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IMPORTANCE OF PRE-COOLING ON THE STORAGE
OF TABLE GRAPES

SOFRALIK UZUMLERININ MUHAEAZASINDA ONSOGUTMANIN ONEMI

Gokhan SOYLEMEZOGLU
Ankara Universites], Ziraat Fakiiltesi, Bahge Bitkileri BdlimG, ANKARA

SZET: Onsogutma Gziimlerin hasat edildikleri zamanki sicakiiklann mimkin oldufiu kadar isa siire igerisinde muhafaza edilacekleri si-
caklija digirilmesidir. Uzomlerin SnsoButmaya tabi tutulmalanimn en snemli sebebi su kaybim minimum diizeye indirmektir. Bu ise fiziksel
hir faktdr olan Gziimlerin muhafaza edildigi ortam havasinin evaporasyon potansiveline bagihidir,

Bu makalede tizimlerde kullanilan snsodutmanin 8nemi, tnsodutmanin oranl ve dnsojutma ydniemleri agiklanmistir.

ABSTRACT: Pre-cooling is the rapid removal of field heat of the grapes until the temperature of the grapes is reduced to the optimum
stage of handling temperature. The most important reason to cool the grapes promptly is to minimize water loss. This is sirictly a physical fa-
tor related to the evaporative potential of the surrounding air.

In this article, imporiance of the pre-cooling of table grapes, pre-cooling rate and pre-cocling methods used in table grapes are given.

INTRODUCTION

The usual harvest temperatures of table grapes are for rapid transpiration and for the development of
decay-causing fungi. The loss of water is more damaging to the grape quality. WINKLER et. Al. (1974) indi-
cated the benefits of pre-cooling in the general rule that, within the limits at which fresh grapes are usally han-
dled, a reduction in temperature of 9.5°C halves the rate of respiration and doubles the keeping period. A fruit
temperature below 4.4°C greatly retards the development of all fungi and prohibits the growth of the same
{SALUNKHE and DESAI, 1984). Although precooling was intiated by Stubenrauch and Dennis (1910}, due to
its time and cost factors, it did not become popular in grape transportation and storage until the early “1930"s.
In 1932, the railroads altered tariffs permitting grapes to be shipped with modified icing in transit. This removed
the economic barrier to pre-cooling and resulted in discovery of numerous refrigeration systems and methods
of handling air for cooling {WINKLER et. al. 1974).

The rapid reduction of temperature has three important advantages First, the lower temperature re-
duces the rate of respiration drastically. For instance, respiration rate at 0°C ise 15 times as slow as it is at
25°C. Respiration rate is inversely proportional to the longevity of the product, thus the more rapid the rate of
respiration, the shorter the storage life of the grapes. Second, germination of spores and development of fun-
gi are also greatly influenced by temperature. Many spores of fungi do not germinate at temperatures near ze-
ro and others only develop very slowly at such fow temperatures. Third, loss of moisture from grapes results
in flabby berries and desiccated and brown stems. Loss of moisture from grapes and other biological materi-
als is largely dependent on the difference between the immediate water vapour pressure around the grape
berry or product and that of the atmosphere in which the product is stored (GINSBURG and TRUTER, 1976).

The most important reason to cool the grapes promptly is to minimize water loss. This is strictly a physi-
cal factor related to the evaporative potential of the surrounding air. it may be expressed directly as vapour
pressure deficit (VPD), a term indicating the combined influence of temperature and relative humidity, and is
the factor related directly to the rate of water loss from the fruit.

The equation may to expressed as follows:

VPD = VP x(100-RH)/100

Where: VPD = Vapour pressure deficit {mm or inches of Hg)
VP = Vapour pressure of water at a given temperature (mm or inches of Hg)
RH = relative humidity (%)
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It is apparent from the above equation that the VPD increases as the VP increases which would oceur
with a rise of temperature of the grapes, since VP is related directly to temperature of water and the juice of
the berries behaves like water. Further, the VPD will increase as the RH is lowered. 1t is to be expected then
that the VPD would be especially high during the typically hot, dry conditions that prevail during harvest of table
grapes. Reducing the temperature of this hot harvested fruit promptly and rapidly will therefore drastically re-
duce the amount of water-loss (NELSON, 1877).

There are at least three symptoms of water loss from grapes. First to appear are shrivelled stems that
usually become brittle and break easily when handled. With grapes, uniike most other fruits, the stems serve
as a handle to move the fruit. When this handle is broken, the fruit is fruit is lost for alf practical purposes, even
though the shattered berries theinselves still look and taste good. The detached fruit is often referred to as
“shatter” or “dry drop”. Such losses can be very considerable.

Figure 1 shows
how rapidly the stems of

harvested grapes can E's.m" .
dry, especially if fempera- .
tures are high, NELSON 6. 15/he o
(1977) stated that the rate

of drying is not only relat- o oume |
ed to temperature but al- 2.65/hr 7

so the rate increases log-
arithmically. For example,
the increase is much
greater from 26.6-32.2°C
(80-90°F) than from 21.1
(70°F) to 26.6°C (80°F) e

pAY STCHS {PEAECNY}

A X
and greatest from 32.2 - 0 ! . ; . . p 7 8
37.7°C (90-100°F). - DELAY BLFORE PRECOOLING (HOURS}

Stems usually Figure 1. Effect of four different temperatures from harvest to pre-cooling on the percentage
turn brown when they of dry stems of grapes

dry. Such stems detract
seriously from the appearance of the grapes. The brown stem syndrome follows closely that for dry stems and
' shows the same re-
sponse to temperature
238k ] {Figure 2). In fact, it ap-
ST pears that the rate of stem
§ browning increases more
rapidly with temperature
than does the rate of stem -
wir 4 drying. From 21.1-37.7°C
/b (70-100°F) -there was
about a three-fold in-
crease in stem drying at
. . ; . g s 7 % _ eight hours whereas the
" DILAY 3TFOAL PAZLOGLING [HOURS) _ ‘ rate for stem browning

o “r T t T Y — T T ; ]
)

80

741

U

Bagwn Stgns [PEACEM}

Figure 2. Effect of four different temperatures from harvest to pre-coulihg on the percentage was over four-fold.
of brown stems of grapes _ - ’ .



G. SOYLEMEZOGLU 143

Grape berries do not show symptoms of water loss until the damage is quite evident on stems. How-
ever, at about 3% loss in weight the berries start to appear dull as the taut condition of the skin slackens. At 4-
5% loss the berries feel definitely soft and above a 5 % loss in weight fine wrinkles start to appear radiating
out from the pedicel. Market quality is significantly impaired when the berries feel soft, the berries border on.
being unacceptable when they show distinct wrinkles. As in the case of the stems, the rate that berry softness
appears in related directly to temperature before pre-cooling (Figure 3). The lot of grapes held 8 hours at
37.7°C (100°F) with 75 % of the berries rated “soft” had lost slightly over 3% of the initial weight, while the lot
held at 21.1°C (70°C) had lost only 0.5 %.
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optimum storage or han-
dling temperature (NELLSON, 1977; GINSBURG et. al. 1978).

The economically feasible and technically practical methods such as “room pre-cooling” and “forced-air
cooling are now more commonly employed (SALUNKHE and DESAI, 1984).

Room Precooling:

Most of the table grape cold-storage plants have a- number of rooms of small size-holding one thousand

to several thousand packed lugs. These rooms have more refrigeration capacity and greater air movement
then the regular storage rooms. The small size is desirable in order that the rooms may be filled rapidly and
that the extra refrigeration and air volume may speed the cooling. As soon as the grapes are moved into one
of these rooms, the cooling machinery is turned on and kept going until the centre lug the last pallet of grapes
-to be moved in is pre-cooled to the desired temperature (4.4°C}). :

The cooling capacity of each of these rooms should be sufficient to remove 4.4°C of heat from a full
load in twenty-four hours. This requires blowers' capable of moving 6.000 to 8.000; cubic feet of air per minute
per 1000 lugs of grapes. The flow of the air to all pasts of the room must be uniform to ensure even cooling. -
This is also named “paraliel flow cooling (WINKLER et al 1974). In the case of parallel flow, the cold air tlows
along the sides of the containers of grapes. Cooling by this way is appreciably faster than that obtained in a
conventional cold room, but not as fast as in well equipped forced-air pre-cooling rooms {SALUNKHE and DE-
SAl, 1984; WINKLER et. al. 1874)}.

In the case of Room pre-cooling, refrigerated blower coils are suspended from the ceiling (Fig 4). Stan-
dard blowers which generally have a throw of 10 m are used for small to medium-sized rooms. The cold air
travels along this plenum created by the stow, up to end of the room, where the cold air drops to the floor lev-
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¢l of the room i.e., in the space generally 60 mm in width left at the end of the room. This cold air is then drawn
past the stacked fruit and some of it passes though the containers. It finally reaches the air return, and is then
drawn over the cooling coils again. It is important to stack the fruit so as to ensure an even air flow rate through
to stack. Successful room pre-cooling calls for air velocity through the stacks of 60 to 120 metres Per minute.
The better the ventilation slots in the containers, the more effective the cooling (GINSBURG and TRUTER,
1976).

Another system is false ceiling system which is a sophisticated room cooling system (Fig 5). A non-in-
sulated ceiling which may be of any impervious material provided it will not taint fruit, is erected just below the
blower coils.
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Figure 4. Room cooling system Figure 5. False ceiling system

This system should end one to two metres from the end of the store. This type of design always en-
sures a positive air flow pattern, which is not dependent on the stack creating the air plenum between ceiling
and top of stacks. It is also a guarantee that stacks will not be build up to a height which will block air move-
ment. _ : o

Pre-cooling by means of room cooling calls for an open type of stow, so that cooling air can come into
contact with as many faces of the container as possible.

It has the advantage that Pre-cooling
and storage takes in the same room, and that,
restacking is not necessary. This advantage
however does not compensate for the slow
cooling rate (GINSBURG and TRUTER, 1976).
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Forced-air cooling is both a rapid and (Frod 1 fewt Lo ] Sterade
safe method for removal of field heat from z' et :,po.c(e9
grapes. Guillov (1960), designed a cooler that 1 .
forces the cold air through the packed lugs by ! J
creating a pressure differential of 0.1 to 1.0 inch
of water pressure (GINSBURG et. al. 1978;
WINKLER et. al. 1974}. The principle of forced-
air cooling is shown in figure 6.

It was stated that with the load of fruit

as shown in figure 6, grapes can be cooled to Figure 6. Principle of forced-air cooling
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4,4°C# in two hours, whereas the minimum time for conventional pre-cooling is approximately 18 to 24 hours
(Fig 7) (WINKLER et. al. 1974).
Conventional rooms can be converted to this

system with varying degrees of modification. Although, ‘,‘"'J-
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period of time the refrigeration capacity must be corre-  Figure 7. Comparative rates of cooling grapes by different
spondingly higher (NELSON, 1977; WINKLER et. al. methods average fruit pulp temperature in lidmed
1974). lugs
NELSON (1977) also stated that schedules
usually become ctitical in a forced-air facility owing to the rapid turnover as warm fruit is placed “on line” the
pre-cooled fruit removed. Conse-
maat Sredeee tenparTery quently it is often very helpful to be
) able to predict when a given lot of
fruit will be cooled adequately and
removed for storage or shipment.
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Accessibility of the grapes to be cooling medium is influenced by the type of container and any liners,
wraps, or filler material and the arrangement of the containers in the cooling chamber.

The greater the difference in temperature between the grapes and the cooling medium, the more rapid
is the cooling. The temperature, of course, must not be low enough to freeze the grapes. RICHARDSON et. al.
(1977) found when packed lugs were “parallel flow” cooled, the down stream fruit cooled approximately 35 per-
cent faster with cross channels and 45 percent faster when he layers were separated by sparcers (WINKLER
et. al. 1974).

For effective and economical cooling as well as rapid, high velocity of the cooling medium is needed.
High velocity of the air would remove excessive moisture from the grapes, but such is not the case. The more
rapidly the temperature of the grapes can be lowered to the temperature of the cooling medium, the less mois-
ture will be lost.

The function, types and the properties of the pre-cooling for table grapes is explained above, under light
of all these explanations, the importance of the pre-cooling can be summarized as follows;

1. Pre-cooling so as so most effective, should be performed as soon after harvesting as possible.

2. Pre-cooling is fequired to lower the field temperature of grapes to the optimum storage temperature.
This therefere not only reduces the loss of weight but also fungal grovth rate during storage.

3. Once the temperature is reduced, it should not be raised temporarily, because it will result in con-
densation of the water forming on grapes which creates favourable conditions which encourage fungal growth.

4. For pre-cooling so as to have its greatest benefit the initial grape quality must be high. Bunches
should not be straggly, should be limited to a minimum.

5. The best method for the rapid pre-cooling of grapes is performed by means of forced-air cooling. As
it is mentioned before, this ystem is dependent on drawing and a low pressure area on the different faces of
the stack being cooled.

The use of a moisture-proof pack of grapes which would maintain a very high relative humidity within
the pack, together with a fumigant system that would check fungal rot development could be as effective as
pre-cooling in the production area. Such system is at present being investigated in the U.S.A. then several
countries such as France, South Africa, Chile have developed such kind of grape guard pads. Recently. Style-
mezoglu developed slow release SO2 generator which is capable of storing Migkiite cvs. at 0+1°C, tempera-
ture conditions for 2 1/2 months (SOYLEMEZOGLU, 1988, 1993},
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