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Table 13. Respiration rates of certaiu fruit (Adapted from Weight et. al.,
1968 and Grierson, 1976).

Oranges 32
40
50
60
70
80
90

900
1400

250
390

5000
6200
8000
9900

1400
1735
2240
2770

Grape.frJ.dt 32
40
50
60
70
80
90

500
1100
1500
2800
3500
4200
6000

140
290
420
785
980

1175
1680

Lemons 32
40
50
60
70
80
90

580
800

2300
3000
4100
6200
8000

160
225
645
840

1150
1735
2240

Bananas
(green) 60

70
60
10
80

4850
7400

11250
19200
32500

13
20
31
53-
91.

(ripening)

Mangos 40
70
80

3500
25000
26400

980
7000
7390

Avocados 40
60
70
80

1540
6860

12965
16800

60
70
50
75
00

5500
24500
46300
60000
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Table l4! The percentage of oranges unmarketable because of stem end
rind breakdown increases drastically when fruit are held
under low humidity conditions (Grierson, 1965).

% Unmarketable Fruit

91.0Moist 5.0 4.0

4.25 49..546.25Dry
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Table 15. Some thermodynamic data for citrus fruit (From Grierson~
1976).

0.86 0.88Specific beat 0.89

Thermal diffusivity 0.0049 0.0047 0.0049

Thermal conductivity, as:

BTU/hr/sq.ft./oF/in

Kg cal/sec/sq.cm/oC/cm

2.95

1.1

3:.-60

0...78

2.85

1.05
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Table 17. Calculation of heat load for a truck shipment of oranges
FraIn Florida.a

S2~ei!!~~ons

A. Truck and Contents

1.

2.

Semitrailer (40 ft.): weight 4,000 lb., stoeel construction,
with 3 ton refrigeration unit.

Fruit: 8004/5 bu. cartons; weight 45th. for fruit, Z lb.
for carton.

B. .Temperat!!res

2.~,

3'.

Ambient (in transit): Average 75°F (day=90°, night=600).

Trailer thermostat setting: 32°F.

Fruit: 85° not precooled, 50° precooled, 35° final temperature.

f.q~tions !;!!d Fa~~rs

1.

2.

3.

4.

Total heat load (HT) = Heat of respiration (HR) + field heat (HS)"

+ heat leakage from trailer (HL) and fan heat (HF).

Average HR = 4000 BTU per ton per day (not precooled; 1500 BTU

per ton per day (precooled).

HS =([{no. cartons x fruit wt. x heat capacity) + (no. cartonx x
carton wt. x heat capa<;ity)] x temperature difference) +
((truck Wt. x heat capacity) x temperature difference].

HL = 100 BTU per hour per of temperature difference through

trailer wall, etc.

HF = 3000 BTU per hour.

Factors:
a. Heat capacity (specific heat): 0.86 oranges, 0.2 c~rtons,

0.15 trailer.
b. Temperature differences:

1) Trailer: (Ambient - trailer thermostat) = (75-32) =
43° for HL; (Ambient day - trailer thermostat) =
(90-32) = 58° for HS.

2) Fruit: Not precooled (85-35°) = 50°; precooled (50-15°)

15° for HS.

RefrigeratiQU: (3 tons x BTU per ton per hour) = (3 x l2~000) =
36,000 BTU per hour.

5.
6.

7.



148

Table 11. (cant.)

Cal~_l_ations

A. Not Precooleq

1. HR~ [(4000/24) x (36..000/2000) = 3000 BTU per hour.

z. HS = ([(800 x 45 x 0.86) + (800 x 2x 0.2)! x 50) + [(4000 x 0.15). x 5811

[(30,960 + 320) x 501 + (600) x 58 -1,564,000 + 34,800 = '

1,598,800 BTUfs. ~

3. HL = 100 x 43 - 430 BTU per hour

HSCooling time (hours) . R - (HR + H~: ffp)

lc,_?_~~ ~_OO = 54.636,000 - (3000 + 430 + .3000)

B. Precooled

1. (1500/24) x 18] - 1124 BTU per hour..HR =

(30960 + 320}.1~1 + (600) x 58 = 504,000 BTU's.2. 1:15.

Cooling Time (hours) = -16.0.36,000 = (1125 + 430 + 3000)

Lutz and Hardenburg, 1968; Ashby, 1910~asic references:
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TB.bl.e 17 A

Storage of c-it't!usfruits

(Xalik byW. Grierson to

Socie't~ Agricole de Services au Maroc.

casablanca; Moroc~o

June 1981).

CRITERIA FOR STORAGE

Identif ir"Hazard

In storage of any type of fruits or vegetables (except possibly

dates) we start with a living product which will eventually die. It

~e!ps to know the most likely manner of death.

Climacteric and non-climacteric fruits. Fruits tend to fall into

Most are "climacteric."one or otberof two physiological groups. That

is to say they are picked at a low pQint in their on-tree metabolism and

thereafter ripen. their respiration rate going into a very considerable

rise, after which respiration rate drops and the fruit's tissues become

disorganized. Apples, pears, peaches and avocados are typical climac-

Even if protected against fungal invas1on they will\dieteric fruits.

!physiologiCally after the peak of the climacteric, becoming overripe and

ultimately inedible. For s~ch types of .fruits it has become common to

(sometimes called" gas storage") inuse "controlled atmosphere storage"

whfe.htbe climacteric rise in respiration is suppressed by lowerin~the

oxygen (°2) level, r'4isi~ the level of carbon dioxide ('CO2)' or both.

The: effect is to delay the phyS'iological death of the fruit

"non-climacteric" fruits, ofWhtch citTus and grapesIn contrast~

are typical, do not have a cliIDacter!'C rise in respiration, do not ripen
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after harvest and the end of postharvest life almost invariably comes

from attack by a fungus. An additional difference between citrus and

most other fruits is that citrus can have a very long period of "tree

storage" during which it can be picked at any time. If postharvest life

is to be extended by use of refrig~ration, citrus fruits must be picked

considerably before the end of the tree storage period. Not only must

there be some storage potential, but also susceptibility to decay increases

with increasing maturity.

Success in storing citrus fruits lies in minimizing the inevitable

losses from fungal decay, not in prolonging physiological life.

Harvesting,

The sinRle most critical factor in fruit storaRe is careful harvest-

~ Fruit that has been abused during harvesting will have very poor

storage potential.

The structure of a citrus fruit is admirably suited to resist gentle

pressure that would cause bruises in apples or pears. But this same

structure makes the citrus fruit very susceptible to decay. The peel

Em-

bedded in the flavedo are oil cells. If an oil cell is broken, the ex-

truded o~L is toxi~ to the surrounding flavedo cells, killing them caus-

ing o~eocellosis.. The albedo consists of very thin-walled cells with a

large amount of inter-cellu1ar atmosphere at 100% relative humidity. No

matter how small. any break in the flavedo admits spores to the albedo

which then provides a perfect culture medium. The juice vesicles that

make up the "flesh" of the fNit are within carpellary sections and at-

tached. by fine threads of tissue that make perfect channels for fun~al

hyphae to penetrate to the center of the fruit. Once infected, a 'citrus
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t~~~ is never salvageable.

~!gj,!!tI;f;8 cofcritical importance in susceptibility of tender

varieties to damage inbarvesting" which is why they are most liable to

damage when picked early in the morning. Fruit for storage should not

be picked until some time after the dew has gone.

pres~!:e can be measured with a pressure tester such as is used to mea-

sure flesh firmness of apples and pears. Damage to oil cells can be de.

tected with colorimetric papers and minute injuries to the f:Lavedo can

be detected with a "vital stain," tripheny1 t~trazolium chloride

Apr:e,ha!:!eat &P~ay of the systematic fungicide benomyl ("Benlate")

one to four weeks prior to picking. can give remarkable resistance to

pdstharvest decay.

Provide light ladders. pickingbags'witbrigidPicl<:ing ~Qui~e~t.

Baskets shouldframing and~ containers into which to put the fruit:.

never be used.

Above all fruit should never touch th-a round which is a source for

infection by fungicidce-resistant fungi that cause such storage rots as

" sour ~o tIt and "brown rot."

P!:e!torageTre!t~ents

Except for possible application of a fungicide, the less done to

one increasingly common tech-:p;J.t;rus fruit pri9~to storage the better.

nique is tf) bringtbe ft:uit in from the field in large "pallet boxes

On arrival. at the(bins) hold:(.ng about 350 to 400 kilograms of fruitce

packinghouse, the pal1et boxes go through a "drencher" in which theirUcit

is thoroughly flooded with a fungicide (thiabendazole (TBZ), benomylor

2-aminobutane, NOT sodium o-phenylphenat.e). Sometimes fruit are trans-

erred from one container to another (as when harvesting into 20 KG boxes
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and transferri~ to pallet boxes for storage). When this is the

tbefung!cide can be applied as a spray over a roller conveyor. In any

case, c;::are should be taken to prevent contamination of the main supply

of fungic;i.de solution (or emulsion) by fungi~ide resistant organisms such

as "sour rot!~.(Geotrichum candidum) or "brown rot" (P1ty:~opht'nor.~.).

A special case occurs when lemons crop in ~ool weather and are to be

held for many months until the hot weather market, as in the coastal areas

Such lemons are picked with adequate size as theof :Cal1:fQrnia.

They are then washedAt harvest they are hard and green.criterion.

treated with a fungicide and with about 500 parts per million (ppm) of

Tbe$e treat-2~4-D and waxed with a half-strength water emulsionwak.

As they color inments gr~atlydelay the green to yellqw color change.

storage, the yield of $xtractable juice increases markedly

Another special case is storage of grapefruit whose suscept'IbUity

to chil1ing injury is $r;~tly decreased by several days .'curing"prior

A pre-storage weight loss of2 to 3% makes grapefruit con-t9$torage.

sider~bly more resistant to low temperature than li..i~tored iIlUllediately.

The situation is very different for orang~s (~!inensis (L.) Osbeck)

These should be handled as q~icklyand mandarins (C~ 1;:eticulataBlanco)~

as possible and held in humid, or at least shaded, conditions until packed

Particularly in some growing districts, oranges and mandarinsor stored.

that have been allowed to dry during the harvesting period sometimes later

develop'dark withered areas at the stem end ("stem end rind breakdown"

Conditions of Stora~

_Conta.i.ners

Containers must be rigid (wood or metal) with the t.teight of boxes

COntainerswithin a stac.k carried by the container and n()tbyt~ef~1~.
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should have openings forventil$tion;openings in the top and bottom are

much more effect~ve than in ~he sides. (Openings in the bottom of the

box amounting to about 5% of the tOctalareaare adequate). J;f ~llet

es a,reused they can be stackedti81)~ly within the rows so that the pal-

lets form continuous ducts

H4n1i~ity

Humidity should be high. If cartons are used (which is not advisable

humidity should'9-,B.S higbas the cartons can stand, wnich;iscseldom ~ver

85%,r,~4tive humidity (%~). With wood. metal, or plastic containers

humidity should be as high as possible without risk.ingprecipitation.

Without instrumentaL,control of humiditYt this is seldom higher than 9Q%

With humidity aol1tro~,1ed by a "humidist$jt~"95%c"iRH48~ractica1.Rff.

:~~!first move insetting such consistently h~ghhumidities is'ct:ohave

the cool~ coils large en9ugh that the temperature change as the air

crosses them is minimal. If the coil is too small, ithaa "tOrb,e'run 'at

so low a temperature that it becomes very hard to maint~in high humidity

even when instrumentally controlled humidifi'8rs are used

.v~~Uation

Some ventilation is necessary, Qut excessive ventilation. is very

expensive, particu.l~r~y in hot climates. It is usually stated that

v:entilation i~to remove carbon dioxide (CO2) but this'isrea;11y"inciden-

J~c.,~Sc&~yl~n~ (C2~) that must be removed.~. Unlike the climacteric

But" any fruitsft'uits, soUf}d, citrus fruits give off vet'y Ut~l~ ethylene.

infected by fungus gives off great amountso£etl)ylene as they decay.

simpl~ ,po~~ble ethylene analyzer is available and can be used to detect

as .low a ~onc~ntration of ethylene as 1 ppm. As soon as ethylene .s

~.t.t11is level, ventilation should be increased.detectable
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Temperature

It is not possible to state a single optimum storage temperature

Not only does optimum storage temperature vary widelyfor ~itru8Truits.

between citrus species, but even for a given species optimum storage tem-

perature can vary with variety, maturity, growing dfe;trictand other fac-

tors

A critical consideration is susceptibilityf h i1! inJr;'sus:e!p ti'bil-cft'io

Certain frut~s,o£ tropical origin (0£ which thet~chilling injury (CI).

banana is the classic example) are subject to severe physiologtea:l <116-

Limesorders at storage temperatures welL above their f-reezing poi~t~

.) andSwing.), lemons (C. ~ (t.) Bum.c. ~rantifolia (Christm.

are particularly subject; to chiUing-inducedgrapefruit (C. 2!radisi Macf.

peel collapse and can seldom be held below 50°F for any considerabl

In.Florida, we have conducted an intensive studyofch~Uingperiod.

~us~epttb1tit'Y to 01 depends to a great extent'injttty of grapefruit.

on the vegetative condition of the tree at time of picking. The more

igorous the growth flush, the more susceptible the grape£ruit are t:o;

Grapefruit picked from dormant, drought-stressed trees in midwintercr..

To further complicate tne:problem,are particularly resistant to CI~

early in the season, grapefruit are very susceptible to <=.hilling injury

By the E!nd of the grapefruitat 5°C while rather resistant at 1°C.

Colorand 5°C 18 very pronounced.season susceptibi1ity~o or at both 1°

"cured" yellow lemons being more resistant toappears to be a factor,

CI than when they were green

Oranges (£.. s!ne!:!sis (L.) Osbeck) are much more resistant to CI

although there are differences amon~hari are the acldoc;.i,trus fruits

For examp1e F1orida- and Texas-grown oranges store
growing districts.
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well at 0° to 1°C. but: California- and Arizona-grown oranges have to bE

stored at temperatures of 4° to 9°C depending on variety, growing district

and ~turity at harvest. Every growing district has to be studied indiv-

icually to determine the optimum storage temperature for its oranges

Mandarin--type fruits (C. ret:l,culata Blanco) and their numerous hy-

suited to long term storage and some of them are susceptible to CT at

temperatures below 5°C. Until the peculiarities of a given variety ~re

well kno~tit is not wise to store such varieties at temperatures below

CC' C~ . There are exceptions such as the Japanese satsumas (~unshiu Marc

that store well, but, in general, these "specialty fruits" are not well

suited to storage.

Crj.te~iafor Storage Life

No two lots of fruit are exactly alike and it is not possible :0

forecast just how long a given crop can be stored. Therefore, if an

extended storage period is contemplated, provision should be made for

consistent sampling as the possible end of storage life approaches. Ex-

tra fruit should be included that will be sacrificed for these samplings.

These extra samples should include some fruit from each size being stored

and some from each planting and each day's picking. In general, troubles

show up first in the smallest and largest sizes, so these should be

represented. As soon as trouble can be reasonably expected, sampling

should take place at least once a week.

At each samplinf,two lots are withdrawn. The first is placed at

room temperature and observed for post-storage breakdown. For most

purposes, it is necessary that fruit should have at least one week of

"shelf life." The second sample 15 examined forpost-storage
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~xte~~~:J,V3~ijJ_le ~_e_c~"i. In almost any area, losses to green

blue molds (Pe~iccili~~1gitatum and ~ :J.talicum) can be expected

and are obvious. In some areas (but pt:obably not Morocco),stem-end rot

is common and initsj,~ipi~nt stage is detected by thumb presaure on

"buttQn" (ca.l~)

In~e~~ldec!~. "~l~c~ r~t" <Al~tcerna,ria c:ttr~) is ub~quitous

but curiously intermittent, being a major f3Ctor in some: year$ and almost

It is purely internal and cannot be detected withoutab;$:~~ ~cQth~rs.

It develops very slqwly. seldom being
.

cu~ting. the,f.ru~t. ),pI}g~t.udina1l.y.

In the in-~ problem in-less than eight weeks at ~tor~ge temperatures.

~~;i~~ stages,it appears as graY:f.ah thruqs in the center c~re,o;f the

Fruit infected with Alternaria are often p~ticU1ar,ly highlyfruit.

colored due to the ethylene evo.1vedby ~8 fungus.

Fruit should be removed when peel injuries
.J;~ Peelinj~r1!~.

,<.c'hi),.1~g incj~ry, stem-end rind breakdown, etc~1 are barely detactable

~~is 1s because they are:~,.apt to darken and sin~:d~x:;inK thein st.prage.

marketing period ifb~ ~ny 3.f)uge~ in storage.

This' takes various forms from a simple d~ying outGranulation.4.
ff of the contents ofof the juice vesic1es at the stem end to a ~JgelLi~g

:~h~jui~;"Yfl;$icl.es; typically at the stem-end of Valencia ora~F;es or

When thiR is detected, ~toragedown the central axis of Navel oranges.

ah~.ll;i b~ terminated as soonas,pos$ible

~ost-Stora:p;~ ~ltng

:Fru!t from storage is handled very much a~ fQr f"rt,i,it t~t has n9~

been stored~ but-should be treated withparttcular care.

Ro t removal.

SOffit"' decay is inevitable and molds from storage.°..ffe(~ Po1Tticu ~r
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hazard in ~nat tbere is a constant tendency to develop fungicide-resistant

This became such a problem for California lemon packersstrains of molds,-

(who store huge amounts of fruit) that they have learned to take special

precautions to limit the s~r~ 0;t:r~ici11ium mold spores from post-storage

It is common to have a "hood" over the dumper that evacuates airf~ft.

It is &lsc customary to have therom the dumping area to the outside.

workers who pick out the moldy fruit do so with a vacuum attachment

These are wise precautionsthat suckS up the ~fuit and its spores.

Thereafter the fruit should be washed. fungicide treated. waxed.

Particular care shouldand packed-just as for any other citrus £ruit.

be taken not to pack'storage frtifttootightly~ After any considerable

stQrage period the fruit has lost much of its ~esilience and is ver

easily deformed.

8
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Citrus Maturity an~ Packinghouse Procedures

Respiration-H!!!!!dity-~egree~ing-Refriger!tion (cont.)
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