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1 - INTRODUCTION AND SUMMARY 

This study deals with technologies and machinery for the food 
processing in the developing countries. 
It includes a catalogue of "adapted" technologies and machiner» 
selected among the vaste range of internationally available op­
tions, in the following subsectors: meat, fruit and veg~table, 
dairy, cereols. 
It defines also the basic terms of reference for the establish­
ment of a food processing machinery manufacturing ind~stry, in 
the less developed countries. 

It is a technical guide, not designed for food processing spe -
cialists, but as a consulting support for operators and decision 
makers, concerned with planning, design and management of the 
industrial sectors of food processing and machinery manufactu -
ring in the developing countries. 

This study can be of great help in establishing basic terms of 
reference for techno-economical analyses and in trying to "open 
the technological package", but it cannot be considered as a 
feasibility study for a food processing industry,since no cost 
or economical analysis has been performed. 
It also provides recommandations and technical elements tor PC£ 
forming a machinery complexity analysis and for evaluating needs 
in terms of production and infrastructure resources, for establl, 
shing an~ developing a food processing machinery manufacturing 
capability in a less developed socio-economic en~iromment. 

This study has its roots on the idea that technologies and ma­
chinery, to be employed and r.:anaged in the less developed cou!!. 
tries, should be "adapted", at the maximum extent possible, to 
the socio-economic conditions of these countries; it tries to 
give an amswer to the demand for technical information a~out 
practical examples of "adapted" technologies and related ma­
chinery. 

In the past years, many theoretical discussions h·:lve bee:. held 
on what "technological 2.daptation" is, or should be, and many 
cases reported on how a wrong technologic~l choice could actua,! 
ly have a disturbing impact on the socio-economic equilibrium 
of the less developed countries. 
So far, pra~tical results have been scarce, and, very often, 
confined in the field of village-level artisanal techniques. 

This study starts from the principle that, if, on one hand, te­
chnologies and machinery should be adapted, on the other hand , 
in a primary sector, as the food pro~essing is, and in a context 
of very rapidly growing nutritional needs, as the one developing 
countries show,this sort of "adapted" (sometimes also called, "a.e. 
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propriate"} technolog ie:s cannot give dflY Si.:.:;:;s t arti:. ial an<l economi­
cally feasible answer, eAcept in the case of village self-subsi -
stance economy, which is very impo~tant and seeking for convenient 
solutions, but certainly not the only asp~tc of the ~ess developed 
countries technological needs. 
Ex~mples are evident; when th_ink ing about unarresting inurbation 
in huge and rapidly growing towns, or about food-processing needs 
at district or area level. 
These cases heve been, up to the moment, almost ignored in elabor~ 
ting adapted solutions for the food processing technologies and r£_ 
lated machinery. 

Without giving any new countribution to the theoretical discussion, 
this study has the aiffi to demontrate that a compromise, from pratl 
cal and operationa1 poi~ts or view, between the need for adapta­
tion and the corresponding mandatory dem2~d, for industrially a 
vailable and economically feasible techn0~ogies and machinery , 
is possible. 
It is a tentative approach towards a practical application of 
the concept of "intermediate'' technology: "som~thing in between 
the sophisticated technology employed in the industrialized CCU!!, 

tries and the village-level artisanal technique". 

This study tries therefore to discuss and establish the selection 
criteria, which can help operators and decision makers to make 
their technological choice, and to demonstrate that, once the "t£_ 
chnological package has been opened", among the well-tested and 
easily available food processins machinery of the international 
tcchnologicdl market, it is possible, with some technological "do­
wngrading", to select ''adapted" machinery, which still retains all 
the technical and economical advantages of an industrially opr:ra -
ting technology. 

The t:echnolog ical "do\·:ngrc:~ding" is a er i tic al rev is ion of the di.[ 
ferent functions, within a proce~sing technology or line, to iden­
tify those technically and/or economically es~ential in a given SQ· 

cio-economic contest and to delete all the otheis, induced by a di.[ 
ferent environment and/or culture (such as, for example, automated 
and electronic features of a machinery). A critical analysis of the 
different f un~tions is ~0ssible only when a processing technology 
and/or machinery, too often suppose~ or offered as a sealed package 
or a "black box", has been "dismantl.ed". 
With the technological "downgrading", the food processing line can 
preserve all the advantages of a well-tested, easily available and 
industrially operated machinery, being, at the same time, more "a­
dapted" to a less developed environment. 
It is therefore pos~ible to imagine "intermeC:iate te::hnology" plants 
starting operations in the developing countries, equipped with "m.2. 
dern" food-processing machinery, attentively ard cri~ically selected, 
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out of the "international catalogue" • 
The size of these plants should certainly be small, but they would 
retain all the economical and technical features of an "industrial­
ly-operated factory. 
Of course, the same result can be (and actually has been) obtained 
by "upgranding" the local techniques: ether studies report about the 
encouraging results attained wi~h this "symmetrical" system. 
The catalogue of this study is a first approach in supplying basic and 
operational technical information about available examples of this ty 
pe of "adapted " machinery. 
Machinery have beer. selected taking into account the best compromise 
between "adaptation" and availability on the market; they are there­
fore to be considered only as typical examples, being any equivalent 
~achinery suitable for the same use. 

Th°'!re is another aspect that this study takes into consideration: the 
possibility of a local manufacturing of the machinery. The potentiul 
c~pability, for a given machinery, to be manufactured Cat least part.!_ 
ally) by local manufacturers, is considered as an important criterium 
for including it in the range of "adapted" items. 
In other words, the idea is th at, if a g i v~n machinery has not an 
intrinsic potentiality of being prod~ced in the destination country, 
it cannot be considered as "adapted". 
This intrinsic potentiality is primarily connected with the technol£ 
gical complexity of the machinery •• 
It is Obvious that many other non-technological factcrs have a 0ete£ 
mining action in starting machinery manufacturing industry (size of 
the market, general policies, cultural and educational habits, and 
so on.), but, once started, this i~dustry will never develop, if this 
is not technologically possible. 
Potential manufacturing capability and op€rational adaptation are so 
strictly interconnected, that so~e questi~ns immediately rise • 
Hoi-t can a machinery, which has an instrinsic technological complexi­
ty far beyond the manufacturing capability of a certain environment, 
be s~pposed to work properly and tc produce prof it, on the long run, 
in the same environment? 
Is that the case of the so many huge plants, producing at low rates, 
or not even, because of lack of maintenance? 
And what may maintenance be considered, but the first step in acqu.!_ 
ring a manufacturing capability? 

Starting from these points, this study discusses about a possible path; 
in three stages, for developing a machinery manuf ar.turing capability, 
starting ~~om small maintenance workshps. 
Tt also supplies the basic terms of referencf for evaluating the in­
cex of complexity (IC) of a food processing machinery and, conseque.!! 
t.ly, for measuring its intrinsic "adaptability" to a local manufa -
cturing j.ndustry. 
1he IC is R number, which measu£es the degree of technological skill, 
rPl'JUr>~tPd to mr:tnufarture a capital good, by stating neeried production 
and infrastructural resourcesa (see ref. n.~) 
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The calculation of the IC has been made for a typical "adapted" food 
processing machinery and the list of requested infrastructur~l 3nd 
production resources has been automatically pointed out. 
The IC calculation has not been used to back up the selection of all 
the machines for the catalogue, because this was beyond the limits 
of this si:udy, but the typical "adapted" machine is largely indicati 
ve of the whole category. 
The catalogue of "adapted" machines has not therefore , as already 
pointed out, ~he value of an absolute reference, tut, since selection 
has been made on a practical experience basis, it has only ti1e meaning 
of a list of "typical examples" of how "adaptation" concepts could be 
put into practice. 
It is als0 to be pointed out that the selection has been made (bee~ 
se of tne limited time available) on a limited sample of options:th£_ 
se produced by the italian manufacturers of food processing machin~ 
ry. 
Any other similar or equivalent machine, produced in other countries 
and/or by other f irmas, is obviously apt for the same use. 
Since, as it has already been outlined several times, these machines 
have "intermediate" technology functional levels, they wouJd more pr,£ 
bably be included in the production range of those countries where, 
for various reasons, technological level of some foo~ processing plant 
has been kept at a lower stage and where intermediate technologies 
are still in operation (such as some southern European and southern ~ 
merican countries, and, in general, the most developed amoTig the de­
veloping ones). 

The level cf detail of the technical information given in the catalo­
gue for each machinery, is very general; the catalogue reports only 
what has been considered the minimum for "getting acquainted" with 
~he machine and its main features. 
It has been assumed that the readers will be interested in obtaining 
further information, from the potential manufacturers, only when the 
implementation programme for a certain project, in a given country, 
attains the feasibility_s~udy level. 
Of course, since it is very general and, for some aspect, inevitably· 
generic, the catalogue does ~ot contains all machinery and equipment 
needed to operate each technology selected. 
The catalogue reports information on only the most relevant items of 
each technological chain, and cannot be used, as already stated, as 
a food processing ~anual. 
Processing technology has been "dismantled'', and its practical appl! 
cations described, but mino~ line components and auxiliary equipment 
~re ~istematically ignored. 

As introductory notes, a last few words have to be spent in explai­
nrng what is behind the choice of the four food processing subsectors 
(meat, fruit and vegetable, dairy, cereals) and of the products wi­
thin ea~h Subsector • 

I The meat subsector hos been selected {even if in many less dcv~loped 
countrie~ meat is considered os a luxury fcod) becouse of its impor-

I 
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tance as a protein supplying food and, consequently, of the general 
demand for its expansion. Slaughtering is the very primary processing 
and i~ done, in almost every country, following local practices, of­
te~ influenced by c~ltural and even religious habits. 
Nevertheless, it is in the slaughtering phase that the quality of meat 
to the consumer (fresh or canned) is determined in terms of hygenical 
conditions. 
Many local slaughtering habits should be abandoned, becu~se they can­
not guarantee sufficient meat quality sta!1dards, but, at the same ti11e, 
centralized and refrigerated slaughterhouses cannot be proposed in mil 
ny non-industrialized environnents. 
An nintermediate" technology proposal could be v~ry helpful, because 
meat processing is, in itself, a simple technology. 
The same considerations can be made for the secondary meat processing 
(canned meat, sausages etc.), which can count on a rapidly expanding 
market. 

The fruit and vegetable subsector covers one of the most important 
group of food products in the less developed countries, for the inter­
nal market as well as for export. 
:f the export market needs are very unlikely to be satisfied by "in­
termediate" technology plants (the reasons are discussed in the gene­
ral part of the study), these can give a determining contribution in 
establishing cooperative or district-level food processing capabilities 
to redu~e the rapid spoiling out of many crops, due to long transport 
distances and in creating other employment 0pportunities in the rural 
areas. 
The dairy subsector has been taken into co~sideration because milk and 
milk products could have a great potential importance in contributing 
to less developed countries nutritional balance. 
It is, nevertheless, to be poir.ted out how the milk processing techn,£ 
logy is one the most complex of the whole food sector. 
Pasteurized milk can be obtained with a relati~ely simple technology, 
but has a very short life (2 ~ 3 days), if kept at low temperature. 
Technological problem .is then shifted to consumer's and distribution 
chain's equipment, (refrigerated storing) which, in the majority of 
less developed countries, r.annot be afforded. 
UHT (ultra high temperature) sterilized milk has a very long shelf ll, 
fe (up to 6 months at ambient temperature), but it is obtained by V.£. 
ry complex and sophisticated processing lines, which are, moreover, 
very difficult, or even impossible, to be dismantled into machines and 
normally offered as "packages" by the few superspecialized big manuf.§_ 
cture rs. 
The dairy subsector seems then very dubious! y to have its "iratermedi,e 
te technology" solution; it has been included because a critical re­
vision ar.d a general survey of the existing technologies has been su.2. 
posed to be very helpful before taking decisions. 
The dairy subsector includes also some dairy products, such as cheese, 
yoghurt, butter which can, on the contrary, be easily obtairaed by CC,!! 

.tury-long and well-established simple te=hnologies. 
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l·he cereals subsector shows very aitterent aspects, aepending on crop 
cunsldereci and on consumpt:ion area. 
The most important world cereals are obviously wheat, rice and maize. 
The importance ~f wheat (typically a temperate crop) in the nutrition 
of many LDCs is increasing, but the wheat supply normally depends la.!. 
gely on imports from d~veloped countries. 
It is therefore very unlikely to be assumed that the primary processing 
of wheat (storing and milling) would take place at district level and 
in intermediate-technology small plants; because also of the strateq! 
cal importance of the wheat reserves, its primary pr9(:essing would 
more probably take place into cent~alized plants, at country or region 
leuel. 
This excludes simple technological solutions; huge wheat mills are S.£ 
phisticated and automatized plants and the relevant very complex mach.!_ 
nery is supplied on the international market by few big firms, which 
normally work on a nturn-key" plant basis. 
Only the secondary processing of wheat (bread and pasta making) could 
find its space in the country, in terms cf small intermediatte techn.e, 
logy plants. 

Rice and maize are, on the caitrary, mostly grown and threshed in the 
LDCs. 
In this case, the district-level intermediate processing technology,to 
develop or to integrate village-level local techniques, can be (and 
actually is) an economical and feasible solution. 
Secondary processing is a family business, strictly interconnected with 
local ha.bits. 
It is worth being said that the output products of the small mills ha­
ve normally different "quality standards", with respect to the outputs 
of huge rice mills or "wet" maize processing systems. Rice is whitened 
and polished and maize flour has no bran and germ; the aspect is more 
appealing to the developed countries•consumers and the product has a 
~onger shelflife, but the treated cereals looze a certain portion of 
its nutritional value. Which one has then a "better quality"? 
The interdependance between quality standards and technological com -
plexity must be deeply discussed (this has been done in the general 
part of the study), in order to avoid any erroneous liason between si!!!. 
ple technology and poor quality. 

The four considered subsectors cover the large majority of food proce~ 
sing needs in the developing countries; only oil and fats processing 
(the fifth subsector of great importance in the LDCs) has not been i.n, 
eluded in this report, because of its technological complexity, with 
more evident interconnections with the chemical industry, while all 
other processings mostly rely on electro-mechanical and heat technol,£ 
gy. 
Other specific subsector exist (such as coffe, cocoa, wine and spirit~, 
beer, etc.) but they ar~ of interest in only few developing countries, 
and are therefore beyond the limits of ~ general study. 
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Stru_cture of_ the _s_t_u_d_y 

Thi5 study is divided into three s~c~ions1 a general part, a catslo­
g~e and th£ee appendixes. 

The general part has two main purposes: 
1 - To revise basic concepts and assumptions of the technological ",e 

daptation" to developing countries' conditions, and to establish 
and discuss criteria, which back up the selection of technologies 
and machinery for the catalogue. 

2 - To analyze basic requiremer.ts for starting a food processing ma­
chinery manufacturing industry and to suggest possible paths lo be 
followed and industrial equipment to be provided. 

Chapter 2 and 3 aim, respectively, to achieve these purposes. 

Chapter 2 starts the discussion by pointing out that technologies 
and related machinery should be selected on the basis of the same 
criteria and that the "selection for adaptation", perfomed in this 
study, is only a general qualitative analysis (machinery should be 
considered as "probably adapted" to the "average" developing coun~ 
try•s conditions). 
The basic concepts of "adaptation" are put in the form of practical 
assumptions: an adapted technology "should": I) be capagle of being 
indu!:;trially operated, II) be apt for processing food::; intended for 
domestic market distribution (and not for export), III) have a s~all 
or medium-scale capacity, IV) hava an intrinsic potentiality of being 
manufactured Cat least partially) in the same country where it is 
in operation. 
The selection criteria are established starting from the critical 
analysis of the different unctions of a food pror.essing technolo-
gy {intended to induce physical transformations on food, to packa-
ge processed food, to handle food during process, to manage energies 
and processing fluids). Since each of these functions has a different 
weight in different socio-economic environments, the selection crite­
ria come out from a critical revision of their presence and possible 
elimination (the "downgrading"), among available options. 

Chapter 3 tackles the problems of machinery manufacturing in the 
less developed countries. 
Machinery is here seen as an electro-mechanical capital good and 
not as a :f>od processing equipment. 
This requires the introduction of a mo~e p~ecise mean of comple;:.! 
ty analysis. such as the index of complexity (IC), which is a num 
ber jefining infrastructural anrl production capabilities, needed 
to manufacture a given capital good. 
This number has been calculated for a "typical-adapted" food rrocessing 
machinery, as a references standard and as a source of information a­
bout infrastructural and production capabilities for potential mBnufa­
cturers. The correspondance between level (' ... ' complexity and local manl!_ 
facturing capability needs is also outlined showing how it hus diffe­
rent aspects when considering infrastructure production resources and 
co~p~nents to b~ assembl~d on the basic machinery. 
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Finally, chapter 3 deals with the practical application of these con­
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paths should be followed, in starting and first developrnent phases? 
Some practical recommandations and suggestions are given: in p?.~ticulaG 
the primary role of maintenanc~ (in the operating food processing, but 
also in establlshing manufacturing capa~ility) is remembered and enfo.r. 
ced. 
As a general indication, a possible development pattern, in three sta­
ges, is outlined. 

The catalo,g_ue (chapter 4) is a selection of "adapted" technologies and 
related machinery. 
It is conceived as a technical guide and as a consulting support for d~ 
cisions and actions in the food processing, but not as a food process!~ 
manual: the level of detail is icept very general and only the most re­
levant machinery, for each technology selected, is described. It can 
contribute to "open the technological package", but it cannot be used 
to completely "dismantle" the food processing line, because ~uxiliary 
and minor equipment are normally not mentioned. 
The selection of technologies has been performed in the four subsectors 
of ~eat, frJit and vegetable, milk and cereals processing. 

For each subsector., introductory notes (general remarks) outline main 
aspects of internationally available and tested processing technologies 
and select the food produ~ts, w~ich are supposed to be of interest in 
the less developed countries. 
All technologies, selected for the catalogue, should be considered as 
"probably adapted" to the "average" developing couutry•s conditions; in 
some special case, "unadapted" technologles are described for informa­
tion and operational or complexity problems are warned. 
The catalogue can be used as a source of general technical information 
for the food processing industry and/or for the capit31 goods mam;fact.!:!_ 
ring industry: in both cases, the initial introductory notes give sug­
gestions aud limi::ations. 

For each of the products, selected in each subsector, a technology de­
scription section outlines the process and its possible alternatives~ 
poir.ting out the steps where "adaptation" is possible. 
Often, .a diagramme helps understanding how technology fla,,,s and which m.2. 
chinery (or manual) operation is normally employed. 
In corre~pondance to the technology description, a machinery descript.im 
section supplies the general terms of reference (such as working princ.! 
ple, major components, recommandations for mar:uf acturing, typical exam. 
ples etc.) of the most relevant machinery and equipment. In many cases, 
a photograph shows a typical example of th~ described machinery. 
The examples shown have been taken out of the normal production catalo­
gue of some italian manufacturers and should be considered as indiceti­
ve samples; any other equivalent or similar machinery is obvionsly StJi­
table for the same use. 

The three aEp~ndixes have been designed as sources of practical informA 
tion. 
A.[>pendix I deals with operational suggestions for energy conservation 
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and saving in the food processing industry. After having made some 
g~1eral considerations on thP characteristics of energies (mainly 
thermal ar.d electrical) used in the food processing, with som~ re­
ference data of the USA food industry, the first chapter lists and 
comments practical energy conservation measures and techniques. 
The second chapter deals more specifically with energy conservation 
and saving for processing the products considered in the four subs~ 
ctors of the catalogue. 

A,ePendix II tackles the problem of µroduction scale in the food pr£ 
cessin9 industry; without making any economical analysis (possible 
and significant only at feasibility study level), it nevertheless 
supplies some practical example of existing or designed s~all-sca­
le food processing plants with general considerations about 
capacity and production scale in the "adapted" food processing sector. 
The considered cases refer to a tomato paste processing plant, to a 
small integrated cannery and to a cooperative rice milling plant. 
These plants employ adapted" technologies and, for each of them, 
the following information are given: type and quan -
tity of raw and finished products, type and quantity of packaging, d~ 
scrip•ion of the technology employed, rated thr~ughput and man-po­
wer requirements. 

A.eE,e~d!x III is a non-exhaustive indicative list of italian manufat~ 
rers of food processing machinery in the four considered subsectors. 
From the production catalogues of some of them, the typical samples 
of machinery have been selected for the catalogue of this study. 
£xcept the case of the major firms of technologies and rrucessing 
lines supply, all others are medium or small f irma, supplying food 
machinery out of the catalogue or special machinery on order. 



I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

- 9 -

2 - SELECTION OF ADAPTED FOOD PROCESSING TECHNOLOGIES 
AND RELATED MACHINERY 

2.1 Reyiew of basic conc~pt~ for adaptation of food 
processing technologies to less-developed cot•n­
tr ies • conditions 

It has been stated that this study has not the 
aim o~ r~suming a discussion about phylosophical 
definitions of what is, or should.b~, an adapted 
(or appropriate) technology. 
Nevertheless, it may be useful to resume very brie­
fly some basic concepts of what is intended for 
adaptation, in the food processing sector,from a 
practical, or operational, point of vi1?w. 
A theoretical definition (such as "the adaptation 
of technology is a dynamic concept depending on 
the relation between the technjques and equipment 
employed and the changing environment within 
which they must be operat~d" , see ref .6, pag.93) 
is of scarse help in selecting technologies for a 
not-better-defined less -developed country.Before di-
scussing this point,s:me general remarks have to"'4pointed out. 

First of all, food processing technologies have 
not been changed very much during last years; 
only machinery has been continuously improved and 
becomes more and more complex. 
These improvements have been rarely dictated by 
technological changes; in the majority of cases, 
other functions have been added to machinery fea­
tures, mainly intended to save labour costs and/ 
or increase capacity. Selecting adapted technolo­
gies means therefore selecting those that can be 
operated with simple • machinery, or, in other 
terms, that technology. and machinery have to be 
selected on the basis of the same criteria. 

Secondly,it would be possible to define exactly 
if a given machinery has a certain degree of com­
plexity, since very accurate studies (see ref. 
4.) allow to calculate its "index of compl~xity" 
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(even if this would require a very laborious analysis on 
each single machine), but this would not solve the pro­
blem of exactly calculatiog the second term of the "a­
daptation equation": the socio-economic conditions: The 
aim of this study is more limited and is intended to 
give general practical references of how technologies 
and machinery could be considered as•probably~adapted, 
by performing only a qualitative analysis on the basis 
of some fundamental assumptions. 
T~1ese concepts will be furtherly discussed at the end 
of thij paragraph; before, it is worthwhile defining 
these assumptions and. their role in the establishment 
of basic needs , in terms of food processing , in the 
less developed countries. 
Or, in other words, let us define firstly some basic 
requirements (the assumptions) of a given socio-economic 
environment (the second t~rm of the " adaptation equa­
tion") and then let us check, with a rough, but practi­
cal, qualitative analysis, if a given technology and ma 
chinery could fit the requirements, that is, if they a­
re "adapted11

• 

First assumption is that an adapted technology should 
be sui~able for fully industrial operations~ 
In fact, many developing countries are nowadays faced 
with high rates of increase in population and with 
strong inurbation processes, that give origin to rapi­
dly expanding basic needs in terms of food quality and 
qudntity.. 
Some "appropriate" village-level artisanal techniques 
can probably be the solution for people faced with self­
subsistance problems, but cannot certainly solve the pr.e_ 
blem of providing foods for urban population~ or at pro­
vince or district level. 
In this primary sector, only industrially operated plants 
can provide the necessary quantities, within fixed and 
tolerable quality standards. 
Furthermore, technologies, and related machinery, should 
be such as to be economically managed .in order to assure a 
·.cer·tain prof it to the factory or to the agroindustry chain. 
It could be said that, if a technology is really adapted 
to social and economical conditions, then it must give, 
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whe11 adequately managed on the long run, positive eco4A 
nomic results. 
It goes without say~ng that economical feasibility has 
to be carefully stuJied case by case, taking into ac­
count actual factors; but, in pr!nciple, an adapted tec­
hnology plant should have ~otentiality to solve problems 
cf management, personnel qualification, maintenance, 
production ~uality etc., without spoiling out resources, 
as it happens where unadapted technologies are employed. 

3econd assumpticn is that an adapted technology should 
process foods mainly for domestic market distribution. 
It is worth being remembered how destination market re­
quirements may influence technological complexity; one 
of the most complex steps in food processing system is 
packaging, which in turn is largely influenced by mar­
ket habits and requirements. 
In a high competition environment, where product marke­
ting plays a very important role, it is obvious that 
the packaging system has to be very sophisticated and, 
in some case (as for milk), rigidly deter.mines the over­
all processing technology complexity. 
Furthermore , international quality standards (such as 
taste, color, etc.), sometimes i.Jr.properly considered as 
the best and largely due to western countriP~· nutritio-
nal habits, are obtainable, in practice, c • the use 
of sophisticated technologies and speci. 1inery. 
This does not imply, of course,that adapt. cechnologies 
would not permit to achieve good quality standards;but, 
provided that hygienical conditions have to be kept at 
the best, a certain flexibility exists, in the domestic 
market , in adapting quality standards, toleran~e, pac­
kaging etc. to "adapteda market req..d.rements. 
In some case, this adaptation may result in ~ncreaslng 
nutritional Talue, and thus "quality" of some items, 
such as rice, maize or other cereals, requested in the 
international market with such a refining standard as 
to have a poorer nutritional value (by removing bran 
and germ), than the ~~olemeal obtained with simpler tec­
hniques. 
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Third assumption is that ~he large majority of adapted 
technology processing plants would have a small-or me­
dium-scale production capacity. 
This characteristic is common to very ma~y plants also 
in the developed countries, where, except some multina­
tional food giant, a very high percentage of food pro­
duction is scattered around the country into small or 
medium-scale plants. 
In th~ less developed countries, the lack of transport 
facilities, the reduced capacity of refrigerated ware­
houses and, normally, more severe climate conditions, 
all suggests to scatter food processing facilities as 
close as possible to the harvesting areas. This does 
not mean that each village should have its own small 
plant but that adapted technology plants might prove 
to be a better solution at district or province level. 
The overall capacity of a food processing plant is one 
of the most important factors in determining technology 
and machinery complexity , as well as management and 
maintenance difficulties. 
On the other hand, village-level plants will never ju­
stify industrial operations, since processing quanti­
ties are largely below inuustrial minimal value;proba­
bly the district or province level is the most equili­
brate scale for a fully industrially operated, but a­
dapted, technology. 

Fourth assumption is that, if a technology is well adap­
ted to local conditions,in the food processing as well 
as in other sectors, it could give a great contribution 

in stimulatin; local follow-up process of technological 
improvement, further adaptation etc. 
In other words, only a right technvlogical choice can 
start an "assimilation" process, which can give impulse 
to an induced local industrial~zation process, capable 
of starting maintenance workshops and small manuf actu­
ring units, as it will be discussed in para. 3.3 

In defining what an adapted technology should be, by 
investigating ,through the four assumptions outlined 
above, which would probably be the basic needs, for food 
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processing, of the less devel~ped countries, it is not 
meant that an adapted technology should have only these 
characteristics. It is only meant that these aspects are 
the most relevant for the general purpose of this stu­
dy; other minor aspects, 1>9ssibily of great influence 
in some context and in some country, cannot be taken into 
consideration, since the selection made has to have on­
ly the value of a very general average. 
Let us get back now to the problern of a clear definition 
of what an adapted technology shouJ be. In previous stu­
dies (see references 1 and ~) and in many other reports 
on this subject, efforts have been done in defining 
adapted technologies and in trying to back up definitions 
with general consideration; the interested reader is 
sent to these sources ,for further details. 
For the purposes of this study, already defined in the 
introduction as essentially a practical consulting sup­
port, only one fundamental aspect o! the "adaptation" 
deserves further discussion: adaptation has its ~ull 
meaning 0nly when expressed in comparative and qu~nti­
t.ative terms. 
In other words, adaptation is not a quality: this techno­
logy is adapted, the other one does not. 
Each technology can only be more or less (in quantitative 
terms) adapted to a quantified and expressed environment 
(its comparison term in the "adaptation equation"). 
Now, could the same technology be qualified as "adapted" 
for India or for Mali (both classified as less developed 
countries, on the basis of GNP) 
And, moreover, could a given product processing techno­
logy (i.e. rice processing) be equally adapted to Paki­
stan or to Tchad, where rice has such a basically diffe­
rent impact on nutritional habits? 
It goes without saying that, ~n a general study, only 
a general indicative average can be given."Adapted" tec­
hnology (and what is more important related machinery, which 
bas to be selected on the basis of equivalent crite­
ria) 1s here meant as the simplest possible method, ob­
tained by selecting and/or modifying well-tested al­
ternatives, of processing food with currently available 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 

- 14 -

machinery, suitable to be.operated in such a way as 
to tit with the requir~ents, stated by the assumptioras. 
This is not a theoretical definition but can be used 
to establish practical experience-based selection cri­
teria for a general (and for same aspect inevitably ge-

neric) study. 
A last point has still to -- be raised: not all the se-
lected technologies have the same level of complexity, 
in absolute quantitative terms (for example, as defi­
ned by the index of complexity outlined on para.3.1). 
The "simplest available method" of industrial processing 
of pasteurized milk is more complex than the "simplest 
available method" of industrial processing of rice. 
Is then the pasteurized milk processing an "adapted" 
technology? May be it is adapted (but some doubt is 
~xpressed in the corresponding paragraph o:a.· the cata­
logue , see 4.3 ) to same less developed country's 
urban area; it is certainly unadapted to whichever ru­
ral area where no feasible milk proc~ssing system can 
probably be operated. 
Is then the selected rice processing an adapted techno-
logy? It is very probably adapted to disctrict-level 
small processing plants on rice-growing rural areas; it 
is very probably unadapted,but in the opposite sense, 
l~rge urban communities in the same country. 
When selecting technology and machiner~ possible loca­
tions have been in fact taken into account: it is more 
likely that milk processing is located in an urban area 
and that rice processing is located in rice-growing ru-

ral areas. 
Does this mean that all technologies, selected and de-
fined as "adapted", can be satisfactorily operated 
(from technical as well as economical point of view) 
in whichever area of whichever less developed country? 
Obviously, only a carefull feasibility study can give 
an answer; but this is beyond the purposes of this stu-

dy. 
Once defined what a food processing adapted technology 
should be, let us enter into the discussion on how to 
select it among existing alternatives. 
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2.2 Selection criteria for food processing technologies 
in four subsectors. 

During centuries, a so wide range of food processing 
systems has been developed in so many different coun­
tries , that it would be practically impossibl~ to 
take into consideration all existing alternatives. 

Those considered in this study are the food proces­
sing systems commonly used in western countri~s du­
ri~g the last half of this century. 

Even if it is so widely differentiated, it can be 
found that food processing has some common aspect. 
One common aspect is that, since raw materials are 
rapidly perishable, food processing consists normal­
ly of a sequence of operations, rapidly following 
each other. Food processing has the form of a pro­
cessing line, where ~ultiple functions are carried 
out simultaneously. 
These functions have a very different "weight" in 
processing food , as it will be pointed out below; 
nevertheless, usual international transfer of tec­
hnology procedures, such as "turn key", aim to con­
sider food processing system as a "package",where 
no adjustment is possible. If, on the contrary, a 
technology has to be adapted, a careful analysis of 
the different processing functions ~~st be carried 
out: some function is to be kept fu~ly operating, 
some other to be "down-graded" or deleted. The 
•down-grading" of existing technologies is in fact 
one of the p0ssible ways to obtain an adapted techn.e_ 
logy; results may also be achieved by "up-grading" 
local artisanal techniques to industrial op2rations. 
Much research is being done on the latter and re­
sul ts are promising and interesting, but, in the 
present study, adaptation has been carried out by 
down-grading technologies, currently employed in 
the developed countries, and by selecting machine­
ry among options already tested and currently avai-
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,· 

lable in the international market. 

The extent of the technological down-gradi~g (and hence 
the ~riterla to be applied to machinery selection) has 
been established on the basis of a general functional 
analysis_, described below, bearing in mind the assum­
ptions, outlined in the previous paragraph. 

A food processing line is designed to accomplish the 
following main functions: 
a) operating a physical transformation on food , inten­

ded f~r b~tte:, or longer, preservation, for changing 
its taste, color. state, size , etc. 

b) packaging processed food into a container , designed 
for preservation, marketing, storing etc. 

c) handling food, being processed, in order to transport, 
displace, select, feed, sort, increase capacity etc. 

d) supplying, conveying and controlling processing fluids 
and energies, generated by local utilities or connec­
ted with main supplies. 

All these functions are often simultaneously accomplished 
by a processing machine or are strictly interconnected 
or interrelated. 
Nevertheless, when dealing with a technological complexi­
ty analysis, these functions should be considered as if 
they were separately carried out. 
In some case, once operational or product quality stan­
dards have been fixed, some technological process has 
no valid and simpler alternative. 
This does not mean that adaptation goes together with 
poor qu~lity , because quality standards very often 
depends ~ore on operational know-how and management 
skills than on the processing technology. 
But it is evident that, in same case, "higher" quality 
standards can te attained only by the use of more com­
plex and sophisticated equipment, specially developed 

11 II 
to attain h~gher quality. 
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This point would require ~ deepc~ discussion on what 
food quality is and how should be measured. 
Should quality rely on fulfilment of nutritional ha­
bits? 
It is clear that a trend to standardize "quality" to 
western standards h3S induced to improperly consider 
internationally accepted foods as the best. 
Should quality rely on conservation of original nutri­
tional valve? 
What then about •modern" cereals processing, where 
•higher• quality standards of rice, mai~e, wheat,greatly 
reduce its original nutritional value? Should quality 
rely on a more appealing aspect and colour, or on a 
longer shelf-life , or on any other peculiar characteri-

stic of a special food? 
What then about the use of various additives, which 
certainly improves certain food characteristics, but 
can hardly be defined as "quality" improvements? 
It is evident that the quality of a processed food has 
so many aspects, depending mostly on nutritional and 
social habits, that, exception maee for measurable hygie­
~ical conditions, any definition of"rich or poor"quali­
ty has a very relative weight. Hence, in same case, once 
a "quality standard" (i.e. taste and colour of citrus 
juice) or a preserving method (i.e. liophilization of 
fruit or UHT processing of milk) have been fixed , no 
simpler technological alternatives exist. 
In some othe~ case, the same function can be accomplish­
ed in a simpler way and co~plexity depends only on the 
use of more complex machinery, ·whose complexity is often 
caused by other related functions, such as automatization 
or type of energy supply. 
Tl•erefore, making an ~ffort to analyze the four main 
functions separately, any technological selection must 
be carried out simultaneously with the corresponding a­
vailable machinery selection, bearing in mind the pre­
viously defined assumptions. 

For example if meat processing technology is being di­
scussed, heat treatment for meat preservation and can­
ning can be performed by wood-fired open copper pans, 
or by double-bottom stainless steel steam-heated pans, 
or by rotating direct-steam cooking retorts. 
Technological step is the sam~ (at least in its general 
sense of single operation within a process), and can 
be quoted as very simple (nothing else than meat coo-
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king}, but grade of complexity of related machinery va­
ries from village-level to complex. 
It is clear that, if industrially operated plants are 
requested (as the first assumption for an "up-to-date" 
adapteJ technology), selection will be cirected towards 
the stainless steel double-bottom steam-heated pan,being 
wood-firing probably unsuitable for in.justrial operations 
and steam ~etort a too complex machinery. 

If the four different main functions of a processing 
line are considered as separate, and related available 
machinery is taken into account, there is no doubt that, 
in general, the first function (a) gives few adaptation 
chances, at technology level: quality standards of the 
final product must be high, hygienical conditions must 
be kept at th2 best. 
A slightly wider choice exists among machinery but it 
should not be forgotten that machinecy must be well te­
sted, easily available, suitable to be industrially ope­
rated, and hence the choice range narrows. 
Even if few adaptations are possible, function "a" can 
be normally accomplished in a simple way, because of the 
intrinsic simplicity of the food processing, which has 
often only improved, without profound changes, systems 
developed in the past, if we exclude recently developed 
processes, such as freezing, liofilization,sterilization UHT, 
etc. (but these processes are certainly out of adapta-
tion limits). 

A greater extent of adaptation work can be done on tec­
hnologies and machinery tor function "b". 
Also in this case, hygienical conditions and good 
packaging standards are out of discussion: shelf life and 
quality of the product strictly depends, in most cases, 
on r.ontainer quality. No valid, but simpler, alternati­
ves to the tin can have been yet developed, in spite of 
the great amount of research made on this field. 
Plastic and carton bags are steps higher in the comple­
xity scale, because of forming and filling machines• cc!!!. 
plexity, while glass containers are costly, and difficult 



n 
lJ 

I 
I 
I 
I 
I 
r 
I 

I 
I 
I 
I 
I 
I 
I 

- 19 

to handle, items. The highest grade or complexity is 
then determined, in canning , by the seaming machine. 
Some adaptation is nevertheless possible, on can size, 
labelling and raw materials, which should be optimized 
to actual basic needs of developing countries• markets. 
Another direction to be followed raight be to increase 
the use of preserving technologies, in which simpler 
or no packaging, is needed,such as drying, salting or 
spice curing which have been recently improved to 
give better results with respect to traditional low­
quality foods. 

It is on function"c" that the majority of adaptation 
work can be performed. 
If food processes have not been changed very much in 
the last years, the grade of complexity of processing 
mact.inery has increased very rapidly, because of the 
economically pressing need for automatization of p~o­
duct handling and line operating. 
This was intended mainly to save labour costs and/or 
to increase to overall capacity of the line. 
This process has only an economical justification in a 
very-high-wage environment and in a v·ery competitive 
market; it made many technically-efficient machinery 
economically and commercially obsolete in a very short 
period. 
It goes without saying that the socio-economic environ­
ment in the less-developed countries is different; low 
wages and/or basic social needs justi!y the assumption 
that an adapted technology should be more labour-inten­
sive and operated in smaller scale plants, scattered in 
the country at a district or province level. 
Huge and automatized plants have already proved to be 
the wrong solution in many developing countries; the 
trend towards small-scale plants might be suggested al­
so by the need to start a maintenance and manufacturing 
capability and to stimulate local tehcnological assimi­
lation and development, as it will be pointed out in 
the next capter. 
The suggested down-grading of existing technologies 
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may permit the re-employment of a wide range of machi­
nery, considered as economically (but not technically) 
obsolete in the developed countries. The selected ma­
chinery has a low degree of automation: al !._sorting 
and grading operations are done manually and many 

- machines are batch-operated. 
When the process foresees continuous operations, then 
product hangling is done with the aid of mechAnically 
driven trasport~rs (overhead co~veyors, bucket or flap 
elevators, roller transporters, etc.); no electronic 
device is included. 
All machinery selected is then adapted to small and me­
dium scale plants, equipped with low and med5.um capaci~ 
ty lines, manually or semi-automatically operated. 

Finally, let us tak~ into account function "d", which 
became, in the last years, a determining factor in the 
economic balance of many food processing technologies, 
where a high energy consumption (particularly thermal 
energy) is requested. 
In selecting adapted technologies, this problem must 
be approached by firstly comparing grade of complexity 
of machinery and auxiliary equipment (utilities) ve1~us 
energy conservation and saving , in terms of specific 
energy consumption per unit of finished products. 
Generally speaking, an increase in energy utilization 
efficiency corresponds to an increase in machinery com­
plexity; an example is thP-rmal energy, the most widely 
employed for food processing. 

It is well known that the major portion of e­
nergy requirements for food pr~cessing is in terms of 
thermal energy. 
The efficiency of thermal energy conversion,in any tra­
ditional technique,is very low.:any attempt to save ther­
mal energy implies the use of multiple-stage techniques, 
of heat recuperation exchangers, of better insulating 
meterials, of precise temperature controlling devices, 
etc. ;all these systems increase technological cornplex..f. 
ty and are often out of the reach of whichever adapted 
technology and/or machinery. 
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Steam is the most widely employed heat supplying fluid 
ant• its production and distribution have the same e­
nergy conservation and saving aspects: more efficiency 
in producing steam means use of more complex, well e­
ngineered and, normally, larger capacity plants, that 
are of ten ir. contrast with adapted technology choice. 
The use of poorer fuels or process wastes, such as 
husks, stonas, pellets etc. is possible and econ~mical­
ly convenient, but it certainly increases heat genera­
tion plant complexity and requires a more efficient 
and continuous maintenance; otherwise, the higher eff i­
ciency in conversion is rapidly spoiled out. 
Sarne aspects are shown by water saving techniques, which 
are often a determining factor in ~llowing a processing 
plant to be established in countr~es, whe~e water sup­
plies are scarce. Water saving is possible mainly by re­
cycling waste and cooling waters; but this implies the 
use of more complex equipment ,such as water depuratio~ 
plants, evaporating towers, flow and temperature control­
ling devices etc. 
Therefore, when dealing with adapted technologies, a ca­
reful investigation is to be done, case by case, on techno­
economical convenience of complicating machineLy and/or 
equipment for energy saving and conservation. Some highli­
ghts of possible alternatives in equipment selection and 
some introductory notes on energy saving procedu~es will 
be 0iven in Appendix 1. 
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3. - ANALYSIS OF ADAPTED FOOD PROCESSING MACHINERY 
AND RECOMMANDATIONS FOR MANUFA~TURING 

3.1 Complexity grade of adapted food precessing 
machinery 

In the previous chapter, complexity and adaptation 
of technologies and machinery have been analyzed 
and discussed from the point of view of food pro­
cessing industry operations, in the less developed 
countries. 
If the same machinery is analyzed from the point of 
·1iew of manufacturing , in the same countries where 
adapted food processing industry is being operated 
(and where there is therefore aposS.lble market demand 
for adapted machinery), do complexity and adaptation 
criteria show the same aspects, or have to be revi­
sed? 
In other words, a machinery, "adapted" to food pro­
cessing industry operational conditions, can be con­
sidere~ as "adapted'' also to capital goods manufactu­
ring industry conditions of the same country? 
In principle, no direct correspondance exists (the two 
industries have very different operating and market 
conditions) but an interrelation comes out from one 
of the basic assumptions for technological adaptation: 
if a machinery is adapted, then its technology can be 
"assimilated" by the environment. 
Technological assimilation is the basis for the esta­
blishment of a local mdnufacturing capability, follo­
wing certain development paths, which will be discus­
sed on para.3.3 
Technol~gical assimilation from the point of view of 
manufacturing, implies that a given socio-economic 
environment is capable of acquiring infrastructure and 
production capabilities, needed to produce capital goods 
up to a certain level of complexity. 
A precise definition of infrastructural and production 
capabilities (and then of level of complexity) is gi­
ven by the "index of complexity" of a capital goods. 

The IC calculation is based on a detailed user's manual 
(ref .4) available at UNIDO, to which the reader is sent 
for further details on theoretical bases and detailed 
procedures. 
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It is here remembered that the ·IC is a number which re­
present the quantity of complexity involved in a given 
capital good, whose value normally varies from two p~ac­
tically calculated extreme values, ranging from a minimum 
of 17 up to an absolute maximum of about 600. 
The minimum level corresponds to an almost primitive 
machine, whilst upper levels are found only in the aero­
space industry products. 
A kind of complexity scale, having six steps,can also 
be established. 
These steps, called N steps, are numbered from N1 to 
NG and correspond to complexity grades (IC values),as 
follows: 

To each 
plexity 

Nl 17 to 
N2 30 to 
N3 50 to 
N4 -100 to 
NS -180 to 
N6 -320 to 

st~p, an equivalent 
can be defined. 

30 
50 

100 
180 
320 
580 
range of capital goods com-

Step Nl corresponds to initial development level, at 
small artisanal or village level operational stage; 
Step N2 represents the first technological stage in 
industrial development ; step N3 covers the majority of 
carital goods specialities and can be defined as the me­
dium-state development. 
Only at step N4 a full industrial development at the 
heavy industry level, has been attained. 
Steps NS and N6 are linked to very special industrial 
activities, such as aircr~ft or aerospace industry, ty­
pical of large industrial countries. 
There is no doubt that developing countries, at mid term, 
can accept maximum complexity levels within N3 step,as 
it has been recommended at the First UNIDO Consultation 
on the Capital Goods Industry (see ref .5) • In the same 
document, the agro-food industry capital goods are de­
fined as to have an average complexity level without 
components of about 65 and a total complexity (with com­
ponents) of about 95. 

The Jndex of complexity procedures have been applied to 
a typical adapted food processing machine. 
It is to be noted that the calculation of the IC for the 
selected machinery was beyond the purposes of this study, 
because it could not be used to back up an adapted machi­
nery selection for the processing industry of the less 
developed countries. 
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In fact, the IC supplies no information about operatio­
nal conditions of the machinery , but defines only manu­
facturing requirements. 
Nevertheless, it has been considered that the calcula­
tion of IC for a typical machine could be of great help 
in defining the type of infrastructural and production 
requirements, with which a food processing machinery ma­
nufacturing industrv should be equipped. 
It has also been encluded, after hav~ng.analyzed sam­
ples adapted machinery, that few differences existed 
between them, in terms of infrastructural and manufactu­
ring needs; the typical average machine is then really 
indicative of manufacturing needs for the entire group 
of adapted machinery, differences being limited to few 
points,except the cases of milk processing and uf mul­
tiple-effect concentrators, as it will be mentioned on 
the catalogue. 
The average level of complexity (IC) for a typical ada­
pted machinery results in the range of 40 to 50 without 
components, and goes up to about 60 to 80 if main compo­
nents are taken into account. On the average, i~ ca~ be 
said that selected adapted machinery remains within the 
limits of step of complexity N2 (max of 50), suitable 
to be operated in many less developed countries. 
The possibility to be manufactured depens on so mary 
other factors !such as market size and requirements,ge­
neral policies, financing etc.) that it can only be sta­
ted , at the moment, that an adapted machinery could be 
manufactured from the technical point of view, in many less 
deYeloped.countries(e~cept ~omponents to be imported and 
assembled). 

The calculation of the IC of a typical adapted food pro­
cessing machinery has been performed, taking into account 
the following production factors (see ref.3 for details): 

~ description technoloqical level 
overall factors 
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light and standard industry 

from 1.1 to 4.0 hours of know-how 
per uss1000 of product (estimate) 

simple static and dynamic test on 
components and parts, some fluid­
dynamics and thermo-dynamics tests 

Hd - between 50 to 400 direct hours per 
tonne of product (estimate) 

Vt - from 4 to 50 basic types of machi­
nery prod1Jced (high integration of 
production) 

Vm - from 4 to 15 models for each type of 
machinery (estimate) 

s 

M 

T 

up to 1-3 items produced p~r month 
(small factory) 

machine requires re-assembly of parts 
in the user's site by the manufactu­
rer and likage to the processing li­
ne 

maximum of 100 persons employed at 
the manufacturer's plant (small plants) 

Production resources 

01 - metal cutting of bars, sheets and pro­
files, with machines of the advanced u­
niversal tupe, high precision wo~king, 
prevalent manual operation 

02 - bending, folding, rolling, drawing 
flanging of metal sheets with the use 
of advanced universal type machine 

1 

1 to 2 

1 to 2 

1 to 2 

2 to 3 

2 to 3 

4 

3 

2 

2 
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tools,high precision working to ISO stan­
dards (manual operation) 

03 - cold shaping of wire and tubes, by exist~ 
ing conventional technology, manual o­
peration 

04 - riveting and threading by conventional 
machi~es, manually operated 

~5 - cold pressing of metal sheets, stamping 
of special sheets, by machine of ad­
~anced universal type, high precision 
working to ISO standard (manual opera­
tion) 

~7 - welding af all types, by machines of 
advanced universal type, very high 
accuracy to ISO standards (with some 
semi-automatic operation) 

~8 - horizontal single-chuck lathes with 
high accuracy working, m3nually ope­
rated to ISO standards (with some 
semi-automatic operation) 

012- surface planing and planing - milling 
machines by existing conventional tec­
hnology, high precision working to ISO 
standards 

014- milling machines of advanced universal 
type, high precision working to ISO 
standards, manual operation 

015- table drills of advanced universal 
type, high precision working to ISO 
standards, manual operation 

1 

1 

2 

2 to 3 

2 to 3 

2 

2 

2 
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018 - grinding and surface finishing and P.2. 
lighing machines, high precision wor­
king, manually operated, advanced u­
niversal type machines 

030 static and operating geometrical 
tests, in accordance with internatio­
nal standards 

Semi-finished products 

B.1 - Basic primary iron casting ,with some 
piece of standard quality, some use 
of electric furnace (heavy and high­
resistance parts to be imported) 

B.2 - Steel casting of basic carbon steel, 
in accordance with standards, up to 
medium-size parts (other raw or semi­
f inished parts to be imported) 

B.7 - Open die forging of light parts, by 
conventional equipment with high per­
formance and accuracy (heavy parts 
to be imported) 

~hird-party services 

B.9 - Stress relief and annealing of fer­
rous and non-ferrous materials 
up to medium-heavy parts, in accor­
dance with specification 

B.10- Heat treatments, such as tempering 
and normalizing in accordance with 
standards 

B.11- Metallic surface deposits, such as 
zinc, tin lead coating in hot bath, 
or electro-chemical processes, in 

2 

2 

1 to 2 

1 to 2 

1 to 2 

2 

2 

2 
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accordance with standards 

B.12-Manufacture and maintenance of sim- 2 
ple tools and medium-complexity me­
tal-cutting and plastic-deformation 
tools 

B.13-Manufacturing of dies for cold stam- 2 
ping in fairly well equipped workshops, 
little own know-ho~, on third-party 
specifications 

B.14-Manufacturing of dies for hot metal 1 to 2 
working, medium-sized workshops,semi-
complex shapes 

B.15-Manufacturing of Jigs and masks for 2 
welding and parts assembling 

B.17-Medd..um __ and medium-heavy boilermaking 2 
with complicate spherical shapes; 
medium-sized workshops handling up 
to 15 tons 

With the production factors listed before ,an average 
adapted machinery can be mauufactured, without compo­
nents; converting the technological levels shown into 
corresponding values for each factor, the indew of CO!!!, 

plexity sums up to a minimum of 41.33 and a maximum of 
47.81; the rounded average can be a~sumed at 45. 
It can be seen that the typical IC falls into the range 
N2; this means that, if components are imported and as­
sembled, the basic machine (frame, body, operating par­
ts etc.) can be manufactured (at least from technologi­
cal point of view) in countries at the second stage in 
development (see para 3.3). 
Considering main components, the following factors should 
be taken in acc0unt: 
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Basic components 

c.1 - mechanical machine parts and basic 2 
ferrous and non-ferrous materials,such 
as bolts, washers, nuts, pins, springs, 
pulleys, levers, control knobs etc. 

c.2 - medium-sized machine parts, such as con- 2 
nections, clutches, cams, joints, brake~, 
supports, in many different varieties 
and variable speed units up to 25 HP, 
gear boxes, safety devices, ball bearings, 
etc. 

2 
C.4 - hydraulic components up to 70 kg/cm ,such 

as pumps, valves, vessels, tanks, auto-
matic actuators, etc., in various types 2 to 3 
and sizes, some with test certificates, 
standard types 

c.S - ~imple pneumatic components, such as 2 
pistons, valves and manifolds, in ac­
cordance with standards 

C.6 - simple vacuum pumps and vacuum circuit 3 
accessories up to 10-3 mmHh, quality te­
sted and guaranteed 

C.7 - electrical control and monotoring de- 2 to 3 
vices, such as knobs, switches, cir·-
cuit breakers, alarms, light signals, 
microswitches, meters, control panels 
etc. 

c.a - electrical pov.er supply and drive,such 2 
as motors up to 30 HP, wiring ,connee-

. tors etc. 

C.14- low pressure and temperature Cup to 2 to 3 
1so•c) steam systems, non-corrosive, 
such as valves ,manifolds, regulating 
devices etc., some standard,semi-autom,!_ 
tic applications 
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C.15 - simple instruments for measuring li­
quids, gases, electricity; limited 
accuracy, but in accordance with 
standards 

3 

C.18 - special non-metallic components,such 3 
as rubber rolls, plastic nuts, plexi­
glaS$ and glass, insulting materials 
etc. 

Converting these factors into the corresponding 
values, the IC for components sums up to about 24, 
on the average. 
The mean total IC (including components) for an 
average typical food processing adapted machine 
is about 68. 

It can be seen that, if components are taken into 
account, the total complexity falls within the range 
N3: a range of development unachievable,at medium 
term by many of the less-developed countries. 
All components are therefore to be imported and as­
sempled; this should be carefully taken into account 
when establishing maintenance procedures and stocks. 
On Tab.1.1, a summary table of IC calculations for 
a typical machine is shown. 
It can be noted that the ratio (about 35%) of compo­
nents IC (about 24) on the total, IC is very high. 
This is due to the reason that, in adapted machine­
ry for food processing, major sources of complexity 
are effectively the components, because basic machi­
ne is, in principle, a "container", with a "suppor­
ting frame", where food processes take place, con­
nected to different kinds of ·~ctuating and feed~ng" 
devices. 
A sound change, in this "machine structure", inter­
venes only when the processing line is automatically 
and continuously operated; but this is out of the li­
mits of adapted technologies and machinery ,which a­
re almost manually - and batch - operated. 
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Food processing machinery has , in any case, a limi­
ted grade of complexity: as an example the most com­
plex food technologies (with milk processing and 
food lyophilization) have ICs (without components) 
of about 82 and a total complexity of about 115 (see 
ref .S, pag.301,table 7). 
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TAB. 1.1 - Indexafcanplexity (IC) oi a typical 
adapted food processing machine 

PRODUCTION FACTORS 

Basic machine 

Overall factors (A1) 

p 1 1.00 
Hs 1+2 1.00+2.oo 
L 1+2 1.00+1.68 
Hd 1.g.2 1.00+2.00 
Vt 2+3 1.41+2.00 

Vm 2+3 1.41+2.00 

s 4 2.83 

M 3 2.83 
1 1.00 

Production resources(A2) 

"1 2 1.19 

"2 2 1.19 
03 1 1.00 

0'· 1 1.00 
05 2 1.19 
07 2+3 1.19+1.41 
08 2+3 1.19+1.41 
012 2 1.19 
014 2 1.19 
015 2 1.19 
(ll18 2 1.19 
030 2 1.00 

Semi-finished products(BI) 

B.1 
B.2 
B.7 

1+ 2 
1+ 2 
1+ 2 

1.00+ 1.41 
1.00+ 1.68 
1.00+ 1.41 

Thirdy-party services(BII) 

B.9 2 
B.10 2 
B.11 2 
B.12 2 
B.13 2 
B.14 1+2 
B.15 2 
B.17 2 

IC for basic 
machine 

1.41 
1.41 
1.41 
1.68 
1.41 
1.00+1.68 
1.4"1 
1.41 

~ ~ 
41.33 47.81 

mean value 44.57 

Components 

c.1 2 
c.2 2 
C.4 2+ 3 
c.s 2 
C.6 3 
c.1 2 + 3 
c.s 2 
C.14 2+3 
C.15 3 
C.18 3. 

total IC 

1.41 
1.68 
2.00+4.00 
1.68 
2.00 
2.00+4.00 
2.00 
1 .. 68+2.83 
4.00 
2.83 
min. max -62 .. 61 74.24 

mean value 68.425 

Note: -first code makes reference to the description of 
production factors in ref. 4 
-second n1Jftber shows technological level of the factor 
(~ to 6) (two figures means minimal and maximal lev~ls) 

-third number gives the IC value for each factor, to be 
summed up 

-see ref.4,(The index of complexity of capital goods: 
user's manual - F.Vidossich) for details 
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3.2 Complexity and manufacturing capability needs 

Several factors concur in creating favourable 
conditions for starting a fcod processing machi­
nery manufacturing industry in a less developed 
country. 
Market demand, genera.I industrial policies, fi­
nancing sources, social conditions etc. have a 
grea~ influence in determining how feasible and 
profitable a capital goods industry could be,but, 
for the purpose of this study,only technological 
manufacturing capability factors are taken in 
account. 
Once these factors have been set up~ it means 
that food processing machinery manifacturing is 
technologically possible. 
It wi!l be aim of detailed, case - by - case, 
feasibility studies to analyze if factors, other 
than technological, make the food processing in­
dustry faasible and profitable and to indicate 
solving actions. 
For example, if, as often occurs, market size 
and demand are unadequate, a possible response 
could be the establishment of multi-product 
plants, where production facilities are integra­
ted with other product of equivalent complexity, 
such as agricultural machinery and/or agro-indu­
st~ial products ,which, in general, have many 
common aspects with food processing machinery. 
Other sectors might be : basic chemical machine­
ry, basic pharmaceutical machinery, heat-genera­
tion plants, water pollution treatment, refrige­
ration plants, which include also machinery of e­
quivalent complexity and similar production e­
q\Jipment. 
Many considerations have then to be made before 
starting a food processing machinery, as any other, 
industry, but, once the decision is taken, the 
technological factors of production should have 
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afforded the level.which corresponds to the com­
plexity of products to be manufactured. 
If this has not occurred, any effort in starting 
manufacturing activities give rise only to assem­
bly ~hops or to few highly integrated plants,i­
solated fro~ the socio-economic contest. 
These activities has very few technological in­
teractions with the environment: a very poor, or 
no, assimilation of manufacturing know-how takes 
place and, therefore, no further development is 
stimulated. 

Let us then define which is the minimal(manufactu­
ring capability level that fits with the star~ing 
of an adapted food machinery industry. 
Following the guidelines of the index of complexi­
ty calculations, manufacturing capability level 
will be expressed in terms of three type of fa­
ctors: components (C factors>, infrastructure 
(8 factors) and production (A factors). 

It has been calculated, in the previous paragraph,that 
the complexity index CIC) of a typical adapted 
food processing machine falls within N2 complexity 
level (up to an IC of 50), if components are not 
taken into account. With components, the totale IC 
raises to about 80, then falling into the level 
N3. Therefore, to start manufacturing the basic~­
chine, it is to be set up an infrastructural (B fac­
ctors) and production (A factors) capability, com­
patible with level N2. 
To start manufacturing of the total machine, (with 
components) the N3 level should be attained. 

In many less· developed countries, it is a fact of 
life that the overall develop.nent is still at N1 
level; this is an important embryo, capable of fu­
tu~e development, but it does not yet allow star­
ting of a manufacturing activity. 

I 
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Other less developed countries have yet, on the 
contrary, reached a full N2 level. 
Level N3 represents a typical medium state of de­
velopment, attained by many of the more advanced 
developing countries. (a) 

The less developed countries, ~hich have attained 
the N2 complexity level of infrastructure and pro­
duction capabilities, can then afford manufactu­
ring of adapted food processing basic ru~chines 
(without components). 
Before discussing (in para.3.3) how to ~~tain an 
industrial development, equivalent to the N2 level, 
for the case of food machinery industry, and be­
fore defining in details (in para 3.4. and 3.5) 
what to provide , in terms of inf rastructure,p~o­
duction equipment and personnel, let us make some 
final considerations on manufacturing capability 
factors (C,e and A). 

Components bring complexity beyond the N2 level, 
and have to be imported from more develope1 coun­
_tries and assembl~ except some very special ca­
se of simple "ready-made" items, produced by lo­
cal third-parties. 
Tentatives to integrate components production with 
machine production have proved to be uneconomical, 
because this "forces local productio~ before its 
time"and does not take advanta~e of international 
technological market. 
On the contrary, the compon~nts dependance from 

Ca) considerations about the levels attained by de­
veloping countries have been taken from Table !­
Reference standards for the complexity levels­
sP.e ref .4- op.cit. - pag.26-27 and pag.147. 
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more developed countries may be useful in keeping 
quality level of capital goods bounded to interna­
tional standards. 

The establishment of an industrial infrastructure 
i5 one of the primary goals of any industrial de­
velopment programme, as it will be seen in the 
next paragraph. 
As for components, a high degree of integration 
of intrastructural capabilities with the machine­
ry production equipment, in the same firm, has 
proved to be a temporary and inadequate approach 
to the problem. Integration results, in general, 
into a slower know-how assimilation, because of 
the lack of technological relationships between 
the various techniques, operated in the same plant, 
and the environment , that, in turn, can result 
into longer times to pass from one level to the 
next. 
Moreover, integrating infrastructure with manu­
iacturing equipment causes the releva.1t cost bur­
den to fall ~on the shoulders of a single sector; 
it is evident, bo the contrary, how infrast~uctu­
ral capability should be established ,to be eco­
nomically operated, on the basis of the total vo­
lume of industries starting operations in the sa­
me period. Since it has been calculated that, t~ 

attain the full N2 level, about 80 per cent {b) of 
the total complexity factors ~hould be provided, 
it is clear how infrastructural capabilities could 
rely on a very wide range of capital goods indu­
stry sectors. 

Cb) see~ref.4,op.cit.,pag,113. 
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Production factors are much easier to be establi­
shed ,since they have a direct relationship only 
with the sectoral needs in terms of equipment and 
personnel; a detailed analysis will be done on 
the next two paragraphs • 
Only one point is to be outlined: the manufactu­
ring technolog~ .levei. 
So far, adaptation of technology and machinery has 
been ref erred to food processing operational condi 
tions, in the less developed countries. 
What about adaptation of manufacturing technology 
to the same conditions? Should manufacturing tec­
hnology (and related machinery) be adapted with 
the same criteria used for food processing techno­
logy and machinery adaptation? 
Even if the two sectors (food processing and capi­
tal goods manufacture) have very few common aspects, 
nevertheless basic assumptions (see para.2.1) can 
be considered as still applicable, since they de­
pend more on environ~ental conditions needs than 
on sectorial characteristics. 
If a functional analysis (see para 2.2) is perfor­
med, it yieldsdefiniti?ns very similar to those u­
sed for food processin9 operations: the first fun­
ction of a manufacturing technology is to induce 
physical transformation (mainly mechanical, in this 
case), the second one to handle the products during 
the process. 
As in food processing, it is on the second function 
that the majority of technological adaptation can 
be performed; this has been done by selecting, in 
para 3.4, only manual or semi-automatic machinery 
of traditional type, easily available and well-te 
sted. 
This manufacturing machinery is "technologically 
adapted", to the less developed country conditions; 
its profitability has to be checked with detailed 
case - by- case, feasibility studies. 
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3.l-Establishment of capital goods manufacturing cepa­
bili ty in the food processing machinery industry 

Many alternative ways may be fo:lowed to establish 
? capital goods production capability. It is obvio­
usly a different raatter to establish capital goods 
industrial capabilities in a centrally planned cou!l. 
try or in a market economy country. 
Nevertheless , if technological self-reliance is 
the common goal, there are common aspects of the 
patterns to be followed and there is no doubt, at 
the moment , that "technological self-reliance 
is absolutely essential for ensuring successful 
industrialization "(a). 
All attempts to shorten an equilibrate and adequa­
te, but unfortunately long-lasting, process of in­
dustrialization have proved to have great shorteo­
mings. 
For example,turn-key large projects and advanced 
technology contracts have proved to have a little 
technological assimilation potential and industria­
lization stimulation power. 
In other words, no country can jump from level of 
complexity Nl (which has been practically reached 
in almost every country) to upper N2 (or lower N3) 
level, needed to manufacture very simple food­
processing machinery, without a continuous step-
by- step shifting; and it is worthwhile remembeEing 
that any increment requires an exponentially-growing 
effort (this coming out from the basic hypotheses 
of coMplexity index). 
Therefore, attempts s;1ould be more effectively put 
in rapidly routing the development stages,than~in 
forcing the environment to. jump necessary steps. 

(a) see ref .5 - op.cit. pag.239 
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Although having roerely the meaning of a very general 
indication, a typical pattern in three stages for de­
veloping food-processing machinery manufacturing ca­
pabi 11 ty may be as follows: 
- first stage:-maintenance and repair capability 

-manufacturing of spare parts and simple 
components (small workshops) 

-assembling of machinery 
-no technological adaptation of imrpve-

ment 
-basic training on direct skills 

-second stage:manuf acturing of machinery and parts 
under license or other contract agree­
ment (multi-product plants) 
-technological adaptation and/or impro-

vement 
-setting-up of infrastructure 
-training on sales and management 

-third stage: -manufacturing of its own machinery 
-technological self-reliance and maste-

ry 
-devolpment of know-how and engineering 
-higher level training on indirect skills 

The establishment of a maintenance and repair capabi­
lity is the main goal of the first stage. 
The role of maintenance and repair capability has not 
yet been considered in all its importance for the food 
processing, as for any other ,sector. 
It is well known that one Of the mast important factors 
(in many cases the determining one), causing operatio-
r.al unprofitability of food processing plants, is the lack 
of maintenance and that, therefore, many resources 
are to be put in establishing local maintenance and 
repair capability in the less developed countries. 
But, it is normally underestimated that maintenance 
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and repair can be a way of ent~~ing basic industrial 
development routes and a very effective opportunity 
for training skilled labour. 
Maintenance and repair is an important "key to open 
the door" to technological assimilation. 
Maintenance procedures should cover not only the 
urgent needs for trouble-shooting and repairs, when 
a break-down has occurred, but also general preventi­
ve maintenance, which can and should be in operation 
at the very initial development phase. These mainte­
nance procedures, and particularly trouble-shooting 
and disassembling , play a very important role in hel­
ping to understand working principles and primary 
structure of the machinery, and hence give contribu­
tion to technology assimilation. 
A simple, but effecti ·.-c:, J.l=ogramme of preventive main­
tenance, has the value of a complete labour training 
course, indicating Wfaker machine parts and how they 
could be improved. 
Furthermore, it creates much more jobs than any other 
food-processing machinery manuf~cturing industry, and 
widely distributed around the country, as food-proce.!. 
sing plants are. 
If the complexity level of the machinery is within the 
limits of the previously defined adaptation, it is po~si­
ble to reach a fully indipendent maintenance and reapair 
capability, at the first stage in industrial develop­
ment. 
Immediately after, a process of "copying" of simple 
mechanical components could give start to the develo­
pment of a manufacturing capability, limited in varie­
ty and at artisanal level. 
When this copying capability has been developed, a 
spare-parts manufacturing programme should be establi­
shed, in accordance with the machinery manufacturer. 
(The possibility of spare-parts indipendent manufactu­
ring should be included in the contract agreements, 
when buying machinery in the international market). 
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It would be preferable that (at least in the market 
economy countries) maintenance and manufacturing fa­
cilities should be located in small workshops, indi­
pendent from the food processing f actcry. 

This structure , if adequately sustained, may be the 
embryo of the industrial infrastructure, which is the 
main goal of the second stage in development and the 
basic condition for a viable manufacturing capability. 
Froma a macro-economical (and macro-technological) 
point of view, it is very unlikely to expect food-pr2_ 
cessing machinery alone would justify the establish­
ment of infrastructrual (and then manufacturing) capa­
bility. Therefore, only a multiple-product manufactu~­
ring can be envisaged, at least at this development 
stage.Furthermore, only the reach of an overall multi­
product critical size will allow the firm (not necessa­
rily the plant) to start its own process of know-how 
and technology improvement. 
The manufacturing plants (not necessarily firms), should 
be as scattered as possible in the territory (compati­
bly with a profitable management) to diffuse technolo­
gical skills and know-how. 
Since the setting-up of an industrial infrastructure 
is the main goal of the second stage, it is obviously 
with-in products with similar infrastructure require­
ments, that a multiple-product mar.ufacturing is to be 
searched. 
Various contract agreements (license, joint-venture, 
buy-back etc.) with the machinery supplier may allow 
manufacturing of parts, sub-assemblies, components 
or complete machines. 
It is important to point out that infrastructure and 
production capabilitifs have to proceed and to impro­
ve at the same time, as simultaneously as possible; 
otherwise, there is an excess of te~hnological capa­
city in the manufacturing plants, which are obliged 
to import more semi-finished products or,on the con-
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trary (but this rarely occurs in the developing coun­
tries), the infrastructural investments can hardly be 
profitable. 
The interdependence between infrastructural and specia­
lized programmes is in fact very high at comFlexity 
levels Nl and N2, where the main framewcrkof capital 
goods manufacturing is set up. 
Once the overall critical size has been achieved, it 
is possible that a full technological mastery in food 
processing machinery (at the adapted technology level, 
of course) calls for sectoral specialized development 
programmes. 

Starting of a food processing machinery in~ 
dipendent manufacturing capability is the goal of the 
third stage. A newly established food-processing ma­
chinery industry should start producing machines ve -
ry similar to those produced by international firms, 
although at downgraded complexity levels, chosing those 
which do not require high investments and have the 
larger possible domestic market, as resulting from 
demand estimates and initial sales volume calcula­
tionst 
Machines to get started with might be, for example, 
those used in canneries a~d slaughter houses,such as 
boiler-making, heat exchangers, conveying belts and 
chains, pasteurizing and cooling pans and retorts,coo­
king pans, kneading-machines, slaughtering apparatuses 
etc. 
All these actions are in fact very specialized sector~l 
programmes, even if the industry will continue to o~e­
rate on a multiple-produce basis. This will last until 
economic studies make advisable to undertake a full le­
vel of production in the specific sector, increasing 
quantities, varieties and models. 
Aprototype construction ser.tion is the core of future 
develvpment; the prototypes may be machines where im­
provements are based on previous experience in maint!_ 
nance and repair, or intended to test new adapted so­
lutions on the basis of local demand, or to apply lo­
cal artisanal techniques, or to try to "re-produce"mo-
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re advanced internationally-available machinery. 
A further technological adaptation has to.take 
place !n the machine technology,as well as in the 
manufacturing technology, to ma~e production process­
es ~at~h with new available skills. 
This adaptation may be done in agreement with the fO£ 
mer machine manufacturer or independently, depending 
on contract agreements and regulations. 
Generally speaking, the more adapted {or down-graded) 
the machinery, the easier the agreement: many food­
processing machinery, considered as obsolete for non­
technical reasons in the developed countries, can be 
manufactu~ed in the developing countries, with few re­
strictions and lower or no royalties. 
Another possible way of adaptation , which is to be 
considered as a complementary route and not as an al­
ternative, 45 the "up-grading" of autboctone technolo­
gy and machinery to reach full industrial operation• 
Although this way might simplify some assimilation pr£ 
biem,it will encounter practically the same constrain­
ts in establishing a manufacturing capability, since 
equivalent technological levels imply the same manufa­
cturing complexity, whether it comes from "down-grading" 
or from "up-grading" patterns. 
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3.4. Infrastructure and manufacturing equipment 

The evalutation of the co~plexity index (IC) (see pa­
ra 3.1) ~as already given an indication about infra­
structure and manufacturing equipment, needed to pro­
duce a typical "adapted" machine (see para.2.1 for de­
finitions), on which all unrequested function have 
been "down-graded" or eliminated (see para 2.2) 
This infrastructure and manufacturing equipment corre­
sponds to the needs of the third stage in development 
(see para 3.3); for lower stages,proportionally redu­
ced equipment is needed. 
In this paragraph, the list of manufacturing f acili­
ties makesreference to IC evaluation procedures and 
definitions (see ref.4 for more details, pag.38 to 
117), for infrastructural facilities CB factors, re­
fereed to as "semi-finished products" and "third-party 
services" on para 3.1) and for manufacturing equipment 
CA factors, referred to as "production resources" on 
para 3.1). 
It is worthwhile remembering th~t a general study,such 
as the present one, can only give general reference da­
ta; infrastructure and equipment listed on this para­
graph have then the value of typical technical resour­
ces to manufacture typical "adapted" food processing 
machinery. 
It is also to be made clear that these resources are 
intended to produce basic machines, which do not inclu­
de components (such as electric motors, hydraulic and 
pneumatic components, etc.) referred to as "basic com­
ponents" on para.3.1. 
All these components shvuld be imported and assembled, 
because no com~onent manufacturing is possible with 
this infrastructure and equipment, except special ca­
ses to be investigated at feasibility study level. 
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Before entering the description of technical resourLes, 
a few general considerations on food processing machi­
nery manufacturing should be made. 
Even if the complexity of a food processing machinery 
is not very high, this would not mean that a good manu­
facturing practise is so easy to be attained. 
There a factor, that no~ index of complexity can take 
into account, strictly connected with the nature of 
goods to be processed. 
It is the "accurate manufacturing", not only i~ the 
meaning of a precise execution, which of course is 
important, but also in the sense of a very careful ma­
nufacturing practise, that takes intc account apparen­
tly negligible details. 
For example, if a pipe bead-weld connection has been 
correstly executed, from the point of view of mechani­
cal strength and pressure withstandind capacity, but 
has some very small surf ace cavity or pinhole prorosi­
ty, this will result in a difficult washing and possi­
ble product spoilage by bacterial contamination. 
As a further example, if the seal gasket of a rotating 
shaft in a kneading machine is not properly mounted 
and causes a very small leakage, this would not cause 
any problem to the rotating shaft running , but can 
contaminate the product and spoil out an entire pro­
duction cycle. 
The proper know-how for food proces~ing machinery ma­
nufacturing is based on thousands of these "circumspect" 
operations, which do not increase the total level of 
complexity, but imply the employment of very skilled 
people for production and management. 
It is more the case of "care-oriented'' mentality, than 
of pure operational skill •. 
How to attain such an "accurate manufacturing" skill 
should primarily entrusted to an accurate training of 
production and mana~ement personnel, as it will be di­
scussed in the next paragraph. 
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Infrastructure 

This infrastructure is to be considered as the mini~ 
mal basis on which a food processing machinery produ­
ction could be started. 
It is evident that only food processing machinery pro­
duction would never saturate these infrastructural re­
sources; an integrated development program must take 
into account the total volume of similar industries, 
starting operational activity in the same period (see 
para. 3.2). 
To start manufacturing, the basic infrastructure should 
already be equipped to provide (see para.3.1 for descri­
ption and ref.4, op.cit. pag.77 to 99 for more details): 

- basic primary iron casting (B.1) 
- steel casting of basic carbon steel (B.2) 
- open-die forging (B.7) 
- §tress relief, annealing etc. (B.9) 
- heat treatments (B.10) 
- metallic surface treatments (B.11) 
- manufacturing and maintenance of simple tools 

{B.12) 
- manufacturing of dies for cold stamping (B.13) 
- manufacturing of dies for hot metal working 

(B.14) 
- manufacturing of jigs and masks {B.15) 
- medium and medium-heavy boiler making_(B.17) 

Some of these infrastructural capabilities (B.12,B.13, 
B.14, B.15, S.17) could temporarily assumed by manufa­
cturing plant departments, specially equipped for the 
purpose, but this is to be considered as a temporary 
remedy. 
An integral programm 1 for establishing indipenjent 
infrastructural capabilities has to be simultaneously 
initiated 1 relying mostly on natural trend towards 
work specializati~n, and adequately sustained by fi­
nancing small workshops, operatedfor example by for­
merly employed workers and artisans. 
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Other infrastructural re.sources CB .1, B.2, B. 7, B. 9, B .10, 
B.11) requires investments and acquisition of opera­
tional know-how, that cnly food processing machinery 
manufacturing would never justify, from technical and 
economical points of view. 
These resources should be· developed through an inte­
grated industrial infrastructural program. 

Once the basic infrastructure has been established 
and the above listed facilities are fully operating, 
some other infrastructure facility could be started, 
in order to progressively reduce the total amount of 
imported goods, particularly in the field of simple 
mechanical components and spare parts. 
Infrastructural resources to be established in a second 
phase might be: 

- non-ferrous casting (B.3), particularly allu­
minium or alluminium alloys casting 

- die-casting (B.5) of ferrous and non-ferrous 
materials 

- gear and teeth manufacturing (B.19) for sim­
ple and conventional universal equipment 

- specialized fine machining (8.20) 
- cold stamping (B.23) 

The latter two cases apply only when the degree of de­
velopment makes possible tc detach some manufacturing 
capability from the producing plant (where these re­
sources have already been foreseen,see "A" factors). 
Other possible infrastructural facilities (not inclu­
ded in the list for IC calculations) tt1at could be use­
fully employed to reduce imported gocds, are: 

- electrical switch board assembling 
- electrical installations wiring 
- .electric motor rewinding 
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Manufacturing eguipment 

A plant for food processing machinery m3nuf acturing 
should be equipped with the main equipment described 
below- (see para 3.1 for detailed description of type 
of work and ref .4 pag.47 to 76 for more details). 
It is to be noted that the following description sta­
tes the type of eguipment to be operated and not the 
number ,which can be fixed when total plant capacity 
has been established, on the basis of potential mar­
ket and feasibility analysis. 
Generally speaking, since production rates of food 
processing machinery will never be very high, it is 
to be supposed that a single equipment for each type 
of operation will be sufficient, except in the case 
of welding. 

List of manufacturing eguipment 

Metal cutting (~1):-recirpcating saw, 
-circular saws 
-portable shear disk saws 
-3 mts guillotine shears for cutting 
sheets, up to 8 mms 

-bench shears for cutting profiles 

bending,folding,etc.(~2): 

-3mts.shPzt folding presses 
-2mts. roller presses up to 5 mm.thick 
-roll forming machines 

riveting and threading(~3): 
-semi-automatic tube threaders 
-column threading drills 
-semi-automatic riveters 

cold pressing(~4): -hydraulic presses, up to 200 tons 
-mechanical presses, up to 80 tons 

welding(~7) : -o~yacetilene welding sets 
-metal-arc welding sets for various 
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types of steel,mainly stain­
less steel 

- inert~gas shielded arc wel­
ding sets,with continuous 
wire feeding 

- spot welders 
- high frequency aluminium 

welders 
- various manual turntables 

and benches 
- motor-driven turn tables 
- steel truss welding benches 

horizontal lathes (~8): - single-chuck horizontal 
spindle lathes of universal 
type, manually operated 

- copying devices 
- set of tools for various steel 

types 
- high-precis]on small lathes, 

manually operated 

surface planing and planing-milling (~12): 
- universal rotary table surfa 

ce grinders 
- universal slotting machines 

milling machines (~14): - boring mills, max dia~120 mm. 
- universal milling machines. 

drilling machines(~15): - precision sensitive drills,max. 
dia.20 mm 

- radial drilling machines,max.dia. 
60 mm. 

- multiple-spindle drilling ma­
chines 

- portable electric drills 

grinding and surface finishing(~18): 
- universal grinding machines 
- portable polishing machines 
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- pedal-operated grind-stone 
machines 

- ~ylinder-grinding machines 

reference to IC): 
5 tons. bridge cranes 

- 10 tons gantry cranes 
- benches and turntables for 

welding 
- miscellaneous hand tools 
- fork-lift trucks 
- tool-sharpening sets 
- measuring and quality-control 

instruments 
- benches and i~strumentation 

for electrical testing 
- jigs, masks, 
- dies for forming, 
- hydraulics and pneumatics 

testing benches 
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3.5 Personnel and mangement for manufacturing 

Personnel qualification profiles can be grouped 
into three main functions: 

direct production 
- supervision and management 
- support and service 

An increase in manufacturing complexity ,when pas­
sing from one development stage to the next (see 
para.3.3), corresponds to an increase in qualified 
personnel needs for each function, although in a 
differentiated way. 
At the beginning, more direct production personnel 
qualification is requested, while ,at a certain 
development stage, more supervision , management, 
support and service personnel is needed. 
These differentiated needs will be listed below; 
before, it is worthwhile making some general consi­
derations about personnel training problems,parti­
cularl y as far as integration between functions is 
concernea. 

The first consideration refers to the difference 
that exists between level ~f individual training 
and level of collective training or know-how. 
High individual training standards may quite easi­
ly be achieved by sending people, at various levels, 
to follow specialized courses and "stages" in~e 
more developed countries. It can be achieved that 
single workers can master techniques or skills to 
accomplish manufacturing tasks; this is of great 
importance in the first development stage, where 
maintenance and repair, as well as "copying" of 
parts and components, involve individual skills 
in small workshops. 
Only in the very first stage of development,there 
is a predominance of individual production skills; 
at the second stage collectiv~ skills (or organiza-
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tional know-how) begins to be a determining factor in 
the small-scale plant management. There are obviously 
increasing difficulties in training people for higher 
level indirect functions, such as engineers,draughtsmen, 
technicians, sales responsibles, accountants and mana­
gers, but still a good individual level of education 
and skillness can be achieved. 
What is much more difficult, and therefore time-consu­
ming, is to reach a satisfactory level of collective 
training or, in other words, of organizational knowle­
d9e, which allows a plant to be profxably operated. 
This is the result of a high degree of integration bet­
ween dif~erent skills ,which cannot be obtained by sim­
ply summing up individual skills, but requires a long­
lasting process of assimilation, as any other "techno­
logy". 
It could be assumed that the same principles of techno­
logical adaptation are applicable also to "sere-ware" 
techniques or know-how, such as industrial organization, 
training, engineering, etc. that have to be "redesigned" 
for less developed environments. 

The second consideration refers to an important conse­
quence of these assumptions: if a high degree of inte­
gration between different functions is requested,then 
training programmes should be "tailored" to different 
stage needs. 
It is often observed how intensive and apparently 
well-designed training courses, held in the developed 
~ountries, has the only effect to stimulate emigration. 
This is particularly evident for higher qualification 
personnel, which encounter difficulties in finding a 
5ob at his own qualification level. 
It also happens that direct production personnel,trai­
ned at foreig~ manufacturer's headquarters,finds so 
deeply different working conditions, when getting back 
to the country of origin, that learned skills cannot 
easily be turned into daily working practice. 
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Integration of skills with the ambient and between 
them is difficult,because training courses have been 
held in aso different socio-economic environment ,that 
only an "individual" assimilation, if any, has been 
attained. 
Training courses should be held, when possible, in a 
socio-economic environment as similar as possible to 
the original country's conditions and s~ould be "tai­
lored" in such a way as to stimulate integration 
between skills and between functions. 
This latter aspect should suggest to avoid any "ge­
neral "supervision and management training courses,and 
to give preference to "specific" courses; for example 
managing a small maintenance workshop requires a com­
pletely different professional practice and psicolo-
9• cal attitude, than managing a manufacturing plant, 
even if small. 
For e&ch function, personnel should be trained at a 
level which matches with the maximum cultural level 
of the area where it is going to operate. 
An ~adapted" training stimulates cultural assimila­
tion and social integration between different functio­
ns. 

The third consideration refers to a particular aspect 
of food processing machinery manufacturing. which has 
already been pointed out: the need for raccurate ma­
nufacturing". 
It has been said that this is, more than a special 
skill, a mentality with which daily working practi-
ce is performed. 
Probably, the only way to attain this mentality is to 
be progressively aware of the consequences in processing 
food , of any inaccuracy: machines are still working 
but proce~sed food quality standards go down or are u­
nacceptable. 
It is the continuous interaction between the user and the 
manufacturer, that originates this "collective skill" 
for "accurate manufacturing". 
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Even if, probably, no special training course in 
"accurate manufacturing" would give good results 
from a practical point of view, maintenance and re­
pair practice could be of great help. 
Direct experience of failures and uncorrect operatio­
nal modes is a very good training. 
Other useful periodical training courses could be or­
ganized at food processing machinery users'plants, 
where correspondance between product quality and manu 
facturing accuracy can practically be shown. 

Taking into account these recommandations, a basic 
training programme should match with the following 
needs, at different stages: 

first stage: - basic training of workers and arti­
sans on simple mechanical skills and 
on assembling/disassembling procedu­
res 

- basic training on supervision and ma­
nagement of small workshops 

second stage:- specialized training on mechanical 
and electro-mechanical skills 

- specialized training on assembling 
skills 

- specialized training in semi-fini­
shed products manufacturing 

- basic training on work organization, 
small plants management, administra­
tive work, sales management etc. 

- basic training for technicians and 
engineers 

third stage: - specialized training on management 
and supervision of small plants 

- specialized training for engineers 
and technicians on engineering ser­
vices, research and development 
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- specialized training on sales 
and marketing management 

As it can be seen , direct production personnel is 
fully trained to cover qualification ~eeds during the 
second stage, when an indipendent manufacturing could 
not yet be started. 
This highly contributes to the creation of infrastructu­
ral capabilities during this stage, as a support for 
starting manufacturing industry, as outlined in para. 
3.2. 
During the third stage, indirect functions predominate 
and training of management and engineering skills are 
a key factor for the establishment of an indipendent 
manufacturing industry, if market demand is adequate. 

The abovesaid training programme should be implemented 
to cover the following specializations: 

first stage: - welding of all types (steel and stain-
less steel) 

- small-pieces artisanal casting 
- simple machining 
- metal sheet cutting 
- metal sheet folding and forming 
- pre-assembling and assembling of ele-

ctrical , mechanical, hydraulic and 
pneumatic parts 

- trouble-shooting and repairs in ele­
ctro-mechanical machinery 

- maintenance procedures and scheduling 
- raw materials and spare-parts stock ma-

nagement 

second stage: - special welding techniques 
- non-ferrous metal welding 
- medium-pieces forging 
- die castings 
- mechanical machining (lathes,milling 

machines, drilling machines,grinding 
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machines, boring machines) 
- cold forming and pressing 

of metal sheets 
- large-pieces sheet folding 
- dimensional mea~urements 

and quality control proce­
dures 

- electrical and electronic 
components and parts assem­
bling 

- hydraulic and pneumatic com­
ponents and parts assembling 

- heat and surf ace treatments 
- utilities and supply mainte-

nance and repairs 
- general stock management 
- workshop supervision 
- production shediling 
- production organization and 

control 
- preventive.maintenance shedu-

ling \ 
- administrative works and pro­

cedures 
- sales and technical assistan­

ce 
- technical staff jo~s with in­

termediate educational level 
(high and technical schools) 

- small firms management 
- 4uality control planning 

- university-level education for 
science and management 
engineering specialists in 
various branches 

- system analysts 
- food processing technologists 
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sales management qnd planning 
marketing management and plan­
ning 
sales agents 

- technical assistance scheduling 
and management 

- basic research and development 
operations 
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4 -· CATALOGUE OF ADAPTEV FOCJ r:rcc:::::sr:G 

TECHNOLOSIES AND RELATED 7· AC:-:JI:::'.:RY 

Ir'PO:iTANT 

4.1- ~eat processing 

4.2- Fruit and veeetable processin£ 

4. 3- :~ilk processing 

4.4- Cereals processinc 

read the introductorv notes before consultine 

the catalogue. 
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Catalo~ue structure 

The c~t~lo-ue has four sub-~ectors Qe~t processinc, 
fruit :J..'1d ve{:et~Lle processinr;, miU: process inc nnd 
ccre~ls proccssin~ 

In e~ch subsector, the jnJexinc pace prov1aes the 
list of pro::lucts and/or processes, which are d~ribed 

For each product or process, on the general remarks 
section, the general proble~s of prod~ct/process/sub­
sector are discussed, with a survey on the most ~idely 
enployed technologies; on the technology description 
section, adapted technolocies are selected ond descri­
bed., cf ten with the aid of a flow dia,zrc>-"!1me; on the 
~achiner~ descriftion se~tion, ceneral information of 
the relev3..."lt and most si&nificant machinery, for 
e2ch technoloey, is Gi ver1, often with reference to 
sor:ie ::achinery manufacturinc skills. 

rhotocraphs, in so:;ie case, sho·;1 typical exa::-.ples of 
the described mac~ines, (note that exa~ples are 
selected a~onc a li~ited sa~ple of italian-~ade 
products and should be co11sirlered only as a tyrolozical 
aid to description, with out 311:,· other enga;-:e;::e!1t). 

TechnolOP-\' and machiner.· selection 

All technolocies and machinery fits, unless specifi­
cally indicated,the selection criteria for adaptation, 
discussed on chap. 2. 

- Technolocy ::md machinery descriptions have been kept 
as separate as possible, but in some case, technolocical 
aspects are added to machinery description, and vice­
vers~, whe~ definition of process is strictly inter -
connectec1 with its practical application, and vicevers~1. 
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Adapteu technolor:ie:..; a.re ~c..:.lecteu 3.monr: those •r1iJely 
employed, today or in the ~ast, in the ~estcrn 
countries; no spcci3.l l.ocal tcchnolo[~:; h::!s been 
considered. 

Adaptaticn is often obtainci by "down-r;radin.rr" nore 
complex tcchnoloc;i e. (see parn.. 2. 2); no 11 u!'~cradinc" 
of local techniques has been p~rfor~ed, because of 
l::ick of informatio~ '.IDd experience (other very 
interesting studie~ on the ia~ter aspect of adaptation 
are currently b~inc prepared). 

::o quanti ta ti ve complexity analysis (index of complexi 
ty) h~s been included in the catalogue; the index of -
cornplexit~ (IC) for a t~~ical ad1pted c~chine has 
b-.:en calculated, as an exa.r:rnle,on chap. J.1; all 
machinery selected h-:.s IC apprcxirnately in the s2J:1e 
range. 

~hen using catalocue for food Drocessine ind~stry 
nurnoses note that 

This catalo~ue is not a food ~recessing oper2tion 
' -- -

~2.nual, nor a food processinc en:incerinG ~8.nu-:.1, 
but a consultinc Guide for selectinc most ~idely 
e~ployed ad8.pted tech.nolocies ~.:.nd. most sicnii"ics.nt 
related machinery. 

This c~t~locue is not desiln2d for food processing 
specialists, but for encinlors, technici8ns,econo~ists, 

decision ~akers etc. of the less developed countries 
tc help in taking decisions and actions on ad~pted 
technolo,-::ies and in "openinc the technolocicr.tl packace" 
for food processine. 

- The decree; of technical infC!"f:'!a ti on is very eeneral, 
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intenl!eJ to ~;UJ1rly ovcr::.11 refcr;:.;ncc d~t" (worl·:1nr 
principle~, processin~ ~lternative~, know-how rcco­
r.imandrrtions etc.) 

No cost evaluation has been pe?f ormed 

:~a.chinery, common to several processes, i:::; indico..tcd 
in each process, r.i~:ine reference to the others 

Enercy conservation and saving aspects for food 
processing operations are discussed on appendix I 

Some examples of small-sized food processine plant 
is given in appendix II; in the catalogue, capacity 
of processine lines is discussed when this aspect 
has connection with adaptation criteria 

·:it.en usinc catalocue for cani tal coeds manufacturinc 
industr·r note that : 

&1 ' 

This c~talocue suFp~ies only a very roueh reference 
to equipment and skill, needed to manufactu!'e each 
machine; a much r:10re detailed description of manufac 
turinG equipment, skills, infr2structure etc. is 
civen on chap. 3 for a typical adapted machine 

- All ·:.;::isic r.iachinery, selected and described in the 
cata.!..oc:;.ie, can be r:lanufactured with ti:e en_uipment 
listed on chap. 3, unless specifically injicated 

- All comoonents (such ad electric motors, ball 
bearings, hydraulics, pneumatics, electrical s·•; itches, 
etc.) must be imported, except some very special case 
of si~ple iter.is to be produced locally 

- All machinery, unless indic~ted, could be manufactured 
in the GP.me factory, from a technical poi!: t of view 
(for ceneral policies, narket considerations etc. 
see chap. 3) • 
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4 .1 1 - SLAUGHTERING AND FRES'.I ?-~EAT PREPA!?A'I'IO!: 
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~.1.1.1 Grneral rPmarks 
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This is a subsector in \!'hich a vrrv limited nmrJT1t of dr­
vcloping in the Processing tech"lolo~ har; hrc~1 c.ar:ir-·rl ·iut, 
al so in ma!'ly df'v0loped countries, t·hf're comnl f'tt>l v ma'11-i<1l 
orocesses are still in ooeration. 
However, since thP Process is, in orinciolc, verv simnlr 
and consists in oure1y Phvsical (and mostlv mec:1aYJ.icaJ) 
oner a ti ons, this does "lot affect very much th{' fi nn 1 qua-
1 i ty of the Products, if very string0nt h.yqc'liCi11 C'.JV'Jdi­
tions are kept during orocessing. 
As a consequence, meat orocessinq technoloqv ca~ he consi­
dered very simnle and assimilation is oossible in the 
majority of develooinq countries, but hy~nical condition 
st3ndards strongly requires the emnloyrnent of skilled 
oersonnel and adequate management. 
Slaughtering and fres"Vi meat pren.:1ratio"!1 ca'1 he considered 
as a primary Processing, intended for fresh meat narket 
distribution and c-:>nsumotion, or f-:>r ot!1E:·r meat ores~rva­
ti'.Jn processi'1g, such as meat ca~nin0 or sausa~r ~~~i 1~, 
that are refPrrer:! to as secondary oroc0ssinrr. 
T}:is subsector has maviy i"lterrelations ·~:i ti1 thE:'· a'.'limal 
rearing methods and with the diff0rent asnects of ~eat a~d 
meat oroducts marketin~. 
Simensioning and location of slaua~terin~ olants, a~d re­
lated economical fEasibility a~alysis are highlv affected 
bv animal rearin~ conditions. 
nn the other hand, market req~ire~ents arr the kev factors 
in defining tvoe of packaging and'or tran~ing a"!'ld t~e use 
of refrigerated stora~e and tra~sportation. 
These are the only possible comolexity s~urces of the 
technological process; another source of com~lexity co~ld 
be the automatization of internal transnorts and ooera­
tions, but this is only recnircd for larqc olants in high­
wage environme~ts. 

1.10;1r11t! ['11'.~A•(, tMllll' ffj~IJt fllllii'·~ Mtt/A'.' ... .. ~~( .. , ...... ... Ho'''' .. . ,, .. ...... ~err,• 
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~i~. 4.1.1 - Cnttle sl~uchterin~ line 
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4. 1 • ·1 • 2 TEC!rr:oLOG':' '["I F.SC?I PTT O'J 

4.i .1.2.i 

4.1 .1.2.2 

Cattll' slaucrhterinrr 
The processing line starts with the animal slaughterin0, 
performed in a special stall (A) called cattle tran, by 
means of a special pistol; the animal is then clcvat0d 
by means of a crane in the""death field" (B), to be sus­
pended to the overhead conveyor. This is in use in almost 
all modern abattoirs, along all the processing line, and 
is considered the unique basic automation, suggested also 
in the less developed countries, to maintain good hygicn! 
cal c0nditions. On~e the carcasse has been suspended, 
clocd is drained and ~ollected in a hopper (C). 
The carcasse is then transferred, by means of a crane, to 
a lower-level conveyor (D) and posterior legs arc divari­
cated, to be easily operated in the manual processing line. 
Operations are, in sequence: front and back semi-skinning 
(E), stomach and offal removal (F), other separable parts 
rern0val (G), complete de-skinning (H), splitting into two 
parts along the spinal colu~n (I). 
The carcasses are then carefully washed (L) and final 
weighing completes tae slaughterin~ process. 
ThP normal production rate of a line, 7ith manual opera­
tions, is in the range of 1 O to 1 5 cattl e/hm .. r, with sl< ~, ed 
pe~sonnel and management. 
With automatic de-skinning and divarication, line produc­
tion rate can be increased up to 20 to 30 cattle/hour. 
Fully automatic operations can achieve a. rnaxir.11.lrn production 
rate of 60 animal/hour. 
A typical cattle slaughtering l~ne is shown on Fig. 4.1 .1. 

Pig slaughtering 
The pr·ocessing line starts ... 1i.:.-:'.1 ~·1p a1imal sla11ghtering,in 
the swine trap (A), after having stunned the anirnal ~ith 
an electric device. 
The pig carcasse is then elevated (B), by means of a con­
veyor ramp, to th~ overh~ad conveyor, and blood draining 
is then performed (C), (sections from A to C can be common 
to other animal slaughterina). 
The carcasse is thenlowered (D) to be scalded, deDilated 
and subsequently finishP.d (E), in a special pool. 
The subsequent operations are manual, with the carcasse 
elevated again (F) to the o~erhead convPyor. In sequence, 
the following operations are performed: skin finishinq (G), 
evisceration (H), other removable parts extraction (I), 
splitting into two parts (L), fi~al washing (M). The line 
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4.1 .1.2.3 

4.-1 .1 .2.4 

~!lit' W \ 
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ends ~ith the carcasse weighing (n). 
The normal productio~ rate of a manually oooratcd lino i~ 
.; "' ~lnn .,...,,....,,.,." rd' ':I() f-1'"'1 c;n T'd ,"T /nnn..- 'l!r-i t-t1 ~l<i 11 (V~ nPT'~(lnnPl 
..&.. •a ir... "- .a.. ._... • •:.; • - ... _,.... - ._ _, - - - .--, ' - • - ..... .... f ·- - - - - - - - - - - - - .. - - -- - - - . -

and rnana'10mcnt. By the use of semi-automatic CO'!!Vf'V'Jr ra~nr 
for elevation and dropping and of sf'mi-automc:itic scaldrr 
transporter, production can be increasco to 60 to 100 
nig/hour. 
Fully automatic lines can achieve a maximum production ~ato 
of 200 pig/hour. 
A typical Pia slaughtering linr is shown on Fi~J. 4.1.2. 

Sheep slauahterinq 
Sheep slaughtering process is very similar to cattle one. 
After bleeding, sheep carcasses are transferred to an in­
flating section, which enables skinning and flaying to be 
carried out with ease. 
The subsequent operations are similar to those described 
for cattle. 
Normal production rates are in the range 0f 20 to 30 sheep/ 
hour, with manual operations and skilled personnel and ma­
nagement. 

Poultry slaughtering 
Poultry is normally slaughtered and processed on the same 
line; destination market requires a low temperature refri­
geration and automatic or semi-automatic wrapping system, 
to assure good storage and conservation of the product. 
The processirg lines, available on the market, are automa­
tic or serni-~~tomatic lines, with high degree of complexity, 
capable of processing up to 400 chicken/hour-man. 
If simpler technology is requested, this must be seeked in 
the type of installations in use some years ago, where many 
operations were performed manually, capable of processing 
100 to 150 chicken/ho~r-man. 
The processing technolo~y includes the following sequence: 
high-voltage stunning, conveying belts, scalding tanks, 
plucking machines, evisceration, washing. A final refrige­
ration at - 5°C is performed by countercurrent chilling in 
"-l!'ater (or better in high-speed air freez.i.ng tunnels, to 
prevent water contamination by bacteria). 

- .,.; ';y' 
I .,,,, I I I I ... ,..._ I~....... V• ,j 

'~ i ![g· .') •: 
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Filj. 4 .1 .2 Pig S] 3u0hterinq line 
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4.1 .1 .2.5 Butc-hcrv 

4.1.1.2.6 

operatPd, also in mcny devcloncd countries. Some tool can 
be used, such as sa\::s, but in any case this machi YJ.cry is 
manually operated. 
Cutting and sectioning are.the basic processes for fresh 
meat consumption, or for secondary treatment in meat pro­
cessing plants. 
Butchery can be ooerated at thP end of the slaunhtcrin0 
line, but it is com::-.') 1 nractice to base thf' fresh meat 
market on small to medium-size butcheries, scattered 
around, to serve villages or town areas. 
This is done also because short-period refrigerated meat 
oreservation is easier in large pieces, such as halves 
or quarts. 

Refrigeration and freezing 
A certain amount of refrigeration is needed in the slau~~ 
tering process, to improve meat quality and hygienic con­
ditions, as well as slaughterhouse's management. 
The slaughterhouse processing chain, after the ~!eighing 
operation, is physically extended to the cold storage 
units, whose correct handling is a decisive factor in the 
plant profitability. 
Meat is refrigerated to a minimum temperature of - 5°C, to 
be then distributed to the ma~ket in refrigerated or iso­
thermal trucks. 
The use of freezing for long-term preservation is a very 
good system, probably one of the best way to preserve, 
keeping the most of ~utrit~.onal value and product quality. 
The equioment normally used is a continuous tunnel with 
air circulating at a sneed of about 4 m/sec at a tempera­
ture of - 3o~c. 

Other methods employ metal plate freezing. 
Freezine i~rlies the use of relatively complex ~achines 
and, moreover, it re'.luires th8.t tY-.e co:nrlete :::arJ<":et chail'1, 
from trucks to retail shops is equipped with very low 
tc~perature refricer~tors. 

This is unlikely tc be forese:n in the less develo~ed 
countries and therefore this, technology is to be 
considered as unadapted. 
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t-~ACHINE~Y DESCRIPTIO~J 

Overhead conv~vor 
The overhead conveyor has normally a caoacitv fro~ ~00 
K~s to 1200 Kqs per meter. It is built un of n n3in fra~~ 
of st~el Profiles, which is ~.r~ally susnended ~t the plant 
roof, which m,J.st be dimensioned for the exce0di nrr charqf'. 
The sliding guide is built by curved or linear steel 
plate, suspended to thr main fram0 by means of steel arm:.. 
The manufacturing is simnle and all the as~emblin0 is 
donE' by wel di nu. 
SomE' complexity arises only in manufacturin9' tv.:o-·;.:ay 
switches, (manually operated), where dimensional accuracy 
is an important £actor in determining operational manocvr~ 
bility and maintenance.Steel anti-corrosion protection 
must be very accurate: best way is ~at-zinc coating, but 
also adequate paint coating, with a frequent maintenance, 
could give good results. 

Fi9. 4.1 .3 - Overhead conveyor (courtesy of tAR) 
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l~.1.1.3.2 Tran 
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Cattle sldughtcrin0 and s~inc stunning arr p~rforrnFd in 
u special stall, called swine or cattle tran. 
The trap is composed by an access door, ~ ~lill0tin~ for 
door control and a lateral door, manually or nncumati­
cally operated, for stunned animal sorting. 
All comoonents should be iri stainless st0el, f0r ease 
of maintenance and corrosion resistance. 
ThF trap is a very simple device, but manufacturin9 
reauires skilled stainless steel weldinq and sheet ' ~ 

forming. 
As a valid alternativc-, the traP can be manufactured by 
steel sheet and, when ~omoleted, hot zinc coated. This 
reduces manufacturinq cost and gives good operational 
results, provided a good zinc coating is performed. 

Fig. 4 .1 .4 - Swine stunning trap ( courtf'sy of VAR) 
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t:.1.1.3.3 "Death field" and transf<"r cranf' 

veyor, at the bc~inning of slauqhterinq Procrss. 
This is donr by a device, consistin~ of a brid~~ cranr 
uri th a stec·l profil E: frame, fo1lr wheels for cra'1c df>­
placernent, a reduction qe~r box in cast iron, directly 
coupled to an electric motor drive and to a roo~ roller. 
Normal capacity is in the range of 1 to!l.. 
This dE·vicc has normally a rf'r.1.ote control, by mEa!l.S of 
a pushbutton panel, with all elf'ctrical connections. 
Steel protection is done by hot-zinc coating or naint 
coating. 
Manufacturing of the steel frame requires skilled \1:el­
ders; the crane can be assembled usinq imDorted comPo­
!l.ents. 

u 

Fig. 4.1 .5 - "Death field" cranP (courtesy of '\AR) 
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4.1 .1.3.~ Service nl.:ltforms 
Along the slau!Jhterin<r linf-, certain onf'rations, S'H'h 
as de-skinning and nostcrior leas dcvaricatio~. arP to 
be PC'rforml'd '.i.'i th the oprrator standi nc. OYJ ,: :>lat form. 
The platform is built of a S'lPportin:. fra'!r hv ,1-E'ldf'c 
steel profiles and stcns and ~~rkin~ area in zinc­
platc~ qr.:itin~. 

Manufacturin~ requires only skilled welders. 
Zinc-plated gratinq is a hi0her comolcxitv itc~. sinrr 
its manufacturing requires Precision steel Plate cuttin~ 
and welding, that can be econo~ically unfeasible. 

4.1 .1.3.5 Hoppers 
Some processin~ operation, such as blood draina~e and 
stomach removal, requires the use of collectin~ hoppers. 
The hopper is normally made out of a suoPorti ng stain­
less frame vith stainless steel sheets for the side 
walls and collecting tank. 
Manufacturing is simple and reauires only skilled stain­
less steel welders. 

4 .1 .1 • 3. 6 Seal es 
Weighing can be performed by scaling devic~s, mechani­
cally linked with a short section of the overhead con­
veyor track. 
Scaling devices exist in many different versions, from 
very simple manual scales, to semi-automatic or electr£ 
nic displaying and cornPutina units. 
At low orocessing rates, a mechanical scale is an adapted 
tool. 

4.1.1.3.7 Ancillary ea'..liPrnent and tools 
Along the whole processing lines, each oprration requires 
the use of side platforms, chariots, glidi~g tables, 
discharging hoppers, charging Platforms, etc. 
All these equioments are normally made by stainless steel 
sheet, with a supporting zinc-coated steel frame. 
Manufaciuring is very simple; a very care!~l attention 
is to be Put on steel Protection, because of thr verv 
hard corrosion environment. 
All tools are made hy stainless steel. 
Pistols, cartridges, electric stunners should be imported. 



I 
I 
I 
I 
m 

I 
I 
I 
J 

I 
1· 

I 
I 
I 
I 

' 

- 71 -

4.1 .1.3.S Pio scaldina tank 

4.1 .1.3.9 

frarnf· a!'1'~ '!-·r thick stf'el shN't side 'i:al 1:.. 
AssembJ. in~ is made by wcldinq parts to::rethrr. 
Inside the tank, a tube n('st heat exchanqcr provides 
heatin0' (normally by steam) co tr.e scaldina water,'i:her€ 
pig is laid down by means of a manually or nne~mati­
cally operated lowering arrn, connected with the aerial 
conveyor. 
Normal dimensions of the scaldin~ tank arc J.00 mts by 
1.70 mts by 0.95 mts (height). 
The extraction of the scalded pirr is done by mea?'ls of a 
comb extractor, made of zinc-coated steel, ma?'lually or 
oneumatically operated. 
The manufacturing of the scalding tank reauires skilled 
welders and an accurate assembling of the heat ex­
changer. 

DepilatinG machine 
Pig de~ilation, after scaldin~. can be done manually 
(by spe~ial brushes) or usin:. a dcoilatin~ mach1nE, that 
can be classified as an inter~cdiatc co~olexity device. 
ThE": m:::.i·_ f:·'.r·•' ::s 1.·,1·" 1-iy tub'.llar steE'l orofiles, 
assembled by welding, with steel sheet sidr \'alls. 
All steel is hot-zinc coated. 
The pig s'.loporting cradle is made by ''.relded tubular 
steel orofiles, suspended to the side walls. 
The deoilation is done by grasping teeth and r'.lbbEr 
brushes, th2t deplace the pig body, whilf' depilating it. 
The brush supporting roller is made by cast iron, "·ith 
steel drivi~g shaft. 
The machine is comoleted by control and driving mPchanisrns, 
such as electric motors, Pneumatic actuators, valves, 
side plastic protections, water feedin~ oioes, etc. 
Finishino is always done manuallv and is normally ~er­
formed on a roller table at the o~tPut of the deoila­
ting machine; this table has a main fra~e of zinc-coat€d 
steel profiles and upper steel rollers with side ball 
bearings. 
Manufacturing of the d~pilating machine requires accurate 
steel plate cutting, skilled welders, trained machine 
tool operators, an accurate mechanical and electrical 
assembling and cast iron forming. 
All electrical and mechanical components, such as motors, 
controlling devices, pumps, oipinq and connections,bal1 
bearings etc. are to be irnportPd. 
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4.1.1.j.10 Utilities 
A sl~u::Ltcr1n.- .11:-1(;, 1.~; ...ic:..:cribel u~:u::.-t:, 1~~ tc ,,~, ::<.••·­

J.ilie,: ·:.it~ ·:;1.tcr, ste~: ~:-i~i (;lcctric !'O:.cr. 
··anuf·:.cturi!"l;- of the C!!uir ::,c:it for power ·-~rn~ fluid~ 
,~er:crati o:: ~J Ji:::;tributio:;_ is not fore::..:u.;n3-ble in r.1~'1:: 
uevelor:inc COU!"ltries n.nd be i!!'.f·Orted.. (see Jl.ppc:-;,.;.i.;·~ I 
for more :letail:::; or: e:;_er;::y ~'.:!vine nni.l su;,~1_-·in1 in fooJ 
procc:..:sinc opcr~tioris). 

,4.1.1.3.11 Poultry processinc line 
A poul tr~T process inc line c~ be cl~ssifierj as interme-
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diate to c o~~-plex mq,chinery, -·.·hose manuf'lcturinc is 
fores:.:enable in many developinc countries. 
Y.illinr; is c1one by mechanically-·operatec1 }:nives that are 
inserted at the connection-of spinal colu~~. 
Blee.line is Jone in stn.inless st.:el ho~_'."'ers, ·.-.hile anim~ 
is ocinc tr~sferrcJ to next line statio!"ls. 
"- sc~l·iin,: te.nk is provided, •·•i th hot v;ater, to ease 
subsequent pluc~:in[;. 
Tluckinc is ~one by revolvinc rubber rol~s, ~ith fincers 
protr-uciin:.s :-;.n::l is co~~;pl·:;t~d, for hiz'.'.1 r::.,t~~ii ty sta."'liarcis, 
b~r 2. si!1:-~in_: in .:_:~~s fl2re ch:;.~_:'::ler. 

:viscerrl tio.'.1 is ~one sar1ually b:r ::pee i~l ~::'1i ves, and 
inspectic~ ~Llst be perforDed on eviscer~ted p~rt, tc 
chec;: biri :or ·.-;eal th~· hu~1an consu:nption. 
A fi~al chilled ~~ter bath allc~s birds to be ccoled tc 
about 3°c for ~i~al ~rappinc ~nd rcfricer~ted ~a.rehouse 

stcYin;:. 
~hese lines prcce;.,,,s aoout 3CC to .;50 clnc1:en/hour 2.nd 
h~ve a hich de~ree of auto~atization in opcratio~s. 
H ich output r"".te~; ::?.nJ. autO!"'.':~tic operation succest thaG 
ti1is lir.e s:-.ould not be e:r.ployc~ a~; a'1 :::.da;ted r.,'.lchine; 
U.o:.n--_:r!!...:ir.g of poultry li:".es is very d.iff icul t, because 
of the hich inte~ration lct~een components. 
Alternatively, e~tirely manu~l butchery t~bles, except 
2. plucl:L1c r:-.ac:.i:-:e, c:i!1 assure 2. very si".".}:le pi"ocessinc, 
R.t a r.irD~i:-.u.:1 output r:J.te of 3C' to 50 chicl:e.:1/hour. 
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L. .1.1.:~.12 :-'utchcT'.' tcJ.ble:: 

4.1.1.3.13 

P!"!.'!'~!'2.tio-:. of ~f'i:!t fO'!' S"CO>:.c!2.'!'',' !'::!"·='C'f'S'.:'.i ':.'" ".)'!' !'O::!" 

frf:'sh m('LJ. t consumption i '.J dcmC' bv 0~1t i rf'l y !"!'lrJ!'l'l.:!.l onr 

rations on b~tchery tables. 
BiJ.tchery tabl cs havC' a zinc-coated steel structl~rc ::nd 
a stainless steel plan0, to keep hygienic condition~ 
to th(' best. 
An improvement is the mechanizazio~ of thE ccnt~aJ 

strin of the tablP plane, to be usPd as a convc7in~ 
belt for meat oieces. 

.­
; 

Fig. 4.1 .6 - A typical butcherv table (courtesy of Var) 

Rcfriqerated stora~e 
Profitability of a slaughterho~ise m01v be imnr:::n'f'd bv thE' 
use of refrigerated storage roo~s. 
The use of a refrigerated storage gives bEtter quality 
meats in better hygienic conditions. 
However, the design of refrigerated storages requires 
good engineering capability and hi~h investments, ~hich 
may be economically justified only aft0r 2 car0fuJ techno­
economic feasibility analysis. 
A great part of the investment rLlates to thP tuildinq 
costs; building technolo!JY for refrigerated st~res is 
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morC' comolcx than for usual industri.11 b:.iildiYJ,..,. of rc·c·d 
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~vailablc in developin~ countries. 
Moreovf"r, machinery for coolin~ fluids generation ~nd 
cell heat exchanqer are complex items and rnanufacturin0 
is not foreseenable in many develooing countriPs. 
An opnortunity for these countries miqht be the assembly 
of imported machinery Parts and the manufacturin~, under 
licence, of steel frames and distribution PiPincr. 
Just for reference, a refrigerate(: stc·i::-·--!:r(• :;:j t must be 
equipped with the following mu.in machinery (freon type): 

n° 2 freon refrigeration compressors, having the 
nominal refrigeratillg capacity of the unit 
n° 2 electric motors for compressors driving com­
plete controlling unit for refrigerating system, 
with pressure and vacuum gages, indicators, elec­
tric switches etc. 
n° 1 freon condenser with cylindrical tube nest, 
water or air cooled 
n° 1 freon separator for liq~.Aid freoYJ. feeding to 
pumps 
n° 1 freon pumping station, with two electrically 
driven centrifugal pumps, eq'..li ooed i.:!i t;1 al 1 tenoera­
ture and Pressure controllina devices and valves 
n° 1 evaporating battery in each refrigerated cell, 
with electrically driven circulation fans, de­
freezing device, control and safety devices 

- conplete piping, valves, controllin~ devices, 
safety bloc}~; r~ 1.. f i-. :---, _- >1 distribution syste;n. 

All thE abovesaid machinery can be classified as complex 
or very complex and requires a high degree of enrrineeri~g 
and manufacturing capability. 
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4 .1 • 2 !:SAT PRSSER\'ES 

4.1 .2.1 Gen~ra1 r0marks 
Depending on country nutritional ha~its and climatr, diffr 
rent meat prescrvin0 systems have been devclop~d. 
The processes suitable to be industri~lized ~re: 

- salting 
- smoking 
- t~ermal treatments 
- sausage makinq (spice curing) 

Salting and smoking have a very limited diffusion and hav~ 
n~ver react~d the full industrial operation, probably 
because of the changes they induce on aspect, taste and 
quality of food, thus giving a meat accept€d only in 
limited areas. 
Technologies employed for meat salting and/or smokinrr 
are normally artisanal and entirely manually ouerated; 
it is a subsector where research should be made to im­
prove product quality and to develop fully industrial 
techniques. 
The main advantage of salting and smoking and smoking 
techniques are the long shelf life and the fact that meat 
does not require special packaging to be kept in storag€. 
At the present time, thermal treatments and sausage 
making are the most ~~dely employed preservation methods. 
These methods have a long historical back<1-ro~.lnd in ma;'ly 
countries and the processes vary very much, fol lo~:ing 
the different nutritional habits, b~t, ~enerally speaking, 
the technologies employed are very similar and, except 
the case of mechanized large factories, the rnachinerv 
C'!1pJoy1-·cJ r·a·! ·be classified as simplE:'. 

4.1 .2.2 Technolo~v descriPtion 

4.1 .2.2.1 Canned meats 
l·1eat cutting, deboning and preParation are n:Jrmally per-
formed manually, as final operations of th0 sl1~q~trrina 
pr:Jcess, or in the pl~nt reception butehery department, 
if meat processing is pcrf:)rmcd in a different plant. 
These operations arc performed ur~it:g special manual tools, 
on specially built butchery tables, anl require very 
skilled Personnel. 
Meat cooking can be done by layi~g meat pieces into me-
tallic cages, submersed in hot vater. 
Water is heated into steel pans, with double walls and 
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stPam circulation. 
As an altrrnativ0, meat can br cookvd hv dirrct stca~ 
heating into stainless steel autoclaves. 
Meat is laie down into circular metallic contain~r~, 
stacked ~n a ca~c to cas0 h~ndling. 
After cooking, liquid Part; i:, discharged into rcr;f'rvi:­
tanks: cooked meat is extract cd fror.i ,~ntocl 2vc·r, and co?i 
taincrs are sent to coolina chain. 
Cooling is needed to make meat more co~oact for later 
processincr. 
Cutti~g into pieces or oortions is normally done manually, 
because a mixing between different Parts is normally rE­
quested. 
?·~eat is finally put into tin cans and liouid part, jelly 
or gravy, is addej. 
A good technique is tc fill ca!'ls wi t)1 liquid under vacuum 
conditions, to obtain a raoid mixina of Meat •iii th fillin:r 
liquid: other1Jli.se, a normal level fil le:r can L.~ used. 
Cans are then sealed in the seaming machine, that can be 
automatically or manually operated. 
Sealed cans are sent to the sterilizinc tunnel or auto­
clave, where sterilization process takes place for about 
40 minutes. 
After st€rilization, cans are cooled and labelled, if 
requested. 
Final oacking may comolete the process. 
A typical meat processing technology flo·,:1-diaqra~ is 
shown on Fig. 4.1 .7. 



D 

I 
I 

I 

I! 
,. 

I 
I 
I 
I 

- 77 -

HEAT manually 
PRF:PARATION operated 

111 

MEAT open pan or 
COOKING retort 

LIQUID PART - TANK ,. ~ 

MEAT 
COOLING 

1lr 

CU'ITI!JG INTO 
PORTIONS manually 
FILLING operated 

.. 
LIQUID - 1 evel or 

FILLING VaCUU!".1 fillErs 
I 

,if 

CAN STE~ILIZATION -
SEAMING OF SSALED CANS 

semi-auto~atic retorts nr 
machin~ sterilization pans 

-

FIG. 4.1.7 - TYPICAL ?-~EAT 

PROCESS nrc TECHNOLOGY 
FLOW-DIAGRA?-~-i 

TO WARE!'-l'OU.3S 

CAN 
-

+ 
I 

I 
LABELLING 

t 
i 
I 

COOLH!G 
_j 

onen air 
or tunnel 

semi-automatic 
machinPs 



t 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

?~El\ T 

P~C! Al~f'.TION 

'I 
!!EAT CUTTING 

OR MINCING 

GMEAT 
EADING 

-----1 

::iKIN FILLINC 
(PRESSING) 

~TION 
I 

" 
TC WAREHOUSES 

- 7b -

manually 
operated 

FIG. 4.1 .8 - TYPICAL SAU3AGF 
MAKING TECH~OLOGY FLO~­
DIAG?J',:' 

cutting or 
mincing 
machines 

kneading 
machines 

I~ 

FAT PA~T 
CUTTING 

FAT PART 
~-.TASHING AUD 

DRYING 

manually 
operated 

sausagi~g machines 
or manually 

drving chambers 
with air conditionin~ 
or on open ajr 

cuttina 
machines 

OR REFRIGERATED STORES 



~. 
J 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

- 7~' -

4.1.2.2.2 Sausanc makin0 
During centuries, so many tynes of sausa0r makina tcch­
niaues hav£· been d€velop0d, that a gcner3J descrintion 
is irnoossible. 
As a general rule, sausa~~s can b0 classified into cooked 
meat sausages and cured uncooked products. 
In both cases, conservation is due to the chemical ~cti0n 

of curirg ing-redicnts, such as salt, sugar, pcpoer and 
aromatic spices in general; a!'l imnortant role· is Plaved 
by innocuous micror'l'anisr.1, SDE'Cifically cul turcd for c-ac}1 
specific product. 
Additives a:rc <;0r;ir ·i· i •1r ": er:ipl oyed, such as nitrites, asco:r 
bic acid, Phosphates Ptc. 
The most widely emoloyed technology starts from thP nork 
meat as rav1 material, 1 eading to a final Product, packed 
into natural or artificial sk~n, called "salami" or eaui­
val e?'lt. 
This is an uncooked pork meat mix, cured with salt and 
spices, ~ith a medium she~l life, if adequately stored. 
Semi-manual technologies, with the use of simr>le 11'!1.Chine­
ry, are widely in operation in many small-scale nlants 
in developed, as in develooin~. countries. 
It is to be pointed out that know-how and ski~l of the 
opE'rators is much more imoorta!'lt, in obtaininc CTOOd qua­
lity and long-lasting products, tha~1 the technology or 
the machinery used. 
A typical technology starts from cutting the oork rn2at 
cuts into smaller pieces, using cutting or mincing ma­
chines. The fineness depends on the type of product. 
Fat parts are also cut into small pieces, and then was~ed 
and dried in cutting-drying machines. 
Preserving and curing agents are then added; meat and fat 
uarts are then mixed and homogenized by means of kneading 

i . mac_nnes. 
Perfectly m:ikd mass is then pressed into ski~1 tube bags; 
thi~ op~ration can be done at the sausaqin~ machine ar 
by hand, carefully checking that skin is comnletely and 
uniformely filled up; skin is then sealed by a rope and 
sent to the dryi!'lg chamber. 
In the traditional technology dessication and curin0 
should proceE:d ri1turally for months, but industrial tec-h­
niques have obviously shortened this period usinq con­
ditionPd cha~bers, where temoerature and humidity are 
ciclically varied, to obtain sausaqe core dessication and 
c"rjng in about 20 to 30 days. 
A typical sausage makin:r technolocrv is shown i'1 thf' flow­
diaqram of Piq. 4.1 .8. 
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4.1.2.3 Machinery descriotion 

4.1 .2.3.1 

4.1 .2.3.2 

Cooking pans 
For cooking meat, the ~implest technology uses open pans 
'Jlith double bottom walls for steam circulation. These 
pans are ·basically made.by formed sheets of stainless 
steel, supported by a main frame in tubular steel pro­
files, or, more often, in cast iron. 
The machine, in itself, is very simole; the only possible 
oroblem can arise from the fact that bottom walls are to 
be steam-tight and pressure tested; therefore very skilled 
welding is to be employed. 
Assembl5ng procedure of the machine is very simple and 
few rotating parts can be manufactured at precision ma­
chine tocls or imported. 
An example of cooking pan is shown on Fig. 4.1 .9 

Fig. 4.1 .9 - Typical douhlf'-~Jottcw1 s1·eam-heated cooki!lq 
pans, with and without mixing arm (courtesy 
of Luciani) 

Liquid filling and seaming machine 
Normally, meat canning is performed in a manual way,since 
the automatic process would imply complex handling ma­
chinery. After this operation, filling liquid or gravy 
is added by means er a de sing a'ld filli 11g machine, which 
is USP.ally coupled with the c:eami ng head, thc:.t seals the 
can. 
A more complex techno~ogy implies the use of vacuum auto­
matic filling machine, that gives better results and in­
creases the operating capacity, hut is a more complex 
devic2. 
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The dosing-seaming machine is an intermediate complexity 
device, with some complex driving mechanism, such as 
the turning s~aming head. 
The machine body has a main cast iron structure with 
some steel arm to support operating parts. 
All mechanical parts are ~anuf actured by precision ma­
chining, with some forged component. 
Containers and liquid tanks are stainless steel sheets. 
Electrical motor drive and electromechanical CO!ltrol me­
chanisms complete the machine. 
The whole design manufa~turing requires very skilled 
workers and, moreover, a certain amount of engineering 
and manufacturing know-how. 
A machine of this type can handle cans up to one liter, 
at a rate of 2000 cans/hour. 
A simpler solution can be the use of semi-automatic single 
can seaming machine, whose hourly capacity is determined 
by the operator (in the range of 200 cans/hour). 
These machines ere simpler, as far as maintenance and 
manufacturing are concerned, because the only complex 
part is the seaming head, driven by a pedal. 
Main body structure is a large iron casting. 
Other operations needed are precision machining and 
stainless steel sheet forming. 
A typical semi-automatic seaming machine, with a pedal 
operated can raising, is shown on Fig. 4.1 .11. 
A filling-seaming machine, with automatically operated 
seaming heads, is shown on Fig. 4.1.10. 

.. -

' ,. ' ". ~ 
-!---~~-----~~~----~----------~----

Fig. 4.1 .10 - Typical drViinq-seaminq machine, automatica1ly 
opt>ratPd s0amincr h0ad (courtcs~- of 1,uci8.11i) 
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Fig. 4.1.11 - Typical semi-automatic seaming machine~ 
with pedal-operated can raising 
(courtesy of Luciani) 

4.1.2.3.3 Sterilization autoclave 
Can sterilization can be performe~ in continuous tunnels 
of high capacity, but a simoler system employs batch­
operated sterilization autoclaves. Cans are put inside 
into baskets or circular cages, depending on the type 
of autoclave {horizontal or vertical). 
The heating fluic is steam, so the body must sustain 
high pressure. 
The body is built by a thick metal sheet (normally stain 
less steel), curved and welded by very skilled certified 
wei.ders and must be pressure tested. 
Piping, valves, outlets etc. must be pressure tested and 
are welded to the main body; the front or uoper door has 
to have a steam tight sealing. 
Tem:i:trature control devices, as well as security gages, 
are of great importance. 
The machine, in itself, is not comolex, but severe pressure 
and temperature working conditions suggest the use of 
very wareful welding and c~ecking proceGures. 
A typical exampl~ of sterilization horizontal and verti­
cal retorts is shown on Fiq. 4.1 .12 
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Fig. 4.1 .12 - Typical sterilization retorts, vertical 
and horizontal type (courtesy of Luciani) 

Meat cutter and mincer 
Meat cutting for sausage preparation is done into a ro­
tating blade extruder, where meat pieces are forced to 
pass through by a rotating worm-screw or a blade con­
veyor. 
The machine has a very high power motor drive (about 
50 Kw for a capaci 'LY of 400 Kgs/hour) , because the pro­
cess has a high mechanical energy consumption. 
Machine body is made by stainless or painted steel sheets, 
with a main steel profile frame, that support electric 
motor drive, reduction gear box and mechanical t~ansmis­
sion. 
All internal parts are of stainless steel. 
From the manufacturing point of view, all parts are to 
be precision machined and must be well dimensioned be­
cau~e of the relatively heavy duty. 
The machine must be well engineered to allow simple 
opening and clea"lino- of all parts which get in touch with 
meat. 
A typical mincing machine is shown on Fig. 4.1 .13. 

Fig. 4.1 .13 - Mincinq machine for sausaqe makinq 
(courtPsy of VAR) 
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Meat kneaa1na machine 
This machine has the function of homogeinizing the mass 
of minced meat with fat part and additives. 
The capacity varies from 50 lts. to 300 lts., depending 
on type of sausage and production scale. 
This machine works by rotating blades, that kneads and 
press the meat mass. 
The kneaded meat is taken out at the bottom, by a soecial 
door. 
Technology is very simple; the machine is made out of a 
cast iron or welded steel supporting body, with the 
kneading chest and rotating blades in stainless steel. 
Motor drive and reduction gear can be externally mounted, 
as it is snown on Fig. 4.1 .14. 

Fig. 4.1.14 - Typical meat kneading machine for sausage 
making ( courtf'sy of V,\R) 
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4.2 FRUIT AND VEGETABLE PROCESSING 

4 .2 .1 Fruit and vegetable pres~rves 

4.2.1.1 General remarks 
4.2.1.2 Technology description . 

4.2.1.2.1 Fresh fruit canning 
4.2.1.2.2 Fresh vegetable canning 
4.2.1.2.3 Fruit and vegetable dehydration 
4.2.1.2.4 Dry vegetable rehydration and canning 
4.2.1.2.5 Pulps and juices preparation 

4.2.1.3 Machinery description 

4.2.2 

4.2.1.3.1 
4.2.1.3.2 
4.2.1.3.3 
4.2.1.3.4 
4.2.1.3.5 
4.2.1.3.6 
4.2.1.3.7 
4.2.1.3.a 
4.2.1.3.9 
4.2.1.3.10 
4.2.1.J.11 
4.2.·1.3.12 
4.2.1.3.13 
4.2.1.3.14 
4.2.1.3.15 
4.2.1.3.16 
4.2.1.3.17 
4.2.1.3.18 

Washing machines 
Stoning machines 
Peeling-scrubbing machines 
Slicing-cutting machines 
Crushing-grinding or juice extraction machines 
Cooking, blanching, scalding machines 
Pulping-refining machines 
Deaerating vacuUJT1 tanks 
Pasteuri.dng heat exchangers 
Can filling machines 
Seaming machines 
Can sterilization pans and retorts 
Cooling tunnels 
Labelling machines 
Vegetable dehydration ovens 
Stearn qenerators 
Pumps and piping 
Tanks and containers 

Concentrates 

4.2.2.1 General remarks 

4.2.2.2 Technology description 
4.2.2.2.1 Tomato concentrate 
4.2.2.2.2 Citrus juice concentrate 

4.2.2.3 Machinery description 
4.2.2.3.1 Flume transport 
4.2.2.3.2 Washing machines 
4.2.2.3.3 Chopping machines 
4.2.2.~.4 Pre-heaters 
4.2.2.3.5 Refining machines 
4.2.2.3.6 Vacuum kettle concentrators 
4.2.2.3.7 Sterilizing heat exchangers 
4.2.2.3.8 Dosing-filling machines 
4.2.2.3.9 Seaming machines 
4 .2. 2 .3 .10 Can steril i zinq '3.'1d C'~>ol ·i ri(: 1·1rnnel s 
4.2.2.3.11 Continuous multiple-effect vacuum conc0~tration pla~ts 
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4 .2 .1 FRUIT AND VEGETABLE PRESSRVES 

4.2.1.1 General remarks 
During centuries, in different countries, a very vast 
range of processing system has been developed, to fulfill 
local nutritional habitso 
Furthermore, this subsector is perhaps the most rich in 
terms of varieties, both in tropical or temperate areas, 
whichcan be processed. 
Many of these processes have been developed only for a 
given fruit or vegetable and therefore require the use 
of very specialized machinery, if handling is done auto­
matically or semi-automatically. 
Nevertheless, if adapted technologies are dealt with, and 
handling and preparation are done mostly by hand or be 
very simple machines, then the further processing,intended 
to preserve fruits and vegetabl.es for a long time, has 
many common aspects and can be performed by the use of 
some basic and common machinery. 
The most widely used preserving system is canning of fresh 
fruit and vegetable, in natural state or with some syrup 
or sauce adding. 
Another system, widely employed in the past, that could 
give good results, if adequately industrialized, is fruit 
and vegetable dehydration. 
Since, in the majority of cases, fruit and vegetable are 
very perishable items, processing has to take olace within 
a very limited a~ount of time after harvesting; this im­
plies that the processing system can ooerate at full cap~ 
city only for a limited period during the year. 
For these reasons, since, as said before, the preserving 
process has many common aspects, integrated canneries 
have been developed, where many fru1ts and vegetables can 
be processed, in different periods of the year. 
These canneries are probably the best economical approach 
for small production rates (up to a maximum of 1 ton per 
hour); preparation of raw materials is done by specialized 
machinery or by hand, and then the preserving process 
uses the same line. 
In describing (in the next paragraphs) the processing 
technologies for some of the most widely available fruits 
and vegeta~les, the possible integration between diffe­
rent processes will be taken into consideration. 
An integrated cannery should have the capability of pro­
ducing also fruit (and vegetable) juicPs and pulps, in 
natural state. 



l 
I 
I 
I 
I 
I 
I 
I 
l 
l 
I 
I 
I 
I 

' 
\ 

- 87 -

Except in the very special case of tomato, which will be 
considered separately, no concentration is normally 
needed, for domestic market distribution. 
In fact, concentration of fruit juices is a very delicate 
process and, to achieve good quality results, comnlex 
double-effect continuous concentration under vacuum 
should be used. 
Except this case, all other machinery is simole or very 
simple; complexities are only caused by the need to auto­
matize preparation and handling operations, that begins 
to be economically convenient only for very high produc­
tion rates, which are out of the production range of the 
described and adapted technologies. 
In appendix II, technical performance !l!ld cost figures 
of an integrated cannery are evaluated. 
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• 4.2.1.2 TECHNOLOGY DESCRIPTION 

I 4.2.1 .2.1 Fresh fruit canninq 
This technological process can be used to Drepare for 
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canning any type of fruit, from troDical or temnerate 
climate areas. 
In gen~ral, fruit has to be discharged fr0m the harvestinq 
container by hand into the first selection line. 
The selection is always done by hand; automatic selec­
tion can only be operated for certain tyDe of fruit,such 
as apples or oranges, but machinery is very sophisticated. 
After selection, washing is performed, normally in cold 
water, by means of washing machines; except some special 
case (such as pineapple and other tropical fruits),these 
machines can be used for a wide range of fruits. 
Many fruits have a stone to be removed; destoning is nor­
mally operated in semi-aut~matic machines, with manual 
handling. 
In some case, blanching is requested, and is done in a 
blanching machine, which is used also for vegetable pro­
cessing. 
Some fruit requires to be sliced or divided into halves, 
before canning: this is normally done by semi-automatic 
slicers, manually operated and filled. 
Can filling of fruit is normally done by hand, because 
of the necessary adjustment of the fruit slices or halves 
into the cau. 
Syrup or other preserving liquid is then added, using a 
volumetric filling machine; overflow or level filler could 
also be used. 
Some fruit requires a pre-heating, which can be performed 
in a steam tunnel, with cans over a shifting net. 
Seaming is done with a non-rotating can semi-automatic 
seamer, manually filled and operated; sealed cans are 
then sterilized; this operation can be performed in steam 
retorts or in open hot-water boilers, depending on the 
type of fruit to be processed and corresponding acidity 
level. 
For oH more than 4.6, Products are to be sterilized in re­
torts at temperature of more than 100°c. 
Pineapple slices, for example, can be sterilized in an 
open hot-water boiler. Can cooling can be obtained by 
simply exposing it to air or using mere comolex water re­
frigerating tunnels. 
Water flow cooling is obviously more rapid, but can micro 
pore contamination is possible and water shall be 
chlorinated. 
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This operation is not simple and open air cooling is al­
ways preferred, for an adapted technology. 
Labelling can be obtained with manual or semi-automatic 
operations. 
Final packing of cans is normally manually-ooerated. 
Syrup is prepared by soluting sugar in depurated water 
and stirring it manually in a stainless steel container. 
As it can be seen, adapted fruit canning technology is 
very simple and can be easily operated v.'i th simnle and 
semi-automatic machinery; final product quality and hy­
gienical conditions depend obviously on management and 
operational know.-how. 
This technology can be employed up to a maximum capacity 
of 800+1000 Kgs per hour. 
At higher rates, a certain mechanization is to be intro­
duced, thus making machinery tf"chriology more complex. 
With the exception of some completely automatic fruit 
selecting and sortin~ equipment, fruit canning technology 
is at simole to intermediate complexity level. 
A typical fresh fruit canning process is outlined in the 
flow-diagram of Fig. 4.2.1. 
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Fresh vegetable canning 
Many vPgetables can be canned in natural state, h~ving 
only been adequately rrepared and 'll'ashed. 
Normally, vegetables are washed in rotary or floatation 
water washers, after a first coarse manual selection. 
A second fine manual selec~ion is performed, and the ve­
getable is normally blanched, or scalded, into a hot-water 
rot~y blancher, or a tunnel steam scalder. 
Some vegetable is to be hardly brushed before scalding; 
this is done into a rotating brush peeler. 
As for fruits, veget~ble processing line can be easily 
used for different raw materia~s in the ca3e of manual or 
semi-manual operations. When mechanization is requested, 
very specialized machinery can only perform selection and 
sorting for the single vegetable, or class, it has been 
designed for. 
Washing and blanching machines can be easily converted ~or 
use with different type of vegetables. 
A very gPrieral flow-diagr~~ of typical fresh vegetable 
canning process is outlined in Fig. 4.2.2. 
As it can be seen, after can filling, which is normally 
done manually or with a gravity dosing hopoer, the p~~cess 
is identical to that for canned fruits. 

Fruit and vegetable dehydration 
In the dehydration process, the moisture contents of fruits 
and vegetables has to be reduced to less than about 15% 
to allow the product to be easily preserved at normal 
temperature conditions. 
This is a ver·J simple and interesting process, because it 
has the advantage of requesting no sealed packaging. 
The process is similar to that for canning during the pre­
paration phase (washing and selection). 
Products are then peeled or scrubbed, depending on item; 
this is normally done into rotating brush peeler or, in 
m3ny cases, also manually. 
V 2getabl es anc1 frv5 t ~: rt rt· then sliced or divided into 
c~bes, chips etc., depending on type of prod~ct and market 
requirements. 
This is performed in a slicing or cutting machine. 
'!'he sliced products are then blanched, to stop enzymatic 
degradation, in hnt water, into stainless steel open boiler. 
!:>ehydration can bf' obtained by simply laying dovm slices 
or cvbes over perforated sheet shelves, in a chamber with 
natural or controlled air ventilation. 
This is a very simple, but effi~ient, technique to obtain 
controlled dessiccdtion of the product, but has the main 
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unconvenience of being a long-lasting procedure. 
To increase system capacity, and of course machine com­
plexity, a multiple deck rotating belt or chain dryer 
can be used. 
Dessicated products can be packageo ir.to plastic bags, 
for market distribution~ 
A general flow-diagram of the dehydration process is 
given on Fig. 4.2.3. 

Dry vegetable rehydration and canning 
In some case, it is convenient to dehydrate big quantities 
of vegetables, such as beans, peas etc., aft€r the har­
vesting period, and then, during the year, to process them 
for canning. 
After a manual s~lection, dry vegetables are submersed in 
water for the rehydration process; this is done in stain­
less steel o~ fiberglass basins or pans. 
RehydratE·d vegetables are then coolced in open steam-heated 
pans. 
f'urther p~ocessing is identical to that described for fresh 
vegetables. 
Sterilization has to be done i.n steam retorts, to guarantee 
good quality products. 

Pulps and juices preparation 
Tropical and non-tropical fruits are suitable for this 
type of processing. 
In particular, citrus fruits are normally processed to ob 
tain juice. 
A typical technological process to obtain fruit juices (or 
pulps, or nectares depending on concentration and/or addi­
tives) is outlined jn Fig. 4.2.4/A. 
It is to be noticed th~t no concentration is foreseen; in 
fact, to obtain an acceptable quality of concentrated 
fruit juices, a continuous double-effect conce!ltrator should 
be used, since a batch-operated simple-effect pan concen­
tration wculd cause important changes in flavour and taste 
of the final product, not acceptable in the domestic market 
and s~rely out of the international market standards. 
The continuous double-ef feet concent~."ation is a sophisti­
cated technology, which requires costly and complex :nachi­
nery; for these reasons, no concentration is included in 
the described technology, which is nevertheless apt to fully 
match domestic market requirements, in terms of product 
quality and economic feasibility. 
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In case of future development, a concentration plant can 
always be added to the processiug line> 
The processing line starts with the manual feedinq of 
fresh fruits, from harvesting area, which should be as 
close as possible; to prevent SPoilec fruits from entering 
the line, a first coarse selection is done. 
All these operations can be done manually. 
The fruit is then subject to a deep washing, in a floata­
tion water tank, and to a final washing with high-Pressur·e 
water jets. 
The second manual selection shoald assure that no damaged 
fruit is entering further procession. 
Stoning, peeling, preparation or other similar operations 
are normally not made (depending en fruit tyPe), but C')uld 
be operated manually or by simple stoning and peeling :na­
chines. Crushing or grinding machines provide Pulp extrac­
tion; stone separation is then performed. 
In the case of citrus fruit, a juice extractor should be 
used, with two or four operating heads, with recovery of 
essential oil, (an important by-product of the citrus jui~e 
industry). 
Some tropical fruit, such as mango, papaya, guyaba, etc., 
requires a pre-heating or cooking process, which can be 
performed on open pans or on a continuous steam cooker. 
To obtain a complete separation between juices and fibrous 
components of the pulp~, the juices are to be passed 
through a pulping-refining machine. 
A vacuum tank deaerator comoletes the juice process, v.rhich 
is then pasteurized into a plate or tube nest hedt-ex 
changer, to prevent microorganismo contamination of the 
product. 
From this point on, the canning line is exactly the same 
as described for all other canned Products, making possible 
to emoloy the same processin~ equipment for different pro­
ducts in cifferent periods of the year. 
As it has already been stated, Eruit juices normally do 
not require concentration, at least for domestic ~arket 
di stri but ion. 
Citrus juice can be concentrated, in order to be stored 
and re-used for bevera;re making, or to be distrib:1ted in 
the international market. 
A typical citrus juice concentration process is outlined 
on Fig. 4.2.4/B. 
After a preparation phase, as described before for any 
other fruit juice, citrus juice has tn be refined in a 
centrifugal-type refining machine, which provides a centri 
fugal separation of solid parts. 
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Essential oils are then separated by a high-sPeed centri­
fuge and juice is pumped to the continuous multiple­
effect concentration plar1t. 
At the outp~t of the concentration plant, juice is cooled 
down, to be stored into refrig2rated tanks, where, when 
needed, sugar/acid ratio is corrected. 
Juice is then filled manually into drums of 10 to 25 Kgs. 
capacity, to be stored in refrigerated warehouses. 

' 
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Washin~ n~chi~rs 

Two basic tvncs of washi~~ machines arr n~rmal1v rmnlovPrl 
for the cajority of fruits and vr~ctahlcs to ~r Processed: 
rotary washing machines and water floataTion machin0s. 
Th~ first type (see Fig. 4.2.5) is normally used for fruit 
a~d tuber ve~etablcs; the second (soc Fig. 4.2.S) for dP­
licate fruits. 
Leafy vegetables can be also washed in a special tank 
'U'asher. 
W1shing normally Precedes Product selectio~; in ma~y cases, 
selection table, where operations are do?le ma~mall~r, can 
h~ couol ed 'U.'i th the washer, by means of an elevator, as 
shOW!l on Fig. 3. 3. 7. 
With this type of machines, a maximum caoacity of 3 to 4 
tons per hour can be achieved. 
W1shin~ nachines are quite simole, bcinq buiJt up of an 
iron steet water tank, Painted with soecial food-industry 
cc~ting, connected with water nioinq and circulation numos. 
Water floatation is obtained by air, blowed into water by 
a compressor. 
Ro~Gry washer arc made of steel bars or profiles, shaned 
in order to hold fr"J.it or verretable, t11ey are designed 
for, wi tho:tt damages. 
Rotary bar wheel is supported by 3elf-lubricatin~ ball 
bearings; dri vinq !:10tor is coupled to the \\'heel bv a rrear 
reduction '.):Jx. 
wc..shiri£! machines are often Provjded ~:ith outP'..lt Elevator 
and disc~arge hopper. 
Water sorinkling nozzles are made bv Dlastic or stainless 
steel. 
These mac'.t!i vies are simnl e avid man1.tf acturi ng ca vi be afforded 
bv skille~ welders for main fra~e and tank; so~e narts are 
obtainPd ~Y steel sheet foldinG and b0ndin~. 
All mPch~nical com~onents ar~ to be machinFri. 
So~e com~onont, in 2onstant contact ~ith thr oroduct, is 
often mace by stainless steel. 
Piping is normally zi.nc coated or nainted. 
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Fig. 4.2.6 - Air-floatation water washing machine with 
elevator (courtesy of Vetto:ri-!.1anchi) 

L 
Fig. 4.2.7 - Was~ine machine· coupled with selection benc~ 

for fruit and veeetable (courtesy of fettori 
r.~anghi) 
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4.2.1.3.2 Sto~inq machines 
A very wide variety of stoning machines has been devel0ped, 
deoending on tte fruit shane, dimension, tyoe of stone 
etc. 
On a fresh fruit canning line, destoning must be nerformed 
without damaging the fruit; in many cases this can be done 
only by hand or with special semi-manual tools. 
On juice extraction lines, destoninq is much simnler and 
is normally obtained by rolling drums, with rubber and/or 
~~othed surfaces, other destoning machine uses centrifu­
gal rotating sieves (see Fig. 4.2.8). 
In some case, such as pineapplP, special semi-manual ma­
chines have been develo?ed, that performs well-defir.ed one 
ratjons on the fru~t (pineapple coring and sizing), with -
a capacity of up to 10 fruits ner minute (see Fig. 4.2.9). 
St:oning machines have a main frame of weld.ed steel prcfiles. 
Centrifugal type has rotating paddles in a cylindrical body, 
with adjustable inclination, cylindrical calibrated holes 
screen and pulp discharging hopper. 
All parts, in contact with the product, are ma~ufactured 
of stainless steel with polished surface finishing. 

4.2.1.3.3 Peeling-scrubbing machines 
It could be said that each type ~f fruit needs its own 
peeling system; nc gen~ral rule can therefore be given for 
peeling machines, even if, 'J!i th some variation, two main 
types of peeling machines can be identified: lye machines 
and mechanical peelers. Lye machines are very delicate in 
operation and are not so widely used, at least when a me­
chanical peeling can be achieved. 
Mechanical peelers exist in so many forms, depending on 
type of fruit skin, f1,.it sizes etc., but, generally 
speaking, they are intermediate or complex technology 
ite~s, at least as far as operating heads are concerned. 
For tuber veget~ble processing, or for citrus juice extrac 
tion, a previous scrubbing of the skin surface is needed 
and brush machines are ~ormally employed to perform this 
operation. 
Brushes are normally made of plastic or rubber materials, 
rotating on supporting bars. 
These machines can be simplified, if handling of the pro­
ducts is done manually. 
An example of brush peeler for tuber vegetables is shown 
on Fig. 4. 2 .1 O. 
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Fig.4.2.9 - Semi-automatic machine 
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of Mater-plate) 

Fig.4.2.10 - Brush peeler for 
tuoer vegetables 
(courtesy of 
Vettori-Manghi) 
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4.2.1 .3.4 ?licing-cutting machines 
Canned fruit is normally cutted into halves, slices or 

4.2.1 .3.5 
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cubes. 
This operation is made by specially designed machines, 
which~ if manually fed, are very simple. 
If automatic feeding and output is requested, the machine 
becomes very complex and unsuitable for adapted technology 

use. 
A manually feeded machi~e has an iron profile main frame, 
with cutting section and discharge hopper in stainless 
steel. 

Crushing-grinding or juice extraction machines 
Fruits are tc be squeezed or grounded to obtain pulps or 
nectars; citrus or similar fruits are to be squeezed to 
obtain the juice. 
Th-2 fineness of the grinding operation depends on the type 
of fruit, but normally a pulping and/or refining operation 
is done. 
The grinding operation is normally done by a rotating 
toothed or comb rolle:r, that t>reaks the fruit against a 
counter-rotating roller, which can be toothed or smooth, 
depending on fruit type, made by sanitary rubber or stai~ 
less steel. 
All movin~ Parts are made of stainless steel; the juice or 
pulp hopper can be manufactured by stainless stainless 
steel or fiberglass sheets. 
Main frame is of welded iron bars. 
An example of juice extractor is given on Fig. 4.2.11. 
Juice extraction can also be obtained by centrif~gal ma­
chines, of more complex manufacturing, because of high-
speed rotating parts. 
For citrus fruit, a mechanical squeezer, with 2 or 4 heads, 
is also used~ An example is given on Fig. 4.2.12 (manually 
operated type). 
For fruits without stone, a worm-screw type crusher can 
also be used. 
In all these machines, all parts in contact with the juice 
must be of stainle~s steel, to prevent a very rapid corro-

sion. 
All sealing gaskets for rotating shaft must be made of 
sanitary plastics or rubber. 
The refining operation, for citrus juice, can be done, 
after extraction, in a manurl sieve, ~s shown on Fig. 

4.2.i3 
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4.2.1.3.6 Cooking, blanching, scalding machines 
Most veuetaliJl'S and fruits have to be subjected to thermal 

I 
I 

treatment, before pulp or juice refining, or b~fore cannin9, 
~o prevent microor~anism or enzvme 5ooila~c, or to main-

tain natural color. 
The cooking and blanching ooe~ation consists on keeping 
fruits and vegetables in a chamber, normally a tunnel, 
under direct steam, or hot water, action. 
Blanching and scalding can be continuously, by means of 
belts, or rotating blades, or "batch 110oeratec, if "Jans 

are used. A continuous steam scalding machine is shmn1. on Fig .4. 2 .14. 
These machines normally work at low steam ~ressure (1 Kg/ 
cm2), an~ their manufacturing must fulfill ooerational re­
quirements for devices working under pressure conditions. 
All parts should be made of stainless steel, exceDt m~in 
fra~e, in painted iron ~rofiles. 
The cooking tunnel has to be easily OPE~able, to allow 

j 1~ ... ~-, c~ :i " . 1 ,.' ,-·aning. 
Sealing is normally made by teflon gaskets. 
r.-li th a co!1ti nuous cooker. a caoaci ty of 3 to11sfhour is 
achieved, \:hile, \ti th batch-ooerated oans, t}v:: maxim~:tm 
capacity is in the range of 1 ton/1our. 

l.2.1.3.7 ~.llDing-refining machi~ The fibrous part of pulos and juices have LU be separated: 

I 
I 
I 
I 
I 
I 
I 

' 

this is normally done in a puloing-refining machine, which 
performs also a sufficient homoge~ization of the product. 
In case of very fine nectars, a second oressure homogeni­
zation is needed, but the relevant machine is q'.li te com:>lex, 
being a sifting high-pressure extruder. 
Within the range of normal p~lps and juices, oulping-refi 
ning rnac~ine is composed of a rotatinq shaft, suonorting 
brushing and oressing ams, with radial adjustment, which 
forces pulDS against a cylindrical calibrated h0le sieve. 
Refined pulo or juice is then collected into a discharge 
hopper, ~hile unpassed fibro~s material is discharged by 

an end hole. 
By adjusting distance between sieve ano brushin0 arms and 
their inclination, different degrees of refining can be 
obtained, dependL1g on product to be treated. 
All the machine is obviously made of stainlESS steel; due 
to high rotating speed, manufacturinq requires a very 
carPful machining and finishinq of all rotatin~ oarts. 
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Sieves should be easily interchangeable and simDle to be 

cle-..ned. 
Normally, a pulping-refining machine has two cascade 
stages, with horizontal or vertical rotatinq shafts. 
An example of horizontal two-stage refiner is given on 

Fig. 4.2.15. 

I 4.2.1 .3.8 Deaerating vacuum tanks 
The air, absorbed or released by the product durin~ ore-

I 
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vious operations, must be removed, oassing the juice 
through a calibrated sprayer into a vacuum tank, ·..llhere 
air is separated by a vacuum pump, while th€ product 
falls in the lower part of the tank, where is Pum?ed out. 
The tank must withstand vacuum conditions, and is made of 
stainless steel sheet, welded and 3.SSembled, in order to 
be vacuum tight; an easy access should be provided, to 
clean the tank easily. 
The vacuum pump is normally liquid-ri~1g centrifugal type; 
an often needed device is the aroma recuperation conden­
ser, to allow product to get back all aroma tic compone!'1ts, 
carried out by expelled air. 
All piping is stainless steel; juice pumns are multi-stage 
mono type, with sanitary sealing. 
Ta!1k manufacturing requires skilled certified ~!elders of 
stainless steel curved sheets. 
An examole of medium-caoacity vacuur.i. deaerator is given 

on Fig. 4. 2 .16. 

l.2.1.3.9 Pasteurizinq heat exchancrer 
h H 

Inhibition of spoiling microorganism requires a thermal 
treatment, called pasteurization, where the juices or 
pulDS are continuously a.nd rapidly heated at a given tern I 
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perature, n~ch below the boiling ooint. 
Pasteurizers are of two basic Lypes: plate-type or tube-

nest type. 
In the plate pasteurizer the heat exchange between steam 
or superheated water takes plaC(' throuah olate juice con­
tainer walls, of special turbulcnce-inducine desicn. 
In the tube nest tyoe, the product co!ltinuously flows in 
countercurrent witn the heating media through a tube nest, 
and is then circulated to a dwelling section. 
In both cases, the machine is completely ~ade of stainless 
steel, including piping and feeding reservoir. 
Manufacturing is not complex in the case of tube nests; 
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Fi~. 4.2.17.A - Tube-nest pasteurizinc heat-exchanger 
(courtesy of FB~) 

~i!. 4.2.17.B - A plate-type pastcurizinc 
he<it cxchancer 
(courtEsy of Roda) 

Fie. 4.2.1[ - Auto::-18.tic sc:i.minc r.i"c·h2:_ 
n c o f m c~ d i um c n. p n. c i t: · , 
with fcoJinr belt (at~ 
n.cl;,r-c~ tyrw) (courte~~:i 

or Luc : -:.:1 i ) 
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welding and finishing cf tube nests reqqi re•; vf'ry ~:-.illed 

welders and an accurate tube dimensioninq. 
Tube nest must be accessible, for maintenance ar.d cleaning. 
Circulating pumns are also stainless steel rotor centri­
fugal type. 
The capacity of a small-size Rasteurizer is in the r~nge 
of 1000 Kg/hour, with a steam consumption of about 
150 kgs/hcur • 
An exal':'lple of small-size tube-nest pasteurizer is given 
on Fig. 4.2.17.A. 
In the case of plate heat exchanger, the manufacturing 
technology is more complex, since the plates have to 
be obtained by press forming with high-capacity hydraulic 
presses, equipped with very comolex dies. 
Ar example of plate-type pasteurizer is civen on fig. 4.2.17.B 

~. 11 .3.10 Can fillin<r machines 

;.lr1 .3.11 Seaming machines 
I These machines are tr.e same as described at para.~.1 .2.3.2 
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.2.1 .3.12 

I 

' 

for other canned products. 
The sim!)lest solution for can .filling and sea-:;.in:.i is to 
use manual filling for fruit, level filling for syrun or 
juice and manually operated seaming machine, same as 
described on para. 4.1 .2.3.2. 
A step further could be to link a juice or syrup volumetric 
filler-doser, with a transfer belt that carries cans to an 
automatic seaming machine, an exa.~ple of which is aiven 
on Fig. 4. 2 .1 8. 
There is obviously no limit in automatizing the line, be­
cause market availability of comolete filling-seaming lines 
is very wide, but this implies the use of complex and very 
delicate (from maintenance point of view) machinery. 
It goes without saying tr.at a vacuum filler, directly 
coupled with an automatic seamer, allowc; m~1ch better hy­
gienic conditions to be kept and production rates UP to 
10.000 cans/hour to be obtained. 
In any case, these machines are quite complex to 
factured and assembled, requiring high-precision 
and finishing of various parts with a good level 
neering capability. 

Can sterilization pans and retorts 

be rnanu­
mach i ni ng 
of engi-

Depending on the type of fruit to be canned, sterilization 
is to be made in open hot-water pans or in steam retorts. 
The first system is very simple, requiring only stainless 
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1 

Fig. 4.2.19 - Vertical sterilization retorts (courtesy of 
Rossi-Ca~E-lli) 

Fie. 4.2.21 - Ty'Jical 
stainless steel 
containers for fooc 
Products (courtesv 
of Rossi-Catclli) 
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steel or zinc-coated hot-water containers (normally steam 
heated), whose operation and manufacturing is very simpl~. 
Sterilizati0n retorts have been described on oara 
4.1.2.3.3 for meat prese~ves. 
These machines are quite simple and can be of horizontal 
or vertical type, as it is shown on Fig. 4.2.19. 
Manufacturing requires the employment of very skilled 
certified welders, because these devices ooerate under 
high pressure conditions. 

Coolinq tunnels 
Cooling of seamed cans can be done in open air; this is 
a very simple method, but requires more space and more 
time, than any other cooling system. 
It has the advantage of clearly showing leaking cans. 
Cooling can also be made under cold water flow, in two stages 
(down to 60 °C and then to 20 °C); this system Sh'.:>rtens 
cooling time, but it has the unconvenience of possible 
contamination of the products by can micropores; water 
should be chlorigated. 
The majority of fruit juices have a natural pH level lower 
than 4.6; this means that a retort sterilization is not 
needed. 
In this case a paste'.lrizing-cooling tunnel is used, 'J.:here 
cans are heated up to the pasteurizing temoerature and then 
cooled to ambient ten1Derature. 
Pasteurizin9-cooling tuYinels (an example of '-"hich is given 
on Fig. 4.2.20) are to be used only for ~igh production 
rates. 

i.t1 .3.14 Labelling machines 
Dry and cool cans can be :.abelled at the end of the pro-
cessing line, or before delivering to the market. 

I 
I 

~-11 .3.15 
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I 

In both cases, simple machines can be employed, with nanual 
.feeding and semi-automatic operational cycle. 
If automatic can feeding and handling is requested,labelling 
machines become very complex and costly items. 

Vegetable dehydration ovens 
In a dry climate environment, fruits and •1egetable dehydra 
tion can be obtained i~ naturally ventilated drying cham­
ber; the product is stacked on perforated metal sheet or 
wooden bars shelves. 
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This technology has been employed in many countries for 
centuries, but if climate conditions are less favourable, 
an air heater, with forced ventilation, has to be em-

ployed. 
Air is heated by a steam or a hot water battery, which 
allows chamber temperature and final product quality to 

be controlled. 
If higher capacities are needed, the dessication time can 
be shortened, using dehydration ovens. These ovens are 
small chambers, with painted iron profile frame and steel 
sheet walls, where air temperature and humidity can be 
controlled within narrow limits, in order to maintain 
better dehydration conditions. 
These ovens can be equipped with removable oroduct suppor-
ting decks or with rotating chains or decks for continuous 

operation. 

Steam generators 
Whenever food processing is performed, a steam generation 
plant is requested. 
Regardless of how complex is technology, steam has to be 
produced ~nd distriouted, because the large majority of 
food processing technologies are based on thermal treat­
ments, as it ~as been described in the technology section. 
The capacity of the generation plant depends of course on 
processing line capacity, but a minimum of auproxirnately 
1000 to 1500 Kgs of steam per hour is nor!nally requested 
for a very small cannery. 
If concentration is performed, about 3000 Kgs/hour of steam 
are to be provided for small processing caoacity up to 1 
ton of product/hour. 
These figures are obviously merely indicative and should 
be calculated for a given processing technology. 
Steam generation Plants for food processing industry range 
from integrated compact packages, (about 1000 to 3000 Kgs/ 
hour) to water-tube pressurized ste~~ boilers for orod~c­
tion up to 30.000 Kgs/hour. In any case, stean generators 
are complex machines, working at very high pressure, where 
control devices must assure operatio~al safety in any 
condition. 
If petrol derivates are not available, other ooorer fuels 
can be used, such as wood sharings, pulverized wood wastes, 

rice husks, etc. 
Thi~ practice can be economically convenient, b~t requires 
a higher efficiency in mai '1tJ·nance and a r;,ore accurate :rnd 
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continuous tuning-up of burners, which are more complex 
and delicate than gasoil burners. 

412.1.3.17 Pumns and piping 
Pumps are the most widely employed items in thE' fruits and 
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vegetables processing, since all processes require to cir 
culate water or liquid products. 
In the case of water, no soecial pumps are required: many 
models are available on the market, with different charac­
teristics, that cover all DossiblP requirements. 
In the case of product circulation, pumos shall have spe­
cial characteristics and performan~es. 
All pumps shall be of the type specially built for food 
products, normally with sanitary plastic or stainless 
steel parts. 
PumDs shall guarantee perfect tightness and hygienical CO!!_ 

ditions; t?lis means that a continuous maintenance prograr.t:le 
should be carried out, because a failure at some p~moing 
station normally stops the entire processina cycle. 
Water piping is normally made in steel tu~e, zinc-coated, 
'.;.rhile piping, where a food product flo·.:!S, has to be stai~ 
1 ess steel tube. 
Piping assembly requires very skilled stainless steel 
welders and experienced piping asse:n:ilers. 

4,2.1.3.18 Tanks and containers 
Due to the high number 0f tanks and co!ltaincrs that are 

I 
normally er.1ploycd in a food processing plant, the cost 
of these ite:ns should be considered with atte!'ltion. 
Almost all containers and tanks shall be made of stain-
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less steel, to prevent any contamination, to assure good 
hygienical conditions and to ease a very frequent cleaning 
and maintenance. 
Storage tanks have a welded iron profile main frame, with 
stainless steel sheet walls and covers. 
Typical storage and transport containers have a welded 
stainless steel sheet body, with a suoportin~ painted iron 
frame, normally equipped with· rubber wheels, as shown 
on Fig. 4 • 2 • 21 • 
Other materials that could be employed are cooper or alu-
rniniu;n sheets. 
Fixed containers can also be made of fiherglass. 
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CONCENTRATES 

14 .2.2.1 GenE:'ral remarks 
Concentration of fruit juic,.=s is a widE:l v dif f'J.sed method to 
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reduce cater contents of juices. 
This can be done in order to Teduce weight and volume of 
juices,during the stora~e and transport Phase, while water 
contents is given back the juice befor€ consumption. 
This is a common procedure for citrus juices, for export 
to i~ternational market, which are concentrated and canned 
into 5 Kgs. cans, to be e~Ployed for beverages or nectares 

making. 
Some other juice is concentrated to respond to market requi 
rements; a typical case is that of tomato, which is commo~ 
ly concentrated to cbtain tomato Paste, concentrated juice, 
ketchup etc., so widely used in many countries. 
Concentration under vacuum is not a simple operation and 
a very wide variety of concentration apparatuses have been 
developed, more and more sophi~ticated, to obtain hi~her 
quality, better performance and energy cost reduction. 
Of course, a continuous triple-or quadr'J.Ple-effect vacuu~ 
concentrating plant is a very complex and hu~e equipment, 
but quality results are better and specific consur:mtion 
lower, than a simPle single-effect vacuum kettle. 
vacuum conditions are mandatory, t~cause of the need to 
concentrate at lowest possible temperature, to keep pro­
duct characteristics (particul arl v taste and color) t:o the 
best and avoid "overc::::>oking" of juices. 
The characteristics of the tomato allows a single-effect 
vacuum kettle concentration to give good quality results; 
this means that tomato concentrates can be processed with 
the employment of relatively simPle technology and rnachi-
n~ry (batch-operated). 
On the contrary, fruit juices (and Particularly oranqe or 
citrus juices) require, to be concentrated ~ithin acceota­
ble taste and color of the final oroduct, the use of a 
continuous doutl.e-effect vacuum concentrator, 1J.'i th a m~.ich 
more complex machinery. 
But it is to be point~d out that, for domestic market, 
there is no need to concentrate citrus juices, which can 
be canned or bottled in natural stat~ or used, dilute<l,for 
making beverages. 
On the contrary, even if tomato Juice can be consumed in 
natural state, it .is l'.'"ommonly requested on tf-1f' mar<0t in 
th~ form of concentrated pastes or sauces. 
usinq a sinale-effect kettle concentration Plant, require-
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ments of ~omestic market can be fulfilled anct limits of 
adapted technolo{ ,- not depassed. 

14.2.2.2 Technology descrintion 

4~.2.2.1 Tomato concentrate 
I Tomato concentration technology is very similar to that 
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described for other fruits, with some pecu:tiarity, as 
shown on flow-ch~rt on Fig. 4.2.22. 
The feeding of fresh tomatoes to the process1nq line is 
made by the so-called "flume system": tomatoes are dis­
charged into bas1ns, where a water-flow channel (the flume) 
carries floating tomatoes to the first stage of the pro­
cessing line. 
This system has the main advantage of transporting floating 
tomatoes without damages and being a kind of pre-washing, 
that causes bigger imPu.!'i tiE:s to fall do'll:n. 
Water is recirculated after filtration. 
Preparatiun of Product for concentration starts with 
washing and selecting; a first coarse 'll.'ashing is made in 
d floatation "-'at er tank, from which to~atoes are transferred 
to a bench, where selecting is made manually and sooiled 
or damaged fruits are sent to a waste container. 
During this phase, a continuo~s spinni~g of the fruit is 
maintained, to ease selection. 
A second final washing is performed.in a floatation tank, 
from which toma.toes are traYlsf erred, by :;:eans of a!'l el eva­
tor, into a mincing machine, that provides fruit c~ushin~ 
into pieces. 
At this point, two possible ways can be followed; in the 
so-called hot-break, crushed tomatoes are pumocd into a 
pre-heating tube-nest Pxchanr-r(-·r, where pulps are heated to 
about 90 °C for about 2 minutes; this provides an inhibi­
tion of certain enzymes and a morP visco~s and consistent 
final concentrate. 
The cold break method, u!hich is simpler, gives a less 
viscous product, that eases concentratio~, and is ~sed for 
tomato concentrate for consumotion as such. 
A higher viscosity jui~es is normally employed for further 
processing, such as ketchup, sa"Jces etc. Heated pulps are 
easier to be seoarated from fibrous parts in the refining 
machine. 
The minced pulp is the~ pumped to a refining machine,where 
juice is dinamically sieved by rotating arms, pressing 
juice against a calibrated-hole sieve, in two stages, to 
the requested fineness. 
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The concentration phase is the most delicate of the whole 
process. To obtain a good quality concentrate, the con­
centration temperature should be in the range of about 
60 to 70 °C, that implies the use of vacuum c~ncentrators. 
The traditional vacuum single-effect kettle (or pan) is 
widely used on a batch-operation basis. 
Heatinq is provided by steam. 
The concentration phas~ la3ts for a few hours for single­
effect concentrator and can be reduced if double-or triDle­
effect concentrators are used; this also reduces the spe­
cific steam consumption Per Kg of concentrated Product. 
It goes without s ... :ring that multiple-effect continuous 
concentration gives better quality products in much less 
time and big quantities can be processed (up to 500 tons 
of fresh fruit per day), but the relevant machinery is 
very complex and sophisticated. 
~ith each single-effect vacuum kettle, a good tomato paste 
is obtained at a rate of about 10 to 20 tons of fresh 
fruit per day (three shifts); depending on kettle dimen­
sior.s. 
The concentrated paste is then PUmDed to a sterilizing 
tube-nest heat exchanger, as in any other fruit processing, 
to prevP~t sour spoilage by attackin~ microorganisms. 
:::>osing and can f:!.lling is obt.?ined by volume or gravity 
filler-dosers,which can be couDled manually or mechanica! 
ly to an automatic or semi-automatic seamin0 machine. 
Several proce3ses can be followed for canned tomato Paste 
after sea>:'li!1g, depending 0~1 can sizes and on the overall 
hygienical conditions that can be kept on the filling­
dosing-searning line. 
For manual or semi-automatic filling-dosing-sea~ing, the 
surest process is a boiling-water sterilization, followed 
by an immediate water cooling of filled cans. 
Cooling can be done also in open air; this has the unconve 
niencL of a very long (some hours) cooling time and there­
is a danger of darkening of Paste colour, due to higher 
temperatures for longer time. 
A can cooler 1n th nebulized chlorinated i,;.rater reduces 
cooling time, bu.t t}1P t c>,_~i1nology is more car.ml ex and there 
is a danger of water contamination through can micropores, 
if chlorination is not sufficient. 

Citrus juice concentrate 
As it has been already pointed out in oara 4.2.2.1, citrus 
juice concentration is normally needed only in the case of 
large domestic market or for export to international market. 
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Fruit juice preparation technology has been described 
on para. 4.2.1.2.5. 
~o be concentrated, the juice must be refined and all fi 
brous ccntents, as well as essential oil, must be elimi­
nated. 
To obtain a satisfactory result, juice clarification (very 
fine refining operation) must be made by centrifugal fil­
ters. 
Essential oils separation is also made by centrifugal se­
parators, at very high speed. 
Essential oils recovery is an important by-product contri 
bution to economic profitability of the facto~y. 
The clarified juice is then pumped into the concentration 
plant. 
Concentration has to be performed at the lowest Possible 
temperature (normally around 60 + 65 °C) and therefore a 
vacuum concentrator is requested. ?-~oreover, the concen­
tratio~ period ~hould be as short as possible. 
This is easily obtained in the so-called "thin film fla.:;l1 
concentrators·", which can be considered as the most so­
phisticated last-generation concentrators. 
To save energy and to carry concentration action down to 
65-70 Brix degrees, a multiple-effect ap~aratus has to be 
used. 
This method is based o~ a continuous flo~ of juice from 
the first concentration stage, ta the second cascade stage 
(second-effect) to the third stage (third-effect), in con­
nection with steam flow that runs from o~e evaPotator to 
the other, up to the final conden:.er. 
Juice heating takes place, in each stage, in a vertical 
tube nest exchanger; juice then flows into the evaDoration 
kettle, (cyclone) , where vapours separation is performed; 
juice is, at the same time, concentrated and deaerated; a 
"flash" cooling occurs in the final stage. 
Juice is then cooled by refrigerate water into collecting 
tanks, where acid contents Lan be corrected by adding sugar. 
Jui~e is manually filled into drums, to he kePt i~ r~fri­
gerated warehouses. 
Aromas are recovered from vaoours by a condenser. The 
described process is reported only for the· sak~ of c0~ole­
teness, because it is out of the limits of an adapted tech 
nology; nevertheless, this is the process to be used to 
fulfill international quality standards for concentrated 
citrus juices. 
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MACHINERY DESCRIPTION 

Flume system transDort 
This system has been develoued to transport tomatoes from 
storage basins, where tomatoes are discha~ged in bulk 
from truck, to the processing line without damages, and 
to make a fruit pre-washing. 
The flume system is a channel, where water is kent moving 
by recirculating pumps. 
The channel has a main frame of iron profile and side 
walls and bottom in painted iron sheets. 
As an alternative, fixed installations can be fabricated 
in masonry or reinforced concrete, till the processing 
line feedinq section, where tomatoes are taken from water 
by a bucket elevator and sent to the first washing tank. 
An example of flume system is given on Fig. 4.2.24. 

1.2.2.3.2 Wastinq machines 
These machines are of the same type as described on para. 
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3.2.1 .3.1. 
Normally, a floatation machine is employed, with a bucket 
elevator that connects the machine with the selection 
bench. 
During elevation, tomato are surayed with clean high-press~ 
re water, for an ultimate rinsing. 
At the end of the selection bench, the fruits are automa­
tically sent to the cho?ping machine. 
The washinc machine and the selectio~ b?~ch have a main 

,J 

frame in zinc-coated or painted welded iron profiles;walls 
are of painted iron sheets, while the transnorte~s have 
buckets and rolls os stainless steel. 
An example is given on Fig. 4.2.25. 
This machine has a capacity of about 4 tons/hour with a 
water consumption of about 12 cubic meters/~our. 

Chooping machines 
Chopping or mincing of tonato fruit into small Pieces is 
done by rotary comb machines. 
Tomatoes are sent by the selection bench elevator to in-
1 et hopper, where fruits are pressed by rotating teeth 
against stationary comb. 
Crushed fruits fall into an output hopper or tank. 
The machine is completely built of stainless steel. 
Rotating toothed shaft is composed of single ~achined 
pieces and is supported by ball bearings. 
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Stationary comb is a unique r.1achi <tt-t: 

steel. 

->r stainless 

'1'he machine can have an external covering of oainted 
steel sheets. 
Supporting bench and gear poxes are made of cast or forged 
iron. 
Electric motor is connected 
This machine has a capacity 
depending on rotor size. 
An examole is shown on Fig. 

by belt drive. 
from about 6 to 16 tons/hour, 

4.~.26. 

I 4.2.2.3.4 Pre-heaters 
In the "hot-break" process, crushed fruits have to be 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

' 

4.2.2.3.5 

pumped into a tube-nest pre-heater~ the heating causes the 
inhibition of ~ertain enzyme~. 
In the cold-urek process, pre-heating is not done, and 
crushed fruits are sent directly to the refiners. 
The pre-heaters are stainless-steel linear tube nests,with 
internal surface rnir1'0r-oolished, where crushed fruits 
are pressed through by a volumetric pumo. 
The two headers arc machined from stainless steel pieces 
and shculd be easily onenable for inspection and cleaning. 
The shell is a stainless steel pressure tube, supoorted 
by a profile frame. 
?ianufacturing of this machine requires the employment of 
very high precision machining, surface finishing and stai~ 
less steel welding. 
These machines can have a capacity from 3 to 30 tons/hour 
of tomatoes, heated from 25 °C up to 80 - 90 °C, with a 
steam consumntion in the range of 130 K~s per ton of tomato. 
An example is given on Fig. 4.2.27. 

Refininq machines 
Crushed tomatoes are passed through a refini~g sieve, 
where seeds, skins and fibrous narts dre seoc:rated from 
juice. 
The refininq" operation ts made in two or three stages by 
centrifugal refiners, with calibrated cylindrical filters, 
against which unrefined tomato juice is pressEd by high­
speed rotating arms. 
Filter holes and their distance from arm-end plate 
scrapers are adjustable, in order to obtain, in each 
stage, the requested degree of fineness in the j 11 ice. 



l I 
I I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 

----- --- --- -- --· ----- - -----------~ 

Fir. 4.2.25 - ~ashinr machine, elevator and to~~to 
selectio:i bench (courtesy of Vettori-7'a.nr;hi) 

::ir·. 1,.2.;)(; - 'i'o::n.to !"ot-?t::-,.-· co'1b c~.orr;£:r 

( r • ( '~ ; : • r : () :· : r, : ' : ; i - '; ~1 \, e ~ l i ) 



I 
I 
I 
I 
I 

I 
I 
I 

' I 
I 
I 
I 

I 

- i~j -

~ ,.- ,. A 

Lt. L • .:__ l-: 

? i r, • 4. 2 • ~ 7 - " : ; o t b re ,, k " t o ~~ :i. t o p re h c :i. t c r 
(cotntc:~y o:· !<o:·:::;i--C~ttclli) 
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These machines can havE· a ve.rtical or horizontal rotat:i_on 
axe, as it is shown in two examoles on Fi~. 4.2.28 a~c 

In the case of vertical axe, wastes fall down directly 
from rotor core-tube; in horizontal axe case, wastes are 
pressed by rotGting arms to the end of central space 
through a waste output hopPer. !n both cases, machines are 
completely made by stainless steel. 
Cylindrical body is machined out of a single piece of 
stainless steel with suoporting head rin~s, also of stai~ 
less steel, where opena:ile front caos are flanged and 
hinged. 
Front caps and rotating arms must be easily dismantled for 
inspection and cleaning. 
Cylindrical filter is a calibrated hole stainless steel 
thin sheet. 
All internal surfaces are to be fi!lished with very high 
precision anc mirror polished. 
Manufacturinq requires very high precision machining of 
stainless steel and a very accurate assembling. 
Supporting fra'!le is made of painted welded iron profiles. 

Vacuum kettle concentrators 
As it has been pointed out in the technoloqy descriPtion 
section, tomato juice characteristics are such that a 
single-effect vacuum kettle concentrator gives a satisfac 
tory o~tput product. 
It is therefore possible to oroduce to~ato Paste using a 
relatively simole machinery, ~hich has been traditionally 
used, on a batch-onerated basis, for many years in the past 
and is still in operation in some to~ato Processin~ facto­
ries. 
An exanple is shO\iln on Fig. 4.2.30. The vacuum kettle is 
comoos0~: ~>Y a perfectly soherical do~ bl e bott:Jr.t, nade of 
an inner Dart of drawed CO?per (or welded and machine~ stai~ 
less steel) and an outer skin of stainless steel sheet; -
kettle heating is made by stca~, circulating in the double 
bottom. 
The upper Parte is a pressure container flange-mounted on 
the bottom sphere, made of welded stainless steel thick 
sheets. 
All control and feeding eq~ipment are connected to the uooer 
part; vapours discharge head is connected, by a large 
stainless steel Pipe, to the semi-barometric column conden 
ser, with liquid-ring vacuum pu~p and centrifu~al condensate 
pump. 
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Fie. 4.2.28 - Vertical twoctage 
tomato pulping-r~ 
f inine machine 

(courtesy of Vetto 
rj -;.!anghi) 

Fie. 4.2.29 
Horizontal three­
stage to~ato pul­
ping-refining 

(courtesv of Rossi 
Catelli) 
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Fig • ._. .;_. 30 - Sincle-ef:ect vacuW!l kettle concentr;:itor 
with semi-baro::letric ste:-ir.1 condenser 
(courtesy of Rossi-C~telli) 
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All pi~ing is made of stainless steel tubes. 
Inside the kettle, rotating arms are driven by an external 
motor, to assure product mixing, to avoid overheatin~ and 
to scraoe the svherical bottom for cl eanin,.;. 
This keeps the copper (or stainless steel) surface oerfec!_ 
ly clean and assures maximum heat-trransmission efficjc~cy. 
The copper bottom can have the u!1convenience of contamina­
ting tomato ju~ce that changes in colour and taste; a 
stainless steel ~ottom should be preferred. 
This machine c::ar1 be considered simnle, if CO!trnared with 
widely employed continuous multiple-effect conc0ntrators, 
but ist manufacturing requires huge drawing oresses, very 
skilled and certified stainless steel welders and a high 
precision machining of auxiliary and control components. 
In this type of concentrators, juice is ournoed into the 
kettle, then concentrated and cooled; tomato paste is 
pumoed out at the end of the cycle; this b~tch-operated 
cycle has a capacity from 1 .5 to 4.5 tons of concentrate 
at 36% D.R. per day (three shifts) , t:i th a steam consumotion 
of 400 to 1000 Kgs/hour a!ld a \:!ater flow (for cooling) of 
10 to 25 J"!'ltS/rtour ('.:later at 1 8 °C). 

Sterilizina teat excha~aers 
The sterilizing heat excha'v;f:r's are of t~1e sa>;ie type of 
those described on Para. 4.2.1 .3.9, for other fruit juices. 
The only difference is that, to ?revl~'1 t a so".J.r snoi 1_ acre, 
tomato concentrate is to be sterilized ir."..~cdiately ·after 
concentration at higi1er temoeraturcs (over 125 °C). 

~osincr-filling mac~1nes 
The machines, employed for canned fr~its, described on 
para. 4.2.1 .3.10, can b€ used also for to~ato conce~trate 
(juice or paste) dosin~ and fillin0 of ca~s. 

Sca:ninCT machines 
The machines, employed for fruit canninq, described o~ 
para. 4.2.1 .3.11, can be usect also for to~ato conce~trate 
can sea~inq. 

4.2.2.3.10 Can sterilization and coolinc tunnels 
Ir.t":lediatcly after filling and seaming, the ca'1 has to be 
sterilized in boilin~ water (about 100 °C) to prcve~t sour 
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spoilage of paste, contaninated during filling, if this 
is done, as usually, in a non-sterile environment. 
The can contents has then to be cooled do~rn to a tcmoera­
ture of about 35 °C; this is obtained by surayed water 
cooling tunnels, where cans arc kept SPinnjnq, while 
transfer1ed to the output. 
The pasteurizing-cooling tunnel is the same as described 
on para. 4.2.1 .3.13, where a boilin~ water first section 
is added. 
These operation$ could also be oerformed in a simuler way 
by usin~ boiling-water open pans (same as described on 
para. 4.2.1 .3.12), where, after comoletion of the Pasteuri 
zing time, cold water is being circulated, to rapidly 
cool cans. 
This procedure, Leing batch-operated, has a small capacity, 
depending on can and pan sizes, but it is very simple. 
In any case, cooling water should be chlorinated. 

Continuous multiple-effect vacuum =oncentration Plant 
The plant described herein is out of the limits of ada~ted 
technology and is reported O?lly for ti-:e sake of comolete­
ness, being a process very widely used also in many develo­
~ing countries. These h·1ge ola!lts are used whe!l a produc­
tion capacity from ;o tons/hour to 40 tons/hour of fresh 
fruit is requested. 
Tte co:'lCE"''"'lt:i',•i.:!(>:' may be made on doub:!.e, triple-or qaacruple­
eEfect concentrators. 
A functional sc!ieme of a tri pl c-ef feet c::mti!luous co!lcentra 
tion ?lant is given on Fig. 4.2.31, \;;hich clearly explai!'ls 
the working Principles. 
Of course, total heat consunption balanc€ is lower, if a 
rn~ltiple-effect system is used; one K~ of stea~ evaporates 
about 1.5 Kgs of water from thE juice for a sin~le-effect 
machine, ah~ut 2 Kgs for a do~ble-cff~ct, abo~t 2.6 Krs or 
rnore for a trioJe-effect, and so O!l. 
Up to six-effect concentratio':'l nlants are no,:.r i':'l o::>eration, 
for speciai oroccsses. 
An examole of rnul tiple-effect conti!l'J.ous conce':'ltration 
plant is given on Fig. 4;2.32. 
Multiple-effect concentration can als0 be obtained by 
setting ~P a series of kettles with steam duct connections, 
as it is sho'.:.'Yl on Fi:r. 4.2.33 for a triple-effect tor:tato 
concentration plant. 
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?ig. 4.2.32 - ~ultiple-effect continuous concentrat0r 
for citrus juice, with thin film evapo­
ration finishinc (courtesy of :-:anzini) 
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Fie. 4.2.33 - Triple-effect kettle concentr~tion 
pl'lnt (courte~~:v of i\ossi-C~:.tclli) 
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4 • 3 ·- MIL:t PROCESS ING 

4.3.1 - Pasteurized and sterilized milk 
4.3.1 .1 General remarks 
4.3.1 .2 Technology descriptio~ 

4.3.1.2.1 Milk reception 
4.3.i .2.2 Pasteurized milk 
4.3.1 .2.3 Sterilized milk (UHT) 

4.3.1 .3 Machinery description 
4.3.1.3.1 Milk reception 
4.3.1 .3.2 Milk pasteurization 
4.3.1 .3.3 UHT milk plant 

4.3.2 - Dairy product~ 
4.3.2.1 General remarks 
4.3.2.2 Technology descriDtion 

4.3.2.2.1 Cheese 
4.3.2.2.2 Butter 
4.3.2.2.3 Yoghurt 

4.3.2.3 Machinery description 
4.3.2.3.1 Pasteurizing heat exchan~ers 
4.3.2.3.2 C~rdling vats 
4. 3. 2. 3. 3 Draining and mould inc vats 
4.3.2.3.4 Salting vats 
4.3.2.3.5 Tanks 
4.3.2.3.6 Butter churns 

, . 
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Fresh nilk processin~ has become, in the last decades, a 
more and more sophisticated technology, because milk is a 
rapidly perishable and vcr',r <ir>ljcate product. 
To save its characteristics and ist nutritional value,heat 
treatment must be controlled within very narrm~· limits, 
in terms of temneratures, flows, times etc. 
This has led tc the development of complex and integratec 
plants, where continuous processes are fully automatized 
and controlled by sophisticated electronic and mechanical 
devices. 
In the case of milk processing, it is of scarce significa~ 
cE speaking of separate machines, since the vihole nrocessing 
line is highly integrated, from milk reception to packaging 
section. 
In this field, where deeper changes have occurred, glass 
and plastic bottles have become rapidly obsolete, because 
of the develoD~ent of carton formin7, and filling machine5 
(Tctra?ak system Qr =>imil 3.r proClucts), which are now .,;ridely 
emDloyed in almost every central dairy. 
High investments, required to update Processing lines, have 
caused an increase in the average sc~lE of dairy plants; 
fresh milk market is now dominated by large central dairies. 
On the manufacturer's side, research and development had 
been afforded only by few big fir~s, ~~ich supoly co~olete 
lines. 
Neither "down-grading", non adaptatio:1 .:;ee::ns to be ?Ossi '.)le 
in the f:Q-Sh milk nrocessi!lg tec?molos;ics. Let us get a 
quick look to technolo~ies currently available. 
~ilk can reach the cons~mer in one of the following forms: 

as raw milk, directly from the producing ranch 
("from co•:J to co!l.Sumer") 

- as pasteurized milk from central dairies 
- as long-term storaqE sterilized milk (UHT Drocess) 

as dried and regPneratcd milk 
T~e first case occurs only in very few developed countries, 
1.1:here specific know-hoi;; and environmental conditions r.i.ak:e 
possible to obtain pure and aseptic milk, directly from the 
producing ranches. 
The second case is the most widely diffused; milk is con­
sumed in pasteurized form in all developed co~ntries. 
The original technolocry for milk pasteJ.rizin~ was simple; 
milk plants became more and more co~plex because of the 
need to have larger capacities, to use more soohisticated 



l 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

- 133 -

packaging systems, to automatize processes, etc. 
Competitive market pressure has forced to consider eco­
nomically obsolete machinery and equipment, whcse outout 
quali t~' uc:i<;, technically sneaking, oerfectly acccntablc. 
Re-employnent of these equipments mi~ht then solvf' thF 
milk orocessing adapted technolorry oroblem? 
Unfortunately, pasteurized milk has a limited life (4 
days) if stored at low temperature (o ta 4°C), in refri­
gerated stores; this calls for quick and effective market 
distribu~ion facilities and for widely diffused refrigera­
ted storage capacities. 
This is obviously out of the reach of the majority of less 
developed countries. 
Pasteurized milk adapted technology can hence be found, 
bat requires a much more develoned market structure, than 
less developed countries can afford. 
Long-term storage UHT milk can certainly solve market di­
stribution problems: its l~_fe is of more t!1a?l 4 r.!0!1ths at 
ambie~1t ter.lperature. Unfortunate2.::, r::·:' ), >cessi!lC: techno­
logy is, b~/ itself, very cor.mlcx and, furthcr~ore, it has 
been developed in the last years and mac~inery has incor­
oorated soohisticated innovations. 
No adaotation or 11 dm1.rn-9"rading" is o:Jssi bl e, "-·!1ere te."!1ne­
ratur£ and time are to be controlle::l v.rith a tolerance of, 
respectively, one or two degrees a?ld one second; this 
excludes any human interve:1tion: line !'!lust '.:.r'Jrk in a com­
pletely automatic ··;.ray. 
U:-IT milk can tl1en sol·ve marketi~1s; nroblc.r.ts, b'.lt tec?molo­
gy is fully unadaoted. 
The last case has t~e same shortcomin~s of nastFurized nilk 
case; it can solve the proble~, frequently occurring in 
the less developed countries, of a lack in ~ilk producing 
capacity, but regenErated (or "filled", or "toned") milk 
shall be oasteurized, ccllincr a0ain for auid: distributio!'l 
and refrigeration facilities. 
It is evident that fresh milk orocessing has some comple­
xity aspect (in the plant technology or in t!1e market i!'l­
frastructure) and that, therefore, a fully adanted fresh 
milk processing and distribution chain cannot be conceiv2i:. 
Nevertheless , in the next paragraphs, for i~formation pu~ 
poses, available fresh milk nrocessin~ technologies will 
be described. 
It has been noticed thdt pasteurization orocess, followed 
by glass bottle fillina, is, from a purely t2chnolorrical 
point of view, an adapted and simole technology, if operated 
at reduced scale. 
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A glass-bottle daily distribution system, with empt~' 

h'1ttle rP.turn, has been in operation until a few years 
ago in the developed countries. 
This syster.i. has been started lonq before the wide diffu­
sicn of f a.":'lily refrigerator£ had been co'".'lnletf'd. 
It should be carefully investi~ated, at sing-1~ country 
study level, if, for some urban area, this syster.i mi~ht 
be feasible; this would be a Dossible sol:iti::m to fresl1 
milk adapted technology oroblem. 
C0r.1pletely different aspects are sho'Jm by the techn'Jlo­
gies for processing other dairy products, such as cheese, 
butter, yoghurt etc. 
Those technologies, and related machinery, have been 
conceived centuries ago and are therefore available in 
different development phases. 
A~c~ted machine~y, for industrial operation of s~all scale 
d~iry plants, is then easily available and still operating 
in many developed countries. 
It should be caref:..t~l~t investigated, at feasibility study 
level, if a secondary r.iilk orocessi!'lg dairy (1':ithou.t any 
fresh milk distribution) could be ec'J~o~ically mana~cd. 
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Milk receotion at the dairy is only the last oneration of 
a chain, beginning at the ranch site with milkin~ and 
then involving short-term storage and trC!.nsport facilites. 
From this chain, apart from any other consideration about 
the farm management, heavily depends the q:1ali ty of nilk 
to be proces!:ed. 
Hilk reception is operated in two main ways, denendin~ on 
tyoe of transport: in aluminium cans of 10 to 50 litres, 
or in bulk tankers. 
Obviously, the second system is much easier and effective 
and is largely employed in the developed countries; but, 
since adapted technology environment is unlikely to be 
equipped with road tankers infrastructure, only ta!lk rece~ 
tion technolos;y will be taken into consideration. 
At the receiving olatfor~, Eilled cans are unloaded and 
transported to weighing scale, which can be manually 
operated. 
After weig?J.in~, ca!1S are tipoed intr-. the collectincr tanks. 
Tipping can be ooeratea manually or serni-auto~atically 
by a lever-ooerated can tinner. 
In another possible reception Process, cans are tinned into 
one or t'.:10 tanks, where weighing is accomplished a:?d then 
pumped, through filters, to receiving tanks. 
Ca:1s are then sent to the washing mac;1ine, 'Yhicn is rnan:_tal ly 
onerated thro'J.gh a pedal, ·.::hich opens a nozzle fro::-:1 '."!'1ich 
hot water anc stea~ are sprayed i~to the unside-do~~ can. 
Cans are then sent back to t~e loadin~ olatform. 
!filk is manually or automatically a:ialyzed to dete!'r.dne 
fat contents and other qualitative data; this is done in 
order to separate and/or mix different quality milks for 
standardization. 
Aim of the analysis might also be the establishment of 
milk price, \lhich can vary as a fu!1ction of fat contents. 
Depending on storinrr time, w~ich in turn depends from dairy 
size, caoacity and management, milx can be refrigerated to 
4 to 6 °C in the collecting tanks or, more often, in ver­
tical isothermal tanks. 
From storage tanks, milk is then sent, t~rough stainless 
steel niping a~d valves, to the processing esuipments for 
pasteurization, UHT sterilization or secondary processin:r 
(cheese, butter, yoghurt etc.). 
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Aim of the pasteurization is to reduce snailing micro­
organisms action and to kill all possi~le infectin~ micro­
organisms, in order to guarantee a limited r€frigerated­
store (J to 4 °C) life to the product (about 4-5 days) 
and it~: comoletely safe weal th- ci'!aracteristics. 
Pasteurization is a heat treatment, accomnlished bv keepinri 
milk at 63 °C for 30 minutes ("low" oasteurizint"T oroc-rd~1re, 
now not widely emnloyed) or at 72°C for 1 5 seco~1ds. 
Different technologies and machinFries have been develoned, 
to obtain the requeste temnerature and times. 
The heating medium is normally steam, operatinrr directly 
or indirectly through hot water, in order to maintain the 
minimum possible temoerature step (few degrees) between 
heating medium and rr.ilk, to avoid possible'heat transfer 
inconveniences and overheating of the oroduct. 
Widely emnloyed in thenast, the parabolic and the drum 
pasteurizers had the advantage of being very simnle machines, 
easy to be cleaned. 
NO\i'adays, the most widely employed are the tube nest oaste:i 
rizers (similar or equal to those enDloyed for other food 
nrocesses), where hot water is circulatinq in cou~tercurrent 
into a jacketed tube of stainless steel. 
Another type has tube nest exchan~er s~bmersed in the milk 
inside a pasteurizing tank in stai~1less steel (to save 
soace). 
The most advanced solution relies on Plate oast~urizers of 
very complex technology. 
For adapted techno~agy, probably tube-nest oastFurizers 
could be the best solution, bec~lse the same rnachi~ery has 
been employed frir :Jther fe>od orod 1lcts and manufact~lriYIS- tech 
nology has been assimilated (with some imnortant ~otes,as -
explained in the machinery description section). 
Pasteurized milk is then cooled down to abo~t 20 °C,then 
chilled to about 5 °C and passed to the fillin0 section. 
As already pointed out, the widely employed carton forrning­
filling procedure (Tetrapak or similar) is a very complex 
technology. 
Similar, b'..lt a little bit simpler, js the plastic bottle 
forming-filling procedure (still in use in many large 
dairies, but becoming obsolescPnt in many industrialized 
countries). 
Only system, within the limits of adaoted technology com­
plexity grade, is the glass-bottle filling, through a level 
gravity filler (the simolest) or a vacuum filler (more 
complex, at intermediate technolo~lV level). 
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If filling technology is simnler, qlass bottles handlinq 
and mar!agement is more comnlex, because requires ef fici(·nt 
consumer distribution aYid Pmoty-return network (on a rc>­
frigerated daily delivery base) and accurate bottl~ con­
trol and washingi before fillina. 
Normally, a good quality prod11ct requir£'s !'lomogenization, 
before pasteurization is effected. 
Homogenization is obtained passing milk thro~gh a oressure 
homoge11izer; milk is pumped, at very hiah oressure (150 
to 350 Kgs/sq.cm.), into a calibrated valve, where hicrh­
speed impact of fat particles, against the valve walls, 
breaks and homogenizes them, thus making dif fic~.il t floatin0 
of fat particles from milk susnension. 
Homogenizers are intermediate comnlexity machines. 
Skimming is requested to standardize milk fat contents to 
nation~l regulations (normally between 3,6% and 1 ,81 for 
"full" milk) ; skim."Yling can be done by removi!lg the floatinq 
cream, before homogenization, to ::,e sent to butter making 
sectio!l. 
If a deeper skimming is requested, this can be accor.rolished 
by a skirn~ing machine, using calibrated centrifugal action 
to separate creaJ!l. fre>:rn milk, un t'J the requested concentra 
tion. 
This machine can also be considered as intermediate in 
technology. 
As it can be seen, it is to be stressed once again that 
fresh milk pre>cessing is very hardly kept within the limits 
of an adapted technology; this is nossibl~ O!lly if ~on­
standardized oroduc: (and thus oassibly of lO\l.1-quality, cl~ 
oending on producing ranch r.ia~agene~t and rearing condi­
tions) can be accented ty the consumer a~d if the relevant 
low-ra:"lgE (1lfithin city) distribution system is set u:>. 
Whethcr this is economically and technically feasible Dr 
not, jt is a question that only accurate case-by-case 
studies can answer. 
A typical r.iilk pasteurizing flow-diagrar.i is sh'J1,;m on Fiq. 
4.3.1. 

SterilizPa Milk (UHT) 
A recently developed system (UHT= ultra high ter.ioeraturc 
process) gives a milk which is practically sterile and 
whose life at ambient tcmoerature, if adfquately oacka0ed, 
is of about 4 months. 
This would solve any distribution and consumer's storina 
problem; unfortunately processing technology is at a very 
high dPgree of sophistication, far out the limits of an 
adapted one. 
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The UHT process consists in a "flash" sterilization (i.e. 
reduction of thermoresistant spoiling microorganisms to 
one spore over a billion, or 9 decimal reductions); ncr­
formed by heatin~ milk to high temneratures for few seconcs 

and then cooling it very rapidly. 
UHT nrocess can be perforrned·by two basic methods: indirect 

or direct heating. 
The first method emnloys tubular 0r platf' excha!19'E'rs to 
firstly heat milk to about 60 to 65 °C and then to abo"..lt 
90 °C to 95 °C, where it remains for 20 to 40 secs.; milk 
is then heated to 138 °C to 145 °C, where it remains for 
few seconds (2 to 5) and cooled by countercurrent heat re­
cuperators and water chillers down to about 20 °C, in two 

or more stages. The direct method employs steam injection; the first nhase 
heats milk to about 80 to 85 °C by heat exchangers; then 
steam injection causes milk temoerature to raise immediat~ 
ly to 140 to 145 °C, where it remains for about 5 seconds; 
milk is then "flash cooled" by expansion, in 2 vacu"..l!n 
kettle, do•J!n to about 80 °C and a final water coolinq brings 

temnE:rature to 20 °C. In both cases, filling ~ust ~e nerformed by sterile c~rto!l 
fiJrming-filling machines (tr::ie Tetra~ak or eq:.livalent) .. 
Homogenization shoulc be oerforrned before enterins the st~ 
rilization line, because it improves he3t exchanging be-
havio·rr' of 'l:ilk as well as its quality. 
Homogenization is d0ne by pressure homogenizers. 
U~T proc~ssing the whole line, including nackaging, is an 
hiGhly integratec syste:'!1, 1;/:1ic~1 rect"..lires an advanced level 
of controlling and autorn~tion, whe~e no adaptation is 
possible, and whose complexity can be defined as very so-

phisticated. A flow-diagram of a direct steam injection method is show!1 

in Fig. 4. 3 .2 A flow-diagram of an indirect plate-exchanger rnct~1od is 

shown in Fig. 4.3.3 
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Jirect steam injection UHT milk process (courtesy 
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Milk is transported to dairy in cans, made of alu~inium, 
of sta!'ldard sizes from 10 to 50 litres. 
Cans are fixed to the can by·a water ti~ht sealinr and a 
oressure device. 
Cans are unloaded from ranch trucks manuall '/. 
?-!ilk discharge into the weiqhina tank is done by semi-aut£ 
matic ca~ tipper, which is made of a steel frame, supoorting 
the filled can, which, operated by a chain or by an hydrau­
lic ram, driven by a motor, tur!lS over filled cans into the 
weighing tank hopper. 
Honner and weighing tank are made of welded stainless steel 
sheets, as it is shown o~ Fig. 4.34 
The weighinq device can be a manual scale, with direct 
reading on a nanel. Weighing scales are normally in the 
range from 200 to 1000 Kgs full scale, because several 
cans are weighed at the sa~c time into the tank. 
I!ilk is then numoed UP, through a mechanical fil terin~ de­
vice (stainless steel net), to the storin~ ta~ks. 
These tanks are cylindrical stainless steel s~eet contai­
ners; surface is accurately polished and finished, to allow 
easier cleaning. 
Legs are also in stainless steel. 
Thermometers and level indicators comDlete tank instrumen­
tation, as it is shown on Fig. 4.3ti 
All nioing must be of special stainless steel tube \Vi th 
polished surface; all weldin~ must be very accurate, to 
avoid any possible roughness and/or ?Orosity, whic}: w::mld 
not allow rigorous and deen cleaning p.·oc0dures. 
Cleaning is normally done by oumoi:v,g into the .syster.i de­
tergent and disinfecting solutions; this can be done manual 
ly, provided a very orecise nrocedure is followed, to reduce 
possible errors. 
Any uncorrect cleaning nrocedure can spoil out the entire 
receoted quant.i t ··,r d'1'~ c ·r. i •.;( troubles to the whole nrocE':ssi ng 
line. 
Em:itied cans have to be washed and sa~ii ti zed before with­
drawal by farmers; this is accomplished by a Pedal-operated 
hot water and steam nozzle, nlaced at the center-botton of 
a stainless steel vat, where waste water is drained out. 
A fresh water sprayer nrovides rinsing and, finally, a 
steam jet sterilizes the can. 
For higher washing rates, a continuous washing machine 
should br used; can washers havP a washin~ tunnel, where 
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Fig. 4.3.4 - Hopper and weiching 
tank for milk 
reception 

(courtesy of Sordi) 

?cert ion tn.:1ks (courtesy of Sordi) 
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uoside-down cans are washed, in line, by a jPt-st>rayed 
deter9ent solution, after a coarse water pre-washing. 
Cans are then transferred, by a chain co~veyor, to ~hr 
hot water rinsing section and to a steam jet sterilizin~ 
chamber; a final hot-air blow provides can dryin~. 
Output cans have to be turnE'd over and canoed by r.ta"l'J.al 
or semi-automatic devices. 
The washing machine can be considered at intermediate 
technology level. 

Milk oasteurizinrr section 
As already stated, pasteurizing is a highly integrated 
orocess, where operations are performed in line. 
A continuous flow of milk is heated and cooled, follourincr 
a selected and well determined schedule. 
In no ooint of the line should the oroduct get in touch 
with atmosphere, where it would be contaminated. All ninin~ 
should be in polished stainless steel tube. 
Pasteurization can be t>F.rformed 

- parabolic nasteurizers 
drum pasteurizers 

h,,. ·- _, . 

- tubular heat exchanger (jacketed) 
pasteurizing tanks 1;.ri th tube nest heat exc~1anqer 

- olate pasteurizers 

A parabolic nasteurizer (now rarely emnloyed) is a parabola­
shaped drum, rotati~g on a vertic~l axis, placed into a 
oarabolic vat. The mil!<: is namued into the l1ollo·.;: soace 
between the two narabolic vats, whose inner space is steam 
heated. ?-~ilk is then pum!:>ed out at t}J.e top of the nath a­
long the hollow space; by varying rotating sneed of the 
parabolic drum, the pasteurizina time is varied. 
A dru~ pasteurizer is an improvement of the narabolic one 
and has a cvlindrical crrooved drum rotatinQ on its verti­
cal axis; its working principle is the same as Parabolic 
pasteurizer. 
Both machines are made entirf'ly of cold-formed stai~less 
steel sheets and its man~facturinCT requires skilled weldin0 
a~d machining of rotating parts. 
A tubular heat exchan~er is basically workin~ as a jacketed 
pipe (single or double jacketin~) where a fluid is p~mned 
in countercurrent with another fluid (to be heated) flo·1.'i ·'" 
in the jacket. Few degrees of temoerature differencf' ·betwee~ 
the two fluids assure that no oroduct "hurninr::r" takes place. 
A tubular heat exchanger is a simole machine a~d its ma-
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nufacturinJ requires stainl<?ss steel tube weldin0 and snr 
face finishing skil s; ·v.relding must be very accurately fi­
nished to avoid any rou~hness or norosity. An inconvenience 
of tubular heat exchangers is that they rPquire :-:iuch soace, 
because dwelling time is to be deternined by tube len0th. 
An irnnrovement, to reduce spacr, is to wind un heatin~ 
tubes to form a nest and to nlacc them into a stainless 
steel vat, where milk to be pasteurized is kent circulatina. 
Vats are stainless steel sheets welded into the shane of 
a cylindrical tank. 
A more sophisticated equinment, the olate paste~rizer, 
allows heat to be exchanqed between the tvo oopositP faces 
of a cold-formed herring-bone grooved stainless steel sheets, 
in the form of a rectangular Plate. 
Many of these plates are pressed together, with a sealincr 
rubber gasket i!'lterooned, in order to obtaivi a "nack" of 
exchanging elements; at the LWO ends, a wider chamber al­
lows dwelling of pumped fluids. 
r<anufacturing of Plate exchanrrer reauires a high degree 
of cold-forming and die-makinn skill and thick stainless­
steel sheet cutting and weldinq urocedurcs. 
TJ.bular heat exchanger or drur.i paste'-..lrizers ca"1 ur:Jbably 
match with adaPted technology requirements. 
Filling of glass bottles could be done in a verv sir.iule 
manner by usinrr valve-controlled level fillers, which are 
gravity operated and automatically close filling stem by 
c. conical Pressure valve, when bottle has been filled un 
at the preselected level. 
These fillers are very simole and can be semi-a~tomatical 
ly ooerated by hand-suoplying of empty bottles. 
Better results are obtained by •1acuum fil lin9' heads; the 
filling stem has a central hole for vacuum suction of air, 
whilst a ring Peripheral slot allows milk to Pour i"lto the 
bottle; there is no foam formatiovi and alumiviium can is 
easily sealed. 
Bottle ,..,ashing .:an be done by havid only for very little 
capacities; washing machines should be used for narrnal 
small-dairy rates of 700 to ~500 bottlPs oer hour. Washi"l~ 
mach; _1e is divided in four s~ctio!'ls: 'J1ater Pre-washing, 
hot-water jet sprinklina with\.deter~ent solution, water 

' jet double rinsinq, steam jet sterilization and hot-air 
drying. 
Washincr machines are made of a nainted steel or stainless 
steel tunnrl, with a bottle-carrying specially-shaned chain. 
Bottle l,'1ading and unloading is manually operated; fully 
automatic bottle handling i"lcreases machine complexitv. 
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A UHT milk treatment plant is a hi~hly intearated and 
fully automatized system, whose deqree of techn~logical 
comPlexity is Probably onP of the hiqhest in the food 
orocessing sector. 
UHT plant can use direct steam· injection method or indi­
rect heat-exchanger method. 
The first method employs tube nest exchanger to raise 
milk temoerature from 5 °C to about 80 °C; then, steam 
is injected into the milk flow to raise temoeratu.rc 
instantaneously to about 140 c ~ for a few seconds, since· 
milk is "flash" cooled im~ediately afterwards by expan­
sion into a cooling tank, where it is at the same time de 
aerated and dehumidified. 
Milk is then pumned into a water cooling unit, that brin~s 
temperatures down to 20 °C, for filling into sterilP en­
vironment. 
The second method emvloys normally plate (or tube nest) 
exchangers to raise milk ter.roerature, in hro hot-water 
counterflow stages, to about 60 °C and then to abo~t 95 °C, 
where it remains for 20 to 40 seconds.The final steriliza 
tion temoerature of about 140 °C is reached i'.1. a olate ex 
changer in counterflow exchange with overheated water. 
~!ilk remains at the sterilization temperature for ab-T1t 
4 seconds and enters a Plate exchanger cooler, as heat 
regeneration with incoming milk, 1JJhere it is cooled to 
abo:it 110 °C; r.i.ilk is the'1 de!JaSec in a "thin film" de­
gaser and finally cooled down to 20 °C, ~i two heat rege 
ncration stages with incoming cold ~ilk and water-
Filling in a sterile enviro~ent is me.de at 20 °C. 
Both methods need highly integrate~ Plants, built ~P in 
such a way as to save maximum snace and to ease cleaning 
and operational procedures. 
All systems are entirely b~ilt in stainless steel and lay 
on various supuorting Platforms. 
A!1 e):ar.tple of direct injection nla!1t is shown on Fig. 
4.3.6; indirect heat exchan~er plant is s}1own O':'l F'i(T.4.3.7. 
The production rates of these Plants are in the ranoe of 
2000 to 24000 litres per hour. 
Filling is to be perfo~med in a sterile environment,using 
sterile containers: one of the most widely employed systems 
is the carton forming-filling machine, a very comol€x and 
sonhisticated machine, that sterilizes the container raw 
~aterial (soecially treated thick paper with a plastic 
film) and conti"ll.-)ll"·l~' ~;'.:aoes a "tube" of carton, filled 
with sterile milk. The "tube" is then thermically sealed 
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at the desired interval, then cut into oiec~s alon~ 
sealing, reshaped and sorted. 
This technology, originated in Sweden, is patented and 
the very complex machines are norrnallv rented or leased 
by the manufacturer. 
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Pi·'· L,.J.'.- - A U!-!T r.-tilk (dircct-stea:r'.1 injcctio~ meth·:JC) (Stematic) 
proccssin~ nlant (co~rtesy of ~ossi-Catelli) 

Fi rr. 4. 3. 7 - A U~T milk (indirect pl ate-exchanger mf:thQd) ( Steripl8..'-:S2) 
processing olant (courtesy of Sordi' 
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It is well known that such a large variety of dairy oro-
ducts exist, that it is imoossible to take i~to account 
all differtnt technologies, strictiy connected to local 
nutritional and cultural habits. 
For instance, more than 300 tyoes of cheese are current­
ly manufactured only in thE- western countries; each pro­
duct is often made following different orocesses in diffe 
rent countries. 
Only a very general technological advise will then be 
r;ivf-•:, !:ic L_"tr·ee of the most widely diffused daily pro­
ducts: cheese, butter and yoghurt. 
Between all available technologies, most of which still 
employing very ancient and simple processes, only small 
differences exist, but these details are very important in 
obtaining different product quality, taste, flavour, 
asoect etc. 
?-~uch rn'.)re :i.. .. ::>ortant than process followed, it is the ooe­
rational know-how of ooerators that determines quality 
and value of the dairy prod~ct. 
Technologies, described in the next parasraphs, are then 
to be considered as representative references; readers 
are sent to specialist's texts for further details on oro­
ducts, machinery a:1d technology. 
It is also to be nointed out that climate and enviro~~en 
tal conditions are of qreat influence on final product 
quality; it is in fact well kno~n that the majority of 
cheese orod~cts have a quality ~rading that deoends on 
areas of origin (sometimes on single villages). 
Many of these technologies cannot practically be reoro~1red 
in a different enviromnent, since thE'V rely on artisan:~·1 
techniques, develooed during centuries, that can only be 
operated and constantly developed only i~ a well-defined 
social and cultural environment. 
In this sub-sector, more than in any other, "~p-gradi"lg" 
of local techniques should be preferc.blc> to any ot}1t:r tec1: 
nDlogy transfer procedure. 
As far as machinery is concerned, si~ce manufacturing tee~ 
nolo~ies have been developed many years arro, simnle machi­
nery is available and is still in operation i"l a very wide 
variety of small and artisanal plants, scattered in the 
country, near thE· ranches. 
?-~ore r.iodern machinery is, in practise, only "uo-qraded" 
with respect to anciently develooed one, in order to auto 
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matise operation, to increase caoa~ity 
nical conditi0ns to be kent. 

Or to 1 .... .. -.: -r1y q .L c--

Sometimes, to obtain peculiar products, manually ooerated 
and controlled machines are still to be emoloyed, since 
automatic ooeration g-ive cnly s;iveraqc quality prodilcts. 
Generally speaking, machinery can be considered as simolE 
or intermediate, if no automatized ooerations and/or 
very high caoacity are requested. 
Almcist a.:i l 1-·- 1·>1n~ •i'.-; · ·; ,1,·.· i lable feature batch-'.)'Jerated 
p~ocedures; continuous ?recesses are available for somE 
product , but ir.ml y 1 arge capacity and comol ex machines. 
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4~3=2~2 TECHNOLOGY DESCRIPTION 

413.2.2.1 Cheese 
A typical cheese-making technology starts '"-'i th the colle:-c 
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tion of milk, which is made in the same 'V!a~/ as described 
in para. 4.3.1 .2.1, for fresh· milk. 
In many cases the cheese-makin~ plant is a section of the 
central dairy; in some other casE, small Plants manufa.cturC' 
only dairy products, as it is commonly done in so~E Euro-
pean countries. 
Hilk has to be accurately analyzed to check if it is of 
the type needed for cheese being manufactured; Particular 
ly, fat content is to be checked. 
l~ilk is then pasteurized; some cheese process requires a 
non-nasteurized milk and, in general, the need for pasteur!_ 
zation is still being discussed by some cheese-makers. 
Pasteurizing, when required, is made at about 70 °C for 
1 5 .;. 20 seconds • 
If pasteurization has been effected, some destroyed lactic 
microorganism is to be added, being necessary for cheesE 

process. 
Milk is then sent into the curdlin~ vat, ~lose size and 
shape greatly depends on cheese typE and local uses. 
A large, so-called universal, curdlinc vat of oblungal 
shape can be used, to obtain a great nu~ber of cheese 

types. 
In the vat, curd is added and te~pErature maintained at 
20 to 32 °C, for 30 to 120 r.1in".1tes or r.iore, according to 
type of milk and cheese type process. 
Juring curdling, milk has to be stirred with snrcial tools 
and once curd begins to thicken into flakes, curd mass has 
to be cut into pieces, with s~ecial cutting tools, to in-
prove \1:hey separation. 
Size of curd piPces, and way of cutting, are tyPical of 
each process and are very significant steos in o~taining 
good quality cheeses. 
Sor.ie cheese type req~l.ires a longer heat treatmE'nt for 
"cooked" curdling, normally done at about 50 °C for a cer 
tain time, depending on different cheese processes. 
Complete vhey draining fror.t curd is oerformed in a va~ or 
in soecial moulds, where curd is shaned into the form of 
final cheese. Sometimes, mould pressing is requested for 
thicker and harder cheeses. 
Shaped cheese is then sent to the fina.l stage, which con-
sists in a brine bath, normally at about 10 to 15 °C,for 
a time variable from few hours to some week, dependinrr on. 
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Cheese is then sent to warehouses for seasonin~, variabl~ 
from few days to several months. 
Some cheeses arc intended for fresh consumptio~ a~a havP 
to be stored into refrigerated warehouses. 
Seasoning can be made in cell~rs or soecially conditioned 
rooms or, for commercial quality products, made by forced 
drying anG wax aoplication. 

4 3.2.2.2 Butter 
Butter is made by mechanical beating of matured cream into 
special churns. 
Cream, resulting from milk skimming and from centrifugal 
fat separation of whey, is pasteurized at a temperature 
of 70 to 75 °C, and tr.en pumped into a fermentation vat, 
after coolit1g down to about 1 O °C. 
Fermentation bacteria are added and cream is "matured" 
for about 15 hours at about 10 °C. 
r-:atured cream is then put into the beating churns, of va­
rious tyoes and shapes, where beating-kneading takes place 
for about 20 to 30 minutes at 10 °C. 
Butter is then shaped and wrapped by manually operated ma­
chines and tools. 

4,3.2.2.3 Yoghurt 
r.:ilk is partially skim."!led and pasteurized, as described in 

I 
I 
I 
I 

' 

the previous paragraphs. 
It is then p~mped into fermentation tanks, where soecial 
curdling lactic ferments are added. 
The fermentation process takes place for some hours at low 
temperature, depending on type of ferments and curdling 
procedures. 
Yoghurt is then packaged into crlass or elastic containers, 
with aluminium ca:i, thermally sealed, a1d stored at 0+4 °C. 
Good quality yoghurt requires an homo~e~eization into 
pressure machines, before ~urdling. 
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4.3.2.3 !-'ACHI~JS~Y DSSC~IPTIO~~ 

4.3.2.3.1 ?:"!·;:-('irizi~1q heat exc:·~c.nqers 
Pasteitri zincr ~:eat exc~1a!ls-ers are 8f t!1e sa."'.lc tvoe as 
~escribed at oara. 4.3.1 .2.2 for rnilk. 

4.J.2.J.2 C~rdli!lc v~ts 
A curd!i~~ vat is a c~uble-wall stai~less steel co!ltai!ler, 
~8rr.1ally of seni-snherical or oblunqal forrn. 
In the d~~ble-7all ~ollow soace, hot 7ater is circ~late~, 
i'.'1 order to naintai'.'l the cesired c 11rdli:1.q te..r:1oerat'1re. 
Stirri:ig is provided by snecial tools, ·:,·~1ich ca'.'1 na:-i.:.1ally 
or ?neurnatically operatej; in t~e latter case, a S~?porti~rr 
frame has a T...tidi:.1.g rail on 1.;:(1ich tools are fixed a!ld 
disolaced. 
Curd cutting is also performed by special tools (stainless 
steel gri1s or '.'lets), supported by the sane S"'tiding rail. 
Discha~ge can be perforned by raising ~nd inclinin~ the 
vat, by means of a pVJ.eumatically or :.la"111ally anerated l<c-

verage. 
c~rdling vats ca!l be ope!l or closed by stai~less-steel cover, 
depending on tyne of cheese to be rnade. 
Vat ma!'l:.tfacturing req'_lires thick stainless-steel sheet 
welding a~d cold-for~ing. 

4.3.2.3.3 Draininq and mouldi~q vats 
r:lhey drainage from curd can be oerformed i!1.to snecial 
stainless steel vats, where drai!linq is oerforme<l by nuttin'.1' 
curd into ?erforated containers (at the bottom of draining 
vats). 
Jrained c~rd is then cut and sharyed into cheese moulds. 
Amount of drainage, cutting procedures, mould shaoes etc. 
are varying very much dependin~ on type of cheese and pro 
cPSS (soft or hard cheese). -
r:oulds are of various materials (stainless steel, copper, 
w0od etc.) dependi?1'.J on type of cheese and local habits. 
All 000rations are manual; vats and mould arP very simole 
and require stainless-steel weldinq and cold-forrninq to 
be manuf '3.Ct1-tred. 

4.3.2.J.4 Salting vats 
Saltin~ can hP. made in diffprent ways, dependinq on type 
of ch(>ese; normally it is performed by submersinrr freshly 
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formed cheese into a brine bath. 
The brine bath is a stainless steel vat, where brine is 
circulated through a heat exchanger, to be consta~tly 
kept at the desired low temperature. 
Stainless steel must be of -rery good quality, becal!Sf' of 
the high corrosive solution. · 
Manufacturin~ of brine vats requires stai~less steel cold 
formina and welding. 

4.1.2.3.5 Tanks 
In the d3.iry industry, a r::r<"at importance is give~ to va-
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rious tanks, needed to store oroducts or to perform matu-
ration/fermentation processes. 
Tanks are of two basic tyoes: sinqle-wall tank and isother 

mal ta!'lk. 
Sin~le-wall tanks are made of stainless steel sheet,curved 
wit'.: roller-forming presses and welded into cylindrical 
shapes, horizontal or vertical. 
J-~ai!'l S'.lpporting fra.-ne is stainless steel as 'J.'ell, beca lSE 

floor cl eani n'.J is made -..;:i t:1 corrosive and/or deter~e!'lt 
sol ·.ltio!1S. 
Isothermal ta~ks are doable-wall stainless steel cyli::1ders, 
witt interposed insulating naterial; milk can be refri~e­
rated by single-tank eq1.li nmeYlt or h-r general refrigerati~g 
circuit, through tube nest heat exchangers. 
Tanks should be provided ~ith easy access far i~snection 
and eq'.li:lpEd ·;:i th inlet and outlet vents for milk, ~i.eat 
~xcha!'lging fluid, clea~ins etc. 
i-:anufacturing req'.lires stainless steel weldinrr a!'ld sheet 
c . ... orrnng. 

4 ' • 2 • 3 • 6 B'.l tt E'r churns 
Ancient butter churns, still in use in ma!'ly small ola:its, 
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were made of hard ~Jod. 
The wood churns were difficult to clean perfectly and are 
no1J: replaceC. by stainless steel churus. 
Various shapes and sizes have been developed (conical, bi­
conical, ocf-axis cylindrical etc.), depending on orocess 
and local habits. A churus is basically comnosed of a s~anf'd 
container, with a snall charging door, hermetically sealed 
when closed, supported by t·wo rotating hinges; container 
is motor-driven to revolve at low speed. 
Manufacturing requires stainless steel weldin~ a~d machi­
ning of mechanical components; supporting frame is of stain 
less steel profiles. 
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4.4 - CEREALS PROCESSING 

4.4.1 - General remarks 
4.4.2 - P.ice rnillinn 

4.4.2.1 Technology descri~tion 
4.4.2.2 Machinery descrintion 

4.4.2.2.1 Cleaning equipment 
4.4.2.2.2 De-hullers 
4.4.2.2.3 Whiteners 
4.4.2.2.4 Parboiling oans 

4.4.3 - Maize millincr 
4.4.3.1 Technology descriotion 
4 .4. 3. 2 I-'.achi nery description 

4.4.3.2.1 Hamme~ mills 
4.4.3.2.2 Stone mills 

4.4.4 - Bread makinq 
4.4.4.1 Technology descriotion 
4.4.4.2 Machinery descriotio~ 

4.4.4.2.1 Kneadin~ machines 
4.4.4.2.2 Fermentatio~ and nroofing roo~s 
4.4.4.2.3 Ovens 

4.4.5 - Pasta rnakinc 
4.4.5.1 Technology descriotion 
4.4.5.2 ~achinery descriotion 

4.4.5.2.1 Press extrudcrs 
4.4.5.2.2 :::>riers 
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4.4 ,..~ ..... ~AT,.. 
1...r::.11;..r::.tt.:Jv 

4.4.1 General remarks 
Main cereals for human consumption are wheat, rice and 

maize. 
The majority of developing coll!ltries has no wheat produc 
tion and must rely on imnort, accountinq for about two­
thirds of total imported goods (FAO-Acrricultare towards 

2000 - 1979). 
Wheat is then subjected to primary processing (that inten 
ded for grain conservation in silos) in the producincr -
countries and is exported to less developed countries in 
raw form or as milled flour. 
If milling is performed in the destination country, it is 
likely to be supposed that large mills will sunoly flour 
to the entire country or, at least, to a region. 
Economical and technical feasibility could su~gest to em-
ploy more complex equinmcnt for larger caoacity plants, 
whose comulexi ty is higher than t~1at of an adaoted tec'hno - - -
logy. 
Since it has been assumed that adapted technologj' a!'ld re-
lated machinery are more suitable for s:nall-scale nlants 
(even if industrially operated), ?robably no adapted tech 
nology is feasible for large flour nills. 
Large-capacity wheat mills are in fact highly integrated 
and mostly automatized plants, developed and supulied by 
f e'\: manufacturers in the developed countries. 
On the other hand, many indi~enous techniq~1es have been 
in use for centuries, as, for exanple, the classical stone 
nill, based on friction between granitic cones, b"J.t they 
can hardly be un-graded to indus~rial ouerations and remain 
village-level equipment, to be emoloyed only by local far­
~ers, where cereals are produced. 
It is hE:nce likely to assume that wheat flour is produced 
in centralized mills or imported as such from other 
countries. 
It is the secondary processing of flour (intended for bread 
or pasta ma!<ing) which shows more interestin~ features for 
adapted technology applications in the less develo~ed 
countries. 
As far as rice and maize are concernPd, the case shows com 
pletely different aspects, since these two cereals are the 
basis of hilma'!'l nutrition in many far East and African areas, 
where they are grown. 
In this case, many experiences have shown that small-scale 
:>Jr.·1t~; for rice and maize milling could be a feasible and 
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econcmical solution for district-l0vel adaple<l techtlology 
applications, while lar~e-scale plants have to emplov,as 
for wheat, very cornolex technologies and machinery. 
This chapter will then deal with secondary o~ocessin~ of 
wheat flour and primary processin~ of rice and maize, 
which are supoosed to be of greater interest for small­
scale adapted technology industrial anolications, in the 
less developed countries. 
The most widely dif fuscd secondary Processes of wheat 
flour are bread-making and pasta-making. 
Bread has a shelf-life of one day to several days, deoen­
ding on type of process. 
Pasta, being dried, has the advantage of havin~ a shelf-
life of several months. 
Roth are suitable to be operated locally in small-scale 
local units; bread is still made this way in most industria 
lized countries, to assure a freshly produced and ranidly 
distributed product; on the contrary, oasta makers have 
become larger and larger food producers and soohisticated 
tec~nology users, even if small units are still onerating. 
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4.4.2 RICE MILLING 

ll.4.2.1 Technoloav description 
Main stages in rice millin~ are de-huskin9' and bran re­
moval, also called whitenin0' or pearling. n 
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Paddy (raw rice) is in fact th·e only cereal that ca!lnot 
be used as food, or as animal feed, until its husk has 
been removed. 
Dry husk is about 20 percent and the bran is about 10 P€r 
cent of total paddy weight. The rE:st is starch rich kcr!'lel. 
Since the 1ran has high protein and oils contents, the 
brown rice has a higher nutritional value than the whitened 
rice. 
Dried paddy weighin9 and cleaning must be oerformed before 
starting process. 
Cleaning can be achieved by gravity to remove stones a!'ld 
heavier materials, by sievinq for larger objects and by 
magnet to remove iron objects. 
All these steps can be made with very simole machinerv, 
manually operated. 
A oossibie option i!1 orocessin~ rice is to perform "uar­
boiling", an hydrothermal treatme!'lt in \::hich naddy is 
soaked i!'l hot water and then temuered and dried until 
moisture conte!'lts is suitable for further urocessin~. 
Parboiling is claimed for better milling yield and for 
harder grain; furthermore, grain is sterilized and in­
festation duri:'lrr storas-e is hicr!1l:,r reduced. 
ParboiliYJ.a can be perforr:lcd ·.::it~-: si·10JE: one·:1 pans, hus1·: 
fired, or by more complex autoclaves. 
Dryi:ig can be obtained in hot-air stream driers or in va-
cuum kettles. 
Tempering (dwelling time to allow moisture to diffuse to 
the kernel core) is achieved in a tempering bin. 
Dried paddy is then sent to the t11.ro-stace mil liner nrocedure. 
First stage is intended to removE ~usks and to separate it 
from bro1JJn rice; this is achieved by oassing oaddy thro'...lg!l 
rotating C"vlinders, which can be r'.Jbber rollers, rotatinc: 
in opposite directio~s (which shear the rice grain) or 
steel roller rotating in a casinc (Enqelberg huller). 
Husk is then separated from brow~ rice by asoiration. 
Paddy, which has not been de-husked, is separated and se'!t 
back to be passed again through de-husker. 
This separation can be done by aravity sieves. 
The brown rice is then passed through the whitening phase, 
where bran is removed. 
Bran removal is achieved by a second pass in the Engelberg 
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hull~r, by friction-shearing or in an abrasive cone poli­
sher, wh:!ch rely on inter-grair. friction to remove bran, 
or in a steel rolle~ huller. 
Bran is then separated by aspiration and used, mixed with 
other comnonents, for animal feeding. 
It is to be pointed out that· a two-sta~e mill fives a rice 
yield of 68-70 percent of paddy and a reas'.)nably white 
rice, ~ith bran and germ t~aces; this rice is of rnorE nu­
tritic~al value than the high p8lished rice obtained in 
multi-stage huge rice mills, devcloned in the industriali-
zed countries. 
There is hence no need to insist in whitening and poli-
shing (a further whitening obtained by leat~er or cotton 
strip cones), if there is no market requirement for a more 
sonhisticate, but poore~, product. 
W!1i tened rice is then passed to grading by a sieve. 
Bagging can be performed bv manuallv-operatect bas f .Lllers. 
This type of two-stage mill can give a rated capacity 
ranging from 300 to 3000 Kgs of paddy per hour, depending 
on machinery tyne and size. 
Paddy drying a!'ld winnowin~ is normally do:ie by t)1e farmer, 
using solar dryinc or ot!ler autoctone t2ci1nic·1€s. 
A ty:>ical ada?ted technolo~y for rice millin~ is shoi:m 
in the flow-diagram on Fig. 4.4.1. 



1 
I 
I 
I 

] 

] 

I 
I 
I 
I 
I 
I 
I 
I 
n 

Il 

ll 

thr0shf'd and 
d!"i,-·' :ic:ddy 

l 
I CLEANING 
i 

PARBOILING . r 
(IF REQUES~ 

"' 
DRYING 

DE-HUSKING 
AND 

HuSK SEPARATION 
• 

~RA DING 

BRAN 
REI-:OVAL Af~D 

SEPARAT:-'H 

G]ADING 

BAGGING 

T;!EIGHING 

- 159 -
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Machinery description 

Cleaning equioment 
Cleaninq equipment consists of an intake h~rpoer, "1hich 
feeds a rotatin~ drum sieve. 
The intake hopoer is made of "steel sheet, welded and Painted, 
and has a steel profile frame, welded and painted. 
ThE down sieve is a perforated cylindrical sheet or net, 
where paddy passes through; larger objects re~ain on the 
cylinder centre al!·' ,1~• · 7'· · "1':Jved. 
Cleaning is comoleted by a magnet separator, thro~gh 
which thE' paddy flm.r is passed to remove metallic objects. 
The cleaning equipment is simole; manufacturing requires 
steel sheet welding, steel frames welding and mechanical 
cornoonents machining. 

4.4.2.2.2 De-hullers 
The rubber roller de-huller, or sheller, consists of two 
closely spaced rubber rollers, rotatin~ in oooosite direc-I 

I 

ll 
Ii 
ll 
II 
D 

D 

r 

tions, and at different speeds. 
:'.:(ubber rollers are driven by a gear box and suoported by 

ball bearings. 
A steel profile or cast iron frame supports ~oving oarts. 
Rubber rollers are subjected to considerable wear and have 

to be frequently chan~ed. 
Distance between rollers nay be adj~sted. 
Engelberg de-huller consists of a cast iron er cylindrical 
fluted roller, revolvina on an horizontal axis, inside a 

sheath casing. 
The lower half of the casting is of slotted sheet metal; 
the flutes move over a stationary blade, where shearing 

action takes place. 
Distance between blade and roller can be adj~sted. 
Supporting fram is of steel profiles and cast iron. 
~anufacturinq of de-hullers requires steel o~~file welding 
and steeJ sheet cold forming. 
Y~chanical corn~onents have to be acc~ratelv ~achinFd. 
Large and medium size pieces iron casting is also req~ested, 
with some further machining, drilling and/or milling. 
In particular, iron casting and machining of rollers, nor­
mally in one piece, requires very skilled personnel; better 
quality is obtained with centrifugal iron casting. 
Rubber rolls must be imported; their shelf-life is limited 
(six months to one year) and therefore spare oarts supply 
is to be attentively managed. 
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4-fi,J·2.2.3 Whiteners 
~. Rice whitenin~ can be achiPved wit~ th~ same rnachinerv 

' . ' 

! . . 

I 

as described in 4.4.2.2.2, when used as second-stanP bran 
removinrr machine. 
This gives a whitened rice with some bran trace. 
A more comolete bran removal is obtained by abrasive cones. 
This machinE is basically a cast iron con~, with an abra­
sive material external coatin~ • 
The cone revolves into an aluminium or steel casinq,where 
metal mesh or nerforated sheet sections remove bran,while 
rubber bars retain whitened rice. 
Abrasive action of the cone can be adjusted by vertically 
displacing the cone. 
A steel or cast iron frame is the machine bodv, where the 
cone is su.oported by ball bearin9's and driven by nu.lleys 
and shafts. 
Cone whiteners can be considered as intermediate technolo­
gy machines and their manufacturiYJ.~ requires a higl1er de­
gree of mechanical machining and cast iroYJ. forming. 

4.l.2.2.4 ParLoilinq pans 
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Parboiling, when requested, can be nerformed in ooen pans, 
~·!1ere paddy is soaked in hot water, heated by h~tsk-fired 
burners. 
Pans are made of hcmispherically-shaoed steel sheets,~elded 
\~'i th a sunportinq framE' of steel orofil es. 
Parboiling ca~ be done also OYJ. double-bottom stea~ ~Eat€d 
pans; in this case husks ca11 be used for firing steaM ~e­
nerators. 
A m::>re complex technology er:inloys autoclaves, ste:a;., heated 
and pressurized, rotating on an horizontal axis. 
Small grain driers are a column, where arain falls in 
countercurrent with hot air, following a zi~-zag nath. 
Air is heatPd by an exchanger and pronellect by a fan. 
A more comnlex technolo~y emnl~ys vacuum driers. 
r.~anuf acturinG of Pans and smal 1 driers calls for metal 
sheet forming and welding and for some Mac~ining; their 
grade of complexity is low. 
Larger rice mills use integratea parboiling equipment, 
with same rotating autoclaves for soakinq (steam heated) 
and drying (vacuun effected); this machinery is very com-
plex and fully automatized. 
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4 .4. 3 f.:AIZE MILLING 

1.4.3.1 Technolo~ descrintion 
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As for other cereals, maize, ~hich in some area, like 
Africa, is the basis of human cict, if milled as wholP 
meal, including bra!'l and germ, ·has a hi~her n'.ltritio!lal 
value and should be prPferred. 
On the other hand, sifted maize flo'..lr (rC'novin0 bran a11d 
germ) has a smoother texture, a lighter c0lor a!l<l a mach 
longer shelf-life. 
Larger mills use different multi-sta0e technologies to ob 
tain a refined maize flour, such as wet millin0, which is 
a sophisticated method, or multi-sta~e roller mills with 
automatic sifting and degerming. 
A smaller scale adapted technology mill should be located, 
as for rice, in the growing area and should have a caoacity 
ranaing frOT!l 3,') t:-1 100'1 ~-::<-: ner hour. 
Such features can be achieved by sing-lP-pass ha~"!ler mills 
or by motor-driven stone mills. 
Grain is cleaned by siftin~ it for small sto-ne re!:!ovi:1r 
and thEn passed through the intake hoooer of t~e mac~ine. 
The outo~t wholemeal is directly bagged man'..lally. 
A certain amount of bran and rrerr.i. removi-nQ" could be ob­
tained by a coarse sifting of whole~eal. 
For higher capacities, ranging from 1000 to 10.000 Kgs ner 
hour, steel roller mills have to be emoloyed. 
Grain is siftec by vacuur.i asuirators to remc.>ve sto!'les and 
by magnet device to remove metallic oarticles. 
A si-ngle-pass or a double-nass roller millin~ is used; a 
sifting with motor-driven sieves gives coarser narticles 
to be passed again and separate germ. 
Bra~ is removed by aspiration. 
Flo~r is then manually packed or bagged. 

Hachinery description 

!-lammer mil 1 s 
This machine has a very wide operating feature, been able 
to mill different products. 
Ha'!l1!1er mil 1 s have a rotatin<J shaft, supported hy bal 1 
bearings in the casing. 
The shaft supports three or four ranges of rotatinq arms, 
which in turn support the har.imer heads, of various shapes 
and sizes, depending on type of product to be milled. 
Rotating heads break and pulverize raw material against 
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stator blades, having slots through which the incominq 
product is forced. 
Milled r.taize is recovered through a receiving hooper, which 
is equipped with a fine steel or brass screen. 
Xanufacturinq of hammer mills calls for iron castincr of ,_ . ~ 

rotating arms and machine body, steel weldiYlg of sheets 
and profiles, machinin~ of ooeratin~ and rotatin~ oarts. 

4r.3.2.2 Stone mills 
Old mills have been using granite stones, water-nowered, 
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for centuries. 
Motor-driven stone mills can be considered as an uo­
dating of this old technology, which has the advanta~e of 
a finer adjustment, and Lhus of a smoother flour ou~out, 
with respect to the hammer mills. 
The·stone mills have two stone discs, both rotating, in 
opposite directions, or one fixed and one rotating. 
Clearance between rotating stones can be adjusted, for a 
single millin1 fineness regulation. 
The stone mills have an external casing aYld an iYltake hon 
per of nainted steel sheets and a sunnorting frame of 
welded steel profiles. 
Driving motor can he electric or diesel enqine, u~th belt-
sprocket transmission. 
An exam?le of a 500 Kgs/h sto.1e nill is shown on Fig.4.42. 
A grinding stone has to be reolaced after 300 tons or 
abo·.it 600 hours. 
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Fig~ 4.4.2 - A motor-driven 
maize stone mill 

(courtesy of Villani) 

Fie. 4.4.3 - A double-head 
pasta making 
machine of 
200 Kgs/h 
capacity 

(courtef'y of 
La Parmigiana) 
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BREAD MAKING 

Technoloay descriPtion 
Ma!1.y different tynes of bread arP curre11tly r.iade and each 
of them requires a different t~chnolo0y to he Produced. 
The technolOGY described h~rein has hence the valur of an 
average indicativr process, as it is shown on thr flo~ 
diagram on Fir;. 4.4.4. 
Wh~at flour, yeast, water, salt and, if rPqucsted, som0 

additives, are the basic iwrredie11ts of bread. 
Ingredients are weighed, mixed and k!1.eaded to obtain dough. 
Pre-mixing of dry ingredients can be requested; kneading 
is done into horizontal or vertical kneading m3chi11es. 
Kneaded dough is then shaped in the requested forr.i and 
size and passed to the fermentation room, where it is kePt 
at about 25 + 30 °C at 75% relative humidity and the!1 to 
the proofing roor.i, where temperature is raised to 40 + 50°C 
at 82/~ r. u. for about 50 mi nut es to 2 hours, denendi nc on 
type of bread. 
Fermentation and proofing are a key noint of the orocess, 
since yeast develops its "raising" power and gives brc:ad 
its characteristics (flavour, softness etc.). 
Fc:rr.iE~ntati::rn and proofing times vary at a great extent; 
s~ietirnes a prE-ferr.ientatiovi tirnE is requested, followin~ 
snecial bread-makins nrocess~s. 
Man~r tyues of bread require ::taki vig-uP o'Jerati 0ns, si.1ch as 
divicin~, rolling, ro:.i.ndins-, cattin0', c:1rliYiCJ etc. dependin0 
on shape and size of the loaf and/or ovi tyne of douqh and 
texture to be obtained. 
r1ost tyues require a final Proofing, w~ic:1 is dovie at va-
rious t•~neratures and humidity grades in 
final proofing chambers 'V:i th shaned a:1d ma-:le-up dough in 
t~e ccoking trays, ~laced in rack shelves. 
Cooking is r.iade in differe~t types of ovens, deoendin~ on 
type of bread and oven technolo0'y; some tyne of bread re­
quires a high relative humidity durins cookina nhase. 
oven tenneratures are in the ranqe from 220 to 300 °C. 
Ovt'n tec'.rnolo0ies ra·(lge from very simnle necl OVE!'l, to 
draw-plate or multiple-deck ovens, ~o rotary peel ovens 
and reel sin0le-lap or do~ble-lao ovens, un to the most 
up-to-date technology of tunnel ovens. 
With the execution of tunviel ovens, ~1iC'~ ar0 very comolex 
and automatized high-capacity machines, all ot~rr mr~­
tioned types are within thf: ra.nae of adanted technol lC!Y, 
with various arades of cornpJrxity. 
Choice depends on local habits, tyoP of hrcad an~ capacity • 
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Bread is then cooled in onrn air or on a coolin~ r~o~ hv 
air ventilation. 
Bread normally does not require' nad:arri n~ ana is i ~edia 
tely di stri b;.1ted to the markf't; sh cl f 1 i ff' varies hctwFen 
one day to several days, accordin~ to tynF and size of 
loaves. 

rrachiYlerv descrintion 

I 
4.4.4.2.1 Kneadinq machines 

Dough k11.Padinq machines are normally of the l-iorizontal 
type; a stainless steel U-shaued co!'ltainer is s 1rnoorted 

I 
I 
I 
I 
I 
I 
I 

at both eYids by steel orofiles and can be turnPd over for 
dough unloading. 
Inside the contai!'ler, rr:otor-dri ve'.1 b1eadi '1~ arms, s~1ooorted 

by a horizontal rotating shaft, of various shaoes a!'ld 
length, provides continuous mixins and knEadin~ of bread 
i!'l0redients, ~ntil a con~act mass 8E do~~~ is obtained. 
All narts in co~tact ~it~ food have to be manufactured with 
stainlFss steel, and ~avF to~~ easi:~ cleaned a~d 
dismantled for ins~ection. 
Kneadin~ maci1ines ca'.'l be open or closec ~y a staiviless 
steel c:::>ver. 
Ot!ler types hdVE- hemispherical CO!'ltai'.'1.Er 'l;.'i t}1 arr:ls, r:::>tati vi~ 
O!'l a vertically suooorted shaft. 
Kneading machines are simnle to i'1termediate comnlexity 
iter:1.s, but its ma:iufacLlring requires a vc.:ry accurate ma_ 
chininH and finis~in~ of all operating parts and stainless 
steel thick sheet farninr and weldinrr. 
1~ac~1ine casing is of oai:ntF·d steel s:1eet, \'.:;-iile s~1i::>i::>orti'.'1c. 

bodies can be of cast iron. 

14 .4 .4. 2. 2 Ferr.lentation a!1d Droofi '10,' r8ams 

I 
I 
I 
1 

Fermentation and i::>roofi:'lg rooms ~13.vc 'Jario;ls sizes a•1d 
shapes: dough can be nlaced on trays and trays co'1vcyed 
by serial conveyors or ma11ually posi tioY1.ed 011 racx shE'l VPs. 

To save space, fermentation is ofte'1 made in overhead 
roor.ts, ":here trays are susnE'nded to belts or c11ai YlS, which 
convey and stabilize them durin~ th~ ferne11tatio11 tir.te. 
Proofing roorns are normally connected ~it~ th~ ovc11, to 
rccuoerate heat and st('aT:'l. 
Proofing rooms have a front door, thro:.-lg}1 w!·iich racks are 
loaded and unload~d of dou~h trays. 
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Rooms co~sist of metal shPet double 'Valls, filled wit~1 
insul~tin0 material, sunnorted hy a maiYl fra~c o~ naintrd 

steel Drofil es. 
!-!eat and humidity are provided by forced air, circulatiYI0 
by means of a fan throu:;h a ventinr:: hole, connected to a 
heat SO'.lrCt' (normally th<: oven itself). 
Manufacturing of f Prmeritation aYid nroofin'.j roor.is is rela-
tively simolc, but rrquires skilled thin m~~al sheet 
cutting and weldin~ and an accurat€ assemblin~. 
A typical proofing room is shown in fig. 4.4.5. 

Ovens 
A simule peeJ oven is basically an insulated container 
(made of earth or refractory bricks) , '''i th a front mo'.lt'.tl. 
Wood is fired into the oven, until walls have reached thP 
required temuerature and stored enouar. heat, then bread 
is introd~ced and cooked. 
This oven is very sirn~le and economic, but unsuitable for 

industrial ouerating. 
1-:ore adapted machines are rotary oecl and m1J.l ti nl e-deck 

OVC!lS. 
A rotary peel oven is an imnroveme~t of old neel oven, 
achiEved by senaratin0 fire room from cooking room, t~us 
allowing, by a stack, the evacuation of co::tb'J.stion gases 

whilE cooking bread. 
A rotatinc; be~cl~ takes the place 0f the ove11 botton, where 
bread trays are continuo1J.sly disnlaced by an exter11al dri VE'; 

in this way, more homo~eneous coo~ing temneraturP is achieved. 
Other imnrovements are reel ovens, with si!'l.'Jl E' 0r d01.J.bl e-
l an tray co:1vcyors, where trays are suspended to rotatins-r 
chain, driven by surockcts. 
The total capacity of t~e oven is increased 211a the entire 

vol:;.mc utilized. 
l~'vlltiule-deck ovens achieve the same ro~l by a static 
syste~, hut require a hiqher loading and unloadin0 ti~c. 
All these types of ovens are still in oneration in r.ianv 
developed and developing countries and have Droved ta 
cri ve good economical and techr.ical res·Jl ts. 
Tr.ey have an increasing- degree of comnlexi ty, fro::1 the very 
simole peel oven to more com~lex double-Ian reel ovens. 
Kanufacturing requires thin ste~l sheet forming and weldinq, 
steel weldin0

9 
machining and finishi~~. cast iron forr.iing, 

and accurate assembling. 
A typical rotating rack oven is shown on fig. 4.4.6. 
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Fig. 4.4.5 - A proofing box, with heat recuperation 
from oven ( courtesy of Polin ) 

I 
I 

,J 

Fig. 4.4.6 - A rotary rack 0ven ( courtesy of Polin) 
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PASTA HAKING 

Technology descriotion 
Pasta is a dried uncooked wheat flour dou0h, without yeast, 
with a shelf life, at ambien~ temnerature, that can reach 
several months. 
The oasta technology ori~inates from s0mP southr-rvi Dironeav:i 
countrv and uses wheat flour and water as basic inrre-

~ .. 
dients; other ingredients can be a~ded (such as eg0s). 
Dried pasta is obtained by extruding k!'leaded dou'.'!h throu~h 
a shaped hole, by mechanically Pressing it. 
Various sizes and shapes of pasta exist, ~it basic types 
are long pasta and short pasta. 
Long oastas (such as "~paghetti") are lon~ rones of pasta, 
which hcwe to be dried by hanging , while short pastas 
(such as "macaro!1.i") have to be c11 t i. n short ui eces imme­
diately after extrusion and are dried over a grid. 
In the develooed countries, very sonhisticate~ technolo­
~ies have been developed to increase pasta-makiv:ir. ca~aci­
ty and to fully automatized urocesses, but adapted techv:io 
logy for lo•J: outout rates is curre:i.tly availa~le, usin~ 
sinnler machinery, operating also i~ many develoned couv:i­
tries, in small Dla~ts. 
These machines oerform pre-kneading of do~~~. Einal kneading, 
press extrusion and cutting. Pasta is then ryassed to 
driers, \;/here fresh air c.nd thP"l !:at-air flows dry pasta 
to requested ~oisture level. 
Long pasta is then cut at desired length and nacked into 
cellophane or plastic bags. 
A typical adapted technology for pasta maxin~ is sho'll.rn on 
Fig. 4.4.4. 

4 .4. 5 .1 • !·:achinerv descri ntion 

I ~.4.5.1 .1 Press extruders 

I 
I 

?·:achinEs, which perform the whole pasta orocE:ss are adanted, 
for low output capacity, ranGin0 from 30 K~s to 300 Kgs 
of pasta per hour. 
For higher capacities, kneadin~ and press extr'1sicm must 
be separately performed and processinrr line becoMe more 
complex. 
Integrated pasta presses consist of a)"'I intake hooper, wherf' 
b2sic ingrPdients are mixed, after weighina. 
A pre-kneading takes place in the intake hopper; when ore-
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kneading is completed, hopper is turned o,:er into a. second 
hopper, where final kneadina of the dough is performed 
by rotating arms, driven by an electric motor. 
When kneading has been completed. a synchronized feeder 
supplies dough to the press, which forces dough to be ex­
truded through the shaoed hole of the head, which is keot 
rotating, for certain type of rounded nastas, by the 
same driving mechanism. 
Pasta is then continuously handled to be suspended to han 
~ers for long pastas, or discharged directly on drying 
chests, for short pastas. 
Press extruders ~re to be considered as intermediate com-
plexity machinery, whose manufacturing requires a gooc 
level of skill and know-how. 
A oress extruder is show~ on Fig. 4.4.3. 

Driers 
Drying of extruded pasta is normally achieved in two staJes; 
first stage dries pasta by forced ventilation air at a~­
bient temperature; second stage provides final drying by 

hot air. 
Dryinu times and air temoeratures must be accurately con-
trolled to obtain good quality pro~1cts. 
Small dryi!'lg chanbers consist of a metal-sheet walled co:"l 
tainer or by special rooms, where air is kept circ""J.lating 
by a fan a:!:'ld hot air is provided by hot water or steam 
heat exchanger on the air flow~ 
Driers can be used for dehydratio~ of other nroducts. 
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APPENDIX I 

Energy conservation and saving in the 

food processing industry operations 

1 - General considerations on energy saving 
in the case of adapted food processing 
technology 

2 •. Energy conservation and saving aspects 
for same products in the considered 
subsectors 
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1 - General consideration on enerqy saving in the case 
of adapted food proc~ssing technology 

Before discussing how energy savin9 measures can be 
applied to the case of adapted technology, a general 
survey of the main aspects of energy usage in food 
processing can be useful. (a) 

Energy consumption for unit of finished product is not 
homogeneous,but great differences exist from one f;ro­
duct to the other; this depends on the process employed 
and on the ratio between different types of energies u­
sed. 
It is well known that almost all food processes use 
thermal energy, because of the high sensitivity of spoi­
ling microorganisms to heat; it is also known how ther­
mal energy conversion factors, theoretically limited 
only b} che laws o~ thermodynamics (and theoretical fi­
gures are already low), are in practice mu~h lower and 
energy saving measures difficult. 
The ratio between thermal energy and electrical energy 
(the second ranking energy for food processing) is very 
high• It is known: that,for example, for tomato paste 
p~ocessing, hundred kilocalories consumed for processing 
roughly correspond. to abou .... on? hundreth of kilowatthour 
(giving a rativ of 10.000 to 1 ) and that in an inte­
grated small cannery, (where canning of different types 
of fruits is accomplished during various seasons, such 
as citrus fruits, mar.go, papaya, guaba etc.) this ratio 
is in the range of 8000 to 1 - In terms of equivalent 
energy units (KWhs or BTU) these figures correspond to 
a ratio between thermal and electrical energy consum­
ptions from about 10 to 1 - to about 7 to 1 - for fruit 
and vegetable processing. 

(a) this chapter is based on "Energy saving techniques 
for the Food Processing industry" - Noyes Data Corp. 
N.J. - USA 1977. 
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For other subsectors, this· ratio is different, but 
thermal ene=gy is,in any case , the most important 
form of energy to be supplied, and it is therefore 
that in which m3ximum effort in energy saving should 

be put. 
Results will obviously be different, depending on pro-
cess used and on technology level, but generally spea­
king,as it will be seen, actions for thermal energy 
saving are difficult and,in the case of adapted techn£ 
logies, the corresponding possible increase in comple­
xity should be very carefully investigated and compa-

red. 

This does not mean that other aspects of energy saving 
procecures are not to be taken into account: savings 
in electricity is obviously the second target. 

A very-general analysis has shown Cb) that, taking 
as a basis specific consumption figures in 1972 for 
various food products ,diff erentiatec actions co~ld 
lead to substantial foreseen energy saving for 1980. 
As it can be seen , in the table below, the target is 
different for each product, depending mostly on techn£_ 
logy used and on the incidence of thermal en~rgy on 
total energy consumption (only the products of intere­
st for this study are taken into account) : 

1972 1980{target) % 
reduc­
tion 

meat processing and pack a 

ging 2.8 2.5 

- sausages and prepared 

meats 4.2 3.7 

- fruit and vegetable cann 

ing 2.3 2.0 

{b) From "Energy Saving Techniques for the Food Pro­
cessing industry" op.cit., tab.6-1; data referring 

to USA food industr¥• 

10.7 

11.3 

13.0 
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1972 1980(target) % 
reduc-
ti on 

o.6 o.5 16.6 
- fluid milk 

cheese 5.6 5.1 8.9 

rice milling 0.3 o.3 0 

pasta making 1.5 1.4 6.6 

(note:specif ic consumption figures are in thousands of 
--- British thermdl units - BTux103 per unit of fini­

shed product (pounds) ,except for rice milling ,in 
which rough rice weight has been considered). 

The specific energy consumption reduction is the result 
of a wide range of energy conservation mea~ures, during 

a long period. 
In the food processing industry, potentially important 
energy conservation techniques and procedures are as 

f 011 ows ( c) : 

A - waste Thermal Energy tecov.ery 

~ - use waste heat from plant equipment 
(cookers, dryers, ovens, compressors, etc.) 

2 - recover heat in waste service hot water 

3 - recover heating or cooling effect from 
ventilation exhaust air 

(c) adapted from "Energy Conservation Programme Guide 
for Industry and Commerce" - NBS handbook - 115 
( 74~75), as indicated in table ~·-1 of "Energy Saving 
Technique5 for the food processing industry':; op.cit. 
In the above list, measur~s for air conditioning are 
not indicated, since of scarce use in less develop~d 
countries~ 
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4 reduce building exhausts 

5 - increase regeneration in fluid heat/cooling 
recovery by increasing heat exchanger size 

6 - use low temperaturL waste effluents to 
cool input streams (heat recovery tecni­
ques) 

7 - use process waste heat for space heating 

B - Boiler and Steam Efficier.cy 

1 - minimize boiler blowdown 

2 - use better feedwater treatment 

3 recover heat from hot "blowdown" 

4 - return more steam condensate to boiler 

5 -preheat boiler feed water and combustion 
air by exhaust gases 

6 - use exhaust gases waste heat to produce 
low pressure steam or hot water 

7 reduce combustion air flow and improve 
combustion control capability 

8 - install and repair steam traps 

9 - descale boiler tubes more frequently 

10 - insert spinners in boilers to increase 
heat ~xchange with water 

11 - improve oil atomization using compressed 
air 

12 better maintenance of burners and inje­
ctors 

13 - minimize use of low-power operating boi­
lers or stand by boilers 
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C - Heat Insulation 

1 - insulate steam and condensate lines 

2 - upgrade insulation of furnaces,boi­
lers, kilns, ovens, cookers and pro­
cess equipment 

3 - insulate walls, ceilings, roofs etc. 

D - Dryers, Evaporators and other p~ocess 
equipment 

1 - improve evaporators efficiency by u­
sing multiple effects 

2 - use mechanical vapors recompression 
in evaporation process 

3 - use recirculating air dryers 

4 - use mechanical syste~1s to pre-dry 
products before heat drying 

5 - improve mainttnance on heat transfer 
surf aces 

6 - eliminate afteriburners for pollution 
control 

7 - minimize air intrusion into ovens and 
use of air fans 

8 - match air compressors to actual requi­
rements 

9 - use microwave drying and cooking 

10 - inst2ll agitators and scrapers in va­
cuum pans of evaporators to improve 
heat transfer 
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E - Electrical ~nergy usage 

1 - optimize plant power factors (capa­
city banks) 

2 - optimize motor sizes and pumps to 
actual requirements 

3 - convert light sources to more effi­
cient ones (fluorescent, mercury,so­
dium etc.) 

4 - reduce general lighting, eliminate 
unnecessary lighting, etc. to minimum 
necessary for safety 

5 - reduce exterior buildings and grounds 
illumination 

6 - replace electric motors with steam 
turbines and use exhaust steam for 
process heat 

7 - use multiple capacity compressors for 
1ef rigeration 

F - General Energy Management 

1 re-use process wastes 

2 

3 

~ptimize equipment sizes 

use most efficient equipment at its 
maximum capacity .and less efficient 
ones only when necessary 

4 - minimize use of equipment needing stand 
by operation 

5 - shut down or reduce temperature of pro­
cess equipment when not in use 

6 - reduce operati~time :o strict necessary 
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7 - use smal1 number of high-output 
units instead of many !ess-Effi­
cient units 

8 - clean or replace filter regularly 

9 - convert from batch to continuous 
operations 

10.- convert from indirect to direct 
firing Covens) 

11 - convert liquid heaters from underfi­
ring to submerston meating 

12 - replace steam use by high tempera­
ture water, eliminate steam losses 

The above listed measures and techniques should be consi­
dered as general actions; many other minor and speci~li­
zed actions could be considered as important, depending 
on type of process and ~quipment employed. 
All these actions are techr.ologically feasible, but, 
when dealing with adapted technologies, the relationship 
between energy saving procedures and increase in comple­
xity er usageaf unadapted equipment, should be carefully 
investigated. 
Let us then consider and discuss the above listed actions 
from the point of view of adapted technologies, for opera­
tion in the less developed countries. 
The boiler and steam systems are the most obvious energy 
operations to which energy saving techniques can be appl­
ied, since , as it has been said, thermal energy sources 
are widely requested in almost all food processing plants. 
The steam generation is susceptible of appreciable energy 
losses, such as radiation and stack losses,. venting of 
unburned fuel, blowdown energy losses, etc. - The goal is 
to increase energy conversion {efficiency) to the maximum 
value possible of about 83 per cent (high industry value) 
of the fuel-to-steam efficiency; many plants are currently 
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operating at 75 percent ef f i~iency and then the tner­
gy conservation could attain a 32 per cent level. 
Such conservation is possible and could be achieved 
by using, for example, an economizer (an oeat exchanger 
on the boiler stack which removes heat from stack gases, 
which can preheat feed water and makeup water to com­
pensate incomplete condensate return and "blowdown'' pro­
cedure) or an air preheater, (which preheat with stack 
gases the combustion air) or a blowdown stream heat 
exchanger {which recovers heat from the blowdown hot wa­
ter). 
Boiler efficiency improvement should also rely on a very 
attentive and continuous maintenance of combustion sy­
stem and boiler, whose interventions should mainly assu­
re that: 

- no more combustion air is used than needed 
- burners are always free of soot 
- fire-tube and water-tube are free of scale 

Other systems employ spinners or turbulators to increase 
heat transfer efficiency. 
Of course, a higher insulation thickness can help in re­
ducing and preventing heat losses. 
Finally, the boiler should be used at the nominal rated 
capacity, since they are normally not designed to opera­
te efficiently at low power levels. 

All the abovesaid measures on boiler operations do not 
normally increase very much the grade of complexity of 
equipment and are then suitable and suggested to be em­
ployed also for adapted technology pl~nts. 

As far as waste energy recovery is concerned, many po­
tential sources of energy recovery are present in a 
food industry~ such as, for example, exhaust from dryers, 
vapors from cooking and processing equipment , cooling e­
xhausts from la:ge motors and compressors, etc. 
The reemployment of these energy sources requires a very 
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accurate study of heat balance between incoming 
streams (of products or flufds) and waste heat, be­
cause there are technical constraints in re-using 
heat if there is an insufficient temperature diffe­
rence. 
Moreover, this heat recovery equipment, although 
not very complex in itself, could increase the~need 
for maintenance and specialized operational personnel; 
except some very special case, such as chocolate ma­
king, for example, waste heat recovery techniques have 
proved to be difficult and should be very carefully 
economically compared. 
In the case of adapted technology, the heat recovery 
is not suggested, generally speaking , as a conve­
nient method of energy saving , because it can indu­
ce technological problems, which, in the context of 
the less developed countries, can rapidly spoil out 
all heat recovery advantages. 

A proper insulation is a good way of conserving heat 
susceptibl~ of losses; in the food industry, steam 
lines, return condensate i:nes, hot water lines, fur­
naces, boilers, kilns, cooking equipment and a very 
wide range of other processing equipment have heat­
irradiating surfaces, which should be conveniently 
insulated; conversely, refrigerating and cooling e­
quipment should be protected against warming. 
The only problem, when operating in the less develo­
ped countries, is that insulating materials are not 
easily available and should be imported. 
Normally, these materials have a very low unit weight 
and hence transport and storing costs could be very 
high; a careful economical feasibility analysis should 
then be performed, berore taking any decision about in­
tensive insulation programs -Of existing p!ants; new 
plants should obviously be designed including as much 
as possible insulating devices. 
Of course, also buildings should be insulated, to mini-
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A great quantity of thermal energy is consumed in 
dryers, evaporators and other process equipment. 
The efficiency of such moisture - removing appara­
tuses is normally quite low, unless certain modern 

techniques are used. 
A very good technology in energy saving is the mul-
tiple-effect evaporation, a series arrangement of 
several evaporatos, each called an effect, which u­
se steam to remove moisture by evaporation. . 

0 Water vapors are callected and used , in turn, as 
steam for the next effect, etc. 
The specific heat consumption is reduced almost pro­
portionally with the number of effects, ~r, in other 
words, the energy required to evaporate one pound of 
moisture is to be divided approximately by the number 

of effects employed. 
Modern evaporators use six or even more effects; 
three or four effects are normally employed for toma-
to concentrate and citrus juice. 
Unfortunately , as it has been outlined in the cata­
~ogue (see 4.2) , the multiple-effect continuous con· 
centrators are very complex machines, far beyond an 
adapted technology level. 
Adapted technology should rely on single-effect vacuum 
kettle concentrator, whose consumption, in terms of 
steam per unit of oucput product, is about two times 
and a half higher than that of an usually employed 
three-effect concentrator. 
This is one of the cases , in which a very efficient 
energy saving measure cannot be used because of its 
complexity, if technology has to fit with adaptation 

criter~a. 
This is also the case of baking ovens, where thermal 
efficiency increases, from wood-fired peel ovens to 
modern mechanised techniques,of about 5 times. Cd} 
It is clear that, in the first case, only r~~ewable 
energy sources are employed , while, in the modern 
techniques, mineral oil is needed, but it is obvious 
that the increasin~ needs for higher processed food 

(d) G.BARON : "Technology, employment and basic needs 
in food processing" - case study no.l-
pag.89 
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quantities would rapidly spoil out also "theoretically 
renewable" sources, such as'wood, and furthermore,very 
difficult industrial operations and maintenance prc=e­
dures could be envisaged. 
One of the feasible examples of alternative energy sou-
rce for thermal energy production is the husk-fired 
steam generator for rice parboiling equipment; but,also 
in this case, an increase in complexity is to be put into 
account and a very efficient and continoous btrrer. maintenanceJX"ov.ida:l. 
The solar dryers are other examples of alternative energy 
devices for thermal t~eatment, but, even if promising 
results have been obtained, they are, at the moment,not 
suitable for industrial operations. 
Intensive researches in this field are in progress, but, 
generally speaking, for the time being, an increase in a 
efficiency of heat conversion perunit of output product 
should rely on more sophisticated processing equipment 
and therefore on an increase in complexity, which often, 
in turn, causes adaptation limits to be depassed. 
Thermal conversion efficiency improvements should there­
fore always be checked against the maximum tolerable in­
crease in complexity , for less developed environment 
operations; otherwise , it is well known that lack of 
maintenance rapidly spoils out any benefit given by the 
energy saving. 
As far as dryers are concerned, a simple improvement in 
energy saving could be the employment of mechanical pre~­
ses , that remove as much water as is possible before e­
vaporation. 

Electrical energy saving is very important, even if the 
total consumption figures are lower than th~rmal energy, 
because it is a more expensive and valuable energy sour­
ce, particularly for the less developed countries. 
Electrical motors can have inductive losses in their win­
dings, that a capacitor bank could reduce; the power 
factor of the motor can raise from 70-80 per cent up to 
90-95 per cent. 
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Such a change also improve~ electrical use efficiency. 
As boilers, motors have been designed to operate at 
maximum efficiency when full loaded; often,to prevent 
burnouts, over-sized motors are installed, but a pro­
per management for energy saving should match. motor 
loading conditions with rated power needs and install 
fuses to protect ~otors against burbouts due to power 
surges. 
A great saving could be achieved in electrical lighting, 
by reducing excessive or unnecessary lighting. Measures, 
such as zone lighting,reduced warehouse lighting, conversion 
from inefficient to more efficient light ~ources, cleaning 
and replacjrg dirty or defective shields, can attain an 
important and long-lasting electrical energy saving. 
All those measures do not inc~ease system complexity, 
but rely only on an effective maintenance and management 
practice. 
As far as electrical main supplies are concerned, it is 
to be noted that brownouts, blackouts and voltage lowerlngs, 
besides the disastrous effect on food being processed,co~ 
siderably increase total consumption per unit of fini-
shed product, because of the very low total efficiency. 
To prevent these effects, the only practicable way, where 
steady and efficient electrical power distribution system 
is not guaranteed, is the installation of an emergency 
gene~ator; it is worthwhile remembering that a generator 
is a very delicate and complex equipment, whose efficien­
cy grade highly depends on regular and effective preventi­
ve maintenance , to avoid malfunctions just in case of ne­
cessity. 

Finally, it is to be noted that the most effective energy 
saving measures rely on changes on plant operating pra­
ctice and maintenance; such conservation techniques are 
generally of minimal cost, but require very well trained 
personnel, entrgy-saving minded. 
Boiler maintenance and elimination of idling equipment 
should be the two main concerns of the plant management 
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It is to be pointed out thab energy can be saved better 
by people aware of how energy flows and is used in the 
plant; this means that personnel has to be trained ade­
quately and should have assimilated the main working 
principl~s and energy usage procedures of the machinery; 
it is again a case in which an adapted technological 
choice is the eecessary condition for a good operational 
practice. 
Good housekeeping can be an energy saving measure because 
many actions , even if each,individually,yields minor re­
turns, all together can sum up important figures. 
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2 - EnerQ~ conservation and saving aspects for some 
products in the considered subsectors 

A~ong the above listed measures and techniques for 
energy saving, it will be pointed out in this para­
graph which of them are of concern for some produc~s 
in the four subsectors considered on this study, i.e. 
meat, fruit and v~getable, dairy, cereals processing. 
It is to be remembered again that the actions, li­
sted below, are only technolo~ically feasible, but 
their economical feasibility should be checked case­
by-case, by calculating internal rate of return of 
the investment and carefully evaluating possible com­
plexity- implications. 

Meat processing 

- sp&ce heating and refrigerating , by lowering or 
raising temperatures and improving insulation of 
buildings and accurately maintaiaiog windows and 

exhausting holes 

- maintenance and oper~tion of combustion controls, 
optimization of blowdown procedures, repairs of 
leakage in valves, elimination of standby boilers. 

- heat recover~ from boilers for condensate return 
and feed water treatment (no economizer practicable, 
because watertube boilers are normally employed) 

- reduction in the use and heating of hot water 

- h~at recovery for makeup water 

- increases in steam operating pressures and tempera-
tures (causes higher complexity) 

- reduction cf lighting 

- improvement of insulation cf refrigerating cells and 
refrigeration generating and distributicn network. 

- replacing old units with new efficient ones 
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- operation21 control and ~aintenance of production e­
quipment of high energy consumption , such as ovens, 
smokehouses, cooking tanks, generators, afterburners 

etc. 

- miscellaneous good house-keeping procedures, such as 
turning off lights in the ~efrigeratio11 rooms, moni­
toring of prc1uct temperature requirements, elimina-

tion of condensation e~c. 

- maintenance and repairs of refrigerating compressors 

and insulating material 

fruit and vegetable processing 

- recovery of hot water discharge from peeling and wa­

shing machines 

- conversion fiom retorts to continuous cookers (cau-
ses higher compl~xity) 

- changing ~rom steam to hot water in blanching 

- shortening the cooking time by increasing temperatures 

- recover heat rrom r~tort cooling water 

- recover waste heat from various equipment to heat 

space 

- improve boiler maintenance and blowdown procedu~es,by 
using water softeners 

- lowering temperatures in t~e process whenever possible 

- repairing immediately steam leaks 

- improving insulation in steam and condensate lines 

- reducing lighting 

- installation of protecting doors in the refrigeration 

rooms 
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«• improving and controlling operating procedures of 
motors, lubricating equipment, bearings, capacitors 

etc. 

- employing mvltiple-effect techniques (causes higher 

complexity) 

Bakery 

- improve operating procedures of beaking ovens, by re­
ducing heating-up times and keeping ovens filled with 

product 

- minimizing use ~f fans of input/output from ovens 

- recovery of oven stack exhausting gasses to heat 
proofing rooms or other equipment 

- im~rove insulation in buildings, ovens, proofing rooms 

etc. 

- improve maintenance whenev~r possible 

- reduce space heating by lowering temperatures, 
minimizing ventilation, 

- improve boiler operating procedures, by minimizing 
scale build-up and increasing combustion efficiency 

- reduce hot water usage 

- minimize idling and stand-by times of ovens, boilers, 
lights and other equipment 

rasta maki'!,9 

- improve boiler operations, as described for other 
products 

- use dryer exhaust for space heating 

- use microware d1yers ~~auses higher complexity) 

- improve maintenance whenever possible 



I 

Cheese making and milk prqcessing 

- improve operating procedures of pasteurizing 
procedures, by using HTST pasteurizing (causes 
higher complexity) 

- improve boiler operations, as for oth~r ~roducts 

- improve curdling vats ins~lation 

- UEe HTST (high temperature short time) heat reco-
very system to heat incoming milk (causes higher 
complexity) 

- recover heat, whenever possible, from output pro­
ducts 

- minimize cooling water usage, by heat recuperation 

- improve refrigerating and cleaning procedures 

- improve insulation of tanks and pipes 

- improve maintenance of refrigerating equipment 

- reduce lighting 

As a summary, it can be stressed once again that energy 
saving procedures rely mostly on the following three 
actions, whose results are positively achieved only when 
a !arge number of little interventions sums up in a ap­
preciable result: 

- improving machinery and equipment 
~esign concerning energy utiliza­
tion (this may cause an increase 
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i~ complex~ty and it is therefore to 
be carefully analyzed) 

- improving maintenance and repairs 
procedures,possibly with a preven­
tive maintenance programme 

- improving operating procedures of 
machinery and equipment, by energy­
saving minded and adequately trained 

personnel. 
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APPENDIX II ===.:========= 

Some examples of production scaJe in adapted 
technology food processing 

1 - Gener~l considerations 

2 Some examples : 
2.1- Tomato :r;aste processinr; plant 
2.2- Small intecrated cannery 
2. 3- Rice r:iilline plo..nt 
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1 - Gcnernl con5iderations 

It is very often argued that Eroduction capacity 
is the discriminating factor for any technolor,ical 
choice; it~said that high.capacity nece~sarily 
implies sophisticated technoloeies, while v~ry 
low capacities are better performed by simple 
technologies. 
It is evident that more complex technologies 
(and related machinery) have been dev~loped ~ 
in order to increase specific capacity of a given 
processing line, but this is not the only function 
which a technolocical improvement modifies. 
In chapter 2 of the general part of this study, 
a simple functional analysis of food processinE 
technologies and machinery ho.se shown that at 
least four functions are modified by an increase 
of techno)ogical complexity : the product quality 
output, a the degree of automatization of the line 
(and thus the increase in capacity), the pack~ging 
system, t~e energy distribution and consumption 

aspects '. 
The production capacity is then one of the factors 
which has an influence on the complexity of a 
given processing technology or machinery. 
Any increase in capacity is strictly connected to 
a hicher automatization of the line~ requested 
because of the non-economical operations of multi-
ple parall~l manual lines. 
For examDle, canning and seaming of 100, 1.000 
or 10.000 cans/hour determines a technology selec­
tion of manually-operated serurinr r.1ac~inF.:.;. for 

a) a discussion about higher or lower "quality" 
with respect to technology has b~en held on 
para. 2.2 of the study. 

b) see appendix I 

·I 
I 

t 
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100 c:i.ns/hour, semi-automatic or nutomatic r.rachines 
for 1.0CO cans/hour, fully autom:.itic hieh-specd 
machines for 10.000 cans/hour. 
It is evident that 10.000. cans/hour could be seamed 
also with the uf:le of 100 manually-operated n1achines, 
with 100 workers, but this would imply an enour~ously 
hicher m~power costs plus more space, more mainte­
nance, more manaeement etc.; one hundred manually-o­
perated machi~es are 1..meconomical also in a very low 
waee en7ironment, because they induce other operatic 
nal costs, other than the already probably unachie­
vable ma~power costs. 
For a Gi ve:1 plant, the capacity of each line determi 
nes the choice of the technoloL;ical complexity CI 
the machine : at increasine capacity, decree of 
automatization increases to reduce costs a~d to 
allow automatic operations, without or ~ith less 
r.uman intervention. 
In the example of the searnine .machine, no technogical 
adantHtion is possible when 1C.OOO ca,s/hour capaci­
ty is re quested; in other vrnrds, there is a ;r.aximlln 
production capacity, for each type of line, machine­
ry, process etc., which can be performed by technolo 
gicaJly simple machines; beyond, a higher complexity 
is requested, becausi:! the machine must rely on a 
CErtain decree of auto~atization, to woYY- pro:erly 
and to be adequately managed. 
But, re··.;.ining wi thi.ri this r;;aximwn limit , j t could. 
be argued that 1.000 cans/hour could be obtained for 
ex:l!Ilple by three plants producing at a rate of abuut 
300 cans/hou:- each; in this case}1is likely that 
three ma.nually-operat~d seamine machines, in each 
factory, could be? economically managed.. 

Then, ~he technoloeica.l choice depends, with in 
certain limits, from the pr~duction scale; if overnll 
plant dimensions are kept within small sizes, it is 
very often possible to employ low-capar:· i ty (and 
possibly adapted) technolocies. 
This, of course, implies that the general industria­
lization policies {for food processing) privilece 
the U.ist:rict-level small-sized plants cperation, 
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in3te;id of the t\Uce ~entrnlized plant. 
T!Jis :is poss i blc, in practj_ee, if dee i :..;ion mal:er:..; of 
the less developed countrie:..;, responsible for the 
food processinc industry development, are well 
conscious cf the auapted technolocical chcice impli­
cations, on production scale as on other socio-econo 
m1c aspects. 
B~sic choices, such an decentralizinc food processinr. 
plants location, producinc only for the dor.1estic 
!!lark et~ stimul:itinc loca~ mainte!'1211Ce and mn.nufactu­
rine capability, procrar.i.mine an "F.d8.pted" personnel 
training, can practically be sustained, onl~r if an 
i~tecrated development prograr.1me for the food proce­
ssinc inuustry (an~ po£sibly for food processinc 
~achinery manufacturi~g industry) is fully evaluated, 
from technoloeic~l and econo~ical points of view. 
Technclocical implications have been discussed in 
previous studies and surri:narized on para. 2.1; four 
basic assumptions uefine the operatine conjitions 
of the adqpted food processing industry in the less 
developed ~ountri~s. 
One of ~hese assumptions is, obviously, that a food 
processinc plant (not necessarily firm) should be 
kept at P small production scaie, because hiGh rates 
m?..y cause capacity problems for some line and/or 
isolated machine, exceed.inc adapted technoloey 
level o~ interven~ion, as it has been pointed out 
in the exrunp)_e of the searninc r.iach ine. 

Economical implications of an adapted techr1oloey 
r-hoice c~ be P.valuated only at project fe~sibility 
study !evel, when the operatine condjtions of a 
~ive~ project have been defined. 
For an econonical evaluation of production scale the 
following aspects should be fully investic~ted : 

marl<:et and demand 
raw materials supplies 

- plant location alternatives 
available manpower qualifications 

- possible financing sources and conditions 

On the basis of the results of these studies, a 
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production scale evalur..tion c~ be performed, by 
computinc : 

annual pro'.luction procrnmme 
- ·annual supply proerfllllme 
- project encineerine (technolocy, equipment, 

civil works etc.) 
plant orc:inization (m:inpower, ma.nacement etc.) 
investement costs and financine scheme 

At this point, annual economic profitability C'.'!11 

be checked by computing : 

- assumed price
0

f finished products 
- revenues 
- total costs ( v1ages, overhead costs etc. } · 
- annual profitabily (after deduction of interest 

costs) 

Usu.ally employed commercial profitability criteria 
are : 

net present valve 
- internal rate of Yeturn 

pay-bacl':: period 

In a productiofi scale economical evaluation, these 
computations should be repeated until the most 
convenient scale is foun~. 

In the next chapter. to supply input d~ta for 
possible economical feasibility analyses, some 
examples of small-scale food processing plants are 

t':i ven. 
Plants of this scale are in operaticn in some less 
developed country and the r~ted throughputs are 
considered as technically convenient for adapted 
technology operations. 
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2 - ~ome exrunples 

2.1 Tomato paste processin~ plant 

* 

Haw product : fresh.tomatoes 
Finished product : tomato p:i.ste at 3G~ solid residue 
Packa~ : 50 GTS. C~'1S 

Technolocy : 

The technolcey employed is basically that, descri 
bed on para. 4.2.2. of the catalocue. 
The cold-break method is employed; main steps 
are as follows : 

fruit prepar~tion is done in a washing-machine 
and then fruits are inspected as they pass in 
a conveyor belt; ~Y d ~ma_sed is re~tovcd. 

fruit crushinc is accomplished b~ a rotating 
comb crusher; the fruit rn~shed is then pumped 
to a refiaing-pulpine machine, where siftine of 
juice is performed. 

juice concentration is performed in a vacuum 
kettlE concentrator in two stages. 

pasteurizator and filling c211 be perforned in 
a continuous high temperature pasteurizer 
followed by an immediate can filling or by 
filling c~ns, to be pasteurized in a pasteuri­
zing retort; seaming is done by a semi-automatic 
seamine machine; cans are then cooled in ope!1 
air a'1d labelled. 

The product is usuallly sold in 50 g. sealed 
cans. 
An alternative packacinc; system C'ill be flexible 
plastic t11bes with a replaceable screw top. 

from "Inventory of adapted i;echnologies for ACP 
countries "• 
8enter for Industrial Development (CID) -B~ussels 

1979. 
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11atca throur:hnr.lt 

- 2)0 J:r:s. of fresh tor.::-itoeLl per hour which corre­
r:ponc1s to about 90C.OOO can~ of )0 crs. of tomato 
paste per year, workinc-6 days for 2G weeks at 
sinele shift (6 month~:. 

Man power 

rm. gu2.lification 

1 manaeE:!r 
1 clerk 
1 typist 
1 shift supervisor 
3 proct.ss operators 
1 quality control 
4 ccneral labour 
1 dri Ve:' 

13 total staff 
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2. 2 Small inte,n-rated cannery h 

Ha-.•• products: orn.nee, crapefruit, lemon, lime etc. 
maneo, pa~pav•, ru~vn, pineapple etc. 
tomato 

Finished products : natural Juices or nect~rs 
concentrates and pastes 
fruits in syrup 

P:lcka;:ing : 100, 200, 500, 1.000 ers. cans 
200 lts. barrels 

Technoloc;y 

* 

Pineapole processing 
Bipe pineqpple, comine from the collecting 
stations in bj_ns, arrives to the receivinc; area 
to be manually sorted ~nd put on the sizer a11d 
corer machine. 
Th:i_s machine performs t':,e f ollo·,-. inc; 

removal of the outer s1:in 
tops cutting 
core elimination 
pulp extraction from peel for Juice preparation. 

The obtained cylinders before being transferred 
to the slicinb machine pass through a belt for 
:urther inspection and manual elimination of peel 
residues or other. 
The prepared sliced fruit falls on a sorting and 
packir.e table where it is manually canned into 
1 kg-cans. 
~illed cans are then transferred to the syrup 
filling rr.achine and then to the sealing machine. 
After sealing, the c~s are put into baskets and 
are convey~d to the pasteurizer and then to the 
cooler. 
Dis~~rded pieces of fruit, from the sizer-co r er, 
from the cylinders inspection table ~d from the 
cannin1; section, are collected in containers and 
sent to the crushing pump which connects to the 
juice line. 

atveloped by Decco-Roda SpA - Bertinoro {Fo)-Italy - . 
for less developed countries' operations. 
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Citrus Linc 
Citrus fruit is dumped into· the tank for the first 
washinc operation. It is then sorted onto a roller 
type belt and washed ac;~in _into the brusher-washer. 
Washed citrus fruits are transferred by m~ans of a 

belt to the juice-oil extractor. 
Extracted juice is sucked by the vacuum refiner 3!ld 
sent to the mixine tanks. 
By means of a pump, the pulps are conveyed from the 
vacuum refiner to the helicoidal press which extracts 
residual juice. 

From the mixinc tank the citrus juice is transferred 
to the dea~rator in order to avoid oxydation-of the 
product when canned. The Juice, through the tube nest 
pasteurizer, is conveyed to the Ca.f'\~"ling section for 
cans of 200 crams. 
Filled cans are then cooled by means of the net-type 
continuous cooler that, in its endinc part, will 
also provide the drying of cans '-'•i th a fan. 
The litographed cans are manually packed into the 
cartons onto a suitable belt equipped with holding 
benches. 
:-:n case of no-li tographed cans, they are convered 
to the labelling machine. 

T·:!ango Line 
t.r:ango or ether similc.r fruit, when at the right 
ripeness, is washed and sorted in the Sar.le machines 
of the citrus line. 
The product is then sent through the belt and the 
elevator to the pulper. 
The or~ained pulp is heated up in the tube nest 
pre-heater and refined in the finisher. 
t!ango puree can be processed to obtain fruit nectars 
by the same line used for citrus juice or concentra 

te. 
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Pawpaw Linc 
Sorted fruit is manu~lly cut in h~lves in order to 
remove seeds onto the preptration t~ble ~na sent to 
the pulper to be trn.n:;formcd in pulp. 
The obtained pulp then und~rcocs the s8.Ine process 
described for manr,o. 

Tomato Linc 
Tomato is wash~d ~d sorted in t~e machines used 
a~so for citru~, and tom~to juice is precessed in 
the machines used fo~· man_-o up to the concentration 

plc:nt. 
In short, tomato will follow this w~y 

v1ashinc; tank 
- sortint; table 
- connectinc; belt 
- elevator 
- pulper 
- tube nest pre-he~ter 
- finisher 
- juice col~ectinc tu~k 

•romato juice can be sent to the m1x1nz tanks to 
obtain drinkable tomato juice or directly to the 
vacuQ~ kettle concentration plant in order to 
obtain to~ato paste 01· concentrate at needed Brix 
deGree. The concentrate is fil~ed into 20C kc. 
barrels er into 100 gr~J~ cans in the packing line. 

Rated throur;hput 

Fruit Days Hours Total Hourly Input 

variety per per v.'orking input (tons per 

see.son day hours (tons) year) 

citrus fruit 120 8 960 3 - 4 2880+3840 

maneo 40 8 320 1 - 2 320+640 

tor.iato 150 8 1200 1,5 - 3 1800+3600 

papaw a 120 8 960 1 - 2 960+1920 

pineapple 60 8 480 3 - 4 1440+1920 
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T':in power 

No. ((un.li f i cat i Of!. 

1 - Plant superintL:ndent 
1 - Process foreman 
1 - Foreman for fruit reception 
3 - Skilled operator~ for cit~us Juice ex~raction 
4 - '.'/orkers for pine~pple cylinder~ inspection and 

trinminG 
6 - Can filler opcrator8 
1 - Syruper and sea.mine operator 
2 - Con~entration plant and pasteurizer attendant 
1 - Sugar, mixing, blending attendant 
1 - t.~echg,nic 

1 - Electrician 
1 - Laboratory attendant 
~ - Viarehouse f oreraan 
3 - Accountinc office and slericals 
2 - Fork-lift drivers 

10 - Labourers. 

39 Total staff 
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2.3 Hice-mjllinc: plant 

Raw product : - paddy rice 

Finished product : 

PacJ:acinr: : 

Technolocy : 

white rice with traces of eerm 
an1 bran 

The rice mill i~ a two-staee mill. The first sta~e, 
or de-husking, is performed by a ~ubber roll sheller, 
for husk removal; husk is then separated by the 
blower of the sheller. The second stage could be 
performed by a seconu p~ssaee on the rubber roll 
huller for bran removal, or by the use of an­
Eneelberc huller. 
The first syste~ is preferable bec~use it yields 
more head rice and has proved * to be more profita­
ble at district level. 

Ratec throu~hput : 
A maximun of 75C kes. per hour of dried p~ddy, 
which means a total annual throughput of about 
1350 tons, considering a daily production of 4,_ 
tons for 300 working days each year. 

L~an power 

No. Qualifications 

1 miller 
1 - assistant 
4 ll!lSkilled 

6 Total staff 

see - '1
/\ techno-economic evaluation of rice mills 

for coopPrative and village operations" 
J. Ramaling~m - FAO - Indonesia - 1980 
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APPEH!)IX !II ============= 

List of potential supplier~ of food 
proccssinc machinery 

·Note : this is a non-exhaustive indicative list 
of italian manufactures of food processing 
machinery i~ the four consirlered subsectors. 



1 
D 

u 
n 

ll 

II 

II 
II 
ll 
I 
r 
I 

204 -

SUPPLI'.-H~ OF TECHNOLOGIES AND TROCES5It!G LIT:I:~ 

GAHIDOLDI snc - via Pienz:i 20 -; 0142 t.:ILANO 
rice proce~sinc 

- LUCI llJlI OHESTE spa via Boloc,na 31 - 43i00 PAHI.~A 
meat proccssinc 
carmine equipment 
fruit 311cl ve:,:etable proccs::inc 

- utilities 

- T.!ANi:H!I TITO &F. spa - via Tonale 11 - 43100 PAR:.".A 
fruit and vegetable processinG 

- canning equipment 

- RODA spa - P.O. :!JCj: 7- 47032 Bertinoro - FCRLI' 
fruit and ve~etable processin~ 

- RCSS ING. & CATE.;..,LI snc - via Zarotto 11 4 
43100 PAR:~A 
- fruit n.nd vecetable 

process inc 
- c~'1!1inc equip~ent 

dairy processing 

SCRDI ·• spa - v.le Trento Trieste 37 - 20075 JXDI-!H­
- dairy processing 

- VAR spa - via ~=milia Ovest, Centro 2000 - :.·on:snA 
- meat processing 
- slaughterhouses 

- VETTORI & 1.~ANGHI sprr - via Spezia 54 - 43100 FAR!.'lA 
fruit and veget~ble processing 

- meat processing 

- POLIN sas - v.le dell 'Industria 9 - 37100 VERONA 
- bakeries 

I 
I 
I 
I. 
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SUPPLIERS OF FOOD PROCESSING MACHIUERY 

1 - Meat processing and slauchtering 
2 - Fruit and vaeetable processing 
3 - Dairy processing 
4 - Cereals processing 
5 - Packaging 

- Af.11B snc 
Via della Tecnica 19 s. Lazzaro (BO) 

ALMA LEVATI srl 
Torricella Sissa - Parma 

- AVONI DANTE 
Via r.~atteotti 16 - Villanova di CASTENASO (BO) 

- ARFA snc 
Via Ttarconi 3 - Noceto PAR!.~A 

- BRECO 
Strada Golese 30 - PARMA 

- BREVI GLIERI 
V .le delle Nazi oni 36 - !.!ODENA 

- BRIZZI O. 
Via Portacastello 3 - BOLOGNA 

- BOSELL! G. 
P.zza Partigiani 15 - Noceto PARMA 

- CGZ ALIMEC srl 
Via Are 2 - SalP... Baganza PARI'.'!A 

- COS'T'UZ. T.!'ECG • ROY ANI 
S.S. 62 KM 161 - Luzzara REGGIO E. 

- cr.fP 
Via della Suora ~37 - MODENA 

- CASEARTECNICA 

1 

1 

4 

3 

1 

4 

4 

3 

1 

1 

4 

Via Bertini 26 -· PAR?.1A 3 

- nALL 'ARGINE & GHIRETTI snc 
Via Nazional~ Est 43 - Stradella di COLLECCHIO 
~~A 2 
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- DI NARDO P. 
V .le Storchi 347 - T.~ODENA 

- DRUSl AN! R. 
Via Asj_aeo 14 - Castelfranco Emilia MODENA 

FAVA GIORGIO 
Via Cera ti 19 - PARMA 

- FAVA GIANFRANCO 
Albe:.."i di Vieatto PARr.!A 

- FBR srl 
Via A. da Brescia 12 - PARMA 

- Fi,'!C - Food t.!achinery Italy spa 
Via Mantova 127 - PAm.'!A 

- FORNI ZEH!~ srl 
Strada Sant 'Anna 581 - i."ODENA 

- FRIGOt:iECCANICA spa 
Via Provinciale 17 - Sala Baganza PAR:.:A 

GHIZZONI DANTE 
Via Llatteotti 6 - Felino PA]liA 

- GHIZZONI ET~ORE & FIGLI snc 
Pannocchia PART.:A 

- GHERRI GINO snc 
Strada Nuova Naviglio - PARt.~A 

- GISTAR snc 
Via di Vittorio - Fornovo di Taro - PARi.:A 

- IB di BERTOLI & CORRADINI 
Via San Uarco 38 - Guastalla REGGIO E. 

- I~.~AS snc 
Via Cheguevara 5 - t.~CDENA 

- H~A srl 
Via Guerrazzi 5 - REGGIO E~ILIA 

- ING. DARECCHIO 
Via Emilia - Castel Guelfo - ·PAR:.:A 

- ITALCOSVOS srl 
Via dell 'Artigianato 35 - PIANORO 
BOLOGNA 

- ING. FERRETTI srl 
Via Pellico 5 - Quattrocastella REGGIO E. 

, 
1 

1 

2 

2 

, - 2 

4 

1 

2 - 5 

, - 2 - 5 

5 

, 
1 

1 

3 

, - 2 - 5 

, 
3 
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- IFM srl 
Via Buozzi 15 - Salsomag;_:;iore PARr,1A 

- LA PARt.U GI AHA sr 1 
Via Porro 2/4 - Fidenza PART.1A 

- LEVATI R. spa 
Via Nazionale Est - Collecchi o PAR'.'.1A 

- LATl1PA 
Via Uilano 8 - Gatteo FORLI' 

- LATINI PIERO 
Via F. Rosselli 23 - Carpi t:ODENA 

- t:ALAGUTI ANGELO 
Via Corti 45 - !.~OD:sNA 

- T.~ALAGUTI NERIO 
Via Corti 41 - T:~ODEHA 

- t':ATlZIN.i GIOV A":!n & FI GLI snc 
Strada i!:adonnina - Uadregolo PART1A 

- T.1A.Pl. BI. 
Alberi di Vigatto PAR!-iA 

- ~IGLIAVACCA C. & C. 
Via Alessandria 5 - ?AR!.~A 

- ~.'!OLITECNICA ARDUINI snc 
Via Caduti di Amola - BOLOGNA 

- NIU:A 
Via Lasagna 5 - P ARt.1A 

- NSV snc 
Via Bernini 97 - T.'IODENA 

- NUOVA OFF. i:ECC. F.LLI FILIPPINI 
Corte Tegge - Cavriaeo REGGIO EMILIA 

- OFF. t'!ECC. BARALDI F. 
Via Radici 308 - Formigine ?.!ODENA 

- OFF. RONCAGLIA spa 
Via Aralai 100 - :.~ODENA 

- PANINI srl 
Via Ferrari 49 - Mara.nel:Lo MODENA 

1 

4 

1 - 2 

4 

4 

4 

4 

1 - 2 - 3 

2 - 5 

5 

4 

2 

1 

3 

2 

4 

3 
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- OFF~ MECC • Z IVEHI 
Pilastro - Lanchirano PARUA 

- PALTRINIERI E. 
Via Provinciale 54 - Medolla MODENA 

- F.LLI PARTl!EGGIANI snc 
Via L

0
da 5 - Castelfranco Emilia r.mDENA 

- PELLAC;INI PIO 
Via Paisiello 8 - PARMA 

- PELLACINI SERGIO & FIGLI sas 
Sal~. Baeanza - PAE.MA 

- RAS snc 
Albinea REGGIO Er.U LIA 

- RIVAit.<\. 
Via Langhirano 210 - PARi.:A 

- ROSSI A. & C. 
Via Trieste 5 - ?ARt'fA 

- ROSSI ING. A. sas 
Via r.!oletolo 2 - PARUA 

- SAVI ANTONIO spa 
Via Ravasini 13 ·- PAR:-.'lA 

- SENZ AN I BREVETT I spa 
V.1e Risorgimento 13 - Faenza FORLI' 

- SH.TPI,A snc 
Via Torrette Cagniona - Savigniano S.R. 

F'ORI·I • 

- Slr.! BIANCA spa 
Via Uarescalca 100 - FERRARA 

- S!.~ sas 
Via A. Buozzi 10 - Nonan7.ola i.'!CDENA 

- St1 
Via Ortles 4 - PARMA 

TECNOINOX 
Via Di Vittorio - San Pancrazic i'AR!1~A 

- TECNUINDUSTRIA Enc 
Via Spezia - Cavall:i. di Collecr.hio PARMA 

, 
, 
1 

2 

, - 2 

, 
1 

5 

2 - 5 

2 

4 

4 

4 

3 

2 
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- UNION snc 
Via Colombo 29 - MODENA 

- VICTUSR'>RNI srl 
Via Romagnoli - San Paolo· Torrile PARr.lA 

- VILLANI UARIO 
Via VIII Marzo 14 - Colle~chio PARMA 

- ZACt.U 
Via Mantova 139 - PAR!.':A 

- ZAR.OTT! & C. srl 
Via Cantelli 5 PARt1A 

- ZILL! & BELLINI srl 
Via Benedetta 83 - PARI.~A 

1 

4 

4 - 5 

2 - 5 

5 

2 ·- 5 
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