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CHAPTER 1

HISTORY CA STORAGE
A. WORLD -WIDE
Dr J. C. Combrink

The idea to modifghe atmosphere in which commodities are stored dates back to 1821 when
Jacques Bérard read a paper before the Academie des Sciences in France on alteration of fruit
respiration by altering the composition of the atmosphere surrounding theh{®)was tle

germ of controlled atmosphere, but Bérard's work was forgotten. In 1897, an ltalian,
Michelangelo Borelli, suggested the usegaé mixturesas a means of storing fresh fruits and

in 1899 a patent was granted to a Spaniard, Manuel Belmonte, for stoajpgsdn carbon
dioxide. Experimentswvith variousgasesverecarriedoutin the United Statesy Thatcherand

Booth (1903), Fulton (1907), Hill (1913) as well as at the University of Pavia (1928) and the

Institute for Agricultural Chemistry in Turin.

Thereal breakthrough in controlled atmosphere (CA) storage came when Franklyn Kidd and
Cyril West started their experiments in 1918 in Englafiaey investigated the possibility of
storingappleswithoutrefrigerationin artificially generatedasmixtures(3). Theirexperiments

failed and they then investigated low temperature storblgavever, all the cultivars they
studieddevelopedow temperaturénjury. Theyprovedsubsequentlyhatapplescanbestored
successfully in gasight containers. Oxygen (p is depleted and the carbon dioxide (CO)

content increases as a result of natural respiration.

Before1939, research on Cétorageof applesand pearsvas carriecbut in theUSA, Canada,
Australia,SouthAfrica andDenmark. It wasfoundthatlimiting theriseof CO,, wasbeneficial
to fruit quality andthisled to the developmenbf equipmenin the 1930'swhich removedCO;
from the atmospherelhesescrubbersconsisted of chemicals which absorbed the,Gibst
sodaash(sodiumhydroxide)andlaterlime (calciumhydroxide)aswell asasuspensionf lime

in water, ethanolamine, bicarbonate of soda and activated charcoal (5).



A furtherdevelopmentvasthe useof generatorsvhich producedasuitableatmospher¢hrough
combustion.Thefirst generatomwasprobablydevisedby Lawtonin 1901. He replacedheair

in the store by combustion gases, but his mtie& was never commercialised due to the
presencef carbonmonoxidein thesegases.In 1915,Kapadiamodifiedthis systemandmade
significantprogresswith storageof Australianapples.AtmospheregeneratorsuchasTectrol

and Arcagenbecame widely used in the USMarcellin created controlled atmospheres by
circulating air from the storage atmosphere through bags with different permeability for CO
and Q.

Thefirst commercialCA storewith a capacityof about30ton wasbuilt nearCanterbury Kent,

in 1929. Before the Second World War, CA storage was mostly practised in the United
Kingdom. The first CA stores outside the United Kingdom were the two stores built in South
Africa by Molteno Bros in 1934 and 193A. third was built in 198. It was impossible to
make these rooms g#ght and they were never used as CA stotéswever, they were

subsequently sealed and used as CA stores.

In 1938 the Netherlands had one 100 ton chamlrethe USA, CA storage was used
commerciallyfor thefirst timein 1942in theHudsonValley for thestorageof McIntoshapples

(). Application of CA storage steadilpcreased worldvide (4) and in some countries more
than50% of the apple and pear crapstored in CAooms (5).In South Africa, fruit growers

were not particularly interested in this storage techniqued@jing the sixties interest was
revived,but it was not until 1978 that growers redlgcame interestedn 1979, a delegation
comprisinggrowers,cold storeoperatorsandscientistsvisited CA storagefacilities in Europe,

Israel, UK and the USAThey returned with a vast amount of information and the latest
technologywhich helped considerabty rapidly establishCA storage as a viabknterprisen

South Africa.Between 1978 and 1983, the CA storage capacity in South Africa increased by

733%andmaintainedanaverageggrowthrateof morethan35%perannumfrom 1984to 1992.

Early researcltoncentratedn establishingopptimumconditionsfor storingdifferentappleand
pear cultivars (1).The concentrations of GOand Q used initially were high.O»
concentrations varied between 2,5% and 16% angld@@centrations between 5% and 10%.
Graduallytheseconcentrations wernewered as mordataon theeffect of CAstorageon fruit
qualitywasobtained.Automaticcontrolof gasconcentrationalsomadeit possibleo establish

and maintain very low concentrations of &d CQ.
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HISTORY OF CA STORAGE

B. SOUTH AFRICA

D. H. D. Moodie, D. H. Cunningham, J. A. van der Merwe

The first CA stores were built in South Africa by Molteno Bros in 1934 near the Elgin station

under the supervision of E. Griffiths, an electrical and mechanical engineer from Cambridge.

Thiswasa 7-roomcomplex,eachroomholding+6 000lugsof fruit. Thebuilding consistedf
asteelshell,supportedy lattice girders,built by ConsaniEngineeringvith soapfoam cement
blocksasinsulationontheinside. Therefrigerationwassuppliedby ceiling mountedammonia
cooled coils with all cooling ofruit done by air convection and conductiorhere were no

fans for air circulation.

Thiscomplexwassubsequentlgnlargedo 21 rooms,holdingatotal of 127000lugsof apples,
thereby becoming one of the largest CA installations in the world at that Aimgaantity of

lime was put into the room to control some of theo(8it the CQwas mainly controlled by
aportablescrubber.This consistedf a 500 gallondiscardeduel tank (probablyunderground
petrol) on wheels containing caustic sod&e CQ laden air from each room was sucked
through the tank and was in fact quite an effective scrubber, being able to maintain,the CO

concentration at around 5%.

In 1936,the Elgin Fruit Company(now the Elgin Fruit PackersCooperativepwnedby Messrs
Blackburn, Cunningham and Thomas, built a sindlaoom complex, each room sized for 10
000 wooden lug boxesThey were also cooled by an upright bank of ammonia coils under
whichwasadrip tray and,havingno fans,dependean convectiononly for fruit cooling. This
building was constructed from secehdnd metal from the Hangklip Whaling Station with
foam cementbricks as insulation.Unfortunately, nonef the storeswerecomgetely gastight
andusedto operateatatemperaturef 38°F(3,3°C),8% Oz and+ 5% CO,. Mr FaustAlberti,
whoranthe CA storesfor MoltenoBrosduringthel 9 4 Gnd5s 0 &asdthatthesestoreswvere

far from troublefreeandheusedto getextremelybreathlessvhenhewentinsideto changehe

lime, examine the fruit and inspect the ammonia cdile caustic soda in the lime scrubber

also did a fair amount of damage to the oper

4



Ohenimuri and Winter Pearmawere the two main apple varieties stored in these sttires.
was possibléo keep théO h e n i mu fairlyosatisfactoryc@ndition until August, whilst the
Winter Pearmain could be taken through to Septembeere was, unfortunately, a large
amount ofrot in the fruit, up to 30%, but this storage technique made it possible to spread the

fruit sales as the | ocal mar ket only came i n

With the significantadvancemernin technologyin RA (RegularAtmosphereltoragdan South

Affica during the | ate 19506s and 600s, at fir

I'da)

laterfalseceilings,there was greatimprovement irthe outturnof fruit from RA storageand

CA storage consequently took a back seat.

Theinputfrom the cold storagesectionof theformerFFTRI (now ARC InfruitecNietvoorbij)

under the able leadership of Mr Lossie Ginsburg went a long way to assist producers to store
fruit correctly under RAconditions. This made it possible to keep Golden Delicious and red
varieties until September/October and Granny Smith until Noventioes@as only in the late

1 9 7 hd@pmoducersealisedherewasamarketfor applesandpearan DecembeandJanuary

in spiteof the competitionfrom earlystonefruits. Tentswereconstructedn RA storesn 1976

and 1977 in an attempt to control atmospheres and temperafiies.unfortunately, was

unsuccessful as there was no significant improvement in fruit quality.

In 1978, Elgin Fruit Packers Cooperative (ELFCO) sent D. H. Cunningham and C. Brislin to
the USA to study CA storage in Washington Sta@de. their return ELFCO built the first
jacketed CA store for the 1979 seastm1979 another study tour followed corgimg two
postharvest technologists (L. Ginsburg and G. Eksteen), two consulting engineers (P.
WorthingtonrSmith and P. Steynor), one operating engineer (P. van Bodegom) and two
producergS. SmithandJ.Findlay).This groupwaslaterjoinedby D. Cunnirgham.This study

tour took the group to England, USA, Belgium, Italy, and Israel and a large amount of
informationwasbroughtbackto SouthAfrica. Growthin the CA storagandustrycommenced

with 35 000 bins of CA storage coming into operation for the 1980 season.

During 1978, when the tents were being constructed in RA stores, a group of CA experts was
formed with a view to exchanging information and expertise so as not to retheewheel.
During 1980, this becamehe CA StorageandPostharvestGroupwhich, in 1983,wastaken

5



under the wing of the South Afrilotally, foirppl e a
meetings a year were held to exchange infamnaboth on failures and successéhis has
subsequentlpeenreducedo two meetingperyear,onein May (afterharvestinghecrop)and

the second in November, to discuss resultse group was known as the CA Storage and

Operatorodés Group.

In 1983 tke group persuaded the Deciduous Fruit Board to experiment with the export of fruit
from CA storageduringJune July andAugust,and89 000 cartonsof GrannySmithand7 000

cartons of Top Red were then export&the improvement in fruit quality during this period
wassignificant. In the1992seasori 031000cartonsof GoldenDelicious,330000cartonsof

P a ¢ k miaiumiphs 350000cartonsof late Top Red,1 128000cartonsof GrannySmith,316

000 cartons of Starking and 138 000 cartons of Buerré Bosc were exported from CA storage

making a total of 3 293 000 cartons.

Thegrowthin CA storagecapacityin SouthAfrica is illustratedin the following table



TABLE 1: Growthin controlledatmospherstoragecapacityin SouthAfrica
from 1978 to 2004

Year Number of Capacity Growth
380-kg bins (tons) (%)
export

1978 6 000 2280

1983 50000 19000 733.3

1984 118000 44840 136.0

1985 125000 47500 5.9

1986 150000 57000 20.0

1987 195000 74100 30.0

1988 240000 91200 23.1

1989 296000 112480 18.3

1990 350124 133047 23.5

1991 432307 164276 74

1992 464147 176376 96

1993 508855 193263 55

1994 520759 203903 24

1995 577112 219302 10.8

1996 591612 224812 25

1997 659383 250565 114

1998 683383 259685 3.6

1999 690217 262281 1.0

*2000 693668 263593 0.5

*2001 697136 264911 0.5

*2002 700621 266235 0.5

*2003 704125 267566 0.5

*2004

* Estimatedor capacitywereusedfor year2000to 2004sinceCA evaluationsvereonly
conducted on request by the ARC



CHAPTER 2

THE NEED FOR CA STORAGE

A. THE EFFECT OF CA STORAGE ON THE POST-HARVEST
BIOLOGY OF POME FRUIT

J. C. Combrink & A. B. Truter

Fromthe momentanappleblossomunfoldsits petals thetreehasonly one objective, anthat

is to perpetuatéhespecies.lt thereforestrivesto developmatureandripenits seedssrapidly

as possible. The fruit tissue must become senescent and die to achieVhighssin conflict
with mandés need, which is to preserve the
possible.In lighter vein, qualitymaintenance can therefoatso be defined as an endless, and
often fruitless, struggle between man and fraiyone involved in the maintenance of fruit
should have a basic knowledge of the biochemical processes occurring in &Vithithis
knowledgeat hand,its postharvestehaviourcan bepredicted to aertain extentlt will take

someof theguessworloutof manydaily decisionghathaveto bemadeby cold storeoperators.

Postharvest biology, as the name implies, deals with the events occurring after the fruit has
beenremovedrom thetree. However,eventsoccurringwhile afruit is still attachedo thetree

may influence its posgtarvest behaviour, and no review will bemplete without a brief
referencdo whathappensn the orchard. Many factors,suchasweatherconditions canaffect

cold storage potential and the reaction of fruit to {h@stest conditions, but these will not be
discussed herelhe development of fwit on the tree will be discussed ontyrelation to its

postharvest biology.

Several excellent reviews on pdsrvest biology have been written and the serious reader is
referredto themfor acomprehensivstudy(3, 21,22,24,25,53,and63). Thisreviewof post
harvestbiology and theeffect whichCA storagehason the physiologyof fruit, will belimited
to pertinent information that will hopefully give the reader an insight into the complex

biochemical nature of fruit development. It will help him understandand appreciate



recommendations made by scientists and managers and will suitably equip him for the long

struggle against the fruit.

FRUIT DEVELOPMENT

TERMINOLOGY

Termsdescribinghedifferentstageof developmenareoftenambiguousor confusing.Green

fruit refers either to fruit with a green skin colour or unripe frliihe different stages of
development are not discreet and many overfaprtner, Dull & Krauss (19) developed
terminology applicableat fruit development based on biochemical procesElsy consider

the period of development as being complete when the fruit ripens, and define the different

stages in the growth of a fruit as follows:

Development:

Theentireperiodduringwhich newtissueis formedandbroughtto morphologicaktompletion,
andperfectivechemicalchangedakeplace. The periodof fruit developmentoversthe stages
of prematuration and maturation, the latter of which includes ripening.

Pre-maturation:
The developmedal period to the onset of the maturation processes, and genecaliging at
leasthalf theintervalbetweerblossomingandharvest. This stages characterizethy extensive

cell enlargement.

Maturation:

The stage of fruit development during which the fruit emerges from the incomplete stage to
attainafullnessof growth(physiologicaimaturity)i.e. thefruit will ripento goodediblequality

after storage.Most of the maturation processesust takeplace whilethefruit is still attached

to the tree.



Ripening:

The terminal period of maturation during which the fruit attains its full development and its
maximum aesthetiand ediblequality. Changes takig place duringhis periodarestructural,
biochemical and visuaF-or somefruits, ripeningmayoccureitherbeforeor after harvest; for

others the fruit must be detached for ripening to proceed.

Senescence:

The period following fruit development dugrwhich growth has ceased and the biochemical
process of ageing replaces the perfective changes of ripé®@mgscence may occur either
before or after fruit harvesiWWatadaet al. (67) consider senescence as part of development
since,in someplants,developmentabrocessesontinueuntil the deathof theplant. Theygive
general definitions that aret onlyapplicableto thedevelopmental stages ftiit, but also to
otherhorticutural cropssuchasnon-ruit vegetablesindfloral andnurserycrops(Fig. 1). They
have derived the following definitions to fulfil these needs:

Development:

Theseriesof processefrom theinitiation of growthto deathof aplantor plantpart.

Growth:
The irreversible increase in physical attributes (characteristics) of a developing plant or plant

part.

Maturation:

Thestageof developmenteadingto the attainmenof physiologicalor horticulturalmaturity.

Physiologicalmaturity:
Thestageof developmentvhena plantor plantpartwill continuedevelopingf detached.

Horticultural maturity:

Thestageof developmentvhenaplant,or plantpart,possessethe prerequisite$or utilization

by consumers for a particular purpose.

10



Ripening:
Thecompositeof processethatoccurfrom thelatterstageof growthanddevelopmenthrough
the earlystagef senescencandthatresultsin characteristi@esthetiand/orfood quality, as

evidenced by changes in composition, colour, texture or other sensory attributes.

Climacteric period:

Theperiodin thedevelopmenbf someplantpartsthatinvolvesaseriesof biochemicachanges
associated with the na@l respiratory rise and auto catalytic production of ethylene. The
climacteric period consists of the primacteric, preclimacteric minimum, climacteric rise,

climacteric peak and poestimacteric phases.

Ageing:

Any increment otime whichmay (or maynot) beaccompanied bghysiologicalchange.

Senescence:
Those processes that follow physiological maturity or horticultural maturity and lead to death

of tissue.

Developmgn
il |

Growth

Maturatipn

Physiologicamaturity

Senescence

Fig.1: Stagef plantdevelopmenbasedn physiologicalprocesse§s7)
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Recognizing and interpreting these stages of development are very imp@tzadity
maintenance is based on the correct determination of the developmental stage of a fruit at any
given time. A fruit not harvestedat the correct stage of maturity will have an inferior
postharvest quality A fruit stored for too long will also havan inferior quality when it is
eventually removed from the cold stotdsing clearlydefined criteria, the producer or cold
storemanageshouldbe ableto identify this stageof developmenandtreatthefruit according

to its stage of developmenthis will ensure that only high quality fruit with good storage
potentialis selectedor CA storage.Furthermore, iwill ensurehatthe maximumstoragdife

of the fruit is not exceeded.

FRUIT DEVELOPMENT ON THE TREE

Cell division, cell multiplication and differentiation of tissue occur during the first few weeks
after fertilization (16).This is followed by cell enlargement and maturatiBoth reducing
sugars and sucrose increase throughout the period of growthaackl iscreases to reach a
peak moreor less anonth beforéharvest (26).t thendecreases, but considerable amounts of
starch are still present at harveltalate accumulates in the fruit during the early stages of
growthandthenslowly decreasesTherateof respirations high duringandimmediatelyafter

the cell division phasef growth. As maturity approaches, it decreases and remains relatively
stable until the respiratory climacteric (Fig. 2) (1®he fruit phenolic content is high during

the early stages, then decreases and remains constant until harvest (26).

Many factors such as fertiliseryigation and climate affect the growth and development of
fruit. Theseall haveaneffectontheultimatestoragebehaviourof thefruit (26,55). Theeffect

of climate and weather on keeping quality is discussed by De Vidiexis(9).

MATURATION AND RIPENING

In the weeks preceding harvest, during maturation phase, numerous changes take place in the
developing fruit (3, 26, 53, and 54Ylost of the changes have to take place while the fruit is

still on the tree.The total soluble solids content increases aadcktdecreases, there is a
decreas@n acid content,andtherearechangesn the pecticcompoundshatresultin softening

of fruit. Volatiles which determine the flavour or aroma are formed, pigments are formed in

the skin or greenpigmentsare convertedto yellow pigments. Wax developson the skin of
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fruit. The rate of respiration decreases and remains steady at a relevant lovheafeuit
attains its full size and reaches physiological maturity before ripeMagy of the changes

are consistent and predictable and can be used as indexes for harvesting maturity (71).
The Climate

Respiration:

One index of metabolic activity i®spiration, which can be expressed in terms of the release
of CO, or the uptake of ©(16). Respiration is a degradable process occurring in living plant
tissue.Stored organic materials (carbohydrates, proteins, fat) are metabolised to simple end
productswith a release of energy (heat of respiratidDxygen is taken up in the process and

COzis produced (3)In simple terms, the chemical reaction can be expressed as follows (23):
CsH1506 + 60, Y 6CO, + 6H,0 + kcal (heat)

When apples are removed from the tree, a characteristic rise in the rate of respiration can be
observed.This rise continues to a maximum and the decreases (Fit(id®).& West (16)

called this phenomenon tleimacteric. It has since become the most coomphenomenon

used to describe the physiological status of fridany factors are involved and a clear
understandingf theclimactericis essentiain orderto understandhechange®ccurringduring

fruit storage as well as the effect of the environn@nthe behaviour of the fruiPrior to

harvest, the rate of respiration decreases to a minimum, called thkenpaieteric minimum.
Theoptimumstageof harvesimaturityis just beforethis stageis reached. If fruit is harvested

at or shortly before prelimacteric minimum, low temperature (26) and CA storage (16) can

maintain the low rate of respiration.
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Fig. 2. Changesn therespiratiorrateof applesduringthe pre-climactericand

climacteric phases of development (16).

Changes occurring after this minimum are irreversible and low temperature cannot inhibit
respiration.The rate of respiration increases sharply to a maximum after thaipeecteric
minimum.Therateatwhichthisincreasen respiratioroccursis dependat ontemperaturé26)
andtheamountof 02 presenin theatmosphergl6). This stageis calledtheclimacterium.The
fruit is now at an eating ripe stage and, if harvested, will be of good texture, sweet with a
characteristidlavour, andacceptableatingquality. Therateof respirationdecreaseafterthe
climacteriumassenescencegetsin. This stages characterisely overripenessmealinesand

decay.lt signifies the end of the life of the fruit.
Not all typesof fruit havethis respirationpattern.In some the characteristicisein therateof

respiration is absenBased on the type of respiration pattern, fruit is classified as climacteric

and nonrclimacteric fruit. All deciduous fruit except grapes belong to the climacteric group.
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During respiration sugars are converted intoo@@d water and engy in the form of heat.
This heat of respiration, or vital heat, is always part of the refrigeration load that must be
considerediuringhandlingof fruit (23). Heatevolutionis expresseth termsof Joulesandcan
be calculated from the respiration rgfeable 2). For each milligram of C& produced by
respiration2,55caloriesof heataregeneratedOnecalorieequals4,187Joules.Heatevolution

is computed by multiplying each milligram of @®y 10,676 (2,55 cal/mg x 4,187 J/cal.).

Therateof respirations dependenbntemperatureVan'tHoff, aDutchchemistfoundthatthe
rate approximately doubles for each 10°C rise in temperature Kdused the term Q=
R2/R1or aconstanbf about2 to describehis relationshipwhereQ = quotient,10= °C andR
= ratesof reactiomattemperaturd and2. TheQiomaynotbethesameoveralargetemperature

range.

However, as a general rule it can be said that an apple or pear will ripen as much in 1 day at
21°C as it will in a week at 0°C.

Table 2: Respiration rates of somedeciduousfruit at different temperatures(23)

Commodity Respiration rate (mg CQY/kg/h) at:

0°C 10°C 15°C 20°C
Apples(early) 3-6 14-20 1831 2041
Apples(late) 2-4 7-10 9-20 1525
Apricots 5-6 11-19 21-34 2952
Peaches 4-6 16 3342 59102
PearqBartlett) 3-7 8-21 1560 30-70
Plums(Wickson) 2-3 7-11 12 18-26

Production of ethylene

Ethylendas asimpleorganiccompoundvhich cancausehysiologicakresponsem planttissues
even when present in trace amounts (3, 4, 47, 53, andt &imulates fruit to ripen and an
increasan ethyleneproductionis usuallyassociateavith anincreasan therateof respiration.

Somefruit will produceethyleneand ripen when it reachesa certain stage of maturity.
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However, some eéed an exogenous application of ethylene immediately after harvest to
stimulateripening. To ensureeven ripening okuch fruit, ethylenenust beapplied. Ethylene
productionis stimulatedby storageat alow temperaturdor 10to 14 days. Pearsstoredfor 14

days or longer a,5°C will ripen normally and evenly (66).

Ethylene is generally considered to be a ripening hormone (5Ha8yever, production of
ethylene is not always associated with a climactefthylene is produced during low

temperature storage without a concomitant increase in the rate of respiration.

Fidler& North (14)andTruter& Combrink(61)foundhigh concentrationsf ethylenan apple

and pear cold storeslowever, no effect on fruit quality was observed.

EFFECT OF CA STORAGE ON POST-HARVEST BIOLOGY

Much research has been directed toward determination of optimum storage conditions and the
operationof CA facilities. Only asmallpercentagef thereportson CA storagedealtwith the

mode of action of reduced.@nd elevated C®Oconcentrations (31)The nature of the
respiration reaction and the respiration quotienv)@dicates that @ CC; and temperature

are the most important factors influencing the metabolism of fiDécreasing the O
concentration or temperature, or increasing the Gidcentration, has major effects on all

metabolic processes occurring in fruit during storage (72)

Kadler (31) gave a review of the biochemical and physiological basis for effects of controlled
and modified atmospheres on fruit and vegetaliesconcludedhat there is @eed formore
knowledge on the effect of CA on metabolic chandgisce his reviewmuch research in
mechanisms involved in CA storage has been done, but a lot more remains to be done.
Cultivation practices, storage and cultivars viaom countryto countryand these all have an
effect on the behaviour of a fruit during storaggesultsfrom one area cannot be directly
appliedto anothemrea.As moreknowledgeontheeffectof CA storageon postharvesbiology

is gained storageconditionsmayalsohaveto be adaptedo strikea balanceébetweerbeneficial

and detrimental effects of CA storage.
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Effect on uptake of Oz and production of CO2

An increase in the C{roncentration suppresses the rate of respiration ff2Xpmperatures
above 1,7°C the rate of respiration is con&dllby the @ concentration, but below this
temperatureQ: limits theprocessrom betweer2% and10%only. It is thereforeessentiathat
the @ concentration is decreased to below 10% as soon as possible after h@ineest.
respiratiorratedecreasewith decreasing. concentrationn the presencendabsencef CO,
(Table3). Theeffectsof O, andCO; arethereforeadditive. Althoughthe effectsareadditive,
there is evidence that:@as a more pronounced effect than.@® the respiration of Bartlett

pears (32).

Table 3:  Ratesof respiration at 3,3°Crelative to rate in air = 100(12)

Gas Rates, relative to air = 100
CO2:02 CO2 02
Air 100 100
0:10 84 80
0:5 70 63
0:2 63 52
0:1,5 39 -

Respiration patterns at low2@nd elevated C&concentrations have different phases (12).
Firstly, there is an adjustment to temperature followed by a relatively steady phase during
storage.An increase in respiration may occur towards the end of the storage period if
physiologicalinjury occursor decaysetsin. At 3°C the productionof CO; is halvedwhenthe

O2 concentration is decreased to between 2% and 3% Iflr&). physiological injury occurs,

the respiratory activity in controlled atmosphere is more or less the same for all cultivars (11,
12). When pears are transferred from a low @ntrolled atmosphere to air, the rate of
respiration remains low for a few days after transfer, indicating that the iamer@entration

has some residual effect on respiration (33).

The effect of CA on respiration cannot easily be quantified in terniseoAmounts of CO
produced.Many factors, such as cultivar, gas composition used, maturity at harvest, rate of
atmosphere modification, temperature, fruit size and skin porosity, may affect respiration.

Solomog58) appliedFick'sfirst andsecondawsof gasdiffusionto describeheeffectsof low
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O2 concentration on respiration and gas exchange in bulky tissueBl&bpied (2) also used

Fick's law to estimate the amount of td scrub ethylene from the cold storage atmosphere.

A minimum of 1% to 3% ©@around fresh fruit is required to avoid a shift from aerobic to
anaerobic respiration (31Puring anaerobic resgtion the metabolism of the fruit is altered
in such a way that acetaldehyde and ethanol are formedla@dturs develop and the fruit
becomes inedibleGolden Delicious apples stored at 0%f0Gr 14 weeks, had a lower total
solublesolidscontentbut were firmer thancomparabléruit storedin 0,5%to 1,5%0: (48). In

0% O2within agivenCQO, concentrationethanolaccumulations linearly relatedto theduration

of the exposure (51)At ambient temperature in air the fruit loses about 50% of the ethanol
within 1 week(48). Considerableleviationdrom thetargetatmospherestherthantotal anoxia

can be tolerated, as no internal or external ethanol injury symptoms were observéd after
weeks of complete anoxia (5I1hlowever, not all ethanol is lost when a fruit is transferred to
air (15). Theincidenceof decayjnternalbreakdowrandcoreflush mayincreaselt is therefore

advisable to avoid extended periods of total anoxia.

Effect on production of ethylene

The rate of ethylene production is a function of temperatfline. lower the temperature, the
lower the rate of ethylene production (14). is required for the conversion of- 1
aminocyclopropané-carboxylic acid (ACC) to ethylene (52) and high £g®ncentrations
inhibit the procesg6). CA storagehereforehasa significanteffecton ethyleneproduction. It
retards ripening caused by auto catalytic production of ethylenel(RRA at 3,5°C, Golden
Delicious apples produced ethylene after 8 days, in 5%/8® O, after 44 days and in 2%
O- aloneafter35days(34). Ethyleneinhibition is thereforedueto the combinedeffectsof CO»
and Q (4) but the effect of ®@is apparentlyarger than that of C£)52). The extent to which
the @ concentration is decreased affects the level of ethylene inhibition.

Several researchers (1, 2, and 10pnemend the removal of ethylene from cold stores to
preventdetrimentakeffectson quality. However ethyleneeffectsoccurringat 2%to 3% O, are
significant in 1,5% and 1,0% XJ2). Removal of ethylene from storage atmospheres is
therefore not necessary (2, 38, 39, and @he production of ethylene is inhibited at low
temperatures and modified atmospheres, and even if some ethylene is produced, it appears to

haveno harmful effect on fruit quality. The effect of atmospheranodificationis apparently
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relieved when fruit is transferred to air (34h Bartlett pears transferred from a lows O

atmospheréo air, the productionof ethylenewaslower, the lower the CO, concentratior{33).

Effect on aromatic volatiles

Thevolatile flavour compound®f appleshavebeenstudiedextensivelyandover250volatiles
identified (69).The most important are esters, alcohols and aldehydes (266&9g esters

are produced inow amounts but they may make a contribution to aroma which is
disproportionate to their concentration (58yomatic compounds complement each other to
produce a characteristic flavour and it may be misleading to express aroma in terms of the

concentratiorof a specific substance alone.

Decreasinghe O andincreasinghe CO, concentratioraffectsaromaproductionin applesand
pears.Reducing the @concentration inhibits the production of aromatic volatiles of apples
(50,60,and69) andpearg13). Thiseffectbecomesnoremarkedwith anincreasen thelength

of the storageperiod(42, 60). O, hasa morepronounceceffectthanCO, (60). Thereis alsoa
considerable difference between the effects of 3%a@ 1% Q. Sensory panels rated
Mclintosh apples stored in 1% @igher than those stored in 3% @n juiciness and overall

acceptability, but these apples lacked an intense flavour (41, 43).

Removal from CA storage does not always result in an increased production of aromatic
volatiles. The extent of recovery decreases as the length of the storage period increases, and
the fruit retains a residual CA effect which prevents it from producingtiled (50, 60).The

inhibiting effect can be decreased by increasing theddcentration (57)Raising the @
concentration from 1,25% to 2% improved aroma production of Cox's Orange Pippin apples
without decreasing the firmness of the frudifferencesin fruit firmness could be detected

when a penetrometer was used to measure firmness, but a sensory panel could not detect any
differences.The inhibitory effect of low @is probably due to the fact that the availabibfy

alcohol, from which the aromatesters are derived, is limited (35).

The effect of the length of the storage period on the production of aromatic volatiles is
significant. Thebeneficialeffectof retainingfleshfirmnessandcolourmustbeweighedagainst
the loss of aroma production. A consumer survey carried out in the United Kingdom showed

thatoverall acceptabilityof fruit wasprincipally relatedto texture(57). Lossof the ability to
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produce volatiles after storage need timrefore be a factor which limits the length of the
storage periodHowever, the extent of volatile production is also affected by the harvesting
maturity (8, 50). If fruit of aninferior qualityis stored thedecreasedbility to producevolatiles

after storage will be more pronounced than that of high qualiiy. To maintain quality and
ensurahatevenprolongedstoragedoesnot affectthesequality attributessignificantly, careful
selection at harvest of fruit for long term storage is extremgbprtant. If there is anydoubt
about the storage potential of fruit, the quatifythe fruit should be monitored closeind the

cold storage period limitedlhere seems to be sommerit in increasing the £concentration

shortly before opening a cold store to regenerate volatile production.

BENEFICIAL EFFECTS OF CA STORAGE

The major benefit of CA storage is the prevention of ripening by retardation of the process
regulating ripening and senescence (28pst of the enzymatic processes occurring in fruit
afterharvestareO, dependenandloweringthe Oz contentaroundthe fruit reducegheactivity

of theenzymeq68). Ethyleneplaysanimportantrolein ripening(5) andCA storageprevents
theautocatalyticproductionof ethyleng45). By delayingripening,the onsetof theclimacteric

is delayed and the storage life of the fruit is extendsmhger storage life for fruit allows
regulated marketingver a longperiod. Under CA storage, apples and pears of a high quality
are available for longer periods than in the past aadjthality is much better than after RA

storage for shorter period$his is of benefit both to producers and consumers.

High gas concentrations (3%/05% CQ) were used initially, and even these prevented loss
of quality (17).Lower gas concentrations,(®6 &/1,5% CQ) further reduced qualitipsses

such as loss of acid and firmness (48pod results were also obtained at 0°C with low gas
concentrations for 3 months followed by storage at 2,58 @6 CQ. The more rapidly the

02 concentration in the ate is decreased, the better the retention of firmness and texture (37,
40). However, the rate of CA establishment becomes less critical if the fruit is cooled rapidly
(64, 65). The reduction in the rate of softening is probably due to the accumulation of
polyamineswhichinhibit theactivity of polygalacturonaseheenzymewhichdegradeshecell

wall (36).

Theadvantagef ultra-low O, storages thattheincidenceof fleshdisorderssuchasbitter pit
andsuperficialscaldis reduced28, 46,and62). Initial O- stressnducedby keepingfruit at
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0,5% Q for 10 days prior to conventional CA storage also reduces the development of
superficial scald (46, 73, 74).

CA storagaeduceshangesn colourby reducingtherateat which chlorophyllis metabolised
(17,68). Low O:levelsslow downthe decompositiorof carbohydratesLossedn total sugars
aresmaller,the lower the O, concentrationn the storageatmospher¢68). Increasinghe CO
content of the storage atmosphere slows the process down even f8diver.apple cultivars
aresensitiveto low temperaturesThe storagdife of thesefruit canbeextendedy CA storage

at temperatures which can be tolerated by the fruit.

HAZARDS OF CA STORAGE

CA storage is not the answer to all quality maintenance probléntan sometimes be
responsible for considerable loss&he hazards of CA storage become apparent when

recommendations based on research are not implemented correctly.

Mainterance of the correct £roncentration is important.ow O injury occurs when the O
levelis belowa certainthreshold.Aerobicrespirations replacedoy anaerobiaespirationand
alcohol and acetaldehyde are produc&tese lead to offlavours which rader the fruit
uselessln some cases, the alcohol will disappear during aeration of the fruit (48).

GrannySmithapplesarehighly susceptibléo coreflush. CA storages oneof thefactorsthat
may aggravate this disorder (49s incidence can be decreased by increasing the storage

temperature (7) and keeping the 8fncentration low, especially at low temperatures (18).

Low Oz concentrationbavean effecton the ability of fruit to producearomaticvolatileswhich
are responsible for the characteristic flavour (42, @0pansferring the fruit to air may

regenerate volatile production, but not completely.

Quality maintenance by means of CA storage requires knowledge of the basic principles
involved in postharvest biology.The variation between fruit makes it impossildepredict

with certainty what the effect on fruit quality of a specific storage environment will be.
However, general guidelines can be formulatéd.some cases, deviations from these

guidelinesare not detrimental,but without someunderstandingf the respirationand other
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processesccurringin thefruit, it is impossibleto determinehow far onecan deviatdérom the
recommended conditiondn this section, it is explained that the quality maintenance is
dependent on delaying senesaantie more efficiently senescence is delayed, the better the
quality maintenanceTo be successful, the rate at which some processes take place must be
slowed down.This explains the need for rapid cooling and atmosphere modificatlore
research undelocal conditions is required to determine, for example, at what ratis O

consumeandCO; producedandat whatrateethanolaccumulatesinderdifferentconditions.
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CHAPTER 3

CONSTRUCTION OF CA BUILDINGS
P.C.van Bodegom,J. S.Findlay and L Robinson

The sizes of CA stores in different countries is a matter of marketing policies, but as a rule of
thumb,it canbesaidthateveryoneagreeshata storeshouldhavesucha capacitythatthefruit
in the store can be packed and marketed within 2 weeks after breaking the gas seal, to keep

optimum quality.

In largerstoresit is possibleo breaktheseal openthedoor,takeoutasmuchfruit asis needed,
closeandsealthedooragainandwith theaid of generatoreind/omitrogenflushingre-establish
the CA conditions as soon as possilites not recommended to do this more than once.

The number of CA units and the maximum RA storage period after which CA storage is

undertaken is mora policy of quality that is laid down by individual organisations.

Themosteconomicakizeof CA storespothfrom amarketingandquality pointof view, varies
as follows:

Storage capacityp to50 000bins: 5001 1 000bin stores

Storage capacitgver50 000bins: 6007 1 600 binstores

Thefirst storeso bebuilt in SouthAfrica werethejacketedypeof CA storewithin anexisting
RA roombuilt of marineply andsealedwith polaroofpaint. All CA storesin SouthAfrica are
now built with polystyrenesandwichpanels, gasealedwith polaroofor equalapproved, with

bandages on all joints and corners.

In South Africa, all stores are presstested annually prior to use, using an ordinaaguum
cleaneritherwith positiveor negativepressuref 26 mm of watergaugeThis shouldnotdrop
morethan5 mm over 30 minutedor a good gagight room. Roomsarenormallytested under
positivepressurdutif problemsarefoundwith thegassealing,t is easietto find thegasleaks

with a negativepressurewith the assistancef someondnsidethe room. Neverallow the

31



pressureo riseabove30 mm of watergaugeasthis cancauseenormoustresonthebuildings.

Walls have been known to collapse untt® high a pressure.

Construction

There is a varietpf different types of structures throughout the wottdmost cases the cost

of differentsuitabletypesof building materialin differentpartsof theworld is aconsideration.

In others, it is in accordance with insurance regulati@rdy one aspect in the consideration

of construction applies everywhere the labour force erecting, converting or building such a

structure must be qualified and skilled in orderdbieve a perfect gagght structure.

Thefollowing is asummaryof detailsfrom aCA investigation touduring1979.

United Kingdom:
Thesize of stores varies from a normal store with a capa€ityp0 tons of fruit to stores with
a maximum capacity d300 tons.One bin of apples = 0,38 tons and one bin or pears = 0,44

tons). Fruit should be packed and marketed within 5 days of breaking the gas seal.

New stores arerectedrom completgpanels maden thefactoryand oron site. Thisis also a
sandwich type of panel with tongue and grooved joint, made by Betalbeksteel used is
Stelvitit-G and is made by British Steel with a thickness of 0,6 mm.

In conversions of stores, metal sheeting is fitted on the inside of the store olaionsand
attached to the timber framework; joints are sealed with-fitass and painted over with a
gastight type of paint, such as Steridebn the older stores the inside is sometimes
completely covered with OtirA grease for joints and a heavigpe OtinaC grease for
doorsandinspectiorhatches.Door openingsaremadegastightinstallinga sophisticatedas
tight door, sometimes still taped around the outside, or a construction-uglggsanels on
the inside of the door, fitted separateiytihe door frame and sealed with greddeors of
existing stores are sealed with a bituminous type of mastic, available from Shell Chemicals
thatis mixedwith 6mmstonechips,sandandcementandappliedas arextrafloor layerof 10

- 12 mm thicknessA polyurethane type varnish (Oxanol) is also sometimes used to seal
existingfloors, this productbeingoriginally adustsealer.At thejoint from thewall to the

floor, a softer type of mastic or bituminous compound is used.
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United Statesof America:

Conversions are not very successful due to gas leaks developing as a result of expansion and
contraction of the buildingdf a conversion must be made, the only successful types are the
jacketedtypeswith a plywoodbox-type congructioninsideanexistingcold store.This structure

Is madegastight by sprayingpolyurethanen theinside. Thetilt-up systemis widely usedfor

the construction of new building3his system consists of concrete panels cast on site, up to

20 feet wide (6,1 m) and 32 feet (9,76 m) high, tilted up by a crane and bolted together with a
roof construction of laminated timber beams or lattice trusses decked with plywood and
waterproofecexternally with a bituminous type of material.

According to Ron Cameron, the main reason for changing from metal to concrete building in
the USA, was the raising of insurance rates for these specific type of buildilsgsthe
protective layer that is ated over the layers of urethane is in accordance with regulation by
thefire departmentsThis layeris amixture of plasteranda certainchemicalandis obtainable

as a premix.

Woodis amajorbuilding materialasit is reasonablynexpensiven WashngtonState.

Doors are in many cases made out of one panel which is placed in front of the door opening

and clamped down onto the door frame so that it igight

Floors are normallgealed on top with a sealant sprayed on afterwards and joints are sealed
with arubbertypeof compoundInternalwalls canbemadeout of plywood (£ 10mmthick)

on timber frames and the joints sealed with figla&ss tape and painted with Gacoflex.

In the USA, a good CA room costs 230% more to build than a RA roorm Washington
State conversiorhasbeenabandonedsexperienceén thelast15yearshasprovedthatit is too

costly.

Capacitieof CA storesn the USA vary considerabljpetweenl000- 2 500bulk bins
depending on sizes and marketing policies of different companies.

Holland:
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CA storage was started here in 1953 with the jacketed principle type of store consisting of

welded metal boxes inside existing stores.

Forthesamereasonssin theUSA, conversiorof storesvasabandonedndat presenthenew
storesconsistof sandwichtype panelswhich areerectednsidea steelframedor masonrytype
of building and joints are sealed with a tape that is used in the aviation industry and covered

with a gastight type of paint.Sizes of stores vary between 50 and 200 ton capacity.

Italy:

Most stores are made out of sandwich type panels suppliddolell. The OBSI Fruit
HandlingCooperativehas23 roomsof CA storagespaceor 7 000tonsof fruit, with capacities
of 220700 tons per roomOBSI handles a total of 10 000 tons of fruit from 78 members.

A specialltalian-madegastight dooris alsoused. Theprinciplebeingthatby closingthedoor,
the door is lowered onto a-Notch that pulls itself tight against the doorframe due to its own

weight.

Israel:
Here again the newer stores are of polyurethane sandwich type panels using galvanised steel.
Joints are sealed with metal strips and mastic underneath to give ttighgyaeal. Another

type used is a completely welded construction on the outside tthgiygas and vapour seal.

A specialpre-coolingstorein Ashdodis loadedfrom thetop by threecranef 16 tonscapacity
each, with container loads of citrus on special frarA@smovement is vertical from the top.
Precoolingcapacityis 500000 cartors/weekon dayandnight shiftswith atotal turnoverof 4

- 5 million cartons/yearSizesof complexesrary, likethe oneat Kiryat Shemonavith 30000
ton capacityof which 23 000tonsareCA, whichis oneof thebiggest.Thereare113 roomsn

total.
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Burp tubesor pressurerelief systems

The most important factor of pressure relief valves or burp tubes (Fig. 4) is that the water
covering the knifeedge should never be deeper than-1I2 mm, otherwise considerable
pressure cabuild up inside the stordt is not really the surface area but the depth of water
that is the critical factorAs frost is inclined to accumulate, the use of glycol in the burp tube
or a saline solution that does not freeze is sugge&iaol is prefered. Burp tubes are 600

mm long with atray of water/glycolon eithersideof theinsulationwith the depthof water100

mm under the knif@dge but only covering the knitlge by 106 12 mm (Fig. 4).

As there is always water condensing on the kedge plate due to cold on the one side and
heat on thetherside,thesetrays of water will always remain fullt will get too full unless a
6-12mmholeis drilled in theexternaltray 10-12 mm abovethe bottomof the knife-edgeto let

out the excess water.

To cope with overand under pressure inside the CA room, a pressure relief system is always
used.In England, a sjing-loaded valve by the name of Beta Safe is widely u3éds relief
valve handles overlnd under pressures and is mostly set between 1J2 (12,5- 19 mm)
of water gaugeln Italy, a PVC type of Iconnection is used as a pressure relief valre

pressure is set with an increase or decrease of the weight of the valve plate.

Pressuretesting

All CA stores must be pressure tested annually before oper&mmerally the stores are
pumpedwith apositiveair pressurensideof 25 mm of watergauge whereaftera certaintime

is allowed for a drop in pressure.

a) In England this pressures allowedto dropto 3/4" andwhendroppingfurtherfrom
3/4" to 1/20 it must take a minioM&Ononof 7, 5

b) In Holland,the pressurés keptat 10 mm of watergauge.Positiveair is pumpedn
to keepthe pressureat 10 mmof watergauge.By measuringhe amountof air that
is pumped in, a leakage factor is arrived at foedain room.A diagram will then
tell if it is within the limits.
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c) The USA uses a positive pressure of 1" water gauge, thédvgedl to fall to
0, 200, 8f watergaugeoverl hour,with anabsolutemaximumfall of 0 , @&f 0
water gauge in 20 minutes.

Air bleedto increase0; intake
This was done with all types of valves, such as PVC ball valves, PVC gate valves, etc.
Galvanisededucingbushesrealsoused theonescrewednto the otherreducingfrom 75

mm to 12 mm to finally close this bleed system completely with a pllage modern
methods are described elsewhere.
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TYPICAL BIN STACKING LAYOUT IN A C.A. STORE
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Figure3. Typical bin stackinglayoutin a CA store



GLASS FIBRE BURPTUBE

Figure4. Glassfibre burptube
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CHAPTER 4

REFRIGERATION IN CA STORES
J SFindlay
Coil sizeand position in CA stores

Most CA storesn SouthAfrica arebuilt to amodularsizeof 1040bins (Fig.3). Thecoil size

is designed with sufficient surface area to pull down 300 bins of fruit per day from 30°C to
0°C (i.e. in 24 hours) with a coolant temperaturel@FC and to be able to hold the store at
0,5°Cwith a coolanttemperatur®f -2°C. The coolingcoils shouldbe placedat thefar endof

the room, opposite the door so that cooling can commence as soon as fruit is placed in the

room.
Refrigeration control and safetyfeatures

Therearenormallyfour or five probesn eachroommeasuring théemperature:

air off the coils

air return

two or three probes in the fruit themselves, one in the coldest part of the room
which is normallythe bottom binin thestack at thdéack oftheroom,and onan
thehottestpartof theroomwhichis normallyabin whichis fairly high up inthe

store at the far end of the room from the coils.
There is normally a temperature gradient across the room of Af566@e tried to eliminate
this temperature gradient, the air quantity through the bin plenums would have to be too high
and it could cause wilting of the fruit during the holding period.
A mercury or alcohol thermometer hung through a penetration intatme to check the air

off the coil once per week, does assistin checking the calibration of the temperature
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instrumentation.A low temperature sensor on the back wall of the store to cut off the
refrigerant, is essential to prevent ze® damage if the air temperature drops too low.

Defrosting

Defrostingcan be done either byeans of cold watdrom the mains or with hot gas from the
high-pressuresideof the machineroom. With cold water,makesurethatthedrip tray andpipe
sizesarelargeenoughto carryawaytherun-off. With hotgas,heatingelementsnustbeplaced

in the drip trays and around the tadeay pipes inside the store to prevent ice bupdand
thusblockage.All takeawaypipesmusthavea continuoudall sothatdefrostwatercandrain
completely.With cold water, the pipes bringing the water to the sprinklers or headers above
the coils must be able to drain completely, otherwise, if water remains in them, it freezes and
blocks and no defrosting can take pla@éth pull down and a large temperatutiéference
between coolant and air, the CA store will require defrosting once or twice per day, but once
thestorehasreachedoldingtemperatur@andthereis a smalltemperaturelifferenceof 1°Cto

2°C, it shouldbeableto extenddefrostperiodsto once perweek.A pressurdaifferential switch

can be installed on either side of the coolers which will switch on a light in the control panel

when there is ice buitdp in the coils.

After defrosting has been completed, it is essential to ensure thaistlzetine delay for the
coldrefrigeranto pasghroughthecoils sothattheycancomedownto roomtemperaturéefore
thefansstartup,otherwiseaverylargepressurehangeesultsnsidethestorewhich canempty
all water/glycol out of the burp tubes and even cause gas leaks in the g&efestingcan
bedoneautomaticallyputit is advisabldo doit manuallysothatpressure&ehangesn thestore
canbechecked.A light overthe coils with awindow to enableviewing of the conditionof the

coils is useful.

Temperature recording and control

The normal recording points are: air off the coils, air return and two or three probes into the
fruit to checkthe coretemperaturef thefruit. Thisis normallydonein thecoldestpartof the
room, i.e. the bottom bin at the back of the room, under the cooling coil, and in the warmest
part of the room where the bin is fairly high up in the stack furthest away from the cooling

coils.
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Temperatureontrolhas beemonefrom the setpoint on a Versapakor equalapproveddevice
to controlthebackpressureegulator therebycontrollingthe boiling point of therefrigerantin
the cooling coils A safety thermostat is always installed fairly low down on the back wall of
the room which will cut off the refrigerant to the room if the temperature drops too low and
freezing damage could occut.has always been a good idea to have a mercury or alcohol
thermometethrougha penetrationnto theroomin theair off thecoils soasto doafinal weekly

check on the electronic recording equipment.

Mosttemperatureecordingis now donethrougha dataloggerin thesmallercomplexes
whereas the larger complexes have total recording and control through their cemputer

controlled insrumentation system combined with gas analysis.

Basicrefrigeration statistics

The metric refrigeration unit e calorie.One calorie is the amount béat required to raise
one gram of water 1°CThe imperial unit is the British thermal unit (BTUPne BTU is the
amount of heat required to raise 1 |b of water by DRe BTU = 0,252 kilo calories.

Thespecificheatof applesandpearss 0,87BTU perpoundper°F in Imperialor kilo calories

per kilogram per °C in metric units.

One bin of apples weighing 380 kg (837 Ibs) requires 36 432 BTU (9 180 k cal) to bring the
temperature down from 82°F (28°C) to 32°F (0°C) + 10% for the container, say, 40 000 BTU
or 10 000 k cal.

One bin ofpears weighing 440 kg (967 Ibs) requires 42 184 BTU (10 630 k cal) to bring the

temperature down from 82°F (28°C) to 32°F (0°C) + 10% for the container, say 46 400 BTU
or 11700 k cal.
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Heat of respiration

During respiration energy is released in the form of h@&&e amount varies with the
commodity and increases as the temperature increases up to 38°C to 40°C (100°F to 104°F).
CQ is given off as the fruit respires and for each milligram ot @@duced byespiration,

2,55 cal of heat are generatéthis also forms part of the heat load in calculating the cooling

requirements.

Table 4: Respiration rate of applesasrates of CO2 production in mg/kg/h at
various temperatures:

Degree<C: 0 5 10 15 20
ApplesSummer 3-6 511 14-20 1831 2041
ApplesWinter 2-4 5-7 7-10 9-20 1525

Table 5: Heat of respiration in k cal per ton of apples/24h at various temperatures:

Degree<C: 0 5 10 15 20
Early cultivars 200350 320650 8501260 11081900 12002500
Latecultivars 110350 270430 420640 5701200 900-1500

Therateof respirationasillustratedabove,is 6-10 timesfasteratambientthanat 0. Thecloser

to freezing, the slower the respiration rate.

Hydro-cooling of applesand other fruits

Hydro-coolingis withoutdoubtthefastesiwayto coolfruit, exceptfor possiblyvacuumcooling

of lettuces and suelike products.

The following figures give the time takenfor fruit to reachcertaintemperaturesn water

containing crushed ice, with a water temperature of between 1°C to 2°C.
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Fruit temperature O°C Time takento reach

temperature (minutes)

20,5 0
14,5 6
10,0 12
4,5 23
1-2 45

It actuallybecomesmpracticalto try to bring thefruit downto 1-2°Cin waterasthetime taken
istoolongfor theheatexchangeindthus4,5°Cis amorepracticaltemperaturehut still along

time to keep fruit in a hydroooling drench. Having brought it to 4,5°C, one still has to have
theforcedair coolinginfrastructureto takethe fruit downto the optimumbholdingtemperature

of -0,5°C which water could never do.

Secondly, with hydraooling, the heat load is very high and requires a very high compressor
capacity for short periods of time, whereas air cooling provides a constant heat load for a 24
houroperation.Recycledwaterbecomewery dirty andeitherhasto befiltered (expensivepr
changedandchlorinatedo preventthe spreadf fungalspores.Experimentgloneby Schomer

on the effects of hydroooling on apples in the USA, showed no significant difference in
quality after 7 months storage when comparedpples cooled in good commercial storage
downto -0,5°Cin 48 hours. If theapplegooklongerthan7 daysto comedownto temperatures

in air, then there was a benefit in hydrooling down to a core temperature of 4,5°C. Thus

hydro-cooling is not used commercially in deciduous fruit storage in South Africa.

Evaporative cooling does have significant benefits and fruit washdclean cold water
(containing chlorine) on the way to the cold store, can achieve up to 10% saving in heat load.

REFERENCES:
HARDENBURGR E., WATADA,A. E. & WANG,C. Y., 1986. The commercialstorageof

florist and nurserystockUnited StatedDepatmentof Agriculture, Agricultural HandbookNo.
66.GovernmenPrinting Office, WashingtorDC.
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CHAPTER 5

AIR MANAGEMENT IN COLD STORES
J. S.Findlay

Air movementhroughthebinsandthefruit itself is oneof themostimportantmeansf cooling
the fruit and holding the fruit at the correct temperature during its storagd ¢iblemuch air
throughthebin plenumswill resultin excessivewilting of thefruit in the storeandtoollittle air

movement will result in too great a temperatur@dgent across the stack.

It is preferable to have the coolers at the far end of the room opposite the main door so that
coolingcancommenceassoonasthefirst fruit is loaded. Theoptimumlengthof the stackhas
beenfoundto be 13 bins. With longerstacksthe air quantityhasto beincreaseaonsiderably

to avoid atemperature gradienfn acceptable temperature gradient downlémgth of a CA

store is 0,5°C.

Curtainsmustbeinstalledto directtheair flow andprevenit from goingdownthegapbetween
thebinsandthesidewalls. Bins arenormally stackechine-high underthecoolers. Thecurtain
is normally hung across the top five bins as well leaving the plenums of the four bins on the

bottom open.This prevents air from shedircuiting back to the coolers (Fig.3).

In South Africa’'s standard 1040n cold stores the air has been vengeessfully distributed
by four axial flow aerofoil bladedfans,two fanspercoolerblock supplying15 000 m?h of air

at a static pressure of 10 mm of water gauge, each fan motor absorbing 1 kW.

The fan motor should be protected to IP55 standard seitfnl operation in saturated
atmospheresThis quantityof air givesforty air changeperhourin theemptyroomandanair

speed of 300 m/min through the 28 oft®n plenums.
Theneed forapidair circulationis greatestluringremovalof field heat. Sometimeghis heat
is best removed in separate jooling rooms that have more refrigerating and air moving

capacitythan the regular CA storagerooms. One mustrememberthat for pearsit is more
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beneficialto reachthedesirecholdingtemperaturguickly whereador applestherequiredgas
concentration is more beneficial, using some of the field heat in the apples to obtain rapid CA

conditions.

After field heat has been removed, a high air velocity is unnecessary and usually undesirable.
Only enough air movement should be provided to remove respiratory heat and heat leakage
from external sourceslhe air must be directed in such a way that tvauniformly to all

parts of the room and the produtn. the USA they recommend air movement during the
holding period of 1825 m/min uniformly through all the stack§8hey design their apple and

pear storage air circulation systems to provide 3®fair/minute/short ton of refrigeration

capacity.
In filling thelast4,5m of the CA store,whenthebinshaveto beturnedthrough90°Cto allow
for forklift access, it is essential to have the necessary gaps of 150 mm to 200 mm between
stacks to allow foadequate air flow (Fig.3).
REFERENCES
1. HARDENBURGRE. WATADAA.E. & WANG,CY,1986.Thecommerciaktorageof
florist and nursery stock United States Department of Agriculture, Agricultural

Handbook No 66. Government Printing Office, Washington DC.

2 WORTHINGTONSMITH& BROUWERR PersonalCommunication.
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Recommendations for the Storage of Pears and Apples, January 2023

Recommended temperature and gas regimes for cold storage of South
African commercial apple and pear cultivars

Compiled by ARC Infruitedlietvoorbijin co-operation with SA Apple &
ati

Pear Producerds Associ

Revisedand updatednnuallyby Anél Botes;ARC InfruiteeNietvoorbij JA van der MerwgConsultantHGS), January 2@3

IDEAL STORAGE
CONDITIONS

PRIMARY PRINCIPLE

ADDITIONAL INFORMATION

Temperature

RA-storage: core temperature must be -0,5 °C within 48
hours of harvest

Hold temperature at -0,5°C for duration of storage

CA-storage: core temperature must be -0,5°C within 96
hours (4 days) from harvest.

Rapid removal of field heat to a core temperature of -0,5°C is
more beneficial than rapid attainment of the required gas regime.

Relative humidity (RH)

Must be between 90% and 95%.

Applicable to both RA and CA-storage. It is difficult to measure
relative humidity accurately, but most cold stores are designed
to maintain a high relative humidity.

Gas Regime
(see Appendix 1)

Nitrogen flushing: must reach 3% Oz + 1,5% CO2 (0% CO:2
for Bon Chretien and Forelle) within 4 days of sealing the
room.

The optimum gas regime for the specific cultivars must be
reached as quickly as possible thereafter, but within 7 days of
sealing.

Nitrogen generator: must reach 3% Oz + 3% CO: (0% CO:2
for Bon Chretien and Forelle) within 48 h, but not exceeding
72 hours of sealing the room.

The optimum gas regime for the specific cultivars must be
reached as quickly as possible thereafter, but within 7 days of
sealing.

Important notes

Bon Chretien:

»Can be handled after extended CA-storage, provided that
only fruit of optimum maturity is stored and that the cold
chain immediately after storage is strictly maintained.

~__Must be stored at 0% CO:2

Forelle:

» Mature Forelle pears from certain areas are prone to CO2
injury and should therefore be stored at 0% CO: if
possible.
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MINIMUM STORAGE
CONDITIONS

PRIMARY PRINCIPLE

ADDITIONAL INFORMATION

Loading of CA room

Orchard run fruit: loading should not exceed 7 days,
during which effective cooling must take place.

Pre-sized fruit: loading may take up to 14 days from
beginning of harvest. Minimum gas regimes must be
reached within 7 days of sealing the room (total of 21 days
from the beginning of harvest).

Effective cooling must take place during the loading period.

Exception: where Packhambés Tri
is to be stored with Golden Delicious and/or the red
cultivars picked in £ week 9. Under these conditions the
total loading time of pears and apples should not exceed
21 days and minimum gas regimes (3% O2) must be
attained within 7 days of sealing the room.

The maximum number of days for the whole operation may
therefore not exceed 28 days.

Temperature

RA and CA-storage: fruit must be placed under
refrigeration within 24 hours from start of harvesting.

Core temperatures after sealing the room must be reached as
follows:

Bon Chretien: 2 days to 2°C + 2 daysQ¢b°C (total 4 days)
Other cultivars: 3 days to 2°C + 3 days to -0,5°C (total 6 days)

To attain the above temperatures within the prescribed time limit,
forced air cooling should be used.

Gas regimes

Prescribed gas regimes must be reached within 7 days of
sealing the room.
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IDEAL STORAGE

PRIMARY PRINCIPLE

ADDITIONAL INFORMATION

CONDITIONS
Golden Delicious, Starking and other red cultivars to be
cooled to a core temperature of -0,5°C within 48 hours of
harvest and held at that temperature during storage.
2 recommended methods for handling Granny Smith:
Temperature »coolto 3°C within 48 hours after harvest and hold at These methods should prevent core flush without yellowing of the

this temperature for 10 days. Then cool to -0,5°C as
quickly as possible; or

~»cool to 0°C within 48 hours after harvest and then
increase the storage temperature to +0,5°C for the
duration of storage.

apples.

Relative Humidity (RH)

Must be between 90% and 95%.

Applicable to RA and CA storage. It is difficult to measure relative
humidity accurately, but most cold stores are designed to maintain
a high relative humidity.

Gas Regimes
(See Appendix 2)

Nitrogen flushing: attain a gas regime of 3% Oz + 1,5%
CO2 within 48 h, but not exceeding 72 h of sealing the
room. The CO2 concentration must not exceed 2,5%
during the pull-down period, except in the case of Golden
Delicious where the CO2 concentration may not exceed
5%.

The optimum gas regime for the particular cultivar must be reached
as quickly as possible thereafter, but within 7 days of sealing.

Nitrogen generator: attain a gas regime of 3% Oz + 3%
CO2 within 48 h, but not exceeding 72 h of sealing the
room. The CO2 concentration must not exceed 2,5%
during the pull-down period, except in the case of Golden
Delicious where the CO2 concentration may not exceed
5%.

The optimum gas regime for the particular cultivar must be reached
as quickly as possible thereafter, but within 7 days of sealing.
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MINIMUM STORAGE
CONDITIONS

PRIMARY PRINCIPLE

ADDITIONAL INFORMATION

Loading of CA room

Orchard run fruit: loading should not take longer than 7
days, during which time effective cooling must take place.

Pre-sized fruit: loading may take up to 14 days from
beginning of harvest, but it is required that the minimum
gas regimes be reached within 7 days of sealing the room
(total of 21 days from beginning of harvest).

Effective cooling must take place during the loading period.

Exception: where Packhamés Tri
week 7 are to be stored with Golden Delicious and/or the
red cultivars picked in + week 9, the total loading time of
pears and apples may not exceed 21 days and the
minimum gas regimes must be attained within 7 days of
sealing the room. Total 28 days for the whole operation

The maximum number of days for the whole operation may
therefore not exceed 28 days.

Temperature

Place fruit under refrigeration within 24 hours from start of
harvesting. Attain core temperatures after sealing the

room as follows:

Granny Smith: 4 days to 3°C + 10 days t0,5°C or +0,5°C
(minimum:-0,5°C, total 14 days)

Other apples: 4 days to 2°C + 3 days to -0,5°C (total 7
days)

These guidelines are applicable to RA and CA storage.

Gas regimes

The following gas regimes should be reached within 7
days of sealing the room (i.e. within 14 days from start of
harvesting) with reference to orchard run and presized
fruit.

Granny Smith 3,0% Q1,006 CO

Other cultivars 3,0% Q@ 1.5% CO

Note: CQ levels should never exceed 2,5% to prevent possible dama
the fruit. The exception is Golden Delicious where the maximur
level can be 5%.
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APPLES & PEARS

PRIMARY PRINCIPLE

ADDITIONAL INFORMATION

Interruption of CA
storage

If CA conditions must be interrupted* a total period of 21
days (including pull-down period) above 2,5% O2 may not
be exceeded at any time. If this does occur, the fruit
should not be regarded as CA-stored.

Partially CA-stored fruit does not qualify as CA fruit,
although the fruit will still benefit.

* e.g. due to partially packing a room for export or mechanical or
other failures.

** E.g. stored in RA for longer than 14 days prior to CA storage.

Measuring of oxygen
concentrations with
portable O, analyser

Oxygen concentrations in CA rooms to be measured at
least once weekly at the room itself with a portable
analyser.

This additional reading may be recorded on the log sheet
or on a separate sheet.

This prevents the danger of alcohol formation because of faulty
control equipment. This reading is additional to the existing control
system where O: levels are measured at least twice daily and does
not replace the traditional system.

Record keeping of the measurements must form part of the existing
record keeping process.

Tolerance

The maximum tolerance for gas concentrations for pears
apples are:

Oxygen (Oy) + or-0,5%

Carbon dioxide (Cg) + or-0,5%

Temperature range

Temperature ranges for the storage of apples and pears
are:
Minimum -0,5°C

Maximum 1,0°C

Minimum storage period

The minimum storage period under conventional CA
conditions for pears and apples to quality to be CA fruit

should be 60 days.
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APPLES & PEARS

PRIMARY PRINCIPLE

ADDITIONAL INFORMATION

Log sheet
(See Appendix 3)

Computer printouts and standard log sheets may be used.
The following basic information is needed to be monitored:

» Air delivery and return temperature

» Fruit core temperatures in the front and back of the
room

»_Oxygen and carbon dioxide readings

All the information on the standard log sheet should also appear on
the computer printout.

This information should be recorded at least twice daily.

The following important dates must be recorded:

Start harvesting

Start pre-cooling (if any)
Start of loading the room
Date of sealing the room

NN N N

Export fruit in CA storage

Pears and apples stored under CA conditions for export
must be treated in the same manner as fruit for the local
market, except for the dipping and drenching treatments.

Producers should apply the recommendations supplied by ARC
Infruitec-Nietvoorbij and comply with the directions of the various
manufacturers of dipping and drenching material.

Safety precautions

CA operators should be aware of the content of the safety
procedures applicable to CA rooms.
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APPENDIX 1

RECOMMENDED GAS REGIMES AND STORAGE PERIODS FOR PEARS

Cultivar 02 CO2 Temperature | Storage Period Alternatives
(%) (%) (°C) (months) to DPA
Bon Chretien  Opt. 1,0 0,0 -0,5 4 No
Max 15 0,0 0,0
Min 1,0 0,0 -0,5
Beurre Bosc Opt. 1,5 1,5 -0,5 4 No
Max 2,0 2,0 0,0
M'n 1,0 l,O _015
P. Triumph Opt. 15 250r15 -0,5 9-10 DCA; RLOS;
Max 2,0 3,0 0,0 DCA+1-MCP
) after 180 d
Min 1,0 1,0 '0,5 DCA pre-
shipment
D. du Comice Opt. 1,0 1,0 -0,5 6 No
Max 15 15 0,0
Min 1,0 1,0 -0,5
Forelle Opt. 15 <1.0 -0,5 7 DCA or FEMA
Max 2,0 1.0 0,0
Min 1,0 0,0 -0,5
Josephine Opt. 15 1,0 -0,5 8 No
Max 2,0 15 0,0
Min 1,0 0,0 -0,5
Rosemarie Opt. 15 1,0 -0,5 5 No
Max 2,0 15 0,0
M'n 1,0 0,0 _015
Flamingo Opt. 15 1,0 -0,5 5 No
Max 2,0 15 0,0
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Min

1,0

0,0
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RECOMMENDED GAS REGIMES AND STORAGE PERIODS FOR PEARS

Cultivar (o)) CO2 Temperature | Storage Period Alternatives
(%) (%) (°C) (months) to DPA
Abate Fetel Opt. 15 0,5 -0,5 4 No
Max 2,0 1,0 0,0
Min 1,0 0,0 -0,5
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APPENDIX 2

RECOMMENDED GAS REGIMES AND STORAGE PERIODS FOR APPLES

. (o)) CO; Temperature Stor.age Alternatives to
Cultivar (%) (%) C) Period DPA
0 0 (months)
Golden Delicious  Opt. 15 250r15 -0,5 7-9
Max 2,0 3,0 0,0 Alt: 1-MCP/DCA
Min 1,0 1,0 -0,5
Granny Smith Opt. 15 1,0 0.0 11 Stepwise
cooling
Max 2,0 15 +0,5
. Alt: 1-MCP/DCA
Min 1,0 0,0 0.0
Red Delicious Opt. 15 250r15 -0,5 9
Max 2,0 3,0 0,0 Alt: 1-MCP/DCA
Min 1,0 1,0 -0,5
Flavour: 3
Royal Gala Opt. 1,5 1,5 -0,5 months Alt: 1-MCP/DCA
Max 2,0 3,0 0,0 Quality: 7
months
Min 1,0 1,0 -0,5
Cripps & Pi nl Opt. 15 0.5 1.0 6-8 Stepwise
Rosy Glow cooling
Max 2.0 1.0 15
. Alt: 1-MCP/DCA
Min 1.0 0.0 1.0
Carmine Opt. 15 15 -0,5 7 Alt: 1-MCP/DCA
Max 2,0 3,0 0,0
Mln 1,0 170 _015
Cripps 6 Red Opt. 15 0.5 1.0 9 Alt: 1-MCP/DCA
(Joya) .
Max 2.0 1.0 1.5 Stepwise
. cooling
Min 1.0 0.0 1.0
Braeburn Opt. 15 1.0 -0,5 8 No
Max 2,0 15 0,0
Min 1,0 0.5 -0,5
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Fuji

Opt.
Max

Min

15
2,0
1,0

0.5
1.0
0,0

-0,5
0,0
-0,5

7-8

Alt: 1-MCP/DCA

See best
practise
protocols

DCA = Dynamic controlled atmosphere storage

RLOS = Repeated low oxygen stress
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LOG SHEET APPENDIX 3
ROOM NO.: PI CKI NG TI ME: FROM ééééeéééeéeé. TPEE-EGOLI8IE@ BIME: (DAYS)
Cultivar: LOADING TIME: (DAYS)
Fruit
: . core . Oxygen at

Gas mixture PArrgfsli?; Ambient Ctzlr?] rg:)arpuraelr temperature grerl‘;o(sr:ir:g Room Sighature Remarks

Date | Time temperature P (°C) (hand held)
°C)
)
Oz | CO (millibar) Front | Back | Front | Back )

() | (%)




CHAPTER 7

CREATING AND MAINTAINING CA GASREGIMES
A. C. Shultz, N. da Silva, D. Graham, W. Bayliss,J. S. Findlay

Summary
OncetheCA roomis filled with fruit andthedoorshavebeensealedthe Oz in theair remaining in the room is pulled down by

dilution purging with N, from 21% to around 5%rlhe N is commonly supplied in liquid form of by esite N> generators.
Respiration of the fruit in the Catorereduceghe Oz further,by convertingit to COz.until thedesiredevel (normally 1,5%)

is achieved.Whenthe Oz dropsbelowtherecommendetkvel, air is injected. If the CO; risesbeyondthelevel recommended

for the cultivar beingstored(normally between0% and3%), it is removedgenerallyusingactivatedCO; scrubbersr lime.
Certaincultivarsshouldbe stored at C@levels lower than 1%In this case lime is used, as the activated carbon scrubbers
are not effective at lower than 1% €ORegular analysis of the G@nd Q in the store enablehe gas regime to be

controlled manually or automatically, by switching on a scrubber or injeating
PULL DOWN TO THE DESIRED Oz LEVELS
Therearethreemethods obringingthe & level downto thedesiredevel:
Method 1: Letting the fruit usethe oxygenin the CA room until suchtime asthe O2 has reached the desired

level.

This methodunfortunatelytakes up to 28 to 30 day$hewarmerthe fruit, themorerapidtherespiration



rate. Deteriorationalsotakesplaceduring this long pultfdown period.This method is no longer used in
the CA industry.



Method 2:  Flushing the store with liquid Na.
This method is commonly used in South Africa togayvided that the CA
storage complex is close enough to a sourfcéqaid N. Liquid N2 is
supplied byroad tanker complete with vaporiseérarger complexes have a
stationary tank and vaporiser-site which is filled with liquid N when
necessary from the road tanker.

Thefollowing is the standardnethodnow usedin the CA industry:

1  Coupletheflexible hosefrom thevaporiserto the 50mm flangein thefront wall
of the room.

1 Remove the top hatch the roof of the room and start the famiild up tanker
pressure to 14 bar.
Commencdlushingwith inlet valvefully open.
Startclosingtop hatchuntil abackpressuref 10 mm of watergauges obtained
(not more).

9  Flush down to +4% ©then disconnect the flexible hose and close the top hatch
as quickly as possible.

A block of polystyrene should beogitioned against the bin directly in front of the injection
point, to prevent dehydration and possible fredmen of the fruit, or a spreadpipe can be
used to distribute theJd\jas evenly.

Theoptimumflow rateinto al 040bin CA roomis betweerf000 andl500kg of N2/hour.

It has been found that 1 kg ob/Min brought the @concentration down to between 7% and
8% O; 1,5 kg of N/bin to between 5% and 6% @nd 2 kg of N/bin to +4% Q.

There will always be a slight increase in the concentration0f:@5%) after flushing is

completed due to final stabilisation of the Bvel.
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Trials havealsobeencarriedoutto try to decrease thH, consumptiorby:

1. Increasinghebackpressuren theroomto 12,5mm of watergaugeand everupto

25 mm of water gauge.

2. Altering theposition ofthe N2 injection point.

Both theabovehave anegligibleeffect onthe No consumption.

Quotedor the supplyandflushingof N2> shouldbe obtainedimeouslyfrom the supplieran the
off-season, and the supplier should always be given sufficient notice as to when a room or

rooms are to be flushed. It is always more economical to flush more than one room at a time.

A saving in N can be obtained by flushing from one room to another with the discharge gas.

Thisrequiregheavailability of the necessarpipesof very substantiasize, whichcanbecostly.

Method 3:  On-site N2 generators

Three typesof N2 generatorsare in commonusein SA:

1. Nitrogen membrane separators force compressed air through hollow semi
permeable membrane fibreBhe N is less permeable through the side wall of
membrandibre thanO: is andthe N2> concentrationncreasesisthegasproceeds

down the length of the membrane.

2. VacuumSwingAdsorption(VSA) separatethe N> andO» by preferentiandsorption
of the @ on molecular sieve bed3he molecular sieve beds are cycled between
adsorption or regeneration using vacuuifhe VSA equipment is generally
connected to the room in a closed cycle to increase its effectiveness (compared to
feeding the unit with fresh airOne VSA design, the combination, @nd CQ
scrubber, can be used flooth the initial @ pull-down and also for C&control for
the CA storage periodlhe combination scrubber is described in more detail in the

CO, scrubbing section below.
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3. Pressure Swing Adsorption (PSA) also separates ttamtll Q by preferential
adsorptiorof the O2 onmolecularsievebeds. Themolecularsievebedsarecycled

between adsorption at high pressure and regeneration at ambient pressures.

The first N membrane separator in SA was installed in 1994 and the first VSA in B399.

2005 more than 60% of the CA stores usdrbim on-site generators for pull-down.

Powderedlime absorption

a) Direct placementof lime in the room:
Onel2,5kg bagof lime/binis placedin theroomontop of the bins,stacked or 10 bins

high (i.e. 9 or 10 bags are placed on top of the stack), either on a pallet or dinetttéy
fruit, to maintain theCO; level at 0%for GrannySmith forthefirst 6 months oftorage
gradually increasing to 0,5%1% over the next 3 months of storage as the lime is used
and is converted from Ca(Offo CaCQ

b) Theexternallime tent (Fig 5):
Theexternallime tentis madefrom heavyduty vinyl andfits overthetop oftwo pallets
eachcarrying80 x 12,5kg bagsof lime, high-gradeCa(OH) with 45%-+availablelime.
Thepallets(1,2m x 1 m) areplacedon bricksor on otherpalletsin a metalbath3,2m x
1,5 m x 200 mm deep, with a 40 mm piece of flat iron round the side of the bath for
stability andstrength.The palletsareplacedside by-sideabovethe waterwith 5 bagsof
lime perlayer(Fig 5), eachlayerbeingseparatetby threepiecesof woodendunnage40
mm thick. The pallets are stacked 20 bags high inside the external tent. The inlet and
outlet pipes can be 75 mm diameter flexible pipe with sealed connections to the entries
into the CA storePipes of
110 mm min diameter are preferabléhe outlet is situated on the top of the tent in the
middle with the inlet at the bottom, 150 mm above the water in the tank or
300 mm from the bottom edge of the taksmall fan is used to suck the air from the
top of the tent so that thent sucksdst to the pallets of lime causing the atmosphere to
pass through the bags of lim€he fan is a TDM.350 model from Luft or equivalent,

moving 350 n¥h of atmosphere.
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It has been found that the lime in a closed passage or airlock lasts 15 to 21 days,
depending on quality, while the lime in an open passage where there is wind and air
movement, can last up to 30 days. No explanation has as yet been found for this.

A betterabsorption of C@and longer lime life is achieved by wetting the paper bags of

lime thoroughly while filling the water tank below.

c) Theinternal lime tent (Fig 6):
This is madef vinyl or nylon of slightlycheaper material thathe external limetent as
it does not have to be so gight. The gauge is 46850 g/nf.

Velcrois used tosealthe tentontothe framearoundthelargedoor. Normally 60x 12,5

kg bagsof lime areplacedon a palletinsidetheinternallime tent,up againsthe suction

outlet where the same type of fan, as used in the external lime tent, is installed, sucking
the air through the pallet of lim&he 60 bags generallgst 10 to 14 days and must be

thoroughly wet prior to placing inside the tent.

The inlet to theent is at the top on the far side from the suction outlet at the bottom.
When the Ca(OH)has become CaG@nd is saturated with Cgall fans are switched

off, the main door opened and a forklift quickly removes the pallet of lime and replaces
it with a rew one.Very little, if any, rise in Q occurs when changing pallets in the CA

store. Safety regulations when entering a CA store must at all times be observed.

d) A combinationof alime tentandactivatedcarbon scrubbersanalsobeused.

Somehints on CO2 absorption by meansof lime scrubbing
When lime is used in the absorption process, it could happen that the results achieved are not

always favourableAlthough there may occasionalhe deviations as a result of lime quality,

thisdoesnotimply thatlime suppliersarenecessarilyo blamewhenpoorresultsareachieved.

63



Whenusinglime, thefollowing aspectshouldbe noted:

1. Itisacommonpracticeto storemorethanonecultivar of fruit in the CA room. This
results in an extended loading peridtlime is placed in the room with the first

consignment, absorption will commence immediately due to the release.of CO

2. Usually,entriesareonly madein log recordsfrom themomenttheroomis sealedr when
withdrawalof CO, commencesTherecordedimein whichthelime absorbsCO; appears
brief and uneconomical, and the observation is that the good results of past seasons were
no longerbeingachievednottakinginto accounthowever thatpartof the efficiencyhad

already been utilised before receeeping.

3. Fruitmaynotbeprecooledbeforeplacingin CA storesasin thepast.Warmfruit respires
muchfasterthancold fruit andconsequenthalsorelease€£ O, muchfaster,which,in turn,
converts the lime from Ca(OFjo CaCQ much faster.

4. Fruit maturitycanbea contributoryfactorin determiningtherespirationtempowhich, in

turn, could affect the life expectancy of the lime.

5. Lime should be stacked in such a way, that the maximum surface area of the lime is
unobstructed to facilitate contact with the £8ags should preferablye packed flat on

well-ventilated wire racks or similar equipment.

6. Lime placed in tents or similaeceptacles often do not fill the total volume of space
available, with the result that an airflow throughway is created.

7. Faultyplacing oflime can cause air which must flatwough theient, to becaught up in

a whirlpool, impeding an effective interclgof air to the lime.

8. Stacking,of binsmustbe donein suchamannetthatit doesnotobstructtheflow of air

to the lime or other type of scrubber.

9. Problems can occur where cooling fans are-neaunted and the lime tent is placed in

front of the door, with a couple of bins crossstacked,to maximise availablespace.
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Althoughthe CO; filled air will makecontactwith thelime, theinterchangef air will not

be fully effective.

10. Thepreliminaryamount ofime placedin aroomto controltheinitial productionof CO;
varies with a method of {attainment, i.e. Nflushing or fruit respiration. Experience is

the best judge of the actual amount of lime to be placed in a room.

Activated Carbon Scrubbers

An activatedcarbonscrubbeshouldbe capableof holdingtheatmospherat 1% C0, without
introducing significant quantities of2OThe rooms should also be filled with a loading
densityof 250kg/n?. Certaintypesof scrubbedesignrequiretheroomsto be equippedvith
breathing bags for the compensation of the depression causesldnotimg plant.
Calculations for C@generation and adsorption are normally based on 5 kg/24 h/l 000 bin
room.This couldbeonthelow side,especiallyif thefruit is respiringat highertemperatures.
These calculations are for fruit-&5°C. For orchard run fruit or for storage at higher

temperatures, the G@volution can be two or three times higher thai®&°C.

The CO, scrubbingcapacityis proportionatto the CO; level to be maintainedin the CA store.
To maintain the C@at 1.5% requires an activated carbon scrubber with twice as much

capacity as if the store was maintained at 3%.CO

Combination Oz and CO2 Scrubbers

Introduced in 1999, combinatiorr@nd CQ scrubbers use VSA (Vacuum Swing
Adsorption)technologyto adsorttheinitial O- from theair in a CA storeandcanalsobeused
to remove the C® produced by the fruitCombination @ and CQ scrubbers are cost
effectivefor smallerCA facilities (upto 4 000bins CA capacity)whereliquid N2 is expensive
or notavailable Dueto thehigh costof the molecularsieveadsorbentwhich requiresperiodic
replacementhe CombinationScrubbeiis expensiveao operate fotongterm CO;, controlwith
more than approx. 4 000 bins CAor larger facilities or when the facility grows it is
generally more economical to install a dedicated activated carbgpsc@i®ber and use the

combination unit only for the initiaD, pull down.
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Continuous purging with N2 generatedon site

In South Africa, a number of CA stores use on si@®herators for the initial purge to
decreasehe O in the store. There are 2ypesof generatorsn common useN, separators
based on senpermeable membrane technology and VSA (Vacuum Swing Adsorption) using

molecular sieve technology.

Evenif thecapitalcostof thistypeof equipmentis coveredor theinitial N2 purgingneedsthe
operatingcostsof on-sitegeneratorgelectricityfor theN»> Separatoandreplacementnolecular

sieve for the VSA) substantially exceed the capital and operating costs of an equivalent
activated carbon scrubber.

In emergencyn-sitegeneratedN: or liquid N2 couldbe usedfor CO;, control.

Costof Various Scrubbing Methods

No cost comparisons can be given here due to the continuous changing of interest rates as

well asthevalueof ourlocal currency resultingin discrepanciesvershortperiodsof time.

Thefollowing factsmaybeof assistancen reachingdecisions:

1. Around95%of theindustryis controlling CO» with activatedcarbonscrubbersLime
scrubbing is used for approximately 5%.

2. Rapidlyrising cost oflabour in oulindustryfor lime removal andlisposal.

3. Trustworthyautomatedaontrolsystemsthatwill give accuratecontrolof CO; levels
at acceptable cost levels, are available.

4. Thecostsof liquid N2 andcryogenictransporthaveincreaseaonsiderablyverthe
last few years.

5. WhenHACCPor anyequivalentaccreditations required,checktheir applicable

requirements.

GasAnalysing Equipment

Duringtheearlyyearsall CA storesstartedwith anOrsatgasanalyser.In the2005seasont

is reasonable to assume that no measurements were made with this instrument.
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A number of electronic analysers are available in the market for measuringzeid GQ.
Thegasanalyseralwaysneedto beregularlycheckedor calibrated)eitheragainsta bottle of
known gas concentration or against the normal atmosphAé&se theintegrity of the total
sampling system should be checked weekly with a handheig@ument, with a sample
taken directlyfrom the CA storeThese gas analysers were usuedlyd and recorded twice a
dayby the CA operator, and thez@nd CQ in the room adjusted manualby switchingon a
scrubber for the Cgand letting ordinary air into the room if the @ad dropped too low.
Fortunately in South Africa, most CA rooms are extremelytigge and consequemgt
normallyrequirethatO. bebledinto theroomratherthanhavingto find a meansof lowering

the @ level through using a gas generator

Most CA complexes have now adopted total recording and control through computerised
instrumentation, with the gas analysis integrated into the sy§teare are a number of
systems available which are all worth investigating for theirefisttiveness, éthey from
Britain, Italy, or the local South African uniT.his sophisticated equipment can normally
record theemperature, @and CQ hourlyand also control the£and CQ. This is achieved
by doing the analysis once evdrgur and opening the smalb@let and outlet solenoids for
air injection and starting and stopping either the lime scrubber or the activated carbon
scrubbers to control the GOWith this type of sophisticated equipment it is possible to
controlthe O2 andCO, within 0,4%o0f thedesiredgasregimeandto both havea print outand

an electronic record of the data.

Wheninstalling this type of equipment,t is alwayswell worth payinga visit to a complex
where the equipment is already in use.
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CHAPTER 8

THE CONTROL OF POST-HARVEST DISORDERSDURING CA STORAGE
J C Combrink, A B Truter, J A vander Merwe, F Vries

INTRODUCTION
Quality maintenance during CA storage largely depends on the control dfgyesst disorders.
However, the control of pos$tarvest disorders does not begin after hardéss an integrated
processvhich startsearlyin theorchard. A fruit mustbeproducedunderconditionswhichenables
it to resist posharvest disorders.This general rule applies to both physiological and
microbiologicaldisorders.All the pre-harvesfactorswhich playarolein thedevelopmenof post
harvest disorders will not be discussed in detail, but it is essential to mention them briefly.
However factorswhich play asignificantrole will bediscussedControlof postharvesdisorders
is preceded by optimal production practicésactors which play a significant role in the
development opostharvest disordersicludetoo little ortoo muchfertiliser,too muchirrigation
water, the stage of fruit maturity, and handling of fruit during and after hariredarge
cooperatives, where diffent persons are responsible for production and-pasest handling,
close liaison between the prand postharvest components is essentidlhe preharvest
componenmustatall timesbeawareof therequirementsf the postharvestcomponentegarding
fruit quality. The postharvest component must also be acquainted with the factors which affect
fruit quality duringproduction. Climatecanaffectfruit quality considerably.lf abnormalweather
conditions occur during the season, the cold stgperator must take cognisance and adjust his
postharvest strateggiccordingly.It can thereforanot besaid that the cold stoperatoraloneis
responsibldor the controlof postharvestisordersandthe poststorageguality of fruit. Everyone
involvedin theproductiorof fruit hasaroleto play. If everybodyinvolvedknowshisroleandplays
his part, losses due to pdsrvest disorders need not be significahtrequires a thorough
knowledge of the disorders, their symptoms andofacwhich affect their development and
methods to control themAn important factor is that the experts should be consulted in cases of
uncertainty.Erroneousieductionspr incorrectperceptionaboutpostharvestdisorderscanlead
to confusion and redt in unnecessarlpsses.The trueextent ofpostharvest losses isot readily
appreciated.lt involves a lot more the than the loss of the fresh product, and estimates are

frequentlytoo low becausall aspectsarenot takeninto account. In Englandandthe USA, it is
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estimated that 50% of pebarvest losses of apples occur during eitatage and 29% during
transport and marketingdt is difficult to determine the extent of pdsarvest losses accurately

since factors whiclare difficult to quantify are involvedlhe value of the fresh product can be
determined, but what must be borne in mind is that the value of the processed product, such as
cannedon Chretienpearsfor examplejs considerabhhigherthanthevalueof thefreshproduct.
Production costs, such as the pro rata price of the land, establishment of the orchard, pruning,
chemicals, fertilisation, etc., must also be considef@dsts incurred after harvest, such as
harvestingfransportand storageostscannotbeignored. Any defectwhich aconsumeseesona

fruit leadsto lossof consumerconfidenceandthis hasan effecton subsequergales.lt is difficult

to determinethe extentof thelossof consumerconfidenceputit is neverthelessignificant. Once
theconsumehaslost confidencen aparticularbrandor cultivar, it maytakemorethanoneseason

to restore.If postharvest losses are viewed in this light, its control will receive high priority.

PHYSIOLOGICAL POST-HARVEST DISORDERS

SUPERFICIAL SCALD

Symptoms

Superficialscaldis a physiologicalabnormalitywhich developsn the skinsof somecultivarsasa

result of oxidative processes occurring at low temperatures during storage of immature fruit, or
fruit which is physiologicallyjunderdeveloped (11). It is seen as brodiacolouration othe skin

and can vary in intensity from light to dark browBupeficial scald mostly occurs superficially
anddetractdrom theappearancef thefruit (27). In extremecasesthe cellsbelowthe cuticleare

also affected (18)lt is regarded as the most serious gustvest disorder of apples.

Factors affecting the developmentof superficial scaldduring cold storage

Stageof maturity:

Superficial scald developed on 86,6% to 96,5% of Starking apples harvested between 116 to 129
days after full blossom (DAFB) (34Dne week later, 138 DAFB incidence decreased to 20,7%
and was subsequentlyss than 3%The same trend was, observed in GgaBmith apples (17).

Stageof maturitythereforenasaneffectof developmenof superficialscald. Applespickedbefore
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the optimum stageof maturity containlessantroxidantsthanthosepickedat the optimumstage
(1). Suchapplesdevelop superficiascaldduringstorage.

Temperature:
Thedevelopment ofuperficial scald is related to temperatugelperficial scald onlgevelops at
temperatures below 4,5°C (17, 27) and cold storage therefore plays a significant role in the

developnent of superficial scald.

Daysbefore storage:
If storage of fruit is delayed or stored at temperatures between 0°C and 4°C the incidence of
superficial scald can be high (15, 1However, delays onlirave a small effect on the incidence

of superficialscald on Granny Smith apples.

Duration of the cold storageperiod:

Thelongerthecold storageperiod,the higherincidenceof superficialscald(15).

Cultivar:

Cultivarsdiffer with regardto their susceptibilityto superficialscald(12, 13). GrannySmithis the
mostsusceptibl®f the SouthAfrican-growncultivarfollowed by StarkingandotherRedDelicious

types. Golden Delicious occasionally develops superficial sc8laberficial scald also develops
on Packmanos The scadmpith dgvedops om Bon Chretien pears, is a senescent
disorder unrelated to superficial scald.

Season:

The incidence of superficial scald varies from season to season (21, 36). Cdwrvixdbre
harvesimakesappledesssusceptibléo superficialscald butif it is followed by dry, warmweather
fruit may become more susceptible (17).

Control of superficial scald
1. Chemicalcontrol:

Keepin mind thatcertainmarketsdo notaccepfruit treatedwith DiphenylamingDPA). DPA s
an antioxidant generallyusedto control superficialscald (29). Correctapplicationof DPA is
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extremely important and guidmes on its application must be meticulously followed)(Ithe
following concentrations of a 31% active ingredient diphenylamine product are recommended:

GrannySmith: 2 500ppm
Fuji: 2 500ppm
RedDelicioustypes& P a ¢ k hTaiumphs 2 000ppm
Pink Lady 1 000ppm
Sundowner 1 000ppm
GoldenDelicious: 500ppm

These concentrations can be decreased if apples are harvested at the optimuropdinmpost

stage of maturity (36)However, general guidelines, applicable to all conditions, cannot be laid
downbecausecaldpotentialvariesfrom seasorno seasorand conditionyary from farmto farm.
Theproducehimselfmustthereforedecidewhetheror notthe DPA concentratiortanbelowered.

His decision must be based on historical data on the scald potential of fruit from a particular
orchard. Several factors are important during DPA applicatibhe correct concentration for
application must be maintaine@he DPA concentration in the dutpnk must therefore be
determined periodically using the available techniques (E6yvater is added to maintain a
constant volume, the correct amount of DPA must also be added. The amount of DPA required
will be determined byhe volume of water which is adde@ihe DPA mixture must be replaced
when it becomes dirtyDust and fungal spores accumulate in the duami decreasing the
affectivity of the DPA and increasing the decay rigkhen Red Delicious types are treated, the
apples must be chlorinated and a fungicide added to the DPA mixture to prevent development of
wet core rot.These treatments mdnave implications for marketing the fruit and producers must
therefore decide beforehand for which market the fruit is intenSethe countries do not allow

any postharvest chemical treatment of fruit.

2. 1-MCP (SmartFreshSM™)
1-Methyl-cyclopropine (IMCP) mode of action is via a preferential attachment to the ethylene
receptortherebyblockingthe effectsof bothendogenous and exogenailylene. ltis applied in
storagdacilities andtransitcontainergo slow downtheripeningprocessandthe productionof the
ethylenein fruit. Apples harvestedt optimummaturityloaded ina gastightCA room cooledo -
0.5°C and treated within seven days of harvest wHtM@P by means of a special applicator,

control scaldfor longerthan9 monthsin CA storage. Fruit treatedwith 1-MCP are superficial
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scaldfree,hasexcellentfirmnessandskin colourretentionwith anextendedstoragdife andshelf
life of up to 14 d at 20°CResearch is in progress to optimise the technique for application on

pears.

Manipulation of cold storageconditions:

Local and overseas research indicates that manipulation of cold storage conditions significantly
decreasesr eveneliminatesthe needfor treatmentwith antroxidants(2, 19, 20, 22, 23, 28, 32,
33).

1. Initial Low OxygenStress(ILOS).
Conditioning of Granny Smith apples at low €ncentrations during the first 10 days after the
CA store has been sealed, followed by storage at-loltvaO, concentrations, decreases the
incidence of superficial scald without DPA applicati@ is flushel from the cold store with
liquid N2 at a temperature of 5°C until it reaches a concentration of A3.temperature is kept
at5°C to maintaina high rateof respirationwhich ensuresghatthe Q is rapidly removedrom the
storageatmosphereWhenthe O, concentratiomeache®,5%,thetemperaturés decreasetb 0°C.
After 10 days, the ©concentration is increased to 2,5% over a period of 2 days and immediately
thereafter decreased to 1,5% over a period of a further 2 #4ag®, concentration of 1% is
maintained throughoutDuring the remainder of the cold storage period, which can be as long as
7 months, gas concentrations1o5% O2/1,0% CO; aremaintained.The best results are obtained
with apples harvested slightlgter than the optimum stage of maturifyhe optimum harvesting
period of Grannysmith can be as long as 3 weeks (35) and a considerable volume of fruit can be

treated with this technique.

2. High Temperature Pre-conditioning.
Topred apples, harvested a¢ thptimum stage of maturignd treated with 16% CQor 10 days
immediatelyafter harvest, do not develop superficial scald duaistprage period of 6 months at
1,5%02/1,5%C0O,. However,if the storageperiodis increasedo 8 monthsthe appleshaveto be
treated with 500 ppm DPA.

3. Dynamic Controlled AtmosphereStorage.
Normal CA storage implements a safety margin in the oxygen concentration to eliminate the
possibilityof anaerobigespirationwhich causesrreversiblequality defects.DynamicCA (DCA)

is animprovementon conventionalCA storageand consistsof long term storageof fruit at O
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levels just above the low 3tress point (the concentration where anaerobic fermentation starts).
The stress point is continually monitored using fluorescence techndloglyis way the oxygen
concentration can continuously be controlled just above the point of anaerobic respltation
potentiallyoffersthefollowing benefitsto industry. Researcltrials onthe DCA storageechnique

for three successive seasons on Golden Delicious, Granny Smith and Topred apples as well as
Forell e and Packhambés Tr iausoaidlor gooeagerpsriods ofdio @ i n
months, and provided additional quality benefithe DCA storage technique can be used
successfullyonForelle(6-8 months)andP a ¢ k hTaiumphgeary7 - 9 months)asanalternative

for DPA if managedaorrectly. Both cultivarsstoredat DCA conditionsshowedbetterretentionof

skin colour, firmness and eating quality than fruit stored at conventional CA condiDas.

storage inhibited superficial scald and could be applied as an alternative for DPA.

CORE FLUSH

Core flush or internal browning, mainly occurs in Granny Smith apples fffcted tissue
spreads fronthe seed cavitgnd is firm,moist and pink to §ht brown in colourIn an advanced
stagejt is darkbrown. The cause®f coreflush arenotknown. Developmenbf coreflush canbe
inhibited by cold storageat 0°C to 0,5°C(10, 25) and0%to 1% CO, atan O, concentratiorof 1%
to 1,5% (13, 33).

MICROBIOLOGICAL POST -HARVEST DISORDERS

FACTORS AFFECTING THE DEVELOPMENT OF POST-HARVEST DISORDERS

Effectivecontrolof postharvestdecayis theintegrationof differentpre- andpostharvespractices

which are continuouslyand correctly appliedduring production,harvestingand storageof fruit

(26). It starts in the orchard and a thorough knowledge of the factors affecting decay is required.
It enableghe producetto implementstrategiesor thecontrolof deaylong beforeharvesin order

to produce fruit which has a low superficial spore count and a degree of resistance to fungal

infection.
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Environmental conditions

Moist, wet weather and high temperatures promote fungal growth and infeChierprobability

of infection is especially high when fruit remains wet for long periods.

Sporeload:

Thefungi causingpostharvestdecaycangrow andmultiply on deadorganicmatter. Many spores
are produced and wind, water, or insects spread them to firtiitere are many spores on a fruit
at harvestthe chanceghatinfectionmaytakeplacearehigh. Sporeson fruit surfacesarewashed
off whenthefruit is hydro-handledandahigh sporeconcentratiomgraduallybuildsupin thewater.

This also increases the decay risk.

Stageof maturity:

Fungi require nutrients to grow and sporulaiefruit contains all the necessary nutrients and is
thereforeanexcellentgrowthmediumfor fungi. Howevermmaturefruit alsocontaincomponents
which inhibit fungal growth and prevent infection (3@)ost fruit are resistant to infection until
shortly before harvestAs a fruit matures, it becomes soft and bruises easilyis&d fruit are
much more susceptible to decay than unbruised fruit.

Cultivation practices:

Fungicansurviveoverwinteringin orchardson pruningor decayingruit remainingin theorchard

after harvestWind and rain can disseminate these spores to uncontaminated fruit during the
following season (14)Spores can also be spread through direct contact between decayed and
soundfruit in abin. Hygienein theorchards thereforamportant. Too muchfertiliser candecrease

the natural resistance of fruit against infection (24).

Harvesting and handling:
Most fungi causing podtarvest decagre wound pathogens that can only penetrate fruit through
skin breaks (73 1). Poorandroughhandling,which can causéruising and injuries can increase

the incidence of decay by creating entry points of infection.

Cold storageconditions:
Low temperatures slow down the growth of fungi causing-pastest decay, but growth is

resumeds soon as thieuit aretransferred to &igh temperatur€31). Similarto fruit, fungialso
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requireOz for respiration.Low O, andhigh CO, concentrationsaninhibit, fungalgrowth,butthe
concentrationgenerallyusedfor CA storagehavea negligibleeffect(3). CA storagedelaysfruit

ripening and a fruit retains its natural resistance to infection for a long time (30).

DEVELOPMENT OF POST-HARVEST DECAY

Thestructureresponsibldor thedistributionof fungiis calledaspore(31). Postharvespathogens

can be classified intbwo groups depending on their means of fruit penetration. Some, such as
Botrytiscinerea,canpenetrat@anuninjuredfruit directly, butothers(Mucor piriformis, Penicillium
expansumjequire a fresh wound and are referred to as wound pathogens.

A fungal spore settling on a fresh wound swells, germinates and forms a germ tub&€8t).
tube penetrates the fruit and if it can overcome the natural resistance of the fruit, it spremds and
typical decaylesiondevelops.Theasexualife cycleof thefungusis completedvhenit sporulates
on the decayed fruitDuring hydrehandling after storage, these spores spread from decayed to

sound fruit or fresh wounds and cause decay after packagin

MOST IMPORTANT POST-HARVEST PATHOGENS AND THE DECAY THEY
CAUSE

Decaydevelopingduring CA storagds mostly causedy four fungi (13):

Alternaria -rot (Alternaria alternata)

A round,dry lesion,usuallydarkbrownto blackin colouris characteristiof decaycausedy this
fungus. It is usually associated with wound3ark fungal growth covers the lesion under moist
conditions.

Blue mould rot (Penicillium expansun

Infectionoccursthroughwounds. Decayedissueis light-brown,very wateryandcanbeseparated

completely from healthy tissue. In advanced stages of decay, lesions are covereddrgdriue

sporemasses Sporesvashednto opencalyx tubesduringhydro-handlingcancausewet corerot.
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Mucor rot (Mucor piriformis)

Small, brown lesions rapidipcreasan sizeand thefruit is completelydecayed within two days.
Theskin of adecayedruit hasa parchmemnike textureanddoesnot breakeasily. Decayedissue

is verywatery. Spores are produced at skin breaks and at the stem and calyx ends of the affected
fruit. Spores washed into open calyx tubes during hfdiredling can cause wet core rot.

Grey mould rot (Botrytis cinereg

Infection takes place through the unbroken skin or through skin breaks. Decayed tissue is slightly
moist and spongyThe skin of affected areas readily slips away when slight pressure is applied.

At a high relative humidity the fungus produces grey spasses on affected tissue.

CONTROL OF POST-HARVEST PATHOGENS

Orchard Hygiene:

Decaydevelops after a fungus spdras infected #&uit. Thenumber of fungal spores present on
thesurfaceof afruit determineshe extentof thedecayandto it, someextentalsotherateatwhich

it develops.If there are only a few spores on the surface of the fruit, the chances that decay will
develop are smallThe most important control measure is to reduce the spore load.

Reduction othe sporeload must begin ithe orchardbefore harvestDecayed fruit and pruning,
which provides nutrients for fungi, must be removEdngal spores produced by fungi on dead
twigs or decayed fruit on the orchard floor spread to fruit on the tree or to adjacent\keafs.

fruit aretransported on these roads after harvest, spores in the dust are transferred to fruit.

Postharvesthygiene:

Fungal spores which have been deposited on fruit in the orchard or during harvest, can spread to
cleanfruit andwoundsduringhydro-handlingandcancausealecay. Thesesporesnustberemoved
beforehydro-handlingor cold storage.Chlorineis themosteffectivedisinfectantfor this purpose

(8). Chlorinegas,calciumhypo chloriteor sodiumhypochlorite canbe used. Thebestresultsare
obtained when bins of fruit are treated immediately after harvest with 75 to 100 ppm available
chlorineusingenoughwaterto thoroughlywet all fruit (6). Quaternaryammoniumcompounds

e.g.Sporekillor Terminatorcanbeusedto sanitisehardsurfaces.
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Fruit can be treated with DPA after the chlorine treatment, provided sufficient draining time is
allowed to prevent the chlorine from inactivating the DPA.

Before grading and packing, chlorine can also be used to kill spores washed from decayed fruit
during hydro-handling.A concentratiorof 25 ppmavailablechlorinekills sporeseffectively(7, 8,
9).

Disinfection of containersand cold stores:

Cold stores (4and bulk bins (5) arsources of fungal inoculum. Reguléisinfectionis therefore
required.Cold storescanbedisinfectedwith chlorineor aregisteredungicidewhenfungalgrowth

on walls is evident (3)Decay and dry fruit tissue adhering to bulk bins must be removed before
disinfectionassporesoccurin high numberson this tissue.Hot waterappliedunderpressurg200

bar) effectively removes dust and spores from small cracks in the wood as well as most of the

decayed tissue.

Conveyors in packsheds must be regularly disinfected, preferably daily, with a broadnspectru
disinfectant such as chlorin®isinfectants, which can taint the fruit or are phytotoxic, such as

formaldehyde, must be avoided.

Chemicalcontrol of post-harvestdecay:

To confirm further information regarding relevant fungicides registered forhaogest use on
applesandpearsyeferto themostcurrentindustry Guideline Information on Restrictionson
the Use of Plant Protection Products on Deciduous Fruit, on the HOTGRO website

(www.hortgro.co.za)

CONCLUDING REMARKS

Thecontrolof postharvestdiseasesluring CA storagds anintegratedorocessvhich startsin the
orchardandis continuedduringandafterstorage Thecontrolof physiologicalandmicrobiological
disorders cannot be separaté@ctors such as the stage of maturity and cooling rate, affects the
development of both during cold storagew temperatures must be maintained after storage to
decreas¢herateof physiologicaldeterioratiom anddecay. If the poststoragephases ignored,all
efforts before harvest and during storage would be in vain.
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Resistancén certaincountriesowardstheuseof postharvesichemicaldhasledto greatemphasis
beingplacedon integratedruit production.lt is thereforemportantto producehealthyfruit with

a long storage life which can be stored for extended periods without, or with the minimum use of
chemicals.Factorswhich affectthe developmenbf postharvestdisordersmustbe bornein mind

when CA storage is considere@orrect fruit handling and cold storage are extrenmalyortant.

If control measures are conscientiously applied, losses due téhguosist disorders will be
minimal.

Edi tnote.6 s

A manual compiled and revised by South African experts Ester Lotz, Kobus van der Merwe
and Selma Rogalska details the symptoms, causes and control of the most common
physiologicaland microbiologicalpostharvestdisordersencounteredn pomeandstonefruit

during storage.lt is well worthconsulting.Themanualentitled'Manual for the Identification

of PostHarvest Disorders of Pome and Stone Fruit* can be ordered from-lARRGtec-
Nietvoorbij, Private Bag X5026, Stellenbosch 7599, South Africa.
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CHAPTER 9

HEALTH AND SAFETY PROCEDURESFOR
CONTROLLED ATMOSPHERE STORAGE.

H Lategan

Introduction

The atmosphere inside controlled atmosphere rooms under controlled conditions cannot sustain
life. The oxygen, nitrogen and carbon dioxide ratio maintained inside the room will result in
almost instant death for anyone entering without efficient protectiae Annexure 1 for the
effects of exposure to oxygen deficient environments.)

These rooms fall within the definition of a confined space in terms of the General Safety
Regulations of the Occupational Health and Safety Act and the requirementdRegulation 5

i Work in confined spaces, will then apply in full. (See Annexure 2 for a copy of the regulation
and Annexure 3 for a schematic layout thereof.)

The operation of these rooms should be such that entrance should be strictly controlled and all
entances / exits should be locked. The operation should ideally be planned that entry under CA
conditions as far as possible is prevented. If entry is really necessary, for taking samples or
replacinglime, it should onlybe done according the procedureas described in this document.

To eliminateentryto CA stores, its recommended that scrublsgistems beised to control C&
Furthermoresamplesanbepreparedn advancen netbagge.g.onionpocketswith anattached

rope for removal from a safe distance outside.

I't should also be taken into consideration t
oxygen levels can develop when large rooms are loaded slowly. Good ventilation will then be
essentiato ensure safety during the loading process.

SAFETY EQUIPMENT:

1 3 Seli containedpositivepressurdreathingsetseachequippedvith a6 litre 300barpressure
cylinder.

1 1Resuscitatoasrequiredby GeneralSafetyRegulationb andreadyfor usein anyemergency.
1 1 Emergencysiren (Aerosoltyperecommendedl

1 3 Safetyropesandharnesses.

1 3Torchesn goodworking condition.

1 1 Portableoxygendeficiencymonitor.
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PROCEDURES

1. SEALING OF THE CA ROOM.

1.1.Ensurethattheroomis loadedcorrectly.

1.2.Ensurethatall personneVacatetheroom.

1.3.Apply the sealinggompound tdhe sealsof thedoors.
1.4.Closeall doors,includingthetop hatch.

1.5.Lock all doorswith goodquality locks, includinghetop hatch.

1.6.Ensurethatthekeysto thelocksarekeptin asecureplacethatis notaccessibléo unauthorized
people.

1.7.Displaythe necessargigns indicatinghat it is an oxygen deficient atmospharel mayonly
are entered by authorized personnel wearing-ssgiporting breathing apparatus, on all
entrances.

2. MAINTAINING CA CONDITIONS IN THE COLD ROOM.

2.1.The displacing of the oxygen in the CA room can be done by blowing in nitrogen from an
external bulk tank or nitrogen generator or similar system/method until the prescribed CA
conditions are reached.

2.2.TheCA rooms ardo be monitored constanttg ensurehat theprescribed CAconditions are
maintained.

2.3.Carbon dioxide levels can be maintained with lime or through the use of a scrubber system.
The latter system is recommended.

2.4.TheCA roomsareto bephysicallyinspectedn a daily basisor atthe changeof shift to ensure
that all the doors are locked.

3. PRECAUTIONS TO BE TAKEN BEFORE ENTERING CA ROOM.

All actions for the entry of a CA room are to be taken by or undeditlet supervision of a
trained person appointed in writing as the respoeagibltson for the stores.

The following proceduresare to be followed to ensurethat the equipmentis in a good
serviceable condition:

3.1.SELF-CONTAINED BREATHING APPARATUS.

3.1.1. Checkthat the equipmentis in a good and clean condition, completeand connections
secure.

3.1.2. Checkthatthebreathingvalveleveris closed.
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3.1.3. Open the cylinder valve and check that there is a full air charge in the cylinder. Note the
cylinder pressure in the logbook (minimum pressure 270 b@tose the valveon the
cylinder and check that the cylinder pressure gauge does not drop more than 10 bar in 5
minutes.

3.1.4. Put on the breathing set. The responsible person must check that the correct procedure as
followed.

3.1.5. While breathing normally, test the warning whestly closing the cylinder valve. The
whistlemustactivatewhenthepressurdalls to + / 55 bar.|If thewhistlefunctionsproperly,
open the cylinder valve again.

3.1.6. Ensurghatthemaskfits properlyandworksunderpositivepressureTheescapingir when
inserting two fingers between the face and the mask will be a good test.

3.1.7. All theoperatorsandthe standbynustdo the sameasabove.

4. PROCEDURE FOR ENTERING A CA STOREROOM UNDER CA CONDITIONS.

This procedure should be followed for all operations, which necessitates the entry of a cold room
under CA conditions. For example, inspections, taking or removing samples, maintenance, or
similar operations.

4.1.0btain the authorization permit specifying t@nditions and instructions for entry from the
responsible person (Annexure 4).

4.2.0nly thosepersongroperlytrainedaswhosenamesarespecifiedon the permit,mayenterthe
room.

4.3.The team for entry should always be three persons : two for action arsidéhe third on
standby immediately outside the room. All three should be fully equipped with the tested
breathing apparatus.

4.4 Ensure that a fullgquipped resuscitator and at least one person trained in the use thereof are
available outside the room.

4.5.Switchoff thefansandswitchon thelights beforeentering.If thelights do notwork, all three
persons should be equipped with torches testegrégrer functioning.

4.6.The persons entering must be equipped with safety harnesses and lifelines to the standby
outside the room.

4.7.Thethreepersonsshouldstayin sightof eachotheratall times.
4.8.Underno circumstances wilhnybodybe allowedto climb ontoa stack.

4.9.1f for anyreasorthe low-pressuralarmof the breathingapparatusoundstheroommustbe
vacated immediately.
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4.10.After thework is completednsidetheroom, ensurahattheroomis vacatedandswitch off
the lights.

4.11.Ensure that the door(s) are closed and properly sealed and locked and the warning signs
clearly visible.

4.12 Ensurethatthe equipments properlytakencareof andpressureylindersrefilled or sentfor
refilling. All breathingapparatusetsareto beinspectedndtestedatintervalsnotexceeding
3 months.

4.13.Ensurethatall thedetailsof use refills andinspection®f thebreathingequipmenarelogged
in a register kept for each set.

4.14.Signoff theentrypermitto indicatethatthe specifiedtaskis completecandensurehatthese
permits are filed for a period of at least 3 years.

5. PROCEDURE FOR THE VENTING OF THE COLD ROOM BEFORE UNLOADING.

5.1.Switchoff thefan units.

5.2.Place warning notices for low oxygen levels and unauthorized anbgth ends in the lower
passage.

5.3.0penthetop hatchfirst. A secondpersorpresentasastandby.

5.4.Then open the lower hatch in the presence of the standby. Ensure that nobody is exposed to
possible oxygen deficient air. If any such situation is foreseen, use the prescribed breathing
sets.

5.5.1f the lower door ends in a passage, prohibit entry to theagasshile the room is being
ventilated.Themostefficientwaywill beto closethe endsof the passag&vith a safetygateor
gates, which will allow efficient venting but prevents entry. If the door leads to the outside, a
safety gate, which will allow efficient venting but prevents entry will be the best option.

5.6.Switchonthefan unitsandmonitoroxygenlevels.

5.7.Whenasatk oxygenlevelis registeredhe maindoorscanbeopened.

5.8.Usethe portableoxygenmonitorto doublecheckthe oxygen leveto ensurehatit is safe.

5.9.Certify thattheroomis safeon apermit thatallowsentryto theroom(Annexureb).
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6. EMERGENCY PROCEDURE.

6.1.1f any person shows any signs of exposure to low oxygen levels, immediate action should be
takenwhich will include: removeerson(sjo asafeplace,soundthealarmandapplyoxygen
resuscitation. Medical assistance must be summoned.

6.2.Emergencycontactnumberamustbeavailable.

6.3.Nobodymayentera CA roomwhich wasnot properlyvented notevenfor emergencyction,
unless he wears the prescribed breathing protection and follows the procedures.

6.4.Any incidentwhich leadsto unconsciousnessrespectiveof the duration,mustbereportedto

the inspector of Department of Labour immediately. Refer to Section 24 of the Occupational
Health and Safety Adt Act 85 of 1993 as amended.
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) ” f SafeNe{Africa) Annexurel

OXYGEN DEFICIENT ATMOSPHERES

22% | Oxygenenrichedi high fire risk.

21%

20% | Minimum for human safety.

19%

18%

17%

16 %

15%

14% | Respiration deeper,pulserate increased,coi ordination poor.
13%
12%

11% | Respiration faster and shallow, giddiness,poor judgement, lips blue.
10%

9 % | Nauseayomiting, unconsciousnessshenface.
8 % | 8 minutesexposure:- 100% fatal, 6 minutesexposure:- 50% fatal.

6 %

5%

4 % | Comain 40secondsconvulsions,respiration ceasesgeath.
3 %

2 %

1%

0 % | Comain 10secondsgdeath.

Table 6
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SafeNei{Africa) Annexure2
OccupationalHealth and SafetyAct

Act 85 of 1993

/

General SafetyRequlation 5 : Work in confined spaces.

(1) An employeror userof machineryshalltakestepgo ensurghata confinedspaces enterecoy anemployee

or other person only after the air therein has been tested and evaluated by a person who is competent to
pronounceonthesafetythereof,andwho hascertifiedin writing thatthe confinedspacas safeandwill remain

safe while any person is in the confined space, taking into account the nature and duration of the work to be
performed therein.

(2) Wherethe provisionsof subregulatior{l) cannot beompliedwith, theemployer or user of machinergs

the case may be, shall take steps to ensure that any confined space in which there exists or is likely to exist a
hazardous gas, vapour, dust or fumes, or which has or is likely to have, an oxygen content of less than 20
percent by volume, is entered by an employee or other person onlywhen

(a) subjectto the provisionsof subregulatior{3), the confinedspaces purgedandventilatedto providea safe
atmosphere therein and measures necessary to maintain a safe atmosphere therein have been taken; and

(b) the confined space hagen isolated frorall pipes, ductand other communicatingpenings by means of
effectiveblankingotherthantheshuttingor locking of avalveor acock,or, if thisis notpracticablepnly when

all valves and cocks whidre a potential source of danger have been locked and securely fastened by means
of chains and padlocks.

(3) Where the provisions of subregulation (2)(a) carmotomplied with, the employer or use of machinery

shall take steps to ensure that the confined space in question is entered only when the employee or persor
entering is using breathing apparatus of a type approved by the chief inspector and, further, tha

(a) theprovisionsof subregulation(2) (b) arecompliedwith;

(b) anyemployeeor persorenteringthe confinedspacds usinga safetyharnes®or othersimilar equipmento

which a rope is securely attached which reaches beyond the access to the confined space, and the free end c
which is attended to by a person referred to in paragraph (c);

(c) at least one other person trained in resuscitation is and remains in attemdaneciately outside the
entrance of the confined space in order to assist or remove any person or persons from the confined space, if
necessary, and

(d) effective apparatus for breathing and resuscitation of a type approved by the chief inspector is available
immediately outside the confined space.

(4) An employer or user of machinery shall take steps to ensure that all persons vacate a confined space on
compgetion of any work therein.

(5) Where the hazardous gas, vapour, dust or fumes contemplated in subregulation (2) are of an explosive or
flammable nature, an employer or user of machinery shall further take steps to ensure that such a confined
space is entereghly if -

(a) the concentratioof gas, vapour, dusir fumes does not exce@® percentof thelower explosive limit of

the gas, vapour, dust or fumes concerned where the work to be performed is of such a nature that it does not
create a source of ignitioay

(b) suchconcentratiomoesnotexceedLO percentof thelower explosiveimit of thegas,vapour,dustor fumes

where other work is performed.

(6) The provisions of this regulation shall mutatis mutandis also apply, in so far as they can be so applied, to
any work which is performed in any place or space on the outside of and bordering on or in the immediate
vicinity of, anyconfined space, arid which place or space, owirtg its proximityto the confined spacany
hazardousatrticle, oxygen deficient atmosphere or dangerous concentration of gas, vapour, dust or fumes may
occur or be present.

Table 7
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SafeNei{Africa) Annexure3

/
CONFINED SPACEENTRY
CONFINED SPACE
A 4
GSR5(2)
v Hazardousgas,vapour,
GSR5 (1) dust, fumespresentand
Air within tested,
evaluatedand certified v v
GSR5(2) () GSR5(2) (b)
Purged and ventilated Isolation of inlet pipes
and control measureso or locking of inlet
A 4 A 4
GSR5(2) (b) GSR5(3) &(3) (b) (c) &
Isolation of inlet pipes (d)
or locking of inlet Approved breathing
apparatus,safetyharness
with lifeline and standby
I
v
Y Y
GSR5(5)
No flammable or Flammable or explosive
+ Y
GSR5 (5) (b) GSR5(5) (a)
Normal work. Stepsto Work with ignition risk. Stepsto
\ 4 Y Y Y
v
Vesselentry
v
GSR5 (4)
Control stepsto ensure

DEFINTION OF CONFINED SPACE:

An enclosed, restricted or limited space in which, because of its construction, location or contents, or any work
activity carried on therein, ahazardous substance may accumulate or an oxygen - deficient atmosphere may occur,
and includes any chamber, tunnel, pipe, pit, sewer, container, valve, pump, sump or similar construction,
equipment, machinery or object in which a dangerous liquid or a dangerous concentration of gas, vapour, dust or

fumes may be present.

Table 8
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SafeNei{Africa) Annexure4
f

ENTRY PERMIT: ROOM UNDER CA CONDITIONS

Dat

e

ComplexNo.

RoomNo

Responsibleperson:

Operators:

Task (s)to be done:

Inspection
The following equipmentis available and in goodworking order:

Yes No N/A. Signature
Breathing apparatus
Alarm
Flashlight
Safetyharnessand -rope
Radios
Resuscitationequipment
Standby personnel

Certification
HereWith | ... asthe responsibleperson, certify

that the safety equipment is available and in a good working condition and that all the
personnelinvolved are trained in the correct useof the equipmentaswell asthe procedures
and emergency procedures. All personnel are informed of the task that they must perfin

as well as the risks attached thereto.

,,,,,,,,,,,,,,,,,

rrrrrrrrrrrrrrrrrrrrrrrrrrr

Table 9
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SafeNei{Africa) Annexureb
f

PERMISSION: ENTRY OF CA ROOM

Date

ComplexNo.

RoomNo.

Herewithl, ... , theappointedesponsiblepersondeclarethat
theroom s properlyvented,the air within testedand found safefor entry andthat the necessanCA
operators, forklift truck drivers and qualpersonnel may enter to perform their dutiesill retest the

air quality on an hourly basis to ensure safety.

Time (measuredhourly) Requirement
Oxygen (%) >20
Carbondioxide (%) <05
Carbonmonoxide(ppm) 50
Sign

,,,,,,,,,,,,,,

Table 10
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This information was researched, developed and published by Hammie Lategan

The Safety Network (Africa) CC.

Trading as:

SafeNet (Africa)

P O Box 1144 7 De Villiers Street
SANLAMHOF Bellville

7532 7530

Tel ;021 946 1261

Fax ;021 946 1260

e-mail 1 : admin@safenetafrica.co.za

e-mail 2 :  lategan@active.co.za

Website : www.safenetafrica.co.za

All the legislation used in this publication is reproduced under Government P r i n CapyrighsAuthority
No. 10920 dated 2 February 2001.

All rights reserved. No part of this publication may be reproduced, stored in a retrieval system, or transmitted
in any form or by any means, electronic, mechanical, photocopying, recording or any other means without
the prior written permission of SafeNet (Africa).

Consult OHS Act: General Safety Regulations, section 6

Work in elevated positions

No employer shall require or permit any person to work in an elevated position, no person shall work in an
elevated position, unless such work is performed safely from a ladder or scaffolding, or from a position,
where such person has made as safe as if he were working from scaffolding.
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CHAPTER 10

MATURITY INDEXING AND MONITORING OF FRUIT QUALITY
R. F. Hurndall

INTRODUCTION
ApplesandpearsgrownunderSouthAfrican conditionsof plentiful sunshinearesoughtafteron
overseasnarketsbecausef their excellentasteandflavour. The harvestingof fruit atthecorrect

stage of maturity plays an important role in eating quality.

Themarketingof fruit shouldbe conductedaccordingo its storagepotential.Maturity indexingis
anintegralpartof the harvestingpf applesandpearspothfor exportandlong-termstoragefor the
local market.

SAMPLING PROCEDURE
Fruit maturity varies between orchards, within orchards and within altriseherefore
necessaryo monitorrepresentativeampleson anorchardbasisin a pre-determinednannerin

order to select fruit for longerm storage.

This can be achieved by marking five trees per cultivar in an orchard and selecting one fruit of
average size from each compass point of those tiées.will give a sarple of twenty fruits.
Where a particular cultivar is harvested selectively, it is important to choose samples which are
representative of the following harvest, i.e. larger and/or well coloured $aitples should be
taken at shoulder height and at amérs | e n gt h Sampléesshotlchnet be takenefrom
exposed or densebhaded parts of the treBruit with defects such as sunburn, core rot or insect

damage should be avoided as these will influence fruit maturity.
Samplingshould commencapproximatelys to 6 weeks befortheintended harvest date order

to monitorthe patternof maturation Samplingshouldtakeplaceon a weeklybasisinitially, while

twice-weekly testing may be required to ginint the optimum harvestte.
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MATURITY TESTSAND INTERPRETATION
Thefollowing basicmaturitytestsarerecommended:
Firmness
Fruit colour(greento yellow groundcolour)
Seed colour (apples only)
Total solublesolids(measuref sugarcontent)
Starch conversion (apples only)
In addition,takenoteof thenumberof daysafterfull blossom(DAFB), fruit sizeandweight.

More sophisticated laboratories monitor fruit acidity as well.

Eating quality vs. Storage potential paradox

Longest Best pack-out, Shortest
storage least storage storage
potential disorders potential

Eating Quality

Release Harvest Window Final

date harvest

Storage potential at harvest and date

eating quality after cold storage

Eating quality on the tree

Figure 7 Eating quality versus storage potential paradox

The weather close to harvest as well as production practices influence the pattern of maturation.
When interpreting results, it is necessary to consider a range of maturity indices as different
combinationf indicessignalthe onsetof ripeningin eachseason.Furthermoreabsolutevalues

of each parameter vafyom year to yearlt is therefore necessaty monitor rates of change for

each index in conjunction with absolute values.

Therelease datalescribes the start of the harvest window, and is th& pdiere the fruit has
reached physiological maturityn other words, it will ripen to good eating quality after a period

of storage. In the caseof GoldenDeliciousandtheredvarietiesthe harvestwindow perorchard
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usuallylastsapproximatelyl4 days,while a21-dayperiodis foundin cultivarssuchasP a ¢ k ma n 6 s
TriumphandGrannySmith. Fruit harvesteforethereleasedatewill bestarchyandtastelessand
will be prone to bitter pit, wilting and superficial scaleruit harvested in the early part of the

harvest window, will be more prone to bitter pit and superficial scald than later harvested fruit.

The postoptimum period occurs at the end of the optimum period and lasts around 7 days,
dependingnthecultivar. Themain afterstoragedefectsof fruit pickedduringthis periodarelow
firmness, bruising, yellowing, mealiness and ded2gstoptimum fruit should be allocated for

shortterm storage due to the higher risk factor than optimum fruit.

It is recommended that cultivars barvestedvithin 7 - 10 days othereleasalate,dependingon
thevariety,for long-term CA storage.A further7 dayscanbeaddedor shortto mediumtermCA
storage.

Thedecisionwhetherto harvestanorchardoncethereleasalatehasbeenreachedwill dependon
manyfactors, notablyruit size and colour, storagmtential, marketing requirements and last but
not least, the cultivar mix and the infrastructure available to accommodate the fruit within the
required time frameThe purpose of maturity indexing is to ensure the best quality fruit for
marketing after strage. This point is often missed by growers in their quest for the ideal colour

and fruit size specification.
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Thefollowing tableslist the maturitycriteriafor the harvestwindow ofapplesandpears:

MATURITY CRITERIA

Release Criteria Over mature
Criteria
Apples
Firmness o Starch . Firmness 1o
(kg) % TSS (% white) Acid % (kg) Acid %

RoyalGala 8.4 11.0 15 0.40 5.9 0.35
GoldenDelicious 7.8 12.0 15 0.50 54 0.40
RedDelicioustypes 8.0 11.0 10 0.30 59 0.25
Braeburn 8.6 115 20 0.60 6.3 0.40
GrannySmith 7.8 11.0 20 0.75 5.9 0.55
Fuiji 8.5 13.5 20 0.45 54 0.35
Cr i fPipks 6 8.7 12.5 10 0.75 6.3 0.55
Cri RReds 6 9.1 12.5 15 0.75 6.3 0.60

Release Criteria Over mature Criteria

Pears
Firmness %TSS Acid % Firmness Acid %
(kg) (kg)

Williams Bon Chrétien 10.5 11 0.35 7.2 0.30

BeurreHardy 6.4 11 0.45 4.1 0.35

BeurreBosc 8.1 12.5 0.30 4.5 0.20

Doyennedu Comice 6.8 12.0 0.35 3.6 0.25

P a ¢ k hTaiumpts 8.0 11.5 0.30 5.0 0.20

Forelle 6.8 13.5 0.30 45 0.20

Table11
COMMERCIAL SELECTION OF FRUIT FOR LONG-TERM STORAGE
Fruitlet analysis
Fruitlet analysis samples on apples are conducted around 62 days DA&&: results can be
used to determine the number of calcium sprays per orclaahny Smith which is not as

susceptible to bitter pit and which has a long storage life, is usually given six calcium sprays
whereas Golden Delicious, Braeburn and the rétilvats may require eight to ten sprays.
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Fruit analysis

Fruit analysisof applescommenceswvo weeksprior to thefirst expectegicking dateof a cultivar.
For optimum quality fruit in CA stores, the best orchards can be selected on the basis of mineral
content and various mineral ratios. The calcium content of fruit improves storage potential and
decreasetherisk of decay.lt is advisedto usea serviceprovideror consultanfor the purposeof

ranking orchards according to storage potential.

In additionto the mineralcontenttakecosmeticappearancdryuit sizeandcolourinto accountas
evaluated on thzee. The selectedrchards should beiscussed with thproduction managein
thefarmto obtainhisinputs. Any irregularitiesin termsof growth, pruning,chemicaland/orhand
thinning, irrigation, fertilisation and pest management should be considésed; of the above
has been detrimental to storage potential, the orchard should not be selected for CA.

At harvest
Concentrat®n harvestingorchardsdesignatedor long-term storagewithin 4 - 7 daysafterthe
orchard has been released for pickifipereafter focus on orchards allocated for medium and

shortterm CA storageThe fruit must be cooled according to the prescribed CA standards.

It is importantto matchthe appropriatestorage/markedtrategywith appropriateharvestmaturity

to provide fuit to consumers with acceptable eating quality throughout the marketing period.
MONITORING OF FRUIT QUALITY

Monitoring the quality of the fruit in the differeil@A rooms helps the marketing manager to

schedule his programme in such a way that he will sell quality fruit throughout the required

marketing period.

Priorto sealinga CA room,acompositesamplecanbedrawnfrom abin/orchard/roonandsamples

of twenty fruit canbeplacedin netlonbagsandstoredeithernearthedoor,or onthetop binsunder

the hatch in the CA room's ceiling.
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Maturity and sheHlife tests should beonducted on anonthlybasis. Special carenust betaken
to noteanysignsof mealinessinternalbreakdowngscalddevelopmentgoreflush (GrannySmith)

and decay.
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CHAPTER 11

OPERATION OF CA STORES
A. BASIC GUIDE-LINES FOR OPERATION OF CA STORES
P. Steynor

COLD STORE CONSTRUCTION AND CONTROLS

Each cold storés gastight andpressurdested for tightness before commissioni@ch store is
equippedwith asliding doorwith a personnehatch,aroof hatch,coolerinspectionwindows,and
pressureelief box. Therefrigerationcontrolsystemincorporatesanelectroniccemperatureontrol
of the air temperature entering the fruit stack, with a digital temperature digplayset point is
adjustedwithin the controlleranddisplayedby pushingthe setpoint pushbutton. A four-position

selectorswitchis providedfor refrigerationanddefrostcontrol: Defrost,Manual, Off, Automatic.

In Defrost, thedefrostcircuitsareenergised After avisualinspectionof the coolerswhendefrost
is complete, return the selector to Manual.

In Manual, no defrostoccursatall, buttheroomtemperaturés maintainedautomatically.
In Off all refrigeration circuits are denergised.

In Automatic, room temperature control is automatic and defrost is controlled through a 24 hour
time clock so that defrost occurs at{3et times and is terminated automatically.

Eachstoreis providedwith atemperaturelataloggerhavingmeasuringpointsfor air supplyto the

fruit stack, and air leaving the fruit stack and two fruit probes for measuring fruit temperatures
close to the door and at fruit below the coolétach store is provided with lightsrfase during
loading and for inspection of fruit as well as maintenance lights for inspection of coolers.

LOADING OF FRUIT INTO STORE
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Rate of loading

Fruit for CA storage should be loaded into the store as quickly as it is available, so that the room

can be closed and the atmosphere established.

Defrosting during loading may be required two or even three times per day but this frequency
reduces quicklyafter all fruit is cold and reduces even further once the room temperature and

humidity is stabilised.

Bin stackingpattern

The stores are designed for block stacking of fruit in bulk dimggeneral, fruit is loaded ex
orchardwithout pre-coolingelsewhere Normally, onecultivar only is loadedinto a storealthough
mixesaresometimeselecteddependingpn marketingrequirements.Only cultivarsrequiringthe

same gas and temperature regimes should be stored together.

Binsshouldbeblock stackedwith thefirst row againsthecurtainunderthecoolers approximately
600 mm from the back wall of the cold stof&tacks should be side shifted tight together and
normal design will allow a gap on one side of the room of 200 mm with 406600 mm on the
other side.This allows access to the front of the staltking loading for positioning of fruit

temperature probes.

The first two rows under the coolers are designed to be stacked nine bins high with subsequent
rows stacked ten bins higiRows should be stacked hard up against the row in front with bin
bearerdined up forming anair slot throughthelengthof the stack Thereis spacefor two rows of
binsnine-high andelevenrowsof binsterthigh, leavinga spaceo thefront wall of approximately

4 500 mm.

The remaining space is filled with bins turned at 90° allowing air spaces between stacks. Do not
block stack the turned bins as this will create hot spots as air is prevented from reaching the front
wall of the cold room (Fig. 3). It is especiallyimportart to leavethe 200 mm gapbetweerthe 90°

turned bins and the main stack.

100



OPERATION AS A RA STORE

If the store is to be operated as a RA store, the main block of bins can be loaded but it is not
recommended that the turned bins neardiber are loaded except in exceptional circumstances.
DefrostingunderRA conditionsis carriedoutwith theroomselectoiin Automatic with eitherone

or two defrosts per day set on the 24 hour time clock.

Important: If the room is to be operated as a RA store, it is recommended that the roof hatch is
notcompletelysealedby proppingit partlyopen.Thiswill preventexcessiveressureseveloping
during rapid changes in temperature and during deftserate the store with no water in the

pressure relief box.

OPERATION AS A CA STORE

SafetyEquipment

As describedn chapte9.

Storageat 0% CO2 (SeeChapter 7 for full details)

For fruit cultivars requiring 0% C£during storage, lime bags should be added during loading.

This is mostconvenientlyarrangedy spreadindime bagson palletsontop of thebin stack. Total

lime bag requirement is normally 1 x 12,5 kg bag/ihe balance of lime can be made up by

stacking bags in bins immediately inside the cold room door.

Storagewith CO2 Control

COz control will either be conducted kactivated carbon scrubberslone. If lime is used, leave
space at the door for fitting of an internal lime teis. soon as the room is full, fit the lime tent
andcheckits fan operation.Thereafterfit thedoorangleiron againsthefloor angleiron andclose
thedoorafter applyingoetroleumjelly to thedoor gasketClampthe door downwith the six cam
clamps and check that the seal is seating correlotigive the store through the, hatch, grease the

gasket and clamp the hatch closed.
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Flushing with N2 (SeeChapter 7 for full details)

N2 from aroadtankerwith vaporiseris introducedthroughthelower connectioronthefront wall.

Important: Leavethe roof hatch opento avoid over-pressurisingthe room.

Sealing

On completion of flushing, seal the roof hatch andrémdual Q will then be consumed through

respiration of the fruit.

Establishing of final Oz levels

O reduction ofl% perdayis normal although this is dependent upon fruit temperatiutieneof

closing.

GAS MONITORING EQUIPMENT (SeeChapter 7 for full details)

A manually operated system is provided for measuring@ CQ levels in each store with

samples drawn through anfim line to the central monitoring position in the control room.

To check on calibration of gas monitoring instruments, a bottle of known gas concentration is
required.This shouldcontaina mixture of approximately95% N> and5% CO; or 95%N> 2,5%0>
and2,5%CO0O,. Thebottlemustbe suppliedwith acompositiorcertificateandshouldbefitted with
alow pressureegulatorpipedto the monitoringequipment.Checkthe calibrationandspanof the

monitor by checking against the known gas bottle and against fresh air.
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TO MAINTAIN O2LEVEL (SeeChapter 7 for full details)

Dueto respirationthe Oz levelin the storewill reducebelowtherequiredlevel. Openthe 75 mm
diameter PVC connection to allow. @vels to increaseTime and amount of opening requires

experience, but this is gained quite quickly.

If the Oz level persistsabovetherequiredievel, air is leakinginto the storeandthe mostprobable

causes araloor seal, hatch seals, pressure relief box.

CONTROL OF CO2 (SeeChapter 7 for full details)

TheCO: levelwill initially becloseto zerobutwill riseasfruit respires.Operationof thescrubber
or lime tent fan for a variable time will control @t the required levelThefan runningtime is
dependent on the amount and freshness of lime and requirel@v@D Once the level continues

to rise with the fan operating full time, the lime requires changing.

GAS MONITORING AND RECORD KEEPING

A standard log sheet (see Appendix 3, Chapter 6) is used, reqOuingO2 andtemperature
recording at least once per ddyecording twice per da however, recommende@heck the
gas monitor calibration daily until confidence is established.

DEFROSTING A CA STORE

Defrostingis infrequentlyrequiredunderCA conditionsandis normallycarriedout under

supervision.
SelectDefrost and open the 75 mm PVC connection to minimise pressure changes in the store.
Checkremovalof all ice from thecoolervisually andon completionof defrost,returnto manual.

Close the vent pipe.

Requirement$or defrostingmaybeindicatedby arisein theamperaeadingf thefansand

also by a rise in temperature change between fruit at the rear and front of the stack.
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Oncompletionof defrosting precautiongo preventsuddernargepressurehangesn theroom
must be observed.

UNLOADING A CA STORE

Allow 24 hoursto ventto normalatmospher&y openingtheroof anddoorhatches.Checkthat

the @ content is 21% before entering.

B. USEFUL HINTS ON STARTING UP A CA STORE

J SFindlay

1. Onemonthto 2 weeksprior to startingrefrigeration checkthe gastightnessof all thestores.

It is impossible to check if there is any refrigeration running in any of the adjacent stores.

Useanordinaryvacuumcleanemwith amanometeusingeitherapositiveor negativepressure

of 30 mm of water gauge, NOT MORBhis must hold for 30 minutes down to 20 mm.
Someoperators prefea pressuref 26 mm of watergaugewhich mustnot dropmorethan5
mm over30 minutesfor areally gastight store. If thereareanygasleaks,it is easierto detect
and repair such leaks with a negative pressure, with someone inside the store, ehiéitking

soap and water.

2.  One to 2 weeks prior to starting refrigeration, check the thermometers and temperature
probesandcalibratethem,usingabucketof waterwith floating crushedce atO°Cor a
known electrical resistance. 14.

3. Thelime tentmustbecheckedaswell asthe operationof the smallfan onthelime tent.

4. Order sufficient lime for the next 1 to 2 montfge CA industry uses a 12,5 kg bag of

Ca(OH). Thenormal annuatonsumptiorof lime is approximatelyl bagperbin for 6 to 8

months storage, possibly slightly more for Granny Smith and less for other cultivars.
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10.

11.

A lime tent normally takes 60 bags of lime on pallets with dunnage to separate the bags so
that the CQ@ can get to the lime in the tent, just inside tlo®r. These 60 bags should last
between 3 and 6 weeks, depending upon the respiration rate of the fruit inside the store.
Alternatively, CA complexesiseactivatedcarbonscrubbersnsteadof lime, astheyaremore
efficient and cleaner. This is dealt with under &0rubbing in Chapter 7.

Arrange for the flushing of the CA stores with the suppliers of liquid@bnsumption of

liquid N2 is approximately 1 kg/bin down to 7% to 8%;Q,5 kg/bin down to 5% to 6%20

2 and 2 kg/bin down to 4% to 5%t is important to have a large enough hole to discharge
the gas otherwise the walls of the CA stores will collapsérap door left open in theoof

of the store is probably the best method, but must be properly sealed as soon as flushing is
complete and the pressure has reached equilibiu@A store is normally flushed with a
positive pressure of 10 mm of water gauBéace a polystyrene pad ¢he bin opposite the

liquid N2 discharge, or use a distribution pipe, to prevent any freezing damage in that bin.

Refrigeration should be started 2 days prior to loading and the store brought down to
temperatureAll refrigerationequipmentjnstrumentsandvalvesandthedefrostsystenmust

be checked. Make sure thegtarting of the refrigeration after defrost is correct, i.e. with a
time delaybeforethefansstartsothattherefrigerationstartsfirst andthe cooling coils come
downto roomtemperaturdeforeair movemenstarts otherwiseavery largepressurehange

will occurinsidethestore. It is presumedhatthe annualmaintenancef valvesandstrainers

has been done in the off season.

Gasinstrumentatioomustbe checkedagainsta bottle of gaswith knownconcentration
which can be purchased from a supplier of special gases.

Loadthe storesat thedesigned loadingate, checkinghe air flowandthe curtaining.

Whenfull, sealtheroomsandflushwith N> preferablywith thelastfruit loadedat+ 2°C to
+ 3°Cwhich assistsn bringingthe Oz, downto 1,5%0..

Until familiar with theroomandCA storagedo notallow gasconcentrationio dropbelow
1,5% Q.
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12. Duringthefirst yearof operationavisit to anexperience@peratomearbywould be

worthwhile.

13. Remember that gas concentrations inside the CA store are lethal and can kill within 45
secondslf, for anyreasonit is necessaryo entera CA storein operationthe correctsafety
procedures as laid down llye PPECB & Department of Manpower, detailed in chapter 11,
shouldbestrictly adheredo. If anyrepairsneedto bedone,bringthe gasconcentratiorback

to 21% Q before entering.

14. Enoughsamplesto bewithdrawnmonthly,shouldbeplacedin netlonbags(notplasticunless
theyhavelargeholesin them)sothattheycanbe hookedfrom the storewith apole,possibly
in anemptybin belowtheroof hatch. Again, do not breathehe atmosphereight nextto the

opened hatch.

The bestadviceabout entering a CA storeis, don't.

C. PRACTICAL MANAGEMENT OF COLD STORES

P.C.vanBodegom

NEW FACILITIES OR EXTENSIONS

Cold storage of deciduous fruit is a specialised field nowadéays.advisable to do a proper
investigation before it is decided what type and size of facility is needed for your specific
circumstancesilt is alsoadvisablgo involve consultantsn cold storageprojects asmistakesnade
in this field are not easilgorrected and are veppstly. A few other points that should definitely
be looked at carefully are:
1.  Typeof structurejncludingcoveredoadingareas.
2.  Capacityof therefrigerationplant,which depend®n your plannedntakecapacityon a
daily basis.
3.  Make provision for future extensions or upgrading of your facilities on the side of
electricalpowersupplyandrefrigerationplant. In manyinstanceshis will prevent

costly alterations in the future.
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PREPARATION OF A COLD STORE BEFORE STARTING UP

Cleaning

It is absolutely essential that a cold store used for the storage of fresh produce, must be cleaned
beforeit is startedup. Evenif thesametypeof produces stored this cold storeshouldbe cleaned
at least once a year or more often if circumstances warranhdt.entire cold store should be

washed thoroughly and thereafter disinfected with a flowable fungicide.

Lighting

Adequatdighting spreadcevenlyoverthecold storeareais mostimportant.(The specificationgor

light intensities are laid down in thesRulations of the Occupational Health and Safety Act.)

Normally metal halide lamps or higbressure mercuryapour lamps are used in our type of cold
stores.These lamps give a high light output combined with a long lifetime.

General maintenancepoints

Somegenerabointsthatshouldbe attendedo on aregularbasisandcertainlybeforestartup:

1. Testingof drainline and defrospanheaters.

2. Cleaning out of defrost drain lines including their water traps as accumulation of dirt
takes place through the year in these lines and this can cause spillage of defrost water
from the cooling coils onto your products in the cold stores.

3. Doors to be chedd for proper sealing against the door frames (sealing rubbers wear
out) and also the proper working of the safety lock to open the locked cold store door
from the inside of the cold store, in case somebody is trapped inside.

4. A calibratedmercuryor spirit thermometeto be placedin theair streamfrom the

coolers.
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Floor plans

It is mostimportantto makeuseof your availablefloor spaceo its maximumcapacity. Work out
a floor plan that will suit your own type of operatiohlways keep in mind that you must have
sufficientair flow to keepyour productscold underall circumstancesUseroadline paintto mark
out floor lines for different stacking methoda/hite andyellow painted lines on the same cold
storefloor cansuccessfullypeused wheretheonecolouris for applecartonre-coolingandstorage

and the other colour for the storage of products in bulk bins.

OPERATION OF A COLD STORE

Cold storage & proper handling ensures maintenance of fruit qu8libyv cooling, fluctuating

temperatures and fluctuating gas regimes will reduce masedfenefits of cold storage.

Starting up

Start up 2 3 days before you want to commence loading, as it takes a few days before the whole
structure, including the floor, comes down to the required storage tempeituirgy this time,
setthecontrolsatthecorrectsettingfor therequiredtemperature Testyour low temperatursafety

control and alarmCheck your continuous recorder readings against the readings of a calibrated
thermometer inside the cold stoleemember, if you store a variety of products, to bring the
temperaturelownaslow aspossiblewithoutdoinganyharmto theproductwith thehigheststorage

temperature.

LOADING OF A COLD STORE

Checkwhatthedaily intakecapacityof acold storeis anddo notoverloada cold store astheresult
will be detrimental to the stored produdédse electric forklifts whenever possiblé.an internal

combustiortype of forklift is used,nstallanEngelhardyaspurifier to eliminatecarbonmonoxide
(CO).

Give your forklift drivers proper training, supply adequate protective clothing and usengstir
seniorandreliabledriversto operateforklifts in cold stores. It is advisableto havecold storage
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drivers on a higher wage scale as this type of work is more difficult and is sometimes done under

subzero temperatures with a wind chill factor.

TEMPERATURE MANAGEMENT AND CONTROL

Temperature control is done by thermostats with a narrow differentiaitormore advanced
electroniccontrols,whereamotorisedvalveis controlledoveraO - 100%span. Closetemperature

control is also beneficial to the fruit and variation of fruit temperature through the room must be
kept to an absolute minimum of G,4°C.

For temperature measurement each cold store must be equipped with a continuous temperature
recordera calibratedhermometemsidethe storeandif possiblearemoteelectronicchermometer.

The latter could also be part of a central electronic control and management system.

When heavyoading takes place durirggrtain times of the day, check the coolawis regularly
for ice buildup. You may have to defrost more often otherwise you ladlé cooling capacity.

If, for practicalreasonsthe doorsof the cold storeareopencontinuouslyoverlong periods,nstall
aplasticcurtainin thedooropeningto preventcold air goingout or warmair cominginto thecold

store. Daily fruit core temperatures must be taken by the plant operator and recorded in a register
or logbook.

REFRIGERATION PLANT AND RECORD KEEPING

Most of our plantsuseeitherfreonor ammoniaasarefrigerant.

Freon

Advantage:

It is anontoxic, safegas whichdoesnotsmell.
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Disadvantages:
Leaksaredifficult to detectasit doesnotsmell. Heattransfercapacitylessthanammoniayesulting
in morepower consumption fahe same refrigeration capacitiyreon is ozonanfriendlyand is

being phased out in South Africa due to the signing of the Montreal Protocol.

ExistinginstallationsamustreplaceFreonwith anotheapprovedefrigerant.

Ammonia

Advantages:

Greateheattransfercapacityandleaks areeasilydetected.

Disadvantages:
It is adangerougas,toxic andexplosivein high concentrations.

Operation of ammonia plants must be monitored at least twice a day and provision must be made
for nighttime and weekends in such a way that somebody can give immediate attention to

problems arising.

Runtherefrigerationplanton a continuoudasis, tryto preventSTORSTART situationsasfar as

possible.A continuous operation cycle will normally result in:

1. Lowermaximumdemandrom theelectricalsupplysystemyesultingin savingson

electricity bills.

2. More important is that a stable suction pressure will result in a more stable air
temperature in the cold stor&his will result in less moisture loss in the fruit over
longer storage periods due to a higher relative humidity caused by lower temperature

difference between the coolant and the air in the store.
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MAINTENANCE

Daily checkanmustbe madeon standardtems,e.g.oil levels,oil consumptiondrainageof oil back

out of the system, refrigerant levels,bélt drives, etc.

If possible, get a full set of instruction books and operating manuals and work according to these
instructions.One must remember that most of this machinery is imported and often partg are
available on short noticd?revention is better than cureis certainly applicable in this case and

therefore one should practice preventative maintenance.

RECORDS

By law it is required to keep a Refrigeration Record Book which must be availableperction

by a Government factory inspectdt.is advisable also to keep log sheets or a log book for the
daily monitoringof theplant. An exampleof alog sheefrom alog bookis included(seeAppendix

3, Chapter 6).
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CHAPTER 12

HANDLING PROTOCOLS FOR CA STORED FRUIT
J. S.Findlay, P. C. van Bodegom

The reason for cold chain management is to get our products as fresh as possible and of the
highestquality to the consumersThe maintenancef the optimumstorageemperatureluring

the handling, transport and marketing of perishable produce is reteresdthe cold chain.

For most of the deciduous fruit (including apples and pears) this temperatQrg°(S. Our
farmers are producing fruit of the best quality in the world; pack houses and cold storage
operationspendalot of capital,time andeffort to maintainthis high quality, butwhenthefruit

is despatched from our cold stores to the local markets and other local buyers, this cold chain
is in many instances brokemhe result being that fruit and vegetables of the poorest quality
can be éund in our local retail outletsYet we manage to market fruit overseas that is known

for its outstandingquality, whichis mainly dueto thefactthatvery strict regulationsapplyand
areadhered to foexport,preventingthe cold chain from beindproken. With most ofthe fruit

for the local market being selected at optimum maturity, we are able to also supply our local

consumers with a high quality product, as long as we maintain the cold chain properly.

Themanagemerandmaintenancef the cold chainplaysavital role in the questfor optimum
quality, particularlyin themunicipalmarketdistributionsystem. Apositiveattemptwasneeded

to find solutions for those nagging, recurring problems which hamper effective handling and
distribution of @ples and pears and to set ideal standards which would cater for their specific
needs.

As a result a Cold Chain Code of Practice was drawn up for the deciduous fruit distribution

chain.

The cold chain is a demanding and complex operation. (Figii®very high value per ton
and total turnover of apples and pears is an indication of the need for an economical and

effective cold chain to ensure that fruit which leaves the producer is above suspicion.
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RECOMMENDED COLD CHAIN CODE OF PRACTICE
Harvestaccordingo maturityindexinganalyses.
Precool all fruit to 0°C within 48 hoursof harvest.
Preparanarketingplansandholdall fruit at-0,5°C,only within pre-determinednaximum
periods of storage inclusive of marketing process related to specific
conditions of fruit lots.
Packconsignment$or marketand recool fruitto 0°C within48 hours.
Preparespecificconsignment$or marketingwithin the cold storesat 0°C.

Load refrigeratedransportvehicleat 0 'Cwith minimumtemperaturgain.

Vehiclemusttravelwith air temperatur@f notabove4°C andnotbelow0°C. Fruit

temperature must not exceed 4°C on arrival.
Controlof fruit in cold stores:
i)  Short-term storagefor salewithin (say)10-14days:
Fruit to bereceivedat no higherthan4°C andthis temperatur@otto be exceeded

during the storage period.

Air temperatureff the coolersshouldnever exceedd,5 C.
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Longer term storage(say2-15weeks):

Fruit to have been preooled to-0,5°C at time of harvest and to have been
despatchedt-0,5°C. Fruit to bereceivednot above6°C andto bere-cooled
within 48 hours and thereafter to be maintained betw@&3iC and 0°C.

13. Palletisation

i)

i)

Theexportnormof sevencartonshighis requiredfor standardisatiofor both

transport and cold storage.

With flatbedtrucks,improvedtemperatureonditionscouldbe obtainedwith

insulated tarpaulins.

thefollowing procedureshouldbeadoptedn cold stores:

Cold stores should be standardised to receive seagon high pallets stacked one,
two or threehigh with either pallet racking and pallet stacking irons (racking being

preferred).

METHODS FOR MAINTAINING NORMS IN COLD CHAIN MANAGEMENT

Immediate pre-cooling after harvest.

Fruit put into cold store does not get colditself, whether in bulk bins or a packed carton.

Thecartonsand/orbins mustbe stackedn suchaway, sothatthe cold air passeshroughor

is forced through the fruit the container itself.

Thefollowing coolingmethods can besed toachievethis:

a)
b)
c)
d)

Curtainswith bin in returnairflow

Serpentineoolingin bulk bins

Sidewaygressuraropcoolingin bulk bins

Singlerow tunnelcooling, eitherwith mobilefansor staticfixed fans.
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Keepingthe fruit cold while packing

a)

Shortespossibletime from bulk bin in pre-coolingchambeto cartonin re-cooling
chamber.

Waterfor bin dumpingandconveyingfruit to beascold aspossible.

Fruit exposedo ambienttemperaturéor asshortatime aspossibleandnotleft
around on circular packing tables over tea breaks.

Cartonliddedasquickly aspossible.

Cartongalletisedandreturnedo cold storeasquickly aspossibleptherwisealarge

amount of energy is wasted in thea@oling process.

Re-coolingafter packing

a)

b)

Difficulty in removingthelast3 to 4°C from aninsulatedcarton,especiallywhena
polyethylene bag is used.

Pressure drop single row tunnel cooling, closing all air short circuits with light
weightplastic,is the only methodby which this canbeaccomplisheavith a 100%

Success.

Refrigerated transport to the retailer and keepingfruit cold until it is bought by the

consumer

a)

b)

Thelongerthefruit is heldat the optimumstoragegemperaturerior to being
bought by the consumer, the longer that fruit will stay fresh and crisp.
Everyonedegreancreasan fruit temperaturshortenghetime thattheretailerhas
to sell a crisp and fresh fruit.

If fruit gainstemperaturén transit,it shouldbere-cooledon arriving attheretailer.

115



Quality lossif thesenorms are not maintained

Any fruit heldatatemperaturdigherthanoptimalstoraggemperaturdor thatparticular
fruit, will lose quality. The higher the temperature, the faster the quality loss.

a) BonChretienpearswill ripenanddevelopsenescerdgcaldandfungalrots.

b) P a c k mlaiumplswill softenanddevelopfungalrots.

c) GoldenDeliciouswill turnyellow, go mealyanddevelopsoftscald.

d) Starkingwill go mealyveryquickly.

c) GrannySmithwill turnyellow, softenandgo waxy.

f)  Senescenda all deciduoudruit is afunctionof time andtemperature Thelonger

the time after harvest, the better the cold chain management must be.
METHODS OF MAINTAINING THE HIGHEST QUALITY OF FRUIT
IMMEDIATE PRE -COOLING AFTER HARVEST

By justplacingfruit into acoldstore,it will NOT comedownto thecomrectstorageaemperature

in time to maintain good quality.

Bulk bins or other containers in which the fruipiaced after harvest must be stacked in such
a way that the air is FORCED through the fruit in the container itself.

By juststackingrowsof warmfruit in thedirectionof theair flow, it will takeaverylongtime
before the fruit gets down to its reged storage temperature, resulting in a loss of quality of

the fruit.

A better wayof stacking isdirectly acrosghe airflow in the cold store(like a curtain). In this
way, by using the full width of the cold store, the air cannot bypass the fruis &mated to
come in direct contact with the fruit in the ventilated storage containers or bulk bins.

A few othermethodghatareused arg¢hefollowing:
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Serpentinecooling (Fig. 9)

a) Fig. 9 showsbulk binsstackedagainstafixed doublewall. In thefront the2ndand
4th slotsin thesebulk binsareblankedoff, whilst onthesideof thewall the 1stand
3rd slots are blanked off and openings in the wall are provided for the 2nd and 4th
bulk bin slots. A powerfulfan createsanair flow via thedoublewall air plenumas
indicatedby thearrows. In thisway all thefruit is in directcontactwith the air and
cooling takes place very rapidlyhen the fruit is cold it has to be placed in a
normal holding store for further storage or it has to go to the packing plant

immediatelyin orderto allow thenextconsignmenof warmfruit to bepre-cooled.

b)  Fig. 10 showsthe samemethod butwith a mobile pre-coolingfan infront of stack
of bulk binsin anormalcold store. The advantagef this methodis thatno double
handlingof thefruit is needed.Oncethisfruit is atthe correctstoraggemperature,

the mobile fan unit is moved to another position and not the fruit.

Sidewayspressuredrop coolingin bulk bins

Thisis shownin Fig. 11

These tweway entry bulk bins are stacked in rows with a gap in the middiarpaulin is
placedoverthetop, hangingdownin thefront andatthe back,in thisway makingthe gapinto

an air plenum.A mobile fan is placed in the front and any other apgs in the front and at

the back are closedVhen the fan is started, a pressure drop in the air plenum results in the
coldairin thecold storebeingforcedthroughtheventilatedsidesof thebins,in thisway cooling

the fruit and the warmer air being disposed of via the mobile fan back to the coolers.
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MINIMUM HEAT GAIN WHILST PACKING THE FRUIT FOR TRANSPORT TO
THE RETAILER

a)

Keepthetime thatthefruit is transferredrom the bulk bin via the packingplantto

the carton, to an absolute minimum.

An idealbut highly capitalintensiveexamples a packingplantin the USA, where

the dumpingpperation takes place in a cold stinam wherethe fruit is conveyed
into the packing stationThe packed cartons are immediately conveyed back into
a cold store where palletising takes platethis waythe time that the cold chain

is broken,andaresultantisein fruit temperatureis keptto anabsoluteminimum.

Do notallow accumulatiorof bulk binsor cartonson the packshedfloor.
Makeandkeepwaterfor bin dumpingandconveyingpurposesscold aspossible
in order to have a minimum temperature rise of the fruit.
Supplypackingtableswith justenoughfruit; no unnecessargccumulatiorof fruit
is permitted.

Dumpingstationsandpackingtablesto beemptiedasfar aspracticallypossible
over lunchtimes and tdareaks.

If possibleavoiddirectsunlightandalwayshandlefruit in shadedareas.

RE-COOLING AFTER PACKING AND THE DIFFICULTIES OF COOLING
PALLETISED FRUIT

Under ourcircumstances we aim at a fruit temperature-@6°C with a minimum air
temperaturef -1,5°C. As thistemperaturalifference(TD) betweertheair andthefruit is only
1°C, it will be understood that the last few degrees of getiadruit temperature in a packed
cartondown again is the most difficult parfor this reason it is generalbcceptechowadays
that in order to bring the temperature of packed frwrdagain, forced air reooling is the

only acceptable method.

Thisre-coolingcanbedividedinto two categories:

a)

Convectioncooling, wheretheair cancomeinto directcontactwith thefruit inside

the carton as it is forced through the carton.
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