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PREFACE

This book is the Proceedings of the seminar on “Postharvest Handling of Tropical and Subtropical
Fruit Crops”. held in Taichung, Taiwan ROC in November 1987, The seminar was co-sponsored
by the Taiwun Agriculiural Rescarch Institute (TARD, and owed much of ity success to the
organizing ability and devoted work of the organizing statf. To all of them, and to the Director
of TARL T wish to express my deep appreciation. The Center is olso indebted to the Council
of Agriculture ol ROC, which provided a large propoition of the funds for the publication
of this volume. The number of requests we have received from potential readers, even before
1t has been published. give some mdication of how badly the information it contains is needed
by those working in the field ol postharvest handling ol tropica' and subtropical truit.

Postharvest lTosses are a problem e small-scale agriculture everywhere, but are particularly
serious in the case ol fruit production, particularly the delicate fruits of the tropics and subtropics.
Although the market prospects tor such frait are good in boih domestic and overseas markets,
it has been estimated that 23% or more o truit produced in Asian countries is lost because
of improper handling and storage. 11 the fruit after harvest were 1o receive better handling,
this cnormous amount of produce would then become available on the market. to provide higher
income for farmers and quality tood for consumers.,

The papers pubbished i this proceedings give the results of a4 great deal of recent research
on such topies as chemical treatments. control of thermal stress, packaging  technigues and
storage metiods, Some very useful papers give general information on the extent and causes
of postharvest fosses of fruit, and ways i which countries can develop practical and efticient
postharvest handling systems o suit their particular needs. Several authors emphasize the
variation between species, and between ditferent varicties of the same species, in response
to porticelar handling procedures. Some varicties. for example. may respond well o cold
storoge or heot treatment. while fruit of very similar varieties may be ruined by exactly the
same treatment. OF course this does not mean thiat suceesstul technology cannot be transferred
to new species. but it dees mean that caretul testing is needed.

Fruit production is already making @ substantial contribution to the incomes of millions of
small-scale tarmers in the region: and the future outlook is extremely promising.  Given the
difficulty of cfficient postharvest handling procedures on small-scale farms. especially when
these are widely scattered and lie some distance from markets, it is encouraging that the scientists
ol this region, working with the farmers, have abready achieved such success. 1 hope this
volume, containing the rescarch and ficld experience of many distinguished scientists, will be
helpful to all those who are working to improve the quality and storaze stability of the fruit
harvested in this region,

—Z A

Cheng-Hwa Huang
Director, FFTC
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Postharvest Handling of Fruit:
Some General Considerations



DEVELOPING PRACTICAL METHODS AND FACILITIES FOR
HANDLING FRUITS IN ORDER TO MAINTAIN QUALITY
AND REDUCE LOSSES

F.W. Liu
Department of Pomology
Plant Science Building
Cornell University
Ithaca. N.Y. 14853, U.S.A.

ABSTRACT

This paper presents a general review of fuctors which must be considered when postharvest handling

systems for fruit are being designed.  Postharvest technology is often commodity and loeation specific.

Difyerent varieties of the same species may respond Jdifferentdy to the same postharvesi trearment: even

cultural practices during growth can affect postharvest phvsiologv, o design efficient postharvest handling

Systems, a sound knowledee o frudt response to mechanical stress, temperature, humidity, atmospheric

composition and other factors i needed. The sitaation of the consumer should also he understood

inereased investment or improved postharvesi svsiems is only iustificd i the onsumer can pay Jor the

ercased cost. The success of new technology depends on hove well it can be integrated into the existing

sesten, as well s the efteciivencess o the technobogy uself,

INTRODUCTION

Most fruit crops are perishable crops which
deteriorate 11 quality rapidly after harvest. It
is generally believed that postharvest losses of
fruit are high, although estimated figures differ
substantially from one report 1o another*- "<,
However, losses in quality and quantity can
often be reduced by the development and
application of improved handling methods and
facilities.  The main purpose of this paper is
to discuss the proper approach researchers
and program designers should adopt, in order
to develop pract.cal handling methods and
facilities for fruit to meet national or local needs.
It is not intended as a comprehensive review
of sophisticated postharvest technology, which
is available from many publications, some of
which are cited in this paper.

Postharvest technelogy is highly commodity-

specific and location-specific. For instance,
controlled atmosphere (CA) storage is very
useful for apples and pears, but is not appropriate
for oranges. Hydrocooling is important when
peaches and litchi are to be shipped to distant
markets, but is less useful when these fruits
are 16 be marketed locally, and is harmful to
some other fruits which cannot tolerate water
submersion or showering. Corrugated fiberboard
boxes are ideal containers for many fruits, but
they are expensive and can be used only if
the consumers can afford to cover the cost.
Therefore whether a particular technology or
facility is practical or not depeads on the kinds
and varieties of fruit, the type of markets and
marketing systems, and the economic and other
conditions. :\ systematic apprcach is often neces-
sary in the development of practical technologies.
This paper will discuss niecessary steps to be taken
in developing practical metheds and facilities,



UNDERSTANDING THE FRUIT
Fundamental  knowledge  about the
postharvest life of a fruit should be obtained
before suitable handling methods can be
developed. A general knowledae of postharvest
physiology, suck as is available in many
textbook and publications, is insufficient.
The species or variety concerned, the growing
environment, and the cultural methods make
significant  differences in the posthavest life
of fruit. Agriculture Handbook No. 46 of the
US. Deparunent of Agriculture! provides .
useful summary of the handling and storage
requirements and storage lite spans of 29 Kinds
of fruit.  However. more detailed information
is often necessary 10 develop unproved handling
methods.  Furthermore, there are many spocles
and varieties of fruit which have net vel haen
well studicd, particularly those grown in tropleil
and  subtropical  countries. New species and
varieties are frequently developed or mneduced
into new production areas.  Cultural metheds,
such as the use of raotstocks. fertilizers, qrowth

+

regulaters  and  other  agocultural  chemicals,

change f{requently Therefore, the siudy of

postharvest tlife of fruit must be 1 continuouy

effort.  The following items are most I portant.,
Maturity and Quality

Frait maturity ar harvest has a great effect
on the eating quality and keeping quality.
Unfortunately, a fruit harvested at the time
when it has optimum eating quality often does
not have the best keeping quality. Fruit harvested
earlier often has better keeping quality but poorer
eating quality  Theretore, the stage of maturity
at which a fruit is harvested is largely delermined
by the distance to the market, and the handling,
storage and transportation methods and facilities
available,
between harvest maturity, eating quality and
keeping quality should be collected in order

The basic data of the relationship

to develop useful maturity standards. Fruit
growers and packers often put too much emphasis

on keeping quality and too little on eating quality,
or vice versa. United States consumers often
complain that many fruits have poor eating
quality, despite good appearance. Mangoes,
papayas and pineapples shipped from subtropical
or tropical areas to the northern United States
are often harvested at an immature stage and
never develop good eating quality. On the other
hand, many apple growers in the northern states
harvest their apples too late, because they want
to wait for the red color. Late harvest apples
have poor keeping quality and are unfit for long-
term storage. [f the basic data of the relationship
between maturity and eating and keeping quality
are available, 2 suitable compromise can be

obtained.
Potential shelf-lite

The potential  shelf-life of fruit when
carefully harvested at different stages of com-
mercially acceptable maturity and kept at room
Shelf-life
varies  greatly between different species and

temperature should be examined.

varieties, from several hours to several weeks or
longer  While shelf life studies are being made,
the principal causes of deterioration of the fruit,
such as sarivelling, overripeness or senescence,
decay, cr other disorders, can be examined.
This information provides a useful basis for
developing oractical handling methods and for
consumer education.

Response  to Various  Temperatures,
Humidities, and Atmospheres

Refrigeration is one of the most effective
ways of extending the postharvest life of fruit.
When economic conditions permit, refrigeration
is often recommended for shipping and storage
of fruit. However, many fruits of tropical and
subtropical origin, and some fruits of temperate
origin, are sensitive *o chiliing injury®-'°-'s,
In addition, all fruit is sensitive to freezing injury.
Therefore, the response of each fruit to different
deqgrees of low temperature needs to be studied



thoroughly. Tolerance to
also needs to be studied. Many wopical and
subtropical high

injury before being shipped to market.

high tempcratures

fruits develop temperature
The
high temperatures fruit may encounter may
be in the field, if the fruit lacks proper protection
from the sun, or in packages or stacks with poor
ventilation,

Relative humidity also has a great effect

on the postharvest life and quality of fruit’?.

dlany  frutts vequire high relative  bumidity
(90 957 ) but others may require shghtly
lower  humidity! Bananay  require  higher
humidity when the frow is green, but lowe
humidity wien the fruit is tips'" . Understanding
the requuement and  tolerance of each frul
to humidity 1y important Ihose foaits which

cannot tolerate high  numidny  or occasional

veater condensation on the «kin suosuld not Le

gept i polymeric fm hagy,
Llany other fniits beside apples ana peats
have a positive 1asponie 10 controlled aunosphere

(CAY and modvizd wononphee: (RAY storage'

Some s respond fwocsly to CA or MA
even at relatively high remperatures. Banana
is one example of such 2 fut™- Each
fruit has its beneficial vange of Q. and CO,
combinations, and 115 injurions levels of low
O, and high CO..  The mjurious lsvels may

change with tempmature. duration of exposure,

and the physiological age of the fruit.  This
kind of information s useful in developing
handling methods. particularly it CA or MA
storage or packagirg is te be considered. The

information will also be useful for identifying
disorders caused by low O- or high CO,, or a
combination of the two, if the fruit is accidentally
exposed to such conditions. In addition to O;
and CO. concentrations, ethylene accuinulation

in the storage atmosphere _un have a significant

effect on 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 and the O. and CO,
concentrations.

Many fruits, such as avocado, banana,

mango, and papaya, are often harvested at the
“mature green’’ or partially ripe stage and ripened

after harvest. The ripening treatment, such as

etliylene application, and the ripening environment
they recieve, including temperatare, 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 mostly within therange 16 -27°C',

However, there is samie evidence that the best

ripening temperature of any one kind of fruit

may vary according to the ¢rowing conditions,

and therefore reassessment of the temperature

miay  be  necessary  for  different  nroduction

RUE AN
Many published research papers give only
bast humadity, or conwolled

the temperature,

atmosphere for each fruit.  This information 13

often not sufficient for pracucal appiccation.

condittons are difficult to
There

third

Too often the best

obtain economically  unfeasibie are

best

or

otcasions when the second hest or
condition is most practical. Therefore, researchers
should be encouraged 1o collect and report data
covering a wide ranae o conditions. and include

harmful as well as beneficia] ones.
Resistance to Mechanical Stress

Mechanical damage, such as buuises, cuts,
breaks, defonnation. and invisible wounds which
lead to fungal atweck and physio'ogical disorders,
Is a major cause of postharvest losses of fruit.
Damrage may occur during harvesting, hauling,
handling, transportation or marketing. [t 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 cach kind of fruit. We sometimes hear the
suggestion that fruit shouid be handled as carefully
as eggs. Is it really necessary, or is it in fact
sufficient, to handle fruit as if it were eqgys?

The answer might be negative. Probably some
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as well as to impreve the storage auality of the
fovit.
well

It is necessary to understand the indirect,

as the direct effectr of a chemical

before 1t can be applied with wfety. For instance,
daminozide,

as

vhich genecally has the effect of
delaying ripening and senescence ia apples, can
actually  agqravate  senescent  vreakdown  of
Mclntosh apples in CA storage when the ethylene
concentration s high! Ethephon reduces the
decay rate in tangerines, because it reduces the

of plugesd fouit and, as an indirect
I

percentagz

effect, alse reduces acyreening e’
Heat reatment

Hot
of hot water and a fungicide such as benomy;.

water treatment, or a combination

15 often used 10 conurol certain decay organisras

for peack, papaya and manao The foit

N

is submerged in hot water (Gbout 49 Ty tor a

period rangmy  from a few  minues o 20

minutes, depanding the wind aod e of

frait. A

)
indiciates that
0.1

benomyl solution at 56 ¢ effectively controlled

recent report by Lee'”

dipping mangoes for five minutes in

decay withont cansing any serious mnju.y. Dipping
litchi in hot benomyl (0.05 benomyl at 52 C)

contiolled  rotting and

Hot

CADCNSIVE  process,

for two minutes il

W

iz{l“v

browning of the iy water freatment

is generally a difficulr and
beciuse the fiun temperature will change the
water temperature during dipping.

tested for

Heat weaunent has also been

insect  conuwcl,  particularly  for quarantine

purposes.  This is done by keeping fruit sush
as papaya and mange 1 moist heat (447-49°C)
for one to several hours. A 1985 report' on an
experiment carried out in the Philippines indicated
that a treatment which maintained the care tem-
perature of mangoes at 46°C for ton minutes
resulted in the perfect disinfestation of rruit fly
without Impairing the market value of the fruit.
However, a more recent report® has indicated that
such treatment can cause severe breakdown of
mango flesh. Furthe: ~tudies and development of

this “high techneiog /" seem to be needed.

Refrigeration

Refrigeration is a well sstablished method,
and is the mos. effective way of extending the
postharvest life of fruit.  The most desirable
ternperature range for each of many important
kinds of fruit iz given in the USDA Handbook
No. 66" referred to on p. 1 above. The handbook
also provides information on the approximate
lowest safe temperature for each chilling sensitive
Srunt and  the highest freezing temperature for
each fout covered in the handbook. The lowest
differ,

between species, Lut also hetween varieties of

non injurious  temperatures not only

the same species.  The growing conditions and
harvesting time of a fruit can also affect its
sensitivity to low temperature injurs,

is  generally costly.

Refrigeration very

Mechanical or vapor comp, ession refrigeration

systems require electricity.  Where there is a
“heap heat source, such as geothermal or solar
cuacrgy. or methane gas generated from animal
wastes, the use of an absorption refrigeration
system can be considered .
When using refrigerated storage or trans-
and water loss
When refrig-

eration is discontinued and cold fruit is exposed

portation, water condensation

problems should be considered.
to warm alr, water condenses on the surface of

the fruit.  This may not cause serious problems
for some fruits, but may cause rapid deterioration
of some other fruits such as strawber:y. Foorly
designed  refrigeration rooms or chambers may
have wery low humidity, and hence cause rapid

water loss and shrivelling of fruit,

Controlled  Atmosphere and Modified
Atmosphere
Controlled atmosphere (CA) storage s

used extensively for apples and pears all over
the world, The CA storage conditions for these
two fruits, and various aspects of CA technology,
have been summarized by several writers®«5 +26.3
Twenty-two other kinds of fruit have also been

reported to have a moderate to exc2llent potential



of benefitting from CA
tation'”.  These are:
blackberry, blueberry, sweet cherry, cranberry,
grape,
mango, nectarine,

storage or transpor-

apricot, avocado, banana,

fig, grapefrun, kiwifruit, lemon, limc,

papaya, Dpedch, persimmon.

pin2apnle, plum, rispberry, and stawbhberry i
Probably the list will grow further as more fruits
tested,

are and as further improvements are

made in CA technoiogy. Some of the fruits
mentioned above benefit from reduced O,
some from nigh CO., and some from com

binations of the two. Some fruits, such os grapes,
which do not benefit from low Q. and higi
CO. due to decaoy problems, can tenefit from
CA to wuiich has been added zbout 1075 carbon
CO

in conurclling nostharvest decay in some fruits,

monuxide™' . Applicatien  of ef fective
but unfortunately the gas s very toxic o human
beinjgs, and is therefore difficalt to handle

While large CA storage units are costly,
small cheap polyathylene chambers can be made
The

chambers can be placed in refrigevited rooms,

for storing smaller quantties of fruit

comInon storage rooms, ov caves. fipple growers
in northern China store apples in poiyeihylene
rubber diffusion windows
CO;
The results are somewhat

tents, with silicone

to control O, and concentrations, with
considerable success.
inferior to modern C/A storage, but substantially
better than air storage.

Practically all fruit; which have a positive
resporse to CA glorage are alio  potentially
successful in modified atmosphere (MA) storage
The benefits of MA

storage  for banapay were demonstrated many

in sealed polymaric film.

years agc and 1t has now some commercial

use for shipping bLananas particularly varieties

which have a short preclimacteric life in crdinary

air. In the long-term storage of bananas in

polyethylene bags, decay of the stem  tissue,

beginning from the cut surface. is a major

problem. Ir. order te reduce decay, bananas

can be stored in bunches rather than in hands,

sealed inside polycthylene 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 COa
levels desirable for fruit inside sealed bags, and
that water condensation inside the sealed bags
‘nereases the rate of fruit decay. Misuse of this
method can cause heavy losses, due to low O,
and/or high CO, damage and decay.

this method depends on the

Future

development  of

production of improved plastic or other film.

Common Storage and Underground Storage

Commion storage, underground storage and

cave storage are old methods which have not

received  enough attention from  researchers in

developed countries in recent years. Very few
neyw  publications on these methods are being
published,

in subtropical and temperate zones.

although  they can he very useful

Synthetic
natural insulation materials can be

as well as

used  to  Insulate comunon  storage chambers.

Storege tempaoraturcs can be maintained at a
level substantially lower than daytime ambient
temperatures by proper contcol of the storage
ventilation  This is partcularly true in the winter,
spring, or fall seasons in subtropical areas, when
riore are cool nights.  When there is no cool

amolent air available for cooling, evaporative
cooling can be used to help reduce the storage
temperature,

Many citrus fruits are stored in common
stcrage chambers during the winter in Tiiwan
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 in caves. The soil surrounding
the underground or cave storage regulates the
temperature of the storage systen. However,
the quantity of fruit and the :urface area of

the storage have to be balanced, so that the



e2ii will not be heated up too much by the heai
from the fruit respration. Ventilation should
be controlled in such a way as to wnake full use
of cool night temperatures, and effectively protect
the storage systern from dayiime ambient heat.

Other Treatments

Waxing is used for many fruits, including
citrus fruit and apples. [ty effects in controlling

transpiration  water loss and  improving  the

appearance of the fimit can be very significant
Wax can also serve ay a carvier for the fungleides
and growth requiators which are to be apphed
postharvest to the fiuit. Many researchers have
attempted to use waxing to generate modified
atmosphere ccnditions nside the fruit. in order
to extend the shell life, but with very limited
difficulty s similn to  that

SUCCess. The

encountered when using sealed polymeric film:
the coating materials {waxer) and the thickness
of the roating determine the uas diffusion rate.
and It s simply too diffieult o find an ideal
material, and to coat the fruit with it at an id=al
uniform thickness to geaerate the desirable MA
in the fruit. Nevertheless, research in this rield

is still active, and new ccatin, marterials are

frequently being introduced

The use of ethylene or ethephon to ripen
fruit is an established vahnique,  Proper appli-
cation of cthyiens 1t the right time can ieduce
losses, of  cthylens

postharvest Application

to avecade induces ripening of the fruit, ans
makes the fruit less sensitive to chilling injury
and more toierant o longer periods of storage
at 2°c'™.

or during shipping Increased the acceptability

Ethylenc treatment for mange before
of the fruit to consumers”. Ethylene treatment

is particularly impoctant for specialty fruits,
since neither retailers nor consumers know how
to ripen them or when to consume them. !
recently heard thit some unripe sweetsops were
kept on a refrigerated shelf in 4 Taipei super-
market, and that neither the seller nor the cus.
tomers knew what to do with the fruit. Customers

who bought the fruit out of curiosity had to

10

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.
has been tried as a means of
extending the postharvest life of fruit. Maxie

ef al”" concluded in 1971 that it was unfeasible

Irradiation

to irradiate fruit and vegetables. However, it
sull be poscible to use irradiation as a
for fruit to disinfest it

The interest in fruit irradiation

may
treatment

o T3
of insects -,

quarantine

has grown considerably since EDB was withdrawn
from registration in the United States.

DEVELOPING PRACTICAL HANDLING
METHODS AND FACILITIES TO
MEET REGIONAL NEEDS

A comprehensive understanding of the
frait itself, a thorough knowledge of the food
systems in which the frumt is to be handled and
marketed, and an extensive review of both old
and new handling methods and racilities in use
in different parts of the world, provide the basis
for developing practical new technology. A
strong national or regional program of applied
needed produce
This is the foundation for all future

research  will  be to such
information.
extension and education programs for postharvest
loss reauction and quality maintenance of fruit
crops.  The stronger the founcation, the more
effective will be the futurc proqrams,

he next step should be to identify the
major causes of postharvest losses of both quality
losses

and quantity, and find ou: where the

occur and why. A working group consisting
the relevant knowledge
to identify

problems easily. A survey covering major sections

of experts possessing
described  above should be able
in the food system may be necessary.

Probably many problems can be solved
without developing new methods, by introducing
effective education and evtension projects. If
new methods or facilities seem to be necessary,
a brain-storming approach among experts is
recommended, in order 1o select appropriate
To adopt existing

methods  or  facilities.



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
considered.  Some old methods may be aven
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 nandling fruit,
and should therefore be given higher priority than
saphisticated and expensive ones.

Once the candidates of technologies or
facilities are identified, ‘laagined experiments’
should be cenducted before real experiments
take place.  This means that 1 group of experrs
should use their imaginations to predict what
might happen 1f the selected technclogy or
facilities were to be used  How well might they
fitinto the current system” Wil their adoption
require changes in other sectors in the system”
H oso, how Diffwcult will s it be 1o make such
changes, and how can ihey best be made’ What
will be the cost. and how much benefit con be
anticipated”  If additional cost is anticipated.
will the consumer be able to pay for it If the
answers to these questiors favor the adoption
of the new technalogy or facilitizs, the chances
of success ave great: 1f not, the chances are slim.
The success of a technology  depends on the
whole svstem, and not only on the technology
uself. If the technology or facilities do not pass the
imagined experiment, they siould probably not be
tested in real experiments at all. It would nrobably
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 be
neceseary. if the test is successful, demonstration
and extension programs can fellow. The
development of the new tecinclogy or facilities
can then be considered complete.

These steps s¢em to bz very obvious, and
to contain nothing new. However. too often

* R&D: Resvarch and Developraent.

programs are being implemented in the wrong
order. The most common mistake is to introduce
a piece of new equipment abruptly into a system
which is not yet ready .0 accept such equipment.
For instance, a hydrocooler is of litile value
if the wansportation 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 morchants
are often very persuasive in selling their equipment
and facilities.

The development of postharvest technology
and facilivies should advance at roughly the sane
pace as economic growth and a national increase
in personal incomes. Posrharvest scientists and
technologists  should  have good  judgement as
to what level of technology should be adopted
at present. and what level in the projected futere.
They should develop technology slightly ahead
of the time of necd, if resources are available.

THE NEZD FOR COORDINATED
PROGRAMS

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

Coordination hetween R&D
policy makers, funding agencies, and management

workers,

or administrators, is of utmost importance.
Management and funding policies have a great

.11 -



impact on the achievement of R&D workers.
If the goal is to develop practical methods,
the R&D workers should be
mainly applied research, and should be evaluated

carrying out

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 .ndicated, or because

the evaluation standards for workers dc not

the Overemphasis  on

publication is a very common mistake.

coincide with goals.
Many
practical methods are neither new nor fancy,
and might therefore not be publishable in scien-
tific journals. 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 lncal situation.
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IDENTIFYING THE MAGNITUDE AND CAUSES OF POSTHARVEST LOSSES
OF SUBTROPICAL FRUITS

W. Grierson and W.I'. Wardowski
University of Florida
Lake Alfred, Florida 33850, U.S.A.

ABSTRACT

The determinazion of the causes and extent of postiarvest losses for any tvpe of fruit is an inexact

scienee as stundard statistical analvsis is often precluded by wunknown or uneontrollable variables. Published

estintates for posthar, est losses of subiropical fruies ruse as high as St7,

Marketing saudies are usually

expensive and inexact. [eds strongly vecommended that prior baseline data be gachered on potential post-

harvese life and on losses in simudared marketing studies.

Reducing postharvesi losses stares with the

education of all concerned. Simple, fioncmade field packus cquipmoent is deseribed.

INTRODUCTION

For the purposes of this review, subtropical
fruits are considered to he non-temperate zone
fruits commonly grown in subtropical latitudes,
e.g. in Southern California, the Bahamas, Southern
Florida, Kyushu (Japan). subtropical Chile and the
Mediterranean coast of Morth Africa.

As Mukai'"
pointed out, the determnation ot the causes and

and Moline*® have recently
extent of postharvest losses of fruit and vegetables
Is an inexact science at hest: oo many variables
are usually unknown or ancontrollable.  Fruit is
a product which s inherently designed o self
destruct’ as, botaricaily, its role is to release
seeds, for which decay or disintegration of the fruit
Is necessary. This is parucularly true for tropical
and subtropical fruits, which lack any mechanism
for winter dormancy. Such fruits tend to be inher-
ently frail and most are susceptible to chilling,
which severely limits the use of refrigeration to
prolong postharvest life. Moreover, very few sub-
tropical fruits have beenr studied in sach exhaustive
detail as that quintessential temperate zone fruit,
the apple, or the banana, the major tropical fruit
of international commerce. An exception is citrus,

concerning which many 2xamples in this discussion

14 -

will be drawn.

In general, the extent of typical postharvest
losses of subtropical fruit is simply not known. In a
1984 review, Kelma-"" stated that losses of perish-
able crops in developing countries are cc.nmonly
as high as 30%. A 1978 report cites far higher
figures than this for fruit in scme developing
A 1980 report from Sri Lanka
estimates losses of horticultural crops as between
15 and 50%"'". Certainly, postharvest losses are

commonly far too high.

. 3 H
countries” .

They can be reduced
considerably by intelligent study, coupled with
constant education of all concerned.

ESTIMATION OF POSTHARVEST
LOSSES

Potential Postharvest Life

A neglected field of study is that of deter-
mining what the potentia! postharvest life of these
fruits may be. Studies of postharvest losses usually
fail to start from the ultimate baseline: What would
have been the life of the fruit if it had never been
handled at all? To attempt to determine this, the
s=nior author has occasionally used ‘non-handled

controls’. Two results with citrus can illustrate



what is meani. The first was during a season in
which postharvest losses of Florida Dancy tanger-
The ‘non-handled

control’ tangerines were clipped on long stems and

ines were particularly costly.

lowered gently into a carton, while the stems were

then clipped closely without the fruit being
touched.  Thus the fruit was never actually
handled. The requban control sample (without a

furgicide) was picked from the same trees by the
experiment station ficld workers and run through
the pickinghouse for the then standard dump-
wash-polish-wax-pack treatment. After two weeks
at 21°C, only 17 of the non-handled control” had
been lost {rom decay, while 2095 of the ‘reqular

control” had heen lost.  Subsequent checking of
aach stage from tree 1o packing showed that about
third  of

@ the damage was being done by the
pickers, .and most of the rest of the damage came
fram an unexperted source, the polisher brushes.
This latter finding was then confitraed in o large-
An-

non-

scale study in a commerciog packinq‘h(n:‘;tf :
sther stuking example of the value of
handled control” was i investigatung b report of
supposed gas burn” (ethvlene inury) on Texas
Marrs Early oranges, a very tender variety. Only
the non-hondled conwel was fiee of the supposed
v due

to pickag the frat ton early o the morning, when

qas burn ownich was really olecoeile sis

it was stll too gl

Simulated Marketing Studies

Our long term experience 1t Lake Alfred in
Florida has been tl-at, having observed postharvest
losses in the marker place. the best way tonitiate
suaies of the origins of cuch losses is 1o carry out
stmulated marketing experiments. These can bhe
very helpful if repeated systemaucally, proviling
tiov replicare werkenmg conditions taithfully.

Plastic filrn bags are abaout as hostile 2 con-
tainer as can be used for subtropical fruit. In the
1950, when plastic bags were first introduced for
citrus in th2 U.5., a simple "holding study’ indicated
that as few as four 1 '4-inch /6.35 mm " holes in a
five pound (2.27 kg) bag previded adejuate venti-

lation. Nevertheless, reports of sericus losses in the

market place continued. An elaborate and expen-
sive shipping test, involving laboratories in Orlando,
Lake Alfred and New York, failed to indicate the
basic cause of the rrouble®” . A series of simulated
shipping tests with packages instrumented for
temperature and humidity, cnd handled exactly as
for transit and marketing, revealed the cause of the
prebiem' ¥ When the fruit was taken from the
refrigerated truck or cool store, condensation rap-
idly disappeared from the truit stored in et bags,
but persisted almost indefinttely inside heavily
perforated plastic film bags. Water gathered where
the oranges touched the plastic tilm for long enough
to rupture epidermal cells by endosmosis, allowing
thn entry of fungi.

Basis for Evaluating Losses

Llany of the concepts of ‘loss” used in various
conferences on food losses, (n.g. the Mational Food
Loss Conference held in U.S.A"™) cannot be ap-
plied 1o subtropical fruit. Decay can be calculated
as the pereentage of spoiled fruits, but one rotten
fruit may soil several others and make them all
unsaleable.  Most suburopical fruit are 80-90%
water. which Is nutritionally useless in itself but a
water loss of 5-107. can result in a4 shrivelled, un-
saleable fruit that may alss have a poor flavor®”
Various peel blemishes (patiological or physiologi-
An

apparoutly sound fruit can develop an internal

cal} can render figit quite unmarketable.

breakdown (which, again, can be pathological or
physiolegical). Only oo often indusirious research
workers gather a mass of data en what 1s, in effect,
adying sample, so that theresult is statistical chaos.
One way 1o avoid this is to reduce observations
arbitrarily to some simple, useful, manageable
denominator. In many of our studies on packaged
citrus, a very useful columnn oun the examination
been headed 'MCI' (= Mad Customer

Index!'). That is simply the percentage of packages

sheets has

that con:ained one or moredecayed or otherwise in-
edible fruit. No customer wants to buy such a pack-
age. nor does any wise retailer want to sell it, Gath-
ered over 2 long pericd, these single figures for each
treatment in each experiment can be manageable.
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Fig. 1.
Field Packing Station.
structec entirely of local native

Con-
materials except for 34 m® of
buitder's 0.15 nm

film. From Grierson'®.

polyethylene

Fig. 2.
Field Packing Star.d.
as a single 1.25 m section. Several

Shown here

such sections; can be used tooether,
as in the two-unit assembly shown
in Fig. 1. Note that the height o1
the stand may need to be zdjusted

to suit the stature of the workers.

From Grierson'®.
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sizes and always a carton or other container
off ‘off-grades’ 1o be sold locally. Also have
containers ready to recoive trash. The con
tainers of fivldvur produce are set on the

dump ledge and upeed 5o that the Trait ol

out gently one the sl ping surface towards

the packers wha then have 1o make thei
decisions.  Export wyade? Larae, medium or
DON"T" DITHER!

Once a fruit is picked up, do something defi-

small size? and 50 on,

nite with 1t! (It can he very felpful 1o have
examples of allowabls grades aned sians stk
on spikes witere the packer cansee them coe
stantly).  Once picked up, that fruie shonld
go into its proper place with no Turther haoe
dling. Cartons should He packed .o that the

contents are snugly stowed ond cannot rattle

around.  But de not overiill which causes

great damage when the cartons are eventually

stacked in highway trucks.’

el

)\.’(
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Cooling and Humidity Cortrol

Mechanical refrigeration is usually beyond
the capability of any small grower who is field
packing. Attention to hwimdity control is far more
practical, and s often as beneficial for tropical and
subtropical fruil as refrigeration (which can be a
dangerous tool if overugsed). Although humidity
conwrol is usually thought of as affecting only
shrinkage, it can also have profound effects on

finie physiology” A sunple evaporative cooler
cat be made using locat materials, One University
ot California design™ * can give surprisingly effective
cooling 1n arid chimates, but needs clectrical power,
A small internal conabustuon engine can be used
{Fig, 3) if electricity s wot available’®. Even in
humii clbnates, such an evaporative cooler provides
some caoling, and the frult are meanwhile held in
nearty 1004 relative humidity while awalting pack-
mng. A practical approach is to put fruit picked in
the heat of theday in such a cooler overright, The
next morning it 1s packed witbout the field heat it

friekd at time of picking.

Fig. 3.

A Simple Basic Evaporative Cooler. If con-
structed on a concrete slab over at teast 30 em of
well droined coarse 1, 1t can later be converted
te mecharnicel renigeration, particuiaily if a
vapor barrier of sealed pulyethylene film is laid

under the concicte siab. From Grierson'? .,
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DISCUSSION

(S K. Sun)
The Tables in your paper indicate the rates of decay and rot for various types of citrus, To what

type of decay do you refer?

In Florida oranqges, Diplodia stem end rot was the worst, while Penicillium green mold did much less
damage. Either kind of rot was increased by rough handling, The spores of Diplodia are waterborne,
and are kept out of the fru at the stem 2nd by a membranea which is broken by rough handling.

(W.J. Ho)

Table 2 in your paper shows the difference in the rate of decay in lemons of two varieties, Sicily and
Parman. Were they picked at exactly the sam» time? Cid you observe any major differences in the
texture or structure of the rind in the two vaneties, which might influence the rate of decay?

Both varieties were picked from ths same ¢rove on the same day by my own assistants. Parman

lemons ace large with a smooth skin, while Sicily lemons are smaller - I don’t know if this may have
been part of the reason for the difference in their rate of decay.

- 24 .
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PRESENT STATUS AND PROSPECTS OF POSTHARVEST HANDLING
OF TROPICAL AND SUBTROPICAL FRUITS IN MALAYSIA

Abdullah Hassan
IFood Technology Division
Malaysian Agricultural Research and Development Institute
(MARDD
Serdang, Sclangor, Maiaysia

ABSTRACT

Maluysia produces @ wide range of seasonal aid non-seasonal fruirs. Some of the non-seasonal fruirs
are banana, papavi, pincapple, swarprar, cuaava, waterntelon and sapota, swhile popudar seasonal jrides
include rambutan, duiian, mange, mangosteen and duku fangsads Fijores o inercase production and

improve postharvest tecltiiology are inone irder way, and lave beon givan extensive Governament suppor i,

INTRODUCTION from December into February. The fruiting

Malaysia comprises Peninsular  Malaysia
(bordered by Thailand in the north end Singapore
to the South), and the swates of Sabah and
Sarawak on the island of Borneo, which lies
700 km to the east across the South China Sea.
Peninsular Malaysia covars an area of 132,000
km". while Sabah and Sarewa¥ have a combined
land area of 198,000 km-.

Kuala Lumpur, is located on the west coast

The capual city,

of Peninsular Malevsia, and has a population
of approximately one million people. Agriculrure
represents about 26% of the Gioss Domestic
Product.

Malaysia produces a wide ranga of seasonal
and norn-seasonal tropical fruits which are both
delicious and nutriticus. Some of the nor seasonal
fruits are banana, vanaya, pineapple, starfruit,
guava, watermelon and sapota, while popular
seasonal fruits include rambutan, durian, mango,
mangosteen and auku langsat.  The seasonal
fruits are available once or twice a yesr, and
their main fruiting season is from mid-June to
mid-August.  The time of ‘he minor fruiting
season is less clearly defined, but normally occurs

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

There is tremendous growth potential
for the Malaysian fruit industry, in view of the
incroasing dernand 1n both domestic and export
mark2ts. [t iy planned o expaad fruit prodiction
from 76,500 ha in 1980 to 263,000 ha by the
vear 2000. This 15 in line with the National
Agricultural Policy (NAP), 4 pregram for national
agricultural development in Malaysia up to the
year 2000. This pclicy emphasizes increased
foud  production, for  both national  self-
sufficiency and export.

In recent years, the quantity of fruit
exported has expanded considerably, from
71,448 mt (valued at US$6.69 million) in 1978
to 110,448 mt (valued at US$14.33 million}
in 1984, The most important overseas market
for Malaysian fruit is Singapore, while exports
to other countries such as Hong Kong and
Japan 2re gradually increasing. It is realised
that, besides the production of higher quality
produce, the industry also depends greatly on
the availability of appropriate postharvest handling
technology.
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Harvesting

In harvesting, two major aspects are empha-
sized, maturity indices and harvesting methods.
Studies of maturity indees are aimed establishing
the stage of fruit development o optimum har-
vesung, stice this noocbasely associited it tite
storage fife and cann g suahiny of produce. The
ntethods studied clinde.

* Visual means (shape, ealon

o Physical characteristics Gspecific ravity, texuue,
size).

» Chemical attibutes (pH TSS, TTA, and starch,
and suygar content),

¢ Computation {period between flowering or
mitial frult setting and opunium gqronath),

e Physiological attributes {tesprratony  pattern,
ethylene production).

Studies of the maturity indices of local fiit
have been conducted for banang, pineapple. mango,
wpOta, papaya. starfruir, soursop, guava, jackfruit
and some other fouus. For banana, the optimunmn
harvesting stages for Mas, Embun and Beringan va-
rieties are reported 1o be hetween seven and pine
i

3 P R
wears”’ 12-15 weoeks'™ ind 11-1-1 weaks!' - ,re-

spectively, from the stage of (1o cimergence. For

20 condi

1on five variet-
ies, namely Harumanis (MA 128). Colek (1IN 162),
Tok Loon (MA123). Apple (MA 199 and M4, 200"

As well as maturity indices, emphasis has alse

mango, studies have

baen placed on the improvement of harvesting tech-
niques. A harvesting tool which s practical, siriple

and economical has been doveloped for mango' .

Harvesting tool for mango

- 28

The tool is a pole with a ring and catching net on
the end. the ring is 38 cm in diameter, made of
metal coated with rubber tubing. The upner part
of the ving has five prongs, and the lower part has
three. During harvesting, the ool is placed so that
frute is below the prongs and the stem is above them,
The tonl s pushed when the froitis attached to the
loveer snig or pulld when 1y at the upper ring,

and the harvested frunt is eollected in the net,
Storape

Research into  fruit  storage is mainiy
concernel  with  refrigeration and  modified
atmosphere (M.AY techniques.  The occurrence
of chilling injury, and changes in chemical
composition  and  odganoleptic properties after
scoraqe e studied, i order to ascertain the
opumum temperatures 1or stor.ge over various
perods of time. Inforimnon o the phiysiological
behaviow  of  coen commodity 15 now  also
avadable.  The results of some of the oarlier
studies have been summarized by Abdullah or ol.”.

Refrigeratton,  howiever, cannot be  used
for all types of frui, as 1t may cause nhysiological
disorders iin addition (o chilling 1njury, such
as black heait or internal browning in pineapple.
Black heart in pimeapple is characterized by
the darkening of flesh ussue after the fruit has
been stored at temperatures lower than 20 C.
Phe intensity of the disorder is qreatly influeiced
by sterge temperature, stotage period and the
period of exposurs 1o higher temperature after

refrigeration Two important iocal varieties,
Mauritus and Sarawab. have been found 1o
develop the disoidar during or after storage,
The development =f black heart can be effectively
controled by thermotheraphy™, modified atmo-
sphere'”, or by Hmiting the length of the period the
frttiskeptatambient temperatures afier storage'"

Besides refrigeration, studies have also been
conducted on the use of medified atmosphere
(M A.) storage for banana, mango, papaya and
rambutan.  When 1t is used for the storage of
Mas banana, M.A. storage may result in CQO,

injury.  characterized by blackening of the
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postharvest handling of fruit in Malaysia. The
need is an urgent one, and all available resources
should be fully utilized. MARDI, as the leading
agvicultural research institute ir Malaysia, has
been involvea in ceoperative rosearch with many
institutions, both natonal and wverseas.  The
support  from  local umversities, exrwcially the
National University of Maloysia and the University
of Malaya, has been very encouraging.  Inter
national colliboration has been obtained from
relevant  agencies o ASEAND countries  and
Austrahia, cspecially b Australian Centre {ol
[nternational Agricultural Research (ACTAR). Major
activities conducted under these programs include:
o Generation of new information or postharvest
handling.
¢ Evaluation of technology.
e Transfer and shanng of cxperose
o Frarcial aid inovesearch and  development.
e Sponsorship  and  organization  of  training
for staff, botd in alaysia and abroad.
In  sending  commercial  trial
countries, MARDI has collaborared with FAMA,
local Malaysia.. exporters, and importers in the

shipments

countries concerned. It 1s obvious that through
thie cooperation a close link has beea established
batween those engaged in research and the private

sector.
DEVELOPMENT ACTIVITY

The availability of hondhing technology
for some fruit has creared an inwerest in the
private scctor o begin wading i fruit, More
thas 80 companies have been given technical
advice by MARD! over the past three years.
This is constderad a yreat contribution to the
improvemeny of the fruit industry in Malaysia.
Recent  staustics show that tne number of
succes ful  exporters has increqsad from  three
cormpanies in 19835 to a totai of ten companies in
1986. This figure is expected to increase, since an
inzerest in other market cutlets such as the Middle
East and Europ2 has also been expressed by fruit
exporiers. Efforts have also been made by the
government and the private sector to increase frui:

- 31 -

production, in order to meet the increasingdemand.

The assistance given to fruit growers and
exporters 1s mainly in tee form of lecturas,
demonstrations, advice, trials «nd field visits.
Ns  mentioned eaclier, these activities have
established a close link between exporters and
research woikers. /s a result of this collaboration,
appropriate techrelogy can be channelled directly
to the target group. In order to meet the
mereasing demand {for information among growers
and exporters, routine coucses arce organized
on a regular basis.  This activity has provided
considerable impetus to the improvement of

the fruit industry in Malaysia.
COMNCLUSION

MARDI can be considered the focal point
for research and development for fruit in Malaysia.
With the increase in both the demand for fruit
and the supply, move research should be carred
oul on postharvest handling, not only by MARDI
but also by other rescarch organizations. Coopera-
tion from the international agencies is always
welcom=2d. The development of appropriate
and effective handling technology would assist
local enueprenewrs o expand their markets.
Oimilarly, the development of new products and
the intreduction of new technology would benefit

suppliers, processors, exporters and consumers.
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DISCUSSION

Comraent: (W. Crierson)

Q.

I hiive with me a set of 40 slides which I use to teach small-scale Caribbean farmers that they must
handle fruit carefully. I wouid be very glad to show them to anyone who may be interested.

Thank you starfruit growers in Malaysia are very receptive to new ideas as long as these are
practical, cconcisical, and easily undorstood.  For example, they know it is acceptable to use
newspaper lining when packing fruit for the Hongkong maket, but that other packing materials
should be used for markets elsewhere. Postharvest handling systems must be specifically adapted

to the particulyr o inmedity and market.

(Y.L. Chen)
What is the proper st rage or tansit temperature for starfruit? Hew long can they be stored in an
optimum enviromnent”

Starfruit of the vaiety "B10" van be stored at temperatures ranging from 5°C to 20°C. At 5°C, the

freshness of the fruit can be preserved for up to nine weeks.

Comment: (W. Grierson)

In some work [ carried out on starfrait 22 years ago, i found that they could be stured at very low
temperatures without showiny any signs of chilling injury. However, the new varieties introduszed
since then are very susceptible to chilling injury.

.33 .
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POSTHARVEST HANDLING OF BANANAS IN TAIWAN

LS. Ke and S.C. Hwang
Taiwen Banana Research Institute
P.O. Box 18, Chiuju, Pingtung, Taiwan, Republic of China

ABSTRACT

More than half” the banmas grovwen in Taiwan are expor ted.Improved postharvest handling rechnigues,

suciv as packing the frait i cardboard boxes insicad of swoven bunthoo baskers, have greatly reduced

postharvest losses over the pase wenty vears. Croncers are bemg giver finaecial assistunee o puild simall

Jeeld packing stations where all POSTHAreest operations can take place, aid the banaas are transported

hy verfiead cable X

INTRODUCTION

Commercial  cultivation  of  bananas  in
Taiwan preduces fresh fruit for local consurnpuion,
and also for export, mainly 1o Japan  Annuatl
production iy about 195000 mt. of which about

S7% iy exported,  mostiy dunng  the norjod

between March  aad July (Table 1. Fig. 1)
Tawanese  growers ae small producer«, each
with about 0300 he of farmland.  About
95% of ban cas for export are produced i
southern Taiwer (¢ 5,000 b, Bananas preduced
in central Tawan (c. 5.000 ha) are grown mainly
for local consumption (Fig. 2).

Table 1. Averaye annual total production,
exports and tocal consumption of
banana in Taiwan, 1981 -- 1985

Amount Ratio
Item
{mt) (%)
Total production 194,282 -
Export 110,198 56.8
Local consumption 85,084 43.2

Data from Taiwan Fruit Vearbook 1986

The bananagrowingarea in Taiwan is located
at a latitude of about 22-2:4°N, and includes both
subtropical and trupical climates. Bananas are pre-
duced throughout the year. The time needed for
bunch development varies geeatly, ranyging from
lexs than thice months in the summer te five
months o the winter, Bananas ave referred to as
Spring.  sominsi, osutuma or  winter  bananas,
according 1o thelr barvest season . There are
differences in s, fruit quality and postharvest
behavior between these faur seasonal types' +7 Y

In the carly 1962's the Japanese market
was dommated by Tawanese bananas. However,
their share of 1he Japanese market has declined
sharply since 1970, due to competition from
Philippine bananas.  In recent years, Taiwanese
bananas  have taken only obout 10% of the
Japanese market (Fiy. %),

About 20 yews ago in Taiwan. bananas
for export were packed in woven hamboo baskets
{48 Kkg). Since 1969, bamboo baskets have been
replaced by cardboard cartons (16 kg), and con-
sequently postharvest losses have fallen from
4.45% 1o 2.87% (Table 2). These losses are
mainly due to bruising, lates staining, bad
(Tatle 3).
deformity  and

labelling and  .nderweight fruit.

Bad crown cutting, fruit
weakness of the pedicel also cause substantial

losses.
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Tabte 2. Comparision of average rate of spoilage
of export bananas arnnived at Japanese
ports, in emly period (1961-65) and
recent years (19681-85)

1931-85

POSTHARVEST HANDLING OF
BANANAS FOR EXPORT

All Taiwanese bananas are exported as

tHtem 196 1-65
Amoun! 2 989.765¢ 4 a) 887 hands packed in boxes. An increase in the
% of total exports RURES Y quality of fruit packed in Taiwan has occurred
Data frow Taiwvan Fruit Yearbook 79701"v fec! ! since. 1970, the result of improved handling
“ 1o bashets (48 k) Y boses (1o k) procedures after harvest.
30 -

15

10

%% export baranas of total produced i Taiwan

Month

Average over 5 year 2eriod
(1981 --- 85)

Fig. 1 Percentage of Taiwanese bananas exported each month. Data
from the Taiwan Piovincial Fruit Marketing Cooperative
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Table 3. Major defects at Japanese ports of bar.anas exported from Taiwan*

Detects (%)

Y .
eat Bad Bad Deformed Weak
Bruising Unclean labelling crown cutting fruit tinger neck Underweight

1982 14.45 10.08 12.23 7.66 6.63 8.15 16.32

1983 16.64 14.11 10.73 5.94 6.28 6.98 11.14

1984 24.44 18.88 8.78 9.10 7.32 7.40 11.04

1985 18.20 15.82 10.88 6.84 7.36 5.55 8.44

1986 24.26 19.56 11.56 8.59 7.93 7.54 6.53
Average 19.60 15.69 10.84 7.63 7.10 7.12 10.69

* Duta trom the Taiwan Provincial Frait Marketing Cooper:

Harvesting, and Transport from Field

to Packing Station

After
are divided (dehanded) with a sharp sickle on

the banana bunches are cut, they

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 swcked ot 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.
Somne growers transport banana bunches protected
by cotton pads to the packing station, and dehand
the bunches on the ground at the packing station
to reduce fruit defects. Fruit defects are further
2duced by
the top downwards, with a special knife (Table
4} and

througli a washing tank.

dehanding hanging bunches from

then immediately moving the bananas

Packing Procedures at the Packing Station

At the packing station, bananas are given
the following handling procedure.
(1) Selection.  Only those fruit of a suitable
size (1.8-4.8 kg/hand) and maturity which

1iive

are free from bruising are selected.

The total weight of exportable
the
by each grower is determired.

Weighing.

bananas brought to packing station

Washing.  The fruit is cooled and washed
in a washing tank.

Fungicide mreatment. The fruit is sprayed
with, or dipped in, a fungicide solution
containing 400 ppm TBZ. The important

postharvest diseases of banana in Taiwan

Table 4. Effect of two difterent dehanding
methods on incidence of bruising,
scarring and latex staining of
bananas'’

. Severity index?
Dehanding

rmethod

Bruising  Scarring  Latex stain
Hanging 1.35a 0.50a 1.75aY
On ground 2.09b 1.08b 2.49h

ZPhie lavpes the fivare recorded, the nore severe is the
bruising, scarring and Litex stain.(0=nil, S=very severe).

Y Means fotowed by the sune ietter i cach column
are not significantly different (P=6.05) according 1o
Duncan’s multiple range test.
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are listed in Table 5).

Quantitain' e sweiching oy packing, Fruit

16.5 k.
Each banana hand 15 indwidually

weight per box is about 1
(6) Lahcliing.
labelled.
(7) Lucking.

Four 10 seven hands are packed
into cach eacdbionid carton
Station

Transportation  from

to Whaort

Packing

The boxed bananas are then transported
by truck from the packing station to the wharf

in Kaohsiung®, wherc they are inspected ty

*Major port in southern Taiwan near banana producing area. Ed,

thorted trom Ecuador, Philippines and Taiwan

the
Fruit Marketing Cooperative.

yualvv convoller of ihe Taiwan Provincial
One out of every
100 boxes is selected at random and inspected.
If the quality score of the bananas in. the box
is lower thar. 60 points (Table &), the whole
truckload is rejected and returned to the original
packing station for sala lscal market??

at a

New Packing System

In order to increase fruijt quality and reduce
the transport distance from plantation to packing
place, a program of building small packing sheds
has in Taiwan since 1975,

been carried out



Table 5.

Disease

Crown rot

Anthracnose

Finger rot

rreckle

Deghtoniella
speckle

17.
18.
19.
20.

21.
22.
23.

* Perfect score w

Catrsal organism

Thielaviops'’s paracoxa
Botryodiplodia theohromae
Fusarium roseum

Colletotrichum musae

Botryodiplodia theobromae

Phy llasticting musaruii

Deighroniella torulosa

Entry point

Cut surface of cown
tissue

Latent field infection;

brnses and abrasions

Wounded tissue

in ite field, from
mfected leaves

In the fietd, from
dead leaves

Postharvest diseases ¢f bananas in Taiwan

Effect

Softening ana Hlackering
of crown tissue, spreading
to pedicel and finged;
fingeidrop

Brown, spreading, coatescent
skin tesians doveloning

durig ripening

Brownish black discoloration
af the <lan; soitening of
the pulp

Locahzed spotting of skin

Numerous blemishes on the
skin

Table 6. Quality attributes of export bananas

Atiribute

Unevet ripeness

Incorrect number of hands
Underweight

Incorrect weight

Carton without Label

Janane detached trom fingers
Oversizog tingeny

With treckde disease
Unuitabie stage of matunity
Detormed fnget

Inuect contamomation
Mechane aningury
Cracke:d vrown

Sroken hnges s

Wea'l< o inpured finger neck
Sunburn ar poor color
Scarning

Poor crowircnatting
Matunity bronZing

Poor development
Unciean

Inapprop: ate packing
Inapprepriate labethng

ithout any penaliies i 1060 points

Unit

Hand
Box

Box

Hand
Box

Hand
Hand
Hand
Hand
Hand
Hand
Hand
Hand
Hand
Hand
Hand
Hand
Hand
Handl
Hand
Hand
Hand
Hand

.39 .

Score reduction
(No. points)*
50
50
a5

45
40-45
35
30
20
20
20
10
10
10
10
10
10
10
10
10
10
10
10



A grower or a group of grawers with a cultivation
financial assistance

I

area of 35 ha s qven

from the Tila Movincia VMarketing

Cooperitive construt o waall packing shed

near the banane plintation The grower reduces

servive charges, since he car perform all handling

pracriens,  iacluding  neatment,  packing  andd

transpertation of bananas. However, i bananos

are rejected by the quality controller at the
wharf, the losses have to be absorbad by the
grower. This qives an extra incentive to achieve
tgh standards, and as a result banana quality
(Tables 7 and 8).

The numbier of small packing sheds has increased

has improved  substantially

from 14 i 1975 the first vear of the program,
1o 104 this year (1987) (Table 9).

Table 7. Fruit quality onav wal at Japanee ports of export bananas packed in traditional

packing stations or siailacale pacikng sheds *

Scores of truit quelvty"

No. packing

Type of T B ) o ~ stations invertigated
packing 1983 1534
station ‘ , 7 Tkaohsing  Pingtung
Kaohsiung Pingtung Kaohsiung Pingtung
Traditionat type 68.8 66.6 56.4 52.1 73 45
Small packing shed 73.5 69.0 ©9.6 58.5 34 22

> Data trom the Lawan Provincial Fruit Marketing Cooperative

’ )
Pertet seore is 1o

Table 8. Effect of handling operations from field to small packing shed on
the incidence™ of mechanical injury and latex staining in bananas' '

Dehanding Transportation
method method
Dehanding of Cableway

hanging bunch

Dehanding of bunch
'ying on ground

Cart, smali
truck, motorcycle

Occurrence (%)

Mechanical injury Latex staining

Light Severe
37.3 6.2 9.6
38.1 15.2 18.3

©bata collected trom Kaohsinng whart, Taiwan ROC, nn May 15,1979

Shipping

After passing

boxed bananas are stored

large cool room at a temperature of 16°C until

inspection at

temporarily

the wharf,
in A

they are loaded on board ship. The ship’s holds
are pre-cooled to 10°C or less before the bananas

are loaded. Immediately after louding s

completed the hatches are closed, and the

temperature is brought down to the operating



Table 9. Volume of export bananas handled by different types of packing station in Taiwan, 1986

Coverage of
. ) No.
Type plantation

(ha)

Stations

Traditional

40-50 180
large type
tmproved
40-50 8
latge type
Small
3-10 104

packing shed

Totai
Ratio
export bananas handled "
(1,000 boxes, each of 16.0 kg) (%)
5,200 80.0
500 7.7
800 12.3

Dats from thie Towan Provineial Fruit Marketing Cooperative

level as quickly as possible.  During the sea
voyage to  Japan, the hold temperature s

maintained at 135 14 C.

POSTHARVEST HANDLING OF
BANANAS FOR LOCAL MARKETS

For docal market distnbution, dehanded
bananas  are  packed  In plastic crates with
polyethylene tiners (27 Ly) =r in woven bamboo
baskets lined  with sl newspaper (50 kg).
They are packed 1 the Ookd, and are not washed
i qven any other treatiment’ Bananas for
local markets suffer about 97 losses due to
mechanical injury and litex staning Export
bananas rejected 4t the wharl and returned to
the packing station are also re packed for sale

a* local markets.
STORAGE

Bananas are produced all year round in
Taiwan, and the voyage to Japan takes only
three to six days Consequently, there g
o storage  problem for  binanas  produced
either for local consumption or for export.
Nevertheless  rasea.ci 1nto the storage  of
Talwanese bananas was undertakea in the 1970,

Results showed that when qreen bunanas were

kept at 20°C in an atmosphere containing 2%
O: and 8% CO,; their storage life could be extended
to twe months'.  The preclimacteric life of
bananas could be maintained for at least 30
days if the fruit were kept at 30°C in sealed
polyethylene bags with an ethylene absorbent.
The bananas themselves caused the O, and CO-
content of the atmosphere in the bag to change
to 3.58.5% and 3.55.0%, respectively, during
the storage period *.

RIPENING

Artificial ripening of banana is widely
practiced in Taiwan. At an early stage of
the banana industry, ripening rooms were simple
and without temperature control. The design
of the ripening room has been improved greatly
in recent vyuars. The room temperature is
controlled by an automatic or semi-automatic
re(rigerating system. Previcusly, bananas were
ripened by acetylene released from calcium
carbide.  Since 1982, most commercial banana
ripening has been carried out using ethylene
converted from ethanol at a high temperature
{-350°C) in a ethylene gencrator.  Bananas
are kept in a chady, airy place for one or two
days before the ripening treatment. Usually

bananas are exposed to ethylene or acetyleue


http:iesea.ch
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for 10-13 hr in summer and 48-72 hr in winter
room, without any
After

the door is opened to allow fresh air to enter,

in the closed ripening

temperature  adjustment. treatment,

and the bananas are cooled immediately by

spraying
closed again, and the room temperature set at

them with water.  The door is then
1315°C 1o allow the bananas to slewly change
It takes about seven or eight days for
Nod o No.5,

the standard color for local markets

color.

bananas to reach color index

POSTHARVEST PROBLEMS

When Philippine bananas Legan o dominate

the Japanese market,  Japanese  wholesalers

difficulty in Tawanese
16 C.  the

recommended by banani companies in the Philip-

experienced ripening

bananas at fIPLNIng  temperature

pines.  Experiments carried out ai the Taiwan
Banana Research Institute showed thar Taiwanese
bananas exposed to ethvlene at 16 € did not
ripe uniformly, even when the ethvlene concen
tration was increased to 5000 ppm .  Uniform
ripening was achieved by rawsing the ripening
temperature to 2024 C", which had no adverse
effect on the shelf life of the bananas

Abnormal ripening of Taiwanese bananas,
“Two-Zone-Color”

commonly called {Ao-Down

in Japanese) has become a major postharvest
problem 1n recent years.  Only the basal part
of the

ripening treatment, while the distal end remaing

affected frunt turns  yellow after the

green.  The length of the green zone varies

depending on the severity of the disorder".

In general. the disorder is most prevalent in

bananas produced in  southern Taiwan and
harvested from late April to midJune. The
top three large: hands of the bunch and the

out-layer fingers of the hand are more susceptible
to the disorder. The stage of maturity of the
fruit appears to be of little impcrtance. Severity
of the disorder is greatiy reduced by covering
the bunch with browr 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

(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 weated pads in the Caribbean for this. They are impregnated with thiabendazole,
plus alkali to coagulate the latex. The use of such pads is considered essential in the Caribbean
for expert bananas, unless coaqgulating water tanks are used.

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

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

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

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

There are two main foliar diseases, blackspot and freck!z. 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)

A,

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.

Yes ~ this is because banana prices were comparatively high during the carlier 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.H. Chen®
Tainan District Agricultural Improvement Station
Tainan, Taiwan, Republic of China
Planning Department
Taiwan Provincial Fruit Marketing Cooperative

1

Taipei, Taiwan, Republic of China

ABSTRACT

This paper describes the postharvest handling systems used for citrus and lvchee in Taiwan, After the
St is harvested i is sorted and graded by the furnier before it is sent to the collecting station, where title
1o the comnodity is transferred from farnier 1o buver. The fruit is then transported by truck (o the
pockinghouse.  In the packinghouse, citrus fruit s washed with brushes, waxed, wrapped, fumivated,
packed, pelletized, and shipped.  The more delicae Nvehee are Jimigated, precooled and placed in cold
Storage, before being pached, pellerized and shipped. Fumigation with DI is required only for fruit

cxported to Japan,

INTRODUCTION (Citrus sinensis) are the major varieties grown
for export (Table 2), while ‘Hei-yek’ is the leading
Taiwan is located between latitudes variety of lychee?.
21°58" N and 25718 N with the Tropiz of Although citrus and lychee 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 & central different, because citrus fruit is far less perishable
mountair renge vunning from north to south. than lychee®.
Many subtropicai fruit crops, inchuding citrus,
lychee, loquat, avorado, longan, and kiwi fruit’ Table 1. Production area and quantity of sub-
(Table 1} are grown in the subuopical lowlands, tropical fruit in Taiwan, 1987
and on rhz slopelands of the tropical zone!. T e -
Citrus 1Clizes spp.s and tychee Lirehi Crop Area (ha)  Production (mt)

cltinensivy ase the two most important subtropical T I e s s e
fruits in Taiwan in terms of both production Citrus 38,442 386,819
and planting area (Table 1) . Since both fruit Lyrhee 12,139 13. 0i5
crops are exported to Japan and other countries, Longan 9,065 68.301
postharvest handling systems have been developed
by the Taiwan Provincial Fruit Marketing Loguat 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, while lychee exports began in e e e
1976. ‘Ponkan’ and ‘Tarkan' varieties of tangerine Data from Taiwan Agricrdtural Yearbook (987,
(Citrus reticulia) and Liu-cheng’ sweet oranges * Estimated data,
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Table 2. Production area and quantity of citrus
fruit in Taiwan, 1987

Variety Area (ha)  Production (imt)
Ponkan 11,087 119,294
Tankan 10,061 94,434
Wenton pumelo 1,446 4011
Tou pomelo 6Hh 643
Pai pomelo 219 1,825
Satsuma orange 56 454
Vaiencia 269 1,707
Liu-cheny 12,353 130,129
Lemons 959 10,166
Grapefruit 433 2,775
Other 1 494 16,379

Duata from Taisean Agricultural Yearbook 1487,

POSTHARVEST HANDLING SYSTEMS
Harvesting

Citrus feuit is cut with clippers. A two-cut
method, which first cuts the fruit stem from
the trec and then cuts the stem down to the

calyx without leaving anv  protrusion,  was

~

developed about 20 years ago’ . Farmers are
encouraged 1o ase this method when harvesting
fruit, especially fruin growa for export or for
storage.  Howewrer, due to the present shortage
of labor at harvest time the snap-picking (twist
and pull) methed is becoming pepular, especially
when harvesting “Liucheng' oranges which are
fairly resistant to damage and decay. Plastic
buckers and small bamboo bins lined with jute
cloth are used as picking containers. Hmvested
fruit is collected in field bins made of plastic
or bamboo, and then brought under shelter
for sorting. grading and sizing. Fruit is sized
into five groups (3L, 2L, sguare L ( ),
circle L ((LY) 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
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the snap method (pulling the fruit branch and
snapping it).  Fruiting branches are harvested
and placed on the ground under trees or some
movable shelter 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) film lining,
whereas fruit intended for export to Japan is
packed in 5 kg PE mesh bags which are then placed

in plastic field bins, with three bags to cach bin.
Maturity

Degreening of citrus fruit caused by the
removal of chlophiyll from the peel is induced
by coid nignts and warm cays . In Taiwan,
citrus fruit is degreened when cold fronts begin
1o move down from Manland China in Novernber.,
However, the ecarly maturing varieties ‘Ponkan’
and ‘Liu-cheng’ mature before degreening, and
can be harvested at the break stage in October,
Iruit 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. Lychee mature quickly
during the high temperature months of June
and July.  Fully mature fruit is bright red in
color.  However, lychee are most palatable and
llave the best keeping quality when the fruit

5]

has gained only 80% of 1ts full potential color®.
Collecting Stations

Farms and orchards in Taiwan are very
small’ (on average about 1.14 ha) and many
dwverse kinds of fruit are grown in any one area.
This makes it difficult to produce a single type
of fruit crop on any large scale, or set up packing-
nouses close tc producing areas. Furthermore,

fruit  orchards are  wusually scattered over
slopelands, where transport is difficult. It is

necessary to establish collecting stations where



Flow Chart of Postharvest Handling System Used for Citrus Fruit in Taiwan

Operation

4

Harvesting (by clipper or snapping)
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Flow Chart of Postharvest Handling System Used for Lychee in Taiwan

Operation
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processing costs, and low gross returns. Research
is needed to develop better precooling lacilities
and a cold chain transportation system for
lychee, to maintain the freshness and red color
of the frun.  EDB fumigation for agricultural
products was banned on September 1984
in USA.  Although it is sill permitted in Japan,
provided EDB residues do not exceed 0.013
ppm, it will be prohibited there in the near future.
An  alternative quarantine weatment must  be
developed if Taiwan s to continue exporting
fruit w0 Japan. adies on how to control
fruit decay, grading and sizing techniques, and
improvad transport and storage methods should
also be considered. !
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DISCUSSION

Q. (Y.S. Tsiang)

I understand that Japan will not allow the importation of iychee or other fruit treated with EDB

next year. If thisis 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:.ver — storing lychee at 0°C will kill

most insects, However, oranges and 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)

[ was deeply involved in the controversy over EDB, 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 woeld 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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A.

(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?

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 niethods such as freezing, cooking or drying.

Comment: (W. Grierson)

Q.

I used to freeze lychee from my own tree in Florida, after dipping them quickly for 30 seconds in
voiling water. They kept their color well when they were thawed. Frozen products are very popular
in US.A., and frozen strawberries and raspberries are widely eaten. There should be a case for
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 thavsing - consumers today are experts in the use of fiozen
food, and know it should be eaten the sam. day it i: thawed.

(A. Hassan)

Up until a few years aygo, the lychees imported 11to Malaysia were always brown — iu fact, 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?

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

(S.C. Tongdee)

Hydrocooling is usually used for precooling lychee in Thailand. Do you see any possibility of using
forced air cooling instead?

[ doubt whether forced air cooling would be suitable for lychee - the fruit are so small and packed

so closely together, it would probably not be efficient. Hydrocooling is the best system if the produce
is suited to it.
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RESEARCH INTO THE POSTHARVEST HANDLING OF
TROPICAL AND SUBTROPICAL FRUIT IN THAILAND

S.C. Tongdee
Postharvest Technology Laboratory
Thailand Institute of Scientific and Technological Research
Bangkhen, Bangkok 10900
Thailand

ABSTRACT

This paper reviews recent research into the postharest handling of frdic in Thailand,  Modified

atmosphiere storage s being tried for beds banang and strawberry, to extend the storage life and

improve the market quality. Since most op e expore fruit is grown by small-scale producers, there Is a

major problem in achieving a uniform standard of maneity. Boih hydrocooling and forced air cooling sys-

tems lave heew tested for longan, the neost nportans export fruit. Recent rescarch has also been carried

aul on Juseicidal dipping, surtace coating and conrolled atriosphere storage for other fruits.

INTRODUCTION

There is a growing in*erest 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
preduce to developed countries in northern
latitudes over the winter, since most developing
countries which supply off-season produce lie
in southern latitudes. From the viewpoint of
the developing countries, fruit 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 strategics,
in order tc capture a share of this expanding
market.

Until rP:éntly, Thailand's export of fresh
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fruit and vegetables served only as an outlet
for its domestic surplus. Major markets lie in
nearby countries. Two newly industrialized
countries, Hong Kong 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. Qutside the traditional
regional market demand has increased rapidly,
particularly {n Europe which is one of ihe most
The Middle East’s
economic development has drawn a large foreign

rapidly expanding markets.

work force into the region, who wrefer to
consume the traditional fruits grown in their
own countries. Japan's rather restrictive import
requlations, 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 vpresent, there are five tyres of fresh
produce from Thailand allowed into Japan.
These are coconut, green banana, pineapple,
grapes, and durian. Thal 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



fruit and also

Another

to discourage imports, favors
barter trade. the

result of increasing barter trade is the European

market which is

socialist countries: fruit exporters arve suddenly
finding themselves trading fruit for machinery.
Taiwan, a newly industrialized island with high
purchasing power, has emerged as an important
market for Thai fruits such as poimelo, clementine
and mangosteen.

Official export statistics (Table 1) indicate
the scale of fresh f-uit exports from Thailand.

Table 1 Export of Major Thai Fruit Crops

Unit: million Thai Baht*

Year
Item 1986 1985 1984
longan 313 163.4 251
pineappie 198 75 0.6
durian 174 17¢ 68
mango 54 57 313
pomelo 45 40 21.2
citrus 36 41 32
papaya 24 37 68.4
avacado, guava, and _
mangosteen 156 10 9
ramoutan 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
witermelon 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 £78
Value in US$* 36.3 26.7 22.2

*TUSS = 26 Tha' Baht

Thailand faces keen competition in its

export of fresh fruit and vegetables from other

countries in the region such as th: Philippines,

Malaysi: and the Republic of China, and

from countries elsewhere such  as India,
Mexico, the Caribbean countries, South Africa,
the South Amevican countries, Australia, New
Zealand and USA. This competition from other
exporting countries and the expanded market
Thailand

transportation,

to
and

potential make it necessary for

improve its  handling,

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 resvits are applied commercially,

Available  information concerning post-
harvest handling problems 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 veen intensively studied. The

handling of tropical and subtropical fruit under
th2 high temperatures and humidity prevalent
in  the tropics additional
Efforts at Institute of Scientific
and the
handling and storage of tropical and subtropical

presents problems.

the Thailand

Technological Research to improve
fruits follow two general approaches. 1. adaptive
research, to review information and technology
which has proved applicable 10 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

Bananx

Thailand is probably the only remaining
country in the woild which grows the banana
cultivar Gros Michel on a commercial scale for

export.
banana market has made further penetration of

Control by multinationals of the world
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of the most perishable cf tropical fruits, and
its shelf life under high temperatuares is exuemely
short.  Thers are two parts of the postharvest

handling chain which need special attention:
firstly, the precooling of longan to remove field
heat in order o provide effective temperature
management during transit, and secondly, control
of rot during cold sterage

The hydrocooling systems used at present
thet

by exporters have bLeeon surveyed, and

nadequacies reviewed  Foreed air cocling systeme
are also worthy of further attennen
Results of work on the cold storage of

longan using fungicidal dipping, surisce codating,

and more recently, SO, fumigation, showed
only the fumigation treatment with SO, to
SO, fumigation is a postharvest
Glape

countries, but it can cause injury to the rind

be promising.

treatment  used  for sturage in several

and discoloration of the aril® of longan, and
needs further investigation.  Recent revocation
of the GRAS wtatus of SO. as a sulfurizing
agent means that more study ‘s needed of SO,

residues  on treated  fruic it is planned

into the handling and
m  the future, following a

to emphasize  research
storage of lychee

similar direction as research into longan.

SAnk Addinonat covering that tonm s en seeds of certam hait, developmy trom the stalk of the ovale. Ed.

Al

DISCUSSION

(G. Marlowe)

Are you establishing base lines of respiration rates for the tropical fruits? 1If so, you are opening
up a new understanding about fruit that is relatively unknown to others working in the field,
especially those in temperate arecas.

Yes, that is the kind of basic research we worked on before we siarted any subsequent work.
At the beginning of the survey we studied respiration rates and shelf life of the fruit, and then
went on t¢ analyze the present postharvest handling system, possible technological inputs, target
groups for the partictlar technology, and eventu., use of the technology. One of our greatest
problems is integrating new technology into the nxicting systemn, and often development work is
neld up because we do not know how to do this.

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

We were able to keep lychees fresh for two to three months when they were stored at 0-5°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 tue 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 continue looking into the matter.

(Albert T.T. Yu)
I am interested in your comment that the color deterioration found in lychee after SO, traatment
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PACKAGING, TRANSPORTATION AND STORAGE
FOR SELECTED FRUIT CROPS IN KOREA

Whee-Cheon Kim
Fruit Breeding Division, Horticultural Experiment Station
Rural Development Administration
Suweon, Republic of Korea

ABSTRACT

To proect apples from hrudsing diring transport and markering, double thickness cardboard hoxes

with corrugaied padding and vertical separators produced feast damage of all the puckaging maierials
rested. Storing fui iv polvetivlene (P11 i bugs with necdle poing performarions appreciably enlianced
the shelf tige of apples, pears, grapes, chesoms cirrus, and particularly persimmons. e packing of persim-

mons e PEtilme Bogs, cacll bay CONGUNg Jive or maore fruir, is now i wide commercial oc I KNorea.

Experintenns sweiri ivpobaric storage were conducted swith apples, and proved 1o lengthen the storage

period. OF ihe varions mietliods tested of storing persinimons, proeservarion in a 1 solt solution proved

to he the hest.

INTRODUCTION

Total fruit production in Korea reached
1,475,000 mt in 1986, more than 3.5 times
the leval of 197]. Ninety-three thousand mt,
represer.ting 6.3% of the total crop, was canned
in 1986 compaied 1o only 9,661 mt (2.4%)
in 19717, Peaches, grapes and citrus were the
most important fruit, with 10.5, 9.1 and 1433,
respectively, of total fruit production in 1936,
while apples accounted for 2.5%. There have been
changes in the type of fruit processing. In the
early 1970s, canaing was the most important,
followed by the production of wine and nectar,
but ten years later fruit juices had risen to second
place, followed by wine, nectar and jam, in that
order. In 1987 fruit juice led over all other
products, with canning and wine coming second
and third, respectively.

However, fruit crops in Korea are pre-
dominantly consumed as fresh or table fruit,

which limits any consistant increase in consump-
tion. It also causes price fluctuatinns when
markeis are flooded with fruit during the peak
harvest season, with reduced income for growers as
a result.  This situation justified the search for
improved storage methods, which could provide
a year-round or off-season supply of choice fruit.
At the moment, more than 90% of fruit in storage
is kept in conventional cellars. Less than 9%
is kept in low temperature storage, although the
capacity is gradually increasing. In addition,
about 1,650 m*** of controlled atmosphere
(CA) storage is in operation. On average, more
than 35% of apples and pears had come onto
the market after only two months’ storage, 80%
afr=r four months, and 100% after six months.
With citrus, more than 25% of crops stored had
gone to market within one month, 60% by two
months and 100% within three months.

Not only is there a need for improved storage
methnds, to avoid heavy losses during transport

* Statistics trom the Ministry of Agriculture and I'isheries, Republic of Korey, 1987,
** Data from National Agricultural Coaperatives Federation, Korea .
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Table 2. Rate of bruising in Fuji apples transported in 15 kg corrugaled cardboard boxes,
according to packaging material used during ansport and type of road surface,
1982

50 km bransportation on 50 km transportation on )
Packaging

Net : ) z sal i t
Type of packaging . naved road (60 kim/h) unsealed road (40km/h) material
) weight  —-—- e
material useu
(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 with entrapped
12.5 45.0 0 45,9 3.7 1.15

air bubbies

Coriugated cardhoard
pads and vertical 12.5 45.0 0 45,0 2.2 .24

separators

Foam polyester mesh 12.5 47.3 0 47.3 1.4 .75
Ricehull A (box less
12.5 47.3 4,2 47.3 45,9 .18
than labeled weight)
Ricehull 3 (weight the
15.0 58.3 4.0 58.3 54.9 .16
same as labeted weight)
Without any packaging
12.5 48.3 124 48.3 67.6 0
materal
LSD .05 - — - 3,58 - 11.89
22 Means of 3 replications.
Yo 1L USS = 810 W (1957)
that a net reduction in bruising during transport packaging iaaterial. For apples transported on
could be achieved by using melded PVC trays, a paved road, there was no difference in rate
PVC film with entrapped air bubbles, corrugated of bruising between apples in the lowest
cardboard pads and vertical scparaters, or foam or highest boxes in up to eight layers of boxes.
poiyester net. The decrease in bruising was Hcviever, when 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 thun in the layers in between (see
are taken into consideration, corrugated cardbeard Table 3),

pads  and vertical separators were the best
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Table 3. Rate of bruising in Mutsu apples transported in 15 kg double thickness cardboard boxes,

according to the packaging material uztd during transport and type of road surface

Position of layer

Road Packing Bottom Top
condition material e Mean
1 2 3 4 5 6 7 8
Paved road Corrugated cardboard pads 33 11 22 22 0 0 0 2.4 1.4
with vertical separators
Rice hull 55 55 6.4 32 33 44 33 54 4.6
Mean 44 32 43 27 1.7 22 16 3.8 -
Unrcealed Corrugated cardboard pars
. : 1.1 33 0O 1.1 11 0 1.1 5.5 2.9
road with vertical separators
Rice hull 478 479 129 17.0 164 209 22.0 484 29.0
Mean 295 256 6.5 9.1 88 10.4 11.6 27.0 -
METHODS OF STORING FRUIT
. v . . . . . ~—o Control
Iiffect of Coating with Polyvinyl Chloride :_x 0.02 mm Polyethylene film
Acetate and Sealing with Films of Limited e—e  0.05 mum Polyethylene film
Permeabilily on Shelf Life of Fruit T 0.10.mm Polyethylene film
In Korea, as in other couatries, the principle T 100 - —a
o ; . . z o
of modified atmosphere storage nas been applied = s / /4
. ) S 80l g
to the storage of apples, pears, grape:, persimmons 5 S/ / A
and citrus, using polyethylene {PE) film. T 00y / P ;./
In numerous trials with various kinds of ~ a0 'J’ / /l
fruit, persimmons proved to be most suited to h 20k "./' A
this method ot storage, especially when they : . /JZ/J//' ,ﬁ,,,_ﬂ,//“ ‘ ]
were sealed individually and put in PE film bags, 20 40 60 80 100 120

with five fruit per bag®. This method has now
been acopted almost everywhere in Korea.

PE films 0.02 mm, 0.05 mm or 0.] mm
thick significantly delayed softening of the
fruit compared to the control. 0.1 mm PE film
was best for astringent persimmon, and 0.05 mm
PE film for non-astringent ones (Figs. 1 and 2).

Fig. 1, The effect of sealing Gojorgsi persimmons
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in polyethylene film of varying thickness

Length of storage (days)

before placing the fruit in cold storage



O0——0 Control
X ———X

100

60 |- /
40 |- /

Proportion softened fruit (%)

0.02 mm Polyethylene fitm
e 0.05 mm Polyethylene film
<~ .10 mm Polyethylene film

s ~
20 + Vs / /A///.,
"‘/ - 1 A,_-—A;-/ﬁr/“‘ * L N
20 40 60 g0 10C 120

Length of storage (days)

Fig. 2. The effect of sealing Buyusi persimmorns in pulyethylene film of

varying thickness before placing the fruit in cold storage

The :ime elapsing before the persimmons softened
was 16-25 days for fruit stored loose, but 70
87 days for those sealed in 0.1 mm PE bags (20
fruit per bag) and kept in conventonal semi.
underground cellars ventilated with fresh ouside

air. When cold storage (0-2°C) was used,

loose fruit could be kept for 19.27 days and
wrapped ones for 8092 days (Table 4).  Just
as the prriod before the fruit softened could be
extendec by PE film, so could the period before
the fruit rotted (Table 5).

Other investigators have reported that the

Tabie 2. Storage perod o severgl cultivars of perammon, defined as the no. days

requned tor 20% of the fruit to soften

Dobhes:

Gojongs
&té)trsgz No 0.1 mm No 0.1 mm
° treat- PE treat- PE
ment envelone ment envelope
Semi-
underground 17 70 23 77
storage
Cold
24 90 25 92
storage

ment envelope ment

Vaiiety
Bansi Sagoksi Fuyu
No 0.1 mm No 0.1 mm No 01 mm
treat- PE treat- PE treat- PE

envelope ment envelope

156 7C 21 71 25 87

i9 80 23 91 27 92
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Tabie 5. Maximum storage period of several cultivars of persimmon, defined as the number

of days required for 20% of the fruit to rot

Storage - Gojongsi Dobes:
Method No 0.1 mm No 0.1 mm
treat- PE treat- PE
ment enveiope ment  envelope
Semi-
underground 25 80 28 90
storage
Cold
3 100 35 104
storage

optimum thickness of cealing film depends on
the number of fruit contained in each bag'*.
Thus, 0.08 mm PE film is best for bags containing
fruit,
The

an

three fruit, 0.06 mm for bags with ten
and 0.0 mm for bags with fifty fruit
bags all had

O, concentiation of 5% and 51075 CO. .

atmosphere in of thicknesses

Coating apples with layer of polyvinyl
chloride or polyvinyl acetate markedly 2nhanced
the freshness of Jonathan apples compared o the
control, and appreciably delaved or inhibited
softening, shrivelling and physiological disorders
such as bitter pit in American Summer Pearmain
This

effect has alse Leen reported for Colden Delicious,

and Jonathan spor in Jonathan apples.

Starking, and Fuji apples coated with TAG (fruit

coating wax) . Reduced weight loss was par-

ticularly noticeable in fruit coated with wax.

A study was made of the use of modified
controlled atmosphere {(C. A} storage for oriental
pears (Pvrus pyrifolia) grown in Korea, where
the summer 15 hot and humid with a long rainy
season.  The pears were stored in individually
sealed FE bags, and o series of experiments tested
the effect of film thickness, the addition of
chemicals to absorb O, and produce CO,, and
the number of needle point perforaticns in the

9,16

bags. As shown in Table 6, the tate of decay

was lowest (17.2%) in Olkusankichi pears stored

61

Unit: no. days

Variety
Banyi Sagoksi Fuyu
No 0.1 mm No 0.1 mm No 0.1 mm
treat- PE treat- PE treat- PE
ment  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 botn

was much less than in the cenwrol. Five needle

per
ten, but various chemical agents tested seemed

point perforations bag were bhetter than
to have little effect.

Storing the pears in sealed bags resulted in
a noticable reduction in weight loss during seven
months storage: less than 1% for pears stored in
film bags, compared 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, while oniy a slight decrease was found
in sealed ones. On the other hand, toval acid (%)
and firmness (Kg/¢10 mm) decreased much less
in sealed pears compared to those stored lovse.
After storage for two montis the concent ation
of CO, gas was 1.9% in the 0.05 mm polytiylene
film bag perfcrated with five needle point holes,
and 2.4% and 0.7% in the 0.0L mm and 0.03 mm
PE filin bags, respectively.

As

Yoon'! reported that sealing fruit inside 0.05 mm

far as grapes are concerned, Sohn and

[E film had a pronounced effect over a pro-
longed storage period of 70 days. Grapes wrapped

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

and a moisture loss of 1%, compared to



Table 6. Decay rate in Okusankichi Pear harvested on Octoher 9, 1981 and stored at0-2"¢c

san. 10
1982
Treatment —
3
Ccntrol 2.5

0.03 mm palyethyiene film? -
0.05 mm polyethylene film —

0.05 mm polyethyione fm O]y
absorber (Agaless 100)

0.05 mim polyethyiere fifm + CO2X

preducing reagent

-

0.05 mim potyethylene film + 5 needle

point nerforations,

.05 mm polyethylene film + '0 needle

Dot perforations

0.1 mm polyethylene filn, -

O ka b bae contadane 810 puars
O madeless 100 sealed with fruit inside the film bag
Xt 30 g treshener sealed with fruit inside the fdm bag

10-22% weight loss and a moisture loss of 10%
CO, content around the
grapes stored in film increased to 1-2% after two

for these stored loose.

mionths' storage.  With regard to chestnuts, cold
storage at 1 * 1°C with a RH of 85.95%, lengthened
maximum storage ‘ife (based on 10% decay)
to 8-9 months, compared o 4-5 months in con-
ventional  storage'”. Sealing chestnuts  in
polyethylene film, or perforated PE film bags
also greatly lengthened the storage period, by
approximately for

cellar storage and two to three months for cold

two months conventio..al
storage. In these trials, the nuts were stored in
PE film bags 0.01, 0.02 or 0.05 mm thick. Each
bag had a capacity of 1200 em?, and 9 or 11
perforations 0.3 mm in diameter. Oranges showed

least iess of weight and firmness when they were

{Un:t: % decayed fruit)

Date of inspection

Feb. 10 Mar. 10 Apr. 10 May 10
1982 1982 1982 1982

Storage period (no. months)

4 5 g 7
5.0 37.4 58.6 72.3
3.2 22.1 323 58.8

- 17.2 28.4 53.6
- 16.5 27.3 50.2
- 13.2 23.5 47.6
— 2.3 12.7 30.5
— 254 42,7 65.7
3.5 25.0 35.4 61.6

wrapped in C.05 mm PE film, rather than 0.02
and 0.1 mm film, during three months in both
conventional and cold storage'. A comparison
of the effect of coating Satsuma Mandarins with
wax and wrapping them iu paper or PE film
showed that 0.03 mm PE film and a wax coating
both  maintained fruit freshness lenger  than
wrapping the fruit in paper, but that PE film
produced a higner rate of total losg (decay loss

*+ weight loss) than wax (Table 7).
Hypobaric Storage of Fruit

Experiments on storing apples using hypo-
baric methods showed that 100 mm and 200 mm
Hj retained the freshness of American Summer
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 firmness?,

total lossY, and flavor® of Satsuma Mandarin stored at 10-15°C for 30 days

Early Satsuma

Common Satsuma

Treatment —— - B
Freshness? Total loss Off-flavor Freshness Total loss
0.03 mm PE film seal 1.1 cW 189 b 3.1 05¢ 17.5a
0.03 PE film, 10
mm L T 2.7b 29.7a 2.4 0.9 be 13.9b
1.5 ¢cm holes
0.03 mm PE film, 30
i, 29b 29.3a 2.7 1.2b 13.7b
1.5 ¢cm holes
Paper wiapping 33b 26.8a 1.6 1.3b 1490b
Wax coating l1.2¢ 10.2 ¢ 3.4 04c 140b
Control 4.2a 22.1 ab 1.6 03a 18.4 a

2t Freshness: 0=high: H=low
Yoo Weght loss (%) plus decay loss (95)
N = pond flavor: 5 = offdlavor

wi Mean separation by Duncan’s multiple range test, 550 level

trolled atmosphere or low temperature storage**”.
Sohn has elaborated the physico-chemical changes

brium after only five minutes. This slowed down
the climacteric rise and the development of

involved: in apples subjected to hypobaric ethylene, comvpared to fruit under normal
pressure, the Intercellular gas reached equili- atmospheric pressure (Figs. 3 and 4). In addition,
o——>0 NAP-0
O-—O NAP-5
X X SAP-O
12r LH——hD SAP-5
g 10
) A
2 8
c
(3 6"‘ /{)\
!
’ o/ / v
I
4 _\X—” X ‘. hﬁf“—«—*
5 10 15 20 25 30 35 40

Length of storage (days)

Fig. 3. Effect of subatmaspheric pressure on the concentration

of interretlular CO, in American Summer Pairman apples

~

stored at 2+°C
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30 [ o——0 NAP-0
3 c+—_ NAP-5
a 20 X=X SAP-0
e ] DemtNSAPG A
|._
£ n/
L 10 I )
T \ AN f(></:
[} /
(@] ~.
A P \*:f}
rd .
W Al S A , 1
5 10 15 20 25 30 35 40

Length of st

Fig. 4. Effect of subatmospheric pressu

CaHy in American Summes Painr

subatmospheric pressure maintained skin color,
«nd reduced the rate of
rotting and weight loss {Table 8).

freshness and firmness,

Storage of Persimmons in Salt Solution

A study of the effect of preserving astringent
persimmons (Diospyros kaki) in brine showed that

it improved the flavor. The taste improved as the

Toble 8. Effect of 40 days’ hypobaric stor
and total sugmy. reducing sugarx

Summer Pearmain apples

orage (days)

€ on the concentration of intercellular
C

nan apples stored ai 25

% to 3% to
(Table 9). Sotuble tarnin decreased rapidly for

salt concentration was increased from 1

5%
60 days, then increased slightly, over the next 30
days, and then again decreased after 90 days. Salt
concentrations in ihe tissue after five months were
0.81.0.83% in persimmons stored in a 1% solution,
2.52.2.62% in those stored in a 3% solution, and

C.15% for those sealed in PE film bags' 7,

age on the rate of decay, fruit firmnessz,

. A N
and acid content™ of American

Total sugar Reducing sugar Acid content

{9/100g) {g/100q) (%)
6.85 5T4'2 0.20
7.00 5.42 0.28
7.20 5.72 0.42
7.25 5.75 0.40

Decay Fimnecss
Treatment A
(%) (Rg/em-}
760 Torr. 0% CC 50 1.21
760 Torr. 5% CO, 43 1.49
660 Torr. 0% CO» 3 2.45
660 Toir. 5% CO» 3 L.69
z: Initial hurdness; 3.4 lrcp.’/un2
vi Initial content; 741 g/ 100gr.
X: Initial content; 3.65 p/100gr,

W2 Initial content: .53
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Table 9. Taste and appearance of persimmons preserved in brine

S:

++;

Taste Appearance
Treatment No. months' storage No. rmonihs' storage
1 2 3 4 5 ] 2 3 4 5

Salt 1% (Sept. 28) + + + — - + * + + —

Salt 1% (Oct. 12) ++ + + + .- 4+ ++ ++ 44 +

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

Salt 3% + + - — - ++ ++ ++ ++ +

Salt 3% + 5% sugar ++ + + — — ++ ++ ++ ++ +

Salt 3% after sef]lecl in " S S s S . S S S .
0.03 mm PE film S
Fruit sofiened
Excellent
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DISCUSSION

(F.W. Liu)

You show that packing apples with rice hull resulted in a high proportion of damaged fruit. Idon’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 rice hull punctured ‘e fruit? Perhaps the fruit should be
wrapped in paper. Also, the polyethylene film you used sas very thick — 1.0 mm. Does it produce
anaerobic conditions, and give the apples a fermented flavor?

¥es, the iice hull did bave a good cushioning effect, but the very sharp points bruised the skins nd
punctured them. The paper v.rapping normally used for fruit is too thin to protect the apples ;rom
puncture damage. Wrapping the apples with newspaper protected the apples from damage, but this
cannot be used because consumers will not accept it.

When we started 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.

(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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When rice hull was used for packaging, managers of supermarkets complained of a problem indisposing
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.

(W.J. Ho)

Do you think of persimmon as a soft fruit or a firrn one? Is chere any correlation between the level
of astringency in different varieties of persimmon and tiie softening problems encountered in handling
them?

Temperate fruit are vsually 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 ar2 rejected by the consumer,
Similarly, only firm persimmons are chosen for sale.

Softening in astringent persimmon cultivare occurs very rapidly, and the taste deteriorates as the
fruit softens. Nonastringent cultivars taste very good when they soften. Both receive the same kind
of postharvest handling.

(W.J. Ho)
[ am interested in the treatment of persimmon with salt to reduce the level of astringency. This is
also done in Taiwan by family growers. Zould vou please explain the physiological p.inciples behind
this treatment?

I don't know the phy.iological axplanation.  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 fruix is treated with CO;.

(W.J. Ho)
Does this treatment sofien the fruit?

No, it only reduces the astringency.

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

Yes, in commercial production persimmon are treated with CO, 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!
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TEMPERATURE RESPONSE IN CITRUS FRUITS AFTER HARVEST

Takao Murata
Department of Horticulture, Faculty of Agriculture
Shizuoka University
Qhya, Shizuoka, Japan 422

ABSTRACT

The effect of temperature after harvest on phvsioloey and fruit qualiny was investicared in several
! : £ . { . :

cirrus varieties.  Arrlienius plors of the respivatory rate and potassivn ion leakage from the rind tissues

exhibited break points ar the cridical temperature, which corresponded closely with the temperature at

which chilling injury occurs i caclt cidiivar, The development of the peel color of tive fruit rind was also

affccred by the remperature during curing and storage. The best color was obrained ar the oprinam

remperature, wltiely varied tor different civrus varieties and cultivars.

INTRODUCTION

Citrus are one of the most important sub-
tropical fruit in the world. As shown in Table 1,
annual production throughout the world in 1985
was 58,438,000 mt, which was much the same
production level as banana (including plantain} or
grapes (including grapes for wine).

Several citrus varieties, including orange,
tangelo, manderin, clementine, satsu:..1, lemon,
lime, grapefruit and pomelo, are grown in Asicn
countrias {(Tabie 2). Production in Asia is 22-24%
of the world’s total citrus production’ .

The most important citrus grown in Asia are
oranges, followed by tangelo, the mandarin group,
lemons and other sour citrus, and granefruit.

Citrus fruits have arelatively long postharvest
life in compari>cn with other subtropical and trop-
ical fruit. The type of handling before and after
harvest, and the citrus variety and culiivar, may
both influence fruit quality in marketing.

Citsus fruits are sensitive to chilling, A large
amount of research has been carried out on methods
toameliorate chilling injury to citrus fruit, including
conditioning" 3% treatment with TBZ (thia-

bendazole)5'°-7, high carbon dioxide®-?, oil?,

and film packaging?+!0.11.12.13.14

.69-

Chalutz et al."*+'* have shown that the ex-
tent of chilling injury ofter storage at temperatures
tanging from 2-12°C varied in different citrus
cultivars. Hasegawr and lba'” have investigated
the effect of ambient temperature on the peel color
of ‘ome citrus cultivars grown in Japan,

It 1s well known that the temperature aifects
the relative humidity in the ambient atmosphere.
Any change of temperature in the storage roormn is
accompanied by a change in the relative humidity.
For this reason, it is necessary when studying the
effect of different sterage temperatures to consider
the simultancous effect of humidity.

This paper will deal with the effecy of the
ternperature and humidity levelsin storage facilities
on physiology and storage quality in several citrus
varieties.

MATERIALS AND METHODS

The frun of twelve citrus varieties | hassaku
(Citrus hassaki hort ex Tanaka), hanayu (C. hanaju
hort ex Shiral), iyo (C. iyvo hort ex Tanaka vs.
Miyauchi and Ohtani), kabosu (C. sphaerocurpa
hort ex Shirai), kinukawa (C. gluberring hort ex
Tanaka), kishiu-mikan (C. kinokuni hort ex
Tanaka), satsudaidai (C. natsudatdai Hayata cov.



Table 1. Annual world production of citrus fruit

1980 1981

Unit: 1000 nit

1982 1983 1984 1985

World production
orange 38,463 37,751 35,952 39,508 39,432 41,289
tangelo” 7.26/ 7,106 7.218 8,063 6,580 7,499
lemon and lime 4,878 5,524 5,234 5,801 5.136 5,461
grapefruit and pomeio 4,470 4,356 4,484 4,269 3,971 4,061
others 913 911 960 1,098 1.04% 1,128
totas 55,986 05,648 53.848 58,839 56,164 50,438
Asia
orange 6,038 6,234 6,690 6,931 7,002 7,151
(angclo‘ 3,742 3,690 3,724 4,191 3,234 3,861
lemon and lime 1,212 1,245 1,306 1,317 1,338 1,240
grapefruit and pomelo 850 861 895 1,073 1,025 1,033
others 422 408 449 505 165 536
total 12,264 12,438 13,064 14,017 13,064 13,821
* T cluding mandarin, clementine and satsang
Table 2. Annual production of citrus cultivars in Asian countries, 1985
Unit: 1000 mt
China India Israel Turkey Pakistan Japan Indonesia
Orange 1,700" 1,350" 900 720 530 420 aso*
Japan Korea China Turkey Pakistan tsrael Iraq
Tangelo, mandarin, .
ngeto, mandariy 2,494 371 250 229 216 160 a6*
clemantine, Sytsuma
India Turkey  China israel Cyprus  Philippines lebanon
- 13 *
Lemon and lime 450" 300 112" 65" 52* a6 40
Israet Thailand  China Cyprus  Philippines Tuikey Lebanon
* .. L4
Grapefruit and pomelo 380 240 172* 100 40 23 20

c FAO estimate

Kawano), navel orange (C. sinensis Osbeck var,
brasiliensis Tanaka cvs. Fukuhara, Shirayanagi and
Morita), ponkan (C. reticulate Blanco), sudachi (¢!
sudachi hort ex Shirai), Satsuma mandarin (@
unshit: Mare. cvs, Owari and Miyagawa-wase), and
yusu {C. junos Sieb. ex Tanaka)] were sorted
according to their maturity, size and grade. They
were then stored in rooms maintained at a constant
temperature (+ 1°C).

Respiratory rate was measured by gas chro-
matography (TCD). Discs of rind tissue were
immersed in a measured volume of deionized water
at different temperatures, After incubation, the
level of potassium which had leaked from the discs
of rind was measured, using an atomic absorption
spectrophotometer. Peel color was determined by
a Hunter type color meter.
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RESULTS

Arthenius Plots of Respiratory Rate of
Citrus Cultivars

Fig. 1 shows the relationship between the
respiratory rate of two cultivars, Satsuma mandarin
cv. Miyagawa-wase and kishiu-mikan, at different
temperatures. The Figure shows the logarithm and
reciprocal of the absolute temperature, and thus
gives the Arrhenius plots of the respiratory rate of
these cultivars. Both cultivars exhibited a disconti-
nwiy in the Arrhenius plots, indicating the break
poin‘s. These werz 7.6°C for Satsuma mandarin
and 8.0°C for kishiu-mikan. Arrhenius plots of
the respiratory rate of kinukawa, hassakuy, iyo cv.
Miyauchi, navel orange cvs. Morita and Fukuhara,

natsudaidai and kabosu also exhibited linear lizes,
with break pointsat 13°,11°,9°,10°, 5°, 4.5° and
4.0°C, respectively (Fig. 2)'®+'?. These two fig-
ures may indicate why the respiration of citrus
cultivars responds differently to temperatures that
are higher or lower than the cultivar's particular
break point!®.

Arrhenius Plots of Potassium Ion Leakage

Fig. 3 shows the Ar:henius plots of the rate of
potassiumion leakage from therind tissues of iyo cv,
Miyauchi, kinukawa, hassaku, natsudaidai and pon-
kan. The lines in this figure show an upward curve
in the Arrhenius plots. This shape of the Arrhenius
plots may suggest increased permeability when the
temperature is lower than the break point.

20 L—
.____‘ st Mk an
\.\ O_—‘-O Satsumag cv. Mivagawa
15
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£
3
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10}
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,rJO 20 10 0
] 1 1 1

171« 10°

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. Arrhenius plots of the respiratory rate of four citrus cultivars,
hassaku, kinukawa, iyo and natsudaidai
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Fig. 3. Arrhenius plots of the rate of potassium ion leakage from rind tissues of freshly
harvested iyo, kinukawa, hassaku, natsudaidai and ponkan fruit
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One significant result observed in  the was found in hanayu, navel orange cv. Shirayanagi,

Arrhenius plots of both the respiratory rate and iyo cv. Miyauchi, natsudaidai and kabosu stored at
the rate of potasiium ion leakage is that the ten- 1°C. However, iyo cv. Ohtani and hassaku showed
perature for the break points in Arrhenijus plots the highest rate of physiological disease when stored
corresponds closely with the critical temperature at 5°C and 10°¢, respectively.
of chilling injury for each cultivar, Any longterm Schiffmann-Nad~' ¢r ¢/.*" have investigated
storage of citrus fruit should not be at a tempera- the effect of storage temperature, ranging from 2°
ture below this critical point. to 17°C, on the shelf life of Marsh Seedless grape-
fruit. They obtained ontimum results when the
Rate of the Occurrence of Phystological arapefruit were stored at 12°C. Chalutz ¢r al'6
Disorders have reported that the rate of decay and chilling
injury in grapefruit and ‘a orange cultivars Shamouti
The rate of occurrence of physiological dis- and Valencia stored at differcnt temperatures varied
ease in different varieties and cultivars of citrus according to tha cultivar. These results indjcate
fruit stored for four months at 1°, 5% and 10°C is that the chilling sensitivity of citrus fruit varies
shown in Table 3. The highest rate of incidence significantly in different varieties and cultivars.

Tablte 3. Percentage of incidence of physiological disease in citrus cultivars stored at 1{’, 5% and 10°C for 4

months
Temperature hanayu navel »ange 1yo natsudaidai kabosu hassaku Satsuma
(OC) ‘Shirayanagi’ ‘Ohtani®  ‘Miyauchi’ mandarin
1 85.7 63.5 35,6 255 29.4 27.5 24.1 1.0
5 1.0 7.1 71.1 20.5 25.5 5.0 15.4 0
10 0 0 65.7 3.5 19.6 2.0 69.5 0

Effect of Temperature and Humidity during

Curing respiratory rate from curing was found to continue
for considerable periods of storage. This low rate
For the long-term storage of Satsuma man- of respiration may result in 2 decrease in the con-
darin in Japan, the fruit is vsually dried after sumption of the constituents of the juice of the
harvest under ambient atmospheric conditions in fruit.
rder to cure it. Suitable curing treatment can re- Temperature levels during curing may also
duce the incidence of puffy fruit, and improve fruit affect the peel color of citrus cultivars. Figs. 6 and
quality during storage. Curing is also effective in 7 show the effect of temperature and humidity
improving the fruit quality of other citrus cultivars, during curing on the peel colo: of stored iyo cv.
Figo. 2 and 5 show respiratory changes in Miyauchi and navel orange cv, Morita. In both
navel orange cv. Morita and iyo cv. Miyauchi during . cultivars, curing a: 15°C resulted in the best fruit
curing. The respiratory rate in both cultivars was color after storage, while storage at 1°C or 24°C
inhibited significantly by curing. The same tenden- gave fruit a poor color. The same tendency was
cy was found in varieties of ponkan, hassaku, found in the fruit of natsudaidai cv. Kawano and
natsudaidai and semin~le. This inhibition in the hassaku,
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Fig. 7. Effect of curing at different temperatures and humidities on peel color of navel orange cv. Morita
stored at 5°C. (Dec. 15 — Feb. 14; Colot score: 0 = poor, 6 = excellent)

Acidity in the fruit is also offected by the
temperature during curing (Table 4). Ponkan, iyo
cv. Miyauchi and hassaku were able to retain a
higher acidity content when they were cured at a
higher temperature than when they were cured at
a lower one. Thisresult is of greatinterest, because
a high temperature generally induces a high cate of
respiration and a high rate of consumption: of the
fruit components. It seems likely that some citrus
cultivars have a special pathway of acir; consump-
tion at low temperatures.

Effect of Storage Temperature on Color
Development

The peel color of citrus fruit tends to influ-
ence market quality, because there is some correla-
tion between the degree of orange color in the rind

and the sugar and acid content in the pulp.

Figs. 8 and 9 show the effect of storage
temperature on color development in the rind of
Satsuma mandarin cv. Owari and navel orange cv.
Shirayanagi. ‘The value of a/b in the measurement
of the Hunter color meter indicates where the frait
lies between red and green: a high a/b value means
a high degree of orange color. In the care of
Satsuma mandarin, storage at 20°C induced the
most beautiful peel color (Fig. 8). However, the
most acce stable orange color in navel crange was
induced Ly storing the fruit at 10°C (Fig. 9).

/.s indicated in Table 5, the optimum tem-
perature for peel color varied for different citrus
varicties and cultivars. Lower or higher storage
teinperatures than the optimum resulted in poor
rind color. However, there are several problems in
keeping fruit at high temperatures, such as the rate
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Table 4.

stored at 5°C, 88 + 5% RH (% as citric acid)

Effect of curing at different temperatures and humidities on titratable acidity in citrus cultivars

Tempurature
of curing
\ 24°C 20°C 15°C 10°C 5° 1°
J//}/ ) — - —_——
z’y low  high low  high low  high low high low  high low  high
Cultivar
ponkan 1.225 1.479 1,175 1.228 1.602 1.088 0.790 1.063 0.903 3.924 0.736 0.862
b a be b cde bed g bed defg  def g efg
iyo 'Miyauchi’ 2.258 2,105 2.0506 2.141 2.099 2.225 1.99C 2.077 2.203 2.0388 1.984 1.963
a ab ab ab ab a 8] ab a ab b b
hassaku 1,953 2.2565 2,115 2.172 2.124 2.129 2.040 2.000 2.011 1975 1.900 2.007
d a bc ab abc ahc hed cd cd d d cd
natsudaidai 2.986 3.005 2961 3.055 2.742 2,783 2.531 2791 2.661 2.713 2.497 2,793
ab ab ab a bed abcd  cd abe cd bed d ab

Storage perinds: ponkan: Dees 90 March T ivor Dece, 9 - April 85 hassaku: Dec, 22 - May 205 natsudaidai: Jan, 17 —fune 20

Means in the same row withoa different letter are siuntficantdy ditferent at a 555 levei
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Fig. 8. Effect of storage tempersiure on color Fig. 9. Effect of storage temperature on colo:

development of the peel of Satsuma

mandarin cv. Owarj

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

Cuttivar

Satsuma iyo navel orange
T hassaktt yuzu natsudaidai
mandarin ‘Ohtani’ ‘M’ sauch’ y ‘Morita’ ‘Shirayanagi’
Storage temiperature
ge temp 20 15 15 15 15 15 10 10

°c)

of microbial decay and shriveling. The fruit of
sudach! and kabosu fairly aczeptable in the
market when it is sold with a greer. color, as both
are a sour type of citrus. The chlorophyll content
in the rind decreases rapidly if these two cultivars
are stored at 15°C, +~} the peel color turns to pale
vellow, Jo a much . cer temperature should be
used.

These results indicate that the storage tem-
perature of citrus fruit should be decided according
to the relevant factors, which include the variety
wid cultivar concerned, and the length of the

storage perind.
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DISCUSSION

(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 range 0-6°C, while the break
point is rather higher.

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, but 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. Hewever, as scientists we bave to try and find out why these problems
oceur,

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 huraidities 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 resviration and color. In 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 qrowth regulators. [ think all of us here should go ba to
Dr. Murata’s paner, 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 pesent so beautifully to the people ia the market-
place.

(S.C. Tonugdee)
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?

The chilling injury was observed immediately after the fruit had been taken from storage.

Comment: (S.C. Tongdce)

I think it possibie that chilling injury at low temperatures might occur but not become avident until
a few days after the fruit had been removed from storage.
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ETHYLENE IN THE POSTHARVEST PHYSICLOGY OF TROPICAL
AND SUBTROPICAL FRUIT

Tsu-Tsuen Wang
Department of Horticulture
Nztional Taiwan University
Taipei 10764, Taiwan, Republic of China

ABSTRACT

This paper first analvzes the re el efforts that lead 1o elucidation of the biosyuthetic pathway of
ethylene, a plant hormone swhich regulates many aspects of growih and development in higher plants.
{ris follovwed by a further discussion of some recent progress in this field, which includes: the conjugation
of ACC o I-(muionviamino lcvelopropane-1-carboxvlic acid, the forowdon of cvanide from carbon-1 of
ACC during i1s conversion 1o cthylene, the regeneration of methionine during ctlivlene biosviihesis and the
otikgication of ACC svachase fromw plant risswes. The last part of this paper discusses the role of ethviene in
i repening, a inportan: phsiologica! pherowenon conmon to many tropical aud subtropical fruits,

INTRODUCTION

Ethylene, the simplest olefin, is a natural
plant hormone that requlates many aspects of
plant growth and development. It is producad
by nearly all parts of higher plants, and par-
ticipates in many phy: i,gical processes such
as breaking of dormancy, seed germination,
scedling growth, stress response, flewering, fruit
ripening, leal abscission and senescence.' For
a long time, ethylene has been a central concern
of many postharvest phnysiologists because of
its far-reaching effects on horticultural products.
During the past twenty years, significant progress
has been made in understanding ethylene bio-
synthesis and its regulation in higher plants®®.
The biochemical and molecular basis of many
physiological processes known to be requlated
by ethylene are now also being <tudied'*. This
paper outlines the background and recent
developments in research into ethylene biosyn-
thesis, and discusses the role of ethylene in
the postharvest physiology of tropical and sub-
tropical fruit.
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ETHYLENE BIOSYNTHESIS IN
HIGHER PLANTS — PAST AND
PRESENT RESEARCH

Elucidation of the Ethylene Bissynthetic
Pathway in Higher Plants

Although ethylene is a rather simple
compound, with only two carbons and one double
bend, full elucidation of its biosynthetic pathway
in higher plants (Fig. 1) was not an easy task.

During the late 1960s, much effort was
devoted todetermining what might be the precursor
of ethylene in vivo. This was because there are
a large number of c¢ompounds which can be
converted into ethylene through various chemical
reactions.  Eventuaally, methionine gained wide
acceptance s the sole precursor of ethylene in
higher planws; all other compounds were
abandoned due to lack of evidence®®. Methionine
was not only a good ethylene precursor in model
reaction systems®®+>* but was ilso a good
substrate for ethylene proguction in apple

. 27 . . .
tissues® . Ceaclusive evidence was provided by
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Fig. 1. Ethylene piosynthesis and the methionine cycle (modified from “Yangand Hoftman®®, Miyazaki and

Yang”).

Abbreviations: ACC, 1-uminocyclopropane-1-carboxylic acid; ADE, adenine; KMB, 2-keto-t-methylthiobutyric
acid, MACC, 1-(malonylamino)-cyclopropane-1-carboxylic acid; Mct, methionine; MTA, 5 '-mcthy]thioudcnosinc;

MTR, S-methylthioribose, MTR-1-P, 5-methylthioribose-1-phosphate; SAM, S-adenosylimethionine,

Baur and his colleagues®, who demonstrated that
the conversion of labelled methionine to ethylene
in vivo paralleled that found in endogenous ethyl-
ene production. Since then, methionine has been
showa to be converied to ethylene in many
othe; types of tissue®?.

A, .ough results from model
suggested a mechanism for the direct conversion
of methionine to ethylene via a free radical reac-
tion?, efforts to isolate a cell-free system that
could convert methionine to ethylene were un-
12%. On the other hand, several in vivo

systems

successfu
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observations suggested that methionine might
be converted to ethylene through some inter-
mediate compound(s)'”. The inhibition of
ethylene production from methionine by 2, 4.
dinitrolphenol (DNP), an uncoupler of oxidative
phosphorylation, implies that ATP muy be
involved in this proces;' In 1973, Burg"
proposed that S-adenosylmethion'ne (SAM), the
ATPactivated form of methionine, might be
an intermediate in ethylene biosynthesis. A
vear later. Murr and  Yang'' proposed
mechanmin by which SAM was fragmented into
ethylene, CO,, formic acid, NH, and 5 -methyl-
thivadenosine (MTAY 1+ was Adans and Yana®
who proved conclusively that SAGI is an inter-
mediate in ethylene biosynthesis, based on the
following evidence.
1. MTA the expected nuclecside fragment
from SAM

sulfur  lakelled methionine in chimacteric

was formed from methyl and

apple tissue,

The formation of MTA and MTR was observed

Ny

only in climacteric apples. nouc in prech-
macteric ones,

3. Radicactive labelled SAM coule be 1alated
from o plug of apple flesh fed with libeiled
methionine,

4. MTA could Le cyzled back into methionine,
so that the sulfur stom was conserved for
the continuous production of ethylene in
apple tssue, ay predicted by Fawr and Yang”
in 1972,

The cvoluticn of othylene from fit tssue

15 oxygen dependen:, Burg and Thimann'®

observed that apple tissue stepped producing

ethylene when it was kept in nitrogen, but shovied
an accelerated rate of ethylene produciion when
it was returned to the air. They interpreteu this
phenomenon as an indication that some

metabolite  accumulated during  exposure 1o
nitrogen which was converted into cthylene
rapidly upon wansfer (o air.  This postulated
metabolite was eventually confirmed by Adams
and Yang®, who fed U. " C.methionine 1o apple
tissue under nitrogen und found that most of the

label was converted into an urknown compound.
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When this unknown compound was fed to apple
tissue in normal atmosphere, it was converted
into "' C-ethylere. They went on to identify this
compound as L-aminocyclopropane-1 -cartoxylic
acid (ACC). They also showed that methionine
with its  methylthio (CH,S-) group labelled
was  converted  into MTR  via MTA  under
nitrogen. These data together suggest that
methionine is first converted to SAM, which
is then fragmented into ACC and MTA. ACC
appears to be the Immediate precursor of
etaylene,  because it can he ronverted to
ethylene readily by many plant tissues’?  The
biosyr.thzvic  pathway for ethylene was thus
establisned as follows® :

Methionine - SAM - ACC - Ethylene

Further Progress in the Study of Wihylene
Biosynthesis

The Conjugation of ACC 1o [-(malonviamine)
Cyelopropane-1-Carboxyiic Acid (MACC)

Shortly after the discover of ACC as the
immediate precursor of ethylene in higher plauts,
Amrhein er al” found that exogenous ACC
could be metabolized 1nto a nonvolatile compound
by buckwheat seedlings. This compound was
wdentified a3 I-(inalonylamino)cyclopropane-1-
carboxylic acid (MACC). Since this compound
forms ACC upon acid hydrolysis, it is ~onsidered
a conjugate »f ACC. The same finding was
obtained by Hoffman 7 o/, in water-stressed
wheat leaves, which produced MACC as an endo-
MACC was later
isolated and identified in many other types of
tissue®. Since MACC i, a poor ethylene producer
i vivo, it is generally thought that MACC is a

genous metabolite of ACC

biologically inactive end product of ACC?'.
However, recent research shows that under certain
conditions, MACC can ke hydrolyzed back to
ACT in some types of tissue®, 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 Carbon-1 of ACC
During Its Conversion ro Ethviene

It has been socundly established that ethylene
is derived from C-3 and C-4 of methionine, which
corresponds to the C-2 and C-3 of ACC. The
fate of the rest of the ACC molecule, however,
was not determined until much later. On the
basis of a reaction mechanism in which 1-phenyl.
cyclopropylamine is oxidized to ethylene and
benzylnitrile' | Adams and Yang' proposed a
similar mechanismi for the jn 1o conversion
of ACC to ecthylene.
was oxidized to ethylene and cyanoformic acid.

By this mechanism, NCC

Since the cyanoformic acid was unstable, it
decomposed into carvon dioxide and cyanide.
The formaiion of these products was eveatually
demonutried by  Peiser r ol in 1984,
They fed |.arboxyl- '“C| and |1 '*C} ACC
to etiolated mung bean hypocotyls, and found the
label to appear in €O, and carbon-4 of asparagine
respectively. Since it had been shown that in plant
tissues, cyanide is rapudly  metabolized by an
enzyme called j3.cyanoalanine synthase to form i
cyancalanine, which was then converted into
asparagine by a hydrolase, it was concluded that
cyanide was the initial product of carbon -1 of ACC
during isconversion t - ethylene. The same results
were later reporter + Pirrung'” and Mizutani
cral™ . Since thee. ‘zyme activity of d-cyanoalanine
synthase is usually cue o.Jder of magnitude greater
than that ot ethyicne synthesis®™ | it is belivved that
plant tissues have ample Caf ity te metabolize
all the cyanide that is formed during ethylenc
biosynthesis®® .

In the Methiionine Cvete, the Carbon Skelereon of

Methiomne is Derived from the Ribose Moiery
of ATP

It has been shown that the level of me-
thionine in apple tissue is too low to sustain a
normal rate of ethylene preduction, nor are
there any volatile sulfur compounds released by
the fruit”. Because of this, Baur and Yang’
postulated that the sulfur is being recycled to
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replenish the methionine pool. Their suggestion
was shown to be true when Adams and Yang®-*
demonstrated that the methylthio group of SAM
vias conserved in MTA and was later recycled back
to methionine. However, the source of the 2-
aminobutyrate moiety of methionine was not deter-
mined. Since then, it has been found that in some
animat tissues and micro-organisms, the ribose moi-
ety of MTA aswell a; the methylthio group was in-
corporated into methionine as one unit”+™. On re-
examining  the methionine salvage pathway in
higher  plant tissues, Yung ¢r al*® and Wang
¢t al' were able to obtain the same result.
Thus 1t is clear that during ethylene biosyntheis,
the methylthio group of the methionine molecule
is roeyeled (Fig. 1), and that all the carbon atoms,
wcluding ethylene are eventually derived from the
ribose moiety of ATPY Y,

Purification  of 4CC Syuthase from  Eriolated
Mung Bean Hypocory!

Siice ACC synthase, the enzyme that
catalyzes the fragmentation of SAM into ACC
and MTA, is & key enzyme in ethylene bio-
synthesis, many atiempts have berr made to
isolate and characterize this enzym Jowever,
despite the fact that ACC synthase activity has
been demonstrated in a number of tissues, the
enzyme proved to be very unstable, and purifica-
tion was difficult™®.  Recently, several reports
have indicated progress in this field' " +*" and one
of them has claimed to %~ve achieved complete
purification of ACC synthase with good recovery
#7718 The purification steps used by this latter
group are described here briefly: ctiolated mung
hypocotyls were ground and mixed with a 1.5 M
potassium phosphate buffer (pH 8.0) containing
4.0 mM DTE and 0.5 uM pyridoxal phosphate.
The use of a high concentration (1.5 M)  phos-
phate buffer effectively stabilized the enzyme and
preserved its activity. The enzyme was purified
approximately 1100-fold with 25% activity recovery
after the following four steps of purification:

(1) stepwis> hydroxyapatite chromatography,
(2) Phenyl-Sepharose CL-4B hydrophobic chro-



matography,
(3) gradient hydroxyapatite chromatography,
(4) Fast Protein Liquid Chromatography (FPLC)

with a Mono-Q anion exchanger column,

The purified enzym= showed a single band at

65 kD on SDS PAGE, but had an estimated
molecular weight of 125 kD by gel filtration.
Therefore. it was concluded that ACC synthase
consisted of two idertical subunits. It is hoped
that this breakthrough i1 the study of cthylene
biosynthesis will soon appear in a formal journal
so that its procedures can be followed by other
interested people. This will definitely speed up
our understarding of tha requlation of ethylene
biosynthesis at a molecular level.

ETHYLENE AND THE RIPENING
OF TROPICAL
AND SUBTROPICAL FRUIT

The riponing of fruit m.y be defined as the
sequence of changes in color, flavor and texture
which leed to the state at which the fruit iv ready
for eating™*. The relationship between ethylene
and fruit ripening is probably the most intriguing
subject in ethylene physiology.

Generally cpeaking, fruits from all climatic
zones can be classified, according to the pattern
of their pastharvest drift in respiration, into
climacteric and non-climacteric fruit''. The trrm
“climacteric” was first used by Kidd and West*’
to describe the rise and decline in regpiration of
apples after harvest. Accompanying this shift
in respiration are visible and dramatic changes
in ripening. Recent interpretations of the concept
of the climacteric tend to imply, not only an
upsurge in respiratory activity, but also physical,
chemical, physioiogical and metabolic changes
associated with this _acrease in respiratory rate'?.
Non-climacteric fruits, on the other hand, show
a steady downward drift in respiration and «
relatively slow change in the various ripening

.12

parameters’ In Table 1, a number of tropical
and subtropical fruits are classified into two
groups according to their respiratory patterns.

[t is obvious that this list is by no means
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complete, indicating the lack of information

in this field.

It has been established that in climacteric

Table 1. Classification of tropical and subtropical

fruits

patterns

according to their respiratory

Climacteric fruit

RReference
Commaon name Sclentific name
Avocado Persea americana 1
Banana Musa sapientum 1
Breadfrult Artocarpus altilis 1
Caramubola Averrhoa carambola 3
Cherimoya Annowa cherimola 1
Chico Muanilkara zapota 2
Feijoa Fegjoa sellowiana 1
>.:ava Psidium guajava 1
Jackfruit Artccarpus beterophylius 1
Mammee apple Mannnes americana 1
Mango Mangifera indica 1
Papaw (Pawpaw) Asimina triloba 1
Papaya Carica papaya 1
Passton frult Passiflora edulis 1
Plantain Musa paradisiaca 2
Sapote Casimiroa edulis 1
Soursop Aunow: muricata 1
Sugar apple Annona squamosa 4

Non-climacteric fruit

Reference
Cemmon name Scientific name
Cacao Theobroma cacao 1
Grapefiuit Citrus paridisi 1
Java Plum (Janmi Lugenia cuming 1
Lemon Citrus limonia 1
Lonyan rtupboria longam 4
L.ychee Litchi chinensis 1
Mountaln apple Eugonia malacensis 1
Oljve Olea europea 1
Orange Citrus sinensis 1
Flneapple Ananas comosns 1
Rose apple Fugenia jambos 1
Surinam cherry (Pltanga) Eugenia uniflora 1
Tamarlito (Tree tomato)  Cypbomandra betacea 1
Wax apple Eugenia favanica 4

(Syzygium samnarangensis)

Biale and Youny' 2
Lizadu et al.’
Shiesh et al.4 s

4, Unpub, data

Reference:

1

.-



fruits, endogenous ethylene serves as the trigger
for the rise in respiration and fruit ripening.
In non-climacteric fruits, on the other hand,
the ethylene requirement iy relatively  anim
sortant’ * - Usually, a physiologically active
conzentration of ethylene must first be established
within the climacteric fruit tissue before riprning
3 inftiated.  This is accompliched either by an
increase in ethytene biosynthesis, or by aninerease
in the sensitivity of tissue 1o cthylenie © . The
cencept of  changing  ussue  censitivity 5 (e
mechanism by which plane hormones ok "
is very useful in explaining varuations in ethylene
concenmation and the induction of the elimacteric
in different fruits. The initdation of npering iy
also accompanied by o large increase in ethylene
McMurchie or o/ 4"

concept >f two systems for ethylens production.

produciisn. introduced the
System 1 is the ethylene production system that
Is operating up 1o the inidation of ripening:
System 2 is the ethylene production system
induced by fruit ripening.  The induction of
System 2 ethylene is also called “autocatalytic”
ethylene preduction, because its production is stim
ulated by ethylene. For climacteric fruits, ripening
can be initiated by rtreaitment with exogenous
ethyle sz, 15 1s a very important commercial
practice ir . . nostharvest handling of a numbe
of tropical fruits such as banana, avocude and
mango™ . These fruits are usually harvested during
the preclimacteric stage, and are treated with
ethylene hefore  entering marketing channels.
It is also important that ethylene be removed or
its synthesis inhibited during shipping or storage,
when ripening is not desirable. This is can be
accomplished by using ethylene absorban’~ such
as potassiurn permanganate, ethylene scrubbers,
physical methods of inhibiting ethylene synthesis
such as controlled atmosphere storage, or chemical
inhibitors of ethylene biosynthesis such as
AVGand AOA™ .52

[t is now known that the key step requlating
ethylene production in ripening fruit is the con-
version of SAM to ACC® !,

examined the relationship between ACC content

Hoffman and Yang'”

and ethylene prodaction in several types of

fruit tissue. Very little ethylenc 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.
The increase in ACC content was due to the
development of  ACC synthase  activity, as
demonstrated 1n tomato  rigsue by Kende and
Boller™ ¥ The enzyme that converts ACC to
ethylene the ethylene-forming enzyme (EFE)
5 also limited in preclimactecic fruil tissue, but
1S actvity usuely starts o increase before the
development of ACC synthase' *+*7. The signifi-
cance of this increase in EFE activity was recently
discussed by Yang™

Since climacteric and non-climacteric fruits
differ in respiration as well as other physiological
behavior, it iy essential to know to which vategory
a fruit belongs, so that proper handling procedures
can be arranged. The previous method of using
patterns of respiratory drift to distinguish climac-
teriw fruit from unen-climacteric fiuit has been
found 1o be inadequate'* Currently, it is generally
agreed that the two classes of fruit are better
distinguished by  their responses to  exogenous
applied  eylene! = -7 In chmacteric fruit,
ethylene treatments accelerate the onset of ripening
and the accompaning rise in respivation, as well as
System 2 ethylene production, without appreciably
altering the climacteric patterns or magnitude of
tespiration. In non-climacterie fruit, the respiratory
activity is stimulated as a function of cthylene
concentration, but there is no increase in ethylene
production nor any distinct ripening changes
associated with this rise. /A good example of
application of the abova 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 basis
that there was no increase in respiration durirg two
weeks of measurcrient: " * <77 However, when the
respiratory activity of carambola fruit was followed
very carefully throughout its ontogeny, Shiesh ¢f

al.** found that there was always a climacteric
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rise in respiration regardless of the aqe of the fruit
(Fig. 3). Moreover, they found that the tinme
required for the fruit to ripen varied with fruit age.
The longest preclimacteric period was found in
fruit harvested 77 days after anthesis; it took almost
50 days for the fruit to reach the climacteric.
Since carambola are usually harvested for the
market when the fruit are 90 days old, «t is easy to
mistake the preclimacteric flat for an indication of
non-clima-zteric fruit. Ethylene treatments shorten
the time required to reach the climacteric and
stimulated the early production of ethylene (Fig.
4}, in accordence with the criteria set by Biale and
Young'*. However, it should be pointed out that
ethylene seems to cause autoinhibition in carambola
fruit®® because cthylene production rates decline
as the ethylene concentration increases,

Although
dramatic

ethylenc does have

effects on

not aiy

non-climacteric  fruit
such as initiating autocatalytic ethylene and
it does have other horinonai effects

fruit,

ripening,

on such For example, the degreening

of citrus fruit by ethylene weatment is a

well-known commercial practice’ . In citrus

fruits such as lemon and  Ponkan mandarin,
ethylene acts in two ways.
the
it brings about the degradation of chlorophyll*!,
Another

induce flowering in pineapple', which is im-

Firstly, it promotes

synthesis  of carotenoid, and secondly

example i the use of etiylene to

portant in achieving ur.form fruit maturity for
harvesting.

CONCIL.USION
Tropical and fruits have a
very varied genetic background. They differ
not only in structure and morphology, but
also in physiological and biochemical behavior.

subtropical

In the past, only a few fruits such as banana
and avocado were used in model systems for
the study of ethvi:ne and postharvest physiology.
It is unfortunate that this rich source of research
material has not yet been fully explored. As
more and more tropical and subtropical fruits
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are gaining commercial importance, it seems
likely that more interest will be focussed on
the physiology  of tropical and
subtropical fruits. There are still a lot of questions

postharvest
to be answered. For now, we have a good
opportunity to work together on Dostharvest
problems in tropical and subtropical fruits, which
are of far more interest to us than apples and
pears.


http:ethv;.ne

10.

. Adams,

. Backlund, PS. Jr. and

REFERENCES

Abeles, F.B. 1973. Ithylene in Plunr siology,
Academic Press. New York.
D.O. S.F.
Methionine metaboiism in  apple
implication of S-adenosylmethionine as an

1977.
tissue:

and Yang.

intermediate in the conversion of methionine
Plane Physiol. 60: 892-696.

and  S.F. 1979.
of

to ethylenc.
Adams, D.O.
Ethvlene biosynthesis:

Yany.
identification
l-aminocyclopropane-1-carboxylic acid as an
intermediate in tha conversion of methionine
to ethylene.  Proc. Nyl dcad Selo 0501,
76: 170-174.

. Adams D.O.and S F. Yang, 1981, Ethylene,

the gaseous plant hormone:  mechanism

and requlation of Yilosynthesis.  T'ouds i1
Biociien Sci. 19810 161-163.

Amrhein, N., D. Schneebeck, H. Skorupka,
S. Tophof and J. Stockiqr. 1981 Identifi-
cation of a major metabolite of the ethylene
precursor l-aminocyclopropane 1 carboxylic

acid in higher plants. Nuranvio oselafion

68: 619.620.
. Amrhein N., D. F. Brewny, J. Ilhrele, H.
Skorupra and S, Tophef. 1987, The

metabolism of L-aminocyclopropene-1-
carboxylic acid. In Plunr Gronvilt Subsusices,
P.F. Wareing (ed ). Acadeiric Press, New York
and London. pp 249.258.

R.A Snuith. 1981,
Methionine synthesis from 5 -methylthioa-
denosine in rat liver, /. Biol Chem, 256

1533-1535.

. Baur, AH.,, SF. Yang, HK. Pratt and J.B.

Biale. 1971. Ethylene biosynthesis in frui
tissues, Plant Physiol 47. 6©6-699.

Baur, AH. and S.F. Yang. 1972. Methionine
metabolism in apple titsue in relation to
ethylene biosynthesis.
3207-3214.

Bleecker, A.B., W.H. Kenyon, S.C. Somerville
and H. Kende. 1986.
antibodies in the purification and characteri-

Phyrochentsiy 11

Use of monoclonal

zation of l-aminocyclopropane-1-carboxylate

.89 .

16.

19,

20.

21

. Biale,

. Burg, S.P. and K.V. Thimann 1959,

. Hiyama, T., H.

synthase, an enzyme in ethylene biosyn-

thosis.  Proe. Natl Adead. Sei USA. 83:
7755-7759.
. Biale, J.B. 1960, The postharvest bio-

chemistry of tropical and subtropical fruits.
Adv Food Res. 10: 293354,

J.B. R.E. 1981.
Respiration and ripening in fruits - retrospect

and Youny.

In Recenr Advarices in the
Biochewisery of  Frudes end
J. Friend and M.J.C. Rhodes (eds).
Press, London. pp. 1.39.

Brady, C.J. 1987
Revo Plang Plivsiol 38
Burg, S.P. 19735,
Proc. Nailo Acad. Sed.

and prospect.
Vegetables,
Acadernic
Froit npening. i,
155 178.

Ethylene in plant growth,
{:5:4. 70: 591-597.
The
physiology of ethylene formation in apple.
Proes Nutl Acad. Seio GSA. 450 335.344,
Burg, S.P. and K.V. Thimann 1960. Studies
on the ethylene prodnction of apple tissue,
Planr Plhivsiol. 350 24.35,

. Cameron, N.C.. C.AL. Fenton, Y. Yu, DO.

Adams and ST, Yang. 1975, Increased
production  of ethylene by plant tisvues
treated with ! aminocyclopropane-1-
cathoxylic acid.  [lortsei 140 178-180.

reode and H. Nozaki. 1975,
cyclopropylamines  and
Bull Chem.

Oxidaion of
aziridines with lead tetraacetate.
Soc Japan. 48: 2918-2921.

Hoffman, N.E. and S.FF. Yang 1980. Changes
acid

of l.aminocyclopropane-1-carboxylic

content in ripening fruits in relation to
their ethylene production

Soc. Hort. Sei 105 492-495.
Hoffman, N.E., S.F. Yang and T.A. Mckeon.
1982.

cyclopropane-1-carboxylic acid as a major

rates.  J. A

Identification of 1-(malonylamino)

conjugate of l-amincceyclopropane-1-

carboxylic acid, an ecthylene precursor in
higher plants.  Bivchem. Res.
Contmnn. 104: 756-770.

N.E., JR. Fu and S.F. Yang.

Biophys,

Heffman,



22.

0N
w

24,

26.

30.

31.

32.

33.

. Kende, H.

1983.  Identification and metabolism of
1-(malonylamino )cyclopropane - 1 -crboxylic
acid In germinating seeds.  Pluu
Plivsiol 71 197-199.

Jaio, X.Z., S. Philosoph-Hadas,
and S.F. Yang. 1986.

1-(malonylamino)cyctopromanc- 1 carboxylic

peanut

LY. Su
The conversion of

acid to ! aminocyciopropance-1 carboxylic acid
mn plant tissues. Planr Plivsiol. 81637 641,
and  To Bollers 1981 Wound
ethylene and 1 .auninecyelepropane 1-carbox
ylate synthase i vipening  tomato  fruit
Planrd 151 375901

Kidd, F.oand O Westo 1925 The course of
respiratory  acnvity thiough the life of an
aprle. G Bric. Doy Sew bnd Rescarch Food

Invest, Board Ropa, 1920 27 5%,

cLiao, ML, M5 Liu and JS. Yang, 1983,
Resprration measurement of some important
fruits in Taiwan,  Aore fiore 1580 227.245
Licberman, M. and LW, Mapson. 1964,
Genesis axd biogenesis of ethylene,  Noture
204. 2 R4s,

7. Lisberman, M., AT Kumishi, LW, Mapson
and  DAC Wardale. 1966, Stmulation of
ethylene production in apple tissue  slices
by methionine. Pl Phivaol 41 376.582.

. Lieberman, ™. and AL Kunishi, 1971,
Synthesis  and  biosynthesiz  of  cthylene.
florisei 60 355 354,

. Lieberman, M. 1979 Biosynthesis  and
action of cthylene. dwn Rev Planr Phivsiol
30: 535591,

Lizada, M.C.C., Sjufullah, A.D. Agillon and

E.K. Valdez, 1983, L-Aminocyclopropane-1-
carboxylic acid in tropical fruits and vegetables.
Aeta Hore 1358 529 536,

McMurchie, E.J., W B. McClasson and [L.
1972.
propylene
biogenesis of ethylene. Nurire 237: 235.235.
Miller J.M. and II.E. Conn. 1980. Metabolism
of hydrogencyanide by higher plants.  Pluns
Phvsiol. 65: 1199-1202.

Miyazaki, J.H. and S.F. Yang. 1987. The

methionine salvage pathway in relation to

caks. Treatment  of fruit  with

gives information about the

.90 .

34.

w
w

37.

38,

39.

. Nakajima, N.

Sei 685y 81

30, Prat, Hi and J.D. Goeseshl,

. Rhodes, M.J.H. 1970.

. Shapiro,

ethylene and polyamine biosynthesis. Physiol.
Plani. 69: 366-370.

Mizutani, F., R. Hirota and K. Kadota. 1987,
Cyanide metabolism linked with ethylene
biosynthesis in ripening apple fruit. J. Jupan.

Soc lJors, Sei 561 31.38,

. Murr, D.Poand S.F. Yang. 1974, Inhibition

ef in vivo conversion of methionine to
ethyleae by L-canaline and 2,4-dinitropnenol.
Plane Phivsiol 55 79.82

1986,

baminocyce-

and  H. Imaseki,

Purdication and properties of

lopropane | carboxylic  acid synthase  of
Duch,
27: 969.980.
1983

mooriening

mesocarp  of  Cucarbia  rnavima
fruits. Plant and Coll Phosiod
Oslund, C.R. and T.0.

Ethylene and  carbon

Lavenport.
dioxide
frait  of  Arowrh
18: 229 230,

Gb., T Wang, NE. Hoffman,
S5.F. Yang, HW. Liu and C.T. Walsh. 1984
Formation of

caranihole Horisel

Peiser,

cyanide from carbon 1 of
l-aminocyclopropane-1-carboxylic acid during
its conversion to ethylene. Proc. Natl Acad.
3059 5063,

Pirrung, M.C. 1985,

&, Evidence concerning the fate of C1-N1of 1.

Ethylene biosynthesis,

aminocyclepropane- ! carboxylic acid, Biorg,
Chem, 130219200,

1969, Physio-
logical roles of ethylene in plants. Ann. Rev,
Plant Pliysiod 200 841584,

- Proctor, F.J and J.C Caygill. 1985, Ethylene

in  commercial  post-harvest  handling  of
tropical  fruit. In Lilivlene and  Plne
Developmeni. J.A. Roberts and G.A. Tucker
(eds.). Butterworths, London. pp. 317-332,
The chimacteric and
In The Biochemistry of
Vol I AC.
Hulme (ed.). Academic Press. Londond and
New York. pp. 521-533.

S.K. and F. Schlenk.

Conversion of 5'-methylthicadenosin

ripening of fruits.
Frudes and  Thelr Products.

1980.
into
cells.
176-180.

S-adenosylmethicnine by
Biophys.  Acta.

yeast

Biochem, 663:






ENERGY-SAVING STORAGE OF CITRUS FRUIT IN JAPAN

Yoshinori Hasegawa
Okitsu Branch, Fruit Tree Research Station
Ministry of Agriculture, vorestry and Fisheries
Okitsu, Shimizu, Shizuoka 124-02, japan

ABSTRACT

In Jupan, abowt D omillion mi of lare-omatering citnes Jruic is prodaced cach vear, and is marke ted

after long-term storage from February o Mav.  Storage is usually relvigerated, becanse outdoor

temperatuces risc Lo more than 10°C duriye ihe latter part of this perod. Refriverated siorage has rery
high encrgy costsand there iy a need (oo aalieriar v wid miore cconomicar storage mcthod,
SORET CHergUaaving Stordge ncteds using wicro-computers, sites ar relatively high aitinudes,

or abandoned caverns or romeds, hacc been suedicd for thas purpose. OF these, particudar ait tention

was paid tothe wse of die TOvaT o qaarries, wsed undil SO vears ago Lo prodece oliva nedf stone

Jor RBdlding walls, res a nl o wareisn s, Hiwese alandoned  quarries are good love 1emperanere

warchionses, and thcy clinatio conditions were monitored with a view to wsing the caverns for the

storage of citres pudtc The reades obranied indicate that this 1vpe of wndergrosid sarehouse provides

¢ sultable envivoinens for dic soovage o cits i, and the coveins are alreadvo being wused in Japan
Jor this purpose.,

INTRODUCTION Table 1. Production of major citrus varieties in

Japan, otner than Satsuma mandarins

In Japan, the annual production of citrus e e

fruit is 3.5 million mt, 2.5 miliion mt of which ) Production (mt})
Variety

are Satsuma mandarins. Thr remaining one 197% 1985

million mt consist of late-maturing varieties,

i atsudaidal  (C. netsuviuicd ayata Natsudaidai - _
mainly n‘mudndn (C wistiaidyr  Haya a)‘, . - 175000 254,000
iyo (€. ivo Horu ex. Tanaka), basaku (C (C. ratsudaida’ Heyata)

fussaku Hort. ex. Tanaka) and navel oranges Iyo

. 45,000 170,000
(C. 1yo Hort. ex Tanaka)

(€. sinensis Oshezk). Preduction of all four
varieties has increated rapidiy during the last

decade (see Table 1), They are harvested in Hassaku

157,000 209,000

late December to early Feoruary, stored for (C. hassak 1 Hort. ex Tanaka)

2-5 months, and marketed from February
Mavel orange
to July. o 15,000 63,000
) . . ) (C. sinensis Qsteck)
Refrigeration is not needed for storing

Satsuma mandarins, beczuse of the low outdoor
temperatures during the storage period (December
to March).

However, refrigeration is neasded At present, late-maturing varieties are

for the late-maturing varicties stored during April
and May, becaus2 the outdoor temverature during
this period rises to over 10°C.

relatively profitable crops for citrus growers.
However, profits are likely to become lower in
fature, partly due 1o the rise in storage costs.
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There 15, 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 tacilities, storage sites at high
altitudes, and abandoned caverns or tunnels. The
results obtained were encouraging, particularly for
the third alternative, the abandoned  caverns,

already now in use for storing citrus i Japan.

REDUCING THE ENERGY
COSTS OF STORAGE

Use of Microcomputers for Lierey-Saving Storage

Ay the ontdoor temperature at night fally
below 10 C unti’ nud-April in curus producing
areas in Japan, atrus fruits can be stored without
cefriceration by mtroducing cool aw into the
storage house at night (g, 1) A storage house
tased  on this principle was constructed  at
Mitani oho, Mie Prefocure o 1987 and 900
mt of Amanatsu oranges  {sweer nacsudaidar)
wore stored in it The storage nouse was equippea

with  thermo sensors  inside  and  ourside, a

20 Ambiant temp.

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
heing damaged by chilling injury. If high outdoor
temperatures continue for several days, preventing
daily ventilation, the CO. concentration inside
the house increases to more than 1%. In this case,
fresh air 1s introduced for five minutes every three
hours, regardless of the outdoor temperature.

This process is contolled  automatically
by a microcomputer. As the results were
encouraging, another storage house with a
capacity of 700 mt was constructed in 1985,

Use of High Altitude Storage Siies

The Asagiry highlonds at the foot of Mt
Fuji (3,776 m) ace rather cooler than the citrus
producing areas. The mean temperature in early
May is only about 10°C, so that citrus fruit can
be stored there vrithout refrigeration (Fig. 2).

— _Urestion of an
flow from tan

R: om temp.

)—— e e e ————

- /
~ - /
\\\5_/
0 ! ] 1 ] i 1 ! L )
3 10 12 14 16 20 22 24 2 4

lime of day

Fig. 1 Diurnal changes in amhient and room temperature in storage house equipped

with microcomputer (mid-April, 1981).
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Plate 1. Storage honse ai Mihama-cho, Japan, with computerized ventilation system

R R
>

Plate 2. Thermosensor and microcomputer

used in storage house cbove
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. — —
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Months

Fig. 2 Changes in temperature in Asagiri highlands, Ohya stone quarry cavern and Shimizu city.

The Misumi
Cooperative has five storage houses (maximum

Township Agricultural
¢ pacity 4,400 mt), ithe Nishiuwa Agriculitural
Cooperative has five (3,506 mt), the Tanoura
Citrus Cooperative has two (2,000 mt) and
Yui Township Agrictltural Cooperative has
two (920 mt) storage houses in the Asagir
highlands.

The Asagiri 4ighlands are lccated near
Tokyo, a major market. As well as saving energy
costs, another benefit of this upland storage
of citrus fruit is that shisping can easily be
requlated in response to price tluctuations in
Tokyo.

Storage in Olva Stone Quarry Caverns

There are 130 huge underground caverns
in the suburbs c¢f Utsunomiya City, Tochigi
Prefecture. These are abandoned quarries where
Ohya tuff stone, used in building walls, aates
and warehouses, was once produced. Climatic
conditions inside several caverns belonging to
the Byobuiwa Sekizaibu quarrying company
were monitored', and storage trials were
conducted from 1980 to 1984 (Figs. 3 and 4).

In one cavern (No.l) near the ground

surface, atmospheric temperaturc throughout
the year ranged between 3 and 15 C, and the
relative  humidity  vanged from 80 to 90%.
In another cavern (No.2), located 50 m below
the ground surface, the atmospheric conditions
were 29 C, with 90-93% ielative humidity
throughout the year.

The average temperacure  outside  the
cavern in June was 22 'C, while the base rock in-
side the cavern at a depth of 25 cm and 90 em
remaired constant at il C and 9°C, respectively
(Figs. 5 and 6).

Generally, underground air temperatures
are estimated to be approximately the same
as the annual mean outside air temperature.
As the annual mean temperature at Utsunomiya
is 12.7°C (average of past 30 years at Utsunomiya
Weather Station), the temperature inside the
cavern was expected to be about the same.
However, the actual measured temperature was
2.9°C, far lower than the cstimated one.

This discrepancy can be explained in the
following way. In winter, the temperature on
the ground drops below 0°C at night, and the

outside air becomes heavier than that inside
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Plates 3 and 4. Fruit storage in disused underground stone quarries, Japza
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Source: ba cral !

Fig. 3 Longitudial section of Ohya stone quany cavern, and points at which temperature

and relative humidity were measured. (A,8,C,0).

entrance

Fig. 4 Horizontal cross-section of Ohya stone quarry cavern.
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Fig. 5 Changes in temperature outside and inside the cavern and of base rock

in Ohya stone quarry cavern. (Iba ¢t ul.! }
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the cavern. Convection cwirents move this cold
air inside the cavern through vertical pits, so
that the inside air temperature dreps day by
day during winter. Morcover, the colg outside
air progressively cools the base rock of the cavern.

On the other hand, air does not move
during warm weather because the coal Jir inside
the cavern is heavier than that at ground  level
outside (¥ig. 7). Conseruently, heat is not
easily transmitted  from  the ground 1o the
underground caverns, while *Lo base 100k cooled
during winter works as 4 hind of g refrigerator
N summer.
inside the cavern dces not rise appraciably even
during warn: months.

In order o assess the suitability of Ohya

Because of this, the e otatuge

caverns as a storage facility, practical storage
trials trials were conducted over five years'*?
The results ohtained are shown in Table 2.
[t is apparent that there was virtually no difference
between the cavern and refrigecated room  as
to fruit storage quality, storage life and the rate
of fruit decay. Accordingly, Ohya caverns can
be considered very promising as storage facilities.

Ohya caverns have an additional benefit.
fu general, Amanatsu ¢ anges are stored in Japan
wianped individually in a polyethylene  film
bag (0.0% mm thick), to prevent them drying
out or being infected by penicillium diseases.
However, the laborious process of wrapping
Was 6ot necesswry for storage in the cavern
(see Table 3). Amanatsu oranges could be stored

20
10
0 0

a
E
[+]
'.—.
%
100 —]100
2>
o
E 80
3
L
Q
2
5
g 50 50
| | ]
20 22 24 7
July December

Fig. 7 Changes in temperature and rrfative humidity at point C (cf. Fig. 3) in summer and winter,
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Table 2 Quality and decay rate of Amanatsu aranges stored at Ohya and Okitsu *

Averags

Acid

(tba, Y.ctal., 1987)

Specilic % Decayed oranges

3 % %, 21 ] Da
E:l;-‘ (:ifs pS‘.?(C)?l(()L weight Fté)sh Jll/i(C(’ Content DLCE II):JL‘ Gravity :(:Ie' Al end of
aryers Prag (9) ’ (%) J (g/em’y = storage period
) Ohvya 299.1 6.7 67.7 1.11 10.0 0.786 0.63 0.4
April 20 ] .
Okitsu* 296.8 656 66.7 1.18 9.9 0.778 0.60 0
y 12 Ohiya 20915 €3.9 094 1.0 9.7 0.775 0.63 0.7
ay 12
Y Olitsur 2051 655 696 1.15 9.7  0.783  0.62 0
J 17 Ohyo 2974 62.3 690 0.74 9.0 0.761 0.63 1.8
une
Okitsu?* 304.4 63.4 700 0.92 9.5 0.769 G.60 1.2
Ohya 298.8 62.8 629 5 8.2 0.747 0.60 3.5
August H
Okittsu* 301.4 643 0653 0.62 8.9 0.754 0.63 3.2

* Storage at S°C under retftigeration,

Table 3 Quality and dacay rate of Amanatsu oranges stored in Ohya stone cavern

) Average 9, o, Acid
Treatment Weight Flosh  Juice Con/tcnt

(9) (%)

Piastic Wrappcd 305.7 65.3 66.9 0.65

Unwrapped 293.2 551 67.3 0.68

Producing A 2923 64.5 64.8 0.47

Area B 232.2 66.4 67.8 0.91

C 310.5 h3.0 66.9 0.67

D 2653 63.4 6L.7 0.50

E 278.0 54.5 67.9 0.70

F 3335 66.6 67.7 0.67

G 324.9 65.9 67.7 0.70

well without it. This made a considerable saving
in labhor.

In addition, storage costs in Ohya caverns
are low, as electrical refrigeration is not raquired.
At present. 8,000 mt of Amanatsu oranges are

heing stored in Ohya caverns. If all these were

CLUSY 10 Yen

(Iba, Y. ¢t al., 1987)

Specific

Brix Gravity Peel % Decayed oranges
ce ! ' 2

Deyree (q/cm“) Color June 21 Junily 21
8.8 0.775 0.76 7.3 22.2
9.2 0.782 0.76 8.4 14.3
8.0 0.743 Q.74 44.8 60.3
10.5 0.811 Q.77 2.3 6.1
9.0 0.773 0.73 3.1 4.6
8.9 0.753 Q.72 1.7 10.5
8¢ 0.808 0.81 1.7 18.5
9.2 0.777 0.78 3.3 15.0
8.7 0.784 0.75 5.1 17.1

stored in a low temperature storage house, the
refrigeration costs would amount to 25,600,000
yen (US$180,000%). Running costs in the Ohya
caverns, for illumination inside the cavern, amount
to no more than 1,800,000 yen (US$13,000),

one-fourteenth of the cost of refrigerated storage.
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In conclusion, this iype of underground
warehouse provides a suitable environment for
the storage of citrus fruits, and is also energy-
saving and economical.

Storage  in Other Kinds  of Underground
Faciliry

After the successful trials in the Ohya
caverns, 44 othe: abandoncd mines and tunnels
in various parts of Japan were examined as
prospective storage {acilitics.  Some of these
have now been put to practical use.

In Mie Prefecture, an abandoned mine

and a tunnel are now being used to store

Amanatsu oranges. A total of 400 mt were

stored there in 1986,
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DISCUSSION

Q. (F. W. Liu)

You are using caves or tunnels buill some time ago, but are any new ones being built for

storing fruit?
A. No -- they are too expensive.

Q. (S.C.Lin)

As vour slides showed, you arve storing citrus fruil in cartons in a microcomputer-controlled

warehouse. Do you check the fruit for decay? If not, how do you control blue pericillin mold?

A. In these high mountain storage facilities where the temperature is controlled by computer,

scientists from nearby research stations check the fruit for decay once a month and take samples.

1f any rot is found. all the cartons are checked .
Y

Q. (S.C. Lin)

Does the wall of the storage room contain insulating material?

A.  Yes, the inner wall has a layer of insulation about 10 cm thick. In addition, although air

temperatures during the day ca1 bLe high in the mountains, the computerized ventilators

<.

eliminate temperature fluctuations within the storage facility.

Q. (Y. L. Chen)
Have you considered the safety factor?

A, No, they are very safe.
underground storage systems.

Are these underground storage facilities dangerous?

Although Japan does have earthquakes. these do not affect the

- 102 .



(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 the storage?

The cardboard boxes are not 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
PRODUCE AND THEIR ENERGY CONSUMPTION

Yi-Luen Chen
Department of Agricultural Machinery Engineering
Nutional Taiwan University

136 Chou-Shan Road,

Taipel ,

Tatwan, Republic of China

ABSTRACT

Air cooling, Ivdrocooling and
miaintaine: quality and prolong the she It lite
svsrems.

vactinn couling are all widely used 1o cool Jruit for storage, 1o
Ty paper looks at the energy costs of the three different
acton cooling appears 1o lave the fovwesy CHCrgY cost per it of produce cooled, hecause

there Oy no weed 1o move the coolmy medivm througl: the SVStcm and the vacuunm mininiizes hegt unsfer

from the environniont,

is ttenmediate b bween the nao.
INTRODUCTION

hydro
room cooling, package ice,

Forced-air, cooling, vacuum, and

and top icing are all
cooling methods used to cool larm provuce in
postharvest handling”. The first three are used
in precooling. They cool produce within hours
Or even niiputes 1o maintain better quality and

give a longer storage life-
Air Cooling

Forced wie cooling i suitable for fruirs,

berries, [ruit-type vagerables, tubers, eut flowers

and cauliflowers, hydrocooling 15 suitable for
stems, leafy vegetatles and some fruits and fruit-
suitable for

type vegetabies, vacuum cooling s

lealy vegetables, wnme  stem veqetables, and
flower-type vegetablas,
Room coohing supplies cold  air which

moves  around containves,  whereas  foreed air

cooling forces cold air to mowve through con

tainer vents, thus achieving more rapid cooling

as a result of the intimate contact between cold
air and warm prodvce. Room cooling may be

too slow for many perishable commodities,

lts cooliny vate varies extensively according to
the load, whether it is on pallets, and the type of

The svsterm with the highess cnergy

cost s torced air cooling, wile Invdrocooling

Fariows swavs are suggesied of improvive ithe efficiency of energy use,

conainer used. Forced-air cooling is more uniform.
Usually, forced-air cooling and roormn cooling are
combined in .

packing house, the former being

used as preccoling and the latter as cold storage.
Hydrocooling
Hydrocooling removes field heat fiom fruit

It also
field dust, and dirt from

and vegetables at the time of harvest,
washes away residues,

the produce to be cooled. Adding certain

chemicals to the cooling water, such as chlorine

or iodine solutions, destroys harmfu] bacteria

on the surface of truit and vegetables.
carried out

Hydrocooling iy by flooding

by immersion or by a combiration of the

two.

or
Flooding showers the procduce with an
abundance of cold water from overhead perforated
flood pans.  The produce being cooled is either
For

immersion cooling, packed or bulk produce is

stationary or moving on a conveyor belt.
submerged in agitated cold water. The flow rate
of cold water is about 10 //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, hut temperatures may vary widely
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and sanitation measures arc essential. Thae 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 s basically an evaporative cooling
process, whereby water is supplied by the com-
modity beiug cooled.  Absolute pressure sur-
rounding the commodity is reduced, which
lowers the boiling temperature of water. If the
pressure is lowered enough, water will hoil
the temperature of the produce.  Sensinle heat
is given off by the preduce to change liquid
water into water vapor, and so the produce cools,
IMushrooms and leafy vegetatles such as lettuce
release water vapor rapidly 2nough for vacuum
cooling to e very efficient.  Cooling time varies
from 0.5 to 1.5 hours. Commodities must have
a favorable surface-to-mass ratio for this cooling
method to bte effective. 1t zauses about 1%
weight Joss for each 6 C cooled. A procedure
Is available which adds water during cooling to
prevent this weight loss  hut the equipment
involved is expensive and water olerant shipping

containers are necded.

Energy Consumption of Different Cooling
Systems

A limited amount of research has been
done on the energy consumption of different types
of cooling systern,  An engineering consulting
firm has reported that one lettuce vacuum cooler
nperation had an energy use of 0.25 kwh per
carton {a carton of head lcttuce weighs about
25 kg, and s typically cooled from a field
temperature of about 20°C to about 2°C). This
is equivalent to an energy consumption of 0,54
kwh to reduce 1 mt by I C (my/-1°C). Some
of the earlizst work, on an ice cooled hydrocooler
indicated an average energy use of 0.04 melted
ice per kg/-1°C =i product cooling, equivalent to
3.7 kwh/mt/-1°C'2.
enerqy use efficiency as the amount of sensible

Bennett' defined cooling

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 2042 = 0.90'.
Using the same definition, Grierson, Bennett,

Soule and others™ !

have found the enerqgy
use efficiency of forced-air cooling to be in the
range of 0.17 to 0.58 for orang:s, tangelos, apples
and grapefruit. Early in 1958, Guillou® showed
that only 55% of refrigeration in continuous
tyve hydro coolers was used to bring the product
temperature vown: the 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 University and Univers'y of
California at Davis on the energy use of commercial
scale cooling systems. [t gives the energy use for
the three main types of coolers, forced air cooling,
hydrocooling and vacuuimn cooling. The level of
heat input from all sources 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 stands for the
sensible heat removed from the product to be

(EC) is used in this paper.

cooled, divided by the electrical energy used
during the cooling operation.

ENERGY USE IN FORCED-AIR
COOLING

Table 1 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
rneierore  to distinguish the refrigeration load
=1 the precooling system from “hat of the facility

as a whole. However, some information was
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Table 1 Heat input in two commercial cold storage systems during precooling operationsZ

A Storage B Storage Ave,
Item J U N - P - SEUUT - e
kwh/31 days Yo kwh/30 days % %

1. Heat transmission through 57,610 185 10,000 7.3 12.9

walls, floors, and roof« (14,509) (7.4, (10,000) (2.6) (5.0)

2. Heat from warm air a967 0.3 20,000 3.7 2.0

infiltration (800) (0.1 {16,000) (4.1) (2.3)

3. Heat from produce 52,598 265 230,000 422 344

{70,200) (34.7) (195,500) (50.5) (43.1)

4. Heat fiom people, 7,309 L) 14,500 2.6 2.5

tights, forklift trucks etc. (2,600) (1.3) (1,200) (1.3) (1.2)

5. Heat from fans 162,310 523 241,000 Aa2 482

(108,700) (H%.2) (191,000) (41.9) (48.3)

6. Total 3i1,424 100.0 545,500 100.0 100.0

7. Electricyi power consumed 195,160 582,600

during the came period (123,960)Y \413,”50)"’

8. EC (Item 3/ lteim /) 057 (0.47) (0.52)

Y Fipures i parentheses are the caleulated heatinputs for the Torced-air precooling svstem which was part of cach cold
JSorage plant.

YA123.060 = 196,160 5 196 8007311 A24-
313,750 0 SR2.600 & 387 400/545.500.

Heat transmissicn through walls,

floors, and roofs

,—— Heat from warm air
infiltration

- Heat from
produce

Heat from fans —

\\\ Heat fram people

—~— |
lights, forklift trucks, etc.

Fig. 1 Relative contribution of five types of heat input to the refrigeration
load of a commerciul cold storage system, including forced-air cooling.
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obtained from a survey of two commercial cold

storage systems. It found thau:

1) Precooling facuities  occupied  only  about
one Quarter ol the Luibhhig structuse area
of the whole storge system

2) The precooling svstem was using two-thirds
of the total 2lecurical power consumed.

3) The heat of the product in the precooling

ar2d was about 85% of the total.

4)  Four out af 9 forkhift trucks workimg through-
] ¢

out the whole operation were working in

the precoching areq, and

£V Six out of 21 lights were located in the

precooling area.

If the heat inputs for the cold storage
systems are adjusted according to this informa-
tion, another set of heat input data can be
obtamed. shown in parenthases in Table 1 and
in pictorial form in Fig. 2. The figure gives a
clear picture of how tie heat inputs of a forced-
air preccoling system are distributed,  Using
this calc ation, the EC of the two forced-air
cooling systems were found to be 0.57 and 0.47,

respectively.

Heat transmission through walis,

i floors, and roofs

.
~

N
\\
N
/‘

Heal of tans

AN

Heat from warm air
nfiltration

-— Heat from product

\ Heat from people, lights,

forklift trucks, ctc.

Fig. 2 Relative contribwition of five types of heat input to the refrigeration load of

two commercial furced-air cooling systems
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ENERGY USE IN HYDROCOOQOLING
Nine runs of peach and plum were cooled
in two separate hydrocoolers. Qn average, 78
minutes ware requited 1o cocl the moduce from
24.1'C to 7.5 C. Energy consumption was 0.90
kwh/mt/-1 C, which is equivalent to 1.2 EC-'!,

e T T —

Compressors

—

et

Miscellancous /

/
/

Circulating
pumps

Of the total energy consumed, 65.1% was
used for running the compressors of the refrigera-
22.
cooling water, and the remaining 12.5% was used

o/
o

tion system, was used to circulate the

by miscellaneous motors and pumps, as shown
in Fig. 3.
The total heat input into the hydrocooler

Fig. 3. Energy use distribution in a hydrocooler

was also measured (Table 2). The heat from the
produce was the largest item, which implies that
hydrocoolers make more efficient use of energy
than forced-air cooling. Heat from the environ-
ment conwributed 26°%: of the total. It consisted
of all the heat transmitted 1o the sysiem from the
cooler’s environment by conduction, convection,
and radiation. Heat through ihe pumping of
citculating cooling water contributed 9%, starting
up after changing the water was also 9%, while
‘heat from supplementary make-up water con-
tributed 2%.

ENERGY USE IN VACUUM COOLING

Vacuum cooling performance and energy

consumption experiments were carried out for
eitht runs of lettuce and one run of cauliflower.
Less than 30 minutes and less than 0.5 kwh/mt/
. g

1 C were required to cool lettuce from 23°C

of

Table 2. Relative contribution five types of

heat input in a hydrocooling system

Item % of Total
1. Heat from produce 54
2. Heat from enviionment 26
3. Heat from purmnp 9
4. Start-up, change of water
5. Make-up water 2
Total Total 100
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to 2°C. The average energy coefficient of the
coolers were found to be 2.65 for lettuce, and
1.0 for cauliflower .

Of the ifotal energy consumed, 67% was
used for operating the compressors of the refriger-
ation system, 22% for operating the vacuum
pumnps, and the remaining 11% was spent for
miscellancous motors and pumps, as shown in

Fig. 4. Heat input to the refrigeration system,
on the other hand, was almost entirely from the
produce being cooled.

DISCUSSION AND CONCLUSION

Th energy use coefficients of forced-air,
hydro cooling, and vacuum cooling systems were

Compressors

Miscellaneous

Vacuum
pumps

Fig. 4. Energy use distribution in a vacuum cooler

found to be 0.52, 1.2, and 765, respectively.*+*:*
The differences between the three ccolers are
mainly due to their different cooling principles,
and the nature of the cooling media used. The
EC of vacuum cooling is high because it is based
on the evaporauive cooling principle. There is
no need to move any cooling medium through
the produce to be ccoled, which is why this
system requires less energy than forced-air or
hydro cooling. The vacuum in the cooling retort
minirnizes heat conduction or convection between
the environment and the produce being cooled.
In addition, there are no people, machinery
or light within the cooling retori, which makes

it even more efficient.

Both hydro cooling and forced-aiv cooling
involve the circulation of a cooling media through
the system. Since the heat transfer coefficient and
the heat capacity per unit volume are much higher
for water than for air, much iess 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 juside 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 ou!side the cooler.

EC varies between different coolers of the
same type. The EC of vacuum cooling systems
may range from 1.0 to 3.0'?, that of hydrocooling
eystems from 042 to 23% and that of forced-
air cooling systems from 0.17 to 0.58% 1"

Two major factors which affect energy use
efficiency are the loading of produce within

the cooling space, and the kind of producs to be

cooled. Cooling a fully loaded vicuum retort
could mean a EC of 3.0 for letiuce, whereas

a half-empty retort i Louce would miean an
EC of only 2.0 If caulifiower are cooled. the
EC can be as low 41 1 0.

These two facrars also affecr the enerqgy
use coefficient of hydiocooling. The heat inputy
from the environment, from the ciwenlating pump,
from the warm water 4t the sttt ane from the
replenishing water during aperatons, all make up
46% of the heat load ro the refrigeration systen,
This level of heat input vall reman much the
same as long as the facility 15 opedating, redardless
of whether the cooler 15 fully loaded with produce
or not. It 15 therefore more energy efficient
for a cooler to operate at full capacity and with
the fewest nossible mterruptions,

A compact configuration and good insula
tion are certain o veduce the energy consumption
of a hydrocooling system. Heat from the fanis
is the most importint source of heat input i a
forced-air cooling system.  Proper air flow rate,

adequate container venting, neat container
stacking, proper rafrigeration coil and duct design
and good motor and fan selection, will all make
a difference in the encrgy use efficiency of the
system. Heat of the produce i the second big
item. Even this heat load can be radueed if the
produce is harvested at night, avouting direct
exposure to the sunlight before bringing it in

for packing and coocling.
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Q.

A

NISSCUSSION

(W. Grierson)
In comparing the energy costs of hydrocooling and forced air cooling, did you check the capital
cost i.e. the tonnage of refrigerator capacity that has to be purchased? Usually hydrocooling runs

only about eight hours a day, while forced air cooling runs 24 hours a day.
No, we only calculated the energy costs. Generally in our operations the commodity was not coming

in continuously, bui in separate loads of a few tons, arriving at different times.  This meant that

the cooling system had to be repeatedly stopped and sta. ted agan.
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Section V.

Disease Contirol






Plate 1. Citrus blue mold (left) and green mold (right)

Diplodia Rot

This kind of rot is caused by Diplodiu
naralensis.  The fruit is usually infected at the
stem end, but infection may also start at the
stylar end or At any place where the skin is injured.
The first symptom 1s a2 slight discoloration
arcund rthe bution.  The fruit soon becomes
leathery and piiable, and the rnad darkens to
trowi and then blackish brown. When the fruit
has become dry and mummified, it looks like
a piece of charccal, so the disease is sometimes
called charcoal rot. Although Dipladia rot can
be found in markets or packing houses. losses
caused by this disease are not serious. 'reating
fruit with Wertect could reduce the incidence of
this rot.

Phomopsis Stem-End Rot

Phomopsis stem-end rot is caused by
Phomopsis citri. The perfect stage of this fungus
is Diaporthe citri, which also incites melanose
in the orchard. Phomopsis stem-end rot is a

leathery, pliable discoloration of a buff or brown

color which encircles the stem-end of the fruit.
In the beginning, it cannot be distinquished
from 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 cover
the whole fruit. Phomopsis stem-end rot can be
found in storage facilities, but at present it is not
important ‘n Taiwan.

Sour Rot

Sour rot is a soft, watery, slimy, contact
decay due to Quspora ciiri-aerantii,  The disease
is also sometimes called Oospora rot. Diseased
fruit becomes putrid, sour, dirty and leaking.
It is atwractive 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 Guignardia citricarpa, the imperfect stage

- 114 .



of which is Phomu citricarpa. The funqus
penetrates the fruit at a very early stage, but
remains latent until the fruit ripens. Black spot
is a very common postharvest disease in the

market (Plate 2). Control measures should be

taken in the {ield, beginning a week after petal

fall. The following fungicides are recommended:

Plate 2.

Crtras black

POSTHARVEST DISEASES
OF BANANA

Main Stalk Rot

Tnis was a major in-transit discase in Taiwan
when bananas were shipped to Japan in the
old days. It was also called coown rot, since
the rot beqgins from the cut surface of the crown
3).

a softening and blickening of the crown tissue.

tissue: (Plate Rottng s first apparent as

Creyish white mycelium  may be prasent on

thee surface of the blackened tissue  Later on
'

rot ray spread inwards towards the pedicles

Mancozeb 1.500, Antracol 1500, Bunomyl
1-3000, Delan 1-1000. and Benomyl 1-4000
plus summer oil (Orchex 769) 1-200.
spot (Guignardia citricarpa)
of the fingers, causing finger drop.
No one fungus causes crowns to
rot in this way. During the winter seascn,

115

Thie-

laviopsis paradioxa) is the usual cause. In summer,

Ceratocvstiv paradoxa  (unperfect  stage:

Bowvodiplodia theobronmmue., Glocosporitimn

msaren . Verticittuon  theobroniae,  Fusarium
roscien and some other species can he involved.
Control of main stalk rot was easily achieved

with the intreduction ¢f Thiabendazole (TBZ)

and improved packing and shipping in air-
conditioned containers. The TBZ can be applied
as a dip, at a rate of 200400 ppm. Benlate

ata rate of 400 ppm is also effective”* ',









Flate 4. Pineapple black rot caused by Ceratocystis paradoxa

Plate 5. Pincappie biack heart (right}



protein which accumulates in the cells giving
them a dark brown color. Tsai ¢ «l'? reported
that 50% of fresh piaeapple fruit shipped to
Japan in air-conditioned containers (11°C)
in 1967 showed signs of blackheart disease when

they reached the market.
Pineapple Fruitlet Brown Rot

Fruitlet brown rot is incited in the field,
but the disease is found after harvest (Plate 6).
When infected fruit are cut open, many fruitlets
show a brown discoloraticn and the flesh is
tasteless, with a hard, brittle texture. Disexsed
fruitlets often show a radiate distribution around
the fruit core.

Fruitlet brown rot is causad by Frwiniu
ananas, whi-h is introduced into the fruit during

flowering by wasps, bees or ants.
Pineapple Pink Discase

Diseased fruit shows no external symptoms.

When it is cut open, the fle.n is slightly
pink in color. This color becomes deeper if
the fruir is heated. Sometimes canning factories
suffer severe losses from pink disease, because
the carned slices are unacceptable. Pink disease
it caused by three kinds of acetic bacteria,
Acetobacter  acetd,  naterobacter  agglomerans,
and Gluconobacter oxvdans, These bacteria are
common saprophytes on the surface of flowers,
apples, grapes, and rotting fruit, and are also
found in orchard soils. Tt is postulated that
during the flowering stage insects introduce
these bacteria into the fruit, causing slight

fermentation as the f{ruit rivens.

POSTHARVEST DISEASES
OF PAPAYA

Papaya Anthracnose

This is the most common postharvest
disease of papaya In Taiwan. Almost every

over-ripe  fruit shows signs of anthracnose.

Plate 6. Pineapple fruitlet brown rot
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They are probably caused by anthracnose. Cavendish 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.

(Y. Hasegawa)

In Japan, we use Benlate to control Peniciliivn mold in citrus fruit, but we often then note an
increase in the occurrence of black rot (Hresnaria cinil Have you noticed the same effect in
Taiwan?

The cAlternaria spore is very thick, and is resistant to manv fungicides, including Benlate. Benlate
can inhibit the growth of Penicidlivm, but not Alternaria.  To inhibit  A/ternariz you need
Polyoxin, which is made in Japan.

Comment: (Y. Hasegawa)

Benflan (Iminoctadine) is eticctive against A/ierneria, and is usually recommended for use in Japan.
[tis produced by the Dai Nippon Ink Co. Ltd., Japan.

Comment: (W Grierson)

A.

A,

You mentioned finding sirains of Penicillium 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.

Yes, these strains resistant to Benlate are not resistant to Mertect yet, but it is only a matter of time
before they are.

(S. C. Tongdee)
Do I understand that the mango varieties grown in Taiwan are resistant to anthracnose?

No. There is a very large hybrid variety called ‘'Kent’’ which is partially resistant, but the local
varieties are very susceptible.
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INCIDENCE AND CONTROL OF POSTHARVEST INSECT
PESTS FOUND IN SUBTROPICAL FRUIT IN TAIWAN

Tsong-Hong Su
Department of Entomology
National Chung Hsing University
250 Kuo Kuang Road, Taichung, Taiwan, Republic of China

ABSTRACT

This paper bricfly reviews the commen insect pests found on the fruit of citnes, banana, pincapple

and grape in Tabwar.

The control rechniques used against oriental frade fIvoare given as an example.

The sterile-release technique, the male wiilation technique, and fumigation have all been carried

out been as part of an cradication prograpr against the oriental frair fly. dnsecticidal applications are

conmondy recommended 1o control inseel pests on fneit, b integrated inscet pest mmanagenicnt is

to be emphasized in funere rescarch, 1o avoid the overse of insecticides,

INTRODUCTION

Any evidence of insect damage on a fruit
may decrease or destroy its cconomic value
to the producer, even though the foud value
of the fruit may be the same as if it were
undamaged. 7his forces producers to employ
costly and ecologically undesirable means of
insect contrcl.  The infestation of fruit with
insect pests after harvest may also cause them to
lose value. This paper reviews the cominon insect
pests of the major fruit crops in Taiwan, citrus,
banana. pineapple and grape. These fruits are
important for both local consumption and
export. It describes in detail the control measures
used against one of the most important pests,

oriental fruit fly.
INSECT PESTS OF CITRUS

More than 150 species of citrus insects
and mites have been recorded in Taiwan.
Of these, 15 species are considered key pests
in citrus orchards, and must be effectively
contrelleca®. The oriental fruit fly, Dacus dorsalis
Hendel and the chaff scale, Parlatoria pergandei
Comstock, are impertant pests on citrus fruit.

A namber of control technigues are used against
oriental fruit fly.

Occurrence  of  Oriental Fruit Fly in
Orchards, and Injury Caused

The populauon of the male oriental
fruit fly was monitored with yellow traps
containing poisoned methyl augenol, which
wiere placed in citrus orchards  The results
showed that the population density of ihe
male fly fluctuated seasonally, falling to a
low level during the coid season from December
to March. It then increased from April throughout
the rest of the year. The population peck
generally appeared some time between June
and September. An apparent correiation was
observed between the number of trapped male
flies and the ripening season of the fruit, as
well as the temperature. Although the number
of trapped males did reflect the reproductive
potential of female flies, a2 two-week delay was
observed between fluctnations in the number
of trapped males and the .orresponding incidence
of injured fruit in the orchard. Because of this,
it is suggested that the best time to apply control

measures against male flies is the perioed during
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FIMAL DISCUSSION

Discussion Panel

S.C. Lin
F.W. Liu
W. Grierson
A. Hassan

1. Postharvest Technology for Fruit must he Time, Location and Variety Specific
In their inrroduction 1o the Final Discussion, panei members emphasized the need for postharvest
technology o he adapied o specitic local zonditions and varieties.

(F.W. Liu)
Practical techrnology is highly time, location and variety specific. One of the central problems in
developing efficient postharves: handling systems for fiuit is how to select or develop a method
suitable for a particular arca. As one exaraple, a hydracooler is a very useful piece of equipment,
but if it is installed in ihe wrong place it is absolutely useless. A hydrocooler in a warm climate
is also wasted unless it is part of a continuous cool chain that includes refrigerated transport to
keep fruit cool urtil it reaches the consumet .

(A. Hassan)

With regard to the chilling process in postharvest handling, I should like to rite an example from
Malaysia. In the late 1970's, xn 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 USS1.4 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 shelf 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 hitle need for 1t.

(W. Grierson)

We should beware of people who are trying to sell large amounts of imported machinery. Most
couniries have excellent craftsmen who can do weiding and build good equipment. In Jamaica we
imporied only the pin chain for roller conveyers and local craftsmen made all the rest of the equip-
ment from technical drawings. 1 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 be maintained locally. Terrible things can happen when complex imported equip-
ment with electronic controls is handed over to an inexperienced fariners’ 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 beng 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, and nse this coldness to keep produce cool when ambient temperatures are high.
Japan uses underground storage systemns 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 has 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 coldness 1n the soil.

In a true tropical climate, unless there are cold nights or a cool season, this type of storage is not
very useful. In a temperate or subtropical country, cave storage can save energy - the primary

cost is labor, so where labor is cheap It can be very useful.

(W. Grierson)
Forty or fifty years ago in Canada, anyone who had a slope on his farin would have what was called
a ‘common storage’ dug back intd the hill. Thers would be vents in the upper side, to trap cold air
rolling down the hill, while heat would rise straight up. We have tried to use the same principle to
build storage facilities in Jamaica, where an immense amount of cold night air comes rolling down
from the hills. It is aso used in California, in storage facilities locoted petweer the hills and the

sea where several million buxes of lemons are kept at a steady 517°C, year in and year out,

2. Fumigation Teehuiques to Replace 10B

Oune problem which received considerable atrention in the General Discussion was the recent banning
Iy both USA and Japan of the DB generally used o fumigaie fruit against fruit fly. As ver no
cheap replacement lias been fownd, and various possible aliernative treatmenis were discussed.

(S C. Lin)
This morning I discussed with Dr. Grierson he possible use of irradiation as an alternative to EDB,
but it seems to be too expensive. We have tried irradiating lychee in Taiwan, and found that 15
kilorads was sufficient to kill all fruit flies. However, the cost was too high for us to be able to

use the treatient commercially.

(W. Grierson)
Cne problem in costing irradiation treatment is to achieve sufficient volunme. Our tests in Florida
nave all involved pilot models which handle only a small quantity of fruit. Our first model could
handle only two grapefruit! Gradually we wovked up to 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 day cr two, A pilot model to handle this volume
of fruit would cesy USS2 miilion.

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
Jeeper, and the outside fruit might then get too high a dose.
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(W,

(W.J.

1920's, at which time it was the only treatment available. It was used for a few years as an emer-
gency measure for citrus, but unfortunately very few studies were published. The U.S. Department
of Agriculture has also nsed it in Carolina for peaches, to control Moy and Rhizopnes rot, 1
helped set up a Lirge packing house for peaches i 19635, in which the peachio: were first yiven heat
treatment and then conled ma hydrocooler, There were a number of problemse the fruit was so
susceptiole to damage 1t had 19 be handled with tremandous care wsing rubbers belts. Oddly enough,
the first fruir treated in this way also had a blue band round the middle frem the sponge rubber

roilers which were wad without any effect on nntreated peaches,

Liu)

[ should like to male o wild sugaestion  since heat treatinent tar- oy too long, is there 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 if it is a practical possibility?

. Lin)

I have discussed this with scientists in Taiwan. They feel it is not practicable, because when the
microwaves hit the fruit they heat different heat points to different temperatures. Some parts of
the fruit will overheat, and some will not reach the desired temperature.

Ho)

Oil and water molecules accumnlate heat under microwive. The rind of fruit contains less water
than the juiey flesh inside, which means that the inside of the fruit would reach toe high a tem-
perature and the rind would be tov cool. As far as its effect on fruit fly is concerned, most fruit fly
are in the rind.

Liu)
What effect would the microwave have on the frujt fly eqggs?

" Lee)

Microwaves were tested as a means of killing insect 2ggs in grain at Morth Carolina State Unuversity.
Since the moisture content of the gramn was lower than that of the eggs or larvae, the method was
very successful.  However, fruit and vegetables have high water conent, and microwaves mirht
cook the fruit before it killed the eqgs. It would depend on the frequency used — you might be
able to find & fiequency that killed the eqgs without overheating the fruit.

(W. Gricrson)

3.

Since microwaves heat metal, one would have 1o make sure that the microwaves don't touch any

metal part the fruit are going to touch, to avoid burning the fruit,

Packaging of Fruit

Sturdy containers of cardboard or plastic greatly reduce the amount of damage done to fruit during
transport, hut they are aiso very expeusive.
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(F.W.

Liu)

Every country has a double standard for expori and locally consumed fruit. Export {ruit receive a
great deal of attention and a lot of new technoloqgy, whereas not much is done for fruit sold locally.
The boves vsed in Taiwan for export frni are very good. but hoxes used for local fruit do net have
ventlilaiion holes.

(5.C. Lin}

In Taiwan, farmers pack local citrus in cartons without ventilation holes because they earn more
money by doing this. The fruit are sold by weight, and if there are heles in the carton the fruit
will desiccate i transit and be lighter than fruit packed in a carton without holes. It doesn't really
matter - since Taiwan 1s a small isiand, there i only a short distance between farms and markets.
Fruit can be tanspsated from the extrense south of Taivan to Taipel right up in the north even on

Lot doye withowr oy ventlstion nroblems.

(W. Gricrson)

(W.L.

(F.W.

Where cartons with holes are used, if local tanspon 15 aop-refrigerated the holes should e 1t the
bottom and top of the carton, rather than at the sides. There i always a temperatare diffecential
caused by fruit vespiratien with heat vising off the top and cooley an eonnina in the bottom. Holes
in the ade do not allow for mucn cuculation of aiv inside the carton. Of course stacked boxes must

be aligned on pallews, with the box vents over the spaces in the pallets,

Chang)
Holes in the carton weaken it. The area of the vents should not excecd 5%.

Liu)
A Californian expert has just designed a new box with ventilation tep and bottom, but using elongated
rather than round ven. holes. The vems 4id not weaken the bor, but provided excellent ventilation.

(W. Grierscn)

(F.W.

With regard to vent; and box strength, it is important to have the vents positioned properly. The

nearee they are 1o the corners of the box, the weaker the box will be.
Liuj

Obviously many countries share the same problems, which is why an international seminar of this
kind is so useful. This meeting has been a valuable opportunity for all of us.
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