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Introduction

The interdependency of man has made mutual assistance and
complementarity increasingly important in the inierests of survival
and progresc. The ultimate goal of man is tc find a means for
securing reasonable living standards and social security for
everybody on this small planet. Every nation, every community,
each an¢ every -ne of us must contribute, with all available resources,
to the proper uce and development of natural assets in the most

effective manner.

Market conziderations.

In the last three decades, the fruit juice and soft drink
industries have developed at 2 phenomanal rate. In less than 35 years,
the nommercial output of fruit juices and conoentrates inoreased
from almoat nothing to sbout 7,000,000 tons, the breakdown being of
the following order of magnitude.

Tong

Oraage juice 3,700,000
Apple juice 770,000
Crapefruit juice and other oitrus juices 530,000
Pineapple juice 380,000
Crape juice 250,000
Tomato juice 660,000
Tropical fruit juice 260,000

A considerable cxpansion of the market has beemn vredicted,
Although three quarters of the world output of fruit juices is
currently produced in the USA, there io overy indication of an
appreciable increase in some of the developing countries., The
continuous seerch for new produots offers tremendous openinge to
tropioal fruit processors. The traditional marketa for fresh
fruit are getting so competitive that very often break-even prices
cannot even be obtained. In the near future, vhen the new plantations
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in both established fruit procassing areas and the newer ones come

into production, the irbalance batween supply and demand for fresh

fruit will become sver more ~ronounced. According to &n FAQ forooast,::

even at reduced prices the market will be unable to absorb =11 the
additionc) fruit that will become availcble, yet given effective

processing with proper equipment permitiing the production of high-

quality juice-concentmte products, thore are «1111l adequate opportunities

for ihe utilization of any gurplus produce.

On the other hand the demanc for ready~to=gonaume "convenience
beverages" is increasing owing to changes in living standards and
drinking habits. Trencs such as:
population growth;
higher average age;
jnoreased communioations ;
gocial revolution (mos+ notably the revolution of youth against

parental traditions )
inoressed travel

jnoressoed consumpticn ouigice the home;

rising personal incomos.

are expectéd{ tn cauce an ever—increasing change in consumer habits as
well as st eac“:i‘ly increasing consumption. However, one fact remains

undisputed: homo sapiens ig ihe only oreature that drinks wvhen he is

not thirsty. His basic organism remains vachanged and yet still

requires a fluid intake of ore and a hall litres 3 day.

The steady increase in the consumption of heverages had led to
a rapid development in the methods and ways of production, vhich in
turn has called for the utilization of fruis juice concentrates

because they are:

easy to handle and. transport:
easy to store;

easy to dose;
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This makes it possible to manufacture end products of eonsistently
high quality.

As a result, the industrizlized countries today are importing
increasing amounts of different varieties of fruit juice concentrates
from countries vith a high production. The modem and quality-conscious

fruit juice industry cnn bencfit from this tremd,

In the Mediterrancon couniiries, for instaunce, where natural
oonditions favour good fruit cultivetion (eitrus, apricots, peaches,
grapes, etc.) 2 large numdbar of processing factories havae been

egtablished during recent years.

The concantratec nroduced by mosl of these factories are mainly
intended as premium yuality products for the cxport markets. It is
also very common for these planis 1o be equipped with processing
equipment for "ready-to-sell" juice procducis intended for the expanding
home market.

Modern technology

A modern multi-purpose plant for processing .. ' fruit entails
considerable investment. When a new plant is designed, every point in
the process should be approached from various direotions to ensure
an optimum engineering and economic solutiion. Quick return on invested
capital depends, inter alis, on the utilization of *he equipment
over the longest possible period. The best means of achieving a high
degree of utilization is to meintain productiocn almost throughout
the year. In the northem hemisphere thie can be done in the

follovwing way:

May = July Nectar fruits (penches, apricots, strawberries, eto.)

August

Tomatoes
Sept.~Nov. - Apples, grapes
Deoc. = April

Citrus

Tus much of the prooessing machinery will be utilized
for several procducts sver a longer period, i.e. pastieurizers,

seperators, deamerators, pumps, tanks, eto. In this oconnexion,




TI————

-l -

it i3 worth pointing out that the optimization of a specific plant
requires long experience, and %hat local conditions and 211 other
variables must be taken into consideraticn. The growing, yet variable
supply of fresh fruit, the overlapping ripening seasons of the
different vorieties and the inereasing demand for firet-class products

present problens which require a meodern technological approach.

Modern technology is synonymous wiih:
1. TBEfficient processing
a) continuous flow

b) preserving the natural properties of the raw material
(taste, flavour, colour, aroms, vitamins)

c) easy change-over from one product to another without large
losses in raw material and end product, i.e. no waste of time.

2., Basy-to-handle compact mochines with flexible performance.
3, Highest sanitary stiandards through use of cleaning~-in-nlace (CIP).
4. Remote control and automztion, thus minimizing the human error
factor.
Investment in a modern multi-purpose plant ig high from the
jnitial cost point of view, but the returns can be decisive to the
future of the whole operation. There is only one best possible solution.
for everr case. In modern technology there ie no place for weak points,
and compromises are nct accentable insofar ac product quality is

oconcerned.

Concentration

Conceniration of fruit juice is fundamental to modern fruit juice
handling. Without ooncentration, distribution tr bevcrage manufacturers

would not be feasible.

The following prinéipal advantages are achieved:
Presorvation during storage with minor physical and chemical changesj
Considerably reduced storage and iransport costis;

The weight of the concentrate iz only 1/6 to 1/7 of the original
weight of the juice, the volume being only =bout 1/10;

Conatant product aquality;




Wider geoographic distribution;

Distribution problems, if aseptic juice was 1o bo transported, would
be almost insoluble from both the technical and cost points of view.

Concentration is the heart o the process. The key to the high
quality end product is based on the concentration step. In other
words prime quality raw material, processed in the bost podBsible way,
will be irreporably damaged by an inferior evaporator. Nothing can

restore losh quality.

In a good evaporator, Tinal concentration should be reached with
a8 little thermel degradation as possible. "he degree of thermal
decomposition is o function of time and temperature. The reaction
speed is proportional to time and depandant on the tamperature in
such a way that a 10°C incroasc loads io 2-3 times as fast a
reaction.

An evaporator has been developed thnt makes & vital contribution
tc the quality of the product (see illustration 1). It embodies a
combination of the two engineering principlez: indirect heat
exchange with thin-film liquid flow, and cantrifugal separation.
The heating surface consists of a nesting stack of hollow conical

disos rotating on o common spindle.

The juice is fed in and sprayed on io ihe undersides of the
rotating conos, where centrifural fcrce immediately spreads it over
the wholc of the surface in a film only aboul one-tenth of a millimetre
thick.

The juice crosses the conc surface in about one second. The
entirc eveporation process takes place in this short time, and the
finished concentrato leaves the apparatus.

The steam hoats the coné surfaces, and the condensate is thrown
off by rotation as soon as it forms. Tho vepour boiled off from the
product is drawvn off to the hox condenser.

Extremely fast evaporation and low temperature add up to a
very gentlo form of treatment that guaranteces the high quality of




the end product.

This evaporator is the oaly evaporator incorporating centrifugal
foroce with indirect heat transfer. This cystom has the following
advantages :

- Comoamtration from single cirength juice to 70° Brix takes place

vithin less than a second and_in one pass, thereby onsuring

retenticn of product characteris!ics {colour, taste, vitamin

content, euc.):

Products with high viccesitites can b concentrated cwing to

the "spreading aff'ect” or tha cenirifusal forec:
Yo recirculotion is noeded: all in one pass;:

Extremely compact ingtallation: owing 12 very hish heat
transfer co-efficiont (kevalue), only a very small heating arca

is necdod;

Almost no loss of product: operating parameters arc reached

rapidly after stari-up, shutedown bein: ecually fast:

Minimum supervisiocn;
Cleaning=-in-place.

Aroma recovery

Althou/!: the above meniionad evoporator has o very low stripping
effect, there is no doubt thnt the most volatile fractions are lost
with the condensate, anl 4o cbtain a higi quality end-product aroma
recovery is necessary,

In the fruit juice processing scctor, it i: a well-known fact
that the first 10-30 per ocent stripped ofl containz about 90 per
cent of the aroma componenis. This first aromo fraction, which
oontains 1/3 - 1/10 of “he original juice volume, has 15 be
concentrated o 1/100 of iis original volunme.

Earlier it was a coumonly zocepted opinion that the volatile

comronents were not heat-scnsitive. 'Tvday it is common nowledge
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that aroma is influenced by heat and that there is a time~temperature-
relatior. about the samc as that mentioned earlier for concentration.

Some aromas, such as paesion fruit jrice, are highly sensitive.

If degradation cf the aroma components is wo be avoided, their
holding time shovld be short., A few years ago, a technique was
developod, called PAR,vwhich utilizes theo principle of repeated distillation.
The advantage of this system is that the hcat-sensitive aroma vapours are

condensed and cooled immedietely upon formation in the distillation unit.

The PAR unit consiste of two plate heat-exchangers (sce diagram 2).
The lower plate (2) pack acts as an evaporator. The vapour and juice
lecve the plate pack through the oremings at the upper edge of the plate
passages and hit the baffle plate (5) which directs the flow downwards.
The atripped juice is drawn off at the connection (5). The upper plate

pack (1) acts as a condonser, the vopour heing condensed by cooling water.

You can build a two-stage aroma recovery unit or more by using
standard models of the PAR system (sce illustration 2). FExtension of
capaocity is obtained simply by adding mcre plates to the unit., The
holding time of the aroma components is rated in scconds, and the
results are excellent: fully in keeping with the aims of modern fruit

juice procescing.

The combination of a PAR aroma recovery unit and a centrifugal
evaporatior gives & conoantrate which, when reconstituied, cannot even
be distinguiched "from the original juice, the crucial test of a high-
quality product.

In accordance with the markei's steady amphasis on high-quality
end products, the machinory manufacturcers have introduced a series of
new processing equipment, It is not only the domands made of the
existing equipment that have increased, but in certain cases, oompletely
new techniques have bheen requiroed,amd in research and development, an |
intense search is being made for new ways, mcthods and techniques, |

The basic unit operations in fruii juice processing can be brokenm

dowm: as follows:
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1. Pruit ireetment and extraction of juice.

2. Recovery of cesential oils (in the case of citrus).
3, Deaeration.

4. Pasteurization,

5. Aroma recovery.

6. Clarification.

7. Concentration.

8. Preservntion of the end product.

9. Packing.

Having already dealt with arome recovery and concantration,
therc are other processing operations to be discussed.

Pruit treatment and extractiion.

The incoming fruit should be stored in well acrated bine made
of wood or sonoreto for a maximum of 10=15 hours, In the event of
longer storage periocs, mctal constructions with metal soreemn wnlls
should be used to permit adoquaie ventilation. The depth of the
fruit oontainer should prevent excessive pressure and crushing of
the fruit at the botiom of the container. The fruit must be
thoroughly brushod and washod before inspcction, and damaged and
mouldy fruits rejested, on the principle that "there is no product
bYetter than the raw material. "

The juice is extracted from the clean fruit in special preeses.
(In the case of citrus the essential oils aic liberated from the
pecl at this stage as well)., Juiocs extraction is a complox process

22 ao ]

glﬂtiu; oil reoovery.

specially when limee, lomons and grapefruit arec processed,
it is important to gel the highest poosible yield of oil with an
oxtremcly gnod purity on account of their high wvalue.

This can be sclved by applying twoeetege separation. (soce
{1lustration 3). In the first stage a self-cleaning concemtrator
ramoves the pulp particles and most of the water. Murther the oil
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is polished by a special separator colled a polisher, resulting in a
brilliantly cloar oil free from impurities. Tho whole process 18
fully autom~tic and incorporatc. CIP.

Dooeration

Deacration is an important operation in fruit juice processing,
ospecially where citrus is concerned, since immediatcly aftor the
whole fruit is crushed, .its natural anti-oxidation mcchanism is
destroyed. Deacration reducos the risk of oxidation and consequent
undesireble changes in taste and vitamin content. e more pulp
contained in the juice, the more difficult efficient dencration becomes.
This is due to the microscopic ~ir bubbles clinging io the pulp
particlos, A quesiion connected with deaeration has also been that
of deaerating without losing the very valuable flavour. On the market
today very efficient deaerators are availablc with integral aroma
retention (see illustretion /), Withoul advanccd knowledge, one can
never guess that such - simple and small vessel can do so much in

holping tc solve such an important problen.

A point to be remembered here is thec importance of preventing air
from re-entering the dcacrated product. The correct deeign of pipework,
pumps and agitators helps to avoid air being mixed in.

Pasteurizaticn

Pasteurization ie a method of killing micro-organisms which would
otherwisc cause undosirable fermentation, yensts and moulds., In the
case of citrus and someo other cloudy juices, it also innctivates the
natural enzymes which would otherwise cause a breakdown of the desired
cloudiness of the juice. A very gentle and short treatment has alweys
bean the goal of fruit juice proceesors.

High heat-transfer co-efficients, minimum pressure drop, small
temperature difference between product and heating media, turbuient
flow at low veloocities, no burnig-on, efficiant cleaning-in-place,
easc of maintenance, etc. are scme of the built-in features of modern
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pastcurizers (see illustration 5). A recant refinement is the
development of a plate hent-cxchanger using the "mixed theta"

tochnique, in which the corruga.ion patterns of individual plates

are veried for optimum thermel efficioncy, acecording to the differace
in temperature between th- fruit Juice and the heating or cooling media,
Every plate heat exchanger is computcreoptimized for the specific

duty for which it is sold.

In most cascs, pastcurizers are equipped with automatod heating
and. cooling asystcms., In some cases, they ore oquipped with a safety
circuit with a valve that automaiically diverts the juice back to the
pastcurizer inlet into an automatically activetoed cooling section,
should ihe temperaturc drop below a set limiti - or if, for cxample,
there is a temporary stoppage in the line.

Clorification

The type of separator mest widely used in the fruit Juice industry -
and indced in all industries that ccmand hizh-speod sanitary separation
equipment - is the self-cloaning olarifier (sec illustration 6). Tis
machine is dosigned to remove pulp rosidues and other solids from a
continuous product fiow. The Jischarge mechanisn is actuated either
by an automatic timer set o operate at intcrvals matched to the rate
of solid build-up or by o pres .re-sansitivc trigger that roacts whem
tho solid holding space is filled to & certain pcinit, In hoth ocases,
the solids are ejectod before they can accumulate to the point of
interfering with further separation, so therc is no fall-off in efficiency
during thc produciion run, Self-cleaning separators are designed to
work as an integral part of a continuous processing systam. They can be
cleanad=-in~-place by circulation without having to be opened, and all
functions can be romote~oontrclled or automat ed.

A mosi important factor for efficient slarification is the
gatle handling of tho product prior %o clarification. Correct
pumping technique has a groat deal to do with it.
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Cleaning-in-placc (CIP)

CIP by ecirculation of detorgontc through tho product line is
the svrest way of maintnining 2 high standard of rlant hygieno, CIP
systeme can be supplico hoth in the Towm of permanaont custom-built
installations for complet: plants (sco illustration 7)y and as small
prefabricated CIP units for cle=ning individuel grouns of eguipment
(sce illustration 3), Feconomical fuatures, such as rogenerative heat
reoovery and rocovery of cleaning fluids for re-use (impurities piocked
up during circulotion arc removed vhen the fluid goes through a sclf-
cleaning separator), arc important factors when dcsigning for CIP.
Almost all types of equipment can bo CIP treaied by using hot water,
detergmts or oold sterilizing agents. The sysitoem can be made completely
safet no cleaning agamts can be fed into the piroduclion process by

mistakec,

A CIP system can be fully automated and programmed io perform

a ferios of different functions at pre-sct times and temperaturcs,

Owing to the effectivuness of a properly designed CIP system,

the duration of thu cleaning is relatively short.

Further to iis labour-saving features, CIP guarantees that
every part of the plant is properly clcaned and it is therefore

essential for a quality-conscious modern nrocessor,

Automation

The results of properly cwecuted automation should be better
and more consistent product quality at less cost. Accompanying benefits
are & high standard of hygienc, less risk of inadvertent product mixing,
fewer manual operations (with consequent savings iu labour and reducod
equipment wea.r), more officient equipment utilization, less complex

buildings requirements and a more compact machinc installation.

Therc oan be no question that all these are objectives well worth
striving for., The degree of automatic process control desirable
depends very much on suoch local factors as availability of skilled
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personnel. The chicf criterion is what will be most cconomical from
the processor's point ¢f view. The pros nnd cons must bc weighed up
in each individual case. 4 full and frank collohoration between the
user ond the supplier of tho cquipment will gencrally help to achiove
maximum cconomy in plant desism - both in conditiona existing at the

tine of commissioning ~nd fev the future.

Automation is succossfully entering the juice processing lings.,
The self=cleaning separators with aatomatic timers mentioned earlier
are on example of spot avtomation, as is the programmable eontroller
of the CIP system which chocks the deaning cycl: through pncumatically
operated valves. An example of a complctely sutomated juice processing
plant is thot in Italy wicire the complete juicc tr‘:atmen't,(doaeration,
pasteurization, clarification, cencentration, otc.)is controlled and

regrlated from the mactur control pancl (sce illustraiion 92).

Tho processcs that can be ~utomated aro nunecurs, For example,
a sugar-flow planl has bean developod (sec illustration 10) for the
continuous production of iliquid suger for addition to still drinke or
nectar juice. The concentration as well os the pasteurization temperatures
arc automatically kepi constant within clesc tolerances -and continuously

recorded with & minimun of supervision.

Another exnmplc of complete automation is 4 continuous flow
installation (sce illustration 11) in Spain. Thir is a now system
for the continuous procduction of soft drinks. The new and advancod
developments in mechonienl angineering and eloctronies arc here utilized
to a great extent. The whole production = from the input of sugar and
Juice coneentrate, right wp to the filling operations - proceeds in a
full eontinuous flow.

In the paper hitherto, cmphasis has been laid upon the hardware
aspoects of a fruit juicc plant: the ~ctual processing equipment in
place and ready to start producing,

The software aspects shculd not be forgottin: the informative

parv., In order to securc the proper functioning of a process line,

T JAM&MQWWF = 4 ™ el
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there are two further important factors: the operative and supervisory
persomnel. Sufficiont instruction on the operation and maintenance of
the equipment is indispensible to the officient running of a factory
and production of good quality products. Not only should cxperts be
on the spot during the running-in poriod of a now factory, but
training should elso take place long beforchand at well oetablished
fectories and training centrcs. Those who have thc know-how must
share it with anybody who wanis to acoept new ideas.

It should also be kept in mind that, in addition to processing
tochniques and equipment design, the quality of Juices is naturally
greatly influenced by the varicty, cultivation, ripeness, freshnoss
and quality of the raw material.

Correctly processcd good fruit yioclds the best possiblc products,
Newcomers to the industry have to establish a market and a good
reputation. High quality-products are surcly the best wvay of
acoomplishing both, those objoctives., Quality products are in short
supply and therefore readily acccpted at highor prices.
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Braporator

Bvaporator cross-action
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Two-stage separation
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Oustom~-built CIP unit

Illustretion 8
Standard pre-fabricated CIP unit




iliestretion 9

Oompletely automated juioe-processing pilant












