of Postharvest Handling System Used for Lychee in Taiwan 

Operation Location 

Harvesting (by snappimg) Orchard 

pla3stic buLcket or h.-rnibn(o pickingj inj 
I 

srack ineq. b t e:x oirt)
 

In L)arnho:- told blil (for dornestic market)


i1 

Local Market Export to Japan etc. Collecting station 

I Iwa ter opn wateiinq (1%, brine) 

loadirg onto Lruck tr ansport to packinghrouse Packinghouse 

loct,l markets I 

Singapore Japan 

precooling in ice-water fUrmigation (EDD) 

I I 
cooling in cold room precor.lirig rr ice-water 

1 1 
pelletizal ion packinq (in car ton) 

I 
pelletization 

4, Port 

Shipping 

Overseas 

Foreign markets Destination 
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truckloads of fruit ran be collected and sent " surviving insects and EDB content in the
topackinghouses-for-further treatment. pee bj the Japanese quarantine offi.ers

The collecting station is the place where' stationed in each packinghouse during the
title to the commodity is transferred from export season. 
 To pass inspection, fruit must have
farmer to buyer. Buyers require farmers to insect
zero survivors and an EDB residue lower

sort and grade their fruit according to agreed 
 than 0.013 ppm. 'Liu-cheng' citrus and' lycheesstandards before it is brought to the station. are packed by weight, while 'Ponkan' and 'Tankan'
The fruit is inspected, to check whether it mandarins are packed by number in corrugated
meets the standards or not, If it fails to pass cartons, The number varies according to theinspection, the grading has to be done again. size of the fruit, but the net fruit weight in each
Citrus fruit is only accepted if 95% or more 
 carton is about 12-13 kg. ' Cartons of fruit are

of the fruit meets the requirements. Although 
 pelletized, and loaded in refrigerated containersthere are no strict standards for lychee as far for shipping to Southeast Asian countries.as size is concerned, the peel color is closely However, fruit exported to Japan and Canada 

. 

checked, needs no refrigeration during shipping.

Collecting stations also 
 serve as packing ' When lychee enter the packinghouse, fruitstations for fruit consumed locally, which is intended for e.:port to Japan is placed in the 

packed and transported directly to market. 
 fumigation room, where it is given an EDB

After title to the commodity has been transferred, treatment similar 
 to that given citrus fruit except any lychee which show signs of browning are that the dosage is 16 grams EDB/m3 and theimmediately watered with a 1% brine solutioa temperature of the fruit is 20 0 C or more. Vter 
to avoid fruit desiccation. fumigation, the fruit is precooled with ice water and 

packed in mesh bags which are then put in 6jor.Packingiouses rugated cartons, with either one mesh bag per car. 
ton (5 kg) or two bags per carton (10 kgs). PackedWhen citrus fruit arrives at the packing. fruit is kept in a cold store until it is shipped,house, fruit intended for export to Southeast Fruit exported to Singapore needs no fumigation


Asian countries and Canada is brush-washed treatment, and 
 is only precooled with 'ice
using soap, soaked with sponge rollers, waxed water 
 and kept in a cold room until shipping .with. water soluble wax, dried in infrared light . Lychee exported to Japan does not need any
and wrapped in red tissue paper. 
 Fruit intended temporary storage for' the examination of
for export to Japan is brush-washed, soaked 
 EDB residues. Fruit is shipped to both Japan I
with sponge rollers and hot-air dried, using fans. 
 and Singapore in refrigerated containers at 00C.
 
All fruit is then sent to the fumigation room
 
for EDB treatment. Fumigation is carried out 
 . CONCLUSION 
for two hours at normal atmospheric pressure, . 
while the fruit is kept at a temperature of at , Postharvest handling procedures used forleast 15C. Whennt the fumigation chamber is subtropical fruit in Taiwan are fairly primitive,
only. half full the dosage is 10 grams EDB/m 3 because the small size of orchards and their 
of space (18 oz EDB/1000 ft 3 ). After fumigation, short. distance from markets has meant ' thatthe fruit is ventilated in the chamber for at least such' fruit have low priority in postharvest
30 minutes, and is then moved' 'to temporary 'research. Only for fruits grown for export havestorage in a screened room where it is kept at handling procedures been developed to meet
ambient temperatures 'for" three, or four days, ' satutory re ements. Th la o ca
in order to reduce EDB residues.in ement T 
After storage, 

the peel, atitanor meui lackfmcingiuses 
the 'fruit 'is exmndfr has resulted in 'low fruit quality control, high 
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processing costs, and low gross returns. Research 3. 	 Anon. 1987. .,1// Intr, duion lo Taiwan 
is needed to develop better precooling lacilities Provinial 'rui! Murctin.' Co',olwcratire,. 
and a cold chain transportation system for Taiwan Provincial Fruit Marketing Co
lychee, to maintain the freshness and red color cperative. Taiwan, ROC. 
of the fruit. EDB fumigation for agricultural 4. Anon. 1987. R' n ,ne Ihc ..lerict/ltural 
products wa s banred on September 1984 Sln-ec'. ,1hiivan ..Ircas. Dept. of Budgets, 
in USA. Although it is still permitted in Japan, Accounts -Ind statistics, Executive Yuan, 
provided EDB residues do not exceed 0.013 ROC. 

ppm, it will be prohibited there in the noear future. 5. Anon. 1987. Taiwai lgriculn!ralY'ar) ok. 
An alt,:native quarantine treatment tnwst be Dept. Agriculture and Fisheries, Taiwan 
develop),Wt if Taiwan is to continue exporting Provincial Covernment. ROC.
 
fruit to Japan. adies on how to control 6. Chen, C.H., C. Tsai, and S.C. Lin 1974.
 
fiuit decay, greldiq and si:.ing; techniques, and lla,,ltboo,, (utns I)-ui Nerae'e. Taiwan
 
improved 
 tra eeport nnd storage tieth(Xts should Provincial Fruit Marketing Cooperative, 
ialso be considered. A ROC. 

7. 	 Lin, S.C. and M.Y. Yen 1971. Cold Storage 
studies of 'Ponkan' oranges. .lhurnal of 
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2. 	 Anon. 1982. l-rwai,, ,c Ijicecl. Taiwan 251-260.
 
Seed Service, Taiwan ROC.
 

DISCUSSION 

Q. 	 (Y.S. Tsiang) 
I understand that Japan will not allow the importation of lychee or other fruit treated with EDB 
next 	year. If this is true, what treatment can be used instead? 

A. 	 Yes, EDB is still permitted this year but will be banned next year. As to what might be used instead, 
this is a difficult question. Cold treatment is one possible an>.''er - storing lychee at 0"C will kill 
most 	insects. However, oranges ind several other types of fruit are very sensitive to low temperatures, 
and suffer from chilling injury if they are stored at zero temperature. I don't know what method we 
shall be able to use for such fruit. 

Comment: (W. Grierson) 
I was deeply involved in the controversy over ED3, and gave evidence in Washington over two years. 
I deplore the fact that when the USA gets swamped in a wave of hysteria, the rest of the wuld has 
to 	 follow suit. At the hearings in Washington, I offered ample evidence that eggs are much more 
carcinogenic than fruit treated with EDB. Nobody paid any attention. 
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Q. 	 (Albert T.T. Yu) 
I remember that we sent a shipment of frozen lychee to Japan from Taiwan several years ago, and 
they tasted good. Have there been any further developments in this technique? Is it still practiced 
in Taiwan? 

A. 	 No, the freezing of lychee in Taiwan has now been discontinued. 

Comment: (F.W. Liu) 
I agree that frozen lychee are very good, but they deteriorate quickly after thawing, and have to be 
kept frozen right up to the consumer's table. Freezing is a viable alternative, but frozen thawed 
lychee do taste different from fresh ones. In this meeting we are concerned with how to keep fruit 
fresh without processing methods such as freezing, cooking or drying. 

Comment: (W.Grierson) 
I used to freeze lychee from my own tree in Florida, after dipping them quickly for 30 seconds in 
t)oiling water. They kept their color well when they were thawed. Frozen products are very popular 
in U.S.A., and frozen strawberries and raspberries are widely eaten. There should be fora case 
exploring the export of frozen lychee, to be sold on frozen food counters. There is no need to worry 
about deterioration or color change after thaviing - consumers today are experts in the use of frozen 
food, and know it should be eaten th, sarn, day it i-thawed. 

Q. 	 (A. Hassan) 
Up until a few years ago, the lychees imported into ,ialaysia were always brown - iIfact, I thought 
brown was their natural color! In recent years the fruit have retained their red color. What improve
ments have been made in the handling system to bring about this change? 

A. 	 Early cooling and proper maintenance of the cold chain will preserve the fresh red color of lychee. 

Q. 	 (S.C. Tongdee) 
Hydrocooling is usually used for precooling lychee in Thailand. Do you see any possibility of using 
forced 	air cooling instead? 

A. 	 I doubt whether forced air cooling would be suitable for lychee -- the fruit are so small and packed 
so closely togethei, itwould probably not be efficient. Hydroconling is the best system if the produce 
is suited to it, 
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ABSTRACT 

This paper reviews recent research into the psothiriest handling of'huit in Thailand. Modified 
atmosphere storage is eing, tried .;r ,',' h:tana and sturcwherrv, to extend the storage lifp am 
improve the market qualityv. Since most ',.1 evhcort 1itlit isgrown l t small-scale producers, therc is a 
major pr-h'm in achiiringa InI/ormi standardof[tlurit'. Both hvrrn,)olingamid breed air coohng sys
(t'ns hare / 'el ,'an, '()."l n 1h1", 11rlit. ioia rlaml! ex/antpccllt research has also been carried 
olt ! mli '~icidaldippi iug, sillbu e' edtil z, / en r, c/he'd em/uslph!c' s/h ,'{l,ac.fir 0ttci f,'uis. 

INTRODUCTION 

There is a growing in-rest in the export 
of fresh fruit and vegetables by developing 
countries. Several factors have contributed to 
this development. The world is getting smaller, 
with speedier transportation systems and aircraft 
with greater capacity for cargo. People travel 
more, and have a greater appreciation for exotic 
fruit. It is now possible to supply off-season 
produce to developed countries in northein 
latitudes over the winter, since most developing 

countries which supply off-season produce lie 
in southern latitudes. From the viewpoint of 
the developing countries, fiit and vegetables, 
for which there is a fairly strong domestic demand, 
are good potential foreign exchange earners, 
The production and subsequent handling of 
fruit and vegetables employ a large work force 
among the rural population, an excellent rural 
job employment opportunity which provides 
some kind of social stability. Many countries 
are thus developing their marketing strategies, 
in order to capture a share of this expanding 
market, 

Until rezently, Thailand's export of fresh 

fruit and vegetables served only as an outlet 

for its domestic surplus. Major markets lie in 
nearby countries. Two newly industrialized 

countries, Hong K'ong and Singapore, import 
most of their food. Malaysia's agricultural base 
emphasizes industrial crops such as rubber and 
oil palm, and Malaysia imports some fruit 
and vegetable items. Outside the traditional 
regional market demand has increased rapidly, 
particularly ji Europe which is one of the most 
rapidly expanding markets. The Middle East's 
economic development has drawn a large foreign 

work force into the region, who prefer to 
consume the traditional fruits grown in their 
own countries. japan's rather restrictive import 
regulations, complex marketing channels, and 
the demand of its consumers for only high 
quality produce, has made penetration of this 
market a rather slow and painful process. 
At present, there arc five types of fresh 
produce from Thailand allowed into Japan. 
These are coconut, green banana, pineapple, 
grapes, and durian. Thai mango cv. Nang Klang 
Wan was also allowed in last year, but each 
item seems to require a separate, almost endless 
negotiation. Korea's high taxation is claimed 
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to discourage fruit imports, and also favors 

barter trade. Another market which is the 

result of increasing barter trade is the European 

socialist countries: fruit exporters are -uddenly 

finding themselves trading fruit fur machinery, 

Taiwan, a newly industrializedl island with high 

purchasing power, has emerged as an important 

market for Thai fruits such as pomelo, clementine 

and mangosteen. 

Official export sta:,sv~cs (Table I) indicate 
the scale of fresh fruit exports from Thailand. 

Table I Export of Major Thai Fruit Crops 

Unit: million Thai Bahl* 

Year
Itern 1986 1985 1984 

longan 313 163.4 251 

pineapple 198 75 0.6 

durian 174 172 68 

mango 54 57 31.3 


pomelo 45 40 21.2 

citrus 36 41 32 

papaya 24 37 68.4 


]VOCadio, guava. and 15.6 10 9 
mangosteen 

,a unnata, 14 11.4 4 
lychee 12 6 21 
banana 11.5 22.8 23 
sugar apple (sweetsop) 11.5 13.4 12 
coconut 9.6 9.6 8 
watemielon 4.5 4 4 
grape 4 18.2 12 
lime 0.8 4.4 4.4 

other fruits 17.2 8 7.2 
Total fruits 945 694 578 

Value in US$* 36.3 26.7 22.2 

I$2T-hThailand 

Thailand faces keen competition in its 

export of frcsh fruit and vegetables from other 

countries in the region such as the Philippines, 
Malaysi: and the Republic of China, and 
from countries elsewhere such as India, 
Mexico, the Caribbean countries, South Africa, 
the South American countries, Australia, New 
Zealand and USA. This competition from other 
exporting countries and the expanded market 
potential mike it necessary for Thailand to 
improve it.¢ handling, transportation, and 
distribution --f produce all the various aspects 
of postharvest technology. 

Most research into postharvest technology 
takes place within the disciplines of physiology, 
pathology, engineering or economics. Postharvest 

research has tended to emphasize the first two, 
but the latter two are most important when 
research rest';ts are applied commercially. 

Available information concerning post
harvest handling probleirs has in fact been gained 
mainly from research undertaken under temperate 
conditions on temperate fruit crops. The 
physiology ol tropical and most subtropical 
fruit has not neen intensively studied. The 
handling of tropical and subtropical fruit'under 
t.a high temperatures and humidity prevalent 

in the tropics presents additional problems. 
Efforts at the Thailand Institute of Scientific 
and Technological Research to improve the 

handling and storage of tropical and subtropical
fruits follow two general approaches. 1. adaptive 
research, to review information and technology 
which has proved applicable to similar crops 
elsewhere, for possible adaptation to local fruit 
cultivars. 2. Practical research to develop feasible 
technology for tropical conditions. 

RECENT ADVANCES 

IN POSTHARVEST HANDLING 

Banana 

is probably the only remaining
country in the woild which grows the banana 
cultivar Gros Michel on a commercial scale for 
export. Control by multinationals of the world 

banana market has made further penetration of 
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exsigmarkets by Thai bananaijpossible. More 
~/;than 95%~of' bananas exported from Thailand 

gtoHong Kong.. Recently,' the export of a 
cultivar -(Dipr 

Spromising. ,One of the major problems encountered 
by ,exporcers is premature ripening of the fruit 
before it;arrives in Hong .Kong, lathough the 

voyage takes only sby sea, There 
isalso' some interest in 'exporting bananas 

to Europe, a journey of some 25 days. 
; There P.,ee numerous reports that bananas 

respond 'very. well to 'controlled atmosphere 
and' modified atmosphere storage, The most 
effective gas mixture is 2% 02, enriched with 
up to 10-15% CO2. Gros Michel bananas became. 
less aromatic when they were stored in more than 

10% C0 2. Khai bananas stored in more than 
20%CO2 . were less aromatic, but had fewer brown 

!-freckles: wf.en ripe. The use of polyethylene 
bags containing an ethylene abscrbent to achieve 
a modified atmosphere has leen in commercial 
use in Thailand -for some time. A little more 

'j :"work is needed to adapt this method to the 
existing handling system. In some cases, Thai 
growers 'find it difficult to achieve efficient 
postharvest handling of good quality fruit, 
especially in 'areas 'with small-scale scattered 
production' where there is: no spraying program 
in the field 'for disease and. insect control. 
Small-scale ,producers also 'find it difficult to 
harvest:their fruit at the proper stage of maturity 
according to intended storage life. 

Strawberry 

Strawberry are one of the most perishable 
fresh fruits. In Thailand, they are successfully 

grown in the, North in increasingly large amounts, 
to the point of overproduction.. Most of the 
exports, though still limited in quantity, are 
sent, abroad as an, off-season supply between 

December,and March. ', ''Longan 

:.::':, California leads the, U.S.A. in strawberry 
marketing selling its' fruit right across U.S.A. 
and -into southern' Canada. 'Forced-air cooling 
together with'nodified atmosphre transport 

account for, the success of the Californian 
operation', A similar method has been.'adopted 
in Thailanid. The effect of elevated CO on2 

s e-life it-quality-and-control.of. 
fungal disease (mainly ant hracnose) was examined 
in the laboratory. Subsequently, several trials 
on mod ified .,-phre transport, . using 
polyethylene bags injected with carbon dioxide, 
were carried out last year in cooperation with 
fruit exporters. The major concern requiring 
further study is to protect the temperature 'of 
the produce while it is on .the ground at 'the 
airport or at intermediate terminals. 

Citrus 

Thailand's production of tangerine is rapidly
 
increasing, mainly for domestic consumption
 
but also for export. The export of clementines,
 
and pomelos has shown an impressive increase
 
recently. Major markets lie in Hong Kong,
 
Singapore, and Malaysia. The demand in Europe
 
and Taiwan for pink-fleshed pomelos and
 
clementines is also increasing. One special feature
 

. of the peak. demand for pomelo in Hong Kong
 
is that it corresponds to the Chinese mid-autumn
 

' moon festival in September/October.. 
'' Citrus fruits are among the least perishable 

:,,subtropical fruits. .At 00 C , the storage lives 
''of tangerine, clementine and pomelo are more 
than one, tw and four,,months, respectively. 
one of the: most important fields of research , 

is to 'establish harvest, maturity standards.
 
Although elsewhere ,researchers are: interested
 
in methods ofidegreening citrus, in Thailand we
 

are planning to test various ways of maintaining
 
the green color of clementines, which is claimed
 

to be a selling asset, Waxing and sealed -packaging
 
of individual fruit in plastic film Will be tested
 
on a hire contract basis. 

. . 

Longan is the top''export earner, of all
 
Thailand's fresh fruits. Production is concentrated
 
in a belt in the north, Longan isprobably one
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of the most perishable cf tropical fruits, and and more recently, So, fumigation, showed 
its shelf life under high temperatwres is extremely only the fumigation treatment with SO, to 
short. There are two parts of the postharvbst be promising. SO, fumigation is a postharvest
handling cli in which !Ie d specil attention: treatment used for gi ,pI stoiage in several 
firstly, the precooling of !ongarn to remove field countries, but it can cause injury to the rind 
heat in order to provide effective temperature and discoloration of the aril'of longan, and 
managemet during transit. alld secondly, cot1ti needs further investigation Recent revocation 

of rot during cold stc-rage 	 Of the GRAS t,iiis of SO- as a sulfurizing 
ihe hydrocoolinj s'v'st ,,rns ustd at ptes:eita gent ieans tha, ruol.e study s needed of SO, 

by exporteis have surveyed I>:nd lheir re:;idurs on Iteated fruit It is planned 
,nadequacies review-d ois del,,ii ,,linq sv;ocias to eiphia:aze research into the handling and 
are also worthy of furt her1,n0,-r1,lt storage of lychee in the tuture, following a 

Results; of work o-. ihe sold otara, ,a similar direction as, esearch into longan. 
longarn using fungicidlal dipping, ;in !.ice coating. 

* .\ol: .\A tnJl u l tal Ti t'.il II tout,vciti're 	 isa , i 'l 'nl. Tirc' lprni Ir +inilh' ;Ilkalthle riule. I-d. 

)ISCUSSION 

Q. 	 (G. Marlowe)
 
Are you establishing base lines of respiration rates for the tropical fruits? If so, you 
are opening 
up a new understanding about fruit that is relatively unknown to others working in the field, 
especially those in temperate areas. 

A. 	 Yes, that is the kind of baisic research we worked on before we started any subsequent work. 
At the begirning of the survey we studied respiration rates and shelf life of the fruit, and then 
went on to analyze tie present postharver,:t hAndling system, possible technologic,-l inputs, target 
groups for the particular technology, and eventu., use of the technology. One of our greatest 
problems is integrating new technology into the exi,:ting system, and often development work is 
held up because we do not know how to do this. 

Q. 	 (S.C. Lin) 
I am interested in your treatment of lychee with sulfur dioxide. How 	successful is this? 

A. 	 We were able to keep lychees fresh for two to three months when they were stored at 0-5 0 C. 
However, ;here are problems such as SO, injury, SO, residues, and a possible off-flavor. Right
after fumigation there were residues of 50-200 ppm in tile rind. There is also a loss of the red 
color which is such an important marketing asset in lychee, although this is restored if the fruit 
is kept in a normal atmosphere for a few days. We shall continuc looking into the matter. 

Q. 	 (Albert T.T.Yu) 
I am interested in your comment that the color deterioration found in lychee after SO. tratment 
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is reversible, and that the red color is restored to the fruit a few days after the fumigation 
treatment. Have you any idea why and how this happens? 

AWe-haven't-Ioked-nto-he,-mechanism-of-this-yet.--It-may. 
'. fruit is treated with slightly acidic water after fumigation, the color will be restored, immediately, 

--	 be. connected- to-the -pH,-since. if- the 

Comrnent: '(F.W. Liu) 
I am not an expert on lychee, but I think its red 'color is anthocyanin, which is pH sensitive 
if the pH level is high,. the color goes; if the pH is low, the color returns. Does So 2 treatment 
increase the pH? I doubt it very much. If lychee are harvested green aud kept in the dark, will 
they turn red? If nit, then the anthocyanin is not being synthesized. 

Comment: (S.C. Tongdee) 
The extent of the color change seems to depend on the concentration of SO2 " the connection 
between the pH level and the color, change has not been investigated yet. Even though the red 
lychee have bleached to acgreenish color, if they are givem continual ventilation for several days 
after fumigation the color will return. This will not be the original deep red, but a pinkish red. 
If directly after fumigation the fruit are immersed in water with a pH of 5.6, the color will return 
immediately. However, we have not studied the reasons for this - in oar work we are more con
cerned to help the merchant sell his fruit quickly than in the theoretical aspects of why things happen. 

Q. 	 (W.J. Ho) 
In your experiments, you have used SO2 to control rot. Is it also effective in controlling fruit fly? 

A. 	 No, Idon't think SO2 would be accepted as a control measure against fruit fly. 
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ABSTRACT 

To pr,( ('ci pphcs'N -m tl/Ii\m ,l /n,, Inn ,, / /iarkc'tin,. ,lnh/ih h' x's('ck edh, aurd ionxeswilh corrl/' aliadl, prOiInl, 1n1 ''i -a! \(7) r,' da , /'l'i' cl d Iamw , ('.1 I// lhc' pIcICkagin' /iia'/rial 
i/s'ed.Sl' ,sh l~/ii ' .[t i / i'l,.v)c I lt l w( ,ril0 ,tll)i /, , (P Iilil llba.gs)PP'/Ir , 'rS (' 1 tl lti s lf ic/ihth, 4 h/ ' 0111( olcs a/l-Icciahl, i4'halicedcv lw s, ti f d p art ictilt ril 'l c r ~i , ,7 wl l Ai l I q c s m 
/llwils i/: 1! i. , 11C/. lh'l Col' nli li ulw u (' ( W lll rc' .iii.i ,i no' ill wi c- r'nllllic'lci ld. ill K' ea. 

[peri,)d. (). ill,' 'd l l ]hof Al \: l f rPg[ r~ttH /JrC%'*l'aliftlill a 1:[' whl . 4& /il prolla, 

1, ' / I/i' /I. 

INTRODUCTION which limits any consistant increase in consump
tion. It also causes price fluctuati'nsTotal fruit production in Korea reached markets are flooded 

when 
with fruit during the peak1,475,000 mt in 1986, more than 3.5 times harvest season, with reduced income for growers asthe lev.- of 1971. Ninety-three thousand mt, a result. This situation justified the search forrepreser ting 6.3'., of the total crop, was canned improved storage methods, which could provide

in 1986 con.paWd to only 9,661 mt (2.4%) a year-round or off-season supply of choice fruit.in 1971 '. Peaches, grapes and citrus; were the At the moment, mote than 90',, of fruit in storagemost important fruit, v,ith 10.5, 9.1 and 14 Y%, is kept in conventional cellars. Less than 9%respectively, of total fruit production in 1986, is kept in low temperature storage, although thewhile apples accounted for 2.5%. There have been capacity is gradually increasing. In addition,
changes in the type of fruit processing. In the about 1,650 m 2 '" of controlled atmosphere
early 1970s, canning was the most important, 
 (CA) storage is in operation. On average, more

followed by the production of wine and necta,, than 35% of apples and pears 
 had come ontobut ten years later fruit juices had risen to second the market after only two months' storage, 80%place, followed by wine, nectar and jam, in that aft" four months, and 100% after six months.
order. In 1987 fruit juice led over all other With citrus, more than 25% of crops stored hadproducts, with canning and wine coming second gone to market within one month, 60% by
and third, respectively, 

two 
months and 100% within three months.

However, fruit crops in Korea are pre- Not only is there a need for improved storagedominantly consumed as fresh or tale fruit, metlds, to avoid heavy losses during transport 

* Statistics tronm ih Miniory of \e'rhcujtctrc and lihrics Relublic ot Korea, 1987. 
** Data t1rmm!National Ap'riecultttrc ('' ctverall cdcrithnr5 Korea. 
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and marketing, but better grading and packaging to seek alternative packing materials and boxes., 
practices are also needed The rice hull at present The results of this study, in which 'Fuji' 
often used as packing for apples should be apples were packed in rice hull in 15kg corrugated 

relcdwith --other rnaterials such--as- foam- PE-' -z'cardboard- boxes; --are --presented An~ Table~l 
mesh or PE film with entrapped air bubbles. The data shows that excessive bruising and 
Most of the apples and pears on display in modern puncture damage occurred, and that injury 
supermarkets or department stores are packed increased with each step inma.rketing, beginning 
in foam polyester mesh in clean labelled boxes with 12.0% when the fruit was picked in the 
made of a double thickness of corrugated card- field and rising to 29.9.44.8%, at the wholesale 
board. This report reviews the results ofexperi- level and 84.7% in retail shops. In addition, 
ments on different packaging materials for apples, the net weight of a box of apples in the retail 
and various storage methods for several selected shop was only 12.8 kg - a surprising 2.2 kg 
fruit crops in Korea. less than the labeled weight. This was because the 

light, voluminous ricehull used for packing occupied 
PACKAGING MATERIALS AND too much space in the apple carton in relation to 

SEVERITY OF BRUISING IN APPLES the fruit itself, resulting in an underweight box.
 
This failure of rice hull to provide adequate
 

The rice hull used by many apple growers protection for the Fuji apples led to a search 
for packing apples provides little protection from for containers and packaging materials which 
pressure bruises, and also punctures the skin, would give better protection and thus provide 
This gives the fruit a damaged, unclean appear- increased income to growers and greater satisfac
ance and causes heavy wastage and poor prices. tion to consumers. Several types of packaging 
In addition, the net weight of boxes of apples materials were used to pack apples in corrugated S 

packed in rice hull is likely to be less than cardboard boxes v,hich were then transported 

the labeled weight. In spite of these problems, by truck on both paved and unsealed roads. 
only a single trial has been carried out in Korea The results, shown in Table 2, made it clear 

Table 1. 	Rate of bruising in Fuji apples from orchard to retail shop in 1982. 
The fruit were packed in rice hull in 15 kg double thickness cardboard boxes 

Stage of Rate of bruisingz Weight of box (kg)
 
marketing No.examined No. bruised % bruised Total Fruit Rice hull Box
 

. N. fruit
eamied 	 fruit 

In orchard 45.0 5.3 12.0 18.9 15.1 2.8 1 

At agricultural 52.3 23.0 44.8 18.9 15.1 2.7 1S cooperative 	 . •, 

At wholesaler A 56.3 23.7 42.1 19.0 15.2 2.9, 1 

At wholesaler B 46.3 14.3 29.9 16.0 11.7 :.3.3 1 

At retail shop 49.0 42.7 84.7 16.6 12.8 2.8 1 

LSD .05 - 14.65 18.99 1.54 1.83 0.47 0 

z Means of 3 replications. 

" 	 7,5 S:5..::) ' .;.? ::.:, 	 : 5 7i: . : .: . - , : , _: :i, 




Table 2. Rate of bruising in Fuji apples trarisoorted in 15 kg corrugated cardboard boxe;, 
according to packaging material used diluing ransport and type of road surface, 
1982 

50 km iansportation on 50 km ransportation or) 
Type of packaging Net paved road (60 kin/h) z unsealed road (40kni/h) mateinalmaterial useo weight ..
 

(kg) 
 No. No. No. No. cost/box 
Examined Bruised Examined Bruised (US$)Y 

Molded PVC tray 12.5 48.0 0.7 48.0 30.6 .57 

PVC film w;th entrapped 
ai, bubbles 12.5 45.0 0 45.9 3.7 1.15 

Corn ugated cardboard 
pads and ver tical 12.5 45.0 0 45.0 2.2 .24 
sepla,tof 

Foam polyeste mesh 12.5 47.3 0 47.3 1.4 .75 

Rincehu IlA (box less
tiele weh 12.5 47.3than labeled weight) 4.2 47.3 45.9 .18 

a ehasll weigh t) 15.0 58.3 4.0 58.3 54.9 .16
anie ay pleleweight) 

ritai 12.5 48.3 12.4 48.3 67.6 0 

LSD .Oh 3.58 - 11.89 

z: ."tensof 3 replications. 
y: I U'S$ = 810V(1987) 

that a net reduction in bruising during transport packaging aaterial. For apples transported on 
could be achieved by using molded PVC trays, a paved road, there was no difference in rate 
PVC film with entrapped air oubbles, corrugated of bruising between apples in the lowest 
cardboard pads and vertical s,.parators, or foam or highest boxes in up to eight layers of boxes. 
poiyester net. The dccrease in bruising was Hcv-ever, whcn the road was unpaved, there was
particularly marked in apples transported on more bruising in the bottom two layers and 
unsealed roads. If both cost and effectiveness the top layer than in the layers in between (see 
are taken into consideration, corrugated cardboard Table 3). 
pads and vertical separators were the best 
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Table 3. 	 Rate of bruising in Mutsu apples traroported in 15 k9 double thickness cardboard boxes, 

according to the packaging mater ial P: d duling transport and type of road surface 

Position of layel 

Road Packing 13ottonm Top 

condition ma terial ----- -- --- - Mean 

1 2 3 4 5 6 7 8 

Paved road 	 Coriugated cardboard pads 3.3 1.1 2.2 2.2 0 0 0 2.4 1.4
 

with ve tical separators
 

Rice hull 	 5.5 5.5 6.4 3.2 3.3 4.4 3.3 5.4 4.6 

Mean 	 4.4 3.2 4.3 2.7 1.7 2.2 1.6 3.8 

Un~ealed 	 Corrugated cardboard pads 11.1 3.3 0 1.1 1.1 0 1.1 5.5 2.9
road 	 with vertical separators 

Rice hull 	 47.8 47.9 12.9 17.0 16.4 20.9 22.0 48.4 29.0 

Mean 	 29.5 25.6 6.5 9.1 8.8 10.4 11.6 27.0 -

METHODS OF STORING FRUIT 

Effect of Coating with Polyvinyl Chloride 	 o-o Control 

x-x 0.02 mm Polyethylene film 

Acetate 	and Sealing with Films of Limited *- nm Polyethyleno film0.05 , 
Permeability on SIIf 1.,ire 0' Fruit ,- 0.10 mm Polyethylene film 

In Korea, as in other couatriec;, the principle 0 

of modified 	 atmosphere stoii,je has been applied o/" 
to the storage of apple:;, peal , gtrap.:, persinnons 

and citrus, using polyetnyle~i i'PP) film. 	 Go / 

In numerous trials with various kinds of in 

fruit, persimmon:; proved to be mot ;uited to 2 ,/- - .. 9' 

this method ot storage, especially when they - .
were sealed individually and put in PE film bags, 20 40 Go 80 1oo 120 
with five fruit per bag . This method has now Lerithof Aode (dYS) 

been adopted almost everywhere in Korea. 

PE films 0.02 mrm, 0.05 mm or 0.1 mm 

thick significantly delayed softening of the Fig. 1. The effect of sealing Gojorgsi persimmons 
fruit compared to the control. 0.1 mm PE film in 	 polyethylene film of varying thickness 
was best 	 for astringent persimmon, and 0.05 mm before placing the fruit in cold storage 

PE film 	 for non-astringent ones (Figs. I and 2). 
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0-0 Control 
x--x 0.02 mm Polyethylene film 
*-. 	 0.05 mm Polyethylene film 

0.10 mm Polyethylene film 

100 

o 80 
C 

S 60 
0/ 

g 40 - "Ix 

0a 20 // 

o: 

20 40 60 80 100 120 

Length of storage (days) 

Fig. 2. The effect of sealing Buyus, pe-rnmmo,; in polyethylene film of 
varying thickness hefo e plai 

The Jine elapsing before the persimmons ;oftened 
was 16-25 days for fruit stared loose, but 70-
87 days for tho)so sealed in 0.1 nt PE bags (20 
fruit per bag) and kept in conventional semi-
underground cellars ventilated with fresh outside 
air. When cold storage (0-2 C) was used, 

rig the frtill in cold storage 

loose fruit could be kept for 19-27 days and 
wrapped ones for 80-92 
as the pr.riod before the 
extendec by PE film, so 

the fruit rotted (Table 5). 
Other investigators 

days (Table 4). Just 
fruit softened could tie 
could the period before 

have reported that the 

Table -1. 	Storage perodo ! ,everal cilltivai, of pei,,inlmon , defined a,, the ro. days 
ieq,e i for 20% of the frnit to ,oftoen 

Variety 

Gojongsi Dobesi Barir Sagoksi Fuyutorage ---
Method No 0.1 run No 0.1 mm No 0.1 mm Notreat-	 PE treat- PE 0.1 mm No 0 1 mmtreat- PE treat. PE treat- PErnent envelone ment envelope ment envelope ment envelope ment envelope 

Semi
underground 17 70 23 77 16 70 21 71 25 87 
storage 

Cold 
storage 24 90 25 92 9 80 23 91 27 92 
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Table 5. Maximum storage period of seveial Cuiltivais of persinmon, defined as the number 

of days required for 20% of the fruit to rot Unit: no. days 

Storage
MethIiod 

Gojongsi 

No 0.1 nitl 

DohesJi 

No 0.1 mm 
treat- PE tleat- PE 

ment envelope ment envelope 

Sere11

underground 25 80 28 90 

storage 

Cold 100 35 104 
storage 

optimum thickness of sealing film depends on 
.the number of fruit contained in each hag"' 

Thus, 0.08 rnn PE filrt is best for Lags containing 

three fruit, 0.06 mm for bags with ten fruit, 

atrd 0.(-14 nu for ajs with fifty fluit. The 

,itnosphere in bgs; of all thicknesses had an 

O: concetlta tion of 5, alld 5-10', CO: 

Co-ating ipples with I l,iyer of polyvinyl 
chiloide or polyvinyl acet~ite markedly enhanced 

the freshness of Jonathan apples: compared to th? 

control, ind appreciably delayed or inhibited 

softerning, shrivelling and physiological dil;orclers 

such as hitter pit in American Summer Pearmain 

and Jonathan spot in Jonathan ipples. This 
effect I k:,Isoeren reported for Golden Delicious, 

Starking, and Fuji apples; coated with TAG (fruit 

coating wax) . Reduced wveight los:; was par-

ticularly noticeable in fruit coated with wax. 

A study was made of the use of modified 

controlled atmosphere (C. A.) stotge for oriental 
pears (Pirin f/'ri(,Iia) grown in Korea, where 

the summer is hot -rtsd humid with i long rainy 

season. ]'he pears were :;tored in individually 

sealed PE bags, and aiseries of experiments tested 
the effect of film thicknes:;, the addition of 

chemicals to absorb 0, and produce CO,, and 

the number of needle point perforations in the 

bags.""' As shown in Table 6, the rate of decay 

was lowest (17.2%) in Ok'.tsankichi pears stored 

V iety 

[aris Sagoksi Fuyu 

No 0.1 rn1 No 0.1 mm No 0.1 mm 
f-eat- PE treat- PE tieat- PE 

meat envelope ment nvelope ment envelope 

23 74 27 83 26 71 

26 99 33 101 31 85 

in film bags 0.5 mm thick, and highest (24.5%) 

in pears storcd in 0.1 m film, but decay in hoth 

was much less than in the ccntrol. Five needle 

point perforations per bag were better than 

ten. but various chemicaf agents tested seemed 

to have little effect. 

Storing the pears in sealed xig:; resulted in 

a noticable reduction in weight loss during seven 
months storage: less than i% for pears stored in 

film hags. campared to 8-9% weight loss for 

pears stored loose. Over time there were changes 

in the chemical composition of the fruit. Soluble 

solids increased in fruit sto.-ed loose, which 

brought ahout a much greater decrease in moisture 
content, whiile onii a s1ilit decrease was found 

in s;ealed ones. On the other hand, tocal acid (%) 

and firmness (Kg/ol 0 mm) decreased much less 

in sealed pears compared to those stored loose. 

After storage for two montns the concent ation 

of CO, gis vas 1.9% in the 0.05 mm polythylene 
film hag perforated with five needle point holes, 

ind 2.4% and 0.7% in the 0.OM mm and 0.03 mm 

PE filn bags, respectively. 

As far as grapes are concerned, Sohn and 
Yoon 4 reported that sealing fruit inside 0.05 mm 

F'E film had a pronounced effect over a pro

longed storage period of 70 days. Grapes wrapped 

in film showed a weight loss of only 4-5% 

and a moisture loss of 1%, compared to 
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Table 6. Decay rate in Okusankichi peat harvested on October 9, 1981 and stored at O-2"C 

(Un:t: % decayed fruit) 

Date of inspection 

Jan. 10 Feb. 10 Mar. 10 Apr. 10 May 10 
Treatment 1982 1982 1982 1982 1982 

3 Storage period (no. months)4 5 C 7 

Ccntrol 2.5 5.0 37.4 59.6 72.3 
0.03 mm polyethylene filn z 

- 3.2 22.1 32.3 58.8 
0.05 mm polyetiyfeno him - 17.2 28.4 53.6 
0.05 tmrn polyethvk.mn him 0, - 16.5 27.3 50.2 

absorber (Ageless 100) 

0.05 n polyeth,/lee:t: f iin ± CO 2 x~ t13.2 
- , u ea 23.5 47.6 

0.05 rn polyethyhi? filmt ~ l .2 5 needle 
r - ! Q .3 1 2.7 30.5polio i it~i 

0.05poirorFrlrIpcpofol0ye)iiyhleo ' ilinto , '0 needle 
25.4 42.7 65.7 

0.1 mo po!yethylenu filn, 3.5 25.0 35.4 61.6 

:: j.5 ki, lirm 'rtita_ 111QN I) pears3.5 , d' witi10i ,-ahd ruil inside thie fihn ag 
:930 h irh '1 dcd %%ith 111uit ill61t, tile tlihi hag 

20-22% weight los-s and a moisture loss of 10% wrapped in C.05 mm PE film, rather than 0.02for those stored loose. CO, content around the and 0.1 mm film, during three months in bothgrapes stored filmin increased to 1-2,'%after two conventional and cold storage"'. A comparison,nonths' storage With regard to che;tnuts, cold of thc effect of coating Satsuma Mandarins withstorage at I I I C with a RH of 85-95% lengthened andwax wrapping tien in, paper or PE filmmaximum storage fife (based on 10% decay) howed that 0.03 mm PE film and a wax coatingto 8-9 months, compared to 4-5 months in con- both maintained fruit freshness longer thanventional storager. Sealing chestnuts In wrapping the infruit paper, but that PE filmpolyethylene film, or perforated PE film bags produced a higher rate of total loss (decay lossalso greatly lengthened the storage peiiod, by 4 weight loss) than wax (Table 7).
approximately two months for conventio,,al 
cellar storage and two to three months for cold lypobaric Storage of Fruit 
storage. In these trials, the nuts were stored in
PE film bags 0.01, 0.03 or 0.05 mm thick. Each Experiments on storing apples using hypobag had a capacity of 1200 cm-, and 9 or 11 baric methods showed that 100 mm and 200 mmperforations 0.3 mm in diameter. Oranges showed Hg retained the freshness of American Summerleast less of weight and firmness when they were Pearmain and Jonathan apples more than con
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Table 7. 	 Effects of polyethylene (PE) ilm, paper wrapping, and wax coating on fruit firrnnessz, 

total lossy ,and flavorx of Sat uma Mandarin stored at 10-15 0 C for 30 days 

Eatly Satsuma 	 Common Satsuma 
Treatment .. .. . . 

Freshnessz Total loss Off-flavor Freshness Total loss 

w
0.03 mm 	PE film seal 1.1 c 18.9 b 3.1 0.5 c 17.5 a 

0.03 mm 	PE film, 10 2.7 b 29.7 a 2.4 0.9 bc 13.9 b 
1.5 cm 	holes 

0.03 nor 	PE film, 30 2.9 b 29.3 a 2.7 1.2 b 13.7 b
1.5 cr 	 holes 

Paper wrapping 	 3.3 b 26.8 a 1.6 1.3 b 14.9 b 

Wax coating 	 1.2 c 10.2 c 3.4 0.4 c 14.0 b 

Control 	 4.2 a 22.1 ab 1.6 0.3 a 18.4 a 

1:
l'edinv,: ()highil 5-ow
 

\"ir%'(lithl.s
('!)plr: 	dtcay loss (N) 
I = x gor00 1l;wor; 5 = ofl-l'lor 

w: Mcin 	 'ecir:tionIy l)unca ,rMlrhiple range test.5': level 

trolled atmosphere or low temperature storage2 . brium after only five minutes. This slowed down 

Sohn has elahorated the physico-chemical changes the climacteric rise and the development of 

involved: in apples subjected to hypobaric ethylene, comparecd to fruit under normal 

pressure, the intercellular gas reached equili- atmospheric pressure (Figs. 3 and 4). In addition, 

O----o 	NAP-0 

El-----G 	 NAP-5 

x- x 	 SAP-0 

12 -	 SAP-5 

1010 

S 8 

0 
U 

5 	 10 15 20 25 30 35 

Length of storage (days) 

Fig. 3. 	 Effect of subatmcspheric pressure on the concentration 

of intercellular CO, in American Sunmer Pairman appIPs 

stored at 2!- C 
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30 - NAP-O 

o----- NAP-5 

20 -cL X--X SAP-0
20 w 

A---A'SAP 5 P 

* 10 
IL 

5 10 15 20 2.5 30 35 40 

I_,rlot h of stolage (clays) 

Fig. 4. 	 Effect of so hatmosphe;ic pi.iaoe on the concentiation of intercellular 

C, H. in Amer ican Stmonie Pail nan apples ,tui ed at 25 C 

subatmospheric pessure maintained skin co.e, salt concentration was increased from 1% to 3% to 
freshness and firmness, ,.nd reduced the rate of 5% (Table 9). Soluble tannin decreased rapidly for 
rotting and weight loss (Table 8). 60 days, then increased slightly, over the next' 30 

days, and then again decreased after 90 days. Salt 
Storage of Persimmons in Salt Solution concentrations in the tissue after five months were 

0.81-0.83% in persimmons stored in a 1% solution, 
A study of the effect of preserving astringent 2.52-2.62% in those stored in a 3% solution, and 

persimmons (iD v,.s !atAi) in brine showcd that 0.15% for those sealed in PE film bags' 7 

it improved the flavor. The taste improved as the 

Table 8. Effect )f 40 days' tiypohari,- storage on the late of decay, fruit firmness z , 

x-ind total sugasY IeJucing sugar and acid content W of American 

Suminer PearrTami apples 

Treatment Decay Ft Ilness Total sugar Reducing sugar Acid content 
(%) (kg/cni ) (0/l OOg) (g/100q) (N) 

760 Torr. 0% CO. 50 1.21 6.85 5.42 0.20 

760 Torr. 5% CO_ 48 1.49 7.00 5.42 0.28 

660 Torr. 0% CO. 3 2.45 7.30 5.72 0.42 

660 Tot r. 5% CO, 3 L.69 7.25 5.75 0.40 

z: niiial ltardnes ;3.41 k /( 2ti 

y: Initil Ltiitent; 7.41 gl(ill,r. 
x: Initial ctient; .. 65 ./li(lO r. 
w Initial ctntcnl 0.5t1.5 
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Table 9. Taste and appearance of persimmons preserved in brine 

Taste Appearance 

Treatment No. months' storage No. rr,:),i hs' storage 
1 2 3 

Salt 1% (Sept. 28) ± + ± 

Salt 1% (Oct. 12) ++ + + 

Salt 1% -5% sugar ++ ++ + 

Salt 3% 	 + + -

Salt 3% + 5% suga ++ + + 

Salt 3% after sealed in ++ S S 
0.03 mm PE film 

S: Iruit s olt nciC(l 

+- l.xcclll t 
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DISCUSSION 

Q. 	 (F.W. Liu) 
You show that packing apples with ri.e hull resulted in a high proportion zf damaged fruit. I don't 
understand why the rate of damage should be so high, since the rice hull should be a good cushion. 
Could it be because the sharp ends of the ritce hull punctured :ie fruit? Perhaps the fruit should be 
wrapped in paper. Also, the polyethylene film you used ,'as very thick ---1.0 mm. Does it produce 
anaerobic corditions, and give the apples a fermented flavor? 

A. 	 Yes, the rice hull did have a good cushioning effect, but the very sharp points bruised the skins ,nd 
punctured them. The paper v.rapping normally used fo, fruit is too thin to protect the apples irom 
puncture damage. Wrapping tht apples with newspaper protected the apples from damage, but this 
cannot be used because consumers will not accept it. 

When 	we staited our experiments, we used several types of film for comparative purposes, including 
1.0 mm, 0.5 mm and 0.1 mm. Of these, 0.5 mm seems to be the most promising. 

Q. 	 (G. Marlowe) 
Of all the packaging methods you studied, it appears that the least expensive were the rice hulls and 
the compartmented cardboard containers. Most of the other methods were rather expensive. Of the 
two relatively cheap methods, which was favored by the buyers or store managers? 
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A. 	 When rice hull was used for packaging, managers of supermarkets complained of a problem in disposing 
of the hull, which they felt also presented hygiene problems and gave their stores an unclean appear
ance. They much preferred the cardboard containers, Only small-scale retail shops were prepared to 
accept fruit packaged in rice hull, and now even these are beginning to reject it. 

Q. 	 (W.J. Ho) 
Do you think of persimmon as a soft fruit or a firm one? Is here any correlation between the level 
of astringency in different varieties of persimmon and the softening problems encountered in handling 

them? 

A. 	 Temperate fruit are usually not as soft as Subtropicel ones. Although fruit such as apples can become 
soft when they are ripe, they tend to lose their taste by this stage and are rejected by the consumer. 
Similarly, only firm persimmons are chosen for sale. 

Softening in astringent persimmon cultivar" occurs very rapidly, and the taste deteriorates as the 
fruit softens. Nonastrinent cultivars taste ver, good when they soften. Both receve the same kind 
of postharvest handling. 

Q. 	 (W.J. 1-1o) 
I am 	interested in the treatment of persimmon with salt to reduce the level of astringency. This is 
also done in Taiwan by family growers. Could you please explain the physiological p.xnciples behind 

this treatment? 

A. 	 I don't know the phy ,logical explanation. Salt treatment converts the soluble tanning into an 
insoluble form. This happens because by dipping the fruit into salt, carbon hydroxide is generated 
which gives rise to the insolubie tannins, in the same way as when the fruir is treated with CO'. 

Q. 	 (W.J. Ho) 
Does this treatment sof Len the fruit? 

A. 	 No, it only reduces the astringency. 

Q. 	 (S.C Tongdee) 
Is there any use of CO2 treatment to reduce the astringency? 

A. 	 Yes, in commercial production persimmon are treated with C02 at the packing house. 

Comment: (W.Grierson) 
In ancient times a Chinese scholar wrote that if persimmon were sealed in saki barrels, the astringency 
mysteriously disappeared. They were giving persimmons a CO treatment several thousand years ago!2 
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ABSTRACT 

The effect o" te'nprratureafter hrTest (,tl p/ vsio ,c'i' anti lhil halitywas ircst,ated in several 

citrs varieties. .. rrh nius plots of tilt 'S/hld[)i'F 0/ft0 /h1 /;t ltd/'illlli iollt citaka~g fi/'/ te frind tisstics 

exhi/ited brcak points at ih( critical t'nipcra fltr'. which c,)rr'spudcd cl:sc/i[ with the tenmperature at 

which chiing initil: cvc'lr ll ctO/i ic/firar. Il/' ,i,,'p/1t0 [0/tlth pecl color f i'fi't rind was also 

a./'ctccd bY f/c ri ' ( Ltt'l/'tI/il , 'tII/'. c eSt was l 'ic0141111ttMtefM/er/ftC /l illS, 1 /i')' coh,,r ,htaim'd (it 

f !t'1/I ll t' Wl/hih n'/lic/i i 1 trilt'oit, II 'ilrtll varic'icsflx fl d ct/it U/rs. 

INTRODUCTION Chalutz et al.' *. have shown that the ex

tent of chilling injury after storage at temperatures 
Citrus are one of the rmost important sub- tanging from 2-12"C varicd in different citrus 

tropical fruit in the world. As shown in Table 1, cultivars. Hasegaw,' and lbal 7 have investigated 
annual production throughout the world in 1985 the cffect of ambient temperature on the peel color 

was 58,438,000 rut, which was much the same of .ome citrus cultivars grown in Japan. 

production level as banana (including plantain) or It is well known that the temperature affects 

grapes (including grapes for wine), the relative humidity in the ambient atmosphere. 

Several citrus varieties, including orange, Any change of temperature in the storage room is 

tangelo, mandarin, clemenn'ne, satsu:,., lemon, accompanied by a chanje in the relative humidity. 

lime, grapefruit and pomelo, are grown in Asicn For this reason, it is necessary when studying the 

countries (Tabie 2). Production in Asia is 22.24% effect of different storage temperatures to consider 

of the world's total citrus production . the simultaneous effect of humidity. 

The most important citrus grown in Asia are This paper will deal with the effect of the 

oranges, followed by tangelo, the mandarin group, temperature and humidity levels in storage facilities 

lemons and other sour citrus, and granefruit. on physiology and storage quality in several citrus 

Citrus fruits have a relatively long postharvest varieties. 

life in compari~cn with other subtropical and trop

ical fruit. The type of handling before and after MATERIALS AND METHODS 

harvest, and the citrus variety and culivar, may 

both influence fruit quality in marketing. The fruit of twelve citrus rieties -hassaku 

Cit:us fruits are sensitive to chilling. A large (Citrus hassahui hort ex Tanaka), hanayu (C'. hanlau 

amount of research has been carried out on methods hort ex Shiral), iyo (C i o hort ex Tanal.a *;vs. 

to ameliorate chilling injury to citrus fruit, including Miyauchi and Ohtani), kabosu (C. sphaerocurpa 
conditioning . , treatment with TBZ (thia- hort ex Shirai), kinukawa (C. glaherrina hort ex 

bendazole) 5 6' , high carbon dioxide ' -', oil9 , Tanaka), kishiu-mikan (('. kinokuni hort ex 

and film packaging 9 . 10 1 .1 *2. 3.14. Tanaka), satsudaidai (C natsudaidai Hayata cv. 
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Table 1. Annual world production of citrus fruit 

Unit: 1000 nit 

1980 1981 1982 1983 1984 1985
 

Worl d prodUctOn 
orange 38,463 37,751 35,952 39,;08 39,432 41,289
tangelo* 7.26/ 7,106 7,218 8.063 6,580 /,499
Ilmon and lime 4.878 5,524 5,234 5,801 5.136 5,461
lJapoll ult ad )pnme;0 4,470 4,356 4,484 4,269 3,971 4,061

othels 913 
 911 960 1,098 1.015 1,128
total 
 55,986 55,648 
 53,848 58,839 56,16,4 59,438 

Asia 
orange 6,038 6.2,34 6.0 ) i,,) 3l1 7,002 /,151
langelo 3,/42 3,690 3,724 4,191 3.234 3.861 
le2 ol anldlinie1 1.212 1,245 1,306 1.317 1,338 1,240 
grap:efflit adll poi1rilo 850 861 895 1,073 1,025 1.033
others 422 408 449 
 505 465 536 
total 
 12,264 12,438 13.064 14,01/ 13,064 13,821
 

Table 2. Annual production of cith 's cultivars in Asian countries, 1985 

Unit: 1000 mt 

China India Israel Turkey Pakistan Japan Indonesia
Orange 
 1,700* 1,350' 900 720 530 420 
 380*
 

Japan Korea China Turkey Pakistan Israel Iraq
Tangelo, mandarin, 2,494 371 250 
 229 21 * 46 *
*60 

clemantine, Sitsum,, 

India Turkey China Israel Cyprus Philippines Lebanon
Lemon and lime 450* 300 
 112" 65* 52' 46 40*
 

Israel Thailand China Cyprus Philippines Turkey Lebanon
Grapefruit and pomelo 380 240 272* 100 40' 23 20' 

I rA) ",illiI', 

Kawano), navel orange (C sinensis Osbeck var. Respiratory rate was measured by gas chro
brasiliensis Tanaka cvs. Fukuhara, Shirayanagi and matography (TCD). Discs of rind tissue were
Morita), ponkan (C.reticulate Blanco), sudachi (C. immersed in a measured volume of deionized water
sudachi hart ex Shirai), Satsuma mandarin (C. at different temperatures. After incubation, the
unshiu Marc. cvs. Owari and Miyagawa-wase), and level of potassium which had leaked from the discs 
yusu (C./tmus Sieb. ex Tanaka)) were sorted of rind was measured, using an atomic absorption
according to their maturity, size and grade. They spectrophotometer. Peel color was determined by 
were then stored in rooms maintained at a constant a Hunter type color meter. 
temperature (± 1°C). 
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Plate 1. Chilling injury in Kinukawa citrus fruit 

4.
 

Plate 2. Cell damage caused by chilling injury 
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RESULTS natsudaidai and kabosu also exhibited linear lines, 
with break points at 130, 110, 90, 100, 50, 4.50 and 

Arhenius Plots of Respiratory Rate of 4.0°C, respectively (Fig. 2)' ' 
1

9 . These two fig-
Citrus Cultivars ures may indicate why the respiration of citrus 

cultivars responds differently to temperatures that 
Fig. 1 shows the relationship between the are higher or lower than the cultivar's particular 

respiratory rate of two cultivars, Satsuma mandarin 6break point' 
cv. Miyagawa-wase and kishiu-mikan, at different 
temperatures. The Figure shows the logarithm and Arrhenius Plots of Potassium Ion Leakage 
reciprocal of the absolute temperature, and thus 
gives the Arrhenius plots of the respiratory rate of Fig. 3 shows the Ar'.henius plots of the rate of 
these cultivars. Both cultivars exhibited a disconti- potassiumion leakage from the rind tissues of iyo cv. 
nuty in the Arrhenius plots, indicating the break Miyauchi, kinukawa, hassaku, natsudaidai and pon
poin's. These were 7.6°C for Satsuma mandarin kan. The lines in this figure show an upward curve 
and 8.0"C for kishiu-mikan. Arrhenius plots of in the Arrhenius plots. This shape of the Arrhenius 
the respiratory rate of kinukawa, hassaku, iyo cv. plots may suggest increased permeability when the 
Miyauchi, navel orange cvs. Morita and Fukuhara, temperature is lower than the break point. 

20 

' 	 'Jat .l, tavaqjawa 

15 

E 

6' 

0 

1.0 

30 20 10 	 0 
I I 

33 3. 35 

" 
1/1 101 

Fig. 1, 	 Arrhenius plots of respiratory rate of two citrus cultivars, 
Satsuma mandarin cv. Miyagawa-wase and kishiu mikan 
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Fig. 2. ArrheniLIs Plots Of the respiratory rate of four citrus culdvars, 
hassaku, kinukawd, iyo and riatsudaidai 

N41 

i 

C ........ -I, - I]6 

Fig. 3. Arrhenius plots of the rate of potassium ion leakage from rind tissues of freshly 
harvested syo,
kinukawa, hassaku, natsudaidai and ponkan fruit
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One significant result observed in the 
Arrhenius plots of both the respiratory rate and 
the rate of potas!ium ion leakage is that the tern-
perature for the break points in Arrhenius plots 
corresponds c!osely with the critical temperature 
of chilling injury for each cultivar. Any longterm 
storage of citrus fruit should not be at a tempera-
ture below this critical point, 

Rate of the Occurrence of Physiological 
Disorders 

The rate of occurrence of physiological dis-
ease in different varieties and cultivars of citrus 
fruit stored for four months at 10, 5" and 100 C is 
shown in Table 3. The highest rate of incidence 

was found in hanayu, navel orange cv. Shirayanagi, 
iyo cv. Miyauchi, natsudaidai and kabosu stored at 
1cC. However, iyo cv. Ohtani and hassaku showed 
the highest rate of physiologicaldisease when stored 
at 50 C and 10°C, respectively, 

Schiffmann-Nad-l ct al.2) have investigated 
the effect of storage temperature, ranging from 20 
to 17C,on the shelf life of Mar:,h Seedless grape
fruit. They obtained optimum results when the 
urapefruit were stoied at 120C. Chalutz [,t(l. 

have reported that the rate of decay and chilling 
injury in grapefruit and anorange cultivars Shamouti 
and Valencia stored at differcnt ternperatures varied 
according to the cultivar. These results indicate 
that the chilling sensitivity of citrus fruit varies 
significantly in different varieties and cultivars. 

-fable 3. Percentage of incidence of physiological d iseaIse il citrus cultivars stored at 1", 50 and 100 C for 4 
months
 

Temperature hanayu navel )range iyo natsudaidai kabosu hassaku Satsuma 
(C) 'Shirayanagi' 'OhItani 'M1yaLchi" mandarin 

1 85.7 63.5 35.6 
5 1.0 7.1 71.1 

10 0 0 65.7 

Effect of Temperature and luinidity (luring 
Curing 

For the long-term storage of Satsuma man-
darin in Japan, the fruit is usually dried after 
harvest under ambient atmospheric conditions in 
order to cure it. Suitable curing treatment can re-
duce the incidence of puffy fruit, and improve fruit 
quality during storage. Curing is also effective in 
improving the fruit quality of other citrus cultivars. 

Figs. -.and 5 show respiratory changes in 
navel orange cv. Morita and iyo cv. Miyauchi during 
curing. The respiratory rate in both cultivars was 
inhibited significantly by curing. The same tenden-
cy was found in varieties of ponkan, hassaku, 
natsudaidai and semin-le. This inhibition in the 

25.5 29.4 27.5 24.1 1.0 
20.5 25.5 5.0 15.4 0 

3.5 19.6 2.0 69.5 0 

respiratory rate from curing was found to continue 

for considerable periods of storage. This low rate 
of respiration may result in a decrease in the con
sumption of the constituents of the juice of the 
fruit. 

Temperature levels during curing may also 
affect the peel color of citrus cultivars. Figs. 6 and 
7 show the effect of temperature and humidity 
during curing on the peel color of stored iyo cv. 
Miyauchi and navel orange cv, Morita. In both 
cultivars, curing ac 15 C resulted in the best fruit 
color after storage, while storage at 10C or 24 0 C 
gave fruit a poor color. The same tendency was 
found in the fruit of natsudaidai cv. Kawano and 
hassaku. 
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0- I 1,1 h91 

Fig. 4. Respiratory changes in navel orange cv. Fig. 5. Respiratory changes of iyo cv. Miyauchi 
Morita duifing curing at different humi- during curing at different humidities 
dities (+i: significant clifference at I% (i+: significant difference at 1% level) 
level; i: significant different at 5% level) 
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Fig. 6. Effect of curing at different temperatures and humidities on peel color of iyo cv. Miyauchi stored 
at 5'C. (Dec. 9 -March 10; Colcr score: 0 poor, 6 =excellent) 
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5 

4 

0 
o 3 

S2 

Temp. (°C) 1 5 	 10 15 20 24 
Humidity low high low high low high low high low high low high 

LSD 5% 	 a a a aa value b b b b 	 ab b 	 h 
C C C C C C C C c 
d d d d d 	 d d d d 

Fig. 7. 	 Effect of cirring at different ternperatures and humidities on peel color of navel orange cv. Morita 
stored at 5'C. (Dec. 15 -- Feb. 14; Coiot sccre: 0 - poor, 6 '--excellent) 

Acidity in the fruit is a1h;n .iffected by the and the sugar and acid content in the pulp.
 
temperature during curing (Tablu 4). Ponkan, iyo 
 Figs. 8 	 and 9 show the effect of storage 
cv. Miyauchi and hassaku were able to retain a temperature on color development in the rind of 
higher acidity content when they were cured at a Satsuma mandarin cv. Owari and navel orange cv. 
higher temperature than when they wcie cured at Shirayanagi. The value of a/b Jn the measurement 
a lower one. This result is of great interest, because of the Hunter color meter indicates where the fruit 
a high temperature generally induces a high :ate of lies between red and green: a high a/b value means 
respiration and a high rate of consumption of the a high degree of orange color. In the ca:re of 
fruit components. It seems likely that some citrus Satsuma mandarin, storage at 20"C induced the 
cultivars have a special pathway of acird consump- most beautiful peel color (Fig. 8). However, the 
tion at low temperatures, most acc 'table orange color in navel orange was 

induced 'jystoring the fruit at 100 C (Fig. 9).

Effect of Storage Temperature on Color fAs indicated 
 in Table 5, the optimum tem-
Development peratire for peel color iaried for different citrus 

varieties and cultivars. Lower or higher storage 
The peel color of citrus fruit tends to influ- temperatures than the optimum resulted in poor 

ence market quality, because there is some correla- rind color. However, there are several problems in 
tion between the degree of orange color in the rind keeping 	fruit at high temperatures, such as the rate 
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Table 4. Effect of curing at different temperatures and humidities on titratable acidity in citrus cultivars 

stored at 53C, 88 ± 5% RH (% as citric acid) 

, T.en ptr.:t r e . ... . . . 

Cfcujri 
24'C 20°C 15°C i0°C 5°C IC 

,c' low high low high low high low high low nigh low high 

Cultivar 

ponkan 	 1.225 j.,79 1.175 1.228 1.002 1.388 0.790 1.063 0.903 0.924 0.736 0.862 

b a bc I) oe bcd fq bed defg clef g efg 

iyo'Miyauchi' 	 2.258 2.105 2.056 2.1,11 2.099 2.225 1.990 2.077 2.203 2.088 1.984 1.963 

a 't o) ih a) a b a!h a oh h b 

hassaku 1.953 2.255 2.115 2.172 2.124 2.129 2.040 2.000 2.011 1.975 1.900 2.007 

d a bc ah abc abc ncd cd cd c d cd 

natsuldaidai 	 2.986 3.005 2.961 3,055 2.742 2,783 2.631 2.791 2.661 2.713 2.497 2.793 

ab ab ab a bcd abcd Cd abc cd bed d ob 

.otu)Ia~a~)riohd: t>onkai: I)cc. 9) March 14;iv,) 1)10. 9- ..\pril Slhiassaku: l~cc. 22-.May 20; iatsulaidai: Ja. 17.-June 20 

M all's ill t a,,' row t difh'rcnt htt,-r arc sit,nilicantlv dilforuit at a 5 , heelisaII \,it 
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Fig. 8. Effect of storage temp'--;ure 

development of the peel of 

mandarin cv. Owari 

on color 

Satsuma 

Fig. 9. Effec:t of storage temperature on coloi 

development of peel of navel orange cv. 

Shirayanagi 
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Table 5. Optimum temperatures for good color development (a/b) of peei in citrus cultivars 

Satsurna 
rnandarir 

ly 

'Ohtani' M: ,aucli' 

Storage temperature 
(oC) 20 15 15 

of microbial decay and shriveling. The fruit of 
sudacl, atnd kabosu fairly acceptable in the 
market when it is sold with a greer. color, as both 
are a sour type of citus. The chlorophyll content 
in the rind decreases rapidly if these two cultivars 
are stored at I5°C, . the peel color turns to pale 
yellow, o mucha er temperature should be 
used. 

These results indicate that the storage tern-
perature of citrus fruit should bedecided according 
to the relevant factors, which include the variety 
,id cultivar concerned, and the length of the 
storage period. 
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DISCUSSION 

Q. 	 (F.W. Liu) 
You plotted the respiration rate and ascertained the break point, and then observed the chilling injury. 
Do these break points show a close correlation with the genetically determined injury development 

temperature? in your figures, chilling injury appears in the temperature rang, 0-6 0C, while the break 
point is rather higher. 

A. 	 This is a good question. There is some cross correlat'on between the temperature of the break point 
and the temperature at which chilling injury occurs, hut there is some difference in the actual 

temperature involved. The break points reflect the respiration rate and thus the total physiological 
change in the fruit, not just the chilling injury. 

Comment: (W. Grierson) 

We owe a debt of thanks to Dr. Murata. Ali of us here have two different lives -- we are working with 
growers and dealers, who make their living out of these fruits, and most of our papers have dealt 
with their practical problems. However, as scienti::ts we have to try and find out why these problems 

occur. 

Dr. Murata has touched on a number of things which are very fundamental. The same break points 
in respiration occur when comparing cold-blooded and warm-blooded animals, as shown in one 
brilliant experiment carried out by a Californian scientist -- he showed the same gradients that we 

get in chilling and non-chilling fruit. 
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This change you demonstrated in respiration rates at different humidities is very interesting. How 
does humidity have such a profound effect on the fruit? The only effect most people think of is
shrivelling, but in your experiments humidity is affecting both resniration and color. !n my work on 
humidity effects, I've chosen to pursue the mechanism of stress, to see whether the changes are being
brought about because the fruit is being subjected to various levels of stress. Some of my colleagues 
are studying the effect of humidity on growth regulators. I think all of us here should go ba to
Dr. Murata's paoer, and read it with the thought that here someone is forcing us to ask ourselves ,.hy
these things happen to the fruit we are trying to p-esent so beautifully to the people in the market
plac:e. 

Q. 	 (S.C. Tongdee) 
When you observed the fruit for chilling injury, did you do this immediately after it was removed 
from the controlled storage, or did you first keep it at room temperature for several days? 

A. The chilling injury was observed immediately after the fruit had been taken from storage. 

Comment: (S.C. Tongdee) 
I think it pos.;ibie that chilling injury at low temperatures might occur but not become evident until 
a few days after the fruit had been removed from storage. 
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ABSTRACT 

This paper first anah'zes thc r /,rts,j rch cl. that h'lad to ehuicition ol tie hiosynthetic pawhway of 
ethy'lene, a platt horinoie which rcgu/atcs mhin, aspects of growth and der'clOpnt',t in higher plants. 

It is fil/owed h' a fitrther discuSSion l Ol tOl'r~lcent prVt'reS il lis (fiel,wi/h iC:hs.'ds .tecoljugation 

, I (C 1:) /-(n iI r'aiin )(l r (/l,/-('-lta t x. 'tic acif, the .Ir:liu,'ion of c'a id' fr-oii carbon-] of 
.A('C dutrilty its t'oil't''S'i(,l, !o ce, thlC rei,4,/'Catoionoof/ti tfhionle diiril ethtlhrnc hIctos/icnthtesis and the 
i; /tOictl1, of !('. [n, 't ptat/ tis,;':cs. TI last part of this paper discusscs tih, role 01 ethrcle, in'n ,llt.as 
fruit t~p. ';t itg, a,: io It,,;tau fhlS! tit h' 4',! / 'tt (iiit itci t'1tilt U to lian r1tropl',, anti suhtrotpi'atjruits. 

INTRODUCTION ETHYLENE BIOSYNTHESIS IN 

HIGHER PLANTS - PAST AND 
Ethylene, the simplest olefin, is a natural PRESENT RESEARCH 

plant hormone that regulates many aspects of 

plant growth and -levelopment. It is producad Elucidation of the Ethylene Biosynthetic 
by nearly all parts of 'iqher plants, and par- Pathway in Higher Plants 

ticipates in many phN,: i,gical processes such 

as breaking of dormancy, seed germination, Although ethylene is a rather simple 
seedling growth, stress iesponse, flowering, fruit compound, with only two carbons and one double 
ripening, leaf abscission and senescence.' For bend, full elucidation of its biosynthetic pathway 

a long time, ethylene has been a central concern in higher plants (Fig. I ) was not an easy task. 
of many postharvest physiologists because of During the late 1960s, much effort was 
its far-reaching effects on horticultural products. devoted to determining what might be the precursor 
During the past twenty years, significant progress of ethylene ill riro. This was because there are 

has been made in understanding ethylene bio- a large number of cornpouncis which can be 
synthesis and its regulation in higher plants 5 . converted into ethylene through various chemical 

The biochemical and molecular basis of many reactions. Event.Jally, methionine gained wide 
physiological processes kno,,,n to hberegulated acceptance as the sole precursor of ethylene 'n 

by ethylene are now also being studied''. This higher plants; all other compounds were 
paper outlines the background and recent abandoned due to lack of evidence5 0. Methionine 

developments in research into ethylene biosyn- was not only a good ethylene precursor in model 
thesis, and discusses the role of ethylene in reaction systems 6 - 5", but was lso a good 

the postharvest physiology of tropical and sub- substrate for ethylene production in apple 
.tropical fruit. tissues 2' Craclusive evidence was provided by 
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5Fig. 1. Ethylene oiosynthesis 	 and the methionine cycle (modified from '/angand Hoffman , Miyazaki and 
3 3
 

Yang ).
 

Abbreviations: ACC, I-aiinincclol)ropance-l-carlioxylic acid; AI)E, adenine; KMI(, 2-keto-4-mcthylthiobutyric 
acid, NIACC, 1-(manilony lami no)-c yclo propane-I -carho xy lic acid; Net, methionine;NiTA, 5 'mcthylthioadenosine; 
NlTR, 5-ic hyltioriloi , ,NITR-I-IP, 5-in eth ylt iioril)osc-1-)h usph'at r; S.ANI, S-adc nosylinethioninc. 

Baur and his colleagues", who demonstrated that A" .ough results from model systems 
the conversion of labelled methionine to ethylene suggested a mechanism for the direct conversion 
in vivo paralleled that found in endogenous ethyl- of methionine to ethylene via a free r3dical reac
ene production. Since then, methionine has been tion 9 , efforts to isolate a cell-free system that 
showi to be converted to ethylene in many could convert methionine to ethylene were un

.othe; types of tissue2 9 .	 successful 2 11 On the other hand, several in vivo 
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observations suggested that methionine might 
be converted to ethylene through some inter-
mediate cornpound(s) The inhibition of 
ethylene production from methionine by 2. 4-
dinitrolphenol (DNP), an uncoupler of oxidative 
phosphorylation. implic that ATP may be 

involved in this proces!;s In 1973, Burgi-
propo:sed that S-adenosylmerhion, ne (SAM), the 

.ATP-activated form of methionine, inight be

an 	 intermediate in ethylene biosyn thesis. A 
yea later, Mn, Ir od Y fi1 proposed a 
nechmi!n , by vhich S;AM Wvis fiaginen ted into 

eth yle.n C,)., fornic icid, NI1, ind b-methyl 
thioadenosine (t'T, ' w,isA\dains and YaneC,1
 

who proved concltusively that hA is an inter-

mediate in ethylene biosynthesis, ba:;ed on the
 
following evidence. 


I. MTA the expected nucleo side fragnent
 
from SAM w- formed flornmeth1yl '1i1d 


sulfur labelled methionine in cliractemic 

apple tissue, 
2. 	 The formiiion of MT/\ nd r'THBwa; observed 


only in climac teric apple: . no, in piech-


macteric ones, 
3. 	 Radioactive lIbelled SAIM COU,1 be i-olated 

from a plug of ipple flesh fedl with ,beiled 

methion me, 

4. 	 MTA could be cy-sld baA- into methionine, 
so that the u!fi 1011 '.'a, conserved for 
the contirinuou:, pioduho sion Of ethyl, e" in 
apple ti;sue, a:, pre(dicted by/ I-i, and Yang' 
in 1972. 

The cvoluticn of ethylene frorn ftit ti:sue 
is oxygen dependen:. Burg and Thima,nno 
observed that apple tissue stcpped producing 
ethylene when it was kept in nitrogen, but sh, v,e 
an acceleiatct rate of ethylene poducoi. when 
it was returned to the air. They interprete this 
phenomenon as an indication that some 
metabolite accumulated during exposure to 
nitrogen which was converted into ethylene 
rapidly upon transfer LO air. This postulated 
metabolite was eventually confirmed by Adams 

,and Yanoe who fed U- 1
4 C-inethionine to apple 

tissue under nitrogen aid found that most of the 

label was converted into an unknown compound, 
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When this unknown compound was fed to apple 
tissue in normal atmosphere, it was converted 
into 'C-ethylene. They went on to identify this 
compound as 1-aminocyclopropane-il-carboxylic 

acid (ACC). They also showed that methionine 
with its inethylthio (CHS-) group labelled 

was converted into MTR via MTA under 
nitrogen. These data together suggest that 
methionine is first converted to SAM, which 
is then fragnmented into ACC and MTA. ACC 
appears to he the immediate precursor of 
ethylene, because it can be converted to 
ethylene readily by many plant tissueF 1 The 
biosyr.th-cic pathway for ethylene was thus 
established as follows' 

Methionine -SAM -ACC -Ethylene 

'urther Progress in the "tudy of Vthylene 

Biosynthesis 

Pt, 	 ('on jgatiol of A(C 1o I-(malonyla'nino) 

(clopropat. I-( trho.vlic A cid (4A C(") 

Shortly after the discover of ACC as the 
immediate precursor of ethylene in higher pla,.ts, 
Amrhein cr al. found that exogenous ACC 
could be met,,Lolized inito a nonvolatile compound 
by buckwheat seedlings. This compound was 
identified t,:I -(malonylaminrio)cyclopropane-1. 

carboxylic acid (MACC). Since this compound 
form:; ACC upon acid hydrolysis, it is considered 
a conjugate -,f ACC. The same finding was 
obtained by Hoffnian ci ail . in water-stressed 
wheat leaves, which produced MACC as an endo
genou; metaholite of ACC MACC was later 
isolated and identified in many other types of 
tis:ue'. Since LAC" ethylene produceri a poor 
in iio, it is generally thought that MACC is a 
biologically inactive end product of ACC 2 1 . 

However, recent research shows that under certain 
conditions, MACC can be hydrolyzed back to 
ACC in some types of tissue 2 . It is now believed 
that MACC is the major ACC conjugate found 
in nature, and that it is widely present in plant 

tissues. 



Formation of Cyanide from Carhon-I of CI('C replenish the methionine pool. Their suggestion
During Its Conitversion to Ethylene was shown to be true when Adams and Yang 2

demonstrated that the mcthylthio group of SAM 
It has been soundly established that ethylene viis conserved in MTA and was later recycled back 

is derived from C-3 and C 4 of methionine, which to methionine. However, the source of the 2
corresponds to the C-2 and C-3 of ACC. The aminobutyrate moietyofmethioninewasnotdeter
fate of the rest of the ACC molecule, however, mined. Since then, it has been found that in some 
was not determined until much later. On the animal tissues and micro-organisms, the ribose moi
basis of a reaction mechanism in which I -phenyl ety of MTA as welt a, the methylthio group was in
cyclopropylamine is oxidizt.d to ethylene and 3corporated into methionine as one unit7 

.4 . On re
benzylnitrile"', A(arn. and Yang t proposed a examininu- the methionine salvage pathway in 
similar mechanism for the in ro conversion hilher plant tissues, Yung ct il.5 and Wang
of ACC to ethylene. By this mechanism, ACC tl al.*" were able to obtain the same result. 
was oxidized to ethylene and cyanoformic acid. Thus it is clear that during ethylene biosyntheis,
Since the cyanoformic acid was unstable, it the methylthio group of the methionine molecule 
decomposed intu ccr eon dioxide and cyanide, is recycled (Fig. I ). and that all the carbon atoms,
The formna:ion of these proctucts was eveatuclly iicliuding ethylene are eventually derived from the 
demon'si,,,;ed by Peiser ctila ' in 1984. 1ibose moiety of ATPt
 
They fed 1'.arboxyl- 1;CI and II CI ACC
 
to etiolated 
mung be,,n hypocotyls, -id found the Puarifcalion fA1CC'1 .t' h(.*e j*'on E'tiolated 
label to ippear in CO: and carbon-4 of aparagine Muii,' Bean f.IvpOcotyl
 
respectively. Since ithad been shown that in plant
 
tissues, cyanide is rapkdly metabolized by an Since ACC synthase, the enzyme that 
enzyme called j3-cyano-danine synthase to form catalyzes th,:fragmentation of SAM into ACC 
cyanoalanine, which vias then converted into and MTA, is a key enzyme in ethylene bio
asparagine by a hydrolase, it was concluded that synthesis, many attempts have be', made to
 
cyanide was the initial product of carbon 1 of ACC 
 isolate and characterize this enzym -iowever, 
during itsconversion t ethylene. The same results despite the fact that ACC synthase activity has
 
were later reporter 
 .'Pirrungtic and Mizutani been demonstrated in a number of tissues, the 

4
et[al. .Since .he.zymenctiqity ofi -cyalnoalanine enzyme proved to be very unstable, and purificasynthase is usually :one o.Jer of magnitude greater tion was difficult' . Recently, several reports
 
'
than that of ethyiene s,,nthesis 2 it is believed that have indicated progress in this field' " and one
plant tissues have ample t,:,. to. metabolize of
,:ity them has claimed to h've achieved complete 

All the cyanide tha. is formed during ethvlene purification of ACC synthase with good recovery
biosynthesis3 

.; 7 . The purification steps used by this latter 
group are described hlie briefly: etiolated mung

In the Methionme ('ol', the (arbon Skeletcn of hypocotyls were ground and mixed with a 1.5 M 
4felhionine is Derir'ed fio0n the RiboMe Moiet' potassium phosphate buffer (pH 8.0) containing 
o A I' 4.0 mM DTE and 0.5 puM pyridoxal phosphate. 

The use of a high concentration (1.5 M) phos.
It has been shown that the level of me- phate buffer effectively stabilized the enzyme and 

thionine in apple tissue is too low to sustain a preserved its activity. The enzyme was purified
normal rate of ethylene production, nor are approximately I100-fold with 25% activity recovery
there any volatile sulfur compounds released by after the following four steps of purification: 

.the fruit 9 Because of this, Baur and Yang 9 (I) stepwi:c hydroxyapatite chromatography, 
postulated that the sulfur is being recycled to (2) Phenyl-Sepharose CL-4B hydrophobic chro. 
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matography, 	 complete, indicating the lack of information 

(3) 	 gradient hydroxyapatite chromatography, in this field. 

(4) 	 Fast Protein Liquid Chromatography (FPLC) It has been established that in climacteric 
with a Mono-Q anion exchanger colunmn. 

The purified enzym2 showed a single band at 

65 kD on SDS PAGE, but had an estimated 

molecular weight of 125 kD by gel filtration. Table 1, Classification of tropical and subtropical 
Therefore. it was concluded that ACC synthase fruits according to their respiratory 

consisted of two identicafl subunits. It is hoped patterns 

that this breakthrough i thre study of ethylene 
biosynthesis will soon appear ini a formal journal Cliacteric fruit Reference 

111 Scientific111eso that its procedures can be followed by other ci tIlat 

interested people. This will definitely speed tip '\vocado I,rsea americana 1 

our understanding of th, regulation of ethylene Ba na na IMusISapientul 1 
Breadfruit .- rtucarpus altiliS 1

bosynthesis at a molecular level. 	 Carai bola %verrhoa c.ra,,ho/a 3 

CacrmoPa .Atnroa chermola 1 

ETHYLENE AND THE RIPENING 	 Chico ,lanilkara apota 2 

Fciloa IPeijoas'llrm,ina 1OF 	 TROPICAL 
,,.ava I'$idium Auajava 1 

AND SUBTROPICAL FRUIT Jackfruit 4.rt, car/ms beteropbylhs I 
Mailmmee apple .Ala,,,,ln1c.; aniericana 1 

The ripning of fruit m -y be defined as the 	 Mango llangiiraindlica 1 
Papaw ('awpaw) A shnina triloba 1 

sequence of changes in color, flavor and texture Papaya Caricapapaya 1 

which ledrl to the state at which the fruit ir read' Passio0 fruit Passiflora edulis 1 

for eating" 2 The relationship between ethylene Plantain Musa paradismaca 2 
Sapote (.asioiroa,'duli$ 1 

and fruit ripening is probably the most intriguing Sousop Anilif muricata 1 

subject in ethylene physiology, Sogar aphi .4111o,11 sqlaniosa 4 

Generally -,peaking, fruits from all climatic 
Non-clirracteric fruit 

zones can be classified, according to the pattern C11)tae Scicntific name Reference 

of their postharvest drift in respiration, into 
climacteric and non-cliniacteric fruit'' . The torrn: Cacao iheobroma cacao I 

C rapetfu it Citrus par i;i 1 
Pi la acupa2 ava (a,l ) iugen ri n 1

.clim acteric" was first used by Kidd and West 

to describe the rise and decline in espiiation of Lelioti Cirrus lionia 1 

apples after harvest. Accompanying this shift Lonla,, Eiupborialongana 4 

L.ychce Litcbi,-;hin,,nsis I 
in respiration are visible and dramatic changes Mountan apple .ug"ia nalacensis I 

in ripening. Recent interpretations of the concept ()live Oh'a europea 1 

of the climacteric tend to imply, not only an Orautie Citrus sinensis 1 
PlI eapple AllallaS cooo1sus I 

upsurge in respiratory activity, but also physical, Roc apple Eugeniajambos 1 

chemical, physiological and metabolic changes Surinam cherry (Pitanga) lPugeni uniflora 1 

associated with this :acrease in respiratory rate 2. laarillo (-Frce tomato) L.vpburnandra beacca 1 

Non-climacteric fruits, on the other hand, show (wSapegiu i 3aynarangensis) 

a steady downward drift in respiration and ,, 
ripening Iccrcncc: . Biahe and Youg i2relatively slow change in the various 

2. Lizada et al. 30 
parameters' " •i In Table 1, a number of tropical 3. Shicsh ,,t,1.4 5 

and subtropical fruits are classified into two 4. Unpub. data 

groups according to their respiratory patterns. 

It is obvious that this list is by no means 
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fruits, endogenous ethylene 
for the rise in respiration 
In non-climacteric fruits, 
the ethylene requirement 

4 " . 

serves as the trigger 

and fruit ripening. 
on the other hand, 

is ielatively unini 
Dortant * Usually, a physiologically active 
!oncentration of ethylene must first be ;tabIbbed 
within the cliniacteric fruit tissue before ipeNr; 1(r 
is tnti, ted. Thi; i:; iccompli!:hed cith ihy irt 
incre.ise in etlhylene biov nthyei,;, or by i, increie 
in th? serisitivity .I,- t> etliyleoc - '[ 
cc:it:.'ot OC changinqti(4 sbe :,nsttivitv ;; i ie 
iecnla'i,;sri by which plait hormone:, "."t(:'' 

is very useful in explaiining vii i.its in ehiyleie 
concenu-ation and the induction cf the clinicteric 
in different fhitit. The 
also ,acc)inpaitted by a 
produci )n. McMurchte 
concept )f two syotetiis 
System I is the ethylene 
is operating up to the 

initi,tion -it ripering 
ltqe increise In ethylene 

," ,/ ' iiti educed the 
br ethylene production, 

production systern tht 
initiation of ripenin: 

System 2 is the ethylete prcuction system 
inducedl h / fruit ripening. The induction of 
System 2 ethyletie is also called "nitocatalvtic' 
ethylene prcduction, because its production isstim 
ulated by etlylene. For climacteric fruits, ripening 
can be initiated by treatment with exoqenoui: 
ethyl, , is is a very important cominercial 
practice ir, postharvest handling of a oumbe 
of tropical fruits such as hanana, a3vocAl0 ael 
mango " '. Thes;e fruits a!e usually harvested during 
the preclimactetic stage, and are treated with 
ethylene before enterinq marketing channels, 
It is also important that ethylene x removed or 
its synthesis inhibited during shipping or storage, 
when ripening is not desirable. This is can be 
accomplished by using ethylene absorban-u:;ch 
as potassium permangatnate, ethylene scruhbers, 
physical methods of inhibiting ethylene synthesis 
such as controlled atmosphere storage, or chemical 
inhibitors of ethylene biosynthesis such as 

'AVG and AOAai.2-
It is now known that the key step regulating 

ethyl-ne production in ripening fruit is the con-
version of SAM to ACC5 

. Hoffman an,- Yang t 9 

examined the relationship between ACC content 
and ethylene prodaction in several types of 

fruit tissue. Very little ethylene was produced in pre
climacteric avocado and the ACC content was very 
low. As ripening began, there was a parallel increase 
followed by , fall in both ACC content and 
ethylene production rate (Fig. 2), indicating a 
close relationship between the two. Similar 
results were observed in banana and tomato. 
Thc increase in ACC content was due to the 
dcvcloprnent of ACC .;ynthase activity, as 
ieroi stirated in tomato ,issue hy Kende and 

-Boller"j The( t converts ACC tocnzyne .ii 
ethylene the ethyleite-formmiq enzyme (EFE) 
i:; .loi hmited in preclint,ctetic fruit tissue, but 
is activity usuly r-art:s to increase before the 

; developmem ol [ACC synthase' -;.. The signifi
c,mce of this increase in EFE activity was recently 

-discussed lv Yang> 3 

Since clitimacteric att1d i(tt -c!itiacteiic fruits 
differ ill respil tiot (Is well as other physiological 
heitlvio, it is c:;sential to know to which category 
I fruit belongs, so that proper handling procedures 

cat be arranged. The previous method of using 
piitterns of respiratoty drift to distinguish climac
tetic fruit frotn tien climacteric 
found to he inadequate l , Current 
agreed that the two classes of 
distinguished by their responses 

ftiuit has been 
ly, it is generally 
fruit are better 

to exogenous 
applied e.iylene . In clirnacteric fruit, 
ethylene t:,-atttten ts acceleil:ite the onset of ripening 
and the accompaing rise inl respiration, as well as 
Systeri 2 ethylene prouction, without appreciably 
altering the climacteric patterns or magnitude of 
tespiration. In non-climacteric fruit, the respiratory 
activity is stimulated as a function of ethylene 
concentration, but there is increase in ethyleneno 
production nor any distinct ripening changes 
dssociate, with this rise. A good example of 
application of the above principles was found in 
the controversy over the tropical fruit carambola 
(starfruit). Previous reports had concluded that 
carambola was a non-climacteric fruit, on the oasis 
that there was no increase in respiration during two 

. .weeks of meusurT-ent:' 1 However, when the 
respiratory activity of carambola fruit was followed 
very carefully throughout its ontogeny, Shiesh et 
al. found that there was always a rolimacteric 
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rise in respiration regardless of the age of the fruit ..---..

(Fig. 3). Moreover, they found 

T
 
that the time 18 (A) 'CKrequired for the fruit to ripen varied with fruit age. 16 IK
 

The longest preclimacteric period was found 
 in

fruit harvested 77 days after anthesis; it tookalmost 7 3ppn

50 days for the fruit to reach the climacteric. 7 ,

Since carambola ,
 

are usually harvested fur the £ 10 0market when the fruit are 90 days old, , is easy to 8'

mistake the preclimacteric flat for an indication of

non-climateric fruit. Ethylene treatments shorten .73ppm ppm
 

the time required to reach the climacteric and j A.'.,.stimulated the early production of ethylene (Fig. 2 , , ..4), in accordance with the criteria set by Biale and -tr, 
 "
 Young . However, it should be pointed out that '
 
ethylene seems to cause autoinhibition in carambola 
, ,10fruit-' because ethylene production rates decline ., . . cK1 ,30 ppm ,Oas the ethylene concentration increases. : , ,,, 1 ,,

Although ethylene does not have -aay '8 A 85./3 Poll'dramatic effects on non-climacteric fruit 
':A J 

such as initiating autocatalytic ethylene andripening, it does have other hormonal effectson such fruit. For example, the degreening A A., J," , . A A. .
 
of citrus fruit by ethylene treatment is 
 a 

well-known commercial practice' In citrus r8 T'"- I
fruits such as lemon and Ponkan mandarin,
 
ethylene acts 
 in two ways. Firstly, it promotes
 
the synthesis of carotenoid, and secondly o L
it brings about the degradation of chlorophyll4 


0 2 64 8 10 12 14 16 18 20 22Another example i, the use of ethylene to No. days afler ethylene trctatment 
induce flowering in pineapple' , which is importat in achieving ug.orm fruit 
 maturity for Fig. 4 Effect of ethylene treatment (35 hr, 230 C)
harvesting, on ethylene production (A), and respiration 

(B) of Er-Lin carambola fruit 
CONCtUSION Source: Shiesh t al. 1987' 

Tropical and subtropical fruits have avery varied genetic background. They differ are 
not only 

gaining commercial importance, it seemsin structc:e and morphology, b.t likely that more interest will be focussed onalso in physiological and biochemical behavior, the postharvest physiology of tropical andIn the past, only a few fruits such as banana subtropical fruits.
and avocado were 

There are still a lot of questionsused in model systems for to be answered. For now, we have a goodthe study of ethv;.ne and postharvest physiology, opportunity
It is unfortunate 

to work together on postharvestthat this rich source of research problems in tropical and subtropical fruits, whichmaterial has not yet been fully explored. As are of far more interest to us than apples andmore and more tropical and subtropical fruits pears. 
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ENERGY-SAVING STORAGE OF CITRUS FRUIT IN JAPAN 

Yoshinori lasegawa
 
Okitsu Branch, 1'ru i Tre(- Research Station
 

Ministry of Agriculture, forestry and Fishe ies
 

Okitsu, Shim izt, Sh.u oka 42-1-02, Japan 

ABSTRACT 

IInJalwtil, .b t I inilito llt ilt o. I i'-1 .1 '.N" ( '7 i'illi" is pra' ct 'ach .' i , antld 's al'(lired
after lom,:-twrin .4'.?)l0*11 1:"C'WIWITr" i0 ~lonhlgc is 1Uslitil//i rct-, eratcd bdciltsM, 01tt0001,, 

tetlzp rlltl'cs / ) /ha " lri/i l / ,j . tmil'c hasl r- 1 t ( r ' ,i, tr /Wrl iIts /li'r,'o Rcli-ij cratol recv 

or ib l/l(11INC OD UCTlll. 1 Tbl le,'ei(d rouis 01tof lm, plticuld ariletillin!,ION.,,. r 

naidJ, th, ann ual of) citr u - - -j -s-hw IS 1 t,,' liSc, tInI//-- io I'r.lu,,o- - - 1 

f0it isidi5llWo m, 2.I5c Id ntowtihl //hI.qt 41/,,id(',1,l cit" (1niratlrcanijiiion c'hod Wl 

m40ay 0.1natsud 1iI- it r.'ia'ltm.-t ,,/ n Hw tl Ivac (/ lcr 175,0t0l)lls(254,0'liIll ali[ 0,lrc s 
(I suilah/c' (1nl''1,nIHH 1[ t, / ,'/ .11..r , I 'l 'ltlls Iltil, alld, i"11C WT V il*(,r , , " w illg lts, d ill ]ill(11 

d.aa)iW(IT.iOr IHis 

arSatsuma andarho imaTh remanin one \'arit 1975 198,5a
INTRODUCTIO Table 1. Proluction of majo citrus varieties in 

Japan, oter than SatSUcee mandarins 
In Japan, pr of citrustle annual hvtuction 

fuit is .5 million mt, 2.5 rii n nit of' which reProdutio (nt) 
are Satsuma mandarins. Th remaining one 1975 1985 
million mt cosir ri late-maturing varietis 
ma in ly n a tsu da id -ii (( . I I vI.,i~iid I H a y ata ), N a tSu d1a id a i 

aar, 
1 5 0 0 2 5 , 0 

iyo (C. iho Hort. ex. Tanaka), 1).-I, ku (C. ( tas bi/ H, t) 

fos thelat Hort. ex. Ti a ) and naveloraplges lyo(C. .sitllll~i Osbtck). Prcdtuciorn of all four (.ioH t.exTnk) 45,000 170,000 

varieties ha increaed rapidly during the last 

decade (see 'Tableto I). hey are harvested in p-lSakudue t h i n og s 
late December to early Feoruary, stored for 9ass2k(C. H,)r, ex Tarnaka) 
2-5 m onths, and m, rke~ed from FebruaryNa e 01I g 

to July. ~(C. 600sinensis Ost eck)1500 
Refrigeration is not needed for storing 

Satsuma mandarins, because of the lov, outdoor 

temnperatures during the sto,-ige period (December 

to March). Flowever, refrigaration is needed A3t present, late-maturing varieties are 

for the late-maturing varieties stored during April relatively profitable crops for citrus growers. 
.and May, beeaus.: the outdoor ternueratureduring -1-iowever, profits are likely to become lower in 

this period r;ps to over ]0"'C. future, partly due to the rise in storage costs. 
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There is, therefore, a need for alternative 

cool storage which is energy-saving and relatively 

cheap. A study was made of the use of micro-

computers in storage -acilities, storage sites at high 

aititudes, and abindoned caverns or tunnels. The 

results obtained were encoura(ing, paticularly for 

the third alternative, the abandoned caverns, 

already now in use for storinq citrus in Jaipan. 

REDUCING THE ENERGY 


COSTS OF STOR AGE 


I.se o 	4.icroomIlhit's J l/wrI Sartri,SmorlugcI 


As the o'stdoca t l t- at ,light falls 

below 10 C until mid \ptil in 

iroa in Jt1),1 , cltrc:;in (, I 

irnerit.Hon by initro,jwuii j 

traqe iou: at niqit ( ig 

laed ow rhi:, prmiJnIin. ,:; 

cit ii; pi od ucing 

;turerd without 

uiCr into theo 

A st-2 1erj house 

otitrticted at 

I h,lihi i'r : In:tir- . 1id 900te i 98 

nit cl (rvge: natsuIaidai)Aniiaiits; (sweet 

w os;re, il it Ci-eulse, wae; eciiippecu'estoruie 

with ermo sensor.:; inside andt outside, a 

20 	 ittw'-ult ernp 

1 0 

8 10 12 14 16 

microcomputer and ventilators. When the outside 

temperature is lower than that inside, fresh 
outdoor air is introduced into the storage house 

through the ventilators. However, it the outdoor 

temperature is below -3'C, the storage house 

is not ventilated to prevent the stored fruit from 

being damaged by chilling injury. If high outdoor 

temperature:s continue for several days, preventing 

daily ventilation, the CO: concentration inside 

the house increases to more than 1%. In this case, 

fresh air is introduced fur five minutes every three 
hows, regardless of the otdoor tenipetature. 

This pwucess is ,>,utrolled automatically 

by a microcomputer. As the results were 

encouraging, another storage house with a 

capacity of 700 mi was constructed in 1985. 

{' of 	Ihiv'hllituii' .1'ww.Sit.


The Atagiri highl,,nds at the foot of Mt. 

Fuji (3,776 rn) itrerather 	cooler than the citrus
 

pioducing area:;. The mean temperature in early 

May is only about 10 C, so that citrus fruit can 

be stored there v-.thout refrigeration (Fig. 2). 

R,, :m temp. 

18 20 22 24 2 4 

Time of day
 

Fig. 1 	Diurnal changes inanlbiert and room temperature instorage house equipped
 

with rnicroCNEputer (mid-April, 1981).
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Plate 1. Stoiage hoJl ,e a! r,iliama-cho,J ipan, with conliputerized ventilation system 

~Id
 

Plate 2. Thermosensor and microcomputer used in storage house above 
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o0 Av. monthly
20 temp.(Shimizu)20
 

15 
-- Room temp.(Asagiri) 

+4 /
 Min. temp.(Asagiri)
 
E 10 

5 .- . ' Av. monthly temp.(Ohya) 

1 2 3 4 5 6 

Months 

Fig. 2 Changes in tern peiate in Asagii i hijhlands, Onya n and Shlrnizmtone quairy cave City. 

The Misumi Township Agricultural In oni cavern (No.1) near the ground 

Cooperative has five storage houses (maximum surface, atmospheric temperature throughout 
c pacity 4,400 mt), ihe Nishiuwa Agricultural the year ranged between 3 and 15 C, and the 
Cooperative ha:; five (3,500 mt), the Taroura relative humidity ranged from 80 to 90%. 
Citrus Cooperative has two (2,000 mrt) and In another caver: (No.2), located 50 m below 
Yui Township Agricultural Cooperdtive has the ground surfta: ., the atmospheric conditions 
two (920 mt) storage houses in the Asagiri were 2-9 C, with 90-98% rehative humidity 
highlands. throughout the year. 

The Asagiri 'ighlandE are located near The average temperature outside the 
Tokyo, a major market. As well as saving energy cavern in June was 22 C, while the base rock in
costs, another benefit of' this upland storage side the cavern at a del-th of 25 cm and 90 cm 
of citrus fruit is thait s,*)ping can easily be remaiied constant at ilC and 9C, respectively 
regulated in response to price iluctuations in (Figs. 5 and 6). 
Tokyo. Generally, underground air temperatures 

are estimated to be approximately the same 
Sorage in Oh',Stone Qmui' ('aI'er% as the annual mean outside air temperature. 

As the annual mean temperature at Utsunomiya 
There are 130 huge underground caverns is 12.7'C (average of past 30 years at Utsunomiya 

in the suburbs cf Utsunomiya City, Tochigi Weather Station), the temperature inside the 
Prefecture. These are abandoned quarries where cavern was expected to be about the same. 

Ohya tuff stone, used in building walls, gates However, the actual measured temperature was 
and warehouses, was once produced. Climatic 2-9C, far lower than the estimated one. 
conditions inside several caverns belonging to This discrepancy can be explained in the 
the Byobuiwa Sekizaibu quarrying company following way. In winter, the temperature on 
were monitored', and storage trials were the ground drops below 0C at night, and the 
conducted from 1980 to 1984 (Figs. 3 and 4). outside air becomes heavier than that inside 
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p, 

Plates 3 and 4. Fruit storage in disused underground stone quarries, Jap:a 
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h:50m h 15 30m 

I hO -- .7 

250:m 

Fig. 3 

Sotjr(e: Iba '[u/ 

Longitudial sect ion of Ohya 5toile qju~i 1y (ave 
and dlatirehu rdity wo~ie 

,iii( pint at which temperature 

No. 2 

Fig. 4 Horizontal cross-section of Ohya stone quarry cavern. 
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Fig. 5 
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Day 

Changes in tempeature outside and inside the cavernand 

it, Ohya stone quarr y cavern. (Iba c't al. ) 

of base rock 

-98 



30 

28 
Outside temp. 

26 

24 / 
i 

i' 
/I 

1*/ \ i r> U1 

-\ / i ).l/ .,

20 K it \ 

18 -fi 

16 

14 
Inside temp. 

Base rock (25 cm depth) 

Base rock (60 cm depth) 

10
 

Base rock (90 crn depth) 
8
 

" , -I I I I I II 

6/13 6/14 6/15 6/16 6/17 6/18 6/19 

Date 

Fig. 6 Changes in terT perature outside and inside the cavern and 

of the base rock at point B (cf. Fig.3). (Iba etal. 
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2 

the cavern. Convection currents move 
air inside the cavern through vertical 
that the inside air temperature drops 
day during winter. Moreover, the cold 

this cold 

pits, so 

day by 

outside 
air progressively cools the base rock of the cavern, 

On the other hand, air doe,, not move 
during warm weather because the Cool ,ir inside 
the cavcr n is heavier than th.t at 
outside (! ig 7). Conseruently, 
easily transnmitted fioni Ih(:h q 
underground caverns, vjhile i !:c 
during winter works as a kind of li 
in summer. Because of this, lic 
inside the cavorn does not ise 
d ring warm months, 

ground levi 
he,:t is oct 

td t- the 
loc!i cooled 

,i tureraitor 

te1.ill::tn , 
1ly eventeven 

In oider to assess the suitability of Ohya 

20 20 

10 10 
E
 

0 -.
 

100 

E 80 

a) 

r 60 60 

20 22 24 1 

July 

caverns as a storage facility, practical storage 
trials trials were conducted over five years1" 

The results obtained are inshown Table 2. 
It is apparent that there was virtually no difference 
between the cavern and rcfrige:ated room as 
to fruit storage quality, storage life and the rate 
of fruit decay. Accordingly, Ohya caverns can 
he considered very promising as storige facilities. 

(Dhya caverns have an additional benefit. 
In q,,neral, Amanatsu c':anges are stored in Japan 
vI Iepcd individually in a polyethylene film 
haJ (0.0" mm thick), to prevent them drying 
out or being itfected bv penicillium diseases. 
However, the lihor iou; process of wrapping 
was not neces!-iry for storage in the cavern 
(see Tab!e 3). Am1rilatsu oiatnges could be stored 

5 7 9 

December 

Fig. 7 Changes in temperature and rative humidity at point C (cf. Fig. 3) insummer and winter. 
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Table 2 Quality and decay rate of ArnanLsu oranges stoiLd at Ohya and Okitsu ' 
(Iba, Y. e'tal.,1987) 

0 AC idl ~~ SSpecift . Peel % Dcayed oranges
Date of Place of " e,'i 1 % 
ae oi te ag Weight 	 Contenl Gravity o. at end ofWcjt Flesh Juice Degi ee Colge (g) 	 (/) (g/ctn ) slor age period 

0.40.786 0.63 
Apl 20 	 Ohya 299.1 65.1 67.7 1.11 10.0 


Okitsi' 296.8 65.6 66.7 1.18 9.5 0.778 0.60 0
 

1.Ob 9.7 0.775 0.63 0.7 
ay 12 .2915.hy 63.9 69.4 


...... 6.5 69.6 1.15 9.7 0.783 0.62 0
 

9.0 0.761 0.68Olhy. 29/.-1 62.3 69.0 0.74 	 1.8 
'/ 


Okitsu* 304.4 63.4 70.0 0.93 9.5 0.769 G.66 1.2 

8.2 0.741 0.60
hya 298.5 62.8 62.9 0.50 3.5 

Okitsu' 301.A 64.3 65.3 0.62 8.9 0.754 0.63 3.2
Auust 

Table 3 Quality and decay rate of Amanatsu oi anges stored in Ohya stone cavern 

(lba, Y. vt al., 1987) 

Ave acle 	 Y % Ac id Brix Spec It i Peel % Decayed oranges
Coriterr Gravt 

Treatment Weight Flesh Jukie Degree G Color June 21 Junly 21 
(g) 	 (/) (lcmn 

Plastic Wrapped 305.7 65.3 66.9 0.65 8.8 0.775 0.76 7.3 22.2 

Unwrapped 293.2 65.1 67.3 0.68 9.2 0.782 0.76 8.4 14.3 

Producing A 292.3 64.5 64.8 0.47 8.0 0.743 0.74 44.8 60.3
 

Area B 232.2 66.4 67.8 0.91 10.5 0.811 0.17 2.3 6.1
 

C 310.5 63.0 66.9 0.67 9.0 0.773 0.73 3.1 4.6
 

D 265.3 63.4 65.7 0.50 8.5 0.753 0.12 1.7 10.5
 

E 278.0 64.5 67.9 0.70 8.9 0.808 0.81 1.7 18.5
 

F 333.5 66.6 67.7 0.67 9.2 0.777 0.78 3.3 15.0
 

G 324.9 65.9 67.7 0.70 8.7 0.784 0.75 5.1 17.1
 

well without it. This made a considerable saving stored in a low temperature storage house, the 

in Libor. refrigeration costs would amiount, to 25,000,000 

In addition, storage costs in Ohya caverns yen (US$180,000"). Running costs in the Ohya 

are low, as electrical refrigeration is not required. caverns, for illumination inside the cavern, amount 

At present. 8,000 int of Ar'.,anatsu oranqes are to no more than 1,800,000 yen (US$13,000), 

being storcd in Ohya caverns. If all these were one-fourteenth of the cost of refrigerated storage. 
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In conclusion, this Lype of underground Amanatsu oranges. A total of 400 mt were 
warehouse provides a suitable environment for stored there in 1986. 
the storage of citrus fruits, and is also energy
saving and economical. REFERENCES 

Storage hl 0h(-; Kind. of Underground I. Iba, Y., Hasegawa, Y., Shimizu, K., Ezoe, 
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caverns, 44 othe. abandoned mines and tunnels I')1if TrC, Riv ,S111. ffl-k 27-42. 
in various parts of Japan weie examined as 2. Hasegawa, Y., Iba, Y., Shimizu, K. and 
prospective storage facilities. Some of these Ikegaya, Y. 1988, Energy-saving storage
have now been put to practicaI u:;e. of various citrus fruits at Ohya stone quarry 

In Mie Prefecture, an abandoned mine cavern. it/I. It:it h)c' Rc Sin. BI4 
and 	 a tunnel are now being used to store (in press). 

I)ISCUSSION 

Q. 	 (F. W. Liu)
 
You are using caves or tunnels built 
 some time ago, but are any new ones being built for 

storing fruit? 

A. 	 No - they are too expensive. 

Q. 	 (S. C. Lin)
 
As your slides showed, you are storing citrus 
 fruit in cartons in a microcomputer-controlled 
warehouse, Do you check the fruit for decay? If not, how do you control b!ue penicillin mold? 

A. 	 In these hi;h nountain storaje facilities where the tempeature is controlled by computer, 
scientists from nearby researchi station check the fruit for decay once a month and take samples. 
If an'! rot is four, all the cartons are checked. 

Q. 	 (S. C. Lin) 
Does the wall of th, storage room contain insulating material7 

A. 	 Yes, the inner wall ha.;s a layer of insulation about 10 cm thick. In addition, although air 
temperatures during the day ca i Le high in the mountains, the computerized ventilators 
eliminate temperature fluctuations within the storage f vcility. 

Q. 	 (Y. L. Chen) 
Have you considered the safety factor? Are these underground storage facilities dangerous? 

A. 	 No, they are very safe. Although Japan does have earthquakes these do not affect the 
underground storage systems. 
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Q. 	 (F. W.Liu) 
I note that you store the fruit in cardboard boxes. Do the boxes absorb moisture, or are they 

waxed? What is the humidity of thc storage? 

A. 	 The cardboarct boxes are rnot waxed, but they are loaded only five boxes deep. Even if they 

absorb some moisture they do not collapse. If they were to be packed six layers deep, the 

lowest boxes might collapse if the humidity were high. 
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VACUUM, HYDRO, AND FORCED-AIR COOLING OF FARM 
PROI)UCE AND THEIR ENERGY CONSUMPTION 

Yi-Luen Chen
 
Department of Agricultural Machinery Engineering
 

Nationa] Taiwan University

136 Chou-Shan Road, Taipei, Taiwan, Republic of China
 

ABSTRACT
 

.4it cooing, h/ydrwI,'tliii an, i 'a itt,'l ,,i an' 1// x/idchv usidt cool .fruit 'm"storage, to 
mailai ality and / tig, l,/ di1/1 Ite. I/ut ptttap'. t as I/ lc Ctosts of h' three dii rnfit

li/i 
tt'st'IflS. I aO01111 'it,/
(ooillk a/tt'ar. [it]ai' /fli t' twv) 'llcTK it ISlf)I'"Itli[ II ptO ltce c ohed, /v'allsthcr:, . Ili) Iwc'd I. mo i i Ml .coo,linlg Itl~ lill I IF 1]'/W .I'Ahlll,1/ lthcl'I'Ct111l 111li~iIll2CS ]hCat 11rd11s](T 

.[1"o fIlt,€t'l'r I ll. mT'.l'lT' /I,h Sl~l c'is/IwithI lit Cilh'TI' (00f//ii,, hdct Il'drocoo./itg
 
i % i1tlCMCrnhat,, [I/W
l/i' /W(). Ilriiql wt'iI'll'' tf.fi')'/ imtvr,,v 'P/i-itm v ¢['ll//ht .. s'riI
Il .
 

I NT ROD U C [ION 

Forced-air, hydro cooling, Vacuum, alld 

room cooling, packaige ice, ,iid top icing ,ne all 
cooling methods used to cool farm proiuci' in 
postharvest handlinj". The first thiec ,re used 
in precooling. They cool produce within hours 
or even rionutes to maintain better quality and 
give a longer storage life', 

Air Cooling 

Furc,.tl ,ti: cc~olinq ;s suitable for fruis, 
berries, fr'it typc vogeiatLes, tubers, clut flowers 
and caulifl wis 'idrocooln,j is suilable for 
stems, leafy vjet,tiles and some fruits and fruit 
type veget ile:, vicuum cooling is ,uitable for 
leafy veqit,bie,;, ,ume t,nut,vqetibles, and 
flower-type vgettible., 

Room coolhntj :mpIe.. cold Ilich 
moves around con tainui;. wherj; forced air 
cooling forces cold air to mo:u th,-ough con 
tainer vents, tis achieving mo-te rapid cooling 
as a result of the intimate contact between cold 
air and warm prodce. Room cooling may be 
too slow for many perishable commodities, 
uiscoolinj ri'te varies extensively according to 
the load, whether it is on pallets, and the type of 

coritiinei used. k'orced tir cooli.1 i;more uniform. 
Usually, itrced-ai cooling anid room cooling are 
cornmbined in i ptckinq house, the former being 
used ispi c-:,olin and tle latter as cold storage. 

11ydr)cool ing 

Hydrocoolinq removes field heat fiora fruit 
and vegetables at the time of harvest. It also 
washes away residues field dust, and dirt from 
tiue produce to be cooled. Adding certain 
chemicals to the cooling water, such as chlorine 
or iodine solutions, destroys harmfu; bacteria 
on the surface of fruit anrd vegetables.
 

Hydrocoolimg is carried out 
 by flooding 
or by immersion or by a coin bination of the 
two. Flooding showers the produce with an 
abundance of cold water from overhead perforated 
flood pans. The produce being cooled is either 
s;itionary or moving on a conveyor belt. For 
immersion cooling, packed or bulk produce is 
stbmerged in agitated cold water. The flow rate 
of cold water is about i0 1/s per square meter of 
distributor pan surface. The conveyor advances 
the product under the flow of water at a rate of 
about 30 cm/minute". Cooling is very fast. 
Uniform cooling can be achieved if the method 
is properly used, but temperatures may vary widely 
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and sanitation meisures aru essential. Tie product 
must be able to tolerate wetting, and water 
tolerant shipping containers may be needed. 

Vacuum Cooling 

Vacuum cooling is used for certain vegetable 
crops. It is Lasica!ll an evaporative cooling 
process, whereby water is supplied by the com-
modity b2ug cooled. Absolute pressure sur-
Counding the commodity is ieduced, which 
lower.s the boiling temperature of water. If the 
pressuie is lowered enough, water will boil at 

the temperature of the prc;dIce. Seii;ible heat 
is gicen off by the prcdlutci to change liquid 
water into water vapor, and so the produce cools. 
Mushrooms and leafy vegetables !such as lettuce 
release water vapor rapidly 2nough for vacuum 
cooliri to ie very efficient. Cooling time varies 
from 0.5 to l.- hours. Commodities must have 
a favorable surface-tom is, ratIo fo,' this cooling 
methoct to t!0effective. it ciuses Ibout I", 
weight loss for each () C cooled. At procedure 
is available which adds witer during coolinq to 
prevent this weight lo;: but tne equipment 
involved is expenrive amd water tolerant ;hipping 

containers are nep:,-d. 

Energy Consumption of l)ifferent Cooling 
Systems 

A limited amount of research has been 
done on the energy consumption of different types 
of cooling system. An engineering consulting 
firm has reported that one lettuce vacuum cooler 
operation had an energy usc of 0.25 kwh per 
carton (a cirton of' head lcttuce weighs about 
25 kg, and is typically cooled from a field 

temperature of about 20"C to about 2"C). This 
is equivalent to an energy consumption of 0.56 
kwh to reduce I mt by I C (mt/-1 'C). Some 
of the earliest work, on an ice cooled hydrocooler 
indicated an average energy use of 0.04 melted 
ice per kg/-i C cl product cooling, equivalent to 
3.7 kwh/mt/-lC' 2 . Bennett' defined cooling 
energy use efficiency as the amount of sensible 

heat removed from the product, divided by the 
refrigeration capacity of the cooling facility. 
He found that the efficiency of using hydrocooling 

for peaches fell in the range of 0.42 0.90'. 
Using the same definition, Grierson, Bennett, 

Soule and others7 "' have found the energy 
use efficiency of forced-air cooling to be in the 
range of 0.17 to 0.58 for orang.s, tangelos, apples 
and gralpefruit. Early in 1958, Guilloum showed 
trat only 55% of refrigeration in continuous 
tyue hydro coolers was used to bring the product 
temperature Clown: he remaining refrigeration 
was spent in supporting the process. The per. 
centage was even lower (23%) for batch type 
coolers. 

This paper summarizes recent research at 
National Taiwan Universit" and Univer-'ty of 
California at Davis on Lhe energy use of commercial 
scale cooling systems. It gives the energy use for 
the three main types of coolers, forced air cooling, 
hydrocooling and vacuum cooling. The level of 
heat input from allsources is analysed, and possible 
reasons for differences in the energy use of the 
three systems are identified. 

To compare the energy consumption of 
different cooling systems, Energy Use Coefficient 

(EC) is used in this paper. EC stands for the 

sensible heat removed from the product to be 
cooled, divided by the electrical energy used 
during the cooling operation. 

ENERGY USE IN FORCED-AIR
 

COOLING
 

Table I shows the heat inputs into two 
commercial cold storage systems on days when 
fruit packing and precooling were being carried 
out. Fig. 1 gives a pictorial representation of 

the same data. 
As mentioned above, forced-air cooling 

systems are usually installed as an integral part 
of cold storage systems, to cool produce before it 
is moved into cold storage rooms. It is difficult 
therefore to distinguish the refrigeration load 
;f the precooling system from -hat of the facility 

as a whole. However, some information was 
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cold stoi age systems during precooling operationsz
Table I Heat input in two commercial 

A Sto age 	 B Storaqe Ave. 
.
 

kwh!3 Oays V kwh/30 days % %
 
Item 

57,66 1 ,8.5 '10,000 1.3 12.9
1. 	Heat transmission through 

(7.4) (10,000) (2.6) (5.0)
walls, floors, arid ioot, (14,500) 

967 0.3 20,000 3.7 2.0 
2. 	 Heat frorn warni air 

(800) (0.,1 (16,000) (4.1) (2.3)
infiltration 

26 230,000 42.2 34.4
3. 	 Heal from produce 82,598 5 

170,200) (3-./) (195,500) (50.5) (43.1) 

7,301 ) 	 14,500 2.6 2.5
4. 	 Heat fiora people, 

(1.3) (1.2)lights, fo klift tticks etc. (2,600) (1.3) (-00) 
14.2 48.25. Heat from fans, 	 162,j40 5.3 211,000 

(,41.5) (48.3)(108,700) (55.2) (191 00,) 

3i 1,,124 100.0 545,500 100.0 100.0
6. 	 Total 


19 I,160 582,600
7. 	 Electric 0 power consumed 

during tne ,aric period I123,960)y 1413, '50)

y
 

(0.57) 	 (0.47) (0.52)
8. 	 EC (Item 3/ Itein 7) 

lris part of each cold11ziii ,, ;Ir l'"c lc:; inpuits 


.ior.;rt pliri I 


A': I r l riti e a[ Iidht for th linced-air prccooling xvIlen; whit'h 

Y	123.10(-: I <lh .( i 1 , 2l
 

41 , 750 ,
582. ,(ii)387,400,545,50(1, 

Heat transmission through walls,floors, and roofs 

.. ,---Heat from warm air 

, infiltration 

Heat from 

produce 

Heat from fans 

fromn people 
lights, forklift trucks, etc. 

Relative contribution of five types of heat input to the refrigeration 

-Heat 

Fig. 1 
load of a commercial cold storage system, including forced-air zooiing. 
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obtained fora a survey of two commercial cold 

storage systems. It found thit: 

I) Precooliq facii 1:iupfi,! only about 

ont qaa'W"3i f 01(" ui1lhl0iq ' uctule aIea 

of the whole ,tcl::; /:1t0i 

2) The prucoolinq :tii ii. u.;ng wo thirds 

of the totail ei;t ric I p,wer consumed, 
3) The heat of the product in the precooling 

area w;va bout 85",t of the totl, 

4) Four out tf 9 forLlift truck .swork11(I though, 
out the whole of.',Iition vle:-rworking in 

the precoohii anc, ond 

E\ 	 Six out of 21 lights were located in the 

precooling area. 

If the heat inputs for the cold storage 

systems are 3djusted accoiding to this informa

tion, another set of heat input data can be 

obtiined, shown in parentheses in Table I and 

in pictoriai form in Fig. 2. The figure gives a 
clear picture of how tile heat inputs of a forced 

air preccoling system are distributed. Using 

thi; calc' ation, the EC of the two forced-air 
cooling systern weie found to be 0.57 and 0.47, 

respectively. 

Heat transmission through walls, 

floors, and roofs 

Heat from warm air 
N /filtration 

Sof 	tans Heat from product 

I-eat of tans 

Heat from people, lights,
forklift trucks, itc. 

Fig. 2 	 Relative contitition of five types of heat input to the ref-igeration load of 

two commercial forced-air cooling systeris 
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ENERGY USE IN HYDROCOOLING Of the total energy consumed, 65.1% was 

used for running the compressors of the refrigera-

Nine runs of peach and plum were cooled tion system, 22.4% was used to circulate the 

in two separate hydrocoolers. On average, 78 cooling water, and the remaining 12.5% was used 
minutes Were requited lo cool the pi oduce from by rniscellaneous motors and pumps, as shown 

24.1 'C to 7.5 C. Energy consumption was 0.90 in Fig. 3.
 
kwh/mt/-i C, which is equivalent to 1.2 EC i The total heat input into the hydrocooler
 

Compressors 

Miscellincous 

// Circulating 

Fig. 3. Energy use distribution in a hydrocooler 

was also measured (Table 2). The heat from the consumption experiments were carried out for 

produce was the largest item, which implies that eight runs of lettuce and one run of cauliflower. 

hydrocoolers make more efficient use of energy Less than" 30 minutes and less than 0.5 kwh/int/ 

than forced air cooling. Heat from the environ- I C were required to cool lettuce from 23'C 

ment contributed 26 of the total. It consisted 

of all the heat transmitted to the system from the T'able 2. Relative cont, hution of five types of 

cooler's environment by conduction, convection, heat input in a Oydrocooling system 

and radiation. leat throuqh ihe pumping of 

citculating cooling water contributed 9%, starting Item % of Total 

up after changing the water was also 9%, while I.Heat from proruce 5'4 
heat from supplementary make-up water con

tributed 2,. 2. Heat from envi orrnent 26 

3. Heat from primp 9
 

ENERGY USE IN VACUUM COOLING Sfart-up, change of water 
 9 

5.Make-up water 2 

Total Total 100
Vacuum cooling performance and energy 
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to 20C. The average energy coefficient of the Fig. 4. Heat input to the refrigeration system, 
coolers were found to be 2.65 for lettuce, and on the other hand, was almost entirely from the 
1.0 	for cauliflower'. produce being cooled. 

Of the total energy consumed, 67% was 
used for operating the compressors of the refriger- DISCUSSION AND CONCLUSION 
ation system, 22% for operating tile vacuum 
pumps, and the :emaining 11% was spent for Th" energy use coefficients of forced-air, 
miscellaneous motors and pumps, as shown in hydro cooling, and vacuum cooling systems were 

Compressors 

~Vacuum 

._.__Miscellaneouspu 	 s 

Fig. 4. Energy use distributin in a vacuum cooler 

4" 5found to be 0.52, 1.2, and 2.65, respectively.- ' 

The differences between the three coolers are 
mainly due to their diffeient cooling principles, 

and the nature of the cooling media used. The 
EC of vacuum cooling is high because it is based 

on thL evaporative cooling principle. There is 
no need to move any cooling medium through 

the produce to be cooled, which is why this 

system requires less energy than forced-air or 

hydro cooling. The vacuum in the cooling retort 
minimizes heat conduction or convection between 

the environment and the produce being cooled. 

In addition, there are no people, machinery 

or light within the cooling retort, which makes 

t even more efficient. 

Both hydro cooling and forced-ai" cooling 
involve the circulation of a cooling media through 

the system. Since the heat transfer coefficient and 
the heat capacity per urit volume are much higher 

for water than for air, much less energy is required 
to move large volumes of cold water thiough 

the system to cool it. This makes forced-air 

cooling systems more costly in terms of energy 

consumption than hydrocooling. In addition, 
in a forced-air cooling system, forklift trucks 

are operating inside the system, which imposes 

an additional heat lcad to the refrigeration system, 

whereas in a hydrocooling system, the machines 
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are operating n,,sidc the cooler. 
EC varies between different coolers of the 

same type. The EC of vacuum cooling systems 
12
may range from 1.0 to 3.0 ,that of hydrocooling 

systems from 0.42 to 2.3'-, and that of 	forced-
air cooling systems from 0.17 to 0.58"-

Two major factors which affect energy use 
efficiency are the loirding of produce within 
the 	cooling space, and the kind (ofproducc to be 
cooled. Cooling a fully loaded vacuum retort 
could mean i E7 of "L0 for lettuce, whereas 
a 	 half-empty retoit >1 ]. tice would niean in 
EC 	 of only 2.0 If iaililiover Ire cooled, the 
EC can be a; low i, 

f,wr:-1:; 

use coefficient of hyTcoolint. TK he,at irpm;; 

These two .al:aio-,c! the enerv 

t,rr,, 

from the environment, fiom the circul,iting purop, 
from the warm water ,i the t;'t,no from the 
replenishing water ding operolo:, all ntiki up 
46% of the heat load t(, the retriqeron :y.;tem 
This level of heat input will rernmn much the 
same is lonq as he fa.ility iAs0ve ;, coi .I 

of 	whether the coofle, is;fully lode.d 'vhrioduce 

of/'aLc/Is ,isIilat'it) o, lIidroc,)odig. USDA 
AMS Technical Builetin No. 1292. 

2. 	 Chen, Y.L. 1984. On precoolinq of edible 
vegetable..I. ('btowv, .,l:in'ring 30, 
1: 41-53. 

,3.	Chen, Y.L. 1986. Vacuum cooling and its 
energy use analysis. .1. (Chicst ..Igri. I:n

i'inc'ring32, 1: 43-50. 
4 	Chen, Y.L. 1986. A case study of refrigera

tion l)ds .jf farm product cold storage. 
.1 ( 'th,' I 'n I:'ripn' 32, 3: 1-11. 

5. 	 Chen. Y1I. 1987 Hydrocooling of agricul
turdl products and its energy use analysis. 
.Io. h I vri. /ct emcrin.i 3: 11 -16..1 ('11m w 	 i 

6 FIlower s, L.P Ill /r,,I',l ,i/ /'-rc 
,pqj 1,J!/ 1.'t (110 I S. 

"lished hy Pia B1each Refrigeration 
Inc., tloIst Plm soeica, H'lI, U.S.A. 

7. 	Grier:on. W., A t lennett, and E. K. 
Bowvrl,1i1 I ')78 Foced ai precooling of 
citrus fruit on A moving conveyor I '."I 
/RS K .I 

8. 	 Guillou, R 1958. Some engineering aspects 
or 	 not. It 	 ,; therefore moe enety ,f!fiicien of r,)oling fruits !itd vegeiables. In/nansaf iims 
for a cooler to oinrt at full capacity and with 
the fewestossiil Interruptions. 

A compact configuration ,ind tood in;uli 
tion are certain to" Ieduce the eiergy consumpti on 
of a hydrocooling ,;ystem. Heat from 
is the most importoni :ource -iheat 
forced-air cooling system. Propef iir 
adequate container venting, neat 

the f1n1 
input in i 
flow r,ite, 

,c.ontainer 
stacking, proper refrigeration coil And duct desfign 
and good motor and fan selection, will ill make 
a difference in the energy use efficiency of the 
system. Heat of the produce i,7the ,econd big 
item. Even this heat loid can I'( rduced if the 
produce is harvested at night, ivoilirig direct 
exposure to the sunlight bexfore hringing it in 
for packing and cooling. 
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DISSCUSSION
 

Q. 	(W, Grierson) 
did you check the capital

In comparing the energy costF of hydrocooling and forced air cooling, 
Usually hydrocooling runs 

cost i.e. the tonnage of refrigerator capacity that his to be purchased? 


only about eiIlit hours a day, while forced air cooling runs 24 hours a day.
 

out operations the commodity was not coming
A. 	 No, we only cilctlated the enerqy costs. Generally in 

.A few tons, arrivinq at different times. This meant that
in continuously, but in .,epirate loads of 


the cooling system had to be repeatedly stopped and sta. ted again.
 

ill 
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POSTHARVEST DASEASES OF: SUBTROPICAL 
AND -TROPICAL FRUITS 
AND THEIR "I. ,'CONTROL 	 .. 

,Shou-Kung Sun " 

'Departmnent of Plant Pathologry
SNational Chung Hsing University i 

Taichung 40227, Taiwan, Republic of China 

ABSTRACT 

tt 

Postharvest diseases of fruit arca serious problem in Taiwan, which hasai gann, humd climate
 
anid produces fruit for export as~well as for local consumpt ion. Various methods of chemical control
 

h.o, and anthracnose, using Bacillus subtiis (s a posthaest treatment. This paper describes the
 
commoin post hanest diseases of citrus, banana, pineapple, papay ind aiigo in Taiiwan. .It
describes
 
the causal organism or predisposing, environmental factorswhcgierstotedeaan te
 
control methods used. whiohtgive a
 

INTRODUCTION 	 This is in fact two separate diseases, common 
greenhmold.bluemold and : mold .The former 

Postharvest diseases of subtropical and is caused by Penicillium digitatum while the
 
tropical frits are of great importance, especially latter is caused by P. italicum (Plate 1). In
 
in places like Taiwan where climatic conditions Taiwan, common green mold is the most'common
 
are very 'favorable for disease development. cause of decay in postharvest citrus fruit in storage
 
Control of someo'postharvest diseases can be done or on sale. Blue mold is much less common.
 
in the packing house, but many disease control Export fruit -is generally treated with a 1.500
 

2 	 measures should begin in the field. Good cultural dilution of Mvertect, with an added 0.5% Potassium ' 
practices and early application of fungicides lum to crease the effect of the Mertect. In 
can reduce losses due 'to postharvest disease. addition, growers are recommended to sp 
Controlled temperature, both' in transit and their -fruit with 1-1,000 dilution of Mertect 
in 'storage, is essential. This paper outlines in the. field, four' days before harvest, to 'reduce
 
common postharvest diseases of. fruit found incidence of decay.
 
in 'Taiwan, and the "control measures. used *'Benomyl was Iformerly used in 'packing
 
against them. ' to cnrlblue mold in Taiwan., 'After
"houses 

continuous use over several years, yU14' found~ 
'POSTHARVEST DISEASES a resistant strain of'Penlcilliumn italicum in 1977. 

OF CITRUS' A recent study by Lin, a.graduate student of a 

. Dr. Tzeng at National 'Chung Hsing Unvrst 
Common Green Mold and Blue Contact in Taiwan,'showed thiataBacillus' sub tills could 

Modinii thegowth 'of P, italicumn and, reduce ' ' 

the incidence of 'rot, in citrus fruit in' the 
"'' The most common type of decay found laboratory. Further study 'is being 'undertaken,a 

in citrus fruit is generally known as blue mold. but the results have. not~yet been published."aa'.'a 

a 	 O.~..,~. ''' ' 

113~ 



Plate 1. Citrus blue nmold (left) and qreen mold (right) 

Diplodia Rot 

This kind of rot is caused by Diphidia 
atah,n [s. The fruit is usually infected at the 

stem end, but infection may also start at the 
stylar end or at any t.lace where the ;kiii is injured. 
The fir:;t symptom is a slight discoloration 
around the button. The fruit soon becomes 
leathery and pliable, and the nod darkens to 
birow and then bl.ck;d browii. When the fruit 
has be::ome dry and mummified, it looks like 
a piece of charccal, so the disease is s;ometimes 
called charcoal rot. Although Diplodia rot can 
be found in markets or packing houses, losses 
caused by this disease are not serious. ireating 
fruit with Mertect could reduce the incidence of 
this rot. 

Phomopsis Stern-End Rot 

Phomopsis stem-end rot is caused by 
Phentopsis cirl. The perfect stage of this fungus 
is Diaporthe cirri, which also incites melanose 
in the orchard. Phorr:upsis stem-end rot is a 
leathery, pliable discoloration of a buff or brown 

color wlich encucles the stem-end of the fruit. 
In the beginning, it cannot be distinguished 
horn Diplodia rot, but later the color of 
Phomopsis stem-end rot becomes a dull brown 
or darkish drab brown, while fruit infected with 
Diplodia rot turns a much darker color cver 
the whole fruit. Phomopsis stem-end rot can be 
found in storage facilities, but at present it is not 
important ;n Taiwan. 

Sour tot 

Sour rot is a soft, watery, slimy, contact 
decay due to Oosporu citri. rantii. The disease 
is also sometimes called Oospora rot. Diseased 
fruit becomes putrid, sour, dirty and eaking. 
It is attractive to fruitflies, and eventually 

turns into a maggot-filled mass of rotten flesh. 
The fruit finally collapses into a flattened, watery 

mass. 

Citrus Black Spot 

This is primarily a field disease caused 
by (;uigmrdia ciri.arpa, the imperfect stage 
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of which is I'hwnMd ciricarpa. The fungus taken in the field, beginning a week after petal 

penetrates the fruit at a very early stage, but fall. The following fungicides are recommended: 
remains latent until the fruit ripens. Black spot Mancozeb 1-500, Antracol 1.500, Bunomyl 
is a very common postharvest disease in the 1-3000, Delan 1-4000, and Benomyl 1-4000 

market (Plate 2). Control measures should be plus summer oil (Orchex 769) 1-200. 

Plate 2,. Cit mi hl k !puot (Guwnardia citricirpa) 

POSTHARVEST DISEASES of the fingers, causing finger drop. 

OF BfkNAN A No one fungus causes crowns to 

rot in thi; way. During the winter season,
 
Main Stalk Rot (eraI,)ti'd pfitli,.\,(imperfect stage: 7hic

laii,,lst /)ar/lxi)is the usual cause. In surnmer,
 
Tnis was ,major in-transit disease in Taiwan lRo. o,,l1,'Jil h'ti,,'. (;1,csp.Iriwil 

when bananas were shpped to Japan in the MU WMWa . Ic/I'i i/inht 1n bhi'itoc. l.'.,aritlm 

old days. It wa a:;o cailed cr'own rot, since r,,scom and some oiler species can he involved. 

the rot bejin; from the (:,it surface of the crown Control of main stailk rot was easily achieved 

tissue (Plate Rti). ii koirf'rst apparent as with the intrcduction cf Thiabendazole (TBZ) 
.s softenin, and b1-Lk.n inq of the cown tissue. and improved packing and shipping in air

.
Croyi:h white myceliun rrmiy h present on conditioned containers. The T13Z can be applied 

the surface of the blackened tisssu Later on, as a dip, at a rate of 200 400 ppm. Benlate 

rot inay spread inwards; towards the pedicles at a rate of 400 ppm is also effective' 
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Plate 3. Banana crown rot (photo courtesy Dr, S.C. Hwang) 

nthranoseA m! , green fruit germinated in a film of water and 

formed 'appressoria. After 2?4-72 hours, pene.
Anthracnose is, a~serious postharvest tration pegs below the 'appressoria pierced the 

problem in, banana production in 'Taiwan,- cuticle of the 'fruit. In green fruit, no further 
since the Cavendish varieties generally grown development occurs until the fiuit begins to ripen. 
are highly susceptible to this disease. As the Simmonds9 found that the infectionI yphaefruit turns yellow in the market, brown could' remain latent for, almost five mnths 
spots develop which gradually become sunken Several hypotheses , have beOen put forward 
and ecovered with orange or salmon-colored about the latent period of infection of bana na 
acervuli of the fungus. Under highly humid anthracnose fungus, but "it seems most likely
conditions and high temperatures, a salmon- that the tannin in the green fruit has an inhibitory
colored slimy mass appears on the neffectsunken lesion '
 

which: is the 'conidia 'of e fungus. 
 Brown Control of anthracnose should ibeglnm 
patches are confined to, pel' but as ripening the field. GoodS' progresses the fungus cultral~practices, includingcan invade the pulp, removal of the'trash leaves, are recomende 

causing a watery rot. b Burden'0 . Dipping the fruit: with Benomyl 
The causal organism of anthracnose is or 1BZ before packing as recommended by 

.. be lknownto Cnollectotrichun r.usae, formerly ' pathologists is not' effective in Taiwan.> 
named-"Gloevsporiun rnusam Its perfect stage ' Since the fungus penetrates the cuticle a d
is Glomnerella cingulata. Meredith (1960) found forms aprsai urn h~al stage of fruit' 
that. the' 'fungus produced abundant conidia development, field, application of the following

-on told. banana' leaves during the dry period, and fungicides is, recommended: Mertect or ,Tilt, 
.,~.that; spores then become airborne during periods 1100dilutions, or v.Mancozeb 1-400 dilution. 

of~ an weather, "as a result of splash dispersal Only the bunch of fruit is sprayed," and"a'' 
-of 'conidia, from acer .vuli Spores deposited on polyethylene bag,.is then placed over thie'bunchi'' "~~ 
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~''Freckle or Black Spot disease which is only found after long-distance 
'transport, when the fruit reaches the storage 

Freckle iscaused by Plzyllostictina rnusamin, facility or market. The first symiptom is a,
formerly knownas Macrophmamusac. This water-soaked spot, which may appear on any 

is a serious disease of fruit and leaves'in the field part of the fruit bu t is'usuaIy-found on the 

in Taiwan, since spotted bananas are always . basal. portion. This spot gradually enlarges and 

rejected for export. Numerous small, slightly becomes a dark yellow color. The tissies soften, 

i'' raised' dark brown spots appear on the green and the juice which leaks out has a sweet

fruit. .Each spot consists of. 8.10 minute, : sour, aromatic odor. Under high temperatures, 

projecting, black pycnidia, which roughen the the disease develops quickly, the flesh collapses 

peel. The pulp is seldom affected, but spotted and the fiber is exposed. If the diseased fruit 

fruit have much reduced sales and prices, is cut open, the diseased tissue will turn black 

Cavendish. bananas are highly susceptible, while after 24-36 hr in contact with air, hence the 

Gros iMichel are. resistant. Spraying the fruit name black rot (Plate 4). 

twice monthly with I lb (.45 kg) of Maneb Black rot is caused by Ceratocystis 

plus 4 oz (.11 kg) sticker-spreader in 100 gal paradoxa,most commonly known as Thielaviopsis "1 

(378.5 1)of water reduces the disease incidence 3 . paradoxa, the imperfect stage of C. paradoxa 

The fungus also causes seedling rot and white 

Chilling Injury leaf in pineapple, pineapple disease in sugarcane 

and crown rot in banana. It is probably the most 

Bananas are a tropical fruit which are widespread pineapple fungus of the tropics. 

very sensitive to low temperatures. In the' old The fungus is a wound invader. Careful 

days, bananas were shipped in vessels which did ,harvesting of fruit without bruising the peel is 

not have any air-conditioning. Exposure of important. Painting the cut surface 'of the stem 
fruit to winter temperatures while it was in transit end with 0.5% of 50% Captan is also effective in 

,from Taiwan to Japan "often caused chilling reducing the incidence of )lack rot7 . 
injury. Although ships are now heated, chilling ' . 

injury still sc -netimes occurs in transit due to Pineapple Blackheart 

faulty refrigeration ,iothe ship. Placing bananas 
in an ordinary refrigerator, as people often ', Blackheart is a postharvest disease found 

do, may also cause chilling injury. in pineapple fruit in Taiwan over the winter. 

If bananas are exposed to temperatures season (Plate 5). Diseased fruit shows noexternal 

lower' than 1I 0C for. several days, underpeel symptoms, but when it is cut, open, the basal 

disccloration will 'appear' ° 0 If discoloration is portion of.' the fruitlets near the fruit core show 

severe, the fruit becomne a dull gray and 'th~e a brown water-soaked discoloration., In severe 
pulp- is ,not edible. Chillin in transit of . ases the flesh around the core becomes dark 

Cavendish bananas can be' avoided by making 

sure the temperCtur , does not fall below 
brown, rendering the fruit entirely useless. 

Blackheart is a physio'ogical disorder caused A 
120C. " by the low temperatures of Taiwan's winter. 

; Chang and Wu Showed that when temperatures 

PSTHARVEST DISEASES . fall to 12-13 0C or less for several days, harvested 

OF PINEAPPLE fruit will show signs of chilling injury. Sun and 

Hsu" have shown that under low temperatures, 

Black Rot the tyrosine in the cytoplasm of pineapple fruit 

cells is easily oxidized to melanin in the presence 

Black rot in pineapples is a postharvest of tyrosinase. Melanin is a brown-colored 
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Plate 4. Pineapple Wack lot caused by Ceratocystisparadoxa 

Pl te 5. Pineapple black heart (rightj 
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protein which accumulates in the cells giving When it is cut open, the flE;,n is slightly 

them a dark brown color. Tsai e't al ' ' reported pink in color. This color becomes deeper if 

that 50% of fresh pileapple fruit shipped to the fruit is heated. Sometimes canning factories 

Japan in air-conditioned containers (lI"C) suffer severe losses from pink disease, because 

in 1967 showed signs of blackheart disease when the carnpd slices are unacceptable. Pink disease 

they reached the market. it, caused by three kinds of acetic bacteria, 

hler L'ult'r o 

Pineapp'e Friuitlet Brown Rot and (;lconohactr ).Y.duns. 'Ihese bacteria are 

common saprophytes on the 'mrfacc of flowers, 

Fruitlet browrv rot is incited in the field, apples, grapes, and rotting fruit, mind are also 

but the disease is found after harvest (Plate 6). found in orchard soils. It is postulated that 

When infected fruit are cut open, many fruitlets during the flowering stage insects introduce 

show a brown discoloration and zhe flesh is these bacteria into the fruit, causing slight 

tasteless, with a hard, brittle texture, Dise-sed fermentation as the fruit ri',ens. 

fruitlets often show a radiate distribution around 

the fruit core. POSTHARVEST DISEASES 

Fruitlet brown rot is caus,.d by I:'riwinia OF PAPAYA 

anzma,, whi h is introduced into the fruit during 

flowering by wasps, bees or ants. Papaya Anthracnose 

( l 1c) aCcli. CtTe agglel ruleis, 

Pineapple Pink Di.ase This is the most common postharvest 

disease of papaya in Taiwan. Almost every 

Diseased fruit shows no external symptoms. over-ripe fruit shows signs of anthracnose. 

Plate 6. Pineapple fruitlet brown rot 
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"< The first symptoms are small round spots which 
appear on the surface of the fruit These spots 
are yellow brown in color and gradually enlarge

~and, sink into the flesh. Under high temperatures 
and humidity, salmon-colored acervuli 1grow 
out of the lesion, which is eventually covered 
with' a slimy pink mass which is the conidia 
of the causal organism.- The spots may coalesce 

together, and the fruit rots completely. 
Anthracnose is caused by Glomerella 

eingulata (imperfect stage Colletotrichum 
gloeosporioides). The pathogenesis of papaya 

anthracnose is same as for bnana anthracnose, 

but the latent eperiod of thi fungus in papaya
fruit is probably due the presence of papain 
in the immature fruit, which has been shown 
to.be inhibitory to the growth of the fungus. 
As soon as papain -disappears when the fruit 
ripens, the fungus renews its growth and 
anthrachose appears. 

Although anthracnose is a postharvest 

disease, it control should begin in the" field. 
At present, no official preventative measures 
have been recomriended in Taiwan, would.. 
suggest that four sprayings of Mancozeb or 
Delscene-M ppay, at a rate of 1500 dilution, 
starting .er flowering, and continuing at 

, 7.10 day intervals, may be helpful. W.C. Lin 
of National Chung Hsing University has reported 

'that 	 Bacillus subtilis 'had an antagonistic effect 
on anthracnose fungus, which may possibly 
be used as a biological control for papaya
anthracnose in the future'. 

POSTHARVEST DISEP,SES
 
OF MANGO
 

Mango anthracnose is caused by Glornerella 
cingulata. Pathogenesis and control are the same 
as for papaya anthracnosi. The local variety of 
mango is highly susceptible, but yellow varieties 
such as Kent are more or less tolerant (Plate 7). 

Plate 7. Mango anthracnose 
1 ' " 12 
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DISCUSSION 

Q(W. Grierson) 
I am intrigued by the use of Bacillus subtilis as a control for penicillin mold. Is it applied as a dip? 

A 	 Yes the fruit' is" dipped into a suspension of Bacillus subtilis The concentration must be 
very high for the dip to be effective. We have only preliminary results on' this treatment as yet 

Comment: W.'Griersun) 

It is a wonderful idea - whoever thought of it deserves a crown! 

Our friends from foreign countries may not know that we Chineset-"prefer bananas with small Ihe"ai 
black spots- we often call them "sesame bananas"., We feel that they are sweeter and more fragrant
Swith 	 t ese c spots caused by anthracnose or freckle? 
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A. 	 They are probably caused by anthracnose. Cavendih banana in Taiwan are very susceptible to 
this disease. Blackspot freckle has a different appearance- it protrudes above the surface of the 
skin, giving it a rough texture. 

Q. 	 (Y. Hasegawa) 
In Japan, we use Benbte to control I'enhciliiummold in citrus fruit, but we often ther, note an 
increase in the occurence of black cot (.. rc'nari dii.n Have you noticed the same effect in 
Taiwan? 

A. 	 The 1lht'rita,,r spore is very thick, and is resistant to many fungicides, including Benlate. Benlate 
caa inhibit the growth of' /'nilliun. but not .l'lt raria. To inhibit 4,l naria you need 
Polyoxin, which is made in Japan. 

Comment: (Y. HIasegaw:i)
 
Benflan (Inmioctaldine) i&etiective against 
. llWrn.rna. and is usually recommended for use in Japan. 
It is produced by tie Dai ,iippon Ink Co. Ltd., Japan. 

Comment: (W Grierson)
 
You mentioned firting strains of Pnic'iltiunm citrus 
 blue mold in Taiwan which are resistant to
Benlate but not to Mertect. In our experience, if a strain is resistant to one, it also resistant to the 
other. 

A. 	 Yes, these strains resistant to Benl.ate are not resistant to Mertect jet, but it is only a matter of time 
before they are. 

Q. 	 (S. C. Tongdee) 
Do I understand that the mango varieties grown in Taiwan are resistant to anthracnose? 

A. 	 No. There is a very large hybrid variety called "Kent" which is partially resistant, but the local 
varieties are very susceptible. 

122 



INCIDENCE AND CONTROL OF POSTHARVEST INSECT
 
PESTS FOUND IN SUBTROPICAL FRUIT IN TAIWAN
 

Tsong-Hong Su 

Department oi Entomology 

National Chung -Ising University 

250 Kuo Kuang Road, ''aichung, Taiwan, Republic of China 

ABSTRACT 

This paper hrieffh' rericvs [he comif,11 iixCC' /)cSts Jound oti frufilt oc'tilnms, banana, pineapple 

and grape in "laiwa'. Te controi tcchlniuie isad al'aint orienttal p/it Jlt are gi'en as at example. 

,at: cii cehnique, and fitiiitif i haiv'e all been carried77T sterih-re'leasc hechniq a, h i/aihljin 

out b'eui as part o] an cradicatill f'r. ''r,/? agaimns the riental Jh/it 11'. :secticidal applcations are 

(c11m (1 rCC'(r''ll tl('td 10 O' ciir /i 'iH : I)CSIS 011 7 tit, /)Itiint irall'ct inscct p'st 11ia ir'gewentm is 

to /er" i /S'ic ')'I'l 'itn cti, c()venp/hasicdin fiture' rc'warch, 1' 

INTRODUCTION A P.imber of control techniques are used against 

oriental fruit fly. 

Any evidence of' insect damage on a fruit 

may decrease or destroy its economic value Occurrence of Oriental Fruit Fly in 

to the producer, even though the fou, value Orchards, anti Injury Caused 

of the fruit may be the same as if it were 

undamaged. This forces producers to employ The population of the male oriental 

costly and eologically undesirable means of fruit fly was monitored with yellow traps 

insect control. The infestation of fruit with containing poisoned methyl eugenol, which 

insect pests after harvest may also cause them to were placed in citrus orchards The results 

lose value. This paper reviews the common insect showed that the population densihy of the 

pests of the major fruit crops in Taiwan, citrus, male fly fluctuated seaconally, falling to a 

banana, pineapple and grape. These fruits are low level during the cold season from December 

important for both local consumption and to March. It then increased from April throughout 

export. It describes in detail tlhe control measures the rest of the year. The population pezak 

used against one of the most important pests, generally appeared some time between June 

oriental fruit fly. and September. An apparent correlation was 

observed between the number of trapped male 

INSECT PESTS OF CITRUS flies and the ripening season of the fruit, as 

well as the temperature. Although the number 

More than 150 species of citrus insects of trapped males did reflect the reproductive 

and mites have bten recorded in Taiwan. potential of female flies, a two-;ieek delay was 

Of these, 15 species are considered key pests observed between fluct'iations in the number 

in citrus orchards, and must be effectively of trapped males and the .Drresponding incidence 

contrclled'. The oriental fruit fly, Dcaiis dorstlis of injured fruit in the orchard. Because of this, 

Hendel and the chaff scale, Parlatoria pcrgandei it is suggested that the best time to apply control 

Comstock, are important pests on citrus fruit, measures against male flies is the period during 
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wi" h. the host fruit are 	 ripening, particularly 
from May to November' 

-autsmnof th5.: Sterile 	 isect Technique tosedControl Oriental Fruit Fly 

A field project to control oriental fru it 
fly by using sterile insects 	was begun during the 
autumn of 1975. The sterile pupae were released 

on 
the ground in host fruit plantations in central 

and southern Taiwan. 
 Three years later, the 

technique of releasing sterile flies 
 by. aircraft 

haxofnrchard.Commodityto 67,50was adopted, and the area 	covered was extended 
7,504 ha of orchard. 

A field survey was carried out in September.
1979 to compare the populations of. 6lental 
fruit fly in areas where sterile flies had been 
released with those where they had not. Yellow 
plastic traps baited with poisoned methyl eugenol 
were . used. The resilts showed that the fruit 
fly populations iin Tungshih and Hoping, where 
aerial release of sterile flies had taken place, 
remained at 'a consistently low density compared 
with the non-release areas of Kukaan. This stable 
decrease in population was achieved 

imperted and exportedplant materials A series 
of studies hac been made on the effect of dipping

orfmga~ipig fresh fruit witi- ethylene dibromide 
EDB)- o eimagoe iesaoii 

the oriental fruit )Ly. Sc ehd rvdt ~ 
be effective for complete eradication of the fly,

and were recognized as such by the Japaese
 
government, which 1then lifted its ban' the
on 

import of oranges,. mangoes, papayas, and litchi
 
After EDB was prohibited as a fumigant 
 on
 
September 1, 1984, an alterna HiY to EDB
 
fumigation was developea, b *the Bureau of 

C 'Inspection and. Quarntine. (BCQ 

This development pavesthe way for the continued 
export of fresh fruit and vegetables to Japan,
despite the prohibition of EDB3 

. 

INSECT PESTS OF BANANA 
AND PINEAPPLE 

Seven species of insects and mites are 
considered to be major insect peits of banana 
Of these, the banana mealybug, Dysinicoccu.s 
brevipes (Cockerell) is an important postharvest

apparently pest. The banana mealybug lives 'mainly onby sexual competition from the released sterile the flower and -rowr of &e. fruit, and between
flies, and indicates the efficacy othis technique the leaf sheath and pseudostem. Bananas are 

not allowed to be exported if they are infestad
Annihilation of MAale Oriental 'Fruit Fly 	 with mealybugs. This insect was 'a serious pest 

in banana in Taiwan before Y9705, but 'sinceEfforts were made to develop a more 	 then a series of ecological and chemical controlseconomical and effective means of dispersing . have been carried out. Insecticides such as 50%poisoned methyl eugenol to control male oriental Diazinon, 50% :Sumithin, 50 Fethio and 
':'.. fruit fly. The results showed' that fine~graied . 50% Carbaryl are recommended as controlfiberboard (2 x 2 x 0.9 cm) soaked with 	2 ml ' measures. TOavoid chemical injury and residues,

methyl eugenol remained attractive for six weeks, imwcticides 'are applied only when the bananawhile cotton rope (0.7 x 	8 cm) given the same hands are half grown. It is also necesmry 'totreatment was effectiv for four weeks. clear banana fields. only to destroy mealybugs afterThe use of a combination of methyl eugenol harvest. Mealybugs also infest pineapples and
with a higher ratio of fenthion gve a more the control 
 method is the same as for banana.
 
satisfactory result 2.
 

GRAPE INSECT PESTS
 
Fumigation of 
 Fruit Against Oriental
 
Fruit Fly 
 A total of 27 species of grape. insect pests 

are recorde in Taiwan. They can be 	divided
Quaran tine measures are 	 carried out into.for four ctegories: 1. lepidopt rous la 
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2, coleopterous insects,, 3. homopterous insects 
and 4. ather polyphagous insects.' Homopterous 

,4~..insects such as scale insects and planthoppers 
---are- damnaging, -not-ony 4 bauete-4edn 

the sap, but also because of the toxicity of their 
'saliva. The citrus mealybug, Planococcus'citri 

(Risso) damages principally the 'young grape, 
while the scale insect produces honeydew which 
encourages the growth ,of sooty mold fungi. 

An armored scale 'insect, Hemiberlesia impilcata 

Maukell, is injurious to the shoots, stems, and. 

fruit. Both the citrus mealybug and the armored 
scale insect are considered important insect 
pests' on grapes. Insecticides are recommended 
to control grape insects. To. avoid the overus"'" 
of insecticides *.researchers are promoting the 
concept of integrated control in vineyards'. 

* CONCLUSION 

'The cultivation of fruit crops in Taiwan 
has provided a suitable growth medium for fruit 
insect pests. To prevent losses in yield, there 
has been a marked increase in the volume of 
insecticide applicationJ. This has caused an 

overuse of insecticides, which in so,/ cases 
has resulted in the development of insects resistant 
to insecticides, and has also increased the residues 
of insecticides on fruit. Many control measures 

have been used to control or eradicate insect 
pests, but it is now realized that a combination 
of techniquies can be applied at appropriate times 

to achieve maxmum control. with minimum"

44,i
 

disturbance of the enviroment Thus, integrated
 
systems of insect pest management will be
 
emphasized in future resea~rch,~
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FINAL DISCUSSION 

Discussion Panel 

S.C. Lin 

F.W. Liu 

W. Grierson 
A. Hassan 

1. 	 Postharvest Technology for Fruit must be Time, Location and Variety Specific 

In their inttroduction to tle Final Discw"sitIi, pan(i i'wnmhers eniphasized the need ftor postharvest
technoloK' to he dap;vr1 to speCitic local _,oldithns anldilaiwties. 

(F.W. 	 Liu)
 
Practical technology is highly time, location and 
variety specific. One of the central problems in
developing efficient postharvest lmndling systems for fiuit is how to select or develop a method 
suitable for a particular area. As one example, a hydrocooler is a very 	useful piece of' equipment,
but if 	it is installed in ihe wrong place it ;s absolutely useless. A hydrocooler in a warm climate
is also wasted unless it is part of a continuou; cool chain that includes refrigerated transport to 
keep fruit cool upt.il it reaches the consumet. 

(A. 	 Hassan)
 
With regard to the chilling process in postharvest handling, I should like to cite an 
example from 
Malaysia. In the late 1970's, -n overseas consultant was called 	 in to advise on the construction of
packing houses and cold stores. On his advice a system of 24 very modern storage houses was ouilt,
at a cost of US$300,000 to US$1.4 million per unit. They included expensive chilling equipment,
and were intended for the long 'erm storage of fruit and vegetables. They are all underutilized, and 
are in fact now considered white elephants. The fruit concerned has rather a short she!f life, even 
under optimum conditions - it can be stored for only 2-3 weeks, not 2-3 months. The climate of
Malaysia is not sharply seasonal, and so neither is our fruit harvesting season. Even if long-term 
storage of our fruit varieties were possible, there is little need for it. 

(W. Grierson)
 
We should beware of people who are trying to 
 sell large amounts of imported machinery. Most 
countries have excellent craftsmen who can do weldinq and build good equipment. In Jamaica we
imported only the pin chain for roller conveyers and local craftsneni made all the rest of the equip
nment from technical drawings. I think it is best to look first at what local craftsmen can make,
and only import what is beyond their capacity. Locally made equipment has the very great advantage
that it can easily he maintained locally. Terrible things can happen when complex imported equip
ment with electronic controls is handed over to an inexperienced farmers' cooperative! 

(S.C. 	Tongdee) 
In connection with the use of inexpensive local facilities, I was interested in the use of caves for 
storing fruit in Japan, and Dr. Liu's account of the same system being used in Mainland China. 
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(F.W. Liu) 
The purpose of building caves for storage is to conserve coldness in rock or soil when ambient tem
peratures are low, andi use this coldness to keep produce cool when ambient temperatures are high. 
Japan uses underground storage systems that are already there, it is not building new ones. In Main
land China, the labor cost is so low that they can afford to build new underground storage caves. 
Northwest China haF a very heavy clay soil, with a texture that makes it very suitable for cave 
construction Some well constructed caves can maintain a,temperature 5-6'C lower than the mean 
temperature at that particular site. in higher altitudes in hotter climates, where nights are cold, 

building caves can conserve this coldile:S in the ';nil. 

In a true tropical clinia te, unless there ire "'old nights :)r a cool season, this type of storage is not 
very useful. In a temperate ')rsubtropical co.itry, cave storage can save energy the primary 
cost is labor, so vhere labor is cheap it can be very useful. 

(W. Grierson) 
Forty or fifty years ago in Canadwi, onyone who had a slope on his farm would have what was called 
a 'common storage' dug back into the hill. Then, would he vents in the upper side, to trap cold air 
rolling down the hill, while heat would rise straight tp. We hive tried to use the same principle to 
build storage facilities in Jamaica, where an immense iniount of cold night air comes rolling down 
from the hills. It k i:;, California. in storage etween the hills ard the.ed ill facilities locatedr 


sea where sevral million lemons are kept i steady 51 C, year i:l-ind year out.
,x-,f it 

2. Fumigation 'l'cl1ti(Ju(s Ii l0pItLUe I)K1l 

One problem which re'ccie, coulhid'rahh (falfionl in the General l)iseti.ision was the recel banning 
lit both IS.I and Jlapan 0 ) used ;r)jimflgne f'uil agailst ft'uit J'. As 'et tinth, 1t1he ,i' nerall'r 
cheap replaceineut le, beenjfnnld,(nd iriou possible alternalive treatments were discussed. 

(S C. Lin) 

This morning I discusseci with fDr. Griersoit die possihle use of irradiation as an alternative to EDB, 
but it seems to be too expensive. We have tried irradiatin'i lychee in Taiwan, and found that 15 
kilorads was sufficient to kill all fruit flies. lowever, the cost was too high for us to be able to 

use the treatment commercially. 

(W. Grierson) 

One problem in costing irradiation treatment i,to achieve sufficient volume. Our tests in Florida 
have all involved pilot models which handle only a small quantity of fruit. Our first model could 
handle only two grapefruit! Gradually we worked up t- one that could handle a carton of fruit. 
However, in actual practice we would be dealing with a whole shipload of several hundred thousand 
cartons of fruit, all needing to be processed within a (lay cr two. A pilot model to handle this volume 

of fruit would ccsi US$2 million. 

We should note that 15 kilorads were enough to kill fruit flies only when the fruit were laid out in 
a singie layer for exposure to radiation. More kilorads would be needed if the layers of fruit were 
deeper, and the outside fruit might then get too high a dose. 
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(AHossan) getting irsaaionnacc)e world-)

Aatfrom the prble of cost, wemay have some problems ingtigirdito acpedwol.
 

wide it is a controversial treatment. However, it appears at the moment to be the most promising_-

(W. Grierson):
 
It isn't fumigation which is, forbidden, but EDB We have been working with methyl bromide
 
which will kill fruit fly and is still legal. When we had black fly in South Florida but not in North 
Florida, we used it to fumigate cannery loads of citrus coming from badly affected areas. -We have 
also tried it on avocado, without much success. Fumigation with methyl bromide is effective aainst 
eggs as well as live, insects, and is accepted as a complete kill by U.S. plant protection specialists 
The drawback is that it sometimes softens fruit very badly, and may not be suitable ior fruit 'intended 
for export. I would suggest that anybody.concerned with this problem might' check how the par
ticular product they'are working with can. stand up to,methyl bromide, which has not yet been 
banned.C, 

'(T. Murata) A 
. .I understand that a group in Florida are working on cold treatment for fruit to kill insect pests,

What kind of results are they getting? 
' 

(W.Grier-on) 
Yes, this is being used for both red and white varieties of grapefruit. The fruit have to be subjected 
to heat stress before they can withstand the cold treatment. We found conditioning at 35 0C to be 
quite successful, but the pre-treatment now being used is to keep the grapefruit for about a week at 

*20-25 0 C. The main difficulty is that the' temperature has to be maintained within very narrow 
limits, We don't have storage facilities in Florida which can maintain a constant temperature which 
fluctuates no more than one or two. degrees, nor can most storages on board ship do this. 1 There are 
some ships with very modern instrumentation which are capable of maintaining";a constant storage 
temperature, and so can carry out cold treatment while the fruit is in transit. Hc6wever, when we 
tried it in fruit exported to Japan there was chilling damage due to faulty instrumentation. 

The first indication we had',hat stressing fruit with heat might protect it from chilling'injury during 
cold treatment came from South Africa, where chilling injury experiments were being carried out. 
They found that fruit treated in Nelspruit was very susceptible to chilling injury and couldn't with
stand cold treatment, but that the same fruit was being treated succ ssfully in Capetown. A very
 
helpful message from Mr. L, Ginsburg told me that the fruit had been transported to Capetown
 
across the Karoo desert in unrefrigerated metal box cars, a journey which took several days. 
 k 

I didn't have any metal box car or convenient desert in Florida, so instead I used a disused metal 
evaporator housino, up on the roof. I found that keeping'grapefruit in this for afei days hardened-: 
~them against cold. The effect suddenly dsperdwhen the weather became cooler. 

This treatment is now being carried out on' a large scale' by the U.S. Department of AgricultureJ

using much- gentler conditioning' 'The conditioning 'corresponds to a'2%weight' loss, but this is an
 
indicator, not a cause '
I have stressed grapefruit 'at high temperatures in 100% humidity so there 
was no weight loss,'and the treatment was still effective. 

' !i')" i:i,% ',i].' ) 7, ' ' ' ;i: .+ t !'.(12 8 . , 



According to Mr Chen, the manager of the Tainan branch of the Taiwan Provincial Fruit Marketing 

treatment is effective it is hiot suitable for Taiwan. Constructing the.-Cooperative, evenif the coId
N ." cold storage rooms required would be,too expensive. 

+ ,(F,W. iu) ,, . . .... . . . . . : . .. , 

Many tropical and subtropical fruits are unable to withstand cold. Mr. Huang of the Taiwan Provincial 

Fruit Marketing Cooperative has mentioned heat treatment -can you descibe the current situation 

in Taiwan? 

(E.H. Huang) hr n pkn nvprha ramn o~ce 
Four 'Japanese experts are now here in Taiwan working on vapor heat treatment for/|ychee 

and mango. It has been quite successful used for lychee on a small scale, but we don't know yet 

whether we can develop the. technology to carry out the treatment on a large scale. The fruit has to 

be heated and then cooled quickly, which is easier to do on a small scale than in bulk. It worked 

for some varieties of mango, particularly)Erwin, but not for othcrs. Kent was one of the mango 

varieties which did not respond well to the treatment, The fruit of this variety is large, so it takes . 

longer to heat the center. This causes injury, and physiological disorders appear after treatment 

the conversion of starch to sugar is incomplete, some enzymes are inactivated - the result is that 

the fruit does not ripen properly, and has a fermented flavor. Similar reports have been published 

in the Philippines that sometimes vaP%.heat treatment is successful and sometimes not, according 

to the variety. What is the situation in Thailand? 

(SC. Tongdee) 
We also had four experts from Japan working in Thailand. We tested vapor heat treatment last year 

on 23 tons of mango shipped to Japan. The heat treatment itself'took only ten minutes at 45.60 C, 

but the fruit then had to be chilled again, so the chamber had to be kept at -.50 C for one hour forty

five minutes, which meant that the full treatment lasted nearly two hours. Thailand has no facilities 

of its own for this treatment and had to use equipment imported from Japan. This has given rise 

to some suspicions as towhether the main purpose of developing this treatment is to buy mangoes 

or sell equipment! 

We also found that the vapor heat treatment had prevented the mangoes from ripening properly. 

In addition, it sometimes produced jellified tissue at the center of the fruit, and there was a serious 

anthracnose problem - vapor heat treatment does not control anthracnose. Since vapor heat treat

*ment affects different varieties differently, we are now repeating the trial with other species of mango. 

(A.Hassan) 
It seems that vapor heat treatment is very recent, and more information is needed before it can be 

used in a practical way. It may give rise' to new problems, since it seems that sometimes the effect 
.. . ... ,:.
on a commercial scale,.it will probably have to be suitable formay be negative. If it is to be used ,.aag f fruits, The facilitiearerxp 

a range es are very expensive, and the cost will not be justified if they can only 

be used for mango, which is seasonal and has a harvest perird of only one or two months a year. 

(W.Grierson) 
I fact, vapor heat treatment is not new - it was used against Caribbean fruit fly in Florida inthe 

. i > " :4- . , , - , :. >! , . '+ = < 5 ; <.] -'c A' ,'- ', A
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1920's, at which time it was the only treatment available, 1 wa; used for a few years as an emei
gency measure for citrus, but unfortunately very few studies were published. The U.S. Department
of Agricuture has also i:;ed it in Calolina for peaches, to contrnl I?,,rli -nd Khiop, rot. 
helped set up a t.,(r, pactl.iug house for peaches in 195, in whi :ch the :etaciic; were fPret nfiven heat 
treatment and Then clt 111i1 a hV'doccoler. There were a Irnuabel of 'rhT'!: thfe fruit was so 
susceptible to daniage it had to) l-'- handled with ti etetaous c' ing rl bbet belts . Oddly enough,
the first fruit treated in this ,,' As.;o had I blu bAld round the middle Iron; the sponge rubber 
rohlers which wer( u:.,d '."itlmut toy effect o citteated peache.;. 

(F.W. 	 Liu) 
I should like to aI. wild siigicstioi since he, t treatment tat-e'.; too long, is thcre any possibility 
of using microwaves"? Probably fruit being treated by microwave would have to be .,rned, which 
would need rathec sophisticated technology. Does anyone know f' it is a practical possibility? 

(S.C. 	Lin) 
I have discussed this with scientists in Taiwan. They eel it is not practicable, because when the 
microwaves hit the fruit they heat different heat points to different temper)atures. Some parts of 
the fruit will overheat, and some will not reach the desired te'tpi'attire. 

(W.a. 	 Ho) 
Oil and water molecules accumulate heat under microwve. The rind of fruit contains less water 
than the ju.cy flesh inside, which means that the of thein side frit would reach too high a tern. 
perature and the rid would be too cool. As far as its effect on fruit fly is concerned, most fruit fly 
are in the rind. 

(F.W. 	 Liu) 
What effect would the microwave have on the fruit fly eggs? 

(Y.C 	 Lee) 
Microwaves were tested as a means of killing insect eggs in grain at North Carolina State University. 
Since the moisture content of the grain lowerwas than thaL of the eggs or larvae, the method was 
very successful. However, fruit and vegetables have a high waten content, and microwaves mirht 
cook the frui , before it killed the eg j. It would depend o the freqjuency used you might be 
able to find . fi eguency that killed the eggs without overheating the fruit. 

(W. 	 Grierson) 
Since mnicrovaves heat metal, one would have to make sure that the microwaves don't touch any 
metal part the fruit are going to touch, to avoid burningj the fruit, 

3. 	 Packaging of Fruit 

.Sturd' contatrs of cardboardor plastic greatli reduce the anount of damage done to fruitduring 
transport, but they are also rer expenisi'e., 

130 



(F.W. 	 Liu) 

Every country has a double standard for export and local!y consumed fruit. Export fruit receive a 

great deal of attention and a lot of new technology, whereas not much is done for fruit sold locally. 
The boxces used in Teiwan for export friii are very ,ood. hu boxes useId for local fruit do not have 

ventilamion holes. 

(S.C. 	 Lin) 
InTaiwan, farmers piAck local citrus incartons withr,tit ventilation holes because they earn more 

money by doinq this. The fruit are sold by wcight, and if there are holes in the carton the fruit 

lilldesiccate i transit and be lighter than fruit paacked in a carton without holes. It doesn't really 

ma.tter J nce Taiwam is a small island, there k only a sholt distcnccm between farms and markets. 

Ftuit c 1, ,ii1, t,,d the extretae ;)uth of Taiv; i to Taipei right up in the north ont0l1i even 
he, d';sy.:.vilhul : .: ,'ou~ilalion problells.
 

(W. Grierson) 

Where carl ti,holes are used, if local tranisport is act-refriqerated the holcs should be -t the 

bottom antd to 'f the carton, rathci than at the side. Tere i;alw..ys a temperature differential 

caused by fruit respirixtcn with he a rising of !e top l,!eei"a,; cn-,iruu in the bottom. Holes 

in the >tde do Tmt allow for t1u,. li sia : .u insd e the Ot J.acked boxes must ci ()f ,curse 


Le aliutel on pahict:;, with ', the space tl pallets.
box vetits over it, 

(W.L. 	 Chang) 

Holes in the carton weaken it. 'File area of the vents should not exceed 5%. 

(F.W. 	 Liu) 

A Califot ttian expel tha.- just designd a new box with ventilation top and bottom, but using elongated 

rather than round yen, holes. The ients ,idnot ,veaken the box. but provided excellent ventilation. 

(W.Grierscn) 
With regard to vent; and box strength, it is important to have the vents positioned properly. The 

nearer they are t'Athe crners of the box, the weaker the box will be. 

(F.W. 	 Lil:) 

Obviously m:tuy countries share the s;me problems, nhich is why an international seminar of this 

kind is so usefui. This rteetinj has been a valuable opportunity for all of us. 
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