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1, BACKGROUND

The world production of fruits exceeds 150 million tons (mt.) per year. Of
these about 50 mt. are grapes, 26 mt. citrus fruits, 22 mt. bananas a;id 19
mt. apples. Then follow stone fruits with about 11, 5 mt., pears 5.8 mt
pineapples 3.1 mt, and dates 1. 9 mt. The world production of tree nuts. i’s of
the order of 0. 8 mt,

A large part of this production is not consumed in the fresh state hut is used as
raw material for processing, This is especially so with grapes. Only about

9 mt. out of the world production of 50 mt. are table grapes, the remainder
being used for manufacturing wine and raisins. Also for pinezpples, citrus
fruits and apples much ot the world crop is utilized for processing. ,

Only a relatively small part of the world production enters international trade
as fresh fruits, Bananas and citrus fruits a-e at the top with about 4 mt, each,

‘f)allmva:d by apples 1.7 mt., table grapes 0.% mt,, pears 0.4 mt. and dates
.3 mt.

A number of other fruits are produced in substantial quantities but for these
no comprehensive and reliable statistical data ¢re available, neither do they
enter world trade to any appreciable extent. Among them mangoes and avoca-
dos are considered to be of special interest. The main production area for
ruangoes is india with an annual output of some 3.5 mt.

This paper has been written with special reference to problems in developing
countries. These have been taken to include Centrel America, South America
Middle East, Far luast (excluding Japan and China) and Africa. Production ’
fi%tire;s for the most important kinds of fruits from these areas are given in
able 1.
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Table 1. Production of fruits in developing countries

{Source F.A.C. Production Yearbook vol, 21, 1967, Figures in thousand tons,
average for the five year period 1962 - 19686)

!
!
i

e e R = S R A A T T S T T T R S
. Central South Middle : ;
Fruit America America FEast Far Fast ' Africa ; Total
Apples 118 537 537 154 . 192 1538
 Pears 3w 159 163 63 ' 91 | 508
; ! : | .
Grapes (table) . 80 606 2613 . 217 364 3880
~ Stone fruits 141 . 410 449 56 , 281 1339
' i i | !
Citrus fruits 1579 4139 1631 1832 | 2412 11503
~ Bananas ' 4078 9326 89 8323 | 1147 20961
Pineapples . 393 - 398 .- . 1139 . 476 | 2408
! { :

Dates 7T - 1024 95 727 1853

i !

As evident from the table the banana is by far the most important fruit in deve-
loping countries with an aggregate production of about 21 mt. (more than 95 %
of the world production), Then follows citrus fruits with 11. 6 mt. / lmost 100 %
of the world crop of dates, mangoes and avocados are produced in these ccun-
tries and about two thirds of the pineapple world crop. More than one third of
the world production of table grapes originates from developing countries,
while their part in the world production of stone fruits, apples and pears is
relatively small - about 12 %, 8 % and 9 % respectively.
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Tresh fenite are alive and they carry on within themselves processes chiarac
Leristic of o Voo wvstoras . Wihnte choe fruits npe sl attachod o the prorend
plant, reserves o Cood o erinds accurntiare Alter harvest there e bt

access o suppiies cnd subscorent chanpes ace ruiiing ~down processes,

i

Thoe final ciave of iese asing, OF SCNescent processes is that the frutt bredd
down and turis brown and ot Clearly, the more slowly senescence procecds
the longer will he the f-;?i:n‘:;,;ge* life. Therefore, the object of storage is to w oy

down the aging processas

The most inporient e processes ave those of respiration, During respuras
tion frult= ab=orh osyiren rom the atrosphere and pive oft carbon dioxide,
Carbohivdr ves anl evganie acids are oxidized to carbon dioxide and water,
Simultancosiy o noiiber of volutile organic chemicals compounds are pro-
duced, albeir in g ies which are minute compared to carbon dioxide,

Respiration is acconipanied by o refease of energy. The amount of heat cvolved
is roughly provortiopal to the respivation intensity measured by the amount
of carbon diovtde generated.

The higher the storage temperature, the higher the rate of respiration and
the greater the amount of heat pe coraled, Faooevery 109C rise in temperature
the respiration ts roughly doubled or iripled,

Some fruits have rach higher resoiration rates than others at a given tem-
perature, This muans fhat they reqg rire considerably more refrigevation than
more slowly vw»pn ing pro¢ ucts to keop them at a specified temperatuve. As

an examph,; drawherries respire approximately 5 times as fast as apples
at 09C,

The stora we life of different kinds of fruits generally v aries inversely with
the raic of respiration and evolution of heat. Thus, in apples the good keeping
varieties resplre more slowly than the carly ones.

i

2.,2. Climacteric and ripening

Two different paiterns of respira %ion are found in fruits. In one case the rate
of respiration atier harvesting follows a straightforward, slowly declining
trend, As no ripenng takes pi:l(‘(‘ once the fruit has been removed from the
mother plant, 1 yo picked at the optimum condition for cating, PFruit
following this benaviour is referred to as non climacteric, Thig category
includes grapes, citrus, figs and cherries.

RS Z,J{

The second group, which includes many more fruits e, g. apples, pears,
bananas, mavcos and avocados has a much more involved pattern of respira-
tion. Followi . harvest there is a slown decline of respiration intensity until
a rate is reacood which is known as the i?l‘t‘(:ii]l‘zln‘»’**I‘i(“‘ minimum, Following
this wtdgv avery rapid increase takes place until the © Limacteric s reached,
This is followed by a relatively rapid decline, [or nu My fruits snch as pears,
the climacteric coineides with the optimum desscert stage; in othiers the opti-
mum eating siage is reached one or two days al ter the climacteric, with
bananas even later,




Dyrrne Cne b terte a borpe b er ol dramia o and involood hiochemieal
el em Talie v et rw ot ertedd TG o supars . pectine chiange fram an

ingolublie T oastubi e fortrn reen Tt o sottenang of the frutl, tanning are
hy(}ru?w’xw% gl tho= the astringent

ment chonees often with invoi cd wvntheoes ol colounng materials take place,

e ol the nnrive frmt disappenss, plg-

Valatile cotonoieds <uch an emlers, praenydes, weohiols and othylene are

produce b i raus D irer qrant ies than o the poooiiinacterie stage,

ey furyee b St arpnvliow hary vatine before
pacierie Dvpe ol Irih i ie s Ha vt =g belore

Jon comnences, Various oriteria may be used

frnness. shape, cround colonr, perecentage of tot ul

Suceossiul storage of the o

the olimaoiorie pise W res

o asceriain this v
sotuble solids, aciditv, Cmee the Climacierie mse conpoences 1f1s no longer
I iy process, Homay oe delayed but this results in
ripening undor adverse conditions which teads 1o dilferernt physiological dis-
arders, quality chisturbnnces ete,

possible to arrest the pipei

2.3, The role of ethylene

Vost varietics of fruits produce ethylene, citrus, grapes and pineapples being
noteworthy exceptions. Some fruits produce very little, some relatively large
aounts Rananas at 1290 produce abour 100 my per ton per day; apples up to
G0 times as much The rate of prodaction varies with remperature but does
qo! necessartly follow that of carbon dicvide,

It has been an aceepted canon in refrige ated storage of fruits that cthylene ‘
15 dangerous and that whehor it arises freon the presence of ripe fruaits or is '
artificialiy introduced stimulation of respiretion and premature ripening are

1o be expeeted. Research in later years hao led 1o a substantial modification -
of this view, unfortunately s1ill lavgely unknown 1o practical store operators,

I has been clearly established that if the tenperafare of storage s below 20

to 30C, then the stimulatory effect ot ethylone on ripeoing fooegtigible, Thus

if such fruits as apples and pears are storec at the proper temperature ethylene
does not cause any complications. On the other hand, the accumalation of
cthylene can have serious consequences in the storage of trupical and subtro-
pical fruits which often are subject 1o Tow temperature injury if kept below

109C.

Artificial application of ethylene is used in practice to hasten wnd to make |
more regular the ripening of some fruits, e.g. bananas., With citrus ethylene
is used to induce better colouring, in this case only the appearance is affected

and not the ripeness, which generally holds true for non-climacteric fruits. |

2.4, Transpiration |

Fruits luose moisture by transpiration. This loss is readily replinished prior

to harvesting, Once the fruit is removed from the parent plant this is no £

longer so. Water loss not only results in apnreciable - and costly - weight ;
T i

loss but also in less attractive produce of poorer texture and lowered quality,
¢

Water loss by the fruit for a given exposure to air 1s approximately propor-
tional to tne vapour pressure difference beiween fruit and air.

i
'
i
i
'
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S O R AR . qr‘»
Cortain e o bricred by low temnperatares (00 1o 109C) but stll ubove

the froezine ¢y o Cushoinjury 1s referred to os crilling.

oenilling o0 e fruits are unable to carey on normal metabolic pro-
cosses. (3o oo thae are obitied ook sound wiien roemoved from such
TemperatuTes e e SV DIOTI S 0! ey sech us pitting and other skin
Blermishos, o coorcoloracion o foilnre to ripen soon become evident upon
Cransier to e crenerarares, O grean uportance ik that todls may De-
COMEe Darhionl iy s eepy ihle to microbiel witacks upon chilling,

The severencss o chiiinganjury s deter sined both by time and temperature,
Damage may ccoar after a zhort expousare only, to temperatures considerably
below the e, 0o the frait poav be able to withsiand a few degrees in the

£ ]

danger zone {0 o lopoer time, The effects of ehilfing are curnulative. Low

temperaturo s ooransit, or even i orhe fleld shortly before harvest, add to
the total effecrs «f obitling that mnight occour in storage.,

The temperatures tonallv recommended for storing of fruits that are not
cascoptible to ot are clightlv above the freczing point of the fruit, If the
remperature crone bolow this Pmdt freezing injury occurs, The primary
damoge s to e coibwall nenuranes, destroving their and thus the tissues
ab;lit;' Lo runorion novmalive Svinptoms of freezing injury vary with kind of
fruit and lenpth o d severity of exposure. Generally, tissues affected by
freezing appear woer-soaked,

Different frats oary in thelr susceptibility to freezing injury. Most are per-
manentiy damoy ccen by slioht freezing, while some may be partly frozen
and then thoaw oo o itiie or no permanent injury, Among the less susceptible
fruits are Lo, pears, grapes, orznges and grapefruits.

i
£

2.6. Micreobionl liveases

Attael of nicre-crmisms, especially fungi, is probably the most important y
causc of tose o = oonge of fruits (FIDLER 196€). There are at least two
different pattoerne of altack,

The sound (ruit ay be infected in the field, A latent intfection is produced,
wineh develios noo o rob alter harvest, The spore load. the resistance of
e host tis o oad “he condidons of storage determine the intensity of attack,
Roiting us: v veases as meturity progresses. Typical exanples of this

category oo sermoa e (3‘1‘5{,*53{1{*}»}11!3 on apples, mangoes and avecndos and
Botrytre or 7 i

Some fungi, koov s o2 wound parasites, ave mnable to enter sound tissue but
They can cause retting at any
4he rot usually spreads rapidly, often by contact to ad-

jacem gound Yenr o Poniciliine sp.o, the ¢reen and blue molds of citrus, are
an important example,

can only infeer ieouph mechanical lesions,

stage ol matury v

Methods to control microbial attacks include spraying in the field to reduce

infection and good storage practice such as rapid cooling and correct storage
conditions. (n wo o cases application of fungicidal and/or fungistatic chemicals
after harvest may be useful,

e
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1 COLD STORAGE OF FRUITS - GENERAL PROBLEMS

3oL Fleuit quality ,
[* 1o imporrant to reolize hat fruits vary in their M\Ewwicmr in storage n.ore ’
than most other tvpes of foodstafts. Vard , tlimiat coil, cultural treat-

ment, phvtopathologic conditions, tine nerves  maturiry and handling
srociices hetore <storase - all rmav have piy ‘ tpificant effeets, Sometimes

1 -
Phvse

e

are on the tengtn of the stovage 1ife reag o oently they necessitate

rent condittons of storage, Therefore, it s not possible to give a single

recommendation ‘or opiimal storage requirements of a given frutt regardless
of where and under which condittons 0 1s produced,

Fresh frui intended Tor storage shon

«ii‘d {

mechanical damaves deitract from :
: “*E v the principal avenue of entrance for decaveproducing organisms, In

Tho

d be as free as possible from bruises
v and other deterioration. Not only do
dpearance of the product but they are 5

sher rpechanical damares. de

on mechancal damag e inereases water loss from the frait,

degree of development and mat rivy at harves! has a critical influence
ig

on the stor. ge properties of most raits, Unferanately it not always easy ;
to deterinine the op imum siage tor harmesting and for somse {ruits it appears i

highly desirible to develop new and more reliable merthiods for such determina-
tions. In some truite- o ¢ apples and vrapes - incipieat decay infection in-

fluences the ecnnonical storage ve "o o considerable extent. Techniques

have heen elabora to forecast decay ecar'y in the storage period (HARVEY
1960, PIEHRSON 15581, Only lots with iow discase porential should be conside-
red for long«time storage. 1t appears useflul to develop such methods for addi-
tional kinds of fruits, i

:

3.2

Temperature

Refrigeration prolong. the storage life of fruits because it retards

a)
b)

¢}

respiration and other metabolic activity;

consequent aging dus to ripening, sofening and textural and colour
changus;

moisture loss and the shrivelling t ! results;

d)  spoilaye due to invosion by bacteria and fungt, !
The control of tempe ratyre i critical; deviations ﬁm;ﬁ* %i"sé‘ desired figure f
mugt be kept to o minimam As ap evarnnle of the effagt {%{,{iig small changeg

in temperature on storage life, Williumes pears may i’}&é k&fgi% in air for 12 weeks |
at -1, S‘}L,‘, 10 weeks ot -1 VU, 7.5 weeks al 09 anri for only 6 weeks at Z
+119¢C, Thus, inthig range of termperatare. a Hiference of 2 79 can have z
a twofold effect on storage life (FIDLER 1966} This {8 a very much greater 3
effect than the offect of temperature on purely chemical processes, ine luding f

respiration,

The

in section 5. Furtter details and references are found in ILI.R. (1967) and U.Se

DEPT

optimum storage temperawgres for different kinds of fruits are discussed

. AGRICULTURE (1968).
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Maintaning o oo temperatures in all parts of a storage room is ore
LTNOTTAnT wr troore difficult then avolding small fluctuations a* a given
pount, e ool parts of the roon with higher temperature rinens and
«,i *‘w"zv;ﬁ*ri:m oo rhis {requently results in mixing of overripe and/or
decayed fre w0 arime fruit on removal,

3.3 Preco

Fopr reagon ‘rom the preceding sections rapid removal of field heat

soopest o liop hoovest - preceooling - generally has a substantial - and some-
times a deosiing - e fluence on the storage life of fruits, Some recent and
very intercoins avserimental results from South Africa (GINSBURG (963 a & b,
PO65Y Jiluera . i nednt with great clearness, Thus, GINSBURG underlines
that the de ‘ tharvesting and rapid precooling should be kept at an
absoiu ¢ peaches - it should be a matier of hours and certainly
Chretien pears he concludes that they must be got into
sible after harvesting - a delay of 48 hours is pmmhﬁlble
and 24 hours or less for frui: harvested late in the

no 24 nours

for early-seaon
season

practical point ¢/ view an especially interesting com-

yﬂ@iil? v in ¥ rescect To auote GINSBURG verbally on this matter;"The
gaesiion i v pesed wlether rapid precooling with apples is really a
very eritical - lunderlined by author), If vou are quality-con<cious the
wunswer 135 wd fly yes. It ¢ an be stated that apples held at about +219C

age ten times ity as those held at -0. 6°C. Thus, if apples after harvests
ing are held 1 me‘ *efnpvra vre of WIQ{“ for 4 days and then placed

into cold storaye o mg}nm s storage life is lost”

The rate of cocling of any commodity is primarily dependent upon four factors
a} the &%{:Qé%sifziéiﬁ,jg:* of the product to the refrigerating medium;

h} the differenc in temperature between the prodiact and the refrigerating
medium:

¢} the wvelortiy of the refrigerating medium;

d) the kind of he refrigerating medium.

The most wide!

4 technique for precoocling is with rapidly moving air, It
can be adap's {rigerated rooms, rail cars, trucks, conveyor tunnels,

or the foreced air method of pensing cold air through containers by pressure
differential. Withcot comparison if is the most important method fer precooling
fruits.

Effective preccoling may be achieved by the use of contact ice or top ice; both
involve use of ciished ice either placed within containers in direct contact

with produce or on top of packed containers. This methed has only a few worth-
while applications for fruits,

In hydrocooling the produce is immersed in cold water. Properly used, it is
one of the most rapid and efficient methods of removing field heat. Hydro-
cooling is speciaily used for peaches,

Vacuum cooiing was introduced only 20 years ago. This method is extremely
important for la:ty vegeiables but affords little interest for fruits.
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As adrenn ooned the rate of wates loss from fruits is roughly proportional
foothe waoer o noar pressure defieit of tne storage atmosphere, This in turn

fe determioed Dy oae temperature and relative humidity of the air,

v othe wa er vapour presuure deficit and conscquent-
less at low temperature than at high femperature,
nfluence of low storage temperature on water loss,

[t ;’;;7‘\:(’” v v firered A

Py

Hioh relative hunidity = 85 to 95 7 - is cenerally recorumended for the storage
OF fraite, L are an exception, cf, section S.6.), If the relative humidity is
ken' lower, water losses mav be expected fo become high, causing shrivelling
ar wiltino, G he oher htmri! 11t is too high 1© mayv favour the development
of decay. Tae control of moulds vecomes pariicularly Jifficult if the relative
hurmidity apnrozceihes 100 7, which may result in condensarion of moisture.
Poerser understanding of decay control, however, is leading to usc ol higher
homidities, Thoes, 1is stated (GUILLOU el, al, 1965) that 90 % is accepted

ag a desirable minimuem in California and 95 % is being advocated and used
commercially.

Conirollir ,w—»mu‘ity 1e a complicated technical problem.Usually it is morediffiocult

1o maintair velative humidity high enough than to keep it at a lower level, Of

major imporiaonce in this  connexaon is to reduce the cooling load. This may

be done by providing generous insulation. Still more important is to reduce the
emperatare diiler ence between the cooling surface and the air. This may be

’i(,(‘OI*”')il*aE)t ¢ i the first place by larger cooling surfaces but also by improved

liquid feed, beirer defrosting, clean coils and larger air velocity. It should

be noted thouglh thao it is (‘uw*]y tooinstall cooling surfaces and their accessories

to maintzin Y0 9% relative Ldlw y to rainfain 95 9% relative humidity by '

cooling surface design 1s vir ma}ly prohibitive.

4

As an alternative, systems have been developed to add pressure - atomized
water or water v, pour to the storage atmosphere {cf. GUILLOU «<f, al. 1965).
Still another solution is afforded by the jacket system. in this the room is
cooled by air ¢ix dw ing through a jackel, or envelope, surrounding the room,
Advantages nrd disadvantages of the jacke 'sten are discusse r LEN

Ad tag é fvan! fthe jacket gysten: are d ed by LENTZ
(1960, 1963) and LENTZ & ANQUEZ (1965).

Loss of moisture may be turther decreased by the application of protective
packaging. Plaz ic materials of different kinds can be used for consumer size
pat*}m;fsz ar far box liners, pallet covers or tarpanlins to protect stored

Ly s Qﬂ [ I I TR
H o 'f AR2S S Fri= ity o

orael rmaierinls refard the logs of water fvom commo-
dities to the atmosphere, Tt is necessary, though, to keep in mind that certain
films, wher =caled or otherwise tightly closed, may restrict the exchange of
oxygen and carbon dioxide as well as that of water vapour. This may lead to
the developmen' of ‘oo high concentrations of carbon dioxide and possibly also
of too low concenirations of oxygen,

3.5, Alr distribution

As already stressed it is of paramount importance to maintain uniform tem-
peratures in all parts of a storage room. To achieve this, air must be circu-
lated z‘*zmugh the store, Different types of arrangernents for air circulation
are in use, including fans to provide forced air circulation and more or less
gom;};w{r ed duct arrangements,
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For precooled produce a high air velocity is unrecessary and usually undesi-
rable. Only enough air movement shoild he providesd 1o rermove respiratory
heat, eventual lan beat and heat entering the store trom the ourside, It s very
mmportant, however, that the cirenla or air s ondormdy et rihaged thrrowgth
all parts of the room. Expericace shows aoproper adjus ment of air dist ribu-
tion systems to be a4 major cause of pon coiiorn st orne e neratare,
SAINSEURY (1961 indicates thar for nmamtenatce of wniform ternperatures,
the quantity of air circulated should be suificient to nrovide an air twimover
rate ol at least 7.5 times poer hour in an empty ' orage,

The effect of the rare of air circuwlation on water loss is closolv related to its
effect on relative humidity of the air surrounding the product. Provided humidi-
ty is high rapid circulation docs not apnreciabiy increase water loss, However,
if the humidity is tow, cominodities 1 rooms with no circulation show loss
shrivelling. The reason for this s ‘hat rranspiration from the commodity in
such rooms causes the humidity of the air adjacent 5 the product to increase,

Cooling and temperature distribution are significantly influenced by the nature
of the packing material used and ‘he s acking of the packases in the store, If
poor stacking prevents airflow even the most elaborate svstem for air distri-
bution is useless. Air alwayvs follows "l path of least resisiance, Thus, wide
aisles in the direction of the airflow ria. result in rach of the air bypassing
the stacked commodities. Similarly, {f ¢pacing is not reasonably regular,
wider spaces get a greater volume of air than the narrower ones. If spaces
are partially blocked, areas occur with no or very little air circulation witi
resultant higher temperatures,

The increasing use of cardboard boxes and of palletizing arrangements has
made the problems of cooling in relation to stacking more complicated, This
matter is further discussed in section 6.3.

3, 6. Ventilation

With very few exceptions it is indispensable to provide storage spaces for
fruits with a supply of fresh air (ventilation), This is to prevent the build-up
of dangerous concentrations of volatile products of vespiration in the storage
atmosphere. Prominent among these is ethylene, which even in very low con-
centrations muy induce premature ripening (¢f. section 2.3.). While this
risk is negligible at storage temperatures below 39C it may become very real
at higher temperatures, suitable {or storage of such ruits as banan:s, avoca-
dos and mangoes.

Volatiles of greater molecular weight than ethylene, including aleochols, alde-
hyds, ketones, esters, terpenes etc., are produced by fruits; the total pro-
duction is usually less than that of ethylene. It has been argued that these
heavier volatiles may stimulate respiration and induce certain physiological
disorders. However, according to FIDLIR (1561), there does not exist any
unambiguous evidence that elimination of heavy volatiles frem a properly de-
signed and operated refrigerated store has any practical value.

Carbon dioxide may cause injury in many kinds of fruits. However, it is gene-
rally da..gerous only in fairly high concentration.
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3, 7. Mixod siorage

Sometimes i+ mav be desirable to store different kinds of fruits together. This
is, of cource, only nogsible when the temperature requirements are the same
for the ki of ruits involved, Risks encountered are cross-transfer of
odour and harmiul action by ethylene.

Cross=tainting hatwsen various kindsof fruits has been observed but appearsto have

little praci? importance, Nuis, however, are very sensitive to tainting and
should alwuys be stored sepavately.

,(:,

As alveady =tiied the I’”‘pﬁn;x‘lg eifect of ethylene is nepligible at temperatures
below 39, Ev*‘mi%' stored in fi*u low range, e, . apples and pears, therefore
he sefely mixed 'n storage. Al hmm r ﬂ-,—m*ahe temperatures, however,

the risks tor auwlﬁv effecrs rm;st be taken into account very seriously.

Sects of cold storage

}t ie somet imes beileved that cold storage prodisposes {ruits to rapid deteriora-
tion upon {ransfeor to ambient temperatuies, However, there is no evidence to
support this viewpomt cxeept in ~ases where chilling damages have been in-
duced durins cold storaoe, OF ecourse, it would not be rensonable to believe

that cold stored fruitye should keep as long 28 freshly harvested ones, the reason
being that some of the polential life has been used un in storage,

On romoval from cold storue care should be taken to prevent as far as possible
condensation of water on the c‘()‘{ surface of the produce, Condensation will
occur when the dew-point of the air 1s higher than the surface temperature of

the pr m}uu or of its packaging material. The package may act as a barrier to
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condensation on its contents. Sometimes it may be good practice to cover a
pallet-load of packages until it warms to above the dew-point of the surround-
ing air, thus avoiding heavy condensation,

Condensation may favour decay, pariicularly in the more tender fruits, Such
produce must be handled with extreme care following sweating and it is gene-
rally wise to disposc of it as scon as possiole. Otherwise, the damage risks

from condensation should not be overestimated aad they should not deter any-
body irom using recommuvnded storage temperatures

*
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4,011l vodaction

Storace o fraite in eontrolied atmosmnere {CA- storage) is founded on the possi-
hility to b crease resnipation, thus retarding ripe nmg and prolonging the storage
Ve, tro et s the conceniration of oxygen {O2) and/or carbon dioxide (COjp)

i tne =t e ;:‘!‘?uxpil*‘!‘?.

Our xnowledoe about the CA-method has increased greatly in recent years,
This applies to undamental phyvsiological aspects as well as to methods of
creatins ihe atmosphere desired and to application in practice.

4,12 Physiotogical aspects

4 121. The rate of respiration is roughly speaking proportional to (Og). Oxygen
intervenes as a reagen’ with the different substrates of respiration.

C‘ar*mn dioxide playe its role in reactions of carboxylation and decarboxyla-
tion. It also scems to alfect a number of enzymatic reaction system

4.172. When {On) decreases below 21 7 there is decrease in respiration inten-
sity and a delay of the climacteric. The effect of decreased (O9) becomes less
pronounced { when the temperature is lowered,

Below a certain (Oo) - generally 2 - 3 % at low storage temperatures - anaero-
bic processes may complicate the picture. These lead to formation of alcohols
and aldehydes with consequent taste distortions. Disturbances in ripening may
also occur - acids and chl m*c;phyd remain, solubilization of pectins is retarded,

With decreasing (Oo) such physiological diseases as scald, core flush and low
temperature breakdown in apples often become less severe.

Decreasing (O9) dJownto 2 - 3 7 appears to have very little effect on attacks
of mingus dicensges,

4. 123, Increasing (CO») generally decreases respiration intensity, especially
at uigher temperatures, Lc mons are an exception, respiration being stimulated
by increasing (CO») to 109

Higher {CO,) may create grave disturbances in metabolism such as inhibition |

i
of respiraiory and pe woivt,u- enzymes and of production of substances creating '
the characteristic fruit aroma, ;

m;,n (C‘On) may aggravate core [lush but decrease scald in apples. (COj) above
10 % may induce brownheart in apples.

i
!

(CO9) above 20 % often inhibits spore germination and fungal growth. Oa the i
mher hand, a stimulating action may appear at lower concentrations,
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4.124. the combined effect of {O9), (CO2) and t u‘z‘xi)vr'a'hlrw s complivaed
and follow s different patterns in d*' crent kinds of fruits, Thus, in bananas,
the effecisofdecreasing (()3‘, and increasing (CO») are synergisiic, On the
other hand, in apples there is no interaction between (O2) in the range 1. 5 to
16 % and {CQ9) U - i

4.125, The choice of the oplimum corebination of (O2), (CO») and temperature
is compiicated by the occurrence of limiting factors. Takingz apples as an
example, the vse of a low storage temperature 18 limited by the risks for
physiuiosfica? (i;‘smr"i{' rs and fungal artacks., Similar conclusions are reached
iF(092) or (CO92) are chosen as limiting factors. Tt is necessary to make the
best possible use of all three variables and consequently "pp*e stiould be
stored

a) at a temperature of 09 - 49 depending on the variety
b) in an atmosphere containing about 3 % O9;

¢) in 2 - 57 COy, provided that this concentration is tolerated and risks
for scald and fungal attacks decreased,

Evidently the balancing of these factors is mwuch complicated by the special
susceptibilities of each variety, which it is necessary to know very well. As
an exarmple, the variety Golden Delicicus 1s fairly insen%it ive to low tempera-
tures bui quite sensitive to inerceasing (CO9), while Cox’s Orange presents

the opposite picture,

4.126. The following conclusions may be drawn as to the practical = pplication
of CA-storage

a) Cooling, decrease of (O5) and increase of (CO9) concurrently influence
the metaholism of the fruit and their individual effects may be added.

b} Itisadvantagzoustooperate at low [0} but above the limit for anaerobic -

respiration. In this way ripening is retarded and certain physiological
diseases controlled.

c¢) Cooling is indispensable but dangerous zones (freezing, physinlogical
disorders) must be avoided. By cooling the storage life is prelonged and
fungal disecases controlled

d) It may also be favourable (o increase (CO»), thereby decreasing the risks
for certain physiological disorders, checking fungal discases and delaying
ripening. On the other hand, too high concentrations may have toxic effects,

e) No all-embracing, optimum recipe can be given as the ideal conditions
depend on
- the sensitivity of the kind and variety of fruit to low temperature and

to (CO»):

- the conditions of cultivation and the degree of evolution at harvest;

- the length of storage envisaged.

4. 127. An authoritative and up to date review of physiological problems in
CA-storage is given by ULRICH (1967),
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4. 13, Techniques in CA-storage

4. 131, Principles

Initially, in the commercial application of CA-storage the atmosphere wanted
is created by the frait itself through the normai respiration process when
placed in a suitably (ight and well filled room. When a low oxygen atmosphere
is desired, canipment for carbon dioxide removal is added. This type of CA-
storage may be described as ‘product gencrated atmosphere'’,

Today several methods are available for producing the atmosphere desired
by supply from the outside, We call these "externally senerated atmospheres',

4. 132, Product generated atmospheres

For this method the storage space must fill high demands on gas-tightness. A
number of more or less sophisticated techniques have been developed for this
purpose - many of themn are described in Annexe 1966-1 to Bulletin de 1'Institut
International du Froid,

Inasufficientlyms~tightspace fruit respiration gradually lowers (Oy) from
the normal level 1o the desired concentration. Once the desired {Q2) is obtained
fresh air from the outside must be added periodically to maintain it.

As Oy is used in respiration, CQO9 i3 given off. It must be removed from the
atmcsphere; otherwise injurious concentrations wonld soon build up. This s
generally done by atmospheric washers {scrubbers) using water, caustic .da,
monaethanolamine or dry hydrated lime. A quite new technique envisages the
use of an exchanger-diffuser based on the special permeability properties of

gilicon rubbers. This is stated to be simple to operate, to consume no material
and to require very little energy (MARCELLIN & LETEINTURIER 1966).

4,133, Externally generated atmospheres

There are two main alternatives for this kind of CA- gystem:
Y

a) to replace continuously the atmosphere in the storage space with an
atmosphere with the desired composition - flushing:

b) to circulate the atmosphere through special equipment to remove O9 and
COg.

The flushing nethod may use liquid or compressed nitrogen to create the
atmosphere desired. Alternatively, the atmosphere is generated by a hydro-
carbon fuel burner system. For a detailed description and discussion of S
different systems reference should be made to PFLUG & GUREW ITZ (1966). '

In circulation systems so far only equipment working on the burner principle
has been used. Volatiles may create problems in systems of this kind and
could necessitate the introduction of special absorbers.

Nitrogen flushing systems have several advantages but are expensive to operate.
Burner systems are cheaper but have other disadvantages. Probably, several
systems will find future practical application.
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4,14, Evaluation

Uatil quite recently commaorecias us - o f " Yestorage Las been mainly limited
to aoples and nenrs. Tlor Jhis nae : toesever, the meihod has fowrd e
sive appiication, especially inthe Dol Staies, Great Britain, (taly o
Yrance, It must he conswcered ax o ortuaily indispen=able for e Boeient,
time storage ol most apple varietie

The intreduction of the extemmaly goner
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made ocean transportation of fruits wider CA-oond fions o nroc ben, proponed

It should not be forgotten that CA-storage is more cxpensive to install and
op:rate than regelur cold storage. Also it requires a more advanced tech-
‘nique for running wnd supervision,
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Post—hirrest treatment of fruits by irradiation has attracted considerable

e erest bocanse of several por «ible Lene ficial effects. Most im v)mhmt of
these o e pons bty Lo« ontrol storage discases through the fangicidal
propertics ol rodintion. A sceond tempting application 1s opene d by the delay
in ripening ncaced fnocertain kinds of {ruits,

[p to date reviews of current status and problems o fruit irradiation are
given by SOMAER & MAXTE (1o66) and DISHIL (1967),

4,22 Control o diseases

The creates! i;n‘sfv:.l'i&l advantage of irradiation for control of fungus diseases
is thar the treaten? penetrates fh( fruit tissues. Thus, the pdrho;:en groewing
within e B oy E;u mactivated or inhibited. With chemicals generally
little o ro penetration 1= ‘u”.'\i(f‘v'sed.

To obtain a s i*»f;‘i(‘?a"r']"\a fungicidal treaiment the pathogen must be killed or
inhibited Ly oo dose tha does not induce any practically 1mportant, adverse
eifects i the fruait, finfortunately, only quite few comimaodities withstand
satisfoctorily the doses ;wr\*mﬁz‘:,t‘jf for disecasco control. For this reason
consideraie atteniion has been devoted to techniques for improving the fun-
gicidal effect, peduciny host damuge or both, Among methods studied the
following may bo me ntioned: oxvgen sensitization, shallow irradiation, coms=
bination of radiniion with chemirai treatroonts ov with heat treatment, The
last mentioned approach appeavs o be the most promising one, as in many
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Obviously, fangicidal treatment of fruits by irradiation is still in its infancy
but in some cases practically promising results have already been obtained,
This dpp}w., narticularly to strawberries, In this fruit a dose of 0,2 Mrad
may prolony refri wwerated storage life with sever al days, mainly by controlling
Botrytis cavrea,

soon aftor harvest, but t unfortunatelv the doses required soften the fruits

to such an oxtent that norinal handhng is made impossible. This difficulty
may cventialiy be resolved by asing a com rination of heat treatinent and irra-
diation,

Brown rot and Rhizopus rot in stone fruaits may be controlled by irradiation

So far irradiation of citrus fraits has not looked particularly px‘{)“\ii;ing due

to poor discase control with doses non-injurious to the host and to the availa-
bility of fairty ellicient chemieal mngicides {of. section  1.32.), Recently,
however, DIFHIL (1967 has reported promising results from the combined
effocts of coating e fruits with o synthetic polymer irradiating with 1 MeV
electrons am g subiseauent © old srorage. The polymer coating serves to mini-
wize peinfection atter irradiation and to reduce water losses, Lemons treated
Ceothis way were i exceliont condition even alter 3 months and showed better
e yvietds and hicher vitamin C contents than diphenyl treated lemons kept

u
at the same temperature,
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Our understanding of the effect of rad o Gn on ripenming of fuits is far from
1

complete. In some frulss the endogenoos production of ethylope hibiled,

to cthyvlene

mothers it s stimulated, In addition the sensitvity of the pyat
may be changed,

I' hns been established that irradiation will intensify many phys ialogical

disorders of fruits such as chilling irjucy and hig h temperature inju ry.

4.24 . Evaluation

Irradiation so far shows limited promise only for prolmwmﬂ the storage life
of fruits. Much more research is needed until reliable conclusions may be
drawn a5 tothefeasidbility of thistechrime for any kind of fruit. Attention should

be foc U“-!Ld on ways of maximizing disease contro! and reducing adverse host
response

Investiment costs for irradiation are generally quite high, The technique will
only be economically applicable where large volumes of produce are handled
i a centralized way, It will have a good chance only where conventional

methods of preservation are unswmflfnwy, One example of this m
of fungus diseases in fruits, as M SRSARTAY
the foods, which are regarded witn rapld

ay be control
re=idhies in

methods generally leave
nereasing suspicion,

ft is sometimes bhelieved that food lrradicion is a panacea and this is the
main reason why it has been discussed here at some length, The obvious

conclusion is that irradiation will na: replace conventional methods of fruit
preservation - but possibly supplerment them wn a few special cases,
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4.3, DISEASE CONTROL WITH CHEMICALS ETC.

4.31. Bickground y

As alreadv indicated attack of micro-organiems, especially fungi is probably :
the most important cause of loss in storage of fruits. Methods to control these |
diseascs inolude spraying in the field to reduce infection and good storage
praciice such as rapid cooling and correct storage conditions. In some cases 2
applic ntion of fungicidal and/or fungistatic chemicals after harvest may be
useful.

Before a chemieal treatment is used several factors have to be considered.
It must be effective for the purpose for which is intended, it must be reasonab-
le in cost, it must be non-toxic to the fruit and, most important of all it must

not be harmful to humans,.

n order to illusirate the problems of control of storaje discases these will be
reviewed for two important commodities in the subsequent sections.

4.32. Rotting of citrus

Citrus fruits are very liohle to attacks during storage by a number of fungi,
especially Penicillium sp. The possibilities to control rotting by using low
storage temperatures are limited due to the fact that such temperatures may
induce physiological skin disorders,

The possibilities to check rotting using fungicidal chemicals have been studied
extensively {MU ,\t )7, DELGADO 1366). The treatment may be performed by
immersing the fruits in fungicidal solutions, by wrapping in paper or packing
in cartons impregnated with active chemicals or by in other ways exposing the
fruits to a fungicidal atmosphere,

A great number of chemicals have been examined but very few have beeu found
useful for application in practice. Apart from efficiency the most important :
limiting factor is the strict demands on non-toxicity to human beings. In earlier
vears much us. was made of boric acid and related compounds., Recently more
etficient chetraicals have een introduced, e, g. sodium salt and esters of orto-
phenylphenol as well as diphenyl,

Some countries have more strict food laws than cthers and do not allow the

use of the chemicals ventioned above. For this reason studies have been j
initiatea in Spiaa to develop an efficient thermic treatment to replace the :
chemical method, {(MUNOZ DELGADO loe, cit.). Promising results have

been obtained by inunersion of the fruit in a hot water bath (temperature 53°C)
for five minutes followed by cooling in co.d water.

1,33, Greymould in gropes ’ y

Grey mould caused by Botrytis cinerea is a2 most troublesome disease in grapes,
often causing severe losses in storage and transportation, So far the only

cificient controel method available is to ew;;mse «he grapes to an atmoﬁphere i
containing sulfur dioxide. Other chemicils are being studied and promising '
results have been obtained but they are *mt yet available for application in
practice,

-

S
e




ID/WG.23/5
Page 23

Unfortunately the use of sulfur dioxide is encumbered with certain difficulties
and inconveniences. Thus, it is difficult to determine the optimurn concentra-
tion and time of treatment as these are affected by a number of factors, e.g.
variety, degree of maturity, temperature and condition of the skin of the
grapes. Moreover, one fumigation is generally not sufficient, the treatment
having to be repeated every 7th to 10th day. The stowage of the ruit must be
arranged in such a way that sulphur dioxide is evenly distributed throughout
the stow. Finally, sulphur dioxide is extremely corrosive against metals and
it is necessary to protect all metallic components in the store room against
this.

However, the picture may be changed by a quite new technique for applying
sulphur dioxide to grapes, which is now being developed (PAULIN 1966). A
polyethvlene bag is used to stabilize the emission of sulphur dioxide from a
Iretabisulfite solution. This contraption is called a "generating bag''. The
permeaoility of the polyethylene film to sulphur dioxile proviies a nearly
constant gas discharge rate during the whole storage peried. Jhis rate is
determined by the film thickness and surface area and the quantity of meta-
bisulfite introduced into the bag. Grapes are stored in a perforated polyethy-
lene package. Generating bags are placed in contact with anc between bunches
of grapes and the upper surface of the package. An equilibrium conditior is
reached between the quantity of sulphur dioxide continuously discharged by
the generating bag and that diffusing out of the package

4. 34. Antibiotics

The possibility to use antibiotics to control microbial attacks on stored com-
modities has attracted much attention in recent years. Notable progress has
been achieved, especially with meat, poultry and fish, while with fruits the
prospects look much less promising. Experiments have been made with
peaches and strawberries in which some fungistatic effects have becn regis-
tered,
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5. COLD STORAGE OF FRUITS - COMMODITIES

5. 1, Deciduous fruits

5 11. Apples

More apples are stored on a tonnage basis than any other fruit. Also, the
average storage period is longer, The literature on storage physiology,
storage diseases und storage practice {8 immense (¢f, U. S. AGRICULTURAL
RESEARCH SERVICE 19863).

The optimum storage temperature for each apple variety should

- retard ripening as far as possible;

- control decay organisms ns effeciently as possible;

- not cause low temperature disorders to any economically important extent.

Against the background of these criteria it appears that

a) Provenarce, variety, picking time etc. play a very important rdle in
the choice of the optimum storage temperaturce,

b} Many kinds of apples are best stcred at quite low temperature, i. e.
around -0. 6°C to +0°C. This applies for instance to most varicties
from the North Pacific Coast of the U. S. A., from Argentina and from i
South Africa. :

¢) A number of varieties of apples are subject to a disorder know as "low
temperature breakdown', This may become apparent at temperatures
below +49 to +59C, its incidence and severity increasing with lower
temperatures and longer storage periods. In most cases apples grown
in a more tcmperate climate are more sensitive to this type of disorder.
For this reason apples from New Zvaland and Tasmania are often stored
and carried at temperatures hetween +1, 1°C and +3, 3°C and from the
mainland of Australia at +3. 3°C, Most apples grown in Europe should :
not be stored at a lower temperature .han +20C; for somc varieties the i
optimumn temperature is as high as +50C.

d) Apples from Chile are generally stored at the same low temperature as
those from Argentina. However, there are indications that some Chilean
apple varieties are fairly sensitive to chilling damages and that a slightly
higher & orage ifemperature might be preferable. Experimental studies
of this problem appear warranted.

The storage life of different apple varieties varies between a few weeks up to

8 months. liarly varieties gererally are more perishable than later ripening
ones.

CA-storage of apples may prolong the storage life very considerably, some-
times even double it, For modern long-time storage of apples the CA-tech-
nique must be regarded as indispensable,

The optimum CA-conditions vary as much with provenance, . variety etc. as
the requirements on storage temperature (cf. section 4. 126).Generally (Oj)

s s e s v
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is kept at 2 - 3 %, (CO,) between 2 % and 8 7. The most striking benefits
from CA-storage are obtained with those varieties which develop low tempera-
ture disorders in regular cold storage,

Seald is probably the most imporfan: storace disorder of coples. The classical
control method is the use of mineral ol! paper, either shredded or as indi-
vidual fruir wraps, More effectve chemicals are now available, e, g, diphenyl-
amine and cthoxyquin., These are applied as post~harvest dins or sprays or
impregnated n wraps,

Generally, scald is less severe in CA-g¢ orage than in regular storage. The

disease is frequently not visible in storage but develops rapidly when the
fruit is moved to warm temperatures,

5,12. Pears

With few if any exceptions it is essential to store pears at a temperature as
close to the freezing point of the fruit as possible. It is also of primary im-
portance that pears are precooled to this temperature immediatelv aftor har-
vesting and kept closelv to this level during the entire storage period. The
optimum <torage temperature generally 18 -1, 7 to -0, 500,

Pears differ from tiost other kinds of deciduous fruits by having both an upper
and a lower limit for normal ripening after storage. As already stressed the
ideal storage temperature for pears i= very close 1o the ‘reezing point of the
fruit. Tt must, however, bhe specially noted, that there is an upper critical
temperature level, above which pears lose their ability later to ripen in a
normal way. This "dangerous temperature zone'" varies hetween varieties,

but is generally between +29C to +10°C. The obvious conclusion is that keeping
pears in this "dangerous' temperature interval during any phase of handling,
storage and transportation mu ¢ be most carefully avoided.
The storage life of pears varies very much between varieties - from2 - 3
months for Bartlett up to 6 - 7 months for Packham and Winter Nelis,

Polyethylene filin liners may extend the storage life of several varieties of
pears by 1 - 2 months (c¢f. section 1. 123). It has been realized for many years
that peirs may benefit from CA-storage. However, so far this type of storage
hos beenused onlyon afairly limited scale, but now a rapid increase appears to
be taking place in several countries,

The literature on pear storage is extensive, A 181‘58 number of important re-
ferences are frund in U.S. DEPT. AGRICULTURE {1963).

5. 13. Grapes

Largely because of their high sugar cont nt' most varieties of table grapes
have freezing points that are lower tha,: 'or any other important kind of deci-
duous fruits. Although for most varieties there is no danger of freezing injury

at temperatures as low as -2. 29C, they : re usually stored at temperatures
between -1, 19 to +00C,
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Unlike apples and pears, grapes do not ripen further after harvest, They
should be picked at optimuvm maturity.

Good kecping varieties such as Emperor and Almeria may be stored succes-
fully for up to 6 months, Other varietics have a much shorter life-gpan.

The most inportant cause of deterioration of grapes in storage is attacks of
gray moold {Hortrtis cinereal. Methods of control are discussed in section 4. 33,

For a comprehensive review of the problems in storage of grapes reference
shouid be made ro RYALL & HARVEY (1959).

5. 14, Stone [ruits f

Stone fruits - apricots, cherries, peaches, nectarines and plums - generally
have thuvir optimal storage temperature at -0, 60 to 0°C. Some ex:eptions
are discussed below,

These fruits nave a comparatively short storage life. Mostly it is not suffi- §
ciently long 1o allow transocean shipment by sea without difficulties and
complications,

Most stone fruifs appear to benefit from CA-storage. Commercial applica-
tion, however, is so far on a limited scale, llore experimental evidence about
optimal CA-conditions is needed,

Apricots may keep well for 1 to 2 weeks, or possibly even 3 weeks if stored
at -0. 6°C. They are subject to internal breakdown at temperatures abhove 00C,

Cherries keep for about 2 weeks at -1, 10 to -0. 69C, The use of sealed
polyethylene liners will extend the storage life by at least an additional week.
With a suitabie {ilm thickness atmospheres containing 7 - 9 % COo and 3 - 5 %
O3 will be generated within the packages These must be opened when fruit is
removed from cold storage as off-flavours may develop at higher tempera-
tures, CA-treatment will also extend the storage life of cherries but benefits
obtained arve no greater than those by polyethylene liners,

It is ditficult to store peaches for extended periods. MNost freestone varieties
keep for 2 weeks and some freestone and most clingstone varieties for 3 - 4 !
weeks at -0, 69C to 00C, With longer storage peaches lose their flavour and ‘
natural bright colour. Their flesh may become dry and mealy or wet and

mushy. Internal browning often develops. In some varieties mealy breakdown
(wooliness) may be reduced by keeping the fruit at fairly high *,4,,’%‘2’{{)&‘1“&111{1 re

(189 to 25°C) for 2 - 3 days before lowering the storage temperature to -0, 6°0C,

Nectarines have the same storage requirements as peaches,

Plums are very sensitive to cold injury internal breakdown when stored at teme
peratures from 0. 59 to 6°C and this temperature range must be carefully :
avoided, Most plum varieties can usually be stor-d satisfactorily at -0. 6°C ;
for 3 - 4 weeks. If storage at this temperaiure is extended too long difficulties |
may be encountered in ripening the plums. To master this problem a ""dual ;
temperature’’ technique has been developed for the transportation of plums
between South Africa and Europe. The plums are carried at -0. 6°C for part
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of the voyage. Then the temperature is rapidly raised to +7° to +10°C, depend-
ing on the varicty, for the rest of the voyage, By varying the periods of either

shipping temperature the plums may be landed overseas at the most desirable

stage of maturity for ripening,

5.2, Citrus fruits

5. 21. Generol considerations

The two main causes of loss in storage of citrus fruits are fungal rotting and
physiological skin disorders. The lover the storage temperatu--e the better is
rotring kept under control, On the othe. hand, payvsiclogical disorders usually
are agrravated by low temperature, Successful storage depends to a very

large extent on an intelligent balancing between these two risks,

A great many factors influence the optimum storage temperature, e, g variety,
nature of sotl, cultural practices such as irrigation and spraying, size of fruit,
time of harvest, degree of maturity, This may well explain why so many diffe~
rent temperatare recommendations are encountered in the scientific literature
as well as in practice,

When fruif from a given region is known to be liable to rotting and has not
been given any fungicidal treatment, it is often better to accept some risks of
injury (o the skin by storage at a somewhat lower temperature and in this way
minimize losses from rotting,

Results with CA-storage of citrus fruits have not been encouraging.
Citrus fruits are very liable to attacks during storage by a number of fungi,

especially Penicillium sp. Control methods are discussed in sections 4, 22,
and 4, 52,

The application of wax or wax emulsion preparations to citrus fruits has been
practiced for many yes rs. Waxing reduces moisture loss and thus retards

shriveling. It muy also give an improved glossy appearance.

For a more detailed discussion of citrus storage reference should be made
to MUNOZ DELGADO (1968) and ROSE et, al. (1944, 1951),

5. 22. Oranges

The optimum storage temperature for oranges varies between 0° to 59C. The
economical storage life generally amounts to 8 - 18 weeks.

5, 23, Clementines, satsumag, mandarines

The European recommendation for these citrus fruits is to store at 49 to §0C,
(MUNOZ DELGADO 1966), Under such conditions storage life is stated to be
around 8 weeks.

According to U.S. recommendations mandarine type citrus fruits should be
stored at 0°9C. Because of their perishable nature they should not be kept
longer than 2 - 4 weeks and they should be marketed promptly after removal
from storage.
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5 24, Lemons

The optimnm storage temperature for lemons is 129 to 14°C. Under such con-
ditions they may keep up to 6 months, Lemons thot are of proper size and
dark-gieen colour when picked have the longest storage lite, Tree-ripened
friit does not keep well in storage.

5,25, Limes

et JOS

Limes may be stored satisfactorily at 99 to 109C for 6 to 8 weeks. Some loss
of green colour, however, often becomes apparent after 3 to 4 weeks’ storage.
Green enlour is retained better at temperatures around 5°C, but limes are
subject to pitting if kept below 79C. This condition develops soon after removal
from storage,

5,26, Grapefruits

Grapefruits are more sensitive to low temperature injury than most other
citrus fruits. Generally, recommended temperatures range between 109 and
160C. Sound fruit that has been carefully handled and is not overripe can
usually be stored 4 to 6 weeks, even up to 12 weeks without serious spoilage,

5,3, Bananas |

The most important application of refrigeration to bananag is in overseas
transportation. Generally bananas are picked at a stage of development which
should permit their arrival at destination without ripening. At unloading the
bananas must still be in the preclimacteric phase, i. e. quite green and hard.
In this condition they can be handled with relatively small risks lor mechanical
injuries and bruising.

Although there exist over 500 edible banana varieties only a few have signifi-
cant commercial value. These include Gros Michel, Cavendish, lLacatan, Poyo
and Valery. |

Rananas have to be in transit for periods up tn 24 days. Especially for long-
range transportation it is necessary to maintain optimum conditions througzhout
e.g. in selection, overland transport, packing, loading, cooling, carriage at
gea, during discharze and {inally ripening.

The keeping quality {transportability) of the banana is influenced by a great

many factors, some of which are difficult or irapossible to control. Most
important amsong these is the depgree of development at harvest, Others in- :
clude fertilization, discases, parasites and climatic conditions,

The greater the degree of development (f‘ulness) at harvest, the shorter is

the time the banuna may be Kept in the preclimacteric stage. On the other

hand, the more developed truit is generally considered to be superior in quali-
ty and consequently is in higher demand on the consurner market., The choice j
of the correct fulness for a specific trade demands considerable diligence :
and experience,
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Various crileria have been nroposed Tor an ohiecrive determination of the
degree of development, These ing lade o arhier of dave afler emmergence af the
flower tnd, pulp/peel ratio, Yardrees o0 - Ly of ¢
of the individuul fingers, In prictics
is used,

ralpy size and shape
Ahonnt ooty the [ ot mantioned CLriverion

In recent years the techniaque of handli S hunapts has o lagnged drasticaily.
Farlicr bananas were Invaariably shippod on b stern This practice stit] con-

tinues ina few trades but today by fap oo

batanas ore cal from the ST,
i ry ¥ e . vy RS P M. - R \ i 3
sectionalized and packed in cardbaard oo

v betere loading, This is a most
mnportant aavance as h():ii!‘z;:‘ ciimninates INAY Srnre ey of hamil;’ngg fiantngtf:
previousiy encouniered in shipping AR

Beoelow a cortain temperature, which it epe bor

Uable ro chilling vamage. Chilline is viniv o peel inmry in which certain
cells are killed, The dead cells durken oo dive the peel a characterist ic
smokey or dull-yellow appearanc e af o vipenng In obilled frait there i a
tendency for the onser of the climactoro o he detaved and if the danave i1g
severe !l Mavour and ROTITial Cconsret ey ¥OIMAay net el “253{3. C?H“X!tg lf% gene-
rally considered to have a simple tite=tonmerature retationship but this has
been questioned,

ween varieties, hananas are

The following carvrying temperatures a. generallv recomuended for bananaz
Gros Miche] 11.4¢ . 11 79C

Cavendish, l.acatan, Valery, Povo 12 8° . 14 ace

This recnmmendation is subjeet to elignt »

! latio : od fications as a result of stage
of maturity, packaging used, length of voyave und z;irwft;irc:tziming system
employed,

Bananas are very sensitive to ethylene in th.. unripe stare, Fven 0. 5 part per
million, if maintained in the aim osphere, wiil eventually initiate the onset of
the climacteric phase, Vhen that is en'ered thiy are ne longer sensitive to
ethylene and are in fact producing small rantities of it themselves. The pre-
sence of fruit, in and after the ¢lirvacterie Phase presents a danger to the
unripe, preclimacieric fruit in a careo space, bPinviene must not be allowed
to accumaiate but must be removed by et air ventila ton, So far only very
approximate data on the ethyvlene produs jon ur diffepom temperatures and
stages of developroent of the feuir are availah v, Theroe is also lirtle knowiedge
of which concentration can aciuaily he 1olorared, Con=cquently, the fresh air
ventilation capacity can so far only be doc

e on the nosis of practical exXpe-
rience, FPlgures up to 3 coinplete choncos nor nour are common,

The air circulating system is of prime baportance in the carriage of bananas,

With boxed bananas vertical syeromes ary ginerally considered to bhe superior

H to horizontal systerns, vhich require the gse of somme form of dunnage to ape-
rate satisfactorily, The rate of air circulution necessary is still an open quos-

tion; 60 - 80 changes per hour is accepied standard for modern banana carricrs

some have even more,

The ripening o bananas requires a well developed technique and special equip-
ment with adequate possibilities for the control of temperature und relative
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5 4. Tropiecal fruits except banosnas
Q4. jropiear n EXC L.

5 41, Pineapples

Tlavour and aroma are most attractive in pineapples fully ripened on the plant,
Sach fruits, hovwever, are unsu.rable for extended storage and transporration
and for such narposces a less mature grade must be seloctod, [t i3 necessary,

though, that o cevtamn stage of rnaturity has i;t en reached at harvesting, Other-
wise normal ripsning may na take ;m«n ¢ and the final f‘;:mhw will be poor

&

Generally, the colouring of the skin is used for judging the maturity of pine-
apples. This criterion, however, is ‘ar from infallinle. At the same siage xf)*
maturity of the fratr flesh, the colour of the skin varies wirh the w{sig'u of t
fruit, the climatie conditions during maturadion and the variery, [hus, fhe
heavier the fruit, the less is the eolouration. During cool and dry periods the
fruits take on much more colour than during hot and humid weaner, Varieties
with white lesh penerally colour very i%ﬁ‘,iv evern on il ripencss, Therefore,
additional criteria have been sough? allowing a more reliable determination

of the stage of development. In the fruit Tlesh the arrivat of roaturity generaily
manifests itseitf by the formation ol transiu t ones around the 'eves  with
legs marked colouration than the rest of he 3 ”:':! . The f’*’*a’ut‘“y i85 more ad-
vanced ihe birher the p recentace of the cross section area occupied by trans-
lucent zonas. The development of the croun, slips, eves dmi Sracts mav .80

agsist in assessing maturtty, Local study and experience 18 indisnensacle to
deterniine precrsely the most suitable harvesting maturity for particular re-
guirement s, .

It is extremcely iraportam to protect the pineapples against mechanical damages
during harvesting and packing opvra*xmm Hruls.ng 1s quickly followed by in-

road of soft rots. Various metneds using special equipin ent have been developed
to facilitate these operations (PY & TISSEAU 1965, who give {urther references

The optimum storage temperature is 70 to 89C. Inthis range ripening proceeds
very slowly and fungal dv‘{‘dy (mainly caused by Thielav Cxp*;l‘v _paradoxa) is kept
in check., Lower temperatures cause chilling damages - the fruits take on a
dull hue, develop water suakmg of the flesh and darkening *:_;zf the core and are




2 4 ! 3 5
;; ot e (SRS TRTEI ‘ o= ey L N O -
Proval e s ity DY G vl S AR A S SR TRRTED A RSATENE RIS RETEN
L R SRR DR S R SR T S T .

i
H

CA-arorave o praeanntes e hoorg

-

crvest and always within 24 nours is

they are very well protected

e types hove been deve -

oo,

n: tzsk*;;miév}g

0.42 Avoo dos

There are three main races of avocados - the Mexican, the Guatemalan and
the West Indian. The AMexican trpe s the harMest and hag gmail fruity with
a very thin skin. The Guatemalan race is legs hardy oo Loeonsiwderably larger
than the Mexican avoeado [ts iy o sell known varieiies are Pan,
Wagner, Tavior, Linda, Dickinsen a7 oas The West Indian tvpe is the
least hardy Gt ;;;i‘} By O ::;«.msa and in udes he variedies Prapp, Wald noand
Pollock, A number of hivbrids betveon the races have becarne ver:y imporiant
and popular. This is ﬁ"&!"‘f"i“'i’”\: =olar the Mexican - Guatemalan nybrid
Fuerte, Alao worth merdionins ave the (3 2temalan - Wes' Indies yrids
Collinson and Winslow

1

tig of eritical importance for  succ.eaiul storage of avocados

1 hot they are
harvested at the correct taoe of

aritv. This is influonced by the length of

E E
storage intended, Too immature fro'y be avolded as ';hi?‘f’ tend to be in-
ferior in flavour and texiare on \

N N - N ryny g . -~ P S
LT ?‘zg;f»m*w fAE avocatdo varietieg

show profound vaviaiions \xi!%z regar to e1ge
ami ﬁffwv cha f;womvi»cs, onl

nape, colour, skin texiure

can preecribve the exact pickd LEr

‘ruits are tested in the labo-

maturity, This criterion,
DErown under West Ind hm

ra?f‘n‘*y fnr 1?3“1? ml vc;sn?efn”
though heipiul, is not a’r;w:r»fui(*, ;{l‘r}’m% ring varieiie
conditions mav be picked wr qﬁzy; S5UOW T e 2’@{‘.;5 ‘race of colouring AVARD

& LLEONARD 1935) Specific ofaviiy fears ey be uselul in dolerianing pickingg
maturity (STAHL 1933). In South Afrina sample fruits icked during the

Afrina sample fruits are pict
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00N ns these
con~idered to

suspectol roponng season and Dot o ripen in a warm place. As
ripes normoally owvichout shrivelline the normal picking season s

hoave iy e,

Avocados Lre sonsitive to chitfing but the crrical temperatlare Vvaries very

much hetwoeen vaieties, Sonae varie ies are subject to cenilling after 15 days

. L . . ) I D S I ot o v 1 Cly e Ve

at 11 700, vhale others are not dovaced by extonaed storngde even ab 090,
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varicties ‘he vascular stran
a characteristic brown or blackish nocrosed appearance. Va “ious changes in
flavour are associaied with chil ting, It
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walato-brown or Llack appesranco, In some
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slightly impsived whereas moothers the nutty quality of the normally ripened
fruit may be veplaced by a pasty insipid flavour, or more or less acrid fla-
vours may be prodiced,

} sorme varieties palowbility is only

Chilling in wvecados s a complicated phercenicenon in which several factors are
involved. I addition to variety, temperature and duration ol storaze the ma-
turity of the {ruit at the time of storapge is of eritical importance, Fruits stored
imraature only show chill effects after long exposure to the low temperature,

i, e, aftera cortain stage in ripeness has clowly been reached, whereoss fruits
of the same variery stored more mature may show chill ¢ffects in a relatively
short time, The evidence available indicate  that fruits are most suoject to
chilling during the initiation of ripen ag

e

The optimum ='orage tenperature ior avocados 1s largely determined by the

eritical limit for chilling; gencrally it should be as close to this as possible.
According Lo recent U, S, recommendations [ J.0. DIF7. AGRICULTURL 1968)
the best storage Lernperature for cold-tolerant varietics such as Lula and
Booth 8 iz 4, 59, Al West Indian varicties, which include Fuchs, Pollock and
Waldin, are cold intolerant and store hegt at 12, 89C. A few varieries, such
as Fuerte are best held at 7, 20C, Cold-tolerant va rieties can be held 1o storage
for a month or longer, but storage o’ cold-intolerant varieties i usualiv imi-
ted to about 2 weoks, CONDIT (1919) reports that among Mexicar avocado
varieties. culiivated in Cahtornia, the Challance variety was stored sar.siac-
torily at 0°C far F owecks, Roports from fasaty (HAROLD 1930, WILCOK &
HUNN 1914) ndicate that avocados grown there keep well for 6 - 8 weeks at
00 to 2 29C Utudies in the sest Indias by WudDLA & LEONARD (1935) demon-
strated that onlv a few varicties could be held at 7 20 tor 20 - 75 days with-
out sustaining low tewrperaturce fnjury. On the other hand, o higher storage
temperature, o, o, 109C, was tound napplicab le because of the tendency of fruits
to ripen betfore the reaquired storage e had been achieved, The authors re-
commend that nrmong West Indian variceiies only the most cold resistant ones
should be considered for extended storage and that & steady temperature of
7.20C is used for these varicties, \

\

To sum up, the preblems ol cold storage of avocados are mainly to select
arieties well adapted to this purpose and to harvest the {ruit at the proper
v : prop

S
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There are about a thousand different «ariciic g of the mango wirh high v varving
characteristics and commercial value, The v are, as is thought, derived in
the firet instance from «ix distine: gpecies, Forp <i£:wsz*z‘é§mun:. of the more im-
portant varietics reference shoula be made 1o SINGH (1960),

The choice of stage of matur li\ é’ﬂ ;‘)f*'" (p( ndent on the duration of
storage intended and the storage | > avallable, I musi be made with
great care. linfortunaiely COI”}Sif,(,it"?f‘?ﬁ,bii’ difficuities are encountered in finding
suitable methods tor judgine marumty, Criteria useful for one variciy mayv

not be valid for others, Gene raliy selection is hased on shope, size and colour
of fruits. Attemprs have been made to nse the sugar and 'ac-‘f'ﬁ conteni, the
c}:)k)ur of the pulp, the nminber of days after blooming, the specific gravity
ete,

Mangoes are very susceptible to low *(‘*np('t“{’”i’e injurics, which Yaay mani-
fest themselves as skin hlemishes, failure 1o vipnen normnally o

’ tremoval from
cold storage and a marked decline in Z,"i.??—l]’;\??ailt e Lo pathogens. Suscent ibi ity

to chilling varies with the varicery, rann by oou pleking, seasen and duration

of exposure to low te T‘N})l ratures, 7"'1"‘33""" e Wegt Indian angocs by WARDY

& I_;T‘:(")\Y:\H;) (},Uf)()) indicat € it e critica! Y(‘]’"‘zh(’l"'}ml}‘(* {erye rvhil]%qg around
8. 99C for fruits hurvested atarelaiively sy Lestage of developroent. brais
picked on the point of softening tolorate o sijof tly tower temperature (4, 204,
Although 8. 9°C may cause some chilhing duarare i s recoranended for (N ery -
ded storage in preference to 16, 0YC ) as the latior fe mperature permiis con-
siderable activity of storage pa hogens, Inw M;Hg»d fons in ndia (TP T AN o0 o1
1939 and others) demonstraie thar the varicty A tphonsao, ;;w i3 f"i st the proper
stage of c‘levc}('vmm‘m may be succesy 'ull\f sim ed at 7,000 GO0 for T weel o

and subsequently ripened at room tempersture, For arother va z““ty (Totapuri)
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the optimura storage terperature was found to be 5, 69 to 7. 20C, which gave
a storage e of 7 weehs, Studies by ARAMINE (1963) indicate that ripe fruits
of the Hoden seanre forown in sttt can be safely stored in the wide tempera-

L
tnre vanoe ol 30

4
4 weokhs at LoT0or 70000 and only Toweck at 120 890, For extended storage
v - . & = v . - . ) P ’ ¢ ”},.
mature green ond pavtially vipe fralts onn hoe salely storved onty at 12, 1O They
ripen at this temperaiure and their capected storage tife s about 2 weceks,

3

Y, e P S e . a IR il
V120 BYC,) The cvpected storage Hife of these fruits s sbout

&

o

The whove dua give some itlusiration of the wide differences which exist
between naneo caricties with regard to optimum storage temperature and to
storege il Fven though the storage lite sencerally may be somewhat on the
short side, it appesrs feasible to carvy - ocessfully mangoes totransocean
markets by shio proo Ced that proper cars is taken in selection, handling and
transporiation,

There is some indication (KAPUR et. al 1962) that mangoes may benefit from
CA-storage. NMuch more experimental evidence is needed, however, before
the possibilitics of practicai application may be evaluated,

The opiimum ripening temperature for mangoes appears to be between 189 and ¢
22‘3{2,' ripening normally taking 4 - 8 days. Ay higher temperatures wastage

due to decav organisms increases and quality is lessened.

The problem o wasle doe to micrebial wiracks is difficolt in mango storage,
Damage due to wound parasites may be sertous but can be successfully con-
trolled by careful handling of the {ruit, Apart from this mangoes very often,
though apparentiy cound and unblemished on picking, carry latent infections

of several important pathorens, Notable among these are Colletotrichum
glocosporoide hiorella ribus, causing steme-end rot
and Phomops s sn. ond Tearalozzia funera causing lateral rots. Disease inci-
dence durine ripening, attributable to such de mant infections, is greatly
acceniuated by chilling, prolonged cold storage, slow ripening and tavdy distri-
bution. As the latent infections become established during the perio. of growth
in the field, it is suggested that disease wastage can be considerably reduced
by well-timed spraying operations during that period.

5 44, Pupayas

There is a very wide variation between varieties of papaya with regard to
appearance, quality, commercial value and storage properties,

Storage trials carried out in Trinidad IWARDLAW et. al. 1934 indicate that
relaiively immature papayas will not ripen after cold storage. Most of the
varieties tested showed evidence of cnilling if held at temperatures beiow 139
to 152C. Sone varieties, however, when picked vellow put guite firm, could
be stored sucvessfully at 7.29C for 20 davs, Current recommendations for
Rawaiian papayas (.o, DOPT. AGRICULTURE 1968} 18 to harvest at the 3/4
ripe colour stage and store at a remperature close to but not below 7, 20C, The
storage life under thesc condit iong is | ~ © weeks.

Papayas shoul be ripened at 21° to 279C. The application of ethylene may be
beneficial.
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The problem of wastage in storuge o SOPrious,

g It is principally due 1o aftucks
FCollerolprie
of Collerotrict

e
fontrachnoseY, estadlished as Favent infectiong

durino thi conmern? of e Sl i th 'iifi‘ ‘”wﬁ,ffu"?“éii;!‘a' docay 3):‘*{‘{”‘;:(-,&; anpn-
ront H!’Wi_‘?’ Wi e fros de g RO e !;\f;”‘!;’;im\ VR o mlorase, bayg iy also
occur i less mature fruirs which hooo By Yl at chilling ternporatures,
Androchnose moay Lo faieiv w

> woll comte bhod by applving heat b one o R
methiods, vipour heatirealmer: or hot wodoer treatment (or details see 4.0

, ; . TTPT.
ARCICULTURE 1968).

WARDELAW 11997 considers oversern s Pransportation by ship and dis*ribution
of papavas to be hy no means impos<ibile . provided suitable types can he select-
ed. Phis opinion may be slightly on the opriinistic side, In any case, practi-
cally a1l shipmorts of papayas from Hawais + the U1, S, mainland is now by air,

S.45. Dates

Dates are subject to two general types of deterioration. One is caused by micro
biological activity, the other form is physiclogical and includes darkening and
io=w of flavour,

Dates with 23 7 or legs moigture ara comparatively safe “rom microbiological
Hlage byt become increasing!

giy succeepible as the moisiare contont exceoeds
oretard microbiological decay,

>

£

this level, Low temperatures o

N

Physiological deterioration of detes is influcncaed hy temperature, moisture

content and variety, Moisture content is particularly important at higher tem-
peraturcs, Thus, at 249C colour of Degler Noor dates is retained four times
as long in fruits with 20 7 mois ure as in sirailar fruits with 24 %, moisture,
Sirnitar relationships oceur at eold sloraze temperatures,

For best retention of texture, colour and arama Deglet Noor and similar varie-
tics should be stored at 09C or lower. They can be held for a year at 0VC,
somewhat longer at -189C, about 8 months at 4°C, 3 months at 16°C and |
month at 279C, Dates of the soft, invert-sugar type should be stored at -18°0C
or lower,

5,46, Other tropical fruits

Under this heading a number of trepieal fruits will be discussad, which pre-

sently do not enter internatioral trade in appreciable auantities. For most of
them the storage requirements are ineampletely known and there is a definite
need for much more eritical experimental work on thisg subject,

Chinese gooscherry {Aetinidia chinens

The optimum storage temperature ig -0, 69 1g (2C and the storage life 6 - 8
weeks, Carefu' handling is necessary to pregent fruits from splitting,

Durian {Durio zibethinus)

Maturity is indicated by a slight splitting of the rind, Asg ripening proceeds the
segments of the rind split completely. MATHUR & SRIVASTAVA (1954) state
the optimum storage temperature to be 3, 90 to 5. 69C. In their studies the
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etornoe e ransod between 4 and 8 weeks depending upon the extent of splitting
~rand before storage. In {rait without any splitting it was 8 weeks. The
provoon of nevrlening this fruit is complicated by several factors, e. g, its

vitie Fose and prickly oxterior,

should he picked fully ¢grown but just prior to softening, otherwise
they oo eipen property or develop their tull aroma. lmmediate precooling
: dievansntie . ne best gtorage tenmnerature is -0, 69 to 0°C. The St{:{‘:ﬁ.gé’
e SRS crothan - 2 weceks, although cases of successful

ve been reported. Fresh figs ure very delicate and
Lng and packing,

5N
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)
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Guava (s diom caltievianuin)

The optirnogn storare termpoerature is 79to 109C with an expected storage life
of 3 - 4 weelks, At tower temperatures shrivelling and decay increase. The ,
storage life may be extended Ly skin coating and/or CA-treatment (SRIVASTAVA
et al 1962). ’

Jackirv (Artocarpus integrifolia)

Accovding to studies in India (SINGH & MATHUR 1955) jackfruits are best storet
at 1196 1390 The storage life at this temperature ranges between 3 and 6

Langsat {Tansium domesticum)

The csld storage of langsats has been studied in the Fhilippines by SAN PEDRO
{19365, Ve concindes that only ripe fruits are suitable for storage. The best
resulis vere sbrained ar 139 1o 169C, the fruits remaining in good condirion
for abou: 2 weeks, At Jower temperatures chilling damages occurred in the
form of brown blotches with a weter soaked appearance distributed over the
skin, At higher temperatures the storage life was shorter and the onset of
wastage more rapid.

From experiments in India SRIVASTAVA & MATHUR (1953) found the optimum
storage tomperaturce to be [19 to 139C with a storage life of 2 weeks.

Li'chi (Nephelinm litchi)

"

The storage life of fresh litehies 1s limited by darkening of the natural purple
colour of the shin, by desiccation and by decay. They can be stored at 00 tg
20C tor 6 weeks, according to informauation from India even up to 11 weeks, pro-
vided they are packed in polyethylene bags or similar moisture retentive mate-
rial to prevent desiceation (HATTON et. al. 1266).

Mangosieeny (Careina 1angosia

One of the main aitficeines in the cold storage of mangosteens is the hardening
of the rind which ovcurs with prolonged storage, This tends to be greater the
lower the temperaiure. In view of this a storage temperature of 49 to 5. 50C is
recommended, giving a storage life of about 7 weeks (SRIVASTAVA et. al. 1362)
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Passion fruit (Passiflora edulis)

Fruits shou'd not he harvested o0 immature as they mayv fail to ripen properly,
The covpree: Shage of pleking variog With season and climatic conditions, (Care-
ful grading and paoking i neces=ovy, Desirable tvpes of cases and systems of
packing are deseribed by KRONT 71uowy,

The intormatiog on the SINrace propertics is partly contradictory, Australian
experinents (ANON, 1934) dwcate that paes

don fruirs are susceptible o chill- |
ing below Tooc, chitling "akin- rhe farm o a4 Lland red discolouration of the

skin quickiy followed by mould et ucke, A Storago temperature of 1090 iy re-
comumenided piving a storage

Heofd - B weeks, 101R. (1965 on the basis of
information from India re Omriends a storage ‘emiperature of 5, 59 1o 700 and

states that fruitg win keen for 4 1o 5 weeks ot this temperatyre,

Persivanon (0 plum, Digervroe kaki)
i s o e g« sl et S o o = -

Persimmons should he harvested whoen fully grown but firm, Great eare should
be taken to avoid braising as inhired frodts decay quickly, Persimimons ave
well adaptod to extended coid storage; a1 -10¢ they keep for 2 months or longer.
Most varieties have a tendency 1o shrivel, particularly at the apex, The use of

reiotively irmoperviogs wrappers is thor fore advisable,

Poregranate (Punica graparuns
Because of their tendency to splitting mos! varieties must be picked before they
are quite ripe, Ripening, however. continues in cold storage, Ac&ar&ing to
recent U 5 information (u,c, DAL AGRICULTURE 1968) pomegranates keep
for 2 to 4 moanths at 09, Fron India MUKPERJIFE (1958) reports successiyll
storage for as long as 7 months at 09 ang 4. 4%,

Sapodill, (Sapota. Acras sapota)

Information available on the storage properties of sapodillas is partly contra-
dictory. CAMPO (1934 /35) reports that the best storage ‘emperature for green
and turning fruits is 159C with a siorage life of 16 - 18 days. Ripe fruite could
be held in good condition at 0°C tor 1 days. According to CHEFMA & GANDI!
(1825} green rapodillas can be stored for 4 weeks at 4, 49 tq 10°9C, after which
they will ripen Aormally on removal from cold storage. SINGH & MATHUR
(1854) report the Oplimum storage ‘e iperaiure for fullv grown and hard iruirs
tobe 17910 3, 39C with an approximate storage life of 8 weeks,

Several tropical fruits, not included in ‘he discussion aboy, maybtie of interes:
from the point of view of this paner. “o fap, however, reliable information on
their storage properties is not available,

For most of the fruitstreated inth,e section « Chinege gooseberry, durian,
litehi, mangosteen, passion frui:, persimrmon and pamegranate - it would appear
to be well within reach 1o carry through suceessfully transocean transportation
by ship. With guava, jackfruit and sapodilla this possibility is questionahle,
while for fig and langsat air transportation so far affords the only realis ic
solution,




Ip/:6.28/5 ,
Fago

3.

.5, Bevries
Moot freh berries are extremely perishable. They can be carried to distant
rarkets ontc Ly using air transportation,

- miny beogtored for a maximum of 5 - 7 days. The best storage

, Atmospheres high in carbon dioxide may extend storage
life Ly retarding respiration and reducing the activity of decay producing orga-
nisme Irradicion has shown some promise for controling decay in storage
{cf, section 4,22,

Raspberries imay keep for 2 or 3 days at -0, 6°C to +09C. This temperature
returds varous forms ot decay. Precooling and etorage in an atmosphere con-
taining 20 - 25 7 carbea dioxide may give a further check to ripening and to
the developmen: of fungal rots,

Cuarrants, gooseberries and elderberries also are best stored at temperatures

just below 100C They may be stored for 1 to 2 weeks, gooseberries up to 3 .
weeks,

Blueberries (American type) can be stored at -0. 60 to +09C with high relative
humidify for about 2 weeks. With some loss in quality storage can be extended
to 4 to 6 weeks,

5. 6. Nuts

Nuts digcussed here include almonds, brazil nuts, chestnuts, filberts, maca-
damia nuts, pecans, pistachie nuts and walnuts,

Nuts are much iess perishable than most other fruits. Refrigerated storage is
recommended, however, to maintain natural texture, colour and flavour and

to retard staleness, rancidity and moulding for extended periods. With optimum
temperature, humidity, atmospheric conditions and packaging good quality nuts
of several kinds may be succesafully stored for up to five years. Chestnuts and
to som - extent also pecans and walnuts are more perishable than other nuts.
Shelled nuts can be expected to keep only half as long as nuts in the shell.

There is no critical temperature for storing nuts. Other conditions being oral,
the lower the temperature the longer the storage life. A drop of tempera.cre
with 10YC may extend the life span rom two to three times, Most nuts w > stand
freczing and can be stored for years at -130C, A temperature below 39C (5 re-
commended for nuts to be held fromn one harvest season to the next,

Nuts {except chestnuts) require a fairly low - 680 to 75 % - relative humidity, If
humidity is too high mould srowth, rancidity and other quality losses may racur,.
However, if it is too low, thers is undue drying and the nuts may become objecs
tionably hard and brittle. Chestnuts dry out and become hard and bony even at
fairly high humidity; hence, protective packaging is needed for them,

The storage life of nute may be greatly influenced by the kind of package. When
nuts are shelled they become bruised and oil "crawls” over the surface and onto
the package in a very thin film. Unless this is retarded by a package tha! acts




as a barrier, contains an antioxidant, or removes oxygen by vae am or by
replacement with nitrogen, the nuis may become gtale and rancid, Some
packaging materials such as pliofilm and polyerhylene should be avoided be-

cause they impart an undesirable odour to the nuts,
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6.1, PACHGROUND

e cenevally has the following three functions (VAN HIELE & MEFFERT

- b ds a means of transport;
- oseparates o given quantity from a larger batch:

- 1Y pretecis the prodoct,

Demunds on packace porformance are increasing due to longer shipping dis-
tances, pow methods of selling and of transportation, higher requiremernts on
ty ool On the other himd, new packaging materials, mechanized
handiony, noew velfripgeration techniques and the rapidly increasing use of master
palicis anu master contoiners have provided possibilities that did not exist
previcasly  bapecially the last mentioned factor may well cause revolutionary
chanpes : et concepts of packaging rechnique.

produce qua

i EOf A

The pachapge hae ap important and sometimes overriding influence on two fac-
tors which to o large extent determine the storage life of fruits i. e. mechani-
cal influences and temperaiare,

6. 2. PROTECTION AGAINST MECHANICAL, DAMAGES

This aspect of packing will be reviewed with regard to an important, specifie
problem, L e, protection of apples and pears against bruising in transocean
shipments. {(Many of the conclusions presented are relevant for other kinds of
fruits too). For many vears the predominant method of packing such fruits hasg
been in standard wooden boxes, holding about 20 kg. Especially with roday’s
high quality demands it has, however, become increasingly eviaen. that this
type of package has very serious shortcomings with regard to the protection
it affords the fvuit when ‘ransported by road, rail or sea from the producer to
the ultimate consumer. The miain problem involved is bruising, primarily
caused by rough handling during the mauy re-loadings the packages have to go
through.

The last 10 - 15 years have geen the introduction and rapid development of
fibreboard carvtons as a substitute for wooden boxes, Different types of
packages are in usc,

a) Cell-pack carton, a type of package in which bruising is negligible, Its
main disadvaniage (s that 8 number of different carton sizes are needed
to pack the “ull range of sizes of export apples, This caus es considerable
difficultic s in stowapge,

b} Tray-pack cartons afford almost the same efficient protection of the fruit
as the cotl-pack, One advantage is that of uniform size: a disadvantage
that it 1= not as strong and generally cannot be stowed to the same height
as the cell-pack,

Palletized packs of cartons have many attractions from the hand'ing point of
view, This is no doubt a method which merits very serious consideration for
. Fe

e future,




One interesting alternative to palletizel cartons = *he usge

Theee are containers Witlh & JTo0ss Weiihit Targ<inge from come

100 ke, They ore pgenoraily mada of eond, vlvwesd ar The,
It is generaliy aoreod that apples are exposei to mueh less hruising damage
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when cavricd in CULI-DROK CArions., Irav-pdack cartons of by pins than in
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nd that fonr of the five varie-
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to 0.8 %L in the difierent varietics, Ths eut—toarn inwoodon
much between varieties, rhe an
from 2. 1 " ro as hdgh as 35,9 % Also the
has ¢ <~ery soft flesh, showed less bruis
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boxes diffored very
atly important lesions ranging
variety  Kirgs David, which

1
1 in bins than in boxes, but the diffe-

The difference between standard wooden boxes and tray-pack cartons is shown
by results reported by GINSBURG of, al. (1963). These authors state that an
incidence of bruising above 60 % was common in the old bulege pack in bushel
boxes. Tray-pack reduced braising 1o less than 5 %, This refers to the use of
paper pulp trays but it is believed that still better results may be expected by
using trays made of polystyrene,

6, 3. COOLING AND STOWAGE

All packaging materials act as a barrier against rapid heat transfer. Unless
the fruit is precooled to its proper storage temperature before packing, which
is seldom practical, packing may create definite difficulties in achieving the
rapid cooling desired.

The shorter the distance from the centre of a package to its free surroundines
and the larger the ower surface, the quicker will heat transfer occur. Any
packaging material used inside the package such as wrappines, filins, liners
and trays will slow down heat transfer., On the other hand such additiona!
materials are often very desirable to protect the fruit from bruising, desicca-
tion and disease attacks.

Stacking individual packages closely topether will cause a decerense in the
outer suriace assisting in heat exchange., This effect is illustrated by the
following figures quoted from VAN HIELTY & METFERT (1966)
Pears (individual) in air current 0.1 mz,”kg pears
Pears p?—if;‘kt’:”d in 20 kg crates 0. 04 Iﬂ?‘fkg pears

Pears packed in crates with only one
small side exposed G. 004 z‘i"lgg’kg pears

Practical consequences of beiter heat exchange on the half-cooling time mavy
be illustrated by the following experimental results reporied by VAN HIELE

& MEFFERT (1966). The figures apply to pears in 25 kg boxes in an horizon-
tal air flow of 2 m/sec,
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Stowage Half-cooling time hrs
Boxes un patlet {8 - 20 em air space) 2.5

.0
0

Poxos i wide rows

Pownes in dousbile wide rows

o ¥,
Poxes b block

-] N s L2

Obviousty it is pozsible (o »*ow cartons much closer together than

wooden boxes with hulge, This may create special problems in the cooling of
carton-pascked fruits, 1t hbecomes necessary 1o apply dunnage in sufficient
quantities and in an intelligent way to open up the stack and facilitate cooling,

A question which has atiracted considerable interest in recent years has been
whethe e the cooling of frults In cartons may be speeded up by providing the
carions with noles, The proper size and lecation of such holes has also been
the subject of much speculation. Fxperimental results at the IVK (unpublished)
indicate that the improvement of cooling veloeity by holes 1s moderate only,

If holes are used they should preferably be located at the corners of the carton,
as they are then not 30 easily blocked in the stow, This, however, detracts
from the mmechameal sirength of the package, For tray-pack cartons an attrac-
tive solution is o put one fairly large hole {appr. diamcter 10 cm) in the
botiom in corbination with a long slit in the lid, Moreover, the {rays should
be provicded with o number of small holes, In this way reasonable facilities
arc creat od for the cooling air to pass through the cartons in the stack, even
if the stow is not exactly geometrical.

With respect ‘o bulk bins one might expect poorer heat exchange as compared
to conventional smaller packages, By providing for adequare air interchange
in the bin, bowever, this difficulty is easily overcome. Thus, according to
our expericnce vooling in a bulk bin with venting to about 5 7 of the floor area
and slightly raised 1id is even more rapid than for wrapped apples in standard
wooden boxes.

e Y K syt e
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cal comments

Transport is a most importan® link in the marketing of fruits. Except for very

short durutions {1oeg) market, air tronsport) 1 is generally necousary o
apply rofr; :

E " RN Priertereadal 5 ey ¥ e T % $ ooy gy s 4 Yo s
It 12 5hvayvs desirable that the *ime in transit s kept
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feration during the transpor! - ‘he cold chain’ must not be broken,

H

Presently sea transport dorinates teanse ontinental trade with frglig cotnplotely

However, air transport i« rapidly ¢

commaoditics which combine short

1.2 _Land transport

Vehicles for refrigerated land transport by road or raii m.y either he equipped
with mechanicai cooling or refrigerated by a non-mechanica, source {water
ice, drv ice, liquid nitrogen, eutectic mixturesd,

Land transport vehicles may take the form of rail wagens, trucks, road
trailers or semi-trailers, raiirond trucks or containers, lhe design of such
vehicles with special reference to conditions in the trepics is discussed in

I.I.R., (1963).

the stationary ones. Resources hoth for rail and road service often are inade-
quate, allowing only slow and infrequent transport and very light loads,

No doubt, the moebile urits in the cold chain present greoter diffliculties than

When ice is used as the cooling medium vehicles have to be charged not only
before the commencement of each jourt »v, bu' if the distance is long, also

en route. This is one difficulty; another is that ice availability may be limited.
Cooling with dry ice or liquid nit rogen is suitable for frozen goods but not
easily adaptable to fresh fruits, Mechanically cooled vehicles are independent
of fixed installations but have other seriong drawbacks. The equipment is
sensitive and liable to breakdouwn when exposed Lo avery hot climate or to

poor roud conditions. It requires resular service by trained personue., [n

<

some cases the use of eutectic plates oilers an attractive solution, These are
robust ¢ nd casy to use and require refrigeration ing'allations only at the end-

5

points of the journev., The met hod, however, 1s limited to average distances
and is better adapted to frozen produce than to fruits,

From some points of view the container would appear to offer special advan-
tages to technically less developed couptries, | is highly flexible in use and
may be adapted to various forme of ‘ransport - rail, road or water. Regard-
less of the manner of transporting the container, it is less eXpensive 1o puyr-
chase than say a refvigerated truck, Whils avaiting shipment the container
could serve as a small cold roon to provide " refrigerated protection’ for
perishables, where no refrigerated services ace available, However, the con-
tainer has one very definite disadvantage - special heavy equipment is necessar
for handling it. Such equipment is expensive and so far rarely available in
developing countries,

3
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7.3 Sen Criacnpait

The tecinor o reteipernted sea fransport of fruds has veached a hioh Tov .
Modern recter vesscds are cqguipped with efficicnt installations for matniain
the carpa o on o conditions with regard to temperature and other porti-

: Olren this technique can very casily be put b the disposal of a
oartry wasking to expory frults overseas, A necessary proceoul-

voodeuaea facilities for inland transportarion of the produce
burtho bor st (raits - baaanas are a noteworthy exception - o
b e have fuctlities o precool the produce belore loading in the
. .

toihe tane cinpsing between ha rvestoag and loading
S short - wbieh drong other things impiles that the loading place
1

¥

is within cusy reach of the production ares - it may be aceepiable to load warn
fruit in ‘he shaip. Slodern ships may serve as very efficiont nrecoolers - move
effective the allarions, Some lose of quality duc to delayed
cooling of the fruil must, however, always be expected {ef. section 3,3)

S

.
H
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One ditficulty with sea rransportation, especially in trades newly initiated,
concorns quantities, Generally cargo quantities of at Jeast 500 tons, maostly
1000 tons and unwards, are required to induce a modern, fully refrigerated
ship, which ix notin diner service, to call a port of loading, When liner ger-

vice bs availeblo, quantitics necessary may be somewhat smaller, Anyhow, i

is always dosivable to have enoagh produce of the same kind available to il
one carco hold  geeerally 20 - 106G tons, Clearly this may be an obstacle, when
a new market 1506 L developed, This s especially so for a number of fropical
iruits, ¢ g avoczdos and mangoes, which for various reasons - temperarure
requiremenis, risks for ethyvlene damage - may not be carried in the same
hold as the Lig staple items (deciduous, citrus, bananas).

The arvival of the container mav well revolutionize several aspects of the
refrigerated shipping of fruits, In particular the container offers an easy
solution tu some ol the "quantity problems’ discursed above. With conzainers
equipped with autonomous refrigeration special demands on transpor: condi-
tions may be satisfied even for comparatively small parcels, Also the CA-
technique muay be casier to apply for containers than for large holds.

Problems in refrigerated shipping of fruits are reviewed by HALES (1963) and
EMILSSON ({961, in press).

7.4, Air transport

Air transport is usually of short duration and flights are at an altitude wherpe
the temperature of the atmosphere is not very high., Provided that the produc:
is adequately precooled it would therefore not be necessary Lo apply artificisl
cooling during transport,

In order to limit undesirable temperature changes it may be advisable to use
insulated contaivers, Several types of light, collapsible insulated containers
are avallable for qse with air {ransport,

The most serious risk for the sccurrence of damaging - too high or too low
teuperature - isduring the transfer of the produce to or from the aircraft ratie:
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than during the flight itself, Every effort must be made to protect the fruit
against this risk The problem is complicated by the fact that del
tables do occur and that facilities for tempor
available at airport:

ays in time
ary cold storage are not generally

If the aircraft has to wait for some time on a sunny tarmac in connexion with

loading, a considerable inc rease may occur in the temperature of the freight
space. This may cause serious deterioration of the produce. In such cases

cooling of the freight space by the use of mobile refrigerating units is strongly
recommended,
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This sub e will only be considered briefly and with the cmphasis on the appli-
cation of rorigeration in the marvketing of fresh fruits.

The merketing chain is composed of all moments included in the hundling of
fyesh fralts from the prokirgs wr il 1 reaches the consumer, It should be oovious
from the precceding part of this paper that proper and intelligent usc of refri-
geration during the entire marketing chain 1s of paramount importance 16 pre-
venl w ‘ the fruits reach the consumer in optimum condition

fo mecure thad

ansd, 1 vy cases, 1o nrolo thie marketing season, Holrigeralion may rla
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an bmporiant voie Tor s RESI SN VA nrices, maring i possible to store seasonal

surplus gquantities u he market is ready to absorb them, The need for refri-
geration jarye in thoso parts of the world under special considera~-

fion here, as thoey generally have a warm or hot climate,

19 vspecially

When production areas are very close to markets the need for refrigeration is
less: in gome cases it may be dispensed with entirely. On the other hand, when
fruits have to he sent over long distances to reach markets, optimum usc ot
pefriverstion generally heeomes NeCEsSsary. This means immediate precooling
folloving harvest as well as inl e storage and transportation under care-
fully controlled temperature condit jons,

o

In addition to refrigeration a number of ¢ther factors have great importance in
the marketing of fresh fruits, Thus, it is essential that fruits are harvested at
the proper stage of maturity, otherwise they will not reach the consumer with
optinum cating quality. The optimuni picking stage may vary considerably
with regard to the distance to markets, transportation facilities available etc,
Ir. many countries it has been found desirable to establish official regulations
for picking maturity.

Careful grading to established standards ensures ready acceptance of the pro-
duce on the markets and generally gives an improved economical return. Top
qualities are esseniial for entering sophisticated foreign markets.

Packin s must be carried out in such a wav that the fruits are adequately pro-
tected npainst mechanical dimages, Furthermore packages should preferably
have an altractive appearan: nd must allow rational handling, International
standardization of package - 5 18 in its infancy but would bring importani
advaniages,

Fven with op'imum refrigeration fime is offen an essontial factor in the market-
ing of fresh iraits. For many kinds o fruits only a very limited nummber of
weeks - in some cases even days - are availuble before overripening and decay
unavoidably make the produce ungaleabie. This means that facillfics must be
available for speedy and uninterrepted transportation from production arcas to
consumer mariets,

€5
chain. This is very much 80 for bananas, whica has made necessary the devel=
opment  of a special banana ripening and distribution technique, This need is
also apparent for a number of other fruits, e.g. pears, avocados and pine-
apples but so far little progress has been made. Admittedly the difficulties are

For some knds of fruits ripening is @ highly imporiant link in the marketing
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considerable, but it is the belicf of 170 wwhor that the marketing of =uch fruits
wottld benefit materially from fipding wonvs o catisiy the doovmds ot the cone-
sumer for optimuin ripe fruits witho ool avour and arone,
As evident from the above, the han 0 07 freah frgit Trom horvesting ant il i

is brought er route 10 COREUNAT oy s thvolves aw Gole series of opericions:
grading. sizing, gometimes wasiore cood creatment with chieneals (tungicides,

waxes ele, ), packing, precooling f&?'f‘f nirrmediate storago, Phere is atrend
in muony ])f‘wuu*ls’.}n areas o conralo ot e aperations Too el '

, statio s, Advamages gained Dy e cceantion of such big unis , ,
’ 1o mechanize all operations to 1 i est exren and to provide optinng faeili-

ties {or prec rmiw ¢ oand cord storpoe ueiiles cechnieal personnel ey be
employed thus ensaring untforrnity cood e o iy of roe praduce, Markering

¥

can be made in a much more effeion way then by the smadt individual grower,

There are several different types of “rait pacliung stations with regard to thelr

i

legal status. They may be owned and vscd by one b:g gmw er, a group of prowers,

o cooperative, astrade organization, o gevernment department ete. The equip-
ment needed varies, e.g.with the kinds of produce to be he mcih‘fl and the distance
frop the vrarkete 0 onl enects T ohe desimg of feal packing stalions are
rOViow ou U’s" ANGQUEZ (L9064 Vo Do orecsonal Tastiute ol flotrigoration s

recently set up a working party o «todyv oroblems dn this connexion and 1o Work

out an opezanmg manual Tor frull paciing siations,
Some comments on the special problo: in developing export mavkews for fresh
fruits may be warramed, Although w sampticn ,m:i trada rhox an inereaeins

trend, competition on the markers the ‘established’ kinds of fruits - deci-
duous, citrus and bananas - is intense,. 1 can only be met by top qualiny pro-
duce offered at attractive prices and “avonruble payment conditions. Once again,
to achieve this the full and efficient use of modern refrigeration technique is in-
dispensable. It is, however, the author s pelief thu subsrantinl markers Jor
" kinds of fruits may be esrablished wiftn'n the reasonably near future. Thus
a considerable increase of worid trade wn fresh pineapplivs appears to be within
fairly easy reach. It also appears to be quite feasible to build up a large volurme
of internationa) trade in avocados and mangoes, Other fruits are on the walbing
list - sophisticated taste and increa=ing b ying power n the indust 1‘%’1’3‘;:& i
countrics create marketing possibiiztics huherto unknown, Ttomight well be thas
this possibility is more attractive *o inany of the developing countrics than to
enter the fierce competition in the noorvkets for deciducus, citrus or banunas,
No doubt, refrigerarion must be an vssentin! tool in any scheme for develaping
export of "new’ fruits, Ioteresting advance ;"vnt&: inthe teonniques of < orage
and transportation - especiaily the application of CA-treatnment in conpneiion
with container transporiation - arv ;.;pj,fms ;m; and may well create a major
breaiiirousn of the difficulties hithorto mor with in the marketing of such fraits
A promising alternative s offvred he wir transporiation, which undoubtedly
will become considerably cheaper in the fulure

B

Finally, a few words about future markeiing possibilities for fresh fruits as
(:omp'lretl to processed fraits. No doubt the demand for fruit *i“i(‘('“:‘« vill in- ’
crease in years to come, stimulated by the appication of mnare advanced pro-

cessing techniques, e g. {reeze dr: 'nu Whether this will detract materially

from the market [or fresh fruits (= an «;;n n question As to the copetition

from other kinds of proeessed fruits - frozen, dried, canned ete, - it is believe

that the fresh ‘ruits will at least holc their pwsem pu:-:i‘i,i()n.
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rthoe laet seetion a few pointe are listed which appear fo be worthy of con-
Ciderstion for any developing country wanting to make fuller and better use of
1o potential for producing fresh fruits,

neinvdized prodoction under puastation or archard conditions is a first essen-
tit T oachiove ihis there s generally a need of much research on varietios,
sraduction technique, disease conirol ete, An efficient organization for in-
formning and advising the growoers 1s rsgsential to ensure that the results of such
vescarch are utilized in practice to the fuliost extent,

KMuch knowledge is presently availsble about the handling and storage of fresh
fruits bot there are certain seriogs Hmitations, Firstly this knowledge mainly
applics 'o deciduous [ruits, citrus and bananas while there are large gaps in
our information about most other kinds of fruits. Secondly, our knowledge 1s
eainly based on experience and research work from the industrisitzed countries
As hase been conclusively demonstrated in preceeding sections, storage and
handling requirements for any kind of fraat may vary conziderably uetween
irable and offen necessary 1o resort

'

diffopont production arcas, It is aiwe
(o local experience and experinents o lish the optinmum conditions, Cons
sequently there is an obvious need for rescarch - fundamental g8 well ag applied
on fruit storage and handling to be carried out inimportant production areas of
developing countries and to include the less well known kinds of fruits. A dream
for the futire would be to establish a number of adequately equipped research
centres, stuffed with qualifieq agronomists. plant physiologists and technicians,
at carciully selected Jocations in wifferent parts of tne developing world. Such
research nentres may well be run as co-operative pro jects between a number of
nations, It appears most desirable that the work of such centres is co-ordinated
at a common international level,

The establishment of official rules for picking maturity, grading, quality stan-
dards, packing etc. is an important and indispensable tool for developing the
fruit indusiry. These must be based on local research and experience, but in
case export is considered, duc attention must be given to the demands of in-
ternational markets,

Lack of adequate transport facilities between production areas and markets
very often 1s a severely limiting factor in attempts to expand and rationalize
the fruit industry, Generally, difficulties are especially large with regard to
the availability of refrigerated transportation, Aithough the improvement of
transport may involve very heavy investments it is necessary to give this fac«
tor most serious consideration,

The establishment of fruit packing stations, strategically located and with suffi-
cient capacity, is a further must in the programime, Such stations mugt be pro-
vided with cooling instellations which give resources for precooling and cold
storage adequate for the kind of trade envisaged,
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