G @ | TOGETHER

!{’\N i D/? L&y

=S~ vears | for a sustainable future
OCCASION

This publication has been made available to the public on the occasion of the 50" anniversary of the
United Nations Industrial Development Organisation.

’-.
Sy
B QNIDQI
s 77

vears | for a sustainable future

DISCLAIMER

This document has been produced without formal United Nations editing. The designations
employed and the presentation of the material in this document do not imply the expression of any
opinion whatsoever on the part of the Secretariat of the United Nations Industrial Development
Organization (UNIDO) concerning the legal status of any country, territory, city or area or of its
authorities, or concerning the delimitation of its frontiers or boundaries, or its economic system or
degree of development. Designations such as “developed”, “industrialized” and “developing” are
intended for statistical convenience and do not necessarily express a judgment about the stage
reached by a particular country or area in the development process. Mention of firm names or
commercial products does not constitute an endorsement by UNIDO.

FAIR USE POLICY
Any part of this publication may be quoted and referenced for educational and research purposes
without additional permission from UNIDO. However, those who make use of quoting and
referencing this publication are requested to follow the Fair Use Policy of giving due credit to
UNIDO.
CONTACT

Please contact publications@unido.org for further information concerning UNIDO publications.

For more information about UNIDO, please visit us at www.unido.org

UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION
Vienna International Centre, P.O. Box 300, 1400 Vienna, Austria

Tel: (+43-1) 26026-0 * www.unido.org * unido@unido.org


mailto:publications@unido.org
http://www.unido.org/

- Doo 933
INDUSTRIAL

PROCESSING
OF
CITRUS FRUIT




.
¢
N
-
I N

.
. B
w? ' '
. .
v .
« .
[
»
s
.
- &
. ¢ !
.
.
-
v s
S |
.
-
’
i
\ 4 '
-
Dl
) | -
b )
‘ ’
N
. : ‘
| -
.
.
| -
! i
. : '
-t vv‘
. -
I .
f ’ g
. *
i : ' ‘
¥ ' i
-







UNITED NATIONS INDUSTRIAL DEVELOPMiNT ORGANIZATION, VIIENNA

FOOD INDUSTRY STUDIES No. 2

INDUSTRIAL PROCESSING
OF
CITRUS FRUIT

UNITED NATIONS

New York, 1969




ID/SER.1/2

UNITED NATIONS PUBLICATION
Sales No.: E.ov 11 B.Y

Price: SUS 0.75 (or equivalent in other currencies)

Printed by the IAFA in Austria




FOREWORD

The present monograph is one of a series of studies designed for the use of the
food-processing industries of developing countries. The approack used and the
criteria that have been followed are based on the concept that, while capital for
investment may not be readily avaituble. skilled labour m short supply, and present
markets for the products limited or even non-existent. processes and techniques must
be adopted that will produce goods that can compete, in quahity | price, and
reliability of supply, with those of countries whose industriatization has begun
earlier. No country, and especially no developing country, can afford to waste its
resources by building industries whose products are too high in price and/or too low
in quality to have acceptability in the world market.

The objective of UNIDO in publishing this series of studies in the
food-processing industry is therefure to provide information to the developing
countries that will help them to gain good technical insights into selected areas of
food-processing and to avoid obsolescent procedures and processes. It is hoped that
this series of studies will provide reliable and practical mformation for governmental
authorities and for potential private and institutional ivestors.

The present monograph was prepared by Professor Zeki Berk of the
Technion-Israel Institui e ot lechinology . Taita, Israel (Visiting Associate Professor of
Food Enguicering, Massachusetts Institute of Fechnotogy, Cambridge, Mass., US.A.)
in the capacity ot Consultant to UNIDO.




Opinions cxpressed arc those of the author and do not neccssarily reflect the views
of the United Nations Industrial Development Organization. If material is quoted
or reprinted, acknowledgement is requested.

The designations cmptoyed and the presentation ot the material in this
publication do not imply the expresion of any opinton whats.ever on the part of
the United Nations Industmal Development Organuzation concerning the legal
status of any country or ‘erritor; or of it authorties, or conceming tne
delimitation of its frontiers,
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Chapter One

ECONOMIC BACKGROUND

Citrus fruits and their mdustrial dervatives have been long iecognized  as
commodities of established nuportance i internationat trade. No other single class of
fresh fruit or its piocessed juce products enoys the populanty and mternational
sales volume ot the itrus frnts. The scale of tis trade can be seen in table | and
table .

The geoyraphicat regions that can sostam the commercral culture of Citrus frint
are himited. Both thie need tor much water and the Iagh susceptibihity ot most citrus
frutt 1o host dimage restict citrusgiowing areas. However | improvement  of
irrigation me thods Dias permitted some expansion ot attcalture into regions that
were torniethy too arid tor this purpose.

The devetopment of Tnghly patatable concentrated trozen pnces explams the
spectacular growth of the citrus mdustry and trade mthe USA However. the impact
of this mportant developiient outside of Norih Amenca has been very shight thus
far. The countiies ot Furope that do not prodace atrus trints are the principal
markets for fredi trunt and their processed products. Citrus-based *soft” beverages
and single-strength canned or bottled pnees are still the principal most widely sold
industrial citrus products in these countiies.

All parts of the tot ot the commercially tmportant citrus varieties (oranges,
grape-truitlemons and Lines) can be utilized industrially and yreld salable products.
The diversity ot the products that can be obtamed from citrus Fruit is shown in the
diagram in tigure 1 However, the market for some of these products s quite small or
already saturated. tie production ot orange-peel ol citrus pecting and flavonoids
exceeds the actua! demand. In some cases, such as the production of ¢itric acud, the
development of competitive sources has ehinunated or reduced vansiderably the
prospects of Hrofitable operation.

The purpose ot the pictent repoit 1s o provide basic mtomation on the
processes of industrial utihzation ot citius Fruit, on the avabable equpaent Tor these
purposes and on the claractenstics and properties of the prmeipal products and
by-products. In an Annex. some economic considerations are illustrated by means of
a feasibihty study tor a smalt plant operating under hy pothetical locai conditions.

The fast two decades bave seen a phenomenad development of the citrus
industry, both m plant size and ' tne dwersity and soplustication of production
technology. Several promisimg techimigues are now under mvestigation, and some of
these have reached the wtage of pilot-plant dovelopment. Since the  present
publicatior: is intended for those seeking intormation useful for the evaluation of



2 INDUSTREIAL PROCESSING OF CITRUS FRUIT

feasibility in a new and presumably small-scale operation, emphasis has been placed
on the more conventional technology, bui recent developments in the field are
discussed brietly.

The author wishes to acknowledge his mdebtedness to the Isracli citrus industry,
in which he has received most of his experience. Thanks are also due t the Minute
Mzid Company of the United States of America for valuable mform:tion and an
mstructive visit to ats plants an Florida, To the Pladoth Company (food equipment
and staimless steet work, b Harod, Israel). Sharnoa 1.td. (meclianica, cquipment,
Petach Tikwa. Isracl). and to the Industries Development Corporation {engineering,
design. cconomics studies, Haita, Israel) gratitude is due for valuable assistance on
questions related to engimeering and economics,

Table 1. Export of citrus juices fron: principal producing countries (1963)
(In thousands of tons)

[ —

Product ltaly Spain lsracel Algeria . Moroceo USA
Orange. sigle-strength 20 3.5 4.0 24
Orange. concaiitrate 13 8.0 3.5 0.5 18
Grape-truit 35 0.5 2.5 23
Lemon 25 -
Commnuted 0.5 -
Blended 11

Source: The Commonwealth Economic Committee, Fruit, a Review, H. M. S. O.,
London, 1965,

Table 2. Imports of citrus juices into the United K ingdom
(In thousands ot tons)

Product Average 1951-SS 1960 1962 1963
Orange. natural 6.5 9.0 8.0 10.5
Grape-fruit. natural 1.5 1.5 2.0
Orange. sweetened 1.5 9.5 9.5 9.0
Grape-fnnit. sweetened 9.5 10.5 9.5
Orange. concentr ite 9.0 8.5 5.0 5.0
Grape-Trurt. concentrate 1.0 0.5 0.5
Others. natural 15.0 13.5 10.0
Others, concentrate 3.0 3.5 2.5

Lond Source The Commonwealth Economic Committee, Fruit, a Review, H. M. S. 0.,
Amdon,
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Flgure 1. Most common products of the citrus processing industry




PRODUCTION TRENDS

Chapter Two

Extensive statistical data are compiled and published yearly by various
governmental and international ugencies (see the Sclected References). These data
indicate a remarkable increase m world production of citrus fruit, particularly in

some of the developing countries (table 3).

Table 3. Citrus fruit: production, 1953-55 and 1957-0] averages, and 1962 to 19659

[ C——————

¢In thousands of 1ony)

1963

195355 1357-61 1962 1964 1965
aVCTUge  average prehim- estimate
inary
Oranges and tangerines
Winter season
United States of America® 4.509 4473 3043 3178 4,377 4838
Mediterrancan region 3704 4521 4835 5942 5850 6,324
Elsewhere 1,560 2504 3440 3294 30675 3,698
TOTAI 10073 11.49% 11918 12413 13,902 13,860
from
Developed countries 7765 K753 8140 8058 10.112 11,044
Developing countries 2308 2745 3778 3756 37790 3816
Sammer season 3998 4517 5S4 S.172 41884
from
Developed countnies 182 1097 1123 1.202 1.166 -
Developig countnies 2816 3420 3991 3970 3,718
WORID 101 AL 14.071 160015 17.032 17.5%6 18.786

asons bopnimyg n o vear shown

Lotals mclude the northern hemisphere harvests start-

g an e v e shov aoand the southern hemiphiere harvests in the Tollowing year,

FExcluding Calitornia A slencia orange production which is included in the summer season

total

CHxctudimg the USSR and Ching tMainband),

Sowgree

1 AO Commodiny Review, 1966,

4




PRODUCTION TRI NDS

5
Table 3. (continued)
1953-55 1957-61 1962 1963 1964 1965
average average prelim- estimate
inary
Lemons and limes
Winter season
United States of America 532 601 463 673 524 613
Italy 311 389 359 488 502 s20
Others 635 786 1.189 1,113 1162 1,187
TOTAL 1,478 1,776 2011 2274 2054 2320
Summer season 251 300 341 329 315
WORLD TOTAL® L729 2076 2352 03 373
from
Developeid countries 994 1,270 1,154 1,462  1,39s -
Developing countries 735 806 1.198 1,141 1.178 -
Grape-fniit
Winter season
United States of America 1,613 1,500 1.225 1,249 1506 1,705
Israel 60 69 9% 137 159 175
Others 133 161 178 189 07 215
TOTAL 1806 1730 1501 1575 1x72 30905
Summer season 53 123 171 187 197
WORLD TOTALe 1859 1853 1072 1702 2009 o
from
Developed countries L710 1,622 1402 148 1.767 -
Deveioping countries 149 231 270 282 302 -
TOTAL CITRUS 'RUIT ) -
PRODUCTION 17,659 19,994 21.05¢6 21,951 23,428

This trend has already affected marketing patterns.
European markets for fresh fruit were
prices could not be obtained. In the near future when the new plantations, in both

In 1966 and 1907, the

so competitive that very often break-even
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the established citrus-producing areas and among the newer ones come into
production, the imbalance between supply and demand tor fresh fruit will become
even more serious. According to a forecast by the Food and Agriculture Organization
of the United Nations (FAO).! even at reduced prices the market will be unable to
absorb all of the additional truit that will become available. On the other hand,
demand for ready-to-consume convenience foods is increasing following changes in
living standards and dictary habits. Processed citrus products will undoubtedly
benefit from this trend.

A surplus of raw materials on one hand and an increased demand for products
derived from them on the other most probably will bring about a phenomenal
growth of the citrus-processing industry in the near future in both developed and
developing countries. At the same time, a substantial increase in governmental and
industrial support for research directed towards the development of new processes
and products may be expected.

18ee item No. 39 in the list of Selected References.




Chapter Three

RAW MATERIALS

Sources of fruit for processing

The principal source of fruit for industrial processing is the culls frown
packing-houses. Culls are sound, healthy fruit that cannot meet the requirements of
the fresh fruit market because of non-standard, iregular shape and superticial peel
blemishes. Because of the higher returns to the grower at s usual to selt as much of
the crop as possible as fresh fruit, but there is always some of the crop that cannot
be. This proportion varies according to factors such as the vanety o the fruit,
climatic conditions during the growing scason, geographic regions, and age of the
trees. With the market tor fresh frut becoming ever more sophisticated and
demanding, the proportion ot culls has increased all over the world. The fruit-growers
have thus comc to consider the citrus-processing industry as an wportant factor,
necessary tor the absorption of 30 to 40 per cent ol the crop, despite the relatively
low prices paid by the mdustry tor culls.

Obviously. this arrangement has some severe drawbacks, The quantity of culls
available to the industry fTuctuates within wide limits and often unexp etedly
according tu climatic conditions and marketing policy. The occurence of Irost
damage in one citrus-producing country may create such g shortage of fresh truit in
the world market that the standards are lowered. mucl fewer culls are sorted out and
the citrus-processing industry everywhere suflers from unavatability ot raw material.

Furtherinore, the vaneties of citrus frait most suitable Tor cating fresh are not
necessarily the besi lor processing. For example, while most navel oranges are
excellent tresh truit, their use fulness in industry is mited by a degree of bitterness
that develops in their pasteunized juices.

An alternative method of supplying the mdustry with raw matenial is to utilize
the entire crop for processing, as 1s done in the USA in Florida. The huge market
created by the advent of successful frozen concentrates and the favourable price
commanded by these products, together with the convenience of recewving a steady
supply of well-specified raw matenial, pernut the industry to ofter the growers a price
considerably higher than that pad for culls. Ou the other hand. the costs of growing,
picking and transporting the 1ruit may b substantially lowered.

Characteristics of fruit varieties

The individual species of citrus fruit and the use of each one in the industry have

7




8 INDUSTRINT PROCUSSING OF CHREUS TRUIT

been summurized by Braverman.! Tie present discussion emphasizes the etlect of
varietal charactenstics on the suitubility ot ¢itrus frunt for commercal processing,

() Shape wid size. Some processing equipment must be selected or adjusted
according to the size and shape ot distribution of the tint. The operations most
sensitive to this factor are washing (brushes). sizing and especnally jince extraction.

(b Hardness and tivichness of thie peel Vanieties with thin bui sulticiently hard
peels are. of course, preferable. Sott-shinned fruts such as tangevines sequire special
care in conveymgand juice extraction,

(¢) Jurec vield Unless the boant s processed primanily tor s o1l the vield of
juice is extiemely unportant. Many vaneties that are excellent tor eatimg fresh, such
as Jafta oranges. nay have less extractable juice than other vaneties less suitable for
eating fresh,

(d) Colour This tactor is especially important m the case of oranges. The imarket
demands orange juice with a deep “orange™ colour. Thas requuement is turther
emphasized i the case of coneentrates and bases, where the colour should be guite
pronounced even atter extensive dilution. Some vareties, althongh excellent m taste
and aroni vield apnee of pale colomroand vice versu, A good butance of tlavour and
colour may he obiamed by blending such juices. Thus, tangerimes may be used to
enhance the colour ot athee prces  desprte then weak favorn when processed.

o Covnposen Ay sod basanee of sweetness and tatness s essential, This
factor puts rathier stiet Tonitations on the suga aadity (B prD ratio, 2 Sinee
vitarzin C i the mostimportast nuetrnve factor i crtrns juice. ahagh ascorbic acid
content s very desuables The absence ol exeessive bitterness, whether origmally
present mothe troit o mduced by the treatment. is of conrse essential

(0 Lengih of the season: His evident that critius tree varicties that can provide
matire toat over wlong peniod of the year are extremely desirable. A combination of
carly. mid-season and Tate-bearing vaneties is the best way to lengthen the
frnt-production season

Maturity

e detmition of Truit niaiurity tor industrial purposes differs somewhat from
that used by the fresh-fruit market. Generally, vranges reach “processing maturity™
some e afier they wre sutTiciently mature tor cating fresh. Artilicial 1ipening is
effective in colouning the peel. While this is important Tor the tresh-fruit market, it
does ot render the funt more sintable Yor processing.

As the fruit matares, s juice content nereases, However, juiciness cannot be
used as the only citenion tor maturiiy, becanse juciuess s also affected by many
other factors and coanges observably only very carlv 1 the growing season.

Immature grape-fiut are excessively bitter and aeid. The hitterness 1s cuused by
high' concentrations of anmgin, a bitter crystalline glveoside. Recently, de-bittering

Tsee ey Noo D the I of Selected Rererenoes.

2'I‘Ihc: Briv soile v iydrometne saate for sugar solulions so grduated that its readings in degrees
Brix ("Hrix) at o specified temperature represent the percentage by weight of sugar in a solution.
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processes have been proposed whereby excess naringin would be decomposed by
means of the cnsyme naringinase. bkxcess eitric acid can be removed by
electrodialysis. Although both processes have been described in the recent literature,
neither is used commercially at present.

With oranges, matunity s more difficult to define than with grape-fruit. karly in
the growing scason an orange of a given variety may be reasonably juicy and sweet,
but may develop a Jistinctly bitter taste in its juice wpon processing. Furthermore,
the colour of the juce is generally pale and a green nuance can be detected,
especially in concentrates.

In the case of grape-fruit for the manufacture of canned segments, neither
juiciness, sugar content nor acidity can be taken as indications of maturity. The
texture of the scgment is more important. Both immature and over-ripe fruit yield
less firm seginents than does mature fruit. The use of shear-presses for the
determination of optimal maturity has been investigated, but no conclusive data are
available as of vet.

The most useful criterion for maturity seems to be the ratio of total soluble
solids (degrees Brix) to acidity (expressed as eitric acid). However, the optimum
sugar/acidity ratio suitable for the manufacture of single-strength juice may be
different from that required to obtain a good frozen concentrate. Furthermore, the
optimum ratio depends also upon the variety of fuit being processed. Unfortunately,
the experience of the processor is still the best guide for determining the suitability
of fruit for processing.




Chapter Four

RECEIVING OPERATIONS

Transportation and unloading

Although the production of canned single-strength citrus fruit juice is discussed
in detail clsewhere in the present report. it is so typical of citrus processing that a
flow-sheet for o plant for tins purpose is preseuted w figure 2 and will be referred to
several thnes

Citrus trant tor industral use s usually trapsported in bulk. Bamage to the fruit
is not a matter of concern provided that the distances ot transportation are short, the
fruit is not over-npe or brunsed and the depth ot the load s not too great. The
carriers may  vany  trom giant tralens with capacities as great as 25 tons to
horse-drawir carts that carry only a few hundrod Kilograms,

In well-organzed, frge-scale operations it s possible to aclileve a great degree of
automation ot the receving operations by stundardizmg carner dmmensions and
construction. A reasonable receiving procedure tor medrum-scale plants consists of an
unloading pit with slunted walls and a roller conveyor at ats bottom. The frust is
discharged mto the pit by dunip-trucks. o1 it such are not availuble, by lifting the
tront: wheels ot an ordinary track by means ot a hvdraulic jack and platform, as
shown m higure 2.

The capacity ot the frat-receving e must be sutticiently large to avond
unnecessary delay of caimens, to cope with peak supply situations and to permit
future expansion It w0 other considerations are important. an unloadimg capacity
equal to thiee to tour tumes the processimg capaciny of the plant will be adequate.

Betore bemng adminred muo the storage bins the trunt 1s inspected, and damaged
material iy discarded B Honidas where fnnt s bought on the basis of tons of soluble
Juice ouds rather than tons of trait, 1t 1s necessary to draw a representalive sample
from the man stream ot wconung tram. This sample 1s weighed and pressed under
specified couditions  The vield ot juice and soluble sohds content are determined.
This practice 15 recommended even when the quality of the fruit does not affect
payment. It is very desirable to keep arecord of the condition and composition of

the frunt and us vimation throughout the season. Such data are essential for planning
production schedales

Insome planes. the it s given a fust washing with chlormated water before it
enters the stovage bins. The purpose of this operation is to improve the sanitary
condition of conveyving equipment and bins. In warm damp climates this practice is
not recommended, since excess moistare on the fruit tends to produce rapid spoilage
dunng storage, especially when the fruit is held for more than 12 hours.

1)
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Figure 2. Flowsheet of single strength canned juice production

Fruit varieties such as tangerines, which have thin and soft skins, cannot
withstand bulk transportation and storage in bins. Such fruit should be delivered in
field boxesand fed directly to the final washing line.

Storage of fruit

Storage between receiving and processing 1s necessary to ensure continuity of
plant operation despite fluctuations in fruit delivery. The tength of such storage will
depend to a large extent on the nature of the detivery procedure and the production
schedule. Thus, when the plant management has some coutrol over pieking and
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delvery, the intermediate storage period may be shortened considerably. Also,
processing a single variety ot frut uninterruptedly during a portion ot the season
reduces the requirements for storage time and volume Under conditions of good
co-ordingtion between fruit supply and processig, rapid turnover ot the inventory n
storage may be secured. and the storage time can he as short as 15 10 20 hours. In the
absence of such deal conditions, storage periods of several dayvs are trequent.

The design of storage bins also depends on the anticipaied 1ate of tumover.
Whenever need for fong-period storage 1s expected. bin construction ~hould permit
extensive natural ventilation to prevent sporiage and overheating. Metal bins with
sheet-steel battles and wire-mesh walls are suitable. Wooden or concrete bins may be
used tor short-term storage. The hins should be provided with mchined batfles to
prevent damage due to the weght of the fruit beaning on the lower levels and to
lessen the extent of bruismg during the fall of the trut mto the bin. Such an
arrangement 1s shown m figure 2.

Washing and sorting

The mportance of effective washing of the fruit before it 1s pressed cannot be
over-emphasized. While modern juice extractors have been suceessful in mnumizing
contact between the juice and the exterior of the trunt, the danger of contamination
of several designs and materials are avattable corresponding to the size. shape and peel
15 still present. Good washing of the truit atso reduces the tormation of shme on the
conveyors and facthtates the sanitary upkeep of the extractors,

Thorough washing ot most citrus truit can be acimeved by a series ot operations
as tollows:

Soakmg. The trut 1s mmersed 0 water contaming wetting agents or detergents.
Severzl such products, approved by the public health authorities, are presently in use.
The fruit should remam in the soaking tank until afl dirt 15 sutticiently softened. this
may require one minute.

Brushing. A short elevator transters the trut irom the tank to a series of revolving
Brushes, where it s hitcuadly wrabhed under a shower of water (see higure 2). Brushes
of several designs and materrals are available cor responding to the size, shape and peel
toughness of the truit. 1 the tfruit debivered to the plant 18 relatively clean, the
soaking operation ay be omitted, and detergent nuay be spraved on the trint during
brushing.

Rinsing. The truit may be rinsed on the brushes or on a roller conveyor tollowing
them. Fan-shaped jets of water at a pressure of 4 to 6 atmospheres should be used. It
is advantageous to rinse with water contaming approximately 20 parts per nullion of
free chlorme. Once-used rinse-water may be adnutred mto the soaking tank, chus
permitting trequent change of the soak-water with good economy.

At this point, 1t is necessary to mspeet the frint and discard all rotten. mouldy
and broken fruit, as well as any extraneous matenal and fruit of unwanted variety or
unusual size. This operation i generally carried out after wasling, since handling
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clean runt s somewliat casier Tor the sorters, However, it the proportion of defective
frurt is too large, it may be advantageous 1o remove such fruit hefore washing in
order to avoid extensive contamination of the

soak water and brushes. Sorting is
done by land while the fruit passes slowly

ona conveyor. A roller conveyor that

rotates the fruit as it advances is most convenient, Good Lighting is essential. Such
nspection is shown in the plant flow-sheet presented in figure 2.




Chapter Five
EXTRACTION OF JUICE

Juice is by far the most valuable citrus fruit product. The process of pressing or
extraction has a definite effect on the amount of Jimcee obtamed as well as on its
quality and may therefore be regarded as the most eritical operation in commercial
citrus processing,

The jmce s strictly speakmg. only the hquid contained in the thin-walled,
club-shaped “pnce saes™ of the endocarp. In practice. however. commereial citos
fice also contams varving amounts of pulp (broken walls of prce saes and of
Ixcgmcnls. debris trom athedo. and the ke, albedo hiquds ind essential oils from the
flavedo. One of the most important featires of moder fuice-ex traction cquipment is
its adpstabaliy . so that the evtent to which such components are mcluaded in the
fice may be controlled. Very otten processors tend to take advanrtage ot ths feature
m the direction of over-pressuig tor lugher vields. This practice results in a delinite
Enpairment of the organoleptic properties and stabibity ot the pace.

\epresent.only iy antomatic juice extractors are m commercial use. hree
sich machmes are deseribed and discussed betow,

The Laghiih v pe of exoractor was developed i Israel from carlier rotary models,
ICis now nemuafactured and ~old falv. ' The machine comprises two pairs of
revolving drims, on the surtaces of cach of which hemispherical rollows have been
embossed. The two drons of cach pan rotate in opposite directions. The fruit is
caught inthe sphencal space hetween the corresponding hollows of the two upper
denms and s foreed agamst g sharp blade. which cuts 1t in two. The halves are
transterred to the hollows of the lTower parr Il the course of ome revolation. the
extractor head wineh cames hollow plianeers of g specral shupe. s pressed against the
halved trnt The pice Mows through 1he plutigers to & coltecting manitold. The
degree ot pressig v he adpsted by vanving the clearance between  the
dionrhollow sirtaces and the piusgers at the end of their stroke Snice no provision
Iy ade e s device Tor thie smltaneons collecion of peel ol the ot mnst first
be snbjected 1o raspmg under 2 et ot water The process of peel-al recovery by this
netlrod s descrbed elsewhere. The Taghth extractor and others of 1S same type are
relatively simple. sty machines. the mamtenance. adjustrent and servicing of
which ame casv. Then capactty 1s 3 to 4 tons per houn accordmg to the size of the
fruit.

The Brovwen oxoractor  also begms by halving the frnt Fhe halves are Jield by
means ot anverted cups. while revolving rosette-shaped reamers empty them. in the

TProduced by Bertuza S, A Miban, baly (Ciitopressy,

2Phroduced by Brown International Corporation, Covina, Caht.. USA.
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recent model. the cups and reamers are situated on revolving tables and meet euch
other at an angle. Since the operation is based on rotary reaming and not on pressure,
inclusion of coarse pulp and peel hiquids may be miminnized to 4 large oxtent. The
machine is rather complicated and requires special skall tor servicing,

The FMC (Food Machinery Corporation) Inlime juice oxtractor? i doaecent
development. hased on the “whole-fruit extraction”™ prineiple formerly featured in
the I'MC turn-tuble machines. The extractor consists of three or five pairs of fingered
cups installed i a straight Tine, At the start of the evele the cups are kept apart and a
fruit is introduced into the lower cup. The uppe

reup s then lowered The fingers
interlock and form o closed space. s the

distance between the cips decreases. the
fruit is pressed agamst the sharp edge of a e sitrated at the base of the tower one.
A circular portion of the peel is et and the conten s ot the frut e torced. throngh
the hole thus formed, mto the tibe. This tube has w pertorated wall thyough wineh
the juice 15 pressed out Towme into arecenver and then to g collectmy nuinitold The
rag. seeds and crrcular prece of cut peel renam watlan the mbe and are discirarged
through a special onifice. At the same time the peel s removed by the fineers of the

! upper cup.

The prmapal advantages of the FMC extracton are the chmination ot the
prelimimary halving step and ctlicient prevention of contact between the poce and
the outer sirfuce ot the peel bssential ails are released from the peel by the pressure
and washed down by a4 shower of water Thus, the  thiee mam commereial
components ot citras Truit juice. peel and essential oils are recovered e oa single
operation as three separate streams. W desired, the rag portion (onfice discharge) may
be collected as a tourth stream,

FMC extractors are fed from a belt conveyor tilted towards the machine. The
fruit roils mto the channels of a feeding table, whence it is transferred to the cups,
either by a channelled elevator or by a rotatmg level (positive feeding). In order to
utilize the full capacity of the extractor. it is important that each of the cups at every
stroke be filled. This can be achieved by admitting on the ulted bhelt-teeder an
amount of fruit by 10 to 1S per cent in excessof the full capacity of the extracting
line. Thus ali of the machines will be filled und excess frunt will be collected at the
end of the line and recirculated,

The theoretical capacity of an FMC extractor, caleulated trom the nwmber of
cups and frequency of strokes per minute, is 3 to 4 tons per hour Ina simall factory,
under present conditions ot feeding and size distribution, the average hourly capacity
per extractor is more likely to be 2.5 tons for oranges and 3.5 tons for grape-fnnt.

All three types of automatic extractors described require pre-sizing of the fruit:
the feed is adjusted accordimg to fruit e Fach size greup is conveyed to a different
battery of extractors cquipped with cups or grooves corresponding to the size of the
fruit. A good knowledge ot the expected size distnibution of the fruit s essential in
designing the juice-extracticn line and conveyimg systems. Several methods of size
classification exist. The raost commonly used device is a belt-and-roller sizer. where
the fruit travels on a tilted belt. A roller is mstalied near the outer (lower) edge of the

SProduced by I MC Corporation. Santa ( Lara. Calit., t S
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belt, at an adjustable height from it. Fruit with a diameter smaller than the
belt-to-roller clearance will full, while larger fruit will continue to travel to the next
section where the clearance s larger. Such a sizer is included in the flow-sheet of a
citrus-juice canning plant presented in figure 2.




Chapter Six
SINGLE-STRENGTH JUICES

Only single-strength citrus juices produced primarily for direct consumption are
considered here. Reconstituted juices, which are made by dilution of concentrates,
and citrus-hased drinks are discussed separately.

Characteristic properties

Obviouslv. an ideal fruit juice is one that retains all of the characteristics of the
freshly pressed material Although this ideal is impossible to achieve at this time,
present technological knowledge permits a close approach to it. Lt us first consider
the deteriorative clizmges that mav take place in the product during processing and
storage.

Microbiul detertoration. Raw jince contains many nucro-organisms of different kinds,
such as buctena, moulds and veasts. Farly mvestigations reported the presence of as
many as one nnlhon Tvig cells per cabie centimieter of mice. The first apparent
microbial detenioration. which mayv oceur quite rapidly at room temperature, is
alcoholic termentation cansed by veasts. Surface growth of moulds and lactic
fermentation may also take place. Fhe more acid Juices of grape-fruit and lemons are
MOore resistant to most tvpes of imerobial attack than is orange Juice. Nevertheless, all
raw citrus juices should be regarded as highly penshable.

The approach most commonly adopted for the suppression of spoilage is thermal
inactivation of the micro-organisims. he jaice is heated and held at high temperature
for a given length of time. Hhe temperatures and times used in practice aim at the
destruction of  yeasts, non-sporeforning - bacteria, moulds and the like. The
more-resistant organsins are not destroved, but the acid mediom prevents their
subsequent  development. Sueh 4 partial - thermal  stenhization s known  as
pasteurization,

The number of hiving orgamsms that remains i the juice atter pastelrization is
directly proportional to the number of cells that were mitially present. foas therefore
important to avord extensive build-up of the microflora before pasteurization.
Effective washing of the frnt. reduction of holdimg tone of raw juice and strict
adherence to the principles of wiitary plant design and operation are essential.

Colloidal clunges. Fresh citrus juice s a homogencous cloudy suspension of tiny
solid particles in a sweet-sour senim. These particles are not finely disintegrated pieces
of pulp or peel but probably a distinct anatomicul portion of the fruit, with a
particular chemical composition. This cloudy suspension is stabilized by a system in

17
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which the pectic substances play an important role, If this svstem is preserved. the
“clond™ will remain in suspension Tor w loug time. but if it is destroyed. flocculation
of the particles and their separation in the Tonn of unsightly agglomerates will take
place, and the bulk of the fuice will undergo clarification Fhis breakdewn is a major
cause of quality hos,

One ol the princoal factors an the destruction of the stabilizing syvstem s the
enzymatic breakdewn of pectic substances. Pectin-splitting enzvimes are naturally
present in the puce. Their concentration in the pulp is much higher the nin the elear
serum. Their action starts immediately alter juice extraction. Fortunately. heat
treatrnent is abse w4 good method tor the inactiviation of enzyvimes. Pasterization thus
has the double function ot stabihzimg the juice botl microb Iy and enzymatically.
Non-enzvmatic breahdown of the colloidal structure is also possible. Our present
knowledge of this tvpe ol detenoration s veny Tinited,

Changes i flavour: The disunctive flavour ot fresh aitrus juice results from the taste
imparted by the sugars and acids aud trom the odour for which a multitude of
volatile substances is responsible. Changes in taste wmav result from the formation of
new substances during processing and storage, and changes in odour oceur as a result
of loss and or chemical aiteration of the volatile substances. as well as through the
formation ot new odorous materials. Generally, all of these Hianges are undesirable.

Ihie development ot bitterness e the quice of Calitornia navel OTaNges or
mmmature oranges of many othier vareties has bevtn deseribed m chapter three, "Raw
Materials™ Because of thns timitation. sneh juices can be used only for blending
purposes. Another taste detenoration commonly encountered s the development of
a "eooked™ tastes The exact nature of this phenomenon s not hnowr. Most of the
cooked flavour s imparted 10 the tste of quice duriig heat-treatment. but the
impairment contines i the package ot the storage temperature is high. A mild
cooked taste may - be deseribed as o fat Navour™. while more advanced
deteriorations wie reterred to as “hot-oil taste” amd finally. as “burnt. caramelized™.

No - heat-treatinent process v now avanlable that completely avords taste
deterioration. However. such deterioration can be kept to a nunimum. De-aeration,
absence o excess essential oils, short-tern processimg and rapid coolmg after
pasteurzation are some ol the precautions 1o be taken to avord it Orange (uice seems
to be mare susceptible to cooked taste than do vrape-trunt and lemon puces. Also,
the pice from carly fruit s somewhat more sensitive than that from later fruit.
Under reasonable conditions of mnanutacture and storage. odour deterioration is
seldom a probleny i singletrength juices. [his type of quahity loss is therefore
discussed m connenton witly concentrates. where e problem s imore serious.

Changes e colorr Ve iaost nnportan cange i quice colour s attributable to a
Process known us “non-enzymatic browning™. A series of reactions mvolving
primarily the amino acids and ascorbic acid of the tuice results m the Tormation of
dark pigments. This is a relativeny slow change. enhanced by high storage temperature
and Ingh acdity. 1t is especially senous m lemon juice and bottled (not canned)
grape-fruit and orange juices. 1t s advisable to store single-strength, pasteurized
lemon juice na retimecrated winchonse gt temperature of 320 10 52,
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The manufacturing process

#

Smee the earhier stages of the production of canne, single-strength citrus juices

have adready been used to illustrate citrus processing in general, let us refer to figure
2 at the powt where the raw juice leaves the extractor.

Screemng The raw uice commg from any automatic
much coarse pulp for direct packagmg. The first operation is therefore one of
screening or tmshimg I'wo methods of sereening are in use: free screening and
pressure fimshing tas shown i igure ) In free sereening the pulp is not subjected to
pressurc. Theretore. only “Free™ juice 1s recovered. but the pulp s quite wet. Free
screcning prevents extraction of 3 farge quantity of disintegrated pulp into the juice.
The smportance of this m the case of concentrated juices iy explained n chapter
seven. lree screenmg may be accomphished either in a perforated drum rotating
slowly or on vibrating screens, Vibratmg-screen machines are more compact than the
former. but they sppedar to meorporate large quantities of air into the juice. However,
a de-aerator may be ntroduced mto the production line at this point (figure 2).
Pressure tinishing 1s done by means of screw presses. With this process, the yield of
juice is hugher and the pulp discharged 15 drier. Obviousty, the fuice has more “hody”,
but this is not objectionable n smgle-strength juices.

Juice extractor contains too

The screened juces are collected m covered stamless steel tanks equipped with
stirrers. These vessels may serve for blending, addition ot sugar (i the case of
sweetenca jurees) or siply as balance reservoirs for the subseqgient operations, A
sufficient number of them should be provided to pernut both continuons operation
of the e wud rrequent washing of the tanks. The mdnadual tanks should be
sufficiently smali 1o word meprocess holding of rw puce Tor long periods

Paping of e Ven often. the ayout of the plant m
for the transter of juices from one pomt to anothe
generally used. Care must be taken to exclude
sizable positive head of pressure at the suct

Mrequine the use of pumps
roSamtany contritugal pumps are
air Thas can be done by mamtaining a
sonend ot the punips (elevated tanks,
liberal pipe diameter. short. straight and unrestnicted pipire betwesn tank and
pump).

Pasteurizanon. Plate pasteurizers, similar to those nsed i the dary mdustry. #re now
customary m fruit-juice processing. These consist of enil
together to form alternating channels for the flow of poce and the heatag (or
cooling) medium (see figure ). The heating medim may be steam or pressunized hot
water, the latter pernutiing casier control. A heat treatment of 0 seconds at X70C g
sufficient for orange juice. but shghtly mulder ticatment i sdequate Tor grape-frut
and lemon juices. The temperature is automatically controtled and recorded. A low
diversion valve™ system is useful whereby any portion of quice that dees not reach
the desired temperature i one Tpass” s diwverted
recirculated.

yossed mietal plates pressed

from the product line and

The most commonly used sequence of jurce processing s heat-fill-cool, as shown
in figure 2. The juice coming from the pasteurizer s filled into the container while
still hot. The high t*mperature of the jnice s sufficient to pasteurize the inside
surface of the container and its lid. In-process holding time is not controlled, since it

is assumed that the duration of retention of the juice in the filler and in the can prior
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to cooling is ample. There is a danger that wunecessarily long holding at high
temperature and undue slowness of the in-package coolmg nv produce an
objectionable cooked taste,

An alternative method uses the sequence heat-cool-till. The pastet rizer s
provided with a holding section in which the juice s retamed for exactly the desired
holding time. The jmce s then rapidly cooled or even chilled in a heat-exchanger
(usually an additional section ot the same plate heat-exchanger). Since the cooled
juice cannot now pastenrize the containers. it becomes necessary to sterilize the
empty packages and hds betore filling and to carry out the filling operation under
aseptic condinons. Aseptic filling tor juices has been advocated. but it appears to be
seldoin done commercially, presnmably tor reasons of cost. The heat-cool-fill
sequence without aseptic filling is being nsed Tor chilled puices or for “soft™ beverages
packaged i plastic or m hined cardboard, with preservatives added.

Can filling and closug. The selection of can-filling and <losing cgquipment depends
on the capaaity of the production Tine. An inexpensive filling device consists of a
short conveyor travellmgunderasenies ot open nozzles The conveyor carries empty
cans. while uice flows freely from the nozzles. The rate of flow and conveyor speed
are regulated to ensire complete tilling. This method, which is quite commonly used
for low-speed operations €20 to 30 cans per minute) cnnot be recommended. Over-
and under-Hillmg e unavordable, and sanitary conditions are ditticult to mamtain.
The overflow must be collected. cooled and re-pasteunized. Ao excessne amount of
airis mtroduced mto the can i the torm ot toam

Automatic quice tillers of samtary design are avarlable tor a wide range of
capacities. The relative ments of the different tvpes are 4 matter ot CONLroversy.
However, rotary pistonr tillers seem to he preferable. There are no particular
requirements tor the can seamer However, machimes that hold the can stll while the
seaming head rotates arc preferable. since they reduce spllage. The scanier can be
synchromvzed with the tilling mactane, thus making the tilhing and closme steps one
antomatic operation. The empty cans must be steanrcleancd and mverted before
filling. m accordance with established Sty cannimg practice

Cooling. The cans and therr contents shoulbd be sapidly cooled to room temperature.
This is most conveniently done by means ot sphi-coolers. The cans are rotated
around thewr axes on an inchned belt convevor At the same time. cold water is
sprayed on - the torm of cone-shaped jets. A No. 2 can! of orange juice can be
cooled from K0°C 1o 30°C 1 2 to 3 minutes. Since 4 partial vacuum is tormed inside
the cans dunng cooling. suction of water through the scams of the can may oceur. To

avord re-contammation of the quice. the cooling water should be absolutely clean and
preterably chlonnated,

In order to avord rust, the cans must be dried before being cised. The cooling
operation is often mterrupted when the cansare at 40°C 1o 457C to accelerate natural
drving ot the onter surtace. However. a process whereby the coohing is carried out as
far as possible and the cans are dried by independent means such as blowers or
brushes is preferable. Cans that are crated at 45°C will retam a high temperature tor

FA No. 2 can has a net liquid capacity of | US pint. 2 fuid aunces (approximate net weight of
1ib. 4 0s.). )

i e
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a long tinv . and a marked cooked taste and increased risk of spotlage and ntemal
corrosion will result.

Packagimg in glass. Because of the supposed sales-appeal sapernonty of bottles over
cans, there s some demand tor bottled sgle-strength juces wn burope. e process
of botthing is smmlar to cannmig. However, specral machines are wequned tor tilling
and capping. Crown caps or pilter-prool serew-caps are tsed. The bottles shonld be
thoroughly washed and pre-heated to avord hicakage. Cooling should also be slow Tor
the same reason. hi-hottle pasteunization. commonly nsed tor apple pice. beer and
wine canuot he apphied to caitms puice. simee a coohed taste would be induced.
Despite all precantions, precipitation of puip s unavordable. and the appearace of
the product m transparent gliss is noot always attractive. Dark plass, which also offers
some protection from hght. iy theretore preterred.

Chilled jrace. Fresh, non-pasteunized puces of orange and grape-frint may have a
shelf-life of several davsaf kept at 02C at all tmes, Howeve . since such conditions
cannot be assied moretml marketing, the use of non-pastennized chilled poce s
limited to msttutonal consumption - the vicnity ot the plant. T a method more
commonly used, the nnee as cooled and chilled e bulk after pastenrzation in the
usual way. 1t i tilled, cold. mto lined cardboard containers or bottles md shipped
under refngeration. Sanitary requirements are particnlarly stringent. Considering the
similarity  between this product and  pastenrized milk from the viewpomt of
marketing problems and shelt-hite, 1t is mteresting to note that dairy companies in the
USA are most active i the distribution and sometimes the production of chilled
citrus juices. It should be noted that the production and marketing ol chilled juices
in other countries is still very limited.




Chapter Seven

CITRUS-JUICE CONCENTRATES

General considerations

Citrus juices naturally contain 86-90 per cent water, and their bulk can be
reduced greatly by the removal of most of it. The advantages of concentration from
the points of view of packaging. transportation and storage cost are evident.
Furthermore, the stability of the product is also improved in several aspects. Three
types of concentrated citrus juices are available in the trade: frozen, pasteurized
(hot-pack) and chemically preserved. A block diagram of these three types of citrus
concentrate production is presented m figure 3.

Frozen concentrates are sold primanly tor direct consumer use. Upon dilution
with the proper amount of water they yield a beverage comparable to or better than
natural canned juice. Ustally they are sold at a concentration of 4 ¢ 1 (i.c.. the bulk
of natural juice has been reduced to one fourth by concentration). These
concentrates must be kept frozen at all imes. Storage and distribution temperatures
below  EX°C are essential for good quahty. This factor renders the production and
marketing of frozen concentrates impracticable m many countries. ludeed. at the
present time large-scale retarl marketing of frozen citrus concentrates s limited to the
USA.

Canned (hot-packy concentrates generally do not reach the consumer directly
but are used i the manufacture ot soft beverages or reconstituted juices. The juice
obtained by dilutionr of these concentrates is comparable or mferior to canned
single-strength yuice. However palatable reconstitnted jurces may be obtammed from
good quahty hot-pack concentrates when the flavour is “corrected” with essences.
Pasteunized concentrates are marketed at concentration ratios m the order of 6 : 1.

Chieimeally preserved concamrates are used for the manufacture of popular
botticd soft drinks and confectionery. Their concentration is also at the 0 : 1 range.
They are generally marketed m wooden barrels with a chemical preservative (usually
sulphur dioxide).

Characteristics of citrus-juice concentrates

[deally. a wood citrus concentrate is a product that, upon dilution with an
appropriate amount of water, yields a beverage identical to the juice from which it
was made. However, changes that occur during processing and storage prevent
attamment of this ideal. These changes are sunimarized below.
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Figure 3. Diagram of citrus fruit concentrate production (With essence recovery)

Changes in flavour. The conventional method of concentration is evaporation, When
a juice is concentrated by evaporation. water is not the only substance removed;
most of the volatile essences that give taste and fragrance are also lost. These
substances may. however, be recovered from the vapours and returned to the juice.
Alternatively, some fresh juice may he added to the concentrate to replace some of
the lost flavour. 1hese two methods. known respectively as “essence recovery” and
“cut-back”. will be discussed later.

Since evaporation 1s a thermal process, it may also alter the flavour by cooking.
Cooked taste may be minimized by reducing the temperature of evaporation
(high-vacuum evaporation) or by acereasing the retention time of the juice in the hot
regions of the evaporator.
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Discolouration. As may be expected, change m colonr (“hrowmug™) is a much
greater  problem with concentrates than with yuices. Indeed. the gher the
concentration. the wore tapid s the rate ot discolouration. In trozen concentrates,
the low storage temperature prevents anv peiceptinle degree ot brownmg. In
pasteurized concentiates. however, the problem s very serious [t kept at room
temperature, a 4 1 lemon coneentrate: wonld become chiocolate brown m a few
weeks. The only way known 1o dite 1o keep brownmg nnder control i el nigerated
storage. Since grape-tint and lemon concentiates have a greater tendeney o undergo
browning than orange price, they are venerally prepared at fower concernttutions,

I ctemically preserved conentrates. the sporlage-preventimg additive most
commoniv used. sulphur diesade, i also ane eftective mlubitor of browning, It the
coneentration ol free sulphir diovide s Kept satficiently high at all times. excessive
browning can be pievented.

Coltordal changes 1he viscosity of crtrus coneentrates nereases treimendonsly with
concentration A typical oranrge concentrate of 60" B may have a viscosity of SHOO
to 10.000 centipore. whiie the siscostty ot singlestrength price s about 2 centipoise.
The viscosits depends strongly on the quantity of pulp matenal present in the juice.

Sometimes. a lugh-soluds concentrate (ear 03"Brn) nay revert tromn g baghly
viscous but <l thid watenal tooa hard, o gel Obvionshs . such o prodoct T lost
all ol iy commercral value Several mechanisis may canse s gelatimzation. For
example. the Il concentiation of saears aned acids may modity the collondal state
of the pectin to torm a4 gel just as it Bappens mjethes id s, In some cases, this

type o pelatimzation imav be prevented by the whmixtare ot o small amount of

sodivm  crtrate, which acts as o batter and prevents excessive drop ot the pli with

mereastng coticentiation. b most cases: however gelatnization tollows the action ol

pectolviic cnzvies. Comequenty, to prevent it it as essential (o nactivate the
enzymes e the treshiy prossed e,

Manufacturing processes

Preparation of the pace for concentration, To reduce concentrate viscosity, the
amonnt ot pulp sespended in it must be reduced, The Tirst operation atter juice
extraction s theretore streening. | ree screening through perforations 0.5 to 1.0 mm
M CCr s necessany tor coneentrtion bevond 60°Brix, Screw presses with
sareens of Q. to 0.6 e diameter and moderate pressure iy be ased for frozen
coneentrates. Fhie degree ol sereening necessaiy 1o proevent excessive viscosity and
gelatinization also depends npon the vinety of trmt ised.

The dischareed pulp sull Contans o considerable amount of fuice. The cnrrent
practice s to recover nmiost ot the soluble solids of the putp by g leaching process. Fhe
pulp s washed with vater i ~everdl stepsconnected mconnter-current taslnon. The
solirble solids e recovered m the form ot o o7 per vent solution: whieh s mixed
with the screencd e e Teached Prlp s discarded, used tor cattle teed (fresh or
dried) or communnted s 4 CeloudmpTagent tor beverges (e tigure 3.

s now necessany o stop the action of the pectols tic enzvines by snbiecting
the screened  (uice 1o a heat treatiment simmlar o that already  deseribed  for
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single-strength juices. The use of screw presses and pulp-washing tends to increase the
concentration of pectine and pectolytic  enszvmes. Whenever these high-vield
techniques are used, the heat treatment must be somewhat more rgorous.

The evaporator may be connected directhy 1o the heat-treatinent nit so that the
hot juice is immediately Mashied into the vacnnm chamber Mternutvely, the juice
may be cooled and stored in a balance tank. trom wineh it s fed mto the evaporator.
The former method represents better steam econoniy . but it apphicability depends
on the constrirction and operation principle of the evaporator

Evaporation. Modern citrus-puice evaporation equipiient is based on either of the
two possible approaches to the problens of nummizing heat damage: Tow lemperature
or short contact tine.

As with any other fipd . the borling pomt of Citrus quice nay be fowered by
reducing the pressare. Mamy andustial aitmis pnce concentraton opuerate with very
low pressures. correspondmg o bodig points (hased on water) of 12°C or below.
thus obviously: clunmating the danger of cooking. However. the miethod has serious
limitations. Operation at highe sacunm entals imercased antil cost of ciniprient as
well as operatmg experses. Oudmany coolmg water 1~ not sutticientls cold tor the
condensation of the vaponss at such presares. sochilled water, etnpecrated brne or
direct-cxpansion retrgerant systens mst be ased, The viscosity o the concentate 1s
much higher st low temperature A a resubt, hieat teanstes s bound to be stow . and
retention e s o There seems to be o apprecable advantage from e
viewpoint of retention of volatile stbstances,

In recent svears eniphasis b been put onshorter contact time cathier than on
low temperature. Pressiie s reduced ondy sitticient!s 1o obtam bodig gt 45 530C
However, the concentrate remanms m contact with the heating surtace toronly g few
seconds. Rapid evaporation s secured by an iniprosved rate of heat trasster Most of
the modern evaporators are termed ““tihn cvaporaton” smce the concentrate s
heated in the form of o tun Bl inovig over the heat transter surtuce. There are
several differcut techmques tor Tormamg and movirg this tihine Sonie of tie more
commonly uscd imethods are deseribed below .

In platc cvaporatory the pnce s passed through o plate heat-exe langer smular to
the plate flash-pasteurzer tor smgle-strength uices desertbed on page S4 but
with a larger gap between the plates. Conmderable evaporation alicady takes place
the heat-exchanger. 1he vaponn formed move at Tngh veloanty towards the exat.
thereby causing rapid movement of the .quid film m the same direction, Further
evaporation takes place when the muxture of vapour and hquid expands nto a
separation cliamber connected o a vaciaum pump o eector system through an
efficient condenser I the degree of concentration achneved ur g sigle pass 18 not
sufficient. the concentrate nuay be recirculated or sent to a second evaporator of the
same type (multi-stage operation). An important feature of the plate evaporator is its
ease of cleamng. The plates can be quickly opened. and all parts m contact with the
food zre thus readily made accessible for nspection and cleaming. Fvaporators of this
type, supplied by the Aluminmm Plant and Vessel Company Ltd.. in the United
Kingdom. are now in use in several citrus-processing plants.
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Falling- andlor climbing-film craporarors make wse of the same prineiple of
utilizing high-velocity vapours for moving the liquid filin. The heat-transfer surluces
are vertical cylindrical or conical tabes, In the case of climhing-film evaporators, the
liguid i~ introduced at the lower end of the tabes, and the Blm moves upward solely
by the propelling action ot the vipours. However. since viswosity ancreases with
concentration. this movement slows down and scorchig may ocenr. Cousequently,
clinmbing-film evaporators shonld not be used to achieve lngh concentration ratios.
Wit falling-tilne evaporators, the saovament ot the film s secured by gravity as well
as by vapour propubsion  Thgher concentration ratios can be achieved with
faliing-tiline systenrs ov with evaporators using climnbing-hhn section as a first step
and a tattine-fibne section tor finnbing, Several versions of this principle oy be found
in large-seale evaporators especially adapted Tor the citrus mdustry . Ty pical examples
are the Faste and Buflovac? eviporators extensinvely used mFlonda and € alifornia,
and the Pladoth evaporator made i Istael, The first two ot these e huge machines
with capacities s el as 160 tae per honr the thnd is sipphed fer Capacity ranges
of 1 to 1t tons,?

Swept-surace evaporators make use of mechanical deviees to imove the film. The
heat-excnanger consists of a vertival or horizontal tube within which an agitator
rotates at high speed. The blades of the agitator “sweep”™ the hiud f1lnn over the
heating surface. This tvpe of evaporator s limited ability to cope with materials
that contomn large amonnts of coarse pulp unless they are specially designed for this
purpose. sswept-snrtace evaporators are tvpitied by the Turbollin machnes.

The rotatngsirtace cvapora'or s a niore recent development. The heat-transfer
sirface is an inverted cone that sapidhy rotates abont its axis. Stean is applied tc one
side of the cone whiie puice ows very rapidly i a thn Bl ou the other surface.
Retention time as extremely short. and renarkably high concentration ratios can be
obtained it smgle pass. Fhos machine is known as the Centri-Therm. ® Several units
are presenthy i use i ocatrus plants This evaporaton s much more compact than
most other machines of comparable capacity

all evaporation  processes. steam economy is a matter of  considerable
economic importance. There are several methods of increasing the amonnt of water
removed per ton ol steam used, but they cannot be described here. Sinee all of these
methods represent an increase i capital nivestivent. their economic merits should be
analysed in close relation to i conditions that prevall m anv place where such an
mstallttion s planned. However, most evaporators can be cquipped with some kind
of steanrsaving systen,

Aternative methods of conceirtration. | he disadvantages ol evaporation, such as
losses of volatile substances. heat damage, cost of equipment and steani. have led to
extensive investigations of altemative methods of water removal,

IProduced by Gult Ma anery oo Clearwater, Cla., USAL

2Produced by Butlovae quipment Division, Blaw-Knox Co., Baltalo, N Y., USA,

3Produced by Pludoiti Co. Lin Harod, Israet,

9The capattv o) evaporators is rated an termsot Tons of water evaporaied per unit of time,
SThese machines were introduced by Luwa AG, Zurich, Switzertand, dut similar machines are
now produced in the Federal Republic of Germany and in the United States of America,
6Produced by Atra-laval AB, Lund. Sweden. See entry No. 16 in the list of Selected References.
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One of the most-studied processes in this field is termed freese-concentration or
freeze-drying. When 4 juice is cooled below its freesing point. its water separates as
ice crystals, and the concentration of the quid increases. If the ice i removed as it
forms. a concentrate 15 obtained. Obvionsly |, heat damage is prevented. the volatiles
are retained (at least. theoretically) and the cnergy bhalance appears to be
economically favourable. Several processes. differing mainly ' the method of
freezing and separating the ice from the concentrate. have been proposcd. None has
yet found appreciable commercial application for citrus-juice concentrates. One
packer coupany that put a certain method of freese-concentration into barge-scale
operation has now discontinued its usc.

Membrane processes such as osniosis. reverse osmosis and vapour permeation are
still at the stage of laboratory investigation. 1t is still too carly to predict the
outcome of such developments in terms of future appheations to citrus-juice
concentration,

Hot-pack concentrates. The concentrate is withdrawn from the evaporator. cooled
and collected in balance tanks. where its composition 1s checked and corrected.
Blending and admixture of recovered essence or essential oils, whenever practised,
take place at this stage. The finished product is punped through 4 plate pasteurizer
where it 1s rapidly heated to 769C-7%9C. Sanitized cans (commmonly No. 107 or
larger) are filled. sealed and cooled as quickly as possible

Citrus juice iy normally pasteurized before evaporation. Since the final
concentrate must be  pasteurized. one iay question the need tor the first
heat-treatment. Indeed. the first pasteurization may be omitted if the teinperature in
the evaporator is low or the retention time is short However, in small-scale
operations a double pasteurization is preferable for safety and better flexibility.

Chemicalle preserved  concentrates. The matenal is cooled nnmediately  after
evaporation, stundardized und fitled into wooden barrels. which must be i good
condition and treshly coated with paraffin wax. Sulphur dioxide ( 2000 to 2000 parts
per million) is added directly to the barrels, Other preservatives, such as sodum
benzoate (1000 to 2000 parts per million) may also be nsed if permitted. If so, steel
barrels lined with a suitable plastic mav also be used. However, smee sodium
benzoate has no retarding effect on browning. the product must be kept in cold
storage.

Frozen concentrates. The good gquality of trozen concentrates s in targe part due to
the practice of “cutting back™ (sce page 23). A concentrate with a soluble solids
level of approximately 60°Brix is prepared in the usual way. Iresh, single-strength
juice is then added to a final concentration of 429Brix. This fresh-juice fraction
improves the taste considerably. Further improvement is possible through the
admixture of peel oil (within the Hmits oi the specifications) and recovered essence.
Blending of concentrates from fruit of Jifferent vanicties and maturity stages is also
common practice.

The juice used for cut-back is usually not pasteurized. Under proper conditions
of operation the quantities of enzymes and microorganisis introduced by the

7A No. 10 can has a nct fiquid capacity of 3 US guarts (approximate net wewht ot 6 1b. 10 oz.).
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cut-back portion is not sufficiently large 10 cause deterioration of the frozen
product. If, owever, pulp or pulpy juice 1s used in the cut-back portion, their
stabilization by hieat is necessary.

Concentrate, cut-back puice. orl and essences are blended i agatated tanks, due
care being taken to avord mclusion of air. Blending in an atmosphere of uitrogen is
preferable. The minvture sow cooled unul partially frozen. Hiis is generally done in
swept-surtace coolers such as the Votator machme® The resulting slush s packed,
and freezmg s completed by a blast of cold wir ¢ 40°C) and the product 1s stored at

18*C or below. Trozen concentrates may be packed m osmall cans for direct
consumer use of e plastic-himed metal barrels tor mstitutional or ndustrial use or for
cut-back  Recently. retail-size cans with laninated cardboard walls have been used
with success,

it

8Produced by the Girdler Co. Division of Chemotron Corporation, USA.




Chapter Eight

CITRUS-JUICE BASES FOR SOFT DRINKS

Bases for industrial use

Pure, natural juices have somne serious marketing limitations; for example, they
are relatively cxpensive and do not possess the thirst-quenching power of more
watery drinks. On the other hand. citrus flavours (traditionally orange and lemon,
now also grape-trint and hime) are established tavourntes m the tield of carbonated
and non-carbonated sott domis tnmay cases, this Tavour s imparted by essential
oils or imitation cssences, However: the public seemis to preler clondy heverages with
a more frurty character Fhese contam vyt aounts of atrus components such as
Juice, concentrate. pulp and zest They are generadly supphed to the bottler in the
form of ready-to-use “bases™ that are tailored to s needs. These bases are coniplex,
concentrated mintures to which only water. carhon dionide, sugar or other
sweeteners need be added to obtam the Tinal heverage: They are developed througl
careful expernnentation. generatly with the co operation of the sott-drik hottler, A
genceral surves ol the tectmoloyy ot citmisbase manuVae ture follows.

The raw matenalsy that make up these bases are juices and their concentrates,
pulp. peel essential oals and naturat essences Food acids, stabilizers, certified colours
or colour extracts obtained from ciros, cheuncal  preservatives may be added if
necessary.

The pulp and peel constituents must be ground to a very fine paste in order to
impart to the beverage the desired nmform cloudiness and prevent precipitation. This
is done n u series of size-reduction operations, the last of which is invariably
comnminution in collowd nulls, The pulp or peel particles may be subjected 1o a short
steam-cooking operation, nsing conventional fruit pre-heaters. Cookmg increases the
output of the mills. but the Tavour ol the product s somewhat mipaired. It is
possible to use the ditterent mgredhents immediately tor the manufacture of base or
to store them until needed Fher presenvation durmg storage mayv be secured by
freezing, pusteurization or addition of chemical preservatives accordhng to their final
use,

The different components are blerded m tinks with agitators. Fssential oils are
first emulsified i a small amount of concentrate. juice or SHEIr Syrup, using
emulsifiers und stabilizers such as brosmniated essential oils. Ultrasonic homogenizers
are very clfective m this pre-mixing operation.

It is important to avoid as much as possible the inclusion of air in the processes
of comminution and mixing, since high viscosity of the material renders de-ueration
difficult. De-aeration is carried out by spraying the mixture into a vacuum chamber
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(Pfaudler de-acrator!) or by spreading it in the form of a thin film on rotating
conical surfaces and applying « vacuum (Frvma de-aerator?). Intimate mixing of all
ingredients und a certain degree ot further size reduction may be achieved by means
of high-pressure homogenizers adapted from similar machines used in the dairy
industry. Fhe methods of preservation of citrus bases are similar to those used with
concentrates for industrial use.

*Ade’’ bases

“Adce” bases are concentrated products that contain a considerable amount of
sugar. They are intended for direct consumer use. When mixed with the proper
amount of water. they vield a lemonade. orangeade. limeade or the like . hence their
name. By way of illustration. an excellent orangeade base may be made by mixing
single-strength orange juice: with drv sugar in sufficient amount to give a final
soluble-sohids concentration of 35-05°Bnx (1. e.oapprosamately one part (by weight)
juice to onc part sugar). In practice. lowever, concentrates are used rather than
juices. The cloud. cotour aind flavour are mtensitied as m the case of industrial buses.
In the USA “ude™ bases are generally sold i small cans as frozen products. Their
coneentration iy low (40-50°Brix). Elsewhere, citrus “symips™ or “'squashes™ are
more popular. These are sold m bottles or plastic containers in a concentration of
about 60V Brix,

1Produced by the Pfaudler and Co. Division of Ritter Plaudier Corporation, USA.
2Produced by Fryma, Rheinfelden, Switzerland.




Chapter Nine

CANNED CITRUS FRUIT

Grape-fruit segments are the hest known and most universally accepted canned
eitrus fruit product. Mandarin sections, produced mainly in East Asia. zre used
primarily for decoration. Some scedless varieties of sweet ranges are also pacled in
limited quantities. The manufacturing processes vary sonewhat with the vanicty of
fruit. Grape-fruit products are discussed hee 16 Gusit . 1 e basic aperation

field.

.’Hb’

Canned grape-fruit segments

Basically. canned grape-fruit consists of segments freed of albedo, seeds and
membrane, packed in a solution of sugar and pasteurized in the can. The segments
should be firm. unbroken and uniform. The preparation of a quality product requires
considerable experie1ce. skill and very rigorous quality control.

The trust used tor this product niust be ot unmtorm wedivur size. 1ipe but firm
and free of blemishes. Culls are obvioushy not aceeptable.

The first operation is removal of the peel. This as senerally done by hand. The
fruit is first scalded in nearly boiling water for a short time, The heat causes some
expansion of the wir occluded in the spongy atbedo. The peel can now be casily
removed. Several maclines have been proposed for the mechanization of the peeling
operation. In one of them. the scalded fruit s placed on the cups of the machine
which cuts and palls down the peel. much as the manual action. Another machine
takes unscalded fruit and cuts the peel peripherally in a mechanism that acts similarly
to the peelivg of apples. Hand peeling. however. scems to be more generatly
practised.

The removal of membranes is a delicate process. 1wo basic methods for this are
in general use. In the first, frequently used in the USA. whole peeled fruit are placed
in wire baskets and subjected to a bath of hot lye. Pieces of atbedo and the dorsal
portion of the membranes are removed by this treatment. The friit is now rinsed
thoroughty with water and transported to the “sectionizing table™. Here the
segments are separated trom the inner membranes by hand. using a spatula of special
shape.

The second method is more commonly practised in other countries. The workers
who remove the peel also break the fruit down to individual segments; these are
placed in perforated stainless steel trays, which are conveyed through a series of three
baths, as follows: (@) a hot caustic bath (approximately 1.5 per cent sodium
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hydroxide at 90°C, 10 to 20 seconds exposure). b1 gentle bin :clmml:lnlt I'rcsh.-wuter
showers to remove excess fve. and ¢/ a hath of dilute citric acid solution to
neutralize any ol the caustic which may have remained on the segments. This
treatment removes the membranes alinost completely, Anv sections of membrane
that still remam on the sepunents may be easily removed by had

Fhe seaments are now ready for canming. They are caretully placed mthe cans
and hot sviap s added. The concentration of sviup i regilated according to the
desired final Briv value und the snear content of the fnint atselt. The “drained
weight™ (e the weight of segiients remaining on i sieve when the svoup is drained
ol Dy i i mportant Facter consideied Tyomost quality standards, 1t s necessary to
take several siep. i erder to aect the requirements e this respect. Many processors
subject cach eof the cams (with the sesmoits, before addition of sy rup) (o g weight
check and adinstment. It unist he remembered that the drained weght of the
Prodioct arer s fow Loy oty 6575 pereent ol the weight ot tresh segments put in
the can This is becarse o the osmote diftnsion of water from the fruit to the more
coneenteated s

Mot cans have been Tdledo iy necessary 1o expel miost ol the air dissolved
o otherwie mchnded e their contents. The conventional method is thermal
exhanstion whoreby the open cans are passed through a Fath of hot water until a
temperatire of 607C-027C 1 aeachad at the coldest pomt. A shient tocking motion
I be e et comver or o beaihnate telease of aie bubisles s the i s
expeded. a T o waner vapear o formed e the Licad-space of the can Alter
seating and coshay s nrat condenses and o partial vacinmm s obtamed . | he absence
ot air and good vacum e wnportaet conaderations tor the prevention ol mternal
corroston ot the canand forecur e g easonably Tone shelt hite Tor the prowdict.

Phe oxBaastd Cns e st b and pastaasized. Pastennzation is achiesed by
hottmg the cans e water The cansmay be put e crites which are ten lowered into
4 hot hath tharelr operanon) or ey may tevel on g conveyor anntensed mboiling
water. Fhe e veginned 1o pastenrizaion depends npon the size oi the cans. ime
and teniparatuie data tor the peostearisation o crape-fooud segntents moditierent ean
SZeS i given i most cannine landbocoks The cans are thoronghly cooled alter
Pasteanzation. Tt s important to handle the Cons with great care at this tme. singe
crape-trntsegments e very tuile danng e tew day s Tollow e prodoction.

P two tactons that most mitffaence the quabing of the final product are the
iotal concimn ot tene md the Skl ol the work ers AU the sectiomizing table.
Senee the most important stage ol production s carmied out by hand and every single
segment as lirdled at feast onee by the workers, spectal samtary measires must be
taken and sticthy obsenved. A werkers shoald cover ther bair, The cleanliness of
the hands s mportant. 1y possible Tatex gloves should be used. 1o the benefit of
prodoct smtation as well as for the prote

ction ol the workers from chemneal injury
to their skans,

Chitled grape-fruit segments

Fhe mettiod ot production of chilled grape-fruit scgments is the same as for
canned grape-timt Fhe prodact is generally packed 1 plass jars. Thermal exhaustion
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and pasteurization are omitted Sodium benzoate (about 0,1 per cent) is added as a
preservitive. and the product is stored under refrigeration. This product is a
semi-preserve and should be kept at all times at a temperature of about 0°C.

Frozen segments

This is a relatively new product. When the usual process of quick-freezing
commonly used for peaches, strawberries, ete. is applied to grape-fruit, the texture is
impaired considerably. Although the flavour is excellent, the texture is decidedly
inferior to that of the canned product. Application of more recent quick-freezing
techniques such as liquid nitrogen freczing may result i a better product,




Chapter Ten

MISCELLANEOUS PRODUCTS AND BY-PRODUCTS

Essential oils

A tevs vaneties of citrus frut, among them Bergamot oranges and some limes,
are grown cxclusively for their oils. in the cuse of lemons. oil and juice have almost
equal importance. fn Haly . Gil s considered the poncipal product. With oranges and
grape-frini. the oil i cenerally a by-product.

Phe metiod of oib vecoor depends on e precess tsed tor piice extraction.
With Taglith exteacton teee Chapter fve. page 1445 the oil is recovered betore juice
extraction m an operation e which the whole fruit is rasped under a jet of water. In
the EMC exnoctor, juice and ol extruction take place siultmicously Lchapter five,
pages 15-16) Subl another method very commonly used i the USA takes the peels
after juice extraction and subjects them to pressure while the oil is washed aw ay with
water spravs. Al of these siethods recover only a sl fraction of the ol actually
present in the peel. However the product known as cold press oil 18 of supenor
yuality

Inall three ot the methods desenbed. the essential oibs are obtaned 1 the form
ol emulstons with water These are Fint screened to remove g sohid debris and then
centrifuged ni several steps anti a cear ol s obtamed. 1he licavy {wter) phase
discharged from the centritioes <l contains sonte oil this can be reairculated with
the water used tor spriv s or stean-distilled to recover its ol

Phe ol ot aeleased by cold-press methods niay he recovered by steam
disullation ot the pechs, bat steamdntilled ol s considered mteror 1o cold-press
products. A\t the present thne, the supplyv ol essential oils tespecrally: orange) is in
excess of demand and prices are low, Consequenthy. the economie prospects of
increasing vields by steam distillation are not alwavs attractne,

Pl darpest part (90-95 per cent) of most vitruspeel oals consists ol terpenes and
sesquiterpenes that contribute litle to the fragrance. “Conecentrated™ oils may be
produced by distitling oft the more volatile terpenes. While the “mulu-told™ oils thus
sbtained are much in demand. the terpene by-produicts tind only himited uses.

Fssential otls may undergo deterioration by oxudation and polymerization. They
should be preserved from high temperatures and sunhght. Refrigerated storage in
metal druns. aluminum bottles or tin-plated cans is customary.,

Pulp
The excess pulp removed from raw juice is an excellent, flavourful material for
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the manutacture of jams. jellies and bases for soft drinks. | ke most commercial fruit
pulps. it 1s stabilized by cooking and sold m barrels with added preservative. At
present. this product has only limited demand. Therefore, many processors prefer to
recover the soluble solids of the pulp for the manufacture of concentrate as dascribed
in chapter seven

Processing of waste peel

For every ton of fruit processed, S00 to 600 kg of waste peel remain. Failure to
convert tlus waste to salable products endangers the overall profitability of the
packing operation and poses serious problems of disposal. For small-scale processing,
an outlet for the peel as fresh cattle-feed may be found in the vicinity of the plant.
However. large plants or groups of small factories nust often resort to further
processing of this material.

The chemurgical utihzation of citrus peel. a great hope of the past. has reached
its limit. The existing plants for the manufacture of peel chemicals (pectins,
flavonoids) have a production capacity far in excess of market demand.
Consequentiyv. conversion to dry cattle-feed is still the principal outlet tor waste peel.
This is done as described below.

The pecls are first disintegrated, mixed with lime aud allowed to react for about
30 minutes. Tlis treatment destroys the water-retention capacity of the pectins,
Most of the water and soluble sugars can now be removed by simply squeezing the
peels in 4 screw-press. The pressed waste, which contains about 65-70 per cent
moisture. v driecd i rotury kilns by direct counter-current contact with hot
combastion gases. 1o prevent excessive heat damage. the dry matenal should be
cooled immediately at the exit of the kiln. The product 1s pachaged and stored in
bags.

The liquid pressed from the peels (peel hiquor contiams about 10 per cent sugars
and some essential ol The oil can be recovered by steanrstripping. but it s of poor
quahity and s used primanly i the chemical andustry. The liguor may be
concentrated to a durk, viscous flurd contaming over 70 per cent sohds and known as
citrus molasses. Tt s muinly used for cuttle-teed. Tt can be sold as such or mixed with

dry feeds.

Another interesting utilization possibiity tor peel iquor s the manutacture of
alcohol. Approxumately 70 per cent of the soluble solids ave termentable sugars. The
liquor is aciditicd to pll 4.0 and woculated with ai actively fermenting culture of a
special yeast. bermentation requires about three days. The resulting “beer” is then
distilled to recover its alcohol. Due to the relitively high concentration of methyl
alcohol. fusel oil and odorous residues, caretul rectification 1s essential.

Candied products

These attractive and well-known products are usually prepared on a very small
scale. They are used as confectionery products or as flavourings in baked goods.
Usually only the peels are candied, but candied whole fruit (kumquats) and segments
(mandanns) are also produced.
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The peels are quartered and removed from the fruit by hand. The outer flavedo
is removed by rasping or scouring. The inner surface 1s cleaned tronn adhering fruit
and membranes. The peels are now cooked to sotten the texture and extract most of
the hitterness. atter which they are dramned aind saturated with sugar by boiling in
concentrated svrup A candving process makmg use ot vacuum kettles has been
proposed At a wiven tune the vacuimm i the kettle s released., and the syrup is thus
forced o the peel sy Fond Coionrs are generally added to the symp. Fially,
the peels are dramed allowed to dey and then packaged.

Candymg s a process that requrres considerable empirical skill and a tremendous
amount of handlmg  The cquipment s simple. This process therefore is especially
suitable for rural and home industises, The mner parts of the fruit may beautilized, in
the same scale of operation. tor fams and jellies. Obviously, these products have little
significance as outlets tor citrus crops.,

Dehydrated citrus juices

The conversion of citrus juice to an “instant” powder by removal of almost all
of its water hias obvious economic advantages. Unfortunately, the technological
difficulties encountered are tremendous.

Most of the carly processes were based on vacuum drying. an extrapolation of
vacuum concentration. However, the final stages of drying are extremely stow and
the product melts mto a sticky mass that must be soliditied by chilling and then
ground. A significant breakthrough came with the development of the “foani-mat™
drying technique by workers at the Fastern and Western Research [ aboratories of
the United States Department of Agricubture. A continnous foam-mat process also
has been developed in the USA by the Amencan Machinery and T'oundry Company.
Finally, freeze-drving meinads have aiso been apphied to ¢itrus fuices.

Phe extremely labile character of aitrus lavour, wready discussed m chapter
seven. page 23, s also the primcipab difficulty with dehvdration: the flavour s
completely lost i the process. Some retention is possible in the case of freeze-drying,
but the beverage obtwned by dissolving the powder mowater s stll far from tie
original puice - terms ot flavour. The development of a solid citrus essence that
could be added to the powders has heen attempted. Grape-trurt juice. which hes a
“sturdier” Qavour. yields an aceeptable product. but the results with orange juice are
stll unsatistactory,

At present. commercial dehydration of citrus fuices 1s at an experimental stage.
Small amounts ot citrus powder (or crystals) are probably being produced for use in
military rations, space programmes  ete. Considerable research effort is devoted to
this problem. Show'l the technological and economic difficulties find solutions
through such efforts, a revolution in the entire set-up of citrus processing may be
expected.




ANNEX

FEASIBILITY STUDIES FOR TWO SMALL
CITRUS-PROCESSING PLANTS

The economics of any given citrus-processing operation will be strongly affected
by local conditions. Some of these are the quality and cost of fruit; the length of the
season and the extent of utilization of production facilities during the off-season: the
costs of labour, utilities, packaging supplies and capital. locul pohicy governming trust
supply and exports: proxinity to tire source of trut and to the markets. and
availability of techmcal and administrative know-how are all factors of cardinal
significance. These tactors vary watlin wide hmits from one conntny to another

Since the cconomie study presented here as an example is based on hv pothietical
conditions. 1t cannot demonstrate the profitabihty o non-protitabitity ot any actual
citrus-processing operation it merely points out the relative werght ot the different
production cost stems and the effect of operating conditions.

Description of the plant models

Two models are considered: Model A s a very small plant with 1n input capacity
of 4 tons fruit per hour. Assuming 100 days of steady operation per year ( 1 shift per
day), this capacity corresponds approximately to 3000 tous of fnui per vear.
Assuming also that the raw matenal consists ot packmg-liouse culls, such a prant
would be used to absorb the culls from a totl crop ot OO0 12000 tons or a
plantation arca of 315-500 hectares. dependimg upon factors such as the age and
variety of t! ¢ trees and the agro-technical methods used. The packmg-iouse would
have a capacity of 250.000 boxes per vear. whnelr s abso o small to-medinm size
commonly encountered.

We shall assume that the plant is wle duning the ot season Most of the labour
force will be temporary workers, to whom salaries will be paid for tour months only
A nucleus of only four skilled workers Ccludhng managementy will be retamed
throughout the year. and it i assumed that even these workers will find part-time
work in other operations such as an assocrated plant or ottice. so onby S0 per cent of
their off-season wages will be chargeable 1o the cirus-provessing plant

The plant will produce single-strength juice. packed m No. 2 cans, and essential
oils. The waste peel will be sold as fresh teed at USSS.00 per ton, at the factory.
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Because of the small capacity of the plnt, an extraction line consisting of
Taglith automatic extractors! has been selected. These extractors can be easily fitted
with reamers of different sizes. thus permitting the handling of a variety of sizes of
fruit with a himited number ot extractors. Furthermore. these extractors can now be
purchased, while other automatic extractors may only be leased at this time. At low
capacity . it would be difficult tojustify the manimunm lease required.

It as assumed that all the products are exported. Fasy access to export ports is
essential. This s taken for granted. since the very existence of the citrus-packing
operation also depends on this condition.

Model B s adarger plant. absorbing 6000 tons of fruit per season (about double
the capacity of the smalley plant). Halt ot the fruitis processed for canned juice; the
other half is converted 10 601 hot-pack concentrate. All other conditions are identical
with those deseribed ton Mod b A

Explanation of other assumptions °

Equapment cost The capital requirement  for equipment is based on receni
quotdtions and actual cost data from recently erected plants of similar size. This item
may be considered as finrty accurate and less affected by local conditions than some
of the others,

Buildings. 1he tollowmg cost factors are assumed. They may vary with local
conditions.

Production arey S100/m?
Storage area $ 60/m?
Office and laboratory $ 80/m?

Erection costs

Installation 20 per cent of equipment cost

Destgn and supervision 10 per cent of physical plant
(inclndes running-in and process know-how,

Working capiral Sice most of the operating expenses are cash items that must be
paid during a short period. while the returns from sales are expected to come in only
during the off-season, ample working capital is necessary. An amount equal to the
approxinmate rinnmg expenses for one year was assumed.

Operating cost fuctors

Fruit $20/ton delivered
Unskilled Laboar

Shilled labour

FSee 1ent, chapter tive, page 14,
2 Al cost eshimates are i leims of United States dollars (%)

$200/month/man
$350/month/man
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Opcerating cost factors {continued)

Cans (No.2) including labelling or printing
Cases

Steam

Power

Water

Maintenance supplies

Depreciation

Interest on working capital

Sales expenses ( transportation, commission.

promotion)

Product prices

Single-strength juice

6:1 concentrare
Essential oils
Peels

Capital requirements

Equipment

Receiving line and bins
Inspection, washing, sizing
Rasper

Juice extractors

Finishers

Pasteurizer und controls
Filler and sealer

Cooler

Labeller

Hand crater

Centrifuges

Evaporator

Concentrate pasteurizer
Concentrate filling and sealing

Concentrate cooling
Product pipes, pumps, vessels

$4.00/ 100 cans
$0.12 each
$€4.00/ton
$2.00/100 kWh
$0.10/m3

5 per cent of equipment cost per year

10 per cent of fixed cupital per year

8 per cent per year
1S per cent of sales

$1.60/case of 12 No. 2 cans (FOB

market port)

$700/ton (FOB market port)

$3.00/kg
$5.00/ton, at plant

Plant A

mugme

e B R 7 I

Plant B

18
10
10
26

W

17

-

2

(]

0w
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Equipment (continued)

Steam plant
Intemal conveying, ete.
Laboratory

TOTALS
Buildings
Area
(m?)
Production 300
Storage 300
Offices and laboratory 60
TOTALS

Surmmary of capital required

Equapment
bFrection
Buildings
Other civikengineering works
Diesign and supervision
Total haed capital
Workmg capital
FOLAL CAPHE AT REQUIRED

Yearly operating expenses

Labour cost

Number
Unskilled (temporary) 20
Skilled (temporary) 5
Skilled (pennanent) 4

TOTAL LABOUR PAYROLL

Plant A
$ 1000

12

Plant A
Cost
{5 1000)

30
18
5

53

Plant A
$1000

111

1

oo

$3
10
20
216
200
416

Plant A
Payroll
($1000)

16

11
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Area
(m?)

400

Number

35

Plant B
$ 1000

Plant B
Cost
{51000)
40
24

. 69,

Plant B
$1000

173
35
69
12
3
317
300

617

Plant B
Payroll
($1000)

28
11
11

50




ANNEX 4]
&lpphes Plant A Plant R
Quantities  ($1000) Quantities ($1000:
Fruit 3000 tons 60 6000 tons 120
No. 2 cans 2300 92 2300 92
(thousands)
No. 10 cans - 56 9
(thousands)
Cases 190 23 200 24
(thousands)
10TAL SUPPLI%S 178 245
Summary of operating expenses ! per year)
Plant A Plant B
($1000) ($1000)
Supplies 175 245
Labour 34 50
Utilities 2 6
Maintenance 5 8
Depreciation 22 32
Interest of working capital 16 24
TOTAL PRODUCTION EXPENSES 254 365

Income

The output of the plant is computed on the basis of the following yields per ton

of fruit:

Juice 450 liters (64.5 cases)

or

Concentrate 7S liters (approx. 90 kg)

Essential oil 1 kg
¢ 550k
Waste peel . Planta Plant B
Quantity ($1000) Quantity  ($1000)

Juice (cases of 190,000 304 190,000 304
12 no. 2 cans)
Concentrate (tons) - 270 189
Essential oil (kg) 3,000 9 6,000 18
Peel (tons) 1,650 8 3,300 16
Total sales 321 527
less 1S per cent sales expenses 48 79

TOTAL INCOME 273 448
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Summary of profitability

Our analysis shows a gross yearly profit of $19,000 for plant A and $83,000 for
plant B, or 6 per cent and 15 per cent of the gross sales. respectively. Obviously, this
conclusion can be only as valid as the assumptions upon which the analysis is based.

The muportance of packaging material cost (see “*Supphies™) m the total expense
calculations is mstructive. This factor 1s the principal reason for the higher apparent
profitability of plant B. where half of the juice is sold as concentrate.

Despite the generality of the assumptions, the analysis also shows that it is
almost impossible to sell citrus products of the ordinary Kind at present market
prices if the cost of fruit is much higher that 20 per ton. Since such a price is
considerably below the cost of growing and picking ¢iteus truit in most areas. such an
operation caii onlv survive if culls are the raw materal. However. development of
more concentiated products of superior quality that may secure a more favourable
return per ton of fruit and the advent of cheaper packaging materials could change
this situation completely.
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