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i so “ar, as the produce may be interded not only for immediate
surian consunptlon, but also for some klnd of processing, it musc

Liavea ~nes Cte apronert las to it the nnac1fle recuirements of this i
. 0 b, ihta b the reason oo Y n bebller to enong
Abonat Cootizal comdition” which the product to be refr'ierated must

ave DBefore ftoin submitted to the action of luw tenperature.

Lestdon be noasibtlity to prolong the storege time of the foond=-
ctutts oy Losal metion of refrizeracion on them, there are also
Gther ool tiorn of low tenperature above the freezing point,
vhiieh are werthwnile to be mentioned. une of it is the insecticidal
e oot of low tenporaturas. Lo the preat losses of cereals caused

Ly lnseets, which are very sevaere esnecially in the developing
couvtrics, c¢an be cennletely stonped Ly cooling the cereals usually
stored in £llos or pranaries to a tempaerature below 10°C (5 to 10°C);
fn “hic case, the relative humnidity of the air must nol surpass
come values assuring a maxi'um level ol water content in the cereals
And nrevent iup o the gpaermination (e.p. 00 % R.H. at a water content
of 17%.5 ). soth covling and keeuing the low water content leads
also (o a veryv small matabolic activity and low heat production
(heat of resniration) of the cereals and prevents the spoilage by

v
barteriae and funri, too.

1nally refrigeration is used to a large extend for food processing
in breweries, ua.ry plants, Juice industry, cho.olate manufacture,
fast procensingg, etc. L/, Put this 15 outside of cur subject, as
far as it doces not concerns the application of refrigeration for

food preservation. i
i

3.2, Coolinz supnorted by complementary Dnrocesscs t

vhen expected storage 1ife of a chilled produce is not satisfactori-

ly long to assure a good distribution, a complementary process can

be applied In n.ay cases.

3.21. UV-Lisht

Long time aco 1t was found that UV-light of the wave length of

approxinately 0% M has a bactericidal ecffect. Later it was dise
covered *  ° mercury nas a resonance line in its spectrum at about
?54/u and a special mercury vapor low pressure lamp was developed
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producing not too much ozone and working even at low tenperatures.
8ince then the additional application of JV-light together with
refrigeraticn has been urcder discussion.

Concerning tne coffect or UV-ll gL it is ~portant to krow Lhao ie
has a good poenetration thiccurh air but a very s5mall one {in the
food. The half value laver is .., for milv. only between ¢,1 and
0,2 mm, and of' the sam: order of magnitude for other foodstulfs.
This explains why only directly irradiaced surfeaces will show
bactericidal effect and that if the produce has alrcady some
thicker fungi population it is alaost lmnossible to sterilize i+,
Therefore, it should be applied before a visible layer of microbss
is formed on ithe surface of the pioduce (like meat, cheese, [ruit:s).
It should be also renmembered that in different countries the anpli-
cation of UV-light for foodprescrvation by direct irradiation is
not permitted or restricted to scme selected food.

3.22. Controlled Atmosschere (CA)

Controlled atmosphere is now very often usad in many countries in
combination with refrigeration in first place for fruit storage,
especially for apples and pears. In principle, there are two typas
of this kind of storare:

a&. The oxysen content of the air (21 Vol. €) 1s renlaced by 2
mixture of carbon dioxide and Cxyken, leaving the content of nitro-
gen in the storage room equal to the one in the air {75 Vol. ).

b. The oxygen and carbon dioxide content of tre storage atncsohere

is smaller than 21 Vol. © and the nitrogen content exceeds 79 Vol.s.

During the mectabolism of the fruits - also called respiration -
the oxygen of the air is consumed and carton dioxide, water vapour
and some amcunti of heat are produced; The piant tissue loses in
first place carhtohydrate in resniraticn; each gram o’ oxidized
hexose (like dcitrose) ylelds 3.74 koul as heat of regsniration
(see /3/, p. 538 - 61), which must be ronsidered when calculating
the needed capacity of the refri;zerating installation for the

cool store. By lowering the oxyren conient of the storage atmc-

sphere and increasing 1ts carbon dioxidis content thne rate of

respiration is markedly slown down. This leads to lunger keepinpm
time of the fruits and allows even to cstore them at higher
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temperatures, which can be of great importance for fruit varieties
susceptibie to cold injury. In such cases the needed refrigerating
cepacity 1o smaller bLecause of hicher wtore temperature and
pore sl rate o e heat of respiraticn of fruit stored in con-

Lrolicd atmosnierec,

3,2%. Ionizir~ rodistion

As sdditicnal means to refrigeration the apolication of ionizing
raclation has een nroposed O prolong the keeplng time of f'ood.
Since vowerful scuraes of icnizing radiziion are at our disposal,
this ecomplcmentary method could e nossibly used, it the authority
concerned would permit its application; In almost all countries the
treatment ol roodstuflfs by ioniziaz radiation - even in the range
of energy in which 1t 1s not inducinyg artificial radicactivity -
has bLeen prohlbited, until 1t is proved tht irradiated procduce are
fully harmiess or even wholesome 50 Lhat by no means a hazard for
the consumer will arise. As radiation sources can be used: the 1so-
topes Co60 or Cs’jv producing ‘=rays, the Y-ray-machines, producing
x-rays (100 to 30O kV) and electron ascelerators (like linac, ete.),
delivering eleatren beams or X-rays of high energy (10 to 20 MeV).
Fecause of buotericidal effect of ionizings rays and their good
penetration ability 14, is possible to pacsteurize the foodstuffs by
irradiation sufficiently pood at low dose and harmless energy level
(below 10 MeV) nand keev them in refrizeraced place for longer time

than it would be rossible without previous irradiation.

The apulication of irradiation 1s relatively expensive. Therefore,
it could be comnmercially used only for a number of selected food-
stuffs in cases where its apnlicatlons pays. Its combination with
refrigeration seems to be especially promising (Table 2); because
the low doses reeded hereby do nct producce any offlavour and the

{rradiated ool ramains in all probability wholesome.

3.3%. Freezing

Freezing of foodstuffs is used when a longer storage time 1is
necessary than possible at temperatures above the freezing point.
Tt ig a r-'ativecly expensive method of fuod preservation, which
we find mostly in countries with high standard of living, because
the production of low temperature for freezing, transport and
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storaire nurpose needs not only a good organization of the production
and distribution, but also hirih cavnital Investments and high overat-
50 costs, e cinlly because frosen fuols requires an uninterrunt
“eolu ohoin . L. She otner hord, tae Yool preservatcion vy freezing

nay allow a mood eanort of sneciflc precucts. ‘ ;

Tha freczin: Co=s ot permit to uinre the (oodstuffs indefinitely |

long; there are sLorage time 1l1imitsy which devnend very much on the |
kind of proiduct (specles, variety, coapusitlon, €ecc.), the quallty |
of raw material, the pronzessing method, the kind of packasling, and

the storage conditions /5/. Wihese limity are very much influenced by
the nquality chian’es of the frouzen nroducts, occuring during storage, %
which i1s today donae according to the pood commercial practice in |

the temperature rance between -13 ana -70°C.

The quality chanpes of froZen foodstuffs, indenendent of thelr
nature {(fro:en rav, blanched, precoked, ready to eat) are mostly
deseribod Ly the sensory analycsis of tacte, smell, consistency,
color and appearence of the product. These organol eontical changes
oceuring mostly during storage may be the recult of some complex
physical, physico-chamical, cnzymic and chemlcal processes and
reactions. When fooastuffs should be frozen, all the general remarks
cald for c¢hilitn- are valid for freezine, %oo. The product intended
to be frozen chould be in ontimal condition, adequately prepared,
eventually blanched, orepacked 1f neceszary and Guaick ‘rozen /5/.
The rate of Creezing (for definitions see /%/, p. 63, § 2.2) should
have an optimal vaiue, depending on produces: oo . .ow freezine

causes detectabla cnanges in eating quality, because e.g. of larger
loss of drip on thawing, loss of turgescence, etc; tue fast freezing
may cause cracd<lns of outer part of the :ro.ict, especially if

it 1s of larger size.

Physical processes durine the frezzinz orocadure start with cri-
stallization =nt Adiffusion of freezable water, which is practically
completely fro-vcr out at about -30°C or <'irntly below this tempe-
rature; the norn-{rozen nart becomes a coneantrated solution, which
has especlally curing the storage deleterious effect in the protzins,
leading to der:turation and, therefore, .» sone loss of water-hold-
inc ability of food - esnecially of protzinic one (like meat, fish,
etc.). Membrancs of the cells are damaged to some extent as well as
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connective tissucs and thic rosults after thawing in o permenbilitn:
of the whole ticrues, in dri; and loss of turpescence; the toercure
of fooa may be alfected in viis Wal.e Tha 1ce ervstalls are vuially
grovin. durine e ctorare, conoridllt w4 Picher frvoiurnioy 0
storage temperature; also weisht lose and oven ‘Tecnor burp nnag
oczur at untfaverible conditione,  dnuynic reanctions cance
of anlmal tissucs, the muselo procacds te the ricor rmoriis oo
folloved bLy rubsetuent relaxition and tenderization 50 that t.ste
and consisvency are chancinr. ot charrses, often accounpand od by
liberation of free facty acids, lead o Lydrolytic und oxiantiva
rancidity; the 1ipid hydrolysic nirht be also reltatcd teo fro.on
storage-induced denaturation of the protein. Non-cnzvmic brownine
reactions may take place in appropriste substrates. The concent
of most vitamins 1s 3lowly but steady decreasing. All these jn

principl e undesirable changes of u piven nroduce are dependine in

first place on storage temperatune; thernrore, they are etthor

very much slown down or tihe very 1:ost ¢f them even practically

(N

prevent.ed for the usual time ot storace, if the store tommeravare

is chosen sufficiently los, =.7. -20°C; The apnlication of tii'ls

[V -

low tempevature along the 2c¢le chedn is today practicaliy narsinle
- . b >

v e

only in the statiorary larse ctores, During the nandlirg ana 2{strpi-
bution of frocen food - especially durine land transcort - the
temperature may rice un to -15%C and even hirher. The xnowled: e

of the time - tenperature - toloeranze of cach speciflic food o
therefore of great importance Lo enable Lo estinate Lhe Influcnce
of the temporary snort-tiie temperature rise on the Keeping: cuality
of the product in mind. It has teoon found that the arithnetioal
mean value of the temperaturc over the tinme ig responsibtle for the
quality changes of frozen food. Thererore, short-time temperature
rise does not niean any dangcer to quality, as long as the thawipr-—
did not take place. Thig means that for the most frozen fuods a
temporarily naximum teaperaturc o' -12 tu -13°C can be accepied

for a short periode.

However 1in spite of all this, the freeziny: process 1s still the
best method Tor a long tcrm preservation of the orisinal oronersi s

of a prcduce, we have to offenr. Adequatcly apnlied %0 selected

varieties sulitanle for freezins and processing the right oroducts

in the proper way it delivers excellent foodstuffs of good keepins
quality.




4. Various methods of refripmeration rroduction

The commerainl refrireration of foodstuffs, independent of how low
tlie temneralrroe should be decrersed, cin b achieved in many Giifc-
rent wiys. The commercially important toaperature range for food-
stuffs lies wotween about +15 and -3C°C. These temperatures can

be reached with the heln of different refrigeration sources. All

of them nred some kind of energy Supply.

4.1, Souraces o refrireratio

4.1, Refricerating machines.

A great selection of different types of mechanical and absorption
re{rigeratins machines are readily available today all over the
world. Mechanical machines of small capacitlies are air cooled and
hermetically sealed and, therecfere, need oniy electrical current

for their overation; there are on the market also small refrigerat-

ine machines driven by gasolin notors, so that thilis type of machines

are indenendent of an electrical nehwork. They are especially sult-
able for transoert refrfzeration (for refrigerated trucks, elc.).

Mechanical rachines of greater caoaclity are nioctly scemli-nermetic.
Large refricer2tine macnines are driven Ly ogen movors, which can
be of clertricil or gasolin tyve; mostly they have water cooled
condenser and need therofore besldes clentricity - which can pe

produced by g=2soiin or dlesel ensines - wster for thelr oneraticn.

Absorption type refriserating machines are relatlvely seldom on
the market; they neca as energy source for their opcration heat,
whlch can be produced by gas, electricity, petrol or may come from
steam boliler delivering stean.

.12, Ice

—————

Ice 1s usually nroduced in large lice making plants; in so far as
ice comes often in direct contact with the foods to be cooied
(rish, vegetables) down to 0°C, it must be produced from drinkahle
water of good nyiienic condition. Teday ine 1s mostly used as a
chean cold sour—e for rcfrigerated tran.corts; its application
(loading operations, temperature control, etc.) is most simple and

does not need any speclal technical training, but the problem of

- —— - T ——
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ice distribut
requires a network of ice colad
lce supnly and sarvice.

ion over long distances from the central lo

cated plants
stores and a good organization of

Ice is used ror refriperation of foodstul s down to 'ew degrees
centigrade over 1¢s m2lting point (0°C). In mixtures with salt

cieased down to about -20°C; such
mixtures are used in refrigerated railroad cars for transport of

frozen foods.

4

(NaCl) its teuperature can be do

4.13. Dry ice

Solid carbon dioxide has a sublimation temperature of about -78°C

and is therefore especially suitable for trans

port of frozen nro-
duce. It is relatively exvensive, even if it °’s oroduced from a

waste jras galned as byproduct in steam boilers, breweries, acool
fermentation plants, etec. In pPrinciplie, its temnerature 12 rmuch
lower than oractically nceded:

S

iLs advantage i1s that - 1in comnari -
80n with water ice - 1t dces not lcave any melted liquid water op

and therefore does not caus
of metal varts, but disanpears aft

brine to be drained away, e any corrosion

er sublimation as gas. Temverature
present any technical diffloul-
sublimation also the heatl content of
the ccld carbon dioxide gas is used for refrigeration pur
total utilizable heat content will be
dry 1ce.

control in largzer vercles does not
ties. If bLesides the heat or

nose, the
approximately 150 kral kg of
The gas produced by sublimation of dry lce can be used for renoving

air from the CA-stores Dy its displacemnent. Besides,carbon dioxide
gas - contrary to oxygen - does not react chemically with the

organic compounds of the food and at hig
sligh* bactericical and even ins
sometimes been used for shor:t Ly

her concentrations has a
ccticidal effect, too. It has
ansnores of rresh products, where
the gas was lead into the focd conpartireny of the vehicle, pro-
tecting it agatlrst chemical attack Ly oxvzen and against microtes.
The use of dry ice can be only talc

en into consideration anc practi-
cally reali.

ed when a dry ice ractory of sulficient productction
capacity exists in the concerned country.
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k.14, Boiling licuids
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Liquld nitroigen has a boiling point at -196°C, a heat of vaporizat-
ton of 47,7 lionl/wn, and disarpears as ~as; 1f the heat content of
the cold gas i3 uscid by warming it up to -20°%C, the total useful
heat content will be about 90 kecal/kg licuid nitrogen. In prineiple, -
we have here apaln - as in the case of dry ice - a substance with

a much too low temperature so that it is uneconomical to apply 1t
from thermodvnanlic standpoint of view; but in many countries the
1iquid nltroren 1 gained as py-oroduct and offered for a very low
price, covering a little more then the distribution costs. The
application of liquid nitrogen is very simple and the temperature
control also easy. It 1g used in first place for frozen foods trans-
port refriperation purposes; to some extend it is applied for very
quick freezing of some selected food, too. !

5. Methods of food cooling

Independent of the task of food cooling it could be performed in
many different ways. Various technical means are used as cooling
mediums to remove the heat from the food or from the interior of
the room, in which the food 18 kept.

5.1. Cold air

o R g,

The cooling of foods in a stream of cold air is old and still very
popular. Tnis method 1s often used to lower the temperature of foods
when chilline or freezing is done in rooms, tunnels, small cabinets
and boxes or fluldized beds; to accelerate the heat removal and to
chorten the chilling time,high velocity alr stream (1 to 2 m/s and
more) of adequately low temperature (O to -50°C) is applied. Cold
air of low veiocity 13 almost erclusively used as heat transfer
medium in focd stores for chilled or frozen food.

The use of air ar cooling medium does rot give a very gcod heat
transfer, even a% high air veloclity, but usually it's good enough

to achieve a sufficiently quick chillire or freezing of all food-
stuffs of varicus sizes. The chilling or freezing time of a specific
produce depends in first place of its size; for thick peces the
freezing time 13 practically proportional to the square power of
thickness and depends on the heat conductivity of the produce; for
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foodscuffs of very small dinensions (like reas) the heat transfer
from the surface %o the air 15 of high importancs so that 1t is in
this case worthwhile to anply hiph air speed. The advantage of alr
ecoling methol *s “hat it can Yo annlled for all kind of forms and
shapes ol Jools arsls and that cne enilling or freezing apparatus
can be convtrueted either for contiruous of batchwise intermittent
operation. '

5.2. Cold ron-boiling 1iquics :
are normally used only for chilling or freezing purposes. As such
liquids cold water, ice water, brine or sugar solutions come into

consideration, deponding on vroduce. The food can be chilled or
frozen by immersion into such moving liguids or by sprayling or
atomizing the recirculated cold licuid over the food. The liquid
must be {1ltcred and its hy:ionic condition has to be controlled,
if direct contact with food toes piace. To prevent undesirable
interactions between such licvid and the good, the latter can be
prepacked in a sultable packaging material before chilling.

5.3. Cold bollins liquids

can be used only for rood freering or for cooling of frozen food
during transrort. Liquid nitroren can be applied for freezing in
the best way by sprayinc method, because toohigh frcezing rate as
achlieved by immersion results in damaging the food bv cracking

(see 3.2); the oscaning very cold gas can be used - to improve the
econiomy of the orocess - for precoolinz of the food intended to be
frozen (see 4.14) Besides nitrogen short tine apo R 12 (CFﬁblq)
wvhich ras a norral bo!lling noint of about -30°C has been allowed

by U.S. Food :nd Drug Administration to be used In direct contact
with food in <hie U3A. R 12 can be applied for direct contact freez-
i1ng by immersion or spray methods. Lower costs can be expected

from freezing in sir enclosed syftem, wnereby the evaporated gaseous
refrigerant caa te mechanically recondensed to liquid with little
or no loss and roused for frecering.

5.4, Cold surfaces

are used for cnilling anc freezinz of foodstuffs by direct contact.
Liquid foodstulf: can te cooled down in heat exchangers cf diffe-
rent types (niate, tube, tank); semi-fluid viscous foodstuffs need
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a scraper type of heat exchanger. Solid focdatuffs can be chilled
or frozen by direct contact method in the fastest way if the food
is prepacked in rectanpular shene, pivigt on two opnosite sides a
good contact with the n0lc surfreas o the asupratus, llke mulil-
plate frcezer. ('ish and some kind of voretables are chilled and
kept for come time in direct contact with crushed ice, assuring
high hunidity at their surface and its wetting; exneriments vith
prepacked crushea lce for fish chilling are 1la progress.

5.5. Evaporation under vacuum

can be applied e.g. for chilling purposes of leafy products
(lettuce), which inight be somewhat wetted by spraying with water

Just before thelr transport; the loaded trucks or ralilroad waggons

are expos~3 in large tunnel to a vacuum down to about 5 mm. Hg,
sroduced usually be steam jet pumps. Few % of evaporated water or
of water content (about 3 to 5 %) are enough to cause a Quick
temperature decrease of 20 to 25°C.

6. Cold stor:s

As it has been mentioned above, the perishable foodstuffs must be

kept all alongz the cold chain at temveratures between +15 and -30°C
An important part of the cold chain form the cold stores which can

be erected - depending on the specific situation and the task of
the store - either at the producticn area or at the export or
import centre or in the distribution area, like the neighbourhood
of great clities as consumotion centres. The economy of a cold
store depends very much on 1ts geograpnical positicn with respect
to its task; the plot of land, on which it should be erected,
must be carefully selected and have not only electriclity and
water supply, but also good connections to main roads, rallroads
or even be situated in a port.

6.1. Cold store systems

A modern cold store - depending on 1ts location, the prize of the
ground and its task - may be constructed in two different wayss

e

. e —————
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a) As multi-rtorey wall {nnulated blook, very often having a form
of a cube, wialoh hag thu sralloeut relation of surface to the voluome
and, Lherctore, the wr~llest lurc of refrijeration for a glven
capreily . e sbra o ang o o ev st on of such a o tyose of L 0
sl.orc are reaslavely espensive, when esnrcssed per ~ubic met er of
1t loading, canaeity 1L rfloses Lave a limited loal carrying
capactiy: usually 1t s nol rore whan 1,5 Lons 8q.m. The handling
of foods 135 50 ewhat complicatew and, tharefore, expensive . cause
of the necessity Lo Luve an elevetur (140t), leadlry: throuyh all
sLoieys.

b) One storey-tutlding of H Lo © m heirh, often with very large
rooms - if thcy are not bullt s a "one-room-store”. Usaing sclf-
supporting rallet plates systers, they cun be loadeu with Liie help
of palletizers (fork lift trucks or pallet loading liftr) up to 5
to 7 i high, because thev are constructed atrectly on the gzround
assuring hiph load-limits (up vo 3 to 5 tons/sa.m.): the palietizy-,
and cdepalletizing is done !n o vay that each produc. tollues Lhe
principle "first irn, firct out”. This kind of one storey cola
stores allow a gmood use ol warchouse sovace, greatly reducod handl!
costs and reaucel capital cost of cold store; they became vooular
in the USA as freczer stores.

¢) CA-stores vihich are now increasingly used in industrialized
countrics are mostly desirned for steoragze of apples and pears. Tne
CA-storupe rooums must be not only weil {nsulated, but also .ag
tight, so th~t the wanted concentraivion of carbon dioxide, oxygen,
nitrogen and numidity czn be ke=dt without tou higzh losses. Vhe

gas tight laver is forned e.pg. vy a sheet of adequate fotl, nlastic
film or bltumen, which must Le plated over the insulation. 'he
control of tnec yas composition does not make any aifficulties.,

The wanted pas composition is achieved afterr loading and closing
the store eiithier oy the natural metacol!:zm of fruits, which slowly
reducas the o»veen cont.ent and increases the carbon dioxide content
up to the proieterminatcu values or by c.changling the gas content
right from the opexinnin® using pure gases from gas cylinders.

As it has been mentioned above, the chilled produce stored above
their freezing polnt needs optimal storage conditions (see 3.1),

#



which are denencing on Lthe xind of pruduce, 1ts variety, growing

corditions, Guallty at Lhe harvesting uing, cle. The Internatioral

Insuitute of Refrigeration hias collected over many yearz data

oo s Ao ST prent comrias by ooexcer'ere s In the pracvicve anc

e colentifie Investirations; they rro sunnarized in the "Recome-
mendod comditions for cold storage of perishable produce” (2nd

Stiuton), Pards, 1067, 1n table 7o tnese reacormendations are repro-
duced for some selected frulss ond voretablea, esnecially of such

widioh wmisht prow in doveironinge coantries; one can fin? here the

recotaiended viaiues of Lemneratur ¢, relative hamidity of the air
4

in the ntore, the cxpectod storape life and sometimes the country

whereirow the data ave Lahen., !

Por recormaendations concerning the storage of fruits and vegetables
in controlled atuosphere 1 would Jlike to refer to the booklet Juss

1

montiored; a9 Fer as reliable iata have been known at the time of
preparation of this decument, thev ave Iincluded. For the most frozen
oo the commereially ayniled range of storage temnerature is
veaatly 13 to =30°C, The expected storage life of thne single
profuce 1s very muzh dependine on the sterape temperature, as is
snown in anotcher hoowiet o the lnternationas institute of Helri-
Foeration: "Recowmendaiions for tre processing sand hanaling of frozen
fools’, Paris, 704, The collected dala show that the storaze
tevporature can te chuvsen zeocrdingly to Lthe intended storaze time.
As, far a2z the real storarse Lime in post cases Is unknown i advance,
the irdustrial trend gives more and more nreference to the freezer
store temncraturcs in the ronse of «~25 to =20%2; ~30°C can be con-
sidered today as a very safa Temperature which should be recommended
for the majority or frozen focd of hizhest quality.

¥ -
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A continucus, uninterrupted cold chain i{s not possible without

refp ~erazted transhort. In principle, there exist many different
possibilivies . rweallze this part of Jhe could chain: the transport
can ve done - danending on the circumstoncea - by ship, by airplane,
by railroad and by trucks; tne rood can be transvorted in special
isolated and evontually refriperated cenpartments of these {rarcsvop-
tation means < ln isolated and eventually refrigerated contairnors,
vhich can be uscid without unloading of the food during all the

— -
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transportation time until final destination, independent of the
route and used kind of transportation means.

Sneclal rcfricerated commrrinents equipped with refriserating
machinery are found in recrviperated carno shins, in refrigerated
rallroad wagrons and 1n retricerated trucks. The alrplanes have
usually - I any - only isolated freight compartments, and the

food is - if necessary - ccoled scparztely in single packages, boxes
or cont oy very often because of the short duration of the
flight it is sufficlent to precool the food and to send Lt in iso-
lated containers. The costs of alr transportation are high and

can be accepted for expensive produce or under special circumstances
only. Railrozd cars are insulated and depending on the required
temperature usually cooled by ice, ice-3ilt mixture, dry ice or
refrigerating machinery. The isolated - and usually precooled =~
trucks are used oniy for short delivery trips from cne cold room

to another: they are always refrigerated for long distances trans-
ports, mostly bty pgasolin cnsine driven refrigerating unit, by dry-
ice or in never time by liquid nitrczen. In comparison with railrcad
cars the trucks have the advantage that during the land ‘ransoort

no reloading of the good is necessary, because it can be brought
from the delivery plzce dircetly to the destination pount just by
road. Sometimes such trucks agre transported by ships or ferries

from islands as production area. rfor transports of short duration
soine tenperature rise i1s uvsually acceptavle /6/.

For developing countries, the problem of transport of refrigerated
food may be a dirfficult one. Of course, one nceds roads or railro.c.
if the less expensive way of transportation shall be used. Besides,
the right choice of cooling equipment poses some difficulties
because of nieded servicesz. Mechanical refrigerating units - even
the dependacle ones - need more or lecs distributed workshops, able
at least to exchange the delvct unit 2nd to co some simple recairs
Ice, dry-ice and iiquild nitrogen will he usually proauced in centra.
plants and nusy be delivered to the 1'echurge or refilling stat.ions,
adequately placed along 'he roads. An important point is, of court.e,
the distances which have to be covered and the kind of produce toc
be transporte’ /6/.
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8. Conclusions

If we compare the different methods of food preservation by re-
frigeration =nd veuld have to chiccse the most suitable one for
developlng countries, we procebly wili come very soon to the con-
clusion that the siiolest method will e the best one. Therefore,
I think that the cocling of [ood nroducis down to ontimal tempera-
tures above the f{rcezing point should be chosen to bezin with.
Iven then there are sone necessary requirements as basis for
application of refriperation. One must invest some capital cost,
which, of course, will depend on the size of project and the
special conditicns (climate, wares, technical standards, etc.) in
the specific country. As a next sten a cold storage with supple-
mentary processes as CA-storage can come into consideration for
countries producling firults and vegetables. The application of
freczing to {oodstuffls can be normally recommended first at A later
state of develooment, if not an exceptional situation is in favour
of 1t.

To be able to operate o cold store, there must be dther a supply
of electricity or a desendable source or electric power, like an
electrical generator driven by diesel- opr rasolin-engi-e. Besides,
a water supply 1: very nuch wanted. “he inexperience in the
operation and maintainence of refrigeration equiprient, which must
come rIrom devaeloped country, has to be overaome ty a good training.
The same 1s valid for handline of produce, of its transportation

and all lcudins operations,

Dependinz on the specific tatk the cold stores have to be erected
in production and eventuzllv alco in marketing areas. Roads must

be sufficientiy cocd to allow refricerated transport; the operatior
of refrigeratel Lrucks or refrircerated containers can be done

using only gasolin. Other possibilities have been discussed .pove,
In some cases 2ise tiansoorivation on w7 erways or navigable rivers
can be taker tnto consideration,

A consultation of an exper: or of . international organization
will be of ;i eat value in the case of new develonments in the

ticla of aponlication of refrigeratioi: in developing countries; ine
dustrial firms are also often in the pusition to £ive good acdvice,

but it seems L0 be wise to prepare a preproject and discuss :t ther
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with the presumptive constructors.

It 1s very probnble that in many cases the developing countries
may beconte interested in experting of agricultural commodities tc
improve the‘r i “ticnal econcmy. In such cases a consultation of an
expert or e«pcrts is very strongly recommended so that an optimal
soluticn could “e foundi for the particular country, also in so far
as markcticz problems in developed countries are concerned. The
problem of transport of the perishable produce should be carefully
studied and cost comparison should be made, especially if transoor-
tation by ship and alrplane are under consideration; it could be
said in advance that the latter will be possible only for very few
specific products and for very specific conditions in such a
country.

To enable someone to f'ind the ontimal solution for the specific
problem, concerned with preservation of food by refrigeration in
develcping countries, this problem must be very explicitly and
clearly dcescribed. There are not too many recommendations which
could be generalized and considered as valid in all different
countries. My fecling is that a definite, detalied and substantial
advice could pe glven first after thorough study of the agricultu-
ral, industrial and economical situation of the particular deve-
loping country, that means after taking into consideration all

the inportant particular facts, which might influence the decigsion
to be taken at least.
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