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EXPLANATORY NOTES 

A full stop (.) is used to indicate decimals. 
A comma (.) is used to distinguish thousands and millions. 
A slash (/) is used to indicate ··per''. for example t/a = tonnes per annum. 
A slash between dates (for example. 1979/80) indicates an academic. crop or 

fiscal year. 
A Jash between dates (for example, 1970-1979) indicates the full period. 

including the beginning and end years. 
References to dollars ($) are to United States dollars. 
References to rupee5 (Rs) are to Indian rupees. In Octobt-r 1978 the value cf 

the rupee in rela~ion to the dollar was $I = Rs 7 .90. 
Tht: word billion means 1,000 million. 
The word lakh means I 00.000. 

The following flOtes apply to tables: 

Three dots ( ... ) indicate that data are n('t availahle or a1: not sepa
rately reported. 
A dash (-) indicates that the amount is nil or negligible. 
A blank indicates that the item is rsot applicable. 
To(als may not add precisely because of rou"ding. 

In addition to the common abbreviations. symbols and terms and those 
accepted by the International System of Units (SI). the followa~~ have been 
used: 

GDP gross ~m~tic product 
GNP gross national product 
NPV net present value 

AFDC 
ASCI 
ASE AN 
ASRCT 
ewe 
FAO 
FCI 
FllR 
IGSI 
IW 

Orpwi•dom 

Agricultural Food Division Council 
Administrative Staff College of India 
Association of South-East Asian Nations 
Applied Scientific Research Corporation of Thailand 
Central Warehousing Corporation 
Food and AtJiculture Organization of t~ Unit'~ Nations 
Food Corporation of India 
Federal Institute of Industrial Research 
Indian Grain Storage Institute 
lntem.:itional Labour Orpnisation 

" 



IRRI 
ISi 
KCMPU 
NCA 
NORAD 
SWC 
TISI 
TPI 
UN•CEF 
WHJ 

acre 
CAP 
FFA 
quintal 
R;md D 
tee 

EXPLANATORY NOTES (mntim;edi 

International Rice Research Institute 
Indian Standards Institute 
Kaird Co:-operative Mille Producers Union 
National -Commission on Agriculture 
Norwegian Agency for International Development 
State Warehousing Corporation 
Thailand Industrial Standmds Institute 
Tropical Products Institute 
United Nations Children's Fund 
World Health Organization 

(1 acre = 0.4 ha) 
cover and plinth 
free fatty acid 
100 kilogram 
research and development 
tonnes of coal equivalent 
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The concept of appropriate technology was "'iewed as being tlze 
technology mix contributing mo~ to ttonomic, social and environmental 
objectives, in relaticn to resource endowments and conditions of applica
tion in each country. Appropriate technology K'as stressed as being a 
dynamic and flexible concept, "'•hich must be responsive to varying 
conditions and changi1•g situations in different countries. 

It was considered that, with widely diwrgent conditions in developing 
countMs, no single panem of ttthnology or technologies could be con
sidered as being appropriate, and that a broad sptttmm of techno/Qgies 
should be examined and apolied. An imponant °'~rail objective of 
appmpriate technologica~ choice would be the achievement of greater 
terhrrological self~liance and increased domestic .echnological capa
bility, together with fulfilment of other developmental goals. It was noted 
that, in most developing countries, a major development objective was to 
provide adequate employment opportunities and fulfilment of basic 
socio-economic needs of the poorer communities. mostly resident in rural 
areas. At the same ti!M, some developing countries were faced with 
considerable shortage of manpower resources; in some other cases. 
greater emphasis was elSential in areas of urban concentration. The 
appropriate panem of •~chno/ogical choice a.'ld application would need 
to be determined in the context of socio-economic objectives and a gfren 
set of circumstances. The selection and applicmion of appropriale techno
logy would. there/ ore, imply the use of both large-scale techno/ogie~ 
and /ow-cost small-scale technologies dependent on objectives in a given 
SP.I of circumstances. 

Report of the Ministerial-~I Meeting. Interna
tional Forum on Appropriate Industrial Technology 
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Foreword 

As part of its effort to foster the rapid industrialization of developing 
countries. tht: United Nations Industrial Development Organization (UNIDO ), 
since its inception in i967, has been concerned with the general problem of 
developing and transferring industrial technology. The Second General 
Confer.!nce of UNIDO, held at Lima, Peru, in March 1975, gave UNIDO the 
specifk mandate to deal in depth with the ~ttb~ect of appropri3te industrial 
techno!vgy. Accordingly, UNIDO has initiated a concerted effort to develop a 
set of measures t1:1 promote lhe choice and application of appropriate technology 
in dt:veloping countrie3. 

Appropriate industrial technology should not be isolated from the general 
de,•elopment objecti\'e of rapid and broad-based industrial growth. !t is 
necessary to focus attention on basic industrial development strategies and 
derive from them the appropriate technology !Jath that has to be taken. 

The Lima target which, expressr~ in quantitative terms, is a 25 ptr cent 
share of world industrial productio~. ,or the developing countries by the year 
200G, ho.1s qualitative implicat:ons as well. These comprise three e-~sential 
element-:: fulfm;ng basic socio-economic needs, ens~ring maxir.mm 
development of human resources, and achieving greater social justice through 
more equ1table income distribution. Rapid indu!!itrialization does nc.t conflict with 
these aspirations; on the contrary, it is a prerequisite to realizing them. But, in 
questibning the basic aims of development, we also question the basic 
structure 'lf industrial growth and the technology pattems it implies. 

Furthermore, it is easy to see that the structure of industrial growth that 
should be envisaged and the corresponding structure of technology flows shcvlo 
be different from what they are today; a fresh approach is called for. This does 
not mean that the tlow of technology to the modem vctor and the appiication of 
advanced technologie' are unnecessary. On the contrary, it is essential to 
upgrade the technology base in general, and it is obvious that to prcvide pasic 
goods and services, there are s:.:ctors of industry wh,.::-e advanced or improved 
tec-hnology is clearly nc"'cssary. It would be difficult to envisage a sitt~ation 
where the dynamic influence of modem technology is r.o longer available tor 
industrial growth and development in general. However, an examination of the 
basic aims of industrial development leads to the conclusion tilat there must be 
greater decentralization of industry and reorientation of the design and structure 
of production. 

Such decentralized industry in the developing countries C'1lls for 
technologies and policy measures that often have to be different from those 
desig.'led for the production of items fer a different environment, that of th~ 
developed countries. As a result, therr: is a two-fold, or dualistic, approach to 
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an industrial strategy. Morever. the two elements in such an industrial strategy 
need to be not only frl(l:;:elated but llso integrated. 

In approaching the question of appropriate industrial technology from an 
examination of basic development needs. a mechanism is necessary to link and 
integrate appropriate industrial technology to the overall development process. 
Through such a process the concept of appropriate industrial technology could 
be placed in the mainstrc=-r:a of the industrial development effort. 

It is hoped that these monographs will provide a bads for a bett\!r 
understanding of the concept and use of appropriate industrial technology and 
thereby contribute to increased co-operatipn between developing and 
developed c.ountries and among the developing countries themselves. 

It is also hoped that the various prorrammes of action contained in the 
monographs will be considered not only by the forthcoming meetings of the 
United Nations Conference of Science and Technology for Development and 
I JNIDO III but also by interested persons working at the interface over the 
coming years. 
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Preface 
To focus attention on issues involved in choosing and applying appropriate 

technology, UNIDO organized the International Forum on Appropriate 
Industrial Technology. The Forum was held in two partS: a 
technicaVofftcial-level meeting from 20 to 24 NovemLer 1978 at New Delhi and 
a ministerial-level meeting from 28 to 30 November 1978 at Anand, India. 

In response to a recommendation of the ministerial-level meeting. UNIDO, 
with the help of a generous contribution by the Swedi~li International 
Development Authority, is publishing this series of monographs based mainly 
on dcx.-uments prepared for the technicaVofficial-level meeting. There is a 
monograph for each of the thirteen Working Groups into which the meeting was 
divided: one on the conceptual and policy framework for appropriate industrial 
techn llogy and twelve on the following industrial sectors: 

Low-cost transport for rural areas 
Paper products and small pulp mills 
Agricultural machinery and implements 
Energy for rural requirements 
Textiles 
Food storage and processing 
Sugar 
Oils and fats 
Drugs and pharmaceuticals 
Light industries and rural workshops 
Construction and building materials 
Basic industries 

The monograph on the conceptual and policy framework for appropriate 
industrial technology also includes the basic part of the report of the 
ministerial-level meeting and some papers which were prepared for the Second 
Consultative Group on Appropriate Industrial Technology, which met at 
Vienna, 26-29 June 1978. 
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PART ONE 

Issues and considerations 



Note by the seaetariat of UNIDO 

L FOOD STORAGE 

........ ctia• 

More than 50 per cent of tlw: energy consumed by humans as food comes 
from food grains. This paper t~-erefore concentrates on food-grain storage. since 
the amount of energy contained in food-grains can be severely reduced by 
unscientific storage practices. 

Storage technology can be l>roadly divided into three categories according 
to the place at which it is applied: the farm. where farmers retain grain for their 
own use; the viii• or rommunity. where facilities are operated on a 
co-oper;;tM basis; and the city. where as much as 30 per cent of the grain 
produced may be stored. There is a growing awareness that there is a need to 
build adequate storage facili:ies in all three categories within the developing 
countries and that whatevr.r techniq~ are used. thP.y should be compatible with 
existing infrastructural facilities and should be particularly related to marketing 
and distribution arrangellk:nts. 

On the farm. storage facilities built in traditional style would be owned and 
operated by individuals. many of whom cannot afford to improve them. 
However, when practical. collective storage facilities in communities could 
inco. porate technologiccl improvements, which would alsc facilitate 
replacement of existing private intermediaries in the procuring. storage. 
marketing and distribution of food grains. who are known to exploit t~ farmers· 
lack of capacity and financial resources to stock grain. 

o.jeclta 

The objectives of providing suitable storage facilities for food grains are 
these: 

(a) Conservation of food grains by minimizing qualitative and 
quantitative post-harvest losses; 

(b) Attainment of self-sufficiertey in food-grain requirements; 

(c) Regulation and p<>sWbly replacement of private intermediaries in 
procurement. handling. storage and distribution; 

(d) By the establishment of public-sector storage facilities: (i) Stabilization 
of consumer prices and protection of the interests of low-income groups; (ii) 
Assurance of reasonable prices to producers as an incentive for increased 
production (price support); (iii) Maintenance of stocks as a buffer against 
periodic and unforeseen shortages and consequent high ~; 

.f 
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(e} By R and D: (i) An increased use of local raw materials in building 
storage facilities of different scales and design suited for different purposes. 
especially on farms and in villages; (ii) Devclopmcn: or adaptation of 
technologies that f armcrs can afford to install and use; 

(fl Generation of increased employment opportunities in the buildin~ of 
low-cost structures at the farm and village levels. 

IL REVIEW OF M.TERNATIVE TECHNOLOGIF.S 

Quantitative and qualitative lo~$ of food grains 

Post-harvest losses in threshing. drying. transport and storage are estimated 
to be from 20 to 40 per cent. Storage losses alone are about 5 per cent. Thus. 
when examining the storage technology of food grains. due attention should be 
paid to related post-harvest practices. 

The qualitative losses are chiefly the destruction of vitamins by 
over-exposure to sur.light and to high temperatures in artificial drying; presence 
of mould. which grows in inadequately dried grain; and the effects of attacks by 
insects and pests that can enter deficient storage facilitk!s. There could also be 
protein loss in pulses. 

The losses can be minimized by taking appropriate measures in the 
post-harvest handling of the grains. Appropriate storage technologj' would call 
for equipment of the proper scale and type. the use of fumigation and other 
measures to control insects. fungi and rodents. 

Storage practices and improvements in teclrnology 

On the farm 

The storage los.~s that occur on farms are reported to be higher than 
elsewhere. Some of the most common indoor and outdoor structures used for 
storage on farms are made of mud and split bamboo; in lbem the grain is 
usually damaged by insects. fungi and rodent!. The structures cannot be 
effectively rumigated. Some of the indoor bins that are being built are metal 
bins. structures of burnt bricks plaste~ed with cem~~t. welded wire-mesh bins. 
and paddy straw and mud structures. The outdoor bins are constructed of metal 
and brick and appear~ flat- and hopper-bottom metal bins, composite bins and 
reinforced brick bins. They can be hermetically sealed and placed underground 
or p&rtly above ground. TIX' capacity is about 500 kg. 

In villages 

The bins used in villages arc either circular or square, with capacities 
ranging from 500 to 1,000 kg, made of standard sizes of galvanized-iron sheets. 
1be height may be from 0.5 to 1.0 m. The ci1cular bins are easy and economical 
to fabricate, while the square ones are convenient to keep in the corner of a 
building. The average life of metal bins is said to be over 20 years. 

Bins can also he made of ferrocement, high-density polythene and wood. 
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Ferrocement bins are made of. cement mortar anj closely spaced wire mesh an 
capacities ranging from 0.6 to 3.0 t. They are cylindrical and have flat bottoms 
and domed roofs. Wall thidmess is normally 25 mm. 

In citws 

In most tleveloping countries food grains are handled. transported and 
stored in bags. Accordingly. the entire marketing and stori!ge system is bc-sed on 
bag handling. It :S said that the system inhibits the adoption of the advanced 
technologies of bulk storage widely pr&etised in developed countries. The 
bulk-storage facilities that are known :o exist are conventional godowns for 
storage in b~ steei silos, reinforced concrete circular. hexagonal and vertical 
bins. and cover-and-plinth open-!"torage. The standard basic unit of capacity of 
conventional go<k'>wns (fl~t warehouse) is 5,000 t. 

The baclground paper ··Appropriate technology for food grain storage 
under Indian conditions .. in this monograph includes an analysis of problems 
related to food-grain storage in general. on the farm • .and by public agencies. 
The authors estimate that the investment cost per tonlk! of stored gi ain caparity 
is $50 for conventional godowns. $1 St> for inland bulk-storage structures an-i 
$300 for high-turnover port facilities. Another analysis of appropriate 
technologres for food-grain storcage is presented in the background paper 
··Technological l'hoice and employment in food process;ng and storage and 
related policy issues··. 

Pest-contrcJ/ methods 

In traditional methods of storage. fumigation is used to prevent fungal and 
inst;ct attack. The irradiation of food grains and crops can be considered as an 
allemative technique. Apart from guarding against losses during storage. there 
fa a need to develop melhods to preserve seasonal and pe·ishable commodities 
for longer periods so as to extend their availability at low cost and to meet lhe 
nutritional requirements of the populatK>n. Unlike fumigation. irradiation is 
effective in Idling or sterilizing insects in all parts of their life cycle and leaves no 
toxic residue. Low-dose irradiation also effectively inhibits sprouting in onions 
and potatoes. significantly reducing losses. and presents an alternative to costly 
cold-storage facilities. Radiation-induced delay in ripening extends shelf-life 
and improves marketability. This is also true for the preservation of seafood. 
The only question to be settled is whether the technology can be considered to 
be adequately free of health and environmental hazards. 

Poley ..,...,_ of llllerati•e ....... 

Food-grain storage by public agencws 

Government storage facilities are required. not only for holding buffer 
stocks, but also as part of food-grain procurernt.nt and distribution. 

The choice and appropriateness of the technique'depend upon how much is 
to be stored and for how long. In well-designed structures, grains can be stored 
for 4-5 years. (See the two papers referred to above. for comparative analyses 
of techniques.) 
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£tr~nsion snvic~ in IM sto.-age of food grains 

In food-grain storage. low-cost improvements to traditional systems may be 
appropriate on the farm and in villages but are difficult to apply widel~·. An 
effective extension service to assist farmers in improving their traditional storage 
techniques and ah.:> in building community storage facilities is necessary. 

1be elements of a comprehensive extension service should include the 
following four factors: (a) Financial support to farmers and communities~ (bJ 
Dissemination of information on alternative storage techn:ques; (c J Provision of 
designs and guidance in ';Ollstruction; (dJ Subsidies to meet lhe requirements of 
the ~ affluent sections of the communil)•. 

Marktting 

The nature of the marketing and distribution systems. including the 
availability and mode oi U.JDSPOrt. have a bearing on the choice of storage in 
terms of quar.~ity and type of grain and on the duration of storage. 

Btablishing instilutional a"angmrmlS for post-harv~t t~chnO:~!!Y 

There should be an institutional arrangement at the national level for 
dealing with post-harwst problems. directing techno~ical de\-elopment and 
guiding extension services. Such an arrangement could take into account not 
ont; the post-'1arvest problems associated with storage. but also those associated 
with threshing. transport. packaging and handling. Assistance in the use of 
ir.digenous materials for construction and the adaptation of known technologies 
and extension services should be a go\'-ernment responsibility. 
Interdepartmental and interinstitutional collaboration would be required and 
suitable measures would be called for to co-ordinate the widely dispersed 
activities within the country in the effective implementation of a post-harvc:st 
technology programme. The degree of government r..:gulation that can be 
enforced to ensure suitable storage at various levels of marketing should also be 
considered. The regulations for storage facilities should require regular 
inspection of the means used to prevent qualitative and quantitative losses. 

The institutional arrangement would undertake R and D activities. 
extension servicr . and technical assistance. lnstit\.ttional arrangements could be 
established to serve as intermediaries between producers and consumers. assist 
in pricmg farm products and organize the distribution of grains. 

Tiie .... ille1nlllli1 ... c:e er-a ... 
International co-operation would be of value in the following activities: 

(a) Collecting. compiling and disseminating information on and 
experience in various types of saorage techniques~ 

(b) Monitoring and updating different types of storage under different 
conditions; 

(c) Exchanging experience and information on the use of various types of 
pesticides and preservation techniques, including irradiation; 



td> Increasing the effectiveness uf the R an<l D octivi•ies in some of the 
d~veloped countries ;n relation to ~&::ations pre\'3iling i~ specific countrit.~. 

Organiz.:ttiom in Unit·!d Nations ~amily and other international 
organizalions could ~ist greatly in tbt. ~~itection. analysis and dissemination of 
information ·Jn appropriate storage techniques and practit.-es. 

Through theit" aid pr<>2Tillllmes. ckveloped <. ~ -tries could assist developing 
countries in building storage facilities for food groins in all three ca!egorics 
(farm. viliage and city) by j>r<>viding both expenisc and financial assistance. 

IL FOOD l'ROCESSING 

The food-processing industries accoont for more than oil(· f!ftfl of all the 
manufacturing activities of the dc~e~piRg countries and represent 5M ~r cent 
of the value added by all industries that pu.'CS!> ag. -¥.:ultural raw rmilerials in the 
developing countries. In 1976. the value .. kle~ in food processing in the 
developing countries represented 14.6 per cent of the total valut: added in the 
world. which is considerably higher than their overall share of \\Orld 
manufacturing value added (about 8.6 per cent\. 

The average annual growth rate of e111~loyment in food processing for tile 
period 1900-19 73 was 3 per cent for the devc lopi:ig market ,~conomies. a figure 
that is considered to ~ low. One of the major re~cns for the slow growth has 
been the inadequacy of physical links with agriculture. The lack of agricultural 
raw materials has inhibited t!M: expansion of output and expon of the 
food-proce~ing industries. Shonages of agricultural raw materials has led to 
ex~ capacit~ in the food-processing industries in a number of developing 
countries. 

It is possible that fluctua,ions in the supply of agricultural raw materials to 
industry may be rectified by establishing closer organizational links between 
industry and agriculture. Agro-industrial complexes with integration of 
food-processing industries and agriculture would provide industrial suppon for 
agricultural devt:lopment and would be of interest in special circumstances. 

Food-processing industries provide the most favourable stimulus for •he 
manufacturinb sector. lls gro"Nth implies the expansion of all activities that 
supply inputs to it. Parallel improvements in infrastructure. transportation. 
storage and marketing are prerequisites for exranding ir. 

Any decentralization of food-pr~ing indus!!'ies to nake them viable and 
to serve social objectives would call for structural r.hanges and would have policy 
implications. Foreign investmt nt in food industries and the operation of 
transnational corporations in a number of devdoping countries are well known. 
Simple and adaptive food-processing technologies have been developed and are 
being used m some developing countries. The manufacture of capital goods has 
been undertaken (o varying degrees in the developng countries. the constraints 
being the level of development of the design and engineering capabilities and 
the limited markets for such equipP1ent and machinery. 
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The principal objectives of deve!oping the food-proces.~ing sector would 
appear to be the following: 

(a) Meeting the food and nutritionai requirements of the population: 
(b) Reduction of qualitative and quantitative losses of a;ricultural 

products by bringing industrial processing nearer to the sources of pn.Juction: 
(c) Augmenting foreign-exchange earnings by the export of processed 

products rather than of raw materials or semi-processed products: 
(d) Disf)"'.rsal of industrial growth to underdeveloped and rural areas \O a\ 

to generate emJ}loyment opportunit!es; 
(e) Creaticn of opportunities for greater !lational ownership of production 

units: 
(/) Stimulation of technological deveklpment and capabilities in terms of 

alternative scales and technologies for processing a variety of food prodU<"h: 
(g) Development of engineering design anC: capability to manufacture 

food-processing and axillary equipment and stimulate the devek>pment of 
industries that would pr•_) ride inputs to the food-proce~•ing indu:.tries. 

T echno/ogies in ffre important sect on 

Since food proces.~ing cm·ers many activities. attention is concentrated here 
only on five sectors that are of special importance to a large number of 
developing countries. namely: rice milling. hrcadmaking. fruit and veg<!tahle 
preservation. milk processing and fish preservation. The analysis of the 
problems in these industries with reference to decentralizc.tion should pnwidc 
some basis for policy decisions on choices of technology in the food-proce~sing 
industries as a whole. 

Rin• milling 

In the hackgwund paper: .. T echnoklgical choice and employment in food 
processing and stor:age and related policy issues ... the alternative technologies 
for rice milling examined are hand-pounding. with its improvements: 
power-driven rice mills of the steel-roller t> pe. using IO to 15 hp (7. 5 to 11 kW) 
engines; one-pass Japanese rubber roller mills with higher rice recovery: and 
large mills with threshers. dryers and hulk storage facilities and with capacities 
of 2 t/h and integrated mills with capacities of 25 tlh. 

An important issue for consideration is the extent of and alternatives to the 
mechanization of rice mill!ng. While employment is an important con,.idr ration. 
it would also seem that the mechanization of rice milling is necessary in the 
inte.-est of higher output, fewer broken grains and recovery of bran free from 
husks. 

The establishment of mini mills m~ing the rubber-roller sheller system would 
still serve the purpose of decentralization of the rice-milling industry. 



Technological improvements should !ake into account the following 
considerations: 

(a) Parboiling the paddy to conserve its vitamins. harden the grain and 
reduce the proportion of brokens; 

(b) Mechanical drying of the paddy. using paddy husk as fuel: 

(c) Use of rubber roller sheller to minimize grain breakage: 

(d) Utilization cf husks as fuel for boilers and dryers and as raw material 
for products such as cement; 

(e) Extraction of oil from bran. with stabili1.ation facilities if feasible. 

Breadmaking 

Bread ~ the most important prodoct de.rived from fO\xl grains. 
Breadmakir.g ranges over an extraordinarily v:ide scale: trt>m one-person 
bakeries to large-~ale automated factories. As a staple. its composition _must 
closely match local food preferences and its nutritional ''alue must be adequate: 
the improvement of t~ad!tional local products and processes rather tha!1 the 
introduction .1f foreign ones is what is needeci in most cases. Such a situation 
would. for ins·~ance. apply to the manufacture of unlejvened bread in the Middle 
East. 

Doaghmaking constitutes the first stage in the manufacture of leavened 
bread. Activated dough is an innovation that would suit small-scale 
breadmaking. Its introduction has also created a new option in industrialized 
countries. where breadmaking processes have tended to increase in scale. Thi: 
activated dough process. with its small-scale ovens and nutritional improvement. 
would be a technotogical option worth considering for stimulating leavened 
hreadm:iking industries in developing countries also. 

Fuel economy is a significant factor in oven dt ~ign. When wood is the fuel. 
for instance. the energy consumption per unit ot processed flour is relatively 
high. Research in even dc:sign or the use of other types of fuel or both is needed. 

Fruits and vegetables 

The dura1'ility of fruits and vegetables. which are important as a natural 
source c;f vitamins and minerals. can be enhanced by the use of preservatives. 
Preservation proces.;es are of many kinds: simple drying, the use of natural 
preservatives (salt, vinegar). canning (with sterilization and the use of selected 
preservatives). freezing and freeze-drying (the latter requiring a highly 
developed refrigeration technology). 

The improvement of durability also extends the market for fruits and 
vegetables, linking rural areas with urban centres, as well as with overseas 
markets. These market demands will pose specific rr-quirements a:.. regards 
plant, equipment, facilities and management. In long-distance transport~tion 
and storage operations, a backward-extending technology has emerged by 
which, for certain products. the need for preservation can he eliminated hy 
incorporating. under controlled storage conditions, a part of the final stage of the 
plant-growth process. e.g., the ripening of bananas. 

Local demand. export markets. the improved use of agricultural resources, 
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employment. !:-!vestment. costing and profitability considerations cons1.itute the 
primacy crite!"ia by which. in a given s;tuation. the choice of technology is to be 
made. 

Milk processing 

Milk production 211d processmg is a traditi0nal activity in a large number of 
rleveloping countries. In additivn to providin~ proteiI: food::;, the dairy industry 
is to be seen as a typical rural activity that can bring about the technical. 
economic, social and cultural transformation of rural areas. The development of 
the dairy industry in the co-operative sector at Anand. India, is a case in point. 

A workshop on integrated dairy industry organized at the Kaira District 
Co-operative Milk Producers Union at Anand, India. in April 1978 brough~ to 
light the advantages that have accrued in the breaking down of social barriers 
and the creation of an understanding of rural sanil.ation, birth control and family 
planning. The quality of life of the rural people depended to a large extent on 
the co-operative attitude they developed towards the restructuring of their 
society. The Anand example has amply demonstrated the immense benefidal 
effects of a co-operative dairy industry to the farmers. 

The production of milk powder i.~ to be :onsidered from two aspects: :is a 
preservative technique for surplus milk and, more important, as a deliberate 
effort to meet the nutritional requirements for protein food in remote areas 
where no milk is produced. 

The !ssue is therefore to consider the deve!opment of the dairy industry as a 
part of an integrated rural development programme in the interest of income 
generation and making available a sou!'ce of valuatJle protein food to 
malnourished people in rural areas. 

Fish preservation 

Fish providt:s less than 0.2 per cent of world food energy requirements but 
accounts for about 20 per cent of the animal protein in the human diet. 
Improvements in fish preservation ·vould make available larger quantities of a 
valuable source of protein. Smoking, drying, salting and canning are the best 
known techniques. Analysis of alternative techniques has led to the conclusion 
that smok.e drying is the most appropriate techni'lue for fish preservation for 
distant inland markets. Canning has been ruled out as being energy intensive. It 
is further argued that smoke drying also provides greater employment 
opportunities and has lower investment costs. 

To promote decentralization, i~ has been suggested that even where 
conditions permit large-scale fisheries with geographically concentrated 
landings, the catch could be tume~ over to a cluster of small smoke-drying and 
salting enterprises adjacent to the fishing harbour rather than to a large cannery. 
It should be noted, however, that when fish is to be preserved or processed for 
export, more sophisticaL\!d technologies than smoke drying are indicated. 

Recycling the by-products and wastes of the food processing industry 

Two goals could be achieved simultaneously through a rational 
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management of agricultural amt agro-industrial residues: (a) fewer residues. by 
e.:tcouraging and promoting more efficient prooesses; (b) less di~harge into the 
environment. by the g!"eater US.! arid recycling of residues. The residues a1c 
usually amenable to biologica!, chemical and physical pro.:esses for conversion 
into energy, food, animal feed, organic fertilizeIS, constrnction materials etc. 
Some ex:.l.mpJ .:s are the by-p;oducts and wastes of the processing of cereals. 
fruits and vegetables, cellulosic plants, oil-seeds, sugar and starch roots and 
tubers. fish, meat and beverages. When examining alternative techn:>logies for 
food-processing irtdustries. one should also examine the benefits of recycling the 
residues and the measures that should be adopted for their exploitation. 

Policy implications 

The policy issues arising in the five cases discussed above are as follows: 

(a) Ric'! milling. A phased policy of mechanization should be followed with 
regard to better yields of grain and by-produrts; 

(b) Brt?admaking. There should be consiceration of the prod•1ction of 
activated doughs which would permit baking in small-scale units. Also. bread 
should be recognized as a convenience food that could be nutritionally enriched: 

(c) Fruit and vegetable preservation. Although small-scale drying appears 
to be the appropriate technique and is cheaper than freezing or canning, 
alternative techniques should be considered to meet particular market demands 
and especially the requirements of export markets; 

(d) Milk processing. Small-scale dairy industries in the co-operative sector 
would bring benefits to rural communities. The que.;tion is one of policy decision 
to develop the dairy industry as part of an integrated rural development 
programme; 

(e) Fish preservation. Small-scale drying should be encouraged as being 
more labm1r intens1 ... and less costly. Hower, this option exclude~ preservation 
and processing for exp.lrts, which would call for more sophistic·1ted techniques. 

The policy measures call for extensive development and promotion of 
technologies for much wider application of appropriate techniques already 
known and used and conscious efforts to reduce energy consumption. 

An important policy consideration would be to take positive measures to 
develop and popularize indigenous products that would meet the requirements 
of most of the population. An issue to be considered is the nature of the 
disincentives needed to discourage the use of inappropriate techniques and 
products designed to cater to non-essential demands. It is important that there 
be a predominance of national ownership of the capital invested. 

To strengthen national technological capability, a continuous search of 
alternative technologies and their appraisal and maintenance of inventories of 
up-to-date knowledge of a range of imported and domestic technologies is 
suggested. A mechanism to provide a pool of technical knowledge and 
information for advice and assistance :o Governments in taking policy decisions 
would be necessary. 



12 

The role of international co-openoti<"n 

International co-operation is es,ential in ·the accumulation of information 
on the choice of technology in food-proccss!ng industries. Specially. developing 
countries shoulJ be aided in the preparation of inventories of technologies of the 
food-pr~cessing inc.1us~ries that are of interest to them. 

Food research and technological institutes in both developed and 
developing countries may be identified with a view to considuing the use of 
technical assistance and advisory services in s~cified food-processi1~r activities. 

Co-operative R and D projech could be supported for the further 
improvement of existing appropriate techniques in industries such as rice 
milling, breadmaking. f:-uit and vegetable preservation. milk processing and fish 
preservation. 

An interinstitutional network for the exchange of experience. research. 
design and engineering activities. infomation dissemination and the promotion 
of technical co-operation among developing countries at the reeional or 
subregional level could be rnnsidered. 



Report of the Working Group 

I. FOOD-GRAIN STORAGE 

General considerations 

The µroblems involved i11 food-grain storage. which is a necc~sary part of 
post-harvest technology, may be cla~sified according to the three distinct places 
at which it is used: the farm, for extended personal consumption; the village, by 
producers. traders or middlemen; and the city. including the storage facilities set 
up by public agencies to meet the requirements of the urban JXlpulation. 

Improvements should be brought about in techniques and equipment (using 
straw. bamboo and other indigenous raw materials) by the introdu~tion of lined 
pits and cribs, large plastic storage bags and metal bins. Low-cost loans should 
he made available to farmers who cannot affo,d such improved storage 
equipment. The construction of lined structures could provide local 
employment. 

Among the alternative storage technologies in viliagcs and cities. bag and 
flat-bulk storage (godov:ns) arc by and large the most appropriate techniques in 
the developing countries. As regards the duration of storage. food grains can he 
stored in the traditional way for a maximum of one year. With appropriate 
treatment in flat-bulk structures and godowns they can be s!ored for two or 
three years, in modern silos, for five years or even longer. The covt:r-and-plinth 
method of open storage of food grains in bags, which has proved to be useful for 
~torage for short durations, especially in times of emergency, may be a good 
alternative in certain circumst?ilces. 

The use of vertical silos i~ very limited in dev:!loping countries because of 
their high capital and operati0nal costs and because the traditional handling and 
marketing methods used arc inadequate for silo storage. The lack of the bulk 
transport facilities commonly used in developed countries would also make 
vertical silos unsuitable, except for the storage of large quantities of food grains. 
as in ports for export or import or for the holding of buffer stocks for long 
periods. The storage of grains in large-capacity processing units would. however, 
call for modern storage godowns. 

Losses from insect attack, fungal inf "'Station and the depredations of hirds 
and rodents constitute one of the hasi. problems of food grain storage in 
developing countries. Great care should be exercised in the use of pesticides so 
as to protect the environment and safeguard human and animal h-;:alth. The use 
of traditional local materials such as lime, ashes, vegetable oils and activated 
clays could be fu1ther investigated. 

The use of radiation for food preservation will increase dependence on 
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developed countries. because the equipment is expensive. has to be imported 
and skilkd personnel are required to operate it. Even after irradiation. suitable 
storage facilities would be required. which itself is a constraint. From the point 
of view of health safety. the value of this process is debatable; in the United 
States of America its use has ~en discontinued ~or s~'!~e products. 
Furthermore. the technology involves large-scale facilities and high capital costs 
that may be justified only above certain minimum levels of grain input. 

There is a need for sustained extension services to motivate the farmers and 
for appropriate institutional. financial and technical support to enable them to 
adopt improved storage techniques and priorities. 

Due attention should be paid to grain drying. Technical improvements in 
this field include better designs for husk-fired dryers. the use of simple solar 
dryers and the application of biogas. 

Adequate institutional supportive measures for post-harvest technology in 
respect of food grains and other crops involving threshing. drying, transport. 
packing and storage operations, research and development (Rand D) activities. 
training, information and extension services are all necessary to improve the 
food-grain storage technologies in developing countries. 

Policy 

Measures needed to improve food-grain storage te·_hnology in developing 
countries include the following: 

(a) Suitable institutional arrangements in each courtry to deal exclusively 
with post-harvest technology problems and to facilitate the effective 
co-operation of all related activities generally dispersed in a number of official 
and non-official agencies. Additionally, a separate R and D institute could be 
established, depending on the actual needs. Among other functions, such an 
institute should study the problem of post-harvest losses of food grains at the 
various stages of threshing, handling, drying and storage, with a view to taking 
remedial measures to reduce such losses and to undertaking cost-benefit stu<lies 
on various alternative technologies for the levels of storage required within the 
country; 

(b) The dissemination of information on technology development. 
application and adoption, a11d technical support to extension services, would be 
other important functions of the institute. When required, it could either 
undertake R and D activities within its own competence or subcontract 
problems to known institutions within the country to solve specific problems 
identified in the field and develop suitable post-harvest equipment; 

(c) National research institutes, agricultural universities, extension services 
and the like could provide further institutional support for improving the 
technologies used in food-grain storage and other post-harvest operations such 
as drying and for the integration of transport with storage; 

(d) Establishment of mobile demonstration units with a view to 
demonstrating the use of a package of post-harvest technologies tailored to the 
needs of small farmers may be an effective instrument of propagating improved 
storage methods. Assistance could also be provided in undertaking the local 
manufacture of post-harvest equipment; 
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(e) Existing traditional and indigenous storage s1ruciun:~ <tiid pi<iCtic.:'..; 

should he modified i:. a way that would reduce the losses and still be within the 
financial means and other resources of the farmers to adopt the improvement~: 

([) Bulk centralized storage of food grains should be resorted to only for 
exceptional purposes. such as export or for holding large buffer stocks for 
periods of three to five yeats in areas where there is a shortage. Pre-processing 
storage of grain would also call for bulk-storage facilities. Under special 
circumstances where the bulk sto. age of food grains is required. vertical silos 
might not be advisable because of their high capital and operational costs. 
Alternative flat bulk-storage structures could be equally effective with less 
capital investment: 

(g) A suit~ble financing mechanism would need to be established to assist 
the farmer~. especially the small and medium-scale farmers. to adopt improved. 
appropriate technologies for storage and other post-harvest operations. Such a 
measure would ~all for suitable policy decisions to provide credit facilities. 
Equal importance would have to be given to other infrastructural requirements 
such as marketing and transport facilities: 

(h) The national institutes to be established should ac:ivelv seek the 
farmers' participation so as to make their activities effective &md also to ensure 
the acceptance of the techniques developed !:ind their practical application by 
the farmers; 

(i) The extension services should have close links with R and D institutes 
and should be managed wherever possible by farmers· co-operatives or 
associations. The extension agent should not be a specialist but should rather be 
a generalist who would be able to assist the farmers in the entire range of farm 
activities. Facilities should be provided to update the knowledge of the 
extension agent fr0m time to time. 

The role of int~mational co-operation 

There is considerable scope for fruitful co-operation between developed 
and d..:veloping countries and among the developing countries themselves. The 
following measures may be considered ir1 this respect: 

(a) Emphasis should be laid on training in post-harvest technology. on the 
collection and dissemination of information, and on the exchange of experience 
and personnel among countries. The developed countries could provide 
assistance in the application and adaptation of technologies suited to the needs 
of individual developing rountries; 

(b) Considerable expertise and appropriate technologies have been 
developed in some of the developing countries. Technical co-operation among 
developing coun!ries should be strengthened to facilitate exchange of 
experiences; 

(c) Seminars, workshops and regional expert consultations should be 
organized to promote international co-operation and facilitate exchange of 
experiences between developed and developing countries and between 
developing countries themselves. 
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D. FOOO.PROCESSING iNDUSiiUES 

Apan from the objectives of development of food-processing industries in 
de,·eloping countries discussed in the Note by the sa..TCtariat. it is also important 
to ensure fair financial returns to farmers and fishermen for their products. 

Basic infrastructural requirements such as transport. credit. marketing. 
warehousing and institutional arrangements are needed to facilitate the 
developmt.·nt of the food-processing industries. Many developing countries lack 
adequate technical skills. equipment and management abilities. In the exp.lrt of 
processed products. inadequate informat'on on the export markets. lack of 
1uality control. and tariff barrrrs have proved to be serious ~-onstraints on the 
industry. 

In most developing countries the traditional skills and k>w le\·els of 
technology of the small-scale sector exist side by side with sophisticated 
technolo~ies. and the development of the small-scale sector to produce low-cost 
products for mass consumption should be an important policy objectiw. 

The priority areas that need attenlion include maintenance or e\·en 
reduction of the cost of the prCX:ucts by increasing the efficienq of production 
so as to bring the products within reach of the masses: investigation of the 
nutritional qualities of food products so as to promote their consumption and 
thereby correct protein and calni\ deficiencies of the p.xner sections of the 
population: and generation of employment. 

For an integrated development of a!!ricultural raw materials production and 
food-processing activities. it is necessary to strengthen the interdependence and 
complementarity of indk-:try and agriculture. In particular. industry should give 
increa'iing support ~3 the devek1pment of agriculture. which in turn would 
provide it with raw materials. 

The need for comprehensive institutional arrangements for the 
development, app(ication, transfer and adoption of technologies suited to kx:-al 
conditions is an impereitive nece~ity. The strengthening of indigenous 
technological capabilities for technological self-reliance should be the ultimate 
goal. Appropriate institutional ·arrangements shou:d also be made for the 
collection. analysis and dissemination of technological information and for the 
introduction of training programmes. 

For the prevention of losses of processed foods. preservation ' quality. 
protection of consumers' interests, and the facility to export processeo products 
and appropriate packing methods also need to be identified and propagated. 
Promotion of the use of indigenou~. raw materials for the pack<!ging industr} call 
for intensive R and D and suitabk institutional support. Due care should he 
exercised in the choice of packagirlg technologies, so as not to add excessively to 
the cost of the end-product. In the tropics, traditional packaging techniques 
have been used for ages and are still in vogue for a variety of food products .;uch 
as rrains. fruits. vegetables and fish. Improved packaging technologies 
are css.~ntial. particularly for export. In this connection, the p.>s.-.ihility of 
estahlishing national and regional packaging centres should he considered. 
Some developing countries have already established national packaging 
institutes to great advantage. 



Energy ne.:ds of the food-processing industries should rccei,·e specific 
attt>ntion of the developing countries. Some industries like bakeries. khandsari 
sugar production and preservation of fruits and vegetables are large consumers 
of energy even in small-sec.le operations. Considerable research work is needed 
to improve the design of equipment with a ,·iew to reducing the energy 
consumption of these industries. Some methods of consen·ing energy which 
need immediate attention include the lagging of pipes and \·essels to prevent 
heat loss from radiation and conduction; better methods of heat transfer: and 
more efficient plant layout to reduce the distances travelled b~· hot liquids and 
gases. In addition to the energy directly consumed in the production proces.\. 
attention would 3lSO need to be given to improve the energy efficiency of 
packaging, most notably in canning. 

With regard to the criteria for identifying priority pnxlucts for the 
food-processing industries. the products selected should in general. be suitable 
for consumption by a large majority of the population and should be related to 
its needs and incomes. Suitable policy mea~ures should be taken to discourage 
use of scarce resources for the production of items that are non-es.4'Cntial or that 
meet the requirements of only small or affluent sections of the population. 
Howev'!r, the production of high-cost products even for domestic consumption 
should not altogether be ruled out, because in specific circumstances it might 
benefit the poorer sections of the population indirectly through creation of 
employment and income opportunities. In the case of milk produch. the bulk of 
the employment created could be expected to occur in the agricultural ~ctor. 
but in the case of breadmaking the process in itself could give significant 
empk>yment opportunities if small-scale. labour-intensive technologies were 
used. Due care should be given to the introduction of products compatible with 
traditional eating habits. 

A suitable government agency should be es~ablished in each country to 
co-ordinate the development of food-processing industries. Such an agency 
should include the representatives of such government departments as industry 
and agriculture, techno!ogists, nutritionists. economists and social scientists. 
Such a mechar.ism would consider appropriate technologies both for export and 
high-cost products and for low-cost products. 

In contrast to the organized large-scale industries, the small-scale units do 
not have the required expertise for the utilization of by-prcxlucts and the 
conservation of el!\ergy. Therefore, it is the responsibility of the Government to 
provide the necessary technical assistance to these units through national R and 
D. extension services and adequate financial as.~istance. 

The major problem of Rand D consists in the upgrading of traditional and 
indigenous products. Modifications of such products and processes would be 
particularly valuable if they were to lead to the adoption of locally acceptable 
variants of low-cost traditional products. Scientific R and D has a great part to 
play in such modifications of products and processes. Upgrading and adaptation 
of the traditional technologies would be more relevant if it did not result in 
increase of cost of displacement of labour and if it increased the marketability 
and demand for rtie end-products. 
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When choosing technology m the rk.-c-miiiing inciusny. can: ~hould t~ 
taken to ensure that mechanization does not lead to large-scale displacement of 
labour. However. hand-pounding technology is fa..-;t disappearing and 
smal'-scale mechanized processes have reduced drudgery. increased the quality 
and recovery of the grain produced and facilitated the utili~tion of by-products 
such as bran. Technological improvements like parboiling paddy. the utilization 
of husks as fuel and the use of rubber rollers in rice milling to prevent breakage 
of the grains and increase effecti•.e yield have received widespread acceptance in 
many developing countries. 

In this context. there is a need to stabilize and use rice bran for the 
production of rice-bran oil of edible quality. R and D efforts need to be 
continued to develop low-cost and small-scale rice-hran stabilization units which 
the medium· or small-sized rice mills can afford to install and use. 

With regard to products based on wheat flour. the most typical is the 
small-scale baking of traditional products by labour-inten-.ive methods. which 
are re"tSOnably awopriate for the foreseeable future. HowC\"er. baking 
methods and techniques based on wheat imports from developed counties are 
widely in vogue in many developing countries. Ncverthe~es. ... if the expansion of 
this industry is to he justified. it must be on the basis of small-scale. 
labour-intensive and energy efficient technologies that can provide employment 
to the lower-income population and also make products acceptahle to the local 
population. 

The dairy indu.itry should be includeci in an integrated rural development 
programme. The objective should be to generah.· income for landless labour and 
augment the income of farmers. 

The rural empfoyment potential of milk production and processing could tx 
considerable. irrespective of the extent to which these products arc consumed in 
rural areas. 

The development of dairy industries in developing countries should not 
lead to the wasteful use of grains to produce animal feeds. a.." is the practice in 
developed countries. In some countries. for example. India. where the dairy 
industry has flourished for hundreds of years. the cattle are fed with agricultural 
wastes such as straw and by grazing the open lands. 

The increased use. in these countries. of buffaloes. which give a better yield 
of milk for the input of straw and grass. is welcomed. In some developing 
countries the import of milk products at considerable expense represents a loss 
of foreign exchange. To reduce such imports. these countries have taken 
measures to develop their own dairy industrie~. 

The development of a dairy industry in countries where it has particular 
advantages should he encouraged. For the lower-income population. the 
production of milk and its products corresponds to a cash-crop system. since it is 
a high-cost source of employment. The establishment of dairy industries should 
therefore always be judged in the context of alternative ca~h crops. 

To ensure an orderly and sound development of the food processing 
industry, a national technological institute for food processing should be 
established in each country to direct and co-ordinate all R and D a<.:tivitics; 
advise the national Government on policies relating to development. application 
and transfer of technology; give technical assistance. education and training; 
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collect. analyse and dis..,eminate information: and guide and ... upport exh:n,1011 
acti\itie .... 

Positi,·e measures should he takl·n ti.lr the promotion and" ic..kr application' 
of appropriate techniques already known and used. through 1.'M:hangc of 
information and experience mainly among d~vcloping countrie .... 

An important policy consideration is to identify. develop and populariL.e 
indigenous low-cost products that meet the needs of most of the population. In 
this connection. use of fiscal and other disincentives a-• a matter of policy to 
discourage inappropriate techniques and products that satisfy non-essential 
wants sho..1ld also be considered in certain circumstance.... In strengthening 
national technological capabilities. a continuous ··~arch for. and appraisal of. 
alternative technologi.!s and the maintenance of inventories of up-to-date 
knowledge on technologies in use is an iwpcrative necessity. Such functions can 
r.: assumed by the proposed natior.al technological institutes. The major 
function of these institutes would be to identify. select and adapt technologies 
from boih the developed and developing countries in addition to dew:oping 
innovativ'"~ technological s.•lutions for the processing of local product .... 

Ille role of international co-operation 

Inter-institutional co-operation should he promoted and strengthened on 
the moc'd of a network for the exchange of expenence. R and D. design and 
engineering activities. dissemination of information. technical co-operation. and 
joint R and D projects among developing countries at the regional and 
subregional leve Is. 

Co-operative R and D projecfs should be supported for the development of 
new technologies as well a'i for improvement of existing ones for operations su~h 
as food-grain storage. grain milling. milk processing and preservation. fruit and 
vegetable preservation. fish preservation. oil-seed processing. industrial 
utilization of roots and tubers. processing of meat and meat prcxiuch. and the 
rccyling of wastes and of by-products of the food-processing industry. 

The United Nations system and the developed countries could provide 
assistailce to the developing countries by supplying technical information 
'upport. More specifically. the developing cmmtries should be assisted in the 
preparation of inventories of technologies of food-processing industries of 
particular interest to them. 
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Tedmologiad choice and employment 
in food proceRng and storage 
and related policy Rues 

J. Keddie* 

INTRODUCTION 

Th" bulk of the populations of the developing countries-that is. a majority 
of all people-are poor. They lack the goods and services without which men and 
woman cannot live in freedom from want. The meeting of these needs. the 
eradication of poverty. should be the first con'-~m of mankind and the 
overriding goal of development .• No mca~ure. instituti'.m. or 
practice-t-:chnology included-can be called ··appropriate··. unless its primary 
aim and effect is to serve the interest of the poor. 

In the devek>ped industrial countries. the problem of grinding mass poverty 
has largely been solved. Following the Second World War. ~he emergent n:ttions 
not unnaturally took the progress and techniques of the industrial count~aes as a 
model which they had only to copy or .. transfer ... As the years !1ave passed. 
however. doubts have arisen even in :he j,·,Justrial world about the long-term 
wisdom of this model of developme~t. Although it has reduced material 
poverty. it has left many alienated by its apparent impersonality: and people 
have begun to wonder wnether. in a world in which easily exploitable 
non-renewable resources are rapidly shrinking. an industrial civilization based 
on intensive use oi energy and metals can long endure. 

Modern industry in developing countries is an important component of the 
attempt to transfer. rapidly and on a large scale. the economic and technological 
systems of rich countries. Government planners. and all others concerned with 
development. should consider whether the role and practices of industry should 
not bl. radically cha .. ged in favour of a model of development !hat serves the 
in~crcst of the poor. 

The present level of technology in advanced countries has been attained in 
some cases by centuries of research and development (R and D). Arc there 
suitable alternatives to large-scale ''modern .. technology available in practice? 

It ;s scarcely surprising that the main thrust of re!learch in developed 
countries has been towards even more highly processed and packaged products. 

*Monitorin!? Economi'I. Scollish Development Agency. Glasgow. Scotland. United Kin!?dom 
of Cin:at Britain and Northern Ireland. Mr. Keddie acknowledges the assistance of W. H. C"lq!l10rn 
and C Baron ol the International l.ahour Or!?anisation (IL<)) in the p1eparnfr.m of thi!> paper. 



and the ~rkction {and particuiariy iiil: <tiihiiii<HiHii} :.:f m::::h:mi!..':!! rr1lO_., ...... , for 
their production. But in a ·Je\'doping -:ountry. a r.1orc typical cxampk of 
ingenuity may he a homemade de\'ice for prescf\at;on of fruit-. and \cgctahk-. 
'' hich might otherwise he a\'ailahk only sca-.onally. The de,doping 1.:nuntric-. 
arc not restricted to slavish imitation and transfer of the pre-.ent technil1ue-. of 
the industrial world.; They can de\'isc -.olutions to their own prohkm-.. 

A truly appropriate technology provides two complementary desiderata: 
products at low cost and purchasing p<~\\Cr to huy them. It is a major prcmi-.c of 
this paper that in the developing countrie~ purchasing power may only hc 
secured for the poor by the large-~·ak creation of johs. Thc conjunction if 
pc.1ssiblc. of low costs with employment creation may he cxpccted to pro<lucc 
snowh.alling dividends. with low costs leading to large market-. re-.uhing in 
subs·.antial industrial employment which furthl.·r enhann_·, those market-.. 

in food processing. no account of technological choices can he compkte 
without consideration of the nutritiw ,-alue of final product-.. Thi-. paJ'l'=r can do 
no more than louch on the insights pro,ided hy a large and complex -.uhjcct. a 
specialist discipline in its own right. Fortunately. it is pc.1-...ihk to cla..-.1fy mo-.t 
imp<lftant foods according to hasic nutrients-energy-supplying t(H 1d' {including 
oils and fats as a special call:gory). protein-.. \'itamins and mineral-.. tr-.ing thi-. 
classification. activities reasonahly re-.pccti\'c of nutritional need-. could he 
selected. and observations madc on the cost-. of cert;.1in methods of condm:ting 
the'.··.: activities. Concern for nutrition al"1 -.uggc't' the importance 11f 
considering grain storage. 

Six ca~ studies in food proces.'iing 

Case studies arc gi\'en of the choil·c of appnlpriate technolo!!Y in 'ix majnr 
food processing activities: rice milling. hreadmaking. fruit ;.rnd \egct;1hlc 
preservation. milk proce..-.ing. fish pre .. cnation and hcer hrewing. Cost-. and 
revenues arc calculated at developing co:.mtry market price-.. \\ ith altcrnati\c 
··tow·· and .. high .. wages reflecting condition ... in the poorer and richc:r 
developing countries rcspcctiwly. !. discount rah: (te ... t rate of rc:turn on 
investment) of IO per cent i-. as .. umed 

Rice milling 

Of all the cereals (ti.lod grains). the liasic food..,tuff of human ... rice: i.., the ITil'"t 
important in the devdoping countric: .•. In I lJ7'1. it accou:tted for .'\'.~0 million of 
their total cereal output of hll 7 million tonnes. The next two. wheat and mai1e. 
accounted respectively for only 139 and I IO million tonncs. The great liulk of 
rice is produced in Asia. where developing. country production in I IJ 76 was 29.t 
million t out of a total cereal output of 509 million tonncs 11 ). 

Rice milling is an example of massive and apparently uncompcn-.ated 
displacement of the lahour of the rural poor liy the introduction of 
mechanization. This prrn.:ess is matched hy parallel developments a ..... ociall·d 
with the green revolution. notahly the reduction of incomes of rice farmer' 
unalilc to use new rice varieties. caused hy the price declines consequent upon 
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the introduction of these vari~ties. and the displacement of local lahour m 
harvesting hy work-forces of contract lahourers. 

Small powered rice mills. larger-scale mills and storage units have al! come 
umkr economic criticism [2j. There is thus a good case for examining a range of 
milling technologies and of comparing their costs at different -;calcs of output 
and wage levels. The present comparison can only approximately represent 
acmal circumstances. for the economics arc closely linked with harvesting 
practice. drying. storage. transport and distrihution facilities. climate etc .. all of 
whicli may vary widely. 

Paddy. the raw material. is on average 80 p~r cent of the weight of the 
harvested rice hefore threshing. For this analysis it is assumed to he ready for 
milling. The purpose of rice milling is to remove the outer husk of the grain with 
minimum damage to the kernel. Hand pounding and hand milling merely 
separate the husk from the kernel. Power milling also removes the vitamin-rich 
seed coating (hran) and the germ to producl.' polished rice. which is far whiter 
when cooked than rice with the hran intact. The widespread practice of 
parhoi!ing heforc milling reduces vitamin losses and toughen'., the kernel. 
making it less likely to hreak during milling. Its survival even after the spread of 
mechanized milling has dm~~1tless hccn rcsponsihle for the prevention in some 
areas of mass outhreaks of vitamin-ddiciency diseases (e.g. hcrihcri) whl.·n 
consumption ot unpolished hand-pounded rict: has given way to a task for 
polished rice. 

H,tnd pounding-the most widespread traditional method of milling-is 
extremely lahour-intcnsivc. with productivity rarely exceeding 5 kg per 
worker-hour. 

The traditional small power-driven rice mill is the Engclhc rg steel-roller 
type. using a 10-1 5 hp ( 7. 5-1 1 kW) engine. They arc sometimes used in series. 
a pair forming a huskc:r-polisher unit. Small one-pass Japanese ruhhcr-rollcr 
mills. capahle of hoth husking and polishing the rice. arc superseding the 
Engclherg mill. They offer somewhat higher recovery rates and superior 4uality. 

Larger commercial mills tend to he at central llllations. and may 
incorporate threshers, artificial dryers and hulk- or hagged-storage facilitil.''i. 
The older types use disc shcllers and multi-stage roll-stands. hut more recent 
designs utilize large ruhher roller~ handlin~ up to 2 t/h or more. Large 
integrated milling and storage planls may h:1ndlc up to 25 t/h. 

Developing country experience with hrgcr mills has not hecn partirnlarly 
encouraging. Though they may ofh:r p.>tential economies of. scale. much 
depends on the rate of utilization which can he achieved. 

Schedules of outputs and inputs have hcen summarized for five projects 
widely varying in scale. each employing a different technology and fairly 
reprcsl.'nting developing country experience. Comparative costs and revenues 
were analysed. 

Largely owing to their low prodw.:tivity. manual technologies make losses. 
Among the mechanized technologies, small mills have lower costs and arc more 
profitable than large mills. and the ruhhcr-rollcr version of the small mill is more 
profitahk than the Engelhcrg type. hecausc of its hight:r yields. On the available 
evidence. smali ruhhcr-rollcr mills arc as likely as mlllti-stagc mi'ls to turn out 
rice of premium quality. 



The ahove comments. howen:r. are only trnni the point ot new ot the 
private entrepreneur who huys eyuipment. lahour. paddy etc. and sdls the 
m J output. The re:-.ults merely show that manual techni4ues are not attracti\·e 
commercial propositions. particularly when wages arc relatively high. 

But most of the world·s rice is consumed in countries with low wage rates. 
e.g .. Bangladesh. India and Indonesia. Results indicate much lower cost 
premiums at low wages. It is only very large cost premiums that inuicate an 
unshakeahle inefficiency. since prices. and thus costs. themsdws depend on 
~xisting economic conditions. which may well well be inequitable in the first 
place. 

Moreover. even if such inefficiency were assumed and mechanization of 
rice milling advocated. there would still be a suhstanlial problem in assuring that 
the implied overall gains to society are shared fairly. particularly with the hand 
pounders and mi!lers displaced from their employment in the process. At high 
utilization rates. multi-stage mills require 2-l workers to mill S. 760 t of paddy 
per year. small mechanized mills. 2 7. A labour force of 1.0')0 would be rc4uired 
for the hand-pounding of the same amount of paddy. Thus over 99 per cent of 
the employment loss from mechanization is. incurred in moving from i1and
pounding to small mills: and since tens of millions of tonnes of padd~ are 
involved. very large numbers of people arc affected. 

The rural poor have ever sought to supplement inadequate incomes hy 
pounding the rice of their :;lightly richer neighbours. Unless po1;cies arc 
instituted to give them alternative incomes. n~lt even the small mechanized milb 
can he termed appropriate in th.: face of the dcsti!ution they cause. 

Bre1dmaking 

Bread may be regarded as a luxury product in some poorer dcvdoping 
nations. As a convenience food. neither very cheap nor very expensive. demand 
will probably increase as incomes rise in developing countries. and it can make a 
valuable if expensive contribution to a protein-deficient diet [3J. Evidence from 
Kenya [4] indicates that small-scale widely dispersed haking of raised wheaten 
bread by labour-intensive methods can flourish in competition with large 
mechanized bakeries. Thus bread, if not ideal for meeting the nutritional needs 
of the very poor, may offer them prospects of employment, already realized in 
the case ot traditional unleavened hread. 

Although the baking of raised bread has traditionally been mainly manual. 
most of its stages have potential for mechanization. Information from Kenya on 
three bread-baking projects, two small, and one much larger and more highly 
mechanized, was privately communicated to the author hy R. Kaplinsky, who 
emphasized that the largest bakery is exceptionally efficient. In contrast, the 
wood-tuel consumption in the locally constructed ovens of the two smaller 
projects may he more than double that of bakeries of similar size and type in 
some other developing countries, such as Sri Lanka. 

Analysis of cost and revenues of three pro_jects shows the mechanized 
bakery to he most profitable. This may he partly due to marketing d1ffcrcnccs. 
for a luxury wrapper is used, and the loaves sold half wholesale. half dirci:tly 



:k!i\·::r::d to the ret:_likr From the small projects it i~ all snld wholesale in plain 
wrappers. circumstances assumed for the large project also. At high wages. 
neither small project makes a profit. However. the diffcrenct: in profitahility 
hetween small and large projcL ts is marginal at low wages. and would remain so 
under an intermediate wage regime. 

Thus. only in the highest-wage de\'cloping countries can the 111anual process 
he said to have inappropriately high costs compared to e\'en well-managed large 
mechanized bakeries. At low or intermediate wage levels. th·v art: to he 
reCl"'mmended for the extra employment they bring. For every miu .. m tonnes of 
flour used. th~ manual bakeries wouid provide 73.000 non-management johs as 
opposed to 13,000 provided by the mechanized process. Th:s might he 
considered an adequate way of sharing with the rx:1or the benefits of prnd~cing a 
rather high-cost form of basic nutrition. 

The extra emplo) mcnt could moreover be widcl) dispersed in rural areas. 
Kaplinsky found many small bakeries in the Kenyan CO:.!ntrysidc. 

A final qualification. however. is that the manual proce""· with its 
wood-fired ovens. consumes-at least in Kenya-about 632.000 tonnes (lf coal 
equivalent (tee) per million tonnes of flour. the mechanized only ahout 1::!1.000 
tee [5]. 

Gross energy figures do not tell the whole story. To 11o,;e a cheap and 
renewable cnagy source may be better in the !ong run than to u~ lesser 
quantities from limill~d and increasingly expensive sources. But until firewood 
use is properly controlled and sustained hy afforestation programmes in the 
developing world. the massive consumption should nnt be lightly encouraged. 
An immediate priority is therefore to ensure that ovens arc of rcasonahlc 
thermal efficiency. Any improvements in oven design. bringing fuel economics 
at low investment, can bl! rccommend1.:d for R and D projects. 

Fruit and vegetable preservation 

Fruit and vegetables an: second only to cereals in terms of tonnage 
produced in the developing countries, and arc extremely varied. Their particular 
prohlem is rapid perishability. A joint FAQ/UNICEF/WHO committc~ said in 
1976, "lage seasonal shortages in food distrihution could have disastrou-. 
effects, particularly for children" [6j. The preservation of perishable fruits and 
vegetahks must therefore rank high in any list of prioriti1.:s for food processing. 

The perishability of fruit and vegetahles is caused hy the action of enzymes 
and micro-organisms in the presence uf air and the high int1.:rnal moisture 
content of these foodstuffs. The o:dest method of rreservin~ them is hy drying. 
Th1.: next oldest is to sterilize them hy heat and seal them in airtight containers. 
usually tin cans. The third principal method is to keep the p.-odul.'.t frozen until it 
is to he eaten. This more closely preserves the original texture and taste than 
docs drying hut unfortunately entails high capital costs and thl! need for careful 
control. 

Other m1.:thods exist, notahly preserving in sugared form and irradiation. 
The former. usually limited to fruit, requires rl!iativdy high capital cosh and 
1.:xcclknt raw-material quality [7j. Irradiation kills the micro-org;111isms. after 



\i. hii.:h th\: product is pack::d m ~.ton:<l imd·~r cnntr.lllL'd conditions. Althou'.!h 
carefully investigated. this method must he rq!ankd as being still in the tL·sting 
stage. though it may haw an attracti\L' potL·ntial [81. Yet anmher mdhod. 
freeze-drying. is extremely costly and limited to high-value product-.. evcP. in 
developed countries. 

In canning. the degree of mechanization is usually a~sociatcd with the spei.:d 
of the line. Small-scale operations arc hy hand. whereas high-speed canning 
lines use machines. Small-scale canning also has the advantage of permitting the 
use of an exhaust box. which evacuates the air from the unfilled space at the top 
of the can after filling and just prior to scaling. This i.:11suri.:s that no air is scaled 
inside the can. In higher speed lines. steam is injected into the unfilled spaci.:. a 
method said to leall to a shorter shelf life ... With these high-speed lines. people 
seem to have got away from the original idea of canning. which was 
preservation: ifs become a container·· (private communication from a major 
can and canning machinery manufacturer). Other important stages arc cooling 
and drying. Before cooling. the scam may not he completely watertight. The can 
must be cooled quickly and the cooling water used must be chlorinated or pure. 
After these stages. the can has become both watertight and airtight. and shelf 
lives of several months may be expected. 

Drying techniques vary. Drying in the sun docs not produce uniformly 
reliable results. althought it is sometimes perfectly satisfactory. as with raisins. A 
considerable technical improvement. at minimal cost. is the simple solar dryer. 
A small area is walled off with mud-brick walls about 70 cm high. and prepared 
vegetables are placed inside on trays. The whole is then covered with two 
separated layers of transparent polythcni.: stretchi.:d owr a wooden frame. This 
device increases air temperature inside the walls up to 60-7n°C in hot sun. cuts 
drying times to as little as three hours. reduces vitamin loss. and kills off manv of 
the micro-organisms (9). For storage. thin-walled cement jars may also he 
cheaply made on a small scale. 

A simpli.: artificial dryer fired by wood or crop wasll:s m,1y also he used. A 
shed is erected over the drying area to keep off rain. and oil drums may he used 
as fireboxes. Products may he stored as before in cemi.:nt Jars. or scaled in 
smaller lots in plastic hags. 

Larger-scale methods arc sophisticated. controlled. and mcr!,.inizcd 
variants of the simple artificial dryer. Two analysi.:d here employ ste .1m scalding 
prior to drying and even out the temperature and moisture conh.~nt of the dried 
product in conditioners. The product is packed mechanically in plastic hags 
which seal out moisture. Lowcr-spi.:cd lines use trays moved progressively by 
hand from upper to lower levels of drying racks. High-speed lines usl.' moving 
steel belts. the drying products cascading from onl.' level to the ni.:xt I IOI. Both 
aim to control the drying into defined stages corresponding to the degree and 
location of the moisture still in thi.: product. 

Industrial freezing is usually done or: a large scale. Oni.: method has a 
mechanized pri.:paration and packaging line. follow1.:d hy hi.:d-fn:ezing and a 
refrigi.:rated stori.: [ 111. Many links of refrigeration in transport. warehouses. retail 
cold stori.:s and frei.:1ers. and perhaps in domestic rdrigerator' make free 1i11g 
eminently susceptible to failure and almost certainly too expi.:11s1vc for supplying 
food to the poor. 



N,; pr.::..:rvatinn mcthnd i~ pcrft.•rt. The essential technical requirement of 
kl·cping products palatahlc with reasonahlc nutrient preservation frn several 
months is met hy all the mctho<is dcscrihcd. provided normal care is taken. 

Summ<1ry schedules of inputs and outputs for eight vegetable preservation 
projects applying different t~chnologies at varying scales of operation were 
based mainly on data privately communicated. Attempts wen: made to adjust 
operating coefficients to reflect developing country conditions. in particular hy 
assuming lower labour productivities. and to check adjusted coefficients again~t 
observed developing coun\ry productivity in other industries with similar 
tfperations. Required manning levels may h;wc. however. hccn understated for 
the freezing and continuous belt-drying projects and overstated for the modern 
tray-dryer. 

Processing costs were estimated on the basis of the schedules. Of the three 
main methods. drying is evidently the cheapest and canning the dearest. with 
fr~ezing occ!.Ipying an intermediate position. The direct comparison of in-plant 
processing costs is. however. unduly favourable to freezing. because suhscqucnt 
costs arc obviously high. Apart from transport it has been estimated that every 
day the frozen product remains in the shop or home adds SY per tonne to 
preservation costs. Frozen foods are cheaper than canned. hut only to those who 
car: afford to cat suhstantial quantities of them. On the other hand. the costs of 
canning arc vastly greater than those of drying. largely due to the cost-. of cans 
($.:ms per tonne of input). 

There are no marked economics of scale in canning. and the very -.mall 
solar dryer has the lowest costs of all. Drying must he judged the appropriate 
technique. Different employment opportunities arc not sufficiently larg...: to 
affect the balance of judgement. Employment per million tonnes of input ranges 
from 5. 926 johs for continuous belt drying. to I 2. 500 for solar drying. 23.210 
for small-scale canning. and up to 33.333 for modern tray drying. As rcg<ards 
1.·P.crgy consumption. although there is a case for attempting to improve the 
thermal efficiency of wood-fired dryers where climate does not permit use of the 
SL lar dryer, there are no grounds for supporting canning as an energy-saving 
technique, the energy content of cans heing extremely large. 

While vitamin retention is not at its highest in drying. it is adequate: large 
canning or freezing projects may have to face vitamin losses hefore the raw 
product reaches them. 

Further low-cost technical improvements may include packing products 
from small-scale dryers in plastic hags scaled with a simple hcat~d tool. 

Milk processing 

Given the diversity of milk products. some concentration on a limited range 
is essential. Attention is accordingly mainly focused on the technology and costs 
of pasteurization and huttcrmaking. 

A typical process for pasteuri1::ng and packing whole milk may give the 
additional possibility of using some of the pasteurized milk to make butter and 
skim milk to he sold liquid or dry. Dry milk may he held in cold storage until it is 
reconstituted and packed. Process details vary. Homogenization. achieved hy 
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optional. as is the pasteurization and salting of butter. The steam-heated 
drum-dryer is probably the simplest method of drying skim milk: and 
pasteurizing by steam. hot water heating or infra-red radiation. (Sterilization. 
which allows storage of milk for k>ng periods. is a different procedure which 
exposes the raw milk to temperatures of about l30°C) Plastic bags arc the 
cheapest containers unless very good recovery rates can be achit•vcd for gla's 
bottles. Perhaps of greater significance are the conditions under which dairies 
must operate. Efficient raw-material delivery and packed product dispatch are 
vital. since both raw and pasteurized milk spoil rapidly at high ambient 
temperatures. Developing country dairies arc often grossly underutilized for 
lack of adequate supplies [ 12. 13). 

Schedules were made of inputs and output' in four milk-processing projects 
of widely varying scale. At the largest scale ~wo ,-ariants were considered. The 
first uses a fifth of its milk input in making butter and skim mi.k: the latter then 
is dried. stored, later reconstituted and sold in liquid form. Th~ second \ ariant. 
like the two smaller projects. pasteurizes and packs all its milk. The schedules 
are largely based on dat:l provided by Swiss and French dairies and equipment 
manufacturers; use was also made of UNIDO profiles of dairies in dewloping 
countries [14]. 

Technology in the large and medium projects is standard. but the small 
project uses integrated French equipment designed for largely manual operation 
by a handful of people. The small project has a further interesting feature. 
pasteurization by direct infra-red radiation. This obviates the need for a 
steam-raising boiler. but on the other hand increases reliance on electricity. 
which may be unreliable or unavailable in more remote areas of dc\·eloping 
countries. 

Costing for the projects as.'iumc a milk input price of $0.20 ( 20 cents) per 
litre. based on Indian price levels. and a 25 per cent mark-up for pasteurized 
milk. to determine whether plants can be profitable without raising the price of a 
basic foodstuff too high. The indications arc that they cannot. All the projects 
make losses, particularly heavy at high wages. Nor is the incorporation of butter 
and skim milk production into large projects profitable. The combined rewnuc 
from butter and skim milk is actually less than would be obtained hy simply 
pasteurizing and selling the whole milk. Even if pasteurization alone is 
considered. large projects have no impressive advantages over small ones. The 
processing costs per litre of pasteurized milk (covering I 0 per cent real return on 
investment) at the three project scales are given in table I. 

At low wages in particular. the small project compares quite well on costs 
with the large one, with the medium-scale plant emerging as a high-cost 
alternative. It is possible moreover that the costs of the small project have been 
overstated and those of the large one understated. Labour productivity for the 
small project has been assumed at less than half French levels; and at such a 
small scale an economy in energy costs could probably be effected (if with some 
increase in investment costs) by the incorporation of a diesel electric generator. 
which would have the additional advantage of releasing the plant from 
dependence on restricted and unreliable mains supplies. On the other hand. the 
lahour prodm:tivity assumed in the large project. while considcrubly below 
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European levels. is much higher than that indicated by the UNIDO profiles. 
which ~lso suggest a somewhat higher machinery investment cost. 

It is probable that the very scale of the large project is its most important 
disadvantage with problems of finding sufficient milk and organizing 
uninterrupted collection and transJX>rt. In some developing countries. unless 
very careful attention is paid to supply and pricing. the most likely result of 
establishing a large dairy project is massive underutilization. To cover ensuing 
high processing costs. management may attempt to pay the milk producer' low 
prices while charging high prices for its output. The public may then buy raw 
milk direct. thus worsening the supply problem. Precisely this cycle was 
diagnosed in Somalia by the International Labour Organisation (ILO) in 19 7o. 

It seel!ls that for pasteurization in the developing countries. 'mall projects 
arc most appropriate. Besides basically competitive costs. the~ may pro\ide 
slightly more jo~ (about 9.600 non-management jobs per million tonnes of raw 
milk in;>ut per annum. compared with ahout 6. XlK) for large projects) and 
consume considerably less energy ( 76.000 tee i1Cr million tonnes raw milk. 
compared with 136. IOO tee for large projects). at the cost of higher 
requirements for fixed assets ($124 million compared with S 89 million). The~ 
have of course the additional advantage of possible dispersal into rural areas. 
Diesel electric generators would further increase fixed asset requirements. but 
mains supplies also carry fixed inve,tments, even though these arc not within the 
dairy industry. 

There must. however. be some doubt as to whether an extensive 
milk-proce~sing industry. whatever its technology. is appropriate in many 
deveklping countries. where milk and milk products arc relative luxuries. There 
is evidence that they are consumed largely by upper income groups. Calculations 
show that milk is expensive. whether considered a~ a source of energy. fat or 
even protein. 

Mas.~ consumption of milk cannot t>e recommended as a cheap source of 
nutrients. Where the keeping of milk cattle has little cost. or is sanctioned by 
religion. milk is of course to be welcomed as a supplement in rural nutrition. But 
delihcrate encouragement of commercial milk production should he recognized 
for what it is: an encouragement ot luxury consumption of a costly source of 



nutricms. The: lli<ass pa;;to:i.irizafam of m!!k might pt>rhaps t ~ ad\l'K:atcd ;.lliJ 

suhsidized on medical l!rounds. However. even a massi,·e ... uhsd\ would hring - - -
no hcndits to a large proportion of the very poor. and the hc;.t"th hudgct... of 
most developing countries arc rather meagre. 

FISll preservation 

Fish provides less than 0.2 per cent of world food-energy rc4uin:mcnt-.. hut 
accounts for ahout 20 percent of animal protein in the human diet ( 15]. The world 
catch in 1975 was 70 million tonnes. no greater than in 1970. though the 
4uantity for human consumption rose during the interval hy I I per cent to ..tlJ 
million tonnes. A further 6 million tonnes arc caught annually hy suhsistence 
fishermen. according to FAO estimates in 1975 I lfl). 

More than nine tenths of the total catch came from salt water. Thus. in the 
absence of prescrvat~on. access to this important protein source is restricted in 
inland areas of dc\'Cklping countries. Much fish is in fact prcscn·ed: in 19 75. KI 
million tonnes were smoked. dried or salted and 7.'!. million tonnes wen~ canned. 
according to F AO statistics. 

Fish canning in developing countries may he almost exdusi,·dy for export 
to the deveklped countries. on the model of the ~:oroccan export indust~. 
Several Latin American countries. however. can large quantities without a 
correspondingly large export trade. A study of hasic needs in Swaziland ti ... ted 
tinned pilchards among items of a minimum daily diet ( 17). 

It is therefore worthwhile considering whether canning fish tC.lr dnme ... tic 
consumption may hccome widespread in developing countries. and to compare 
its appropriateness with fish curing. a technically simple set of processes 
including drying. salting and smoking. Both arc technically ahlc to conser\e fish 
for consumption in inland areas. The comparison is given added point hy 
increased productivity of traditional coastal fishing following the adoption of 
~.mall outboard motors and tough synthctic-fihre nets (181. 

In traditional smoke drying. the fresh fish is placed ahove a wood fire. 
where it dries and cooks. acquiring a smoky flavour. Simple design 
improvements at low cost have hcen shown to increase yields and 4uality. 
Tropical fish may ht.! uniformly smoke-dried in simple wood-fired hrick cahinets 
and stored in sheds over a period of approximately 15 hours. Batch sizes range 
up to almost 300 kg. and the final weight of the dried product is ahout one third 
of the fresh weight. 

Fish may be canned on a very small scale. hut the typical cannery in 
deveklping countries, as elsewhere, is a large-scale mechanized enterprise with a 
high investment cost and a high rate of daily utilization, hut often working only 
for a limited season. The catch may he pumped directly from the holds of large 
fishing vessels, after which the process differs only in detail (for example, the 
fish is cookl·d before the can is sealed) from that of fruit and vcgetahlcs. 

Summary schedules of three projects, two smoke-drying on a small scale. 
and the third a large cannery. were based, for smoke drying. on the FAO study 
of improved smoke-drying techniques; for canning, on the same llnited 
Kingdom sources used for fruit and vegetable canning. checked a)!ainst a United 
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States Agcm.:~ for ln:.:rnation~! Devd•.'pmt•nt profile of a sardine cannery (I lJ!: 
and. for manning levels. on a study of developing country hrcweries hy the 
author ar.d W. H. Cleghorn [20). 

In the cannery. l kg of small fresh fish is assumed to be conwrted into a net 
can content of t kg. of which 0.85 kg is tb: cdihk portion. 0. t 2 kg is cdihle oil. 
and ().()3 kg is salt. In smoke drying. I kg of fresh fish is converted into 0.33 kg 
of dried product. One kilogram of net can contents is thus cqu1\·alcnt to 
O.X5kg.and t kgofdricdfishiscquivalentto2.-t0(3 x O.~l)kg.ofedihlcfresh 
weight. 

On a comparative cost and revenue analysis. small-scale drying is much 
cheaper than canning. with the slightly larger project hcing lower cost and more 
profitable than the singlc-ovc!l variant. Canning is even more (about four times 
per tonne of edible fresh fish weight) profitable hccausc of the high price of 

canned fish. If cost prices per tonne arc calculated for the cannery and the larger 
smoke-drying project at low fresh fish prices. with the costs of edihlc oil and salt 
excluded from the cannery costs. the pattern shown in table 2 is fllund. 

TABI E 2. COMPARATl\"l: \\,\(ii·. COSTS OF 

Lo~ 

High 

PRESERVING HSU ClX>LLARS PER TON~E 
OF PRESERVED HSH) 

Smoke· c/n·i11i: 

Si11g11·-11n·11 l.11rga v.·1.1/c· Cam1i11g 

21-ifl 2m 1177 
.\.C 240 h~I 

These may he compared with the price per tonne of edible fresh fish inputs. 
which cost $218 for the smoke-drying projects and $205 for the cannery. The 
processing costs of canning arc clearly much greater than those of drying: as with 
fruit and vegetable preservation. the cost of cans alone ($353 per tonne of cdihlc 
fresh fish) .tccounts for much of the differential. 

There can he little doubt that smoke drying is the appropriat~~ technique for 
distant inland markets. Where preservation for later local consumption is 
concerned. the solar dryer would almost certainly he appropriate. It is not 
known whether fish so dried would he preserved over long journeys in hoxes. 
Although efforts to increase thermal cffici~ncy of wo(ld-fircd drying arc to he 
welcomeJ. canning is a much more energy-intensive tcchnillue. again occausc of 
the energy content of cans. Smoke drying also provides greater employment 
opportunities. requiring. per million tonnes of edihle fresh fish input. 4'1.300 
non-management workers for smaller-scale projects and 23.100 for larger 
projects; canneries require 9,000. Smoke drying also has lower investment costs 
and the savings might he used to create jobs elsewhere. 

With <lll these advantages smoke drying is to he strongly preferred over 
canning. Even where conditions permit large-scale fisheries with geographically 
concentrated landings. the catch may oc processed hy a cluster of small 
smoke-drying enterprises rather lhan hy a large cannery. 



European-style hn:wing is a suhstantial food proccs ... ing i: Ju,try in 
dc\cloping countries. apart from the stricter Moslem nation.... although 
consumption pa capita is mt:ch lower than i11 developed countries. In 19 7..J. the 
developing countries hrewed about ltHl million hectolitres of beer. This require ... 
an input of about !.8 million tonnes of grain. mostly malkd harley. "hi~·h 
usually entails a considerable import bill in hard currencies. The 197-t 
ex-brewery value of European-style beer production in the developing market 
economies has het•n estimated at $..J.500.tHHl and prohably pro,idcs an almo't 
equal sum as government revenue. Morcowr. the typical hrc\\cry is a large 
modern production unit using sewral million dollars of almost cxclusi\ely 
imported equipment. Such hrewerics arc usually found in the large cities. where 
they often pay higher wages than other large modern plants. An estimated 
annual increase of output was 8..3 per cent between I 9h.3 and 19 72 in thc 
developing market economies. European-style beers. predominantly lager. ar~: 
based on malted barley (malt) and hittcrcd with hop .... The term ··tx-cr"· may. 
however. be used to cover all fermented drink:-. hase<l on foo<l grain .... and there 
arc in the developing world many traditional beers hrcwcd from local grain. 
notahly sorghum. millet and maize. These arc often made on a wry -.mall ...cak. 
although large-scale commercial production is practised in ... outhcrn Africa ! 21]. 
Lager is a clear. sparkling drink from which great care ha' hccn taken to rcmnn: 
C\en the protein content of the original malt. In contra-.t. traditional procc"c' 
lca\e the whole nutrient content of the grain in thc becr. nftcn including c\en 
the grain husks. which in lager brcwing arc filtered out and sold to local farmer' 
.:s animal feed. The principal disadrnntagc of the traditional hcl'r ... i ... thcir -.hort 
shelf life. Unlike lager. they an: ... old (and consumed) while still fcrmcnting. and 
must be <hunk within a few hours or da\s of -.ak. before the uncoiltrolkd 
fermentation produces ;1n unacceptable taste. 

European-style lager hrewing i-. a lengthy and complicatc<l proccss. Thc 
malt and adjunct foodgrains (typically processed maize) arc milled <md mixc<l 
with hot water to convert the grain starch into sugars. The grain husk-. arc then 
filtered off. and the filtrate hoilc<l with hops. which gi\·es the hccr it-. hitter 
flavour. The resulting wort is again filtered. coole<l. and collected in \essel .... to 
which yeast is a<lded to convert the sugars into alcohol. After thi:-. fermentation 
... tage. the hecr is transferred to other vessels for conditioning in cold -.ioragc: 
this removes the residual protein along with harsh lla\ours. It i... then 
carhonated. and filtered again before it is ready for hottling. the normal 
packaging process in developing countries. 

The hrcwery requires steam for hoiling the wort and pasteurizing hottlcd 
hcer; refrigeration for cooling the wort and maintaining low temperature:-. 
during fermentation and conditioning; and electricity. engineering maintcnancc 
and a lahoratory to provide precise process and quality controls. 

Considerahlc technical cxpcrti·,c is needed. Nevertheless. there is a widc 
range of technical choice. e.g. fork-;ift trucks or manual handling or matcri:1I' 
and hottles; pure malt. or a mixture with mai;rc .. grits" as hrewing material ... : 
vc ... scls of stainlcs-. stccl or cheaper materials; the conditioning pt:riod may he 



long or short: wooden l:Jah.::- ,..,r caiJhnard C:!r!nn~ m;i~ he_· 11•.t.·d a' hottk 
containers: and many hottling operations may he either mcchani1cd or manual. 

The pro<luctilm of t1ad1tional hcers permits many simplifications. such a' 
simpler wort production: a smaller ar.d less refrigerated set of fermentation and 
conditioning vessels: the omission of pasteurization and packaging. the hca 
hcing delivered in tanker trucks: and a lessening of product susceptibility to the 
development of unacceptable flavour and aroma as a result of minor changes in 
raw materials or processing. 

Seven brewery projects with three scales of output were s-:lected tllr 
comparison. The largest is large by the standards of most developing countries. 
the medium scale is ;Jerhaps more typical. The small scale. still a suhstan!ial 
industrial enterprise. is reserved in this analysis for the production of corn heer. 
a variant of traditional heer brewed in East Africa from millet and maize. 

At both the smaller scales. production is a:-.sumed to double after four years. 
while the largest-scale projects work at full production from the start. At full 
production. all work at high utilization rate ... hut for the small project a more 
relaxed schedule is assumed. 

At each of lhe larger scales. thr,.:c lager-brewing tcchnologic"' arc 
considered. Turnkey technology is typical of many mechanized breweries 
n:cently erected. Least-cost technology represents the nar;-ow range previously 
found to he least-cost at the scales considcn:d. Low-co.,t job-creation 
technology parallels least-cost technology except in bottling operation .... \\ hcrt.' 
considerable ... ubstitution of labour for c:_iuipmcnt is assumed. At the ... mall -.calc. 
the single corn hcer technology is based on an amalgam of an industrial project 
ohserwd in East Africa. and the t<.!nker truck delivery o;yst~m pral·tiscd in 
southern Africa. 

Summary schedules of input'> and output ... were hased on a study hy the 
author and W. H. Cleghorn. whi•.:h in turn was hased on direct ohsenations in 
dcvel,lping countries. 

Cost and revenue analyse., of the seven projects show hn:wing to he highly 
profitable at either low or high wage .... lager tending to he more so than corn 
hccr. At the medium scale. lcdst-cost lager technology shows a net present \aluc 
( NPV) of S 16.114.000 at lov.- wages. almost fiw times that of the rnrrcspondin~ 
NPV of the 1:orn hcer project. which operates at one 4uarter the scale: and the 
larger projects arc more profitahlc still. However the turnkey project can ht.· k..,, 
profitable than the corn hccr project. especially at high wages. 

The comparative profitability of lager rests on extremely high prices. When 
cxci'>e taxation and trade margin:-. arc allowed for. the ex-brewery price retail i:-. 
approximately ~)to 9() cents per hottlc of tl60 ml. At developing country \\age 
leveb. lager beer is clearly a .. luxury .. product. Even at its least costly. in large 
projects using least-cost technology at low wage:·. the ex-hrewer; cost of $25.9 
per hectolitre. may he compared with $ 12. 6 for corn hcer. also at low wages. 
Since a hectolitre ~>f either type is based on about I 8 kg of food graino;. the 
minimum procesSt:d costs per tonne arc $1.440 for lager and$ 700 for corn hccr. 
hcforc taxes or trade margins. Moreover. in lager brewing much of the nutrient 
content of the grain is removed. 

Although hccr is not usually consumed for nutritional rcm;on.... it i.., 
arguable. firstly. that a cheaper variant should be promoted to ... ati ... f\ the 
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ut."lii<tiiJ foi intnxi>:ants. :md ~.eamdly tha~ if large-scale production of such a 
luxury is to be toler:itcd it should be on:y on the basis of some c4uitablc sharir.g 
of the benefits with the poor. Low-cost job-creation technology. by generating 
cmpklyment in the large-scale bottling operations of lager breweries. i:. one 
means of achieving this objective. It adds l.~JO-l.9lK) jobs per million 
hectolitres in bottled form. and the cost premium is small at low wa2cs. 

Com beer seems a more appropriate product than lager in many de-veloping 
countries. Care should be taken. however. in its production on an industrial 
scale. since this is a substantial household industry. In several African countries. 
production .. m a very small scale may provide the principal means of support for 
single women. Industrial-scale production might reduce them to destitution. If 
corn beer is to he encouraged on an industrial scale. it should be aimed at 
reducing the consumption of lager. on which prohibiti\c excise taxes might also 
be levied. 

Present lager breweries produce a luxury product. typically contribute little 
to local agricultural employment. provide few jobs (all in towns). and consume 
large amounts of foreign exchange and investible funds. But similar 
inappropriate fealures of transferred modem technology have been evident in 
the other studies presented in this section. 

Although storage losses of grain can be exaggerated. appropriate grain 
storage technology may be very important in meeting the basic needs of the 
poor, through an increase in their incomes. a reduction in the costs of the most 
basic of all foodstuffs, and the provision of employment opportunities. 
However. the importance of these factors varies with the level considered: farm 
or village local storage. or larger-scale urban or national storage. 

In India. 60 to 70 per cent of the stock of food grain is estimated to be kept 
in local storage by farmers or local merchants [22). The proportion is probably 
similar in many other developing countries. Most is stored in structures made 
wry cheaply from local stone, clay. bamboo. straw. and the like. Loss rates arc 
not very high. yet may be redm:ed by low-cost improvements in design. 
providing better protection against pests and moisture. In Zambia. an improved 
method involves shelling maize kernels from the cob and storing them in a crib 
plastered with dried mud inside and out. Both there and in India. such 
improvements have shown favourable benefit-cost ratios. 

It St.'ems likely ihat village-level storage improvement!-. arc worth 
persevering with, particularly where. as in India, employment is generated. Such 
a pattern seems possible in densely populated societies where specialization of 
lalxrnr has a long tradition. Another possible advantage may be to 1'clp 
small-holders keep their produce at harvc~t time rather than selling it to a trader 
or money-lender and perhaps buying it hack later at a higher price. It would also 
benefit consumers hy reducing concentration of grain supplies, thus 
discouraging monopoly profiteering. 

The choice of technology at the urhan level is basically between silos of 
stcd or concrete and warehouse storage in hag!-. (hagged storage). Silo' <m.· 
better adapted to the grading and storage of a few varieties of grain in ~an 



environment in "7:hich moasturc and tempcrarnrc can he pu:("i~dy i.: .. mtrolkd. hut 
hagged storage is also capable of minimizing l .. >sscs with careful management. 

Summary schedules of input requirements for the two techniques at two 
commercial scales are largely based on the previou!-:ly cited study of hrewerie .... 
In the matter of investment costs for silos. however. other sources were used 
[2J. 24. 25). From these it was not possible to detect economics of scale in silo 
construction. Nor could different costs he attributed "'ith certainty to concrete 
silos. which seemed from some of the evidence available to he the more 
expensive. 

The scale of storage facilities is intimately connectl.!d. via transport costs. 
with particular circumstances of grain surplus and deficit areas. A more 
significant result energing from cost analysis is the much lower cost of bagged 
storage at both scales and both wage levels. Silos. with their more precisely 
controlled environment. might have a small advantage in the matter of losses. 
but losses with bags would have to be around 9 to 10 per cent greater than with 
silos for the costs of the two to be equalized at low wages. Such differential 
los.'ies appear quite incrcdiblt>. 

Bagged storage provides other benefits. Silos arc likely to he largl.!-scak. 
permitting both exercise of monopoly power and ready grading of the grain to 
secure high prices. Large-scale silos arc often mis-sited and therefore 
underutilized. further raising their costs. Bagged storage al ... o provide ... more 
direct employment: 2J)f10 jobs more per million tonne., of annual grain 
throughput at the smaller scale. and 2, ~)() more at the larger. It also cfkcts 
considerable inwstmcnt savings of the order of SI()()-$ I SG m:llion per million 
tonnes throughput. Moreover. in some developing countric., ahout '10 per cent 
or more of silo investment goes on foreign exchange. With all these advantages. 
bagged storage must he considered the appropriate technique for urhan grain 
storage. 

CONCLUSIONS 

SHlmary of resalts 

The foregoing sections have demonstrated that alternatives to large-scale 
modern tcchnok>gics exist, that it is possible to evaluate such alternatiw., and 
that in these comparisons it is frequently the altcrnatiw technologies that 
emerge as more appropriate [26. 27). However. they cannot he typified. nor i., a 
uniform set of advantages app<srent in each. Determination of appropriatcnc ... ., 
usually requires a judgement of the advantages crucial in a particular activity. 
The advantages offered by the appropriate technologies therefore vary from one 
food-processing activity to another. 

In rice milling, small powered mills arc cheaper than either large mills or 
manual techniques, and the rubber roller variant attains the highest profits of 
any. The results arc disturbing. because the labour-intensity of the small 
powered mills is hardly any greater than that of their large counterparts; thus 
their supcrscssion of manual techniques poses great problems of unemployment 
or diminished income among the rural poor in major rice-producing countries. 



Manual techniques must continue to be judged appropriate m the ma1or Asian 
rice economies unless and until a method is found of compensating those 
displaced by the introduction of the small powered mills. 

Well managed. large mechanized bread bakeries offer higher profits and 
lower costs than smaller labour-intensive bakeries. However. the latter arc 
competitive with the normal run of large mechanized bakeries. and offer 
significant employment opportunities. which may provide a means of sharing 
with the poor the benefits of producing what is a semi-luxury product for many 
developing countries. Small bakeries .. re therefore more appropriate. However. 
they arc relatively energy-intensive. and Rand D to reduce fuel consumption at 
low investment cost should be accorded a high priority. 

Of the th\ee major methods of fruit and vegetable preservation. drying is 
found to have the lowest costs. Canning is a very high cost technique. largely 
owing to the cost of the cans themselves. while freezing must hear the costs and 
uncertainties of a long cold chain up to the point of consumption. Drying is thu' 
the appropriate technique. It is its low costs that makes it attractive. for it is not 
particularly labour-inten!-iive. and nutrient retention. though acceptable. poscs 
some difficulties. Where climate docs permit direct reliance on simple solar 
dryers. attention might profitably be paid to improving fuel economy in small 
wood-fired dryers. 

In milk processing. small-sc<ale plants arc slightly more lahour-int.:nsi\·e and 
consume less energy than large plants and compare well with larger plant-. in 
processing costs. However. processing entails suhstantial investment. whatever 
the technique. and it is doubtful whether an expansion of commercial milk 
production should be encouraged. Milk and milk products an: expcnsi\·e source-. 
of ener~y. fats and protein. and arc luxuries in many developing countric-.. 

Fish drying is a much cheaper pre-.ervation technique than canning. <md in 
small plants with simple equipment considcrahly more lahour-intensive than 
large canneries. Such plar.ts therefore represent the appropriate technique-.. 

In beer hrcwing. at least two options arc availahlc. It may he appropriate to 
promote cheaper hccrs based on materials supplied hy local agriculture. 
Alternatively. the potential of lager hrcwing for generating significant dm:ct 
employment might ~-.c fully exploited a-. an appropriate way of providing the 
poor with some benefit from the production of a high-income produl·t. 

Extraordinary supply increases ..:annot he cxp.:ctcd to arise fr.,m improwd 
food grain storage. Low-cost technical improvements using local materials and 
lahour arc appropriate investment\ at village level. Besides incrcasing food 
supplies. such improvements may provide construction employmcnt and 
increase the incomes of small farmer~. who can afford to invest in them. They 
would prohahly also involve hagged storage in warehouses. which is 
considerahly cheaper than the apprnpriatt' urban or national practice of silo 
storage, reduces investment and foreign exchangt' costs and slightly increases 
direct employment opportuniti~s. 

In rice milling. breadmaking. fish preservation and lager hrewing the 
appropriate techniques arc lahour-intcnsivc. and offer significant opportunities 
for maintenance or generation of employment. Low cost is thc principal 
characteristic and advantage of appropriate techniques in fruit and vcgetahlc 



and fish preservation. food-grain storage. anu m bet:r lu~wing. They offer 
cheaper supplies to the poor. but with no guarantee of great direct employment 
generation. However. given good planning, and political will. their low costs 
could enable them to capture large markets. the low investment would permit 
their rapid expansion while still leaving potential for complementary 
investments in agriculture. and agriculture and industry could together provide 
increased employment. 

Prospects for the future 

The potential advantages of alternative technologies should not induce a 
blindness to practical difficultie!=-. It is sobering to reflect that none of the 
appropriate technologies can be said unequivocally to be the most profitable and 
that present conditions are perhaps conducive to the rapid spread of only one of 
them, small labour-intensive bakeries. 

On the other hand, all of the appropriate techniques are already in place in 
the developing countries, whence came most of the data used to calcalate their 
cost. They are still susceptible to improvement, particularly through reductions 
in energy consumption. However, what is now primarily needed is wider 
application rather than technical improvements-extensive rather than intensive 
development. The two methods are not contradictory. for intensive 
development will often aid the spread of the improved technique. The 
distinction is made to highlight priorities. and also to emphasize that technical 
change is not the only method of implementing the expansion of appropriate 
technology. 

A strategy for implementation embraces, firstly, the controls needed to 
create a favourable environment and, secondly. promotional measures designed 
to encourage widespread application. Controls would discourage the flow of 
funds and skills into inappropriate technologies. Among them might he high 
tariffs on imported machinery and frozen prices for high-cost products. What is 
needed is a c"':mge in the path of development such that its further benefits go as 
a first priority to those whose basic needs arc not yet met. Promotional measures 
for appropriate techniques might include a widespread loan programme to small 
food-processing units and local equipment suppliers. and concc~sional rchates 
on raw materials purchased. 

There is a strong case for the establishment in finance, industry or planning 
ministries of technology search and appraisal units to keep up to date with 
imported and domestic technologies in the more important industries. They 
might also advise on appropriate tariffs for machinery and raw materials and 
search for previously neglected appropriate technologies that can be promoted. 
Technical R and D is also welcome, though in all intensive developments the 
aim should be the preservation or expansion ,;f the employment and incomes of 
the poor, rather than the encouragem~nt of small-scale units per.\'£'. since some 
of these-for example, small powered rice mills-can reduce employment just as 
much as their larger counterparts. 

However useful appropriate intensive development may he. it will not 
normally obviate the need for promoting the rapid spread of existing 
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appropriate techni4ues. Promotion may be effected mos1 tN:fuii~ i" .in 
expansion of craft training. The widening of a~!ricultural extension services may 
be most fruitful. 

Where production for marketing means an investment of a few thousand 
dollars and the employment of more than a handful of people. training 
programmes for potential artisans and small husinesses are indicated. backed by 
loans to successful trainees for :he purp<..'se of setting up small enterprises. .I 

I. , 

3. 
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5. 

6. 

7. 

Finally. supporting action al the international level should not be neglected. 
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Food storage and proc~ 
J. E. Cecil* 

INTRODUCTION 

From the moment food is harvested. until it is eaten. the best handling 
techniques that can possibly be applied ought to be used. The importance of 
this-to ensure that as much as possible ol :~~ ~1riginal value t~f the crop rea1.:hes 
the consumer-cannot be too strongly emphasized. To preserve as much as 
possible of the original values. for as long as possible. is the:-efore the objective 
of storing and processing systems. 

In the broadest sense. we arc governed hy social anJ religious habits 
directly and indirectly in what we cat. Physically. we need food because it is a 
source of energy. amino-acids. vitamins. minerals. non-metaholizablc fibre and 
other essentials. Food must be wholesome. It should also be attractive. Sensual 
aspects. particularly taste, arc frequently overriding criteria for selecting the wa~ 
of presenting food-sometimes even to the detriment of nutritive values. This can 
be illustrated by the preference of many British people for overcooked green 
vegetables; excessive cooking reduces the level of vitamin C. Another cxumplc 
is the resistance of consumers in many countries to parboiled rice: parboiling 
before husking improves the nutritive value-particularly the content of the 
B vitamins-but the resulting appearance. taste and texture make the rice 
unacceptable among certain groups. 

Taste also influences the choice between variations of essentiallv the same 
food. Where cost is not important. Kllr (raw lump sugar). a technically less 
advanced form of sugar than white or brown sugar. is sometimes used in 
preference to refined white sugar because of its flavour. Conversely. the flavour 
is sometimes tolerated in the unsubstantiated belief that the coloun:d product is 
nutritionally of greater value. 

The need therefore is to retain as many as possible of these unrelated 
tangible and intangible qualities of the original food. An ideal system would 
retain all of them indefinitely, but with a few exceptions such ideal systems arc 
not practical. The food technologist is therefore faced with a choice between 
various imperfect systems; and has to make the choice depending on the 
qualities which most need to be retained, Jnd the available resources. 

Most existing food storage and distribution systems arc undoubtedlv 
capable of impmvcmcnt. U nfortunatcly there arc usually constraints on the 

*Section Head. Industrial Development Department. Tropical Produch ln ... titutc. 
London. United Kingdom of (lreat Britain and Northern Ireland. 
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••doptioa of a helter system. Perhaps the most common constraint. though hy no 
means th1..· only one. is cost. Pu~~iM~ th~ best appr~~a("h h' "~''F•gl·-sy-.tem~ which 
invol\e cr~qgcnics-has limited application in the developing world for local 
consumption because of the high cost. and for export because of the lack of 
reliable distribution chains. Warm and humid ambient conditions. the 
abounding fauna and micro-flora which these favour. and the limited resources 
available. together r>rcsent problems of preservation far more difficult than 
those usually encountered in temperate climates. 

Most natural foodstuffs fall into one of a few broad categories of foods. such 
as cereals. legumes. oil-seeds. animal protein. rlX)t crop-;. fruits and leaf 
vegetables. Most natural foodstuffs meet human dietary needs in more than one 
respect. Cereals. legumes. oil-seeds and root crop~ are important sources of 
energy. but they also provide amino-acids required for body-building and 
maintenance-and these substances are present in more balanced aLJ 
concentrated form in animal protein. f illits and leaf vegetables are important 
for vitamins and minerals. There are a f cw foods that meet only one dietary 
need-sugar and starches are examples-and even these have potential hcnefits 
in other areas of dietary need. for example they have a protein-sparing action 
when protein is being metabolized t0 provide energy. 

Methods of preservation 

In the natural state. most foods can be kept for considerably longer periods 
if they are in good condition than if they are overripe or damaged. This is 
particularly important in high-moisture foClds stored at ambient conditions in 
warm climates. Low moisture levels reduce the rate of growth of 
micr()-organisms, and inhibit germination and some enzymatic mechanisms. 
Cereals, the major food crops of the world, are usually low in moisture when 
harvested and require minimal processing before storage-indeed. in many 
instances, nothing more than threshing is required. Grain and sun-dried fruits 
still possessing some nutritive value after thousands of years. have been found in 
ancient Egyptian tombs. Low temperatures reduce the rate of degradation of 
foods of high moisture content; in northern Europe in mediaeval times meat was 
routinely stored throughout the winter. In acidic conditiom. pathogens generally 
cannot thrive. This affords some protection to the consumer when eating fruit 
products that are normally acidic. A reduced level of oxygen also helps protect 
food in storage. At reduced oxygen levels, higher forms of animal life, such as 
insects and mammals, cannot survive. Some biochemical degradation 
mechanisms are also inhibited. 

Processing often merely accentuates the natural methods of increasing 
storage life. Drying and freezing are obvious extensions-at very low moisture 
levels even enzymatic hydrolysis of sugar, starches. proteins and fats is inhibited 
and viable micr~-organisms become dormant; at subzero temperatures 
degradation reactions are very slow. Mechanical removal of oxygen can he made 
far more efficient, thus eliminating oxidation reactior.s, which can destroy 
vitamins and produce rc:.ncidity in oils, or stopping the growth of aerobic 
micro-organisms. Unfortunately. in anaerobic conditions there is an attenda11t 
haz1rd, as araerobic bacteria can flourish under certain conditions. The most 



dangerous of these product..-s a virulent toxin. the effect of which is known as 
botulism. Processing sometimes im·olves addinJ? materials which mimic the 
effects of dr)·ing or natural acidity: addition of sugar or salt !owers the water 
activity. ~sin jams or salted fish. and additional de,·clopment of al;d pnl\·id1..-... 
protection against pathogenic organisms. a" in pickles. Isolation of one or more 
constituents is sometimt-s necessary before moisture remm·al (as in the starch. 
sugar and palm-oil industries) or as an intermediate proCl.'SS hctwecn drying 
stages (the copra industry). Packaging. whether in cans. sacks. paper or plasti\.·. 
is to protect flxxi from external agencit..-s such a" oxygen. moisture. light. 
micro-flora or animals. 

The method selected to process food will dt.-pcnd on a numhcr of factors. 
including the quantity of raw material arnilahle and the market requin:ments. 
bl't most of all on the technological resources availahlc to set up and operate the 
system. There is a range of technologies that may be used. generally dassified as 
follows: traditional techniques. traditional technology impmwd indigenously. 
traditional technology improved by imported techniques. and new techn•.llogies. 

lmponed technologies have the disadvantage that they may not he 
immediately acceptable for some reason and may have to hc P'odified. if indeed 
they can be used at all. On the other hand. imponed techniqut.-s arc often hascd 
on a much broader background of expertise and knowledge than is a\"ailahh: 
locally and arc therefore likely to haw potential ad\·antages m·cr indigenous 
techniques. 

The Indian klraml.'iUri sugar industry pro\"ides exampks of all the"'-· 
categories. The basic pwcess of boiling sugar juice in open pans is a traditional 
technique. The ad:.iptation of the sulfitation method to small-scale operation is. 
it is believed. an indigenous development. The use of roller mills and 
centrifugals is the result of imported techniqul.-:;. The amalgamation of all these 
improvements with the basic traditional tcchni4ue undoubtedly amount'.'> hl a 
new techno;ogy. 

Naturally the technique that will he cffrctively and efficiently adopted is the 
best to introduce. The Tropical Products Institute (TPI) has proposed the term 
··optimal.. to des<..Tihe the best from a range of appropriate technologies. 
accepting that in different circumstances. this could he anything from an 
expensive. large-scale sophisticated technology to the use of a simple and what 
may appear to he a rndimcntary tool. An appropriate technology is not 
necessarily the best. Intermediate technology is meaningless without further 
qualification with respect to cost. scale etc .. and the term alternative implies only 
a difference. 

Demands of different markets 

Unfortunately. vet another consideration must he discussed: the market for 
which the food is heing prepared. Two hasic food handling situations may he 
distinguished. One. regulated to a greater or lesser degree hy internal 
government authorities. is concerned with the feeding of local populations. The 
other. often regulated to some degree within the country. is for an external 
market and is ultimately regulated hy standards set hy the importing country. In 
a nutshell. there is often one set of standards for exports and another for the 
h>cal ma.rkc!. 
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F oocls for export 

In practice. hi~hcr standards arc usually demanded for foods prepared tor 
export than for kK-<tl use. Lahour-intcnsivc technologies of intcrmt.•t.hatc k\·cls 
of sophistic-cltion somctimt.-s present considcrahk difficulties in meeting these 
higher standards. partil.-ularly for meat and fish pwducts. Approacht.-... of this 
kind to :he handling of prawns and frog legs prior to freezing. for instance. haw 
led to mil.Tohiological problems and seriously damaged the export prospects of 
such foods from south-east Asia. In practice. an undcsirahle pattern has now 
hegun to emerge with a tendency towards mrertrcatmcnt. either thermal or 
chemical. Even with acid (fruit) products. efforts towards the use cl 
semi-sophisticated technology in the preliminary stagt.-s of sterile packaging lines 
have hecn found ir a .. lea'\t one instance to have hccn a cause of failure. Bearing 
in mind the has· levels of puhlic health education and infrastructural 
development in many developing countrit.-s. the optimal technology for such 
situations is likely to he derived from small-scale tcchnolot_!ics usc~lr perhaps 
superseded for non-technical reasons-in dcvclopt.-d countries. 

On the other hand. labour-mtensive approaches invoh·ing later proct.-ssing. 
such as the manual selection of ground-nuts. can produce acceptable results: hut 
even in export-oriented industrit.-s where manual operations have long hccn 
accepted. increased attention to microbiological standards by importing 
countries may necessitate a change. In the decortication (removal of shell) of 
cashew nuts. intermediate-scale technology has provided an alternative to 
traditional manual operations. 

Changes to more appropriate handling. preservation and processing 
technologies offer considerable prospects for improving the 4uality of certain 
food categories for export. Fresh-fruit handling. for instance. in hilly terrain 
where roads arc poor. can he improved by the use of simple wircway systems 
(such as the Australian flying fox }-which have considerable advantages over 
wheeled transport-or even by such simple changes as use of a better-fitting 
container. Traditional types of produce-drying c4uipment have been improved. 
and can he further improved. by research and development. both in producing a 
hetter finished product and in reducing fuel requirements and costs. The 
importance of fuel economy is not. however, just one of immediate cost. In 
many situatiGns the result of wasting fuel is accelerated deforestation. 
Long-term damage to the environment through erosion may prove to he an 
unacceptably high price for a community to pay. T cchnologists can help in 
evaluating methods of conserving fuel and recommending the most effective 
methods. 

Foods for local u~ 

The home mar~cts and :.ubsistcnce sectors of developing countri;:s present 
even greater challenges to the technologist. People arc naturally sensitive to 
suggestions that their standards should differ from those elsewhere-particularly 
when the suggestion emanates from an outsider. At the same time, pressures on 
food supply and the constraints that exist may necessitate compromises. 

It is in this area that a technology that is intermediate in co~t. size or level of 



sophistic-dtion is commonly assumed to be most advantageous. It is l.'Sscntial that 
any food technologist from outside the region working in this field shouki fully 
appreciate local conditions and views: the technologist must plan in the light of 
kx:al circumstances and 1.:nsure an effective collaborative relationship with the 
most appropriate organizations of the region. and must bear in mind that the 
primary objective is to get beneficial techniques applied. rather than to develop 
research for its own sake. or to impose socio-political idea-;. Getting people to 
use optimal techniques can be time consuming. but the time taken is almost 
invariably well spent. 

The points already made c-.m perhaps be briefly illustrated \\ith a f cw 
examples. 

The importance of sugar as a food is worth special emphasis in \·icw of 
lndia·s position as the world's largest primary producer of sugar products. 
Small-scale sugar processing lends itself to the application of altemati\·e 
techniques and processo. and the kha11dsari sugar industry. which annually 
processes some I 0 million tonnes of cane. if made efficient. could be an optimal. 
rather than just an appropriate. industrial technology. In common \\ith some 
othe; small-sc~le industri~s the kha~dsari in~ust~ .Ji! now suffc~ing f~o~ _a l~k 
of research m proeessmg techmques. D1scu~o.k about us v1ab1hty m 
competition with the vacuu:n pan process. cannot therefore be extrapolated to 
the future until the techniques currently used ha\·e been carefully examined and 
where possible improved. It would otherwise be like comparing an unserviced 
old car with a well maintained. expensive new one. Obviously any altcmati\·e 
technique recommended for any stage of the process must be examined. not 
only in terms of its overall technical effectiveness. but also in terms of its 
socio-economic impact. This second phase must however await compktion of 
research. Policy measures to incorporate improved processes and techniques 
must follow. 

In studyin.; the khandsari indu'.•UJ. the very strong imprL""i' m is gained that 
most past research has been with the objective of making /..'1"11dsari factories 
into miniaturized vacuum pan plants. This may well have hindered the 
development of the industry. In any activity. there is a particular scale at which it 
becomes sensible to change one's basic approach. for example from hand 
operation to machine operation or vice versa. Among factors influencing this 
decision are the availability and cost of suitable labour and the cost and 
efficiency of machinery. A change to a smaller operation opens the possibility of 
attendant changes, for example the opportunity for better examination of the 
raw material. As one reduces the scale of operation, it is obviously essential to 
consider novel possibilities often impractical at the larger scale. 

The khandsari problems differ from those in the vacuum pan industry. It 
seems reasonable therefore to look for different solutions. TPI is in consultation 
with the appropriate authorities in India on the formulation of an R and D 
programme which could possibly become the first step towards a major 
improvement of the khand!iari industry. Every step of the operation is to he 
examined. fi:st to •!stablish its efficiency. then to try out alternative techniques 
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that can be slotted into an existing ope<ation. and finally to put together what 
may prove to be a rather different design of plant. 

Tne iniciai emphasis musi be: c:xplm atf,r~ noi ciinugh apP'=ars to !:-.e k:mwn 
about such fundamentals as where and how heat and sugar arc lost and what 
these losses cost. The initial investigatory work ~ill provide a baseline against 
which small benefits can be recognized. This is important. as a number of small 
benefits can add up to a substanti.ll improvement. In the proposals made by TPI 
a number of areas for study have been identified. A cost-benefit study which 
might lead to improved efficiency should be conducted in such areas ao; the 
following: 

Discard of recognizably bad canes for alternative use 

Improved cane preparation 

Mill-roll design 

Effective yet simple mill sanitation 

The use of maceration water 

The effectiveness of second and third mills 

Phosphate supplementation 

Alternative approaches to clarification 

Reduction of sugar losses 

Improved pan desig~ 
Re-assessment of the best pH for boiling 

Elimination of dead spots 

Increased mola~ses exhaustion 

Pan densities 

Cooling regimes during crystallization 

Minimizing water addition 

Fuel economy 

Improved furnace design 

The effect of pan scale 

Non-evaporative heat losses particularly during crystallization 

Extension of operating runs 
Use of flue-gas waste heat 

After the investigations, implementation of alternatives should be 
considered in the light of cost-benefit effectiveness, social acceptability and 
other considerations of broader significance. 

F°Mprodllcts 

A less expensive alternative to the freezing of fish has been developed as a 
result of studies of microbiological and enzymatic spoilage of tropical fish. Use 
of the technology resulting from these studies ha~ made possible the storage of 
certain species of tropical fish for period!-. of a month or more simply hy 
chilling. 
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Another recent development in solar drying being applied in Guyana 
m2in!2ins ttw product at a temperature at which insect eggs arc dormant. a 
considerable advance on traditional air-drying techni4ul.'S. Where traditioffli 
local techniques must continue to he employed. improved hygicne. selection of 
fish to he dried and careful use of pyrcthrins can show considerable 
improvements in the quality of the material removed at the end of a pcri,xJ of 
storage. 

Oil-seeds 

In the edible oils industry then: arc a number of exampks where inh:rnal 
standard-. of quality in a developing country arc markedly different from thl'SC 
re4uired for exports. In Western Europe and the United Stall.-s of America. 
bland. dear. lightly coloured edible oils and fats arc usually preferred. a:td crude 
oils and fats must therefore be decolouriLed. clanficd and delxJorized for th.:se 
markets. With palm-oil. coconut. ground-nut. and rape-seed and mustard-s.:.:d 
oils. the inherent flavour and colour of impurities in the oil play an important 
part in the appeal of the final dish. and people in producing areas often therefore 
prefer unrefined oil for doml.-stic use_ Bland refined \lils and fats art: im.Teasingly 
finding favour in dcvcloping countries. however. particularly in the more 
affluent sectors of the population. 

Natural edible oil-hearing mah:rials vary considerably in oil content. 
varying from the 65-70 per cent found in oil-palm fruit and copra down to 
cotton seed and soya beans in the region of 15-:!0 per cent. Several simple 
manual or animal-powered techniques have been evolved for extracting oil from 
high-oil-content crops such as copra. oil-palm. sesame. ground-nut and 
mustard-seed. hut all h:nd to be somewhat inefficient. often removing kss than 
50 per cent of the available oil. 

One cannot avoid the reality that expelling oil from oil-seeds re4uires high 
pressures and consequently considerable energy input. For the low-oil-content 
oil-seeds. and for the efficient removal of oil from any crop. powered screw 
expcllcrs or solvent extraction is necessary. In some socio-economic 
environments. such as rural areas with low income. no electricity and poor 
communications. there may he no alternative lo the use of simple mcthtl<ls and 
consequently the inefficient extraction of oil. In general. the use of more 
efficient. powered screw cxpellers is to he encouraged where the primary 
ohje:tivc is to make optimum use of available raw materials. 

Continuous automatic operation of an edible oil factory is feasible on a 
large-scale. hut in smaller factoril.'S hatch processing is generally found. The key 
to efficient operation in all cases is close routine monitoring of certain critical 
steps in the process. The establishment of process control procedures in even the 
smallest factory has resulted in improvements in end-product quality and 
reduced losses and costs. Continual routine checks can and should he made on 
raw materials, and pre-treatment can he confirmed hy simple mea~uremcnt of 
oil in cake and foots in ail. Such simple tests can indicate the need for minor 
adjustments to control losses or operating cost~. or perhaps indicate the need for 
repairs. In refining. simple procedures can determine. for example. the correct 
quantity of lye or bleaching earth required. so reducing overtreatment and 
waste. 
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Efficienq of ancillary equipment must be considered in any technical 
review of factory operation. Generators. boilers. motors. pumps etc. should be 
subject to routine maintenance and consideration must he given to iagging 
steam lines. hot-water lines and all heated vessels to reduce energy losses and 
consequent fuel wastage. 

Efficient utilization of fuel is as important in milling as in the production of 
edible oils or sugar. By chance two engineers working on paddy drying in 
Bangladesh recently observed that by siting a husk-fired steam boiler in a rice 
mill considerable savings wouid be obtained both in laying the connecting pipe 
and. more importantly. in reducing heat losses. Further substantial heat savings 
could be obtained by lagging the pipe. These savings. could well determine 
whether the mill would bc viable or an economic failure. Their 
recommendations were promptly put into effect. 

Engineers and technologists at the International Rice Research Institute 
(IRRI) adapted the technology used in large-volume pa<ldy threshers to 
produce the successful IRRI portable paddy thresher. Similarly. technologists in 
Egypt. India and Pakistan have further m<xlified the portable unit to thresh 
wheat and barley. and to further improve its efficiency. 

Techniques for large-scale storage of grain can often he used on a 
small-scale. but a major difficulty in adopting them is lhat of communication. 
GoC:~1wns and small silos of improved design can certainly he built hy local 
craftsmen. but the instrm.-tions must he written in the local language and 
measurements given in units they understand. Construction materials should he 
those familiar to the local craftsmen. Frequently dc..-signs have to he modified to 
permit the use d locally available material. Illustrations and models mu ... t he 
dear. Conventional symbols may make an idea dear to -.omeone from a 
developed country. but someone from a developing country may derive a totally 
different meaning from them. 

For storing smaller quantities the use of metal bins can he encouraged. if 
necessary. in a number of ways. including soft loans and subsidies. Both of these 
approaches have hcen successfully used in India in the .. Save Grain Campaign .. 
to improve the quality of storage systems. 

Sacks for dried materials can he made from many materials. ran~ing from 
natural or synthetic fibres to wov~n strips of polythene or plastic sheet. The use 
of pesticides for additional protection is even mllre advisable when sacks arc 
used than when bins are used. Unfortunately pesticides arc usually supplied in 
hulk so there is a widespread need for small enterprises to break down hulk 
quantities into small packets suitably printed with instructions understandable to 
the small-scale user to encourage wider use. 

Stardl 

Starch extraction is a traditional technology in many developing countries. 
In some. the traditional is no longer the optimal. a fact that may he illustrated hy 
reference to sago starch. a traditional product of swamp areas of south-cast 
Asia. 
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A local export market in sago starch has long existed. and a wider markl.'L 

particular(\' to the United Kingdom. gradJally dcvdopcd. As the market gn:w. 
the traditional h<'Usehold methods of preparation hecamc inalkquate to meet 
the demand. and the processes used were mechanized. The present factory 
process used in Sarawak is a very interesting example of indigenous enlargement 
of a cottage industry to the scale of a small factory. with apparently ,·cry little 
henefit derived from external experience and expertise. 

Unfortunately. requirements in the United Kingdom have changed. and the 
quality of the starch now pnxluccd is too low for European manufacturers to 
risk putting it into their food pnxlucts. As a result. the export trade to Europe 
has virtually disappeared. and exporters have to sell sago starch for whate\"er 
they can get. mostly to stock feed merchants in markets closer to home. 

The techniques used in the factory can be improved by using ideas imported 
from other areas where starch is produced on a small-scale in unsophisticated 
plants. Preliminary proposals have been adopted and substantial improvements 
in quality have already been realized hy individual factories. It is likely that 
some modifications to the imported methods and equipment will lead to further 
improvements. There is a role here for people who understand the underlying 
principles of the technologies concerned. The Government is now setting up a 
laboratory that will serve as an extension centre to stimulah.: improvements in 
starch quality and to monitor maintenance of these improvements with the 
ultimate objective of reviving the export trade of sago starch fit for human 
consumption. The objectives of the project are to increase the efficiency of 
extraction and to help the local people ohtain a better price for their product 
without significantly changing the technical or eco.-.omic requirements of the 
manufacturing process. 
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lbe experience of Bunna 
.M. Thant Trn* 

llacqroand 

In Burma ~he agricultural sector is the mainstay of the economy. The 
products contrit' ite about 27 per cent of the gross national product and cam 
more than 80 per cent of foreign exchange [I]. Consequently. priority is 
acC'orded in the 20-year long-term and 4-year short-term developm·~nt plans of 
Burma to im.Teased production. export promotion. utilization of raw material 
for agro-based industries and import substitution. 

Measures taken included multiple and mixed cropping. increasing irrigated 
areas. distribution of inputs such as quality seeds. fertilizers. insecticidt.-s at cost 
or even at a loss subsidized by the Government. loans and advance purchase 
schemes. reclaiming fallow land. promoting the use of draught cattle and 
agricultural implements, and fixing fair prices for products. As a result. 
agricultural production t>egan to increase hy approximately 5 per cent annually 
from 1975 to I 97fl (I]. Since food crops are ahout 95 per cent of the total. the 
simultaneous development of food storage and processing technology was 
anticipated. 

The other sector requiring food storage and processing is fisheries and 
livestock. Per capita consumption of fish and meat has increased hy ahout 4.5 
per cent annually since 1974175. and in 1977178 it was about lfl.95 kg and 
3.fl3 kg respectively. However. such a rate of consumption was still low (even 
taking account of eggs and milk) and could contribute only 25 per cent of 
nutritional requirements [2. 3]. 

Fish resources have heen exploited only to a limited extent. The coastline 
constitutes about 27 per cent of the territorial frontiers [4] and the enormous 
marine resource potential is to a conside~able extent untapped. There is also a 
reasonable potential for freshwater fishery. About 32 per cent of the land area is 
covered with fresh Wdter and about 80 per cent is currently utiliied [5]. Newly 
constructed dams and irrigation systems have great potential lr freshwater fish 
farming. For meat production an appreciable amount of land is left uncultivated 
and suitable for cattle breeding [5]. Some difficulties in the supply of feed. 
animal medicines and selected species of livestock were encountered, but 
practical efforts to solve the problems have brought a steady increase in 
production. 

As in many developing countries. most storage facilities for food a'"e not 
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entirely adequate and foe.xi-processing machinery is old. Replacements from 
Jevc:il>pcU (l•u1iti·ics w,;uh .. 1 h~ costly and part rcp!a.:cr.:ent c~J!.!ld ht: 
incompatible. Hence indigenous resources. technology and know-how have to 
he utilized wherever possible. In addition. technological know-how from other 
developing countries such as China. the Democratic People ·s Republic c.·;f Korea 
and India have been adopted because these countries have difficulties of much 
the same kind. Current emphasis in Burma has thus been on adaptability and 
suitability to the local conditions and practical use. It is believed that in time a 
mix of transferred appropriate technology with the improved methods could he 
fruitful. 

The territorial area of 261.228 square miles ( 6 7 6.5~ I km2 ) is bound on the 
north and east by mountains, on the south by the Andaman Sea and east hy the 
Bay of Bengal. The main crop is 'rice and major exports are rice. timber. other 
agricultural products, and base metals and ores in percentages of 52 per cent. 
27 per cent. 10 per cent and 3 per cent respectively (5). About 24 million acrc'i 
(9.7 million ha) of a total of approximately 45 million acres ( 18.2 million ha) of 
arable land are cultivated. The population in 1978 was estimated at 32.2 million. 
an increase of 2.2 per cent over the previous year. The most populated regions 
are Irrawaddy Division. Mandalay Division. Mon State. Pegu Division and 
Rangoon Division. with densities of 307. 257. 275, 208 and 813 inhabitants per 
square mile (119, 99. 106. 80 and 314 per square kilometre). respectively (4). 
The total labour force in 1977178 was about 12.6 ,-iillion. of which 8.2 million 
(65 per cent) and 0.93 million (7.4 per cent) were in the agricultural and 
industrial sectors. 

Food ston11e and processi111 know-how 

Sicc 1962 Burma has emphasized the utilization of indigenous resources 
and know-how while industrializing var;nus sectors. Unnecessary imports were 
restricted, most spare parts and essential machinery being d1...-signed and 
manufactured in the country. As a result, Burma now possesses considerable 
appropriate technological know-how and manufacturing techniques and can in 
some cases offer technology to other developing countries. 

Food grains 

Since food grains, especially rice, are the staple food and earn foreign 
exchange, they account for the majority of the factories. They constitute about 
80 per cent of diets and are also the main sources of food energy and proteins. 
However, according ~o the provisional figures there are 4, 159 state-operated 
grain storage houses with a capacity for about 2.3 million tonnes, only about 
46 per cent of the total rice production. About three quarters of the storage is in 
permanent buildings, usually with cement flooring, 16 per cent in temporary 
buildings with wooden floors and the rest in bamb<xJ structures for seasonal use 
[6). Plans are being made to construct about 160 prefabricated warehouses and 
three silos of improved design. 

To solve the problem of grains soaked by unexpected rain, a simple dryer 
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was developed by the farmers using corrugated roofing sheets placed over a tlue 
dug into the ground. The soaked grain is spread thinly over the sheets and straw 
burnt at one end. so that heat spreads through the sheets as the hot gases pass 
through the flue and out of J bamboo mat smoke-stack at the other end. 
Although simple. the method is effective for a small farm. Large quantities of 
rain-soaked paddy, however. arc processed by the parboiling method in mills. 
Only 20 per cent of the mills are on a large commercial scale, with a total 
capacity of 8.988 t every 8 hours [6]. Since the demand to parboil rice and to 
salvage rain soaked paddy is expected to grow, it is desirable to improve the 
parboiling technology. Although small-scale rice mills could be manufactured 
locally. this indigenous technology is inadequate for producing high-quality 
exponable or parboiled rice. Therefore some foreign technology. especi<illy 
from developing countries. should be sought to complement existing methods. 

Technology for utilizing by-products from rice mills. i.e. solvent extraction 
of edible oil from rice bran has, however, been well established. and the 
majority of the factories were designed and constructed locally. Commercial 
hexane from local petroleum refineries is used. The major problerr. here is the 
rapid increase of acidity free fatty acid (FF A) in raw bran during transportation 
from mill to oil factory. mainly due to the active lipase enzyme in the bran. 
which starts splitting the oil by hydrolysis [7, 8] as soon as the bran is separated 
during milling. Within 24 hours the FF A rises to between 12 and 25 per cent. It 
is uneconomical to process high FF A edible oil, so the bran must arrive within 
24 hours after milling. This can be difficult owing to the dispersed location of the 
existing mills and some constraints in transportation. The problem is being 
solved by heating at 105°C to l I0°C for to to 15 minutes and adjustirig the 
moisture content of the treated hran below 10 per cent. The hran can then he 
kept from three weeks to a month with no apprcdablc rise in the FF A 
content t8. 9). At present 32 stabilization units arc scheduled to commence 
production in 1979. 

Oil-seeds and i•egetahle protein 

The average daily consumption of vegetable fat in Burma is about 11 g per 
capita as against a nutritional requirement of nearly 60 g. 1 Existing resources of 
oil crops are reasonably large and the potential is rather high. Oil production in 
1976177 was onl~1 about 80 per cent of the potential output, because mills arc 
old and most are small units scattered throughout the country. The majority of 
mills use the screw expeller machines; some combine cxpcller and oil presses. 
The traditional rural method of oil extraction is by h.rtc•-:.011s (presses) which ar.: 
worked either by bullocks or a small motor. At present there arc no solvent 
extraction plants. Since the technology of solvent extraction of bran oil, which 
can be adopted for the solvent extraction of oil-seeds, is well established in 
Burma, solvent oil-extraction facilities may be introduced in conjunction with 
expellers. Although the method is expensive and has substantial initial capital 
co~ts, oil production could be increased by I 0 to 15 per cent by its use. 

1Foo<l and Agriculture Organization of the United Nations (FAO) cstimal•:. 1978. 
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Marine products 

Plans are being implemented to expand fish production in Burma with the 
help of the Asian Development Bank. The major preserved fish product 
consumed daily is 11ga-pi (fish paste). without which no Burmese lunch or dinner 
is compkte. Traditionally. nga-pi is made by drying fish or prawns by solar heat 
for three to four days and then pounding manually or mechanically. adding salt 
at intervals. The homogeneous mixture is stored in earthern jars or bamboo 
warehouses and the surface covered with salt for at le«st three to four months. 
The liquid coming from it during storage is collected as fish extract [ 10]. 

Some research work has been undertaken on the action of salt in the 
manufacturing process and on nga-pt quality. It is believed that as soon as the 
fish or prawn dies, proteins in the tissue cells are first split by hydrolysis mto 
peptone and peptide with the help of cathepsin enzyme and then split further to 
animo-acids and ammonia by the process of autolysis. If contamination by 
outside bacteria occurs during the process. the animo-acids are decomposed into 
amines or ammonia and carbon dioxide and could give rise !'oisonous 
products. The autolysis and putrefaction of protein can be prevented by drying 
or osmosis using salt water. Salting removes water from the tissue cell. 
deactivates enzyme activity and prevents the entry of bacteria. The minimum 
salt concentration in the fish for this purpose is 4 per cent, but at about 20 per 
cent concentration the fish or prawn can keep at room temperature for about 
two to three years [ 11. 12]. 

Hygiene is an important factor for 11ga-pi processing. storage and 
marketing. The major contaminant is dead flies [ 13]. which can cause intestinal 
myiasis. Manufactured hygienically. however. 11ga-pi is nutritive: its caloric 
content is comparable to beef, pork and mutton. and it contains a high 
percentage of calcium and phosphorus [ 10). The annex gives the Burmese 
standards for fish and shrimp paste. 

Therefore good quality nga-pi is usually obtained by reprocessing in a 
large-scale factory using high-power grinders. In Rangoon there arc three large 
state-owned factories reproce-;sing nga-pi from rural areas. Technology is 
needed to promote quality nga-pi products from the dispered or decentralized 
small-scale manufacturers. 

Dried and pickled fish (or prawns) help to meet internal market demand 
and also have export poh:ntial. Smoking is practised only with one type of fish. 
nga-gyi, though herring, cod, haddock, mackerel and others are smoked in other 
countries. Appropriate technology of smoking to mix with the traditional 
method might lead to the promotion of new varieties in Burma. Solar drying is 
used extensively. Smaller fish are simply spread out on the beach and left to dry 
for a few days. Larger varieties ~:re usually gutted, sometimes cut into strips 
leaving the tail untouched and salted hefore drying. There arc cases where a 
very large fish is not salted due to the helief that this salting would spoil the 
natural flavour. Instead, the flesh is sliced into thin strips to accelerate drying. 
Spread and supported hy a bamboo ring to ensure the maximum exposure. it is 
then hung hy the head. Since dried fish has export potential. efforts should he 
made to improve ho,:. this tradi•ional method and pickling. Pickled fish is a 
favourite preserved fish, but its use is restricted owing to the present inadcl1uatc 

.... 



55 

know-how. The method now is to mix ta~sh fish with freshly cooked rice .• he 
pickling medium being vinegar from the fermentation of cooked nee. It 1s then 
packed hard and airtight. although the packim~ system could also be 
improved [14]. 
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A1111ex 

STANDARDS FOR FISH AND SHRIMP PASTE 

Fish paste 

Fish paste ( 11ga-pi) as sold. offered or exposed for sale or manufactured for sale shall 
conform to the following standards: a 

(aJ Quality. The fish paste shall he a product made hy the processes of salting. 
drying and grinding from sound. clean. fresh fish. No foreign matter shalt he present. 
Only permitted dyes may he used: 

(h) lmpec1io11. The analysis of the fish paste: shall conform to the specifications 
given in table 1 ; 

TABLi: I. FISll l'ASTF Sl'l·.Cll ICATICf\S 

Compo111·111 

Water 
NaCl 
Protein 
Fat 
SiOl 
Mineral salts other than NaCl 

.\t.ium11111 

.. rn 
25 

.\f11am11111 

IX 
1.5 

(c) Bactaia. The bacteria count should not he more than mre million per gram of 
nga-pi incubated at 37°C. The following bacteria ( 13) should not he contained in 11g11-pi: 
coagulase positive staphylococci. salmonellae. and coliform bacilli. 

Shrimp paste 

Standards and specifications for shrimp paste (/111,yin nga-pi) as sold. offered or 
exposed for sale or manufactun.·d for sale must conform to the following standards:" 

(a) Quality. The shrimp paste shall he a product made hy the salting. dryi11g and 
grinding process from sound, clear •. fresh shrimps. The adding of cereab (such as starch 
and bran) is prohibited. Only permitted dyes may he used; 

(h) lmpection. The analysis of shrimp paste shall conform to the specificalions given 
in table 2.' 

a Union d Burma Food Standards and Specifications (UBFSS). provided for umlcr the Union 
of Burma Puhlic Health Law (1972), Ministry of Health. Burma. 1972. 

h/hid. 
r H. Wittfogd. · l 1rading comm·:reial values ol shrimp paste (l11nri11 11~11-piJ in Burma and 

dell·rting adulterations with fish and shrimp pl·cls in it". lfllmwl of 1'11· /111r111a R1·w11rd1 S111·i1·1r. 
llJhO. 



T.-\BLI· ' SllKl'.\11' P.-\STI SPITll·ll".\TIO:\S 

< ·,,,,,,,,,,,t·.•u 

Watc:r 
NaCl 
Protc:in 
Fat 
Si(}.? 

Mineral s;ilts othc:r than !'act 
Free ;immonia 
Fish 

.\ fo.t imum 

15 

.\1111111111111 

IS 
15 
I 
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Appropriate technology for food-grain 
storage under Indian conditions 

·N. S. Agganval, * B. R. Birewar, ** K. K. S. Chauhan.*** 
G. K. Girish, t S. N. Shamza, tt and B. K. Venna. ttt 

INTRODUCTION 

With the development of Indian farm technology and the consequent 
increase in agricultural production. storage facilities crea!ed for subsistence 
farming have not simultaneously adapted to the change brought about hy 
commercialized farming. Increased productivity cannot be translated into a 
proportionate increase in the level of real incomes in an economy in which the 
storage srtem is inefficient. Hence. the economic need for an appropriate and 
efficient storage system is imperative. 

Food grains in India account for about 75 per cent of the gross cropped 
area: Their production over the last 28 years has shown a significant increase. 
achieving a level of 125 million tonnes in 1977178 from a level of 52 million 
tonnes in 1967/68 and 28.8 million tonnes in 1975176. Simultaneous 
introduction of high-yielding varieties in the late 1960s contributed largely to 
the remarkable increase from 11.4 million tonnes in 1966/67 to 16..5 million 
tonnes in 1967/68 and 28.8 tonnes million tonnes in 1975176. Simultaneous 
efforts were made to increase production of paddy and other cereals by 
introducing high-yielding varieties and applying fertilizers. insecticides and 
pesticides. Production of about 49 million tonnes of rice in 1975176 indicates 
potential for a similar breakthrough in the future. There has been a rapid 
extension in the area under high-yielding varieties. indicating a high degree of 
response from farmers. 

Since Indian agriculture largely depends upon agro-climatic and monsoon 
conditions, the precise forecasting of food-grain production is difficult. 
Organizations such a~ the Administrative Staff College of India (ASCI) and the 

•Joint Commissioner, Department of Food, Ministry of Agriculture and Irrigation. 
New Delhi, India. 

••Senior Agricultural Engineer, Indian Grain Storage Institute. Hapur. Uttar 
Pradesh. 

•••Commercial Manager, Food Corporation of India, New Delhi. 
t Deputy Commissioner. Ministry of Agriculture and Irrigation. New Delhi. 
tt Deputy Manager, Food Corporation of India, New Delhi. 
ttt Director. Indian Storage Institute, Hapu1. Uttar Pradesh. 
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!'!a!iona! Commis-.ion on Agriculture (NCA) have made projections. and a level 
of 164 million tonnes has been suggested by 1985. rising to 230 million tonnes 
by the end of the century. 

MARKETING SYSTEM 

Regulation of markets was initiated with a view to bringing about orderly 
marketing of agricultural produce and to regulating charges and practices. 
Agricultural Produce Marketing (Regulation) Acts are in force in 18 states and 
four union territories. Of the total of 4.145 markets. nearly 3,000 have already 
been regulated. 

Of the total food-grain production of India. about 60-70 per cent is 
retained on the farms for family consumption. seed, feed and other purposes. 
The surplus for marketing is thus estimated to be about 30-40 per cent. 

Almost all those engaged in the process of marketing are faced with the 
problem of storage. The various storage agencies are the producers. merchants. 
transport agencies. warehouses. the public and state agencies and the 
consumers. In ~iew of the wide variations in objectives. problems of stcrage vary 
significantly. 

In terms of absolute quantities. farm storage is very large compared w!m 
both trade and public storage. and was even greater before the Second World 
War. Private trade also plays a major role. It is estimated that 70-75 per cent of 
the marketable grain surplus is stored by traders for periods of time and 
purposes which may vary from place to place. Nevertheless. the facilities of 
public agencies have increased fourfold over the last 15 years. 

The total capacity owned by the Food Corporation of India (FCI). the 
Central Warehousing Corporation (CWC) and the State Warehousing 
Corporation (SWC) increased from 2.5 million tonnes in 1965/66 to 9. 7 million 
tonnes in 1977/78. 

GOVERNMENT PROGRAMMES AND POLICIES 

The main food policy objectives of the fourth five-year plan were as 
follows: 

(a) To stabilize consumer prices and safeguard interests of the low-income 
consumers; 

(b) To ensure reasonable prices and incentives for increasing production; 
(c) To build up a buffer stock of g.·ain as a safeguard against shortages and 

high ~rices, or to support falling prices. 

Meas11res along the following lines have been taken from time to time: 

(a) Introduction of a public distribution system for the acquisition of 
stocks; 

(h) Regulations to curb speculation and hoarding; 
(c) Restrictions on the movement of grain; 

(d) Regulation of bank advances against grain; 
(e) A han on forward trading. 

- - ..... 



Minimum support and procurement priCl.'S arc fixed by the Government of 
India on the recommendations of the Agricultural Price Commission. Efkcti\·e 
implementation has increased confidence among farmers and cnc,luragcd a 
growing rate of capital formation. 

The quantity of food grain distributed has averaged more than 10 million 
tonnes per annum. A network of 240.(100 fair-price shops scrn.-s 5hfl million 
people in rural and urban areas. 

The Government of India has decided to huild up a huffcr stock of 12 
million tonnes. over and above the upcrati<mal stocks needed for the public 
distribution system. which range between 3.5-3.8 million tonnes in April and 
8.2-8.8 million tonnes in July. The Government is further considering a buffer 
reserve of 14 million tonnes by 1982/83. 

Storage requirements to maintain buffer reserves and peak operational 
stocks of 9 million tonnes. with an operational margin of 8 per cent. work out at 
23 million tonnes at present and 25 million tonnt.-s hy 1982·83. 

SOME PROBLEMS OF GRAIN STORAGE 

Important post-harvest prohlems of food-grain storage concern drying. 
handling and losses. 

Multiple cropping has led to a higher moisture content in grain at the time 
of harvesting. while the coincidence of harvesting with rains in some areas 
causes severe prohlems of drying and threshing. Sun drying is largely resorted to 
at present. Mechanical dryers arc used occasionally. 

Grain is handled manually. To keep pace with the increases. efforts arc 
being made to introduce mechanical handling. 

Various loss estimates have been made. The Government of India Expert 
Committe on Post-harvest Losses ( 1967) estimated that food-grain losses at 
various stages account for 9.33 per cent of production. Storage toss was put at 
6.58 per cent. and threshing. transport and processing at 1.68 per cent. 0.15 per 
cent and 0.92 per cent. respectively. ASCI recently reported a 5.25 per cent !oss 
for l 00 million tonnes in the stages of storage and transportation. On the other 
hand, the percentage of losses over a numher of years in the FCI. including 
quantitative losses due to moisture variations. arc less than I per cent of the 
quantity sold, as shown below: 

!971172 
1972173 
1973174 
1974175 
1975176 

/ ""'.' '" II /'r'lc 011.1:,:, 

I ,f fltc· 1/l#clflfl(\ \I''" 
0.7 
0.4 
0.5 
0.5 
11.3 

CAUSES OF LOSSES 

Various agencies have estimated grn:n losses due to different factors. as 
reflected in table I . 
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lnst•ct.'i: Under Indian conditions. the most important insec. Pl."'ts of stored 
grains are the following: Sitophi/11.'i or_,·:.t1s Linn (rice wenil ). Rlri:.opatlw 
dominirn Fab. (borer beetle). Tmgodanw grmwrium Everts (khapra beetle). 
Sitotroga ceret1/t'lla Olivier (grain moth). Corcym Ct'plw!o11irn Staint (rice 
moth). Eplrt•stia cawt'//a Walker (fig or almond moth). Callo.mhmc/1m (beetle). 
Ory::aephilus .mrinamemis Linn (saw-toothed E-rain beetle). Lt1tlw1icu.'i ay:.llt' 
Water (long-headed flour beetle) and Ploclit1 imapmrcte/1<1 Huehn (meal worm 
moth). 

The lowest temperatures at which the grain insect pests can develop arc 
between 15.5° C and 18.3° C. Moisture content is also a factor. with optimum 
conditions of insect damage at 14 per \.'.ent, the level at which other deterioration 
also sets in. This is therefore c,·msidercd the highest level of moisture for safe 
storage of grain. Generally. in~ct infestation tends to increase with a moisture 
content above 10 per cent. Various technologies are now av~ilable in India to 
control insects. 

I 

Rodent.\·. Efforts are heing made by the Government to reduce the rodent 
menace, and storage has reduced losses to negligible levels. This is a social 
problem, and religious or humanitarian sentiments have to be borne in mind. 
The success of a campaign depends upon an integrated approach involving 
environmental control, education. the active support of the people. and the 
training of skilled operators. 

Moisture. It is not always possible to store grain at the minimum 10 per cent 
moisture content. When the moisture content goes a~ove 14 per cent, problems 
arise. Excess moisture causes wet grain heating due to the attack of 
micro-organisms, producing temperatures as high as 144 ° F (62.2° C). Insect 
attacks cause dry grain heating up to 108° F (42.2° C). 1 

1G. K. Girish and others. ··conventional grain storage practices and losses in rural 
areas of Uttar Pradesh'", 8tJ/lc•ti11 of Grain Tech110/ogy, vol. 12. No.3 (1974). pp. 
I 99-2 IO. 
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The mo!~ture of "tored grain in due course tends to come into equilibrium 
with air humidity. gaining or losing moisture a~ the relative humidity increases 
or decreases. Relative humidities above 65 or 70 per cent can cause fungi. and 
below 70 per cent lead to insect breeding. A moisture content equivalent to a 
relative humidity of 65 per cent has been suggested for two to three years 
storage of grain and grain products held at 60°-700 F ( l 6°-21°C). while at a 
relative level of 72 per cent grain c~r. be stored for only three months at the 
same temperatur('. It has also been observed that grain stored in bags has more 
moisture than that stored in bulk. but damage due to fungus attack and heat is 
higher in the latter. 

.. Girish and others.1 ' 2 Sriva~tava and other~.3 and Doharey and others"" have 
recorded substantial variations in the moisture content and temperature of grain 
stored in various types of container. and have observed in detail the effects on 
di(f erent grains. 

It has been shown that wheat containing about 17 per cent moisture lost 
approximately 30 per cent thiamine in five months. Above 25 per cent grain. 
especially maize. tends to become very dark. soft and unfit for breadmaking. At 
18-20 per cent moisture the gluten quality is affected. Dry matter loss of 2 to~ 
per cent for barley with a moisture content of 22 and 35 per cent rt.-spcctively i!> 
reported. In paddy the critical level is 11 per cent at 2-t 0 -31 °C temperature in 
metal bins. 

STORAGE ON FARMS5 

Priority should be given to improving farm storage facilities becaus• of the 
large quantitiy of ~rain retained by farmers and the fact that storage losses have 
been observed to be greater. 

The farmer uses structures constructed from tor.ally available materials. 
Generally speaking, grain meant for lonj!-term storage is stored in structures or 
containers specially designed for it; grain meant for disposal or short-term use is 
kept in bags or heaped in a corner. 

Some of the most common indoor and outdoor structures are made of mud 
and split bamboo. In such structures grain is usually damaged by insects. fungus 
and rodents, and fumigation is ineffective. 

Improvement in farm storage facilities can be made either by new designs 
or by improving the existing structures. Efforts are being made by several 

2G. K. Girish anJ others. "Studies on preservation and losses of food grains in 
underground pits", Bulletin of Grain Technology, vol. 10, No. I (1972), pp. 11-21. 

3P. K. Srivastava and others. "Co aventional grain storage practices in rural areas of 
western Uttar Pradesh", Bulletin of Grain TPchnology. vol. 11, No. 2 ( 1973), 
pp. 129-139. 

'R. B. Doharey, P. K. Srivastava and G. K. Girish, "Studies on the assessment of 
losses of wheat in Punjab", Bulletin of Grain Technology, vol. 13, No. 3 (1975). 
pp. 159-161. 

5See B. R. Birewar. "Scientific storage facilities at farm level". paper prepared for 
~he FAO/NORAD Seminar on Farm Grc>.in Storage in India • .in collahoration with the 
Government of India. 
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orgm'!iza!ions to 1kVt"lop new designs. The Indian Grain Storag•;! Institute ( IGSI) 
has developed designs of indtxlr and outdtxlr bins and rur.al structures tor 
capacities of from C).(l9 to l ~.5 t. Some designs arc mass-produced in nearly 19 
states and one union territory under the .. Save Grain Campaign·· Programme of 
the Department of Food. 

Indoor bins 

Domestic dt•signs. Different types of domestic designs of metal bins have been 
develop~d. with capacities ranging from 3 to 27.5 quintals of wh1:at. Different 
capacities of the bins have been developed using galvanized plain sheets of 
different standard sizes available on the market. These bi:is are moisture-. 
rqdent- and insect-proof and have been found to he suitable for storage of 
wheat. paddy. maize. pulses and seed grains. 

Glrare/u tht•kka. With a capacity ranging from 2 to 3 tonnes. ghardu thd.:ka is a 
portable and economic type of storage structure consisting of a rust-proof. 
metal-based. rubberized cloth container and bamblxl posts. 

P11cc:a kothi. This type of structure is constructed using burnt bricks plastered 
with cement mortar. It is divided into two compartments. each with a capacity of 
I 0 t. Depending on the space available. the structure can be enlarged tn include 
more compartments. 

Welded wire-meslr hill. This bin of~ m3 or 2.8 t capacity was designt:d to store 
grains such as paddy and maize. even at a slightly higher moisture level. The bin 
is manufactured using wire mesh with a hcssian cloth lining so that air may 
circulate freely. The structure is mounted on a prefabricated. elevated steel base 
to prevent the entry of rodent'i. 

Reinforced cement-concrete ring hin. Consisting of prefabricated reinforced 
cement-concrete rings placed one over the other with gripping joints at the 
edges. the reinforced cement-concrete bin can be constructed with or without a 
masonry base. The capacity of the structure can be varied hy increasing the 
number of intermediate rings and keeping the bottom and top the same. 
Although the structure is preferably used for indoor storage. if adequately 
waterproofed it may also be used outdoors. 

PaddJ:-straw mud structure. The prototype unit with a capacity of 400 kg is made 
of paddy-straw rope plastered on bllth sides with specially prepared mud. The 
outside is further plastered with a waterproof mud to prevent the entry of 
moisture. The structure is provided with a suitable outlet and inlet and 1s 
mounted on a raised brick masonry platform to prevent the entry of rats. 

Outdoor bins 

Flat- and hopper-bottom metal bins. Constructed with either steel or aluminium 
metal sheets for different capacities ranging from 2 to 10.5 t. these bins may he 
mounted on a base or columns of brick masonry. or on a prefab1icated, elevated 
steel base. A simple lifting device provides a means of loading the grain 
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manually. The bins arc found to be suitable for storing wheat. paddy and maize 
under different climatic conditions. The aluminium is rust-proof. and periodical 
maintenance is not necessary. Its fl. .,ecting surface has an additional ad\·antagc 
of keeping the grain cool by radiating heat quickly. 

Compositt• bins. These outdoor flat-bottom storage bins arc manufactured hy 
using a combination of steel and timber. The use of timber battens at the wall 
and roof joints will help to resist the lateral pressure. thus making it possible to 
use thin sheets in this design. Structures of 12 diff crcnt capacities ranging from 3 
~o 14.5 t can be manufactured for storing wheat. This design has been developed 
with a view to limiting the.: usc of steel and making the structure economical. 

R. B. bins. This design consists of two layers of brick masonary walls. each .t 112 
in. ( 11 cm) thick. with a moisture barrier in between. The outer layer is 
reinforced with steel and plastered on both sidt."S with cement mortar. It has a 
flat floor on the bottom and a reinforced cement-concrete roof on top. In this 
desiga. structures with four capaciti.:s ranging from 3.5 to 10.25 t may be 
constructed. 

Partly underground and partly abm·e-grouml .uora~:c- structures. A partly 
underground and partly above-ground prototype structure of JO m3 or 7.5 t 
capacity ha<i been designed and constructed. The underground part of the structure 
is of reinforced cement-concrete brick. while the above-ground part is of 
galvanized plain sheets. A means of unloading the grain mechanically as well as· 
manually has been provided. This bin is suitable for construction in shallow 
water-table areas. 

Hermetically sealed, underground stmcture.'i. In a hermetically sealed storage 
structure. moulds do not develop on damp grain. and insects do not survive 
because of the low concentration of oxygen. Prototype units of hermetically 
sealed. underground welded steel structures, with a capacity of I A t. and 
reinforced cement-concrete structures. with a capacity of 3.4 t. were developed 
to facilitate the storage of grain free from insect and mould damage. The metal 
structure is manufactured from mild-steel sheets with welded joints and painted 
on the outside with two coats of bitumen paint. Similarly, the reinforced 
cement-concrete structure is also painted with two coats of bitumen paint. Both 
structures are placed below ground. leaving the top 50 cm above ground level. 
Adequate sealing arrangements are provided at the inlet. 

Urban-cum-rural grain and seed Jtorage him. These arc either circular or square 
in shape with 6 different capacities ranging from 90 to 300 kg using different 
standard sizes of galvanized plain sheets. The height may be either 0.5 m or I m. 
In small capacity bins v:ith a height of 0.5 m no outlets are provided. The 
circular bins are easy and economical to manufacture. while the square bins are 
convenient to keep in the corner of the room without loss of floor space. These 
bins of small capacities are developed specifically for use ir: urban areas where a 
small quantity of grain h(Js to be stored for domestic usc. They are also preferred 
in rural areas for storage of seed grains. 

An effort is being made in other organizations to evaluate low-cost storage 
units such as mud or timber structures, ferroccment bins, high-density polythene 
structures etc. 

_ ... , 



Ferroccment bins of capacities ranging from 0.6 to 3 t for indoor and 
outdlxn use have been developed hy the Structural Engineering Kt."Scarch 
Centre. Rlx1rkee. and some other organizations. The hin is constructed using 
rich cement mortar and closely spaced. chicken-wire-mesh. The hin is cylindrical 
in shape and has a flat bouom and dome-shaped nx1f. The thickness of the 
structure is normally 25 mm. The bins. particularly those for outd<Xlrs. have to 
be treated externally with suitable moisture-proof paint. such a~ bituminous 
aluminium paint. 

The outd<xn bins have to be placed on a prefabricated. raised. brick 
masonry platform. They arc lighter in weight than the cement concrete 
structures. and frequent maintenance is not ne~t."Ssary. This design may also 
prove to be promising for farmers. 

The pusa bin has been developed by the Indian Agricultural Rt."Search 
Institute. New Delhi. for ind<X1r use. This design consists of two brick walls. each 
-t 1/2 in. ( 11 cm) thick. using sun-dried bricks with polythene sheeting 
sandwiched in between. The structure is mounted or. a brid. masonry platform 
plastered with cement mortar. A mud slab is provided at the top on a Wlxlden 
frame structure. A polythene sheet is also provided at the top and the base to 
make the structure completely moisture-proof and airtight. 

A number of improvements in the existing storage structures have been 
suggested by different wmj(ers. The Indian Standards Institution (ISi) has 
suggested improvements in underground storage structures. The suggested 
improvements include the use of bitumen, polythene sheets and dense cement 
concrete in the construction of a structure to make it impervious to subsoil 
water. ISi has also published codes of practice for the construction of farmers' 
grain storage structures such as bukhari, murai, kotlzari etc. The nect:ssary 
technical improvements !1ave been carried out at the ISi in respect of certain 
existing ~•torage struc'iures such as puri, gatle, mud structures. earthern pots, and 
oil drums. 

Puri. The local puri is an outdoor storage structure made from paddy straw. The 
paddy in such a local storage structure is usually dam .. :ed due to rodent and 
ground moisture or water. An improvement ha~ been made in the local structure 
by introducing a water- and rodent-proof base constructed by using different 
locally available materials such as steel, cement concrete and bricks. The base is 
in the form of a ring which is nearly 60 cm above ground level. The base floor is 
cinstructed of brick, stone or cement concrete with a 600-gauge polythene sheet 
emhcdded in it w prevent the penetration of subsoil moisture. The prefabricated 
bw.c provides stability to the puri structure and also helps to maintain its true 
shape. 

GtU/e. The gade is an outdoor as well as indoor structure made of split bamboo 
and usually placed on a low platform. This type of structure is quite common in 
different parts of the country and is usually attacked by rats. Improvements have 
been made h, introducing different types of rat-proof raised platforms using 



different locally available materials. Proposed impron~ment' include the 
following: a timber platform with anti-rat steel cones fitted on the kg' h 1 

prevent the entry of rats: prm·ision of a timher platform with a steel hase at the 
bottom of the structure: and a hrick or stone masonry platform with a stonc or 
contTetc slah . 

.\fuel stmcture.'i. Such structures arc commonly used indoors in different p<trts of 
the country. They arc usu~~lly placed on a low platform. and have inadequate 
unloading facilities. The grain stored in such an indoor storage structure i' 
usually damaged by moisture. insects and rats. Improvements arc therefore 
necessary to make the structure moisture-proof. rat-proof and suitahlc for 
fumigation purposes. The suggested improvcments would include the follnwing: 
a brick masonry hasc of sufficient height: the cxtern<il <tpplication of 
waterproof mud plaster: and a suitahk outlet for conveniently removing thc 
gram. 
Eartlit•m pot.'i. These structures <•re quite common in Bihar and other parts of 
the country and arc used for storing small quantities of food grain indoor-.. 
These earthcrn pots arc keft either above ground or underground. The 
structure is not moisture-proof. and the grain may be damaged hy insects and 
fungus. In order to prevent the penetration of moisture inside the structure. two 
coats of hitumen paint applied externally have been found sufficient. 
Oil drum.'i. A slight modification is sufficient to convert an empty oil drum into a 
grain storage structure. The modification involves the pr,wision of an airtight 
inlet and a lockahle outlet. 

The various types and salient fraturcs of structures and containers in u'e 
arc indicated in table 2. 

Storage in living rooms is most widely used in the Ludhiana District of the 
Punjah. All the marketable surplus is stort!d in this way. mainly hcrause it is easy 
and convenient to do so. The use of mud bins is still rrcv<1lcnt among small 
farmers because of its low cost. 

Grain kept longer than six months for household consumption is stored in 
metal or cement bins. Seed grains arc stored in hags. hut dried in h/111.rn. 

Rural structures arc in general not rodent-. moisture- and insect-proof. 
Their life is short and frequent maintenance is necessary. Losses arc considerabk. 

The relative economics of different farm storage structures have heen 
studied taking into account their life. initial investment costs and grain loss. 
Taking a I ~-year period as the basis for comparison (the life of prcscnt 
structures varies from I to 15 years), the total investment involved in using a 
given type of structure was calculated. 

Although the data provided by the ASCI indicate that improvised 
indigenous structures arc more economical than metal bins. Inc inference may 
not be realistic. Experience at Hapur has shown that the average lif c of a metal 
bin may be over 20 years, in which case the relative economics will change in 
favour of metal bins. 

In a study6 conducted during the period 1968-1973. the Food and 

8 Farm and Community Grain Storage Development Projects in India. undertaken hy 
FAO during l9nX-197J. 
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T:\HU·: ~- !'\:D!CiF"\OI ''\ STOR:\CiL S IRl'CTl.Rl:S I:'\ l'SI: 

<it'llt'fh lldlllt" 

,,,, tl1t• .S.:'""l' 

\lud hin 

1'11c.-11 J..111/ii 

Hamhoo and stfil\\ 
strm:tur.:' 

< ·.:m.:nt hin' 

--------------· 
l'nhurnl d;t\ nu,.:d \\ith 'tra\\. 

ll\;11-. ..:ylindm:al- llr 
..:himn.:y _,ha~d \\ith 'm;1ll 
c;1p;teity of 2 4uintals. lik 
of-'-:' H.';tr' 

Rrid. ma,nnry. rl."Ctangular. 
fix.:d capacity of I0-311 
4uintal,. lik of I0-1 :' y e;1r' 

\\'id • .:r or pl;1it.:d 'Ira\\ 'talk,. 
hamhoo'. d;1te-palr.1 kaw,. mud 
and 01\\-dung mi"ur.: for ha'.: 
and plast.:ring for ''all'. \an ing 
capal.;lil.'' and lif.:-,pan'. 
fix.:d or portahk 

Gunn~ or l.·otton doth. 
l.'Y lindrical or oh long sh;1pt:. 
capal.;ty of up to XO quintal-.. 
ind1lt1r and port;1hk 

Rectangu!ar. on rai,.:d 
platform. diffrrc:nt 
c;1paciti.:-. 

I ndoor. rectangular fixed. 
capacity of up to .\0 4uinta1'. 
life of I 0 \car' 

Okt tin l.·ontaint:rs. a\c:ragt: 
l.·apacit\ of l.:'i quinta1' 

Ul l•)/1I"l1'1l ll\t' 

/\11tl11. k11rlrla. 
l>l11m •la 

/'111·ca. /•111../wri. 
J..or/:11. J..1111111 

/'111/a. d/ioli. 
~11111111i. g11dl'. p11ri. 
J..11r• 

/'a flt. liap11r r/i..J..J..a 

1\111/wr. arali 

Agriculture Organization of the United Nations ( FAO) reviewed the 
development of improved storage hins and stated: 

··~ucntion was given to the use of metal i1ccausc of case of fahrication 
and hence assured quality of construction. It was suhscqucntly realized 
that only 5 to 10 per cent of farmers could afford to pay for a structure 
even at a suhsidized price. Later models were therefore designed to use 
indigenous local materials. including prccast concrete rings:· 

The Government of India's Evaluation Con.mittee felt in 1974 that it 
would he desirahlc to give more emphasis to improvements in existing practicl:S 
instead of inventing new structures for which raw materials were not readily 
availahlc. Non-metallic structures should he given priority. 

In the Indian situation, while there is a great need to adopt modern storag1' 
structures, the need for improving existing structures is also imperative. /\ 
proper mix of the two approaches may involve appropriate technology for 
improving farm storage. 

Government programmes to minimize farm losses 

The upward trend in the production of food grains will continue to help 
farmers minimize post-harvest losses. The Department of Food launched a 
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.. Save Grain Campaign .. durmg i Yfl5-i 966 as a piiot projn:-i. .tnJ fff,m I ')hlJ tn 
1970 as a regular plan. IGSI at Hapur. Uttar Pradesh. and its field stati,'ns at 
Bapatla (Andhra Pradesh) and Ludhiana (Punjab) arc engaged in R and D 
work. The objectives of IGSI include improved storage structures. co-ordination 
of <tll storage research. training in handling and stor<tg~. and orientation and 
review programmes. 

Designs of various metallic. non-metallic. indoor. outdoor. underground 
and partly underground bins have been developed. as well as improvcmcnb of 
existing structun.:s of simple design and the use of discarded coal-tar drums. In a 
collaborative programme. data have b~.:n collecteJ on losses. n.:g~onal insell 
distribution. field infestation and the quality of gr;1in marketed. 

Extension programmes arc being carried out with the help of 11 offices in 
diffcn.:nt parts of the country as part of the .. Save Grain Campaign ... Six more 
offices will soon start functioning. The aims arc as follows: 

(a) To train farmers. traders and extension officers in storage ;•nd 
preservation of grain: 

(b) To extend scientific techniques through demonstration and publicity 
and develop model villages; 

(c) To arrange creu. facilities for farmers to buy improved storage 
structures: 

(d) To maintain liaison with state governments and to arrange for a steady 
supply line of storage structures and pesticides. 

Under the Save Grain Campaign. within the framework of the fifth 
five-year plan up to March 1978, 9,380 farmers have had stipendiary training 
programmes and 71.344 volunteers ha\-: had shorter courses. There have been 
108,349 grain fumigations, 3,921.812 rat hurrow fumigations. 293.1 oh 
domestic rodent control operations and I oo,850 prophylactic treatments. in 
addition to 589 radio talks. 62 television programmes. I. I 0 I press reports. 78J 
exhibitions. 1.494 film shows, and 62.349 stencilled slogans. In addition. 61U90 
leaflets containing advice have been given to farmers. 

The designs developed at IGSI arc in gn.~at demand in other devek .1ing 
countries. For the pro ~rammes of the .. Save Grain Campaign ... the United Nations 
Children's Fund ( U ".JICEF) has contrihuted ahout Rs 50.000 lakhs. and the 
European Economic Community has agreed to grant up to 5.550 million units of 
accounts (Rs 54,500 lakhs) to finance the Intensive Grain Storage Project in 
India. 

FAO organized a seminar on farm grain storage in which there were 14 
participants from countries in eastern Asia and to )servers from other 
countries. 

The state governments <'f Andhra Pradesh, Haryana, Uttar Pradesh and 
West Bengal arc hcing provided with financial assistance to set up their own 
Save Grain Campaign teams. In addition 100 f armcrs Training Centres have 
heen included in a programme to promote scientific storage. The Department of 
Food is meeting the cost of appointing a woman demonstrator at each centre to 
work in ncarhy villages in educating women, to train th<.: instructional staff of the 
centres, and to supply p• .ticidcs and publicity equipment. 
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FOOD-GRAIN STORAGE BY PUBLIC AGENCIES 

Public agencies arc responsible for proc11rement. transportatior •. -.:torage 
and distribution of grain. especially wheat and rice. Shlrage helps to regulate 
supply and prices. In the suhc:Jntinent. thi>se functions :•re mainly performed by 
FCI. \WC. SWC. state g~wernments and co-operatives. 

A 'r the creation of FCI in 1965 and its gradual take-ovr- of all storage 
a!:con ... 1o<lation from the Goq:10ment by 1969, public agenr ..:s constructed 
new tacilities to meet the growing demand. FCI launched successive crash 
construction programmes and other agencies f 'llow1.!d suit. However.· the 
growth pattern and investments have not matched demand in the past decade or 
so. In the ahsence of aa.:quatc covered storag\! capacity. FCI resorted to 
large-scale open storage popularly known as cover and plinth (CAP). This type 
of storage. a new and cheap technique. wa~: 3. i·rndmark in technology developed 
by Fel. 

Overall c~pacity pwviu.:d by FCI. ewe and SWC increased fourfold 
within 12-13 years. from 25 lakh tonnes in 1965/66 to 97 lakh tonnes in 
1977 /78, but gwwth of the capacity of state governmer.ts or t!tei1· agencies has 
been slow. 

Only 60 fJl!r cent of the total storage capac:ties of CWC and SWC arc 
utilized fo; gr:iin. 

Types of storage facilities 

In India. food grain~ arc ha11d!.:d. transported and stored in bags. 
Accordingly, the entire markt:ting and .;toragc facilities arc geared to the hag 
handling system alone. Bulk-storage facilities c,ms•itutc a very s;Hal: fraction of 
the total available in the public sector. Existing infrastructure facilities. cheap 
labour, marketing, handling. transportatilm and storage facilities have been 
factors inhibiting the adoption of modcr:-i or advanced technology of hulk 
storage. fhough it has bcn realized that hulk storage in vcrticai silos has 
advantages, the system has not yet gained wide p<lpularity. Only since the early 
1970s has modern storage technolog~' received some impetus through the 
setting-up of vertic_al reinforced concrete silos at selected centres. 

Conventional gm/owns 

The conventional god~>wn is a rectangular rodent-proof structure known as 
a "flat warehouse" in Western terminology. The standard basic unit has a 
capacity of 5,000 t. Depot complexes arc generally designed to conform to the 
configuration of the land area and the needs of road and rail inflows. Essentially 
for hag storage, they provide consider ethic flexibility for different grains and 
other commodities, and arc accessible to any means of transport. All handling 
operations arc manual. 

The dimensions of a typical godown arc 21.8 m x 127 .6 m x 6.35 m. For a 
unit of 50,000 t capacity, each warehouse is divided hy solid partitions into three 
equal compartments. The rated cdpacity is 5,000 t when hags arc stacked 15 
layers high. The design mak~·s it weather-proof, gas-tight (for fumigation). 



rodent- and bird-proof. and im~·crmeable to subsoil moisture. Provision is made 
for ;iatural aeration. 

The floor is desiw~ed for a peak load factor of quintal hags stacked 22 high. 
The height of ti:e roof over the floor at the longitudinal walls is HP'2 ft ( 15.6 m ). 
and the standard stack height ~hould be 16 ft (4.9 m) high. leaving a clearance of 
4 1/2 tt (1.4 m). Standard thickness of the wall is 13 1'2 in. (34.3 cm). (11/2 bricks 
in cement mortar in tt.e proportion of 1 :6) with cement plaster on either side. 
and the roof rests on reinforced concrete columns. The door opening is covered 
by rolling shutters and venti!atior. regulated by glaze shutters. Generally a 
platform on one side is ade~uat~ with the width restricted to 6 ft ( 1.8 m). 

Bulk storage structures include steei silos. reinforced cement concrete 
circular and hexagonal bins, and reinforced cement-concrt·te vertical silos. Steel 
silos are now c:msidered obsolete in view of their high requirem~nts of scarce 
steel. 

Reinforced cemem-concrete circular bins 

The circular bins have a capacity of mound 4.000 t. arc circular in shape. 
and are constructed o;i a platform 31'2 ft ( 1.1 m) above the grcund. The 
diameter is 77 1'3 ft (23.6 m) and the side wails are 35 ft ( 10.7 m) high. The roof 
is domed and the flot)ring. also of reinforced cement-concrete. is laid to slope 
over 3 in. (7 'l mm) of lean concrete in the proportion of 1 :S: to. A layer of 
700-gauge polythene is sandwiched between the lean Cl>ncretc and the sand 
filling underneath. Grain feeding is by hopper and pneumafr:: equipment. ".foch 
can also be used for extraction. Aeration is througl• a duct and fumigation 
through 1'2 in. ( 12 mm) diameter pipes inserted at equal intervals 011 the 
peripi1ery with stainless steel nozzles. Int;:.rnal temperature car. be recorded. 
Inherent limitations of slow receipt, dispatch and drving facilities make the bins 
unsuitable for high turnover. 

Reinforced cement-concrete silos 

The new vertical silos are similar to grain elevators ir Western countries 
and are constructed of concrete reinforced with steel. Capacity is generally more 
than 10,000 t. A l'.onic<;l hopper bottom is 13 1'3 ft ( 4.1 m) above the ground. For 
feeding from the top a hopper empties b,1gs en .o a conveyor belt. For 
reclamation a conveyor rans under the hoppers. Aerntion is from the top hy fans 
inst·1lled in the heaJ house, and the air escapes through openings in the hopper 
bottom. The silos also have a temperature recording system. !mprovcd types arc 
being built ir. Punjab and Uttar Pradesh. 

Compart>d to hopper bottom silos, the flat hnttom-type has 25 per cent 
more capacity, with the disadvantage of slow emptying and hand cleaning. For 
high throughputs it would he feasible to use hopper-bottom vert;cal silos with 
built-in clectr;cal and mechanical equipme11t for grain handling. 

Vertical silos, recognized as the best form of hulk storage from the point of 
view of better aeration and faster handling, arc quite expensive. They form part 
of the overall system and arc not mutually exclusive of handling and 
transportation systems. These need to he adopted, if at all, only at strategic 
locati0ns such as ports. 



CAP 

CAP or open-storage techniques were evolved by the FCI as a short-term 
measure for transit purposes ir. 1971-1972. They have all the essential features 
to meet urgent needs in arid and low-rainfall areas for all harc.ty and 
non-hygroscopic grains. CAP storage provides reasonable protection. but 
requires more care and effort to preserve ~tocks. The grain. largely wheat. is 
stored in bags on a brick plinth with wooden crates. Each unit can hold 1.500 
bags 15 to 20 high. on an area of 20 ft x 30 ft ( 6 ' m x 9 .1 m ). covered with 
black polythene and tied with nylon ropes. to protect it against wind and storm. 

Criteria for selection 

llte sel~ction of appropriate storage technology for India is influenced by 
vanous factors and criteria. such as the following: 

Bulk er tiag handling 

Period and purpose of storage and type of grain 

Whether the facility ic; for various grain types or only one 

Capital investment 

Operating or recur:-ing coc;t per tonne of grain handled 

Storage wortiliress, incidence of losses and preservation costs 

Operating returns. savings achieved by curtailment of work-force 

Demand time and construction period 

Existing mix of facilities 

Marketing, transpor~ation and storage infrastructure, facilities and 
practices 

Comparative economics of bag and bulk storage 

Comparative economics of bag and bulk storage could broadly be Jiscussed 
under the parameters of initial investment, construction period, suitability for 
storage, preservation costs, and operating costs and returns. 

For the sake of clarity, the comparative costs of units or complexes of 
50,000 t. with all infrastructural facilities such as railway sidings and ancillary 
buildings, will be considered. Estimates of initial capital construction costs per 
tonne inclusive of engineering services, supervision and contingencies, arc as 
follows: 

Co11 

Ti·pt' of f!!..cF!I_ __ ______ ld'!!l11r.1pn1111~~"..! 

Conventional go<lown complex 50 
Bulk-storage, inland concrete silos l 50 
High-turnover port silos JOO 

For silos the figures include mechanical handling equipment. Matching 
infrastructure for hulk storage would also, however, require huge investments in 
India. 
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Estimated construction times an: two years for a conventional godown 
complex. including six months as a preparatNy period. and 3112---l years for 
reinforced cer.1cnt-concrcte silos (~l.'2 months preparahlfy). Some godown 
units may become available during construction of a complex. 

Suitability tor storage and preservation costs arc basic factors. Bulk storage. 
fm example. is unsuitable for milled rice. some millets and pulses. for which bag 
storage is most appropriate. his only for cereals and their milled products that 
bulk structures are suitable. 

Technical opinion about bag storage in godowns is that grains can be kept 
satisfactorily up to two years under the most suitable dry dimatic conditions. In 
coastal areas, however. the period varies between 8 and 12 months only. On the 
other hand. the shelf life of grain silos can be up to five years irrespective of 
location.7 

Estimated losses are about l per cent per year in godowns and 0.2 per cent 
in bulk storage silos irrespective of the time involved. Thus losses and 
preservation costs are mucb lower =n bulk storage structures. rotation problems 
can be avoided. and operational and handling costs reduced. In fact. advanced 
storagt.: technology provides the answer which is technically most feasible. 
except for the huge capital investments required for h~lth the structures and 
parallel facilities. and the need for drastic changes in the entire food-grains 
marketing and handling systems. 

Operating costs, which vary substantially. are also important. Bulk-storage 
facilities are more capital-and less labour-intensive, while conventional facilities 
are less capital-and more labour-intensive. It might appear that operating costs 
would be less with godowns, given their labour requirements. But the 
operational economies of larger throughput with less handling costs and smaller 
storage lmscs coupled with less preservation costs reduce the unit costs 
considerably with each additional turnover in silos. where handling capacity is 
high and there might be more than one !urnover. 

Some advantages of the integrated system are quicker handling, freedom 
from rodents and insects, easy aeration and fumigation and greater usable area. 
Bulk movement oecomes cheaper, quicker and safer. More importantly. the 
grain can be stored for three to five years. Though initial costs arc high, the 
operational cost is lower. 

It is particularly in the context of the country's shift from an era dominated 
by scarcities and imports to an era of surplus production and consequent 
increase in the volume of transactions and stocks that the need for advanced 
storage technology has been realized. O\erall storage gaps have been estimated 
at not less than 3-4 million tonnes. 

Shifting to advanced storage technology 

Advanced storage technology does have some disadvantages that will slow 
down the shift from traditional technology. These include adverse effects on 

7S. V. Pingalc, ed .. llcmdlinx and Storax" of food Grains (New Delhi. ICAR 
Puhlications, 1976 ). 
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employment. p1)ssihlc underutilization of capacity. and large initial inn:stmcnts. 
As h1 -gc-scalc or collective farms arc rare in India. the cnmomics of large-scale 
operations through bulk storage may not he possible. When the peak marketing 
periods of some crops arc concentrated over two to three months. use of the 
facilities during slack periods may not be economical. A shortage of high-level 
operating skills or construction materials and longer Clmstruction time could 
also hamper a switchover. It has therefore been considered appropriate that the 
!ransformation be introduced graduall:. 

A few silo and bin structures have hccn installed experimentally and hulk 
storage capacity of 383.000 tonnes exists at 12 centres. Moreover. a programme 
for additional installations has been initiated with the financial assistance of the 
World Bank. U mkr this project. five silos each with a capacity of 20.000 t. arc 
heing constructed in Punjab and Uttar Pradesh. Bulk transportation is an 
essential element in an integrated system of grain procurement and hulk storage 
and it!> distribution in bulk or bag. To provide a link between pr-.lducing area 
silos and distribution silos. and to facilitate oper:ition of an integrated system. a 
pilot project is coming into operation under the World Bank Assist<mcc 
Programme. The proposed facilities would eliminate the nel'd for hagging grain 
for transfer to the centres. Alternatively. farmers may deliver direct to the 
procurement centres. Here the grain would be graded. weighed and conven:d 
into elevator steel hopper bins to he kepi in 1'ulk until carried to storage point.... 
The pilot project also foresees provision of carriers to move the grain from 
market yards to the rail-head terminal. Improvisation of flat hulk rail\\ay wagons 
and the provision of special train wagons have also heen envisaged. 

The construction of two more high-turnover silos in the port areas of 
Madras (25,000 t capacity) and Haldia (50,000 t) has been taken up. 

Bulk-cum-bag storage structures at about 20 centres arc also being huilt for 
the first time in the country. Such structures could appropriately be described as 
intermediate storage technology. incorporating both traditional and advanced 
characteristics. 

Unless introduced in phases. advanced storage technology, though widely 
adopted in developed countries, would not be entirdy appropriate to present 
Indian conditions. It would therefore he useful to consider aria media providing 
the advantages of advanced storagc technology without having to invest so much 
in silos and infrastructure. Such an approach involves an ideal combination of 
conventional and advanced storage technology, with basically wide-span 
structures to hold substantial quantities of grain in hulk. Initially used for bag~. 
the capacity for bulk storage will he much greater. Mechanical handling could he 
incorporated later, only the warehouse portion is first needed. 

Since considerable progress has already been made towards developing 
hulk handling and transportation facilities in major states hold;ng surplus grain 
it m.iy be appropriate to adopt intermediate storage technology in the form of 
hulk-cum-hag storage structures, with the provision of complete mechanical 
handling facilities. Arrangements for aera:ion, fumigation of grain, temperature 
detection etc. could he hased on successful experiences in Australia over !wo 
decades. Steps have already hcen taken to set up hulk-cum-hag structures at 20 
Indian locations under the World Bank Assistance Programme. 

The storage gap identified today is primarily due to the increased storage 



reqma-ements for buff er stocks. Planning for the future should take: into account 
not only the choice of storage techniques. hut also economies of scale flowing 
from godowns or complexes of different capacity. Large-size units or complexes 
arc sugge.;tcd. depending upon requirements from region to region. 



The food industry in India 
Central Food Technological Research Jnstitwe, 

Mysore, India 

BACKGROUND 

Over 50 per cent of India's gross national product 1 GNP) is derived from 
agricultural and allied activil;~s. Development of agriculture has therefore 
always received priority in the five-year plans. One of the most promising 
avenues of employment is the development of agro-based industries using 
economically sound. labour-intensive and capital-saving technologies with low 
energy levels to manufacture products of required quality. These industries. in 
addition to providing employment to a large number of persons. have the 
folk1wing advantages: 

(a) Processing adds considerable value to a raw commodity; 

(b) Stable prices for farmers stimulate agricultural production; 

(c) Qualitative and quantitative losses arc reduced; 

( d) In the growing producing areas agro-industrics may increase 
opportunities for rural populations, thereby reversing the undesirable trend of 
urhan migration; 

(e) Exports of processed products instead c. :aw materials will increase 
foreign-exchange earnings; 

(j) Development of other industries can be stimulated. 

A systematic. socio-economically oriented research effort is required to 
develop relevant technologies. A beginning was made in India almost three 
decades ago, and today most agriculturally based industries in India arc using 
indigenously developed technologies. 

In 1951, the Industries Development and Regulation Act was passed; its 
main purpose was to prevent haphazard growth of the food-processing industry. 
However, the fir~;t two five-year plans laid more emphasis on the development 
of heavy rather than consumer-goods industries. Only the fuller utilization of 
the existing capacities in agro-based industries was considered essential. During 
the thiHI plan period more emphasis was laid on development of agro-hased 
industries on a par with development of agriculture. Tht.•rdore. food industries 
made significant progress only during the last decade, but they now occupy an 
important plai::e in the national economy. 

According to industrial surveys. food ranks second to textiles with an 
output valued at more than Rs I. 7 50 million, and claims 17 per cent of the iota I 
g1oss industrial output. Food industries employ 10.92 per cent of the total 
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lahour fom: in 18 groups covering more than 80 per cent of all industrial output. 
If the output of rural and small industries like rice. flour and oil milling wl."rc also 
included. the value of the output would go even higher. The capital inve .... h:d in 
small units prohahly amounts to million·, of rupees. and the lahour force 
employed is proha:,ly several million. 

Industries hased on agricultural ra.r.,· materials have a weighted value of 
about 45 per cent in the index of indu'ltrial production. Food industries comprise 
all aspects of production. processing and storage. including units in \illagc and 
small-scale industries in both unorganized and organized sectors. As 
distinguished from modern small-scale units. cottage and household units arc 
mostly in ru::-al and semi-urban areas. They involve relatively lower levels of 
investment and technology and provide largely part-time employment. The 
non-factory unorganized sector accounts fn.- 5 per cent of the GNP and 10 per 
cent of the labour force in India. but inadequate statistics handicap an 
assessment of development. 

The emtrgence of small-scale industries is a significant phenomenon. A 
recent survey showed 7 .108 f<xld-processing units with an installed capacity of 
Rs 2.445 million and a total output value of Rs 1.569 million (see annex. 
table I). They employ more than than 140.000 workers. ahout 8.3 per cent of 
the total in the small-scale sector. Their products include meats. fruits and 
vegetables, breads and pastries. cocoa. sugar. confectionery. cashews. starch and 
animal feed. 

Food industries in the organized sector can he classified as follows: 

(a) Basic irdust1ies. including cereals, pulses. milling and cane processing 
(see annex, table 2); 

(b) Other industries. including meats. fish. fruits and vegetables. breads 
and pastries. confectionery. !":; l."akfast foods. dairy products. baby foods. starch 
and derivatives and malt (see annex. table 3 ). 

Because they arc basic necessities, the processing of food grains, oil-seeds. 
sugar and gur (raw lump sugar) have been well established, and modern 
developments have brought continuous improvement in product quality and 
yields. 

During the last two decades, India has hecomc an exporter of processed 
food products instead of a net importer. The contribution was only 16 per cent 
in 1965/66, bui increased to 28 per cent in 1975/76 (.,cc annex, table 4 ). 

f'OOD PROCESSING IN INDIA 

Food grains 

Annual production of rice, wheat, coarse grains and legumes is nearly 120 
million tonnes. Of this, 15-35 per cent goes from the villages to urhan areas. 
The rest is uscJ in the villages themselves. The main processing operation 
consists in milling into dhal (decorticated split pulse) or flour. In certain an.::1s 
puffing. parching or flakinµ of scme cereals for local use is also practi~eJ. 

With the introduction of electrically operated machines into villages. 



hand-grinding or hand-pounding practice:. arc diminishing. Hand pounding of 
paddy is. however. still favoured where electric or diesel power is not availahle 
and because of the employment oppor~unities provided. 

Out of a total production of about 45 million tonnes of rice. 15 to 20 million 
tonnes enter the commercial channel for marketing and processing in about 
8.000 mills with capacities of between I and 4 t/h. Modernization of the 
commercially organized sector of milling is enforced as government policy. In 
the rural sector about 30 million tonnes of paddy arc processed into rice for local 
consumption. For milling there arc about 70.000 single-unit huller machines. 

Research and development (R and D) efforts to improve rural efficiency 
have received considerable attention. Low capacit} mini rice mills could he of 
great use for the villager. Several versions have been envisag ·d. and some arc in 
commercial prodt.:ction. Incentives arc needed to popularize their use. 

Parboiling of paddy prior to milling is still practised in the h(1usehold by 
many farmers and by labourers in the villages. where simplified procedures and 
equipment need to be developed. Production of flaked rice. practised as a 
cottage scale-industry in towns and cities. should be undertaken in villages. as it 
requires little skill or capital and can provide employment. Similarly. units for 
producing puffed paddy or puffed rice should also be set up in villages. 

Wheat is consumed m<!'.nly in the form of whole-meal aua (flour). 
Power-operated plate. emery or hammer-type grinders arc used. hut hand 
grinding may still be practised where puwer is not available. The provision of a 
sieving facility in the unit would be advantageous. as the \\hole-meal cllftl is 
normally sieved to remove coarse bran before consumption. Sieving 
immediately after g:inding would also help in mobilizing bran resourc(s for feed 
and other uses. Production of semolina from hard wheat is a small-scale industry 
becoming popular particularly in areas of durum wheat production. Such units 
should be popularized, because they can produce semi-refined semolina or 
dha/ia (coarsely ground grits) for local consumption. Partial removal of the bran 
prior to coarse grindint; and suitable product grading would help to promote this 
small-scale cottage industry. 

Ahout 2.5-30 million tonnes of coarse grains such as sorghum. maize. bajra 
( F'L'll11ise11m1 millet) and ragec (finger millet) arc produced. particularly in low 
rainfall regions or irrigated areas where relay cropping is pr actiscd. Most arc 
ground into whole-meal flour, sieved to remove bran and used for making 
unleavened cakes or soft cooked dumplings. ·oehusking hefore grinding would 
help in the production of semi-refined flours, in making newer varieties of food 
products and in extending supplies of rice and wheat. Technology and machines 
for removal of the husk, bran etc. have been developed and utilization at ~he 
village level is expected. The emphasis is on low-capacity machines to produce 
flour and semolina for local use. 

Ahout I 0 million ~onncs of pulses arc rroduced. Most arc used after 
dehusking and splitting. Pulse milling has become a commercially important 
industry. Traditiomtl Jre-proccssing hy wetting and sun-drying is 
tim~-consuming, depends on thl: weather, and entails losses. Recent research 
has led to the development of technology which drastically reduces processing 
time and increases the yiclcl of pulses, and a new mill has hccn designed. Further 
study is still required. 
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The milling by-products of all cereal grains that would be available through 
setting up rural grain processing industries could lead to local production of 
compounded animal feeds for dairy. poultry or even draught animals. Advances 
have been made in grain processing and utilization. Indigenous or 
foreign-developed technologies used by the organized sector should be adopted 
and if necessary modified to suit rural requirements. 

Fnits and vegetables 

Since the Second World War. when factories were established to meet 
<lefence needs, the fruit and vegetable processing industry has grown slowly. 
There are now about 1.000 unit~ in various parts of the country. The major 
products are from tropical fruits such as mangoes and pineapples in the form of 
pulp, juice, slices, pickles and chutneys. India produces about 32 million tonnes 
of tropical and subtropical fruits and vegetables. For a variety of reasons. such as 
year-round availability. dieting habits and socio-economic conditions. only 
about 1 per cent is processed. Out of 55.UOO t processed recently about 15.000 t 
were exported. 10.000 t utilized by def cnce personnel. 10.000 t taken up by 
catering establishments, and only 20.000 t consumed in households. mostly in 
the higher income group. Low domc:aic consumption has considerably 
hampered growth of this industry. 

Processing of fruits and vegetables can be classified into two categories. 
One, producing products such as-jam. jellies. juices. squash and ketchup. can be 
called the modern sector, and the other. producing pickles. chutneys and 
dehydrated fruits and vegetables. the traditional sector. The former is 
capital-intensive and well organized whereas the latter is spread over the 
country, including rural areas, and affords scope for modification. 

Modern sector units produce q•.1ality products and arc mostly located in 
urban centres. About 20 of them account for mon• than 80 per cent of the 
products. Production is designed mostly for export and to meet the demand of 
the defence forces. Since there is no stmng expanding internal market. 
considerable capacity is unutilized. High production costs include about 30 per 
cent for raw-material prices, whereas sugar acc,mnts for about 16 per cent and 
packaging materials about 30 per cent. Exports. m.>stly to the Middle East and 
Eastern Europe, register annual growth. 

Traditional processed fruits and vegetables. popular throughout the 
country, arc mos+') m the form of preserves, chut :cys (sweet) and pickles 
(spiced). Home-dried vegetables arc used in many households. Recipes vary 
according to local tastes, and many households have traditior.al specialities. 
With the slow movement of rural population towards the cities and the 
emergence of working women, the need for organized production has been f cit 
and is being encouraged. 

!ndia produces, usually to order, most of the plant and machinery required 
for it~ fruits and vegetable processing. Tin plate required for ca11s is at present 
imported, but R and D has raised prospects that the imports will soon be 
rcpbced hy locally produced material. Some states have hegun setting up 
agro-industrial complcx::s to hring an integrated approach towards production. 
processing and marketing. ( 'onsideration is being given to a division of 



operations so that fruits can be processed at the growing centre into pulp. purfr 
or concentrates. and then transported to the consuming centres for further 
proces..-;ing into the final packed products. These methods utilize locaily 
available raw materials. ensure good returns to the growers and increase 
employment opportunities in the regions. International agencies such as the 
World Bank also contribute towards this. An apple processing plant has been set 
up with World Bank assistance in the northern part of the country in Himachal 
Pradesh. With the co-operation of the Government of Bulgaria. tomato and 
pineapple processing complexes are being envisaged in Karnataka in southern. 
and Bihar in northern India 

Dairy industry 

Dairying in India, basically a rural agricultural enterprise of millions of 
small farmers. received a fillip with the industrialization that took place 
following independence. Public awakening warranted the establishment of 
organized milk collection. processing and distribution of milk to cater to the 
needs of expanding urban areas. During successive five-year plans. stress was 
laid on different facets of dairy devdopment. The National Dairy Research 
Institute was c.1larged. The National Dairy Development Board under the 
Ministry of Agriculture. was established in 1965 to speed up dairy development. 
Objectives included production. milk procurement. processing. distribution. and 
technical and engineering services. In 1970. the Government set up the Indian 
Dairy Corporation as a corollary to the India World Programme Project. State 
Dairy Development Corporations were set up to promote development. T1'..: 
Planning Commission and the National Commission on Agriculture t.avc 
calculated the importance of co-operatives. and the success of the Kaira 
Co-operative Milk Producers Union (KCMPU) at Anand. started in 1948. 
provided impetus for development. including perhaps the biggest project of its 
kind in any country, known as Operation Flood. which was launc'1ed in 1970. 
One important programme was the organization of rural milk production 
through co-operatives to supply large plants in cities. 

Operation Flood II was initiated in July 1978 as part of the sixth plan, with 
a massive outlay of Rs 483 millior.. It envisages i:hc formation of '.'S cluster 
federations involving 10 million milk producers and the achicvcmc:nt of 
self-sufficiency through a well-developed. modern dairy industry. 

Starting from IO million t/a in the pre-independence period, India now 
produces 26 million t/a of milk. The National Commission on Agriculture has 
projected a demand of 44.17 million tonnes for 1985, while for adequate and 
economic supplies to all major cities a national milk grid has been envisaged. At 
present, there arc 77 liquid milk plants, including those at Bombay, Calcutta, 
Delhi and Madras, seven product factories. three creameries, and 43 pilot 
schemes. all in the public sector, with a total throughput of about 2.25 million 
litres. 

Institutional arrangements arc necessary to receive and transport the milk 
from primary producers for r•rocessing. The KCMPlJ. Anand. mainrnins a 
crniection centre and trained -JaH in each co-operative. ·:·ransport contractors 
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arrange to collect from the villages and deliver to the factory. The 780 societies 
arc divided into 82 groups or transport routes and the union hears the cost. 

The private sector has also heen encouraged to set up factories in potential 
milk-producing areas as part of the effort to m.>ke the country self-sufficient in 
respect of products such as butter. milk powder. condensed milk. infants" milk 
and malted milk. India is almost self-reliant in the production of tahlc butter. 
condensed milk. infants' milk and malted milk. Other indigenous products from 
milk arc klwa (cheese). ghec (huttcr oil) and dalri (curd). 

The present utilization of milk is a-.; follows: unprocessed milk. 45 per cent: 
ghcc 33 per cent: butter. 6 per cent: ,/ahi. 8 per cent: klwa. 5 per cent: and other 
products. 3 per cent. Annual production figures arc as follows: haby food. 
26.000 t: milk powder (whole and skimmed). 18.000 t: condensed milk. 
5,000 t: malted milk. 15.000 t: and table hutter. 15.000 t. 

India manu~acturcs a complete range of equipment for handling. processing 
and manufacture. Three large-scale. and many small-scale. units can together 
supply diverse equipment. 

The percentages of milk adulteration vary from region to region and may 
even be as high as 80 per cent. It is also common in milk products. To ensure 
pure and wholesome products for children. the Government of India has 
provided for minimum standards under the Prevention of Food Adulteration 
Act. 195-k and rules laid down in 1955. Since the composition of milk varies 
from region to region. standards arc established on a regional basis. The Indian 
Standards Institution (ISi) has laid down more than 41 standards for prodm:ts. 
and has also standardized types of equipment. including glass bottles and rail 
tankers. ISi has also drawn up guidelines on cleaning and sterilizing cattle. and 
on cattle feeds and housing. Ghee is graded under the Agriculture Produce 
(Grading and Marketing) Act. 193 7. The Directorate of Marketing and 
Inspection has a network of laboratories to analyse samples of products graded 
under AGMARK. a voluntary system which has helped to improve products 
and quality. 

India's dairy ir.dustry has advanced considerably during the last 30 years. In 
implementing its programmes, the interests of primary producers and the rural 
economy have been the guiding factors. Urban markets developed through the 
distribution of quality milk by the public sector have helped to increase 
production. A chain has been developed for the movement of milk from the 
primary producer to processing establishments and ultimately to the consumers. 
India has now become self-sufficient in many dairy products. Yet there is still a 
wide gap between requirements and the availability of milk. calling for an even 
more aggressive programme. 

Meat product~ 

The livestock population of India totals approximately 348 million, 
consisting of 50 per cent cattle, 15.8 per cent buffalo, 12.4 per cent sheep. 19. 7 
per cent goat and 1.4 per cent pigs. Of these, 0.5 per cent of the cattle. l .S per 
cent of the buffalo, 29 per cent of the sheep. 42 per cent of the goats. and 33 per 
cent of the pigs arc slaughtered annually fo,· meHt. Slaughter of buffaloes is 
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increasing because of the demand for this meat from countries of the Middle 
East. Most of the meat is sold fresh and only a small portion is processed. The 
average per capita meat consumption by Indians is 1-l grams per day. as 
compared with the generally recommended amount of 3 t grams. Demand will. 
however. increase as the economic status of consumers improves. Availability of 
meat could be increased by better animal husbandry. such as breeding animals 
for meat. Ham, bacon, sausages and other products. including canned curried 
meat. are produced for defence and civilian requiremer. .. ,. I"echniques have 
been developed for ensuring suitable tastes and flavours of indigenous meat 
preparations. concentrated meat gravies. strained baby foods and meat 
tenderizers, and also for curing ham and bacon. Some of these have exp1nt 
potential. The primary requirement for this sector is the modernization of 
slaughter houses. Regional bacon factories producing cured pork products huve 
facilities for slaughter and dressing. A modern abattoir is in operation in the 
Bombay area, and more are being set up elsewhere. all equipped to recover and 
utilize all by-products. 

For a breakthrough in the export of meat and meat products. concerted 
efforts have to be made to raise livestock of the required quality in selected 
zones free of diseases such as foot-and-mouth disease. Kenya. for example. has 
increas.::J its exports by establishing disease-free zones. This is essentially an 
activity for which underemployed village labour should be used. The Small 
Farmer's Development Agency and similar bodies could be entrusted with the 
task. State governments in India have started work in this direction. 

Fish products 

India, with a coastline of about 4,000 km. has an annual cat1.:: ,f about 2.3 
million tonnes of fish, and exports of fish products totalled about Rs 180 million 
in 1976. India is now a leader in processing and exporting shrimps. Frozen 
prawns valued at Rs 160 million were exported Juring 1976. and arc the main 
reason for t;1e expansion of exports of mari11e products. ( 'onsiderahle and quick 
increases could be achieved in the overall availability of prawns and other fish hy 
Jcveloping inland fish culture, with which some success has already been 
registered. There are large catches of sardines and mackerel. but landing centres 
.1re not yet adequately equipped for hanuling and storage. As a result, a 
significant percentage is lost before reaching markets and proc.:ssing factorii:s. 
Measures to chill fresh fish arc urgently needed. 

Canning 

At present canning is mainly for sardines and tuna in oil and shrimp in 
hrine. In the Indian Ocean, tuna and mackerel arc the most important of the fish 
caught and sardines with oil could be profitable when canned both for internal 
and foreign markets. Aluminium should be introduced as material for ems <:incc 
the metal is i11digcnously availahlc and docs not react with the food. and can~ 
made from this metal arc easier to open. 
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Development of new products from tnl.'xpcn-;ivc varietie-; of fish couid he 
accelerateu by freezing gr<.!iny or shredded meat into hbch. 

Salting and dl)ing 

A substantial percentage of fish is at present salted and cured hy crude and 
primitive methods which should be more scic:itific in order tc achieve more 
efficient results. Pickling with salt. vinegar. sugar and spices is also widely 
employed. and the preparation of new high-quality products. such as marinated 
herring. is another line of work to follow. 

Fish meal and by-products 

Fish meal is a principal ingredient of poultry feed. hut processing in India is 
still mostly carried out as a cottage industry and should he mechanized to ohtain 
better quality. 

The entrails of fish and prawns arc sources of hioch .. ~ical and 
pharmaceutical products and should be profitably utilized. Using the waste from 
freezing. canning and curing can improve the economics of plant operation. 
Information should be disseminated on the potential of hy-products and use of 
wastes. Chitosan and bacto-pcptone trom squilla and shrimp w.tstc havl.' many 
industrial applications, while seaweeds yicldin~ agar. algin and carrageen arc 
a~undant. 

Poultry and poultl)· products 

The value of poultry production has been estimated at Rs :'i.hl)O million for 
1979. Feed costs more than half of the total expenditure on rai'iing poultry. 
Cattle and poultry feeds arc produced hy a number of plants in the public sector 
and by small-scale manufacturers. In 1974. there \\ere ahout 33 manufacturing 
units in the organized sector. and 23 have formed a Compound Livestock Food 
Manufacturer's Association, which in 1979 had an estimated production of 
approximately 3 million tonnes of poultry feed and 4 million tonnes of cattle 
feed. 

With a well developed and expanding poultry industry. th·~ pnKessing of 
eggs for egg powder and albumen flakes seems promising. particularly the latter. 
Egg yolk as a by-product could he useful for tanning leather. while the shell 
finds uses in a number of industries. 

Inadequate refrigeration causes the loss of large quantities of eggs, though 
when preserved with coating oil they can he stored at ambient temperature for a 
longer time. Culled chicken meat is tough in texture, hut chick•.!n sticks. 
sandwich spread. sausages and chicken soups have been successfully prepared. 
Canned chicken hiriyani, curried chicken etc. offer good scope for export to the 
Middle East. Raising chickens for human consumptio.i is a new trend emerging in 
the industry. rive crops of broilers can he raised in a year. and the efficiency of 
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producnon has resuitt:u in a (;ompa•aiivdy cheaper pikl.';. Cockcids. usua!Iy 
destroyed in millions every year. could be made suitable for human 
consumption. by giving them cheaper feeds. A method of curing and smoking 
has been developed for dressed poultry. allowing storage at ambient 
temperature for about a week with minimum loss of flavour and lustre. In 
addition. conditions have been standardized for processing superior quality 
tumloori chicken. Ingredient~ for imparting taste a .d flavour could be marketed 
ready to mix. 

High standards of personal hygiene. plant sanitation and control measures 
are essential. ISi, the Export Inspection Agency and the Meat ProducTh Order 
have formulated standar<ls for the raw materid and processed products to 
ensure against health hazards. 

Indian plantation products (for example spices. coffee. tea and cashew nuts) 
are a major source of foreign exchange. Commercial crops of tropical spices, 
such as pepper and cardamom. are produced in southern regions, and those of 
temperate spices (celery and fennel) in the northern regions. Cured dried spices 
are marketed locally and also exported. Exports have to meet AGMARK 
specifications. Higher production costs and inadequate quality control has 
meant some loss of ground in foreign markets to competitors. Unsatisfactory 
cultivation conditions. failure of rains. increased labour costs etc. have been 
responsible for the abnormal increase in production costs. Some diseases have 
afft!cted quality. Attempts are being made to remedy the defects by intensive 
scientific cultivation and production of disease-free and high-yielding plant 
strains by hybridization and mutation techniques. 

Dryi111 me .. ods 

Improved processing methods will be reflected in the quality of products. 
Sun-drying can bring contamination, variation in flavours etc. The natural 
convection of forced draft dryers helps to overcome such problems. as well as 
th. -:e relating to dependence on the weather. Pneumatic cleaners. vibrating 
graders and destoners based on air classification and vibratory conveyance on 
inclined decks t•sed by some exporters produce clean, high-grade spices suitable 
for d;;..!ct grinding or extraction. Use of air-cooled or jacketed. water-cooled 
fixed beaters, and double-roller or cage-and-hammer mills for grinding to avoid 
flavour loss from excessive heating is being implemented gradually. especially in 
making curry powders. 

Concentrated spice oils and oleo-resins have a good export market abroad 
for use in foo<l processing. The know-how has been developed as a result of 
recent research and is available to industry. At lea~t two big firms are prod'1cing 
and exporting sizeable quantities. A dehdydrated green pepper which 
re.constitutes easily in hot water has been dcvelopefi recently and h&is found a 
good market in Europe. 



Tea. cuiiee and iiut'i 

India annually produces ahout 450.000 t of tea. and t'"'.ports sonic 
207 .000 t. mostly in the form of f ermentcd and dried hlack tea. Processes for 
making hot- and cold-water-soluble instant teas from green leaf and instant 
green tea from green leaf have been developed indigenously. mainly for export. 
One commerc;al unit is already fur.ctioning. 

India annually produces ahout 90.000 t and exports some ..J5.000 t of 
plantation and cherry coffee. Arahica and rohm.-ta coffee arc the chief varieties. 
and standard methods of fermentation and curing arc used. Pn>ec,scs for the 
manufacture of soluble coffee. coffee concentrates and rcadv-mix coffee 
beverages have been developed. The soluble coffee process consists of prcparir.g 
a strong hrcw. concentrating it under vacuum and drying the concentrate. 

India imports about 1.000 t of cocoa beans annually. Efforts to promote 
production within the country have been successful to the extent that all national 
requirements may soon be met. Cocoa powder. drinking chocolate and milk 
chocolate are in production. 

India produces 235.000 t of the total annual world production of 650.llOtl t 
of raw cashew r;uts. roasted. deshclled and with the kernels dried. About 
60.000 t of the kernels are eX'.'l<lrted. Cashew-shell liquor is a by-product. \tan~ 
units are functioning in south-western coastal area .•. While roasting and Jr~ ing 
arc mechanical. dcshelling is mostly manual to avoid too many broken kernds. 

QUAUTY CONTROi. 

Ensuring food quality standards is the responsibility of several gm·crnment 
departments. which have established voluntary and mandatory specification 
requirements under the following enactments: 

le r ''' ,,,,ft·r 

.. \gricullurc Produce ((iradin!! and 
!\larking) Act. JlJJ7 

Prewntion of Food Adulteration :\i:t. 

195~. and RulL .... JIJ55 
Fruit Pr.xJuc" OrJcr. I 'J:':'i 

Sugar (Control) Ordcr. l IJtiti 

TL-chnic;sl Standardi1ation Committee. 
llJ-U 

Vanaspati (C"or.trol) Order. 1975 

Meat hKxJ Pr1Khx:t ... Order. I IJ75 

Export (Quality Control and 
Inspection) Act. JlJnJ. ancl Ruic ... 
i%~ 

Indian Standard' ln,titution 

\l/.JOlf/llf1 .'lllt/11,.1,ft J 

Directorate ol \brkctmg and ln,pi:L·thlft 
(Minist~ of Agrirnlturc and lrngatwn) 

Directorate (iencral ol Jlealth Sen ii:L"' 
( Mini,try of J kal:h) 

food and 'lu!ri:i,m Hoard ( \lini,tr~ '•f 
AgriL'llhure and I rrig;stion) 

l>irector;ite of St.gar ( Mini,tr~ of Agrirnlturc 
and Irrigation) 

Army Purcha~ Organi1ation. Dcparimcnt 11f 
food. Mini ... try of Agrirnlt1:rc and 
Irrigation 

Directorate of Vanaspati I Ministry of Ci\11 
Supplies and Co-operation) 

l>ircctorate of Marketing and ln'P'-'i:tion 
(Ministry nf Agriculture ;snd lrrigathm) 

Export Inspection Council of India (Mini,try 111 

Commerce) 

Indian St;sndards Institution. lkpartmcnt 1•f 
Industrial l>c\·dnpment ( \lini,tr~ of 
lndu ... try) 



The rok and opcraliPnal system <lf some of the acts referred to ahovc arc 
summarizl·d hclow. 

Agrirnflltr<' l'rmiun.> (Grading mu/ Marking) Act. 193 7. ll1is Act is 
administ~rcd hy the Directorate of Marketing ~md Inspection with the 
Agricultural Marketing Adviser as Chairman. Grading standards on ra\\ 
agricultural produce were hrought out hy the Directorate. applying ima t1fia to 
ghce. ht:tter. spices. esseo:!i:tl oils and vcgetahk oils. A certification scheme for 
products is operated for the proicction of consumers. Any organization or 
packer wishing to use AGMARK has to apply br permission. which is granted 
after the authorities arc sati~fied ahout the facilities. Use of the AGMARK 
symhol is th1.:n allowed. Most foods for export arc required to hear the 
r\GMARK symhol hl indicate that quality standards have hecn met. 

l'ren·111io11 of Food Atl11ltaatio11 Act. 1954, t111ti Rules. 1955. Prior to the 
cnal"trm:nt of the 195-l Ac~. most states had their own laws on food adulteration. 
Th\.'ir \ ariatrons were not conduciw to free inh:r-,tah: trade. The Act of 1 '>:'--l 
ha, laid down p:neral principles. giving th.: Gowrnment powers to fram\.' rule' 
which can he adapted to meet changes caused hy developments in technology. 
The Act defines adulteration. food. mishranding. sak. food health authorities 
and other relevant ter.11'>. It empowers the Gm·ernmcnt of India to speciiy the 
t.;ualifications. authority and duties of puhlic analysts and food inspectors. am.I 
lays down sampling procedures. The Act also empowers a purchaser to act as a 
food inspector for the purposes of taking a sample and getting it analysed. 
During 1964. an amendment enjoined the manufacturers. Jistrihutors or dealers 
to give a warranty of quality to the retailer which can safc~uard them later in the 
event of the food hcin!! found adulterated. Penalties for various offences and 
enforcement powers arc prescrihcd. Th..: Government is empower~d to make 
ruks on the following matters: defining standards of quality: controi mer 
prnductlon. distrihution and sale of food: rcstri'-·ting pai:kaging and lahclling: 
ddining conditions of sale or licensing: prcscrihing additives: and l'Xemptions. 

The Act provide-. that a Central Committee for Food Standards should 
include representatives from all states. the medical profession. ISi :md c,msumer 
as-.ociations. as well as food l':'chnology and nutrition experts. agriculturists etc. 
The Committee can advise the Government ,,f India an<l state govcr11mcnh in 
the administration of the Act. whether technical or Ptherwi~~. Expert 
sub-committees deal with specialized suhjecb. 

Under the Act. four government central foot.I lahoratories have heen 
'~stahli,hed at Calcutta. Ghaziahad. Poona and Mysore •. , analyse appeals from 
the courts. 

The opinion of the Director is considered final. Food imports an: suhjcct to 
inspection hy port health authorities. '.vho can s::Jld samples for testing. 

The Rules of ! 95:i detail the qualifications, duties and functions of puhlic 
analysts. foo,J iii~pcctors. central food la!-,oratorics etc. as wdl as methods of 
tc1king samples and procedures for sendir.g them :o the puhlic analyst or the 
1.:,·ntral fo<xl lahoratory. Food colouring anti-oxidants. preservatives, emulsifiers 
and other food additives arc also regulated. and tolerances arc "iet for 
contaminant~;. p1:sticide residues and other pollutants. Specifications for the 
identity and purity of various foods have hccn laid down. 



Enforcement of the 1954 Act is by and large in the hanJs of lm:al 
authorities. and kw state governments hJve separate enforcement machinery. 
Local bodies have not been very effective in controlling food adulteration. They 
have appc,inted sanitary inspectors to the dual roie of foo<i inspectors and 
performance has not been satisfactory. 

One of the most important factors for implementation of food laws is the 
need for well equipped laboratories with qualified and trained technical stdf. 
There are approximately 85 food laboratories in the country <lt district. regional 
or state level with about a third of them under local administrative control and 
the rest controlled by st:ate governments. Mo:•t laboratories need sophistil:ated 
techniques such as gas chromatography. spectrophotometry. and atomi1: 
absorption spectrophotometry. The Government of India keeps in view the 
need both to develop such laboratories and to strengthen the analytical faci!ities. 
and provides financial assistance to some of the state or local bodies to purchase 
equipment. 

Indian Standards ln.wicwi011 (IS/). ISi. as constituted by Act llf Parliament. deals 
with the standardization of various articles. inc!uding food. The Agriculture 
Food Di\·ision Council (AFDC) deals with standards of foods and prepares 
national specifications in consultation with experts. Formulation of standards at 
the national level for qudity requirements of food is entrusted to a series of 
committees under the AFDC. The ISi certification scheme is voluntarv. anJ use 
of the certification mark on products requires approval by the .:uthorities. who 
ensure that the manufacturers have the necessary technical know-how. hygknic 
conditions and essential facilities. Random sampling of products bearing the 
certification is carr~ed out by ISi inspectors. Coal-tar colours permitted in some 
foods must be sold under the ISi ceriification mark. 

TECHNOLOGIES AND THEIR AV AILABIUTY 

The national policy from 1950 of encouraging the development ot 
indigenous technology progressively reduced d1·pcndcnce in the food industry 
on imported know-how and machinery. Today India is practically self-sufficient 
in almost all requirements both of technology and machin.:ry (sel' annex. 
table S). Some activities and products for which full-scale technology is a·.·ailahlc 
include the milling of rice. pulse. maize, oil-seel! and flour. the solvent 
extraction process, fruit and vegetable products, spice processing. spio.: oils and 
oleo-resins. meat. fish and poultry-based products. alcoholic and non-alcoholic 
beverages, food enzymes. coffee, tea and cocm• processing. nut-ha!~cd products. 
baby foods, protein-rich products. hakery goods. insectiddes and pesticides. 
packaging etc. (see annex. table S ). 

RESEARCH AND DEVELOPMENT INPUTS 

lnvestme11t on R and D calculated as a percentage of GNP works nut in 
India to less than 0.3 per cc:nt, while developed countries spend as much as I 
per cent. As most small-scale units arc in no financial ;iosit!on to undertake 
programmes on their own. it ;iccomcs the prime responsihility of th~ 
Government to hri~ge the gap. Investment on ~ and D. even though not 
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producing direct return~. has a multipler effect and will be reflected eventualiy 
in the generation of income and employment. However. the Government could 
consider a small levy ,_m the industry for development work. This might lead to a 
better appreciat;on of the work of R and D agencies and bring a continuous 
interaction between the indu~try and development org!:l.nizations. 

indigenous research has created a reservoir of technologies !o be exploited 
by entrepreneurs and industrial development organizations. A C"umpicte range 
of know--ho\V exists for the manufacture of a variety of food pr<'duccs. and the 
use of agricu!tural by-products and food machinery. India can today even make 
turnkey offers for plants. Indigenous expertise is also available in quality 
control, standardization and packaging of f<X>d products. 

NATIONAL AND REGIONAL POLICIES FOR FOOD INDUSTRIES 

Generation of employment :~ one of the principal goal!;. and a necessary 
means. of development. There is an urgent need to choose the righl pattern of 
development and create appropriate supporting institutions and infrastructure. 
The aim should be to lessen the widening disparities between classes of the rural 
population. regions. and rural and urban areas. and to achieve a higher rate of 
growth in rural incomes. Accordingly. government policy must be to force the 
pace of developme11t in rural and urban areas by creating pr,lductive 
empJ,lyment and facilitating bettp· :ncome distribution. The food industries can 
play a pivotal part in the efforts to achieve this aim. 

Diversification of the rural economy intimately link:d with agricultural 
development appears to be the soundest means of divcrsif ying employment and 
relieving the pressure of a huge labour force unsuccessfully seeking to draw its 
:o.ustenancc irom agriculture. 0;1 extraction. fruit ar.d vegctabk processing. 
sug<.r and conft:ctionery, dairying. processing minor forest prndv .:e and milling 
cereals. millets and pulses arc example~ of food industries w;1ich can 
conveniently be located in the rural areas. Developing. improving and sustaining 
traditional rurc.I activities of producing f<xxl materials ar1J products al~o 
represent important elements in the policy package for the rural areas. The 
development of these industries, however. demands an impnwemcnt in their 
technology. The development of new industries with markets located priIT'arily 
in the rural areas. while creating opportunities for local employment. will also 
F"'lmote local entrepreneuriai skills. As in Punjab, the new industries wiH lead 
to the growth of various servicing industries. 

Processing and marketing facilities. at present concentrated in urhan areas. 
operate to the detriment of the rural sector. Because of the imperfect and 
monopolistic nature of the marketiug service . .;, the benefit of the price spread 
between the rural producers and the ultimate consumers is mo!itly appropriate'-' 
through the urban market mechanism. A~: a matter of social justice. this aspect 
shouid therefore be examined carefully and efforts made to shift the henefit to 
the rural area~. This is possible if proce:-.sing and marketing arc undertaken in 
rural areas themselves. It will h~ necessary for the Govcrnmcn, to develop 3n 
infrastn•rture to promote the growth of rural food industries. 

The main objectives of the new five-year plan ( 1978-1983) arc the 
removal of unemployment and significant underemployment. improvement of 
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~he li\·ing standards of the poorest strata of the population. and prnvision of 
some nf the hasic needs of the people.~ hy the Government. 

Tht> following policy guidelint>s have he\!n laid down: 

(a} Spt>cial attention will he given to small-scak industrial unih in the 
··tiny" sector. that is. those with im·estmeilt in machint>ry and equipment up to 
Rs 100.000 in towns with a population of less than 50.000 and in villagt>s: 

(/1) Legislation will ht> introduced to protect cottage and househnld 
industries providing self-employment: 

(c) Financial assist<rnce will he extended to tiny unib and coi.tage-s1.·ak 
inuustrics: 

fdJ There will ht> an annual review of ikms reserved for the small-scale 
sector to ensure production efficiency: 

( :.') District sen-ice centres will he estahlished to hdp small-scale and 
cottage industries during the new plan period. These centres will pnwidl.' 
:.issist .. mcc to entn:preneurs in the form of d<1ta relating to raw material-; and 
re,.ources. machinery and cquipmt>nt. availal •.. :: of credit faciliti..:s. marketing 
and qualit•· control: 

(f) A separate wing in the Industrial Devdnpmer• ~lank of India will he 
cstahlished to deal with the finance' of .,,,~all. 'illage and cottage indu,trie'. and 1,1 

rn-nrdinate and monih1r credit facilitie' ot'i..-reJ h~ other !!O\ernment in-.tit'rtton .... : 

fg) Support will he given for standadi1ation. ljllality rnrtrol and markd 
':nices for items manufactured in the .... mall-,calc -.ector. Purcha,1£1)! pn.:krr.:ncc.: 
will he given by ~overnment c..h:partrn~nts and public '1.'Ctor undi:rtaking-. lo 

products 1.1ade in the small-scale -.cctor: 

t/I) Sim!"k mc.:asurcs or de\·il·es \\ill h.- d1.·\ ;:1,,pc.:d lo; imprn\ ing 
producti\ ity in the.: small-..,cak sector. 

Ik\clopmcnt of imligcnous tcchnl,lng~ thrm1gh Ran•' D wi!I nl." promoted. 
The he•a avaiiahlc ti.:chnologies in high priority areas will hl· pu1·cha-.1·d (where.: 
indii;enous expertise ;s not availahlc) for ultimate.: adaptation to the countr~ ·.., 
nei.:d. Fon~ign in\estmcnt for industrial de\dopment will he a!!P\\l.'d only on thi: 
hasis of national interest. 

Licences will not he given to start industri~s within certain limits of large.: 
metropolitan cities ha\ing a population of more than I million and in urnan 
areas with a population of more t! an ~00.000. State govcrnmenb and financial 
institutions will he reljucsted not to permit in these area-. new ind~rstrics which 
d1, not require licences. The Government will also assist large indu•mie-. desiring 
to .. hift to approv...:d locations in industrially underdeveloped area ..... 

Incentives will he given hy the Gowmmcnt <md facilities offered hy the stall' 
governments to ensure halanced regional development. Special t<1x rehates for 
industries in underdeveloped areas and pro.T1otio11 of rnedium-levc: 
entrepn.:neurs for fuller utilization of capacities in certain agro-hascd in<lu,.tri1~s 
arc two sl!ch incentives. In achieving a sustained grcwth. ··011st."<1ints on 
dc\clopmcnt cause disparate growth in output <md income among different 
region-.. Mo1ivationa! factors also play an important part in the use of all "talc 
facil:til's. and devclopmer.t of the f1,od indu:;tries will not take place U'llcs., thr 
population is adcc..1uatcly motivated to take advantage oi the stat fa~ilitie-;. 
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DAT A ON THE FOOD INDUSTRY IN INDIA 

Th~ following tat.ks give information on the numher an, 1 size of small-scale unib. 
t:1e lfimcnsion: of the agro-hascd industrit.-s. d . .: processing in<lustrit.~. exports of 
processed food. and indigenous prn·:cssing technologit.>s availahk in India. 

TABLE I. SMALL-SCALE U'.\ITS I' THE FOOD l'\l>lJSTRY 

/11\Mflc·.f f11.-. . 

.\'11111/>a '"P'lnf\· Pn 1d1u ·:·; ,~, c llf>trd/ \11 1nh,·r ,1· 

1f t 111il/iom 1 miffj, "'' r 1111/fi,.,,, {'•''"'Ii· 
'•'l"ff,, llltih ••f I al ,,, r '" I.,. flf{'t't''' t'f'Jfl/1 I\ r·.! 

·---------- ------------ --~------

\kat produch h J.'J 7.X •J.i "l 
Dain products ., .... - .,i5_9 23.•J 1-L' 

., 
11"" - 'I -

Fruit and n:gctahk prndui:h .~77 I '12.5 lllfl.2 (11.2 -I • ..,-
_),' 

Fi'h proccs,ing UJ h.\11.-1 2x11_J 5 5 .-1 -I 1-1•1 

Bakery i oduch 2 5•15 -IX-L2 2fl0.11 2'J .2 211 O(l( I 

< 'ncoa prnducts and 'ug;1r 2.'2 71.-1 .n.1 3.l~ I :4~ 

confcctioncn 
Othl·r sugar prnduch 3S-I _\5.2 ='''-~ S.11 ' 21lS ' 
< ·ashcw-nul proccssin!! ISS 2-1-1.1 -lllfl __ \ .... -

'··"' 
.,I 121 

\lanufacturc 1>f ic..: anJ I 5-11 1-15. I h7 I 1-1.>.h 11 -''l'I 
colJ o;torage 

\lanufiu:ture of animal fl.'n! 125 I (I(._ 11 hlJ.-1 -~ ll I - • '.' 
Starch manufacture 11 'J 511.S -lh.7 :' .. l ... I.~ ~ 

Be\erag..:' 31 l'I lh7.5 -15.h I fl. I ... _,, ..... -
Other procc ... ,cd food, <J22 2fl'J. I (:"_,_; ~S .. ' 12 X l'I 

Total 7 lllX 2 -14h. I 5<>X.h >2'1.h 13<> h5"T 

Percentage nf total 
'mal1-,...:;1k inJu,trie' ( 5.11) ( 5.0) ( fl.-1) I 11.fl I ! ~--~) 

Sour .. ·· (",.,,,,,, of Sm111l-S.-u/1· /11d111m"'. /'J'.'~. '"" I .md II f(i11,o:rnmo:n1 nt lmh;i. 1>,·,.:l·•rm.:n1 
I ·,1111m1"ion,·r. Snull-S,·ak lndu,tno:,). 

'r·c tor 

Rice milt... 
I lu!ler' 
:\1odcrni1cd mill' 

Dhal mill ... 
Oil-,ccd., pr111.:.:"in~ 

(pc1\locr-dri\en) 
SUJ.!ilf 

<l11r .ind ~/,,m,/,,11; 
( ·,1,IK'\\ pr111·1.·"1!1)! 

TABLE 2. A(iRO-BJ'.~Ff) H><O (!\()I'S :·R1rs 

I. •11111.111·1/ I \lll•ldf•'•I 

lm111!/,·,/ /-. \//llWlt ./ I ,1/111• of ' llf'if,1/ 
\111111>,·r • •lf'll• 111" pro,/111 11011 t>ll/f'll/ II! I c"\{tllc'llf 

of I m11/11 "'' , 11111/1011\ 11111/11111/\ ( 1111//io II/\ 

11111/\ ,,f I II I o/ 1 ill 11( T1'/10"\I ',, ,,,,,,.,.,, 
----- ------------·--------------- ---
XI %X 175.'1 
71 I .lfl2 1-17.X 2X-Jtl (10 000 24 0011 
11 <10<1 27.X 

"'·" ti.I 211 -100 x 160 
15 flf HI LU 2.fl 15 f\OCI (1 2-10 

(:\ . ..+) 

271 -1.7 -1.~ •} 600 7 11110 
X.5 I 0 -1-ICI ~ 1.,0 

2-111 11.-10 11.1172 I .l5P 540 
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TABLE 3. PR<XTSSED-FOOD INDl 'S'TRIES 

f:.>!imat.:d 1-: .. rimar.·d 
buralled Fsrimar.:d '·a/u.- of n1pital 

.\"uml>.:r capacity '"'"'"C:(lt 1ti output i11n•.>m1.:m 
of ( 1housa11ili I thousands (millions tro1//ions 

s.-.-wr units of r a) of r 'a) of rup1·~ ·1 of rup.:.-.\1 

Bakery prodU\."ts 48 187 150 :,35 213 
Cocoa products and 33 42.5 18.8 !06 42...l 

sugar confectionery 
Dairy products 40 ll I 65 1467 9IO 
Roller flour mills 158 4 990 I 474.f 2 212.5 885 
Fish products 300 575 6(1 I 250 500 
Fruit and vegetabk 1 09,i 100 ~3 27t) I Ill 

products 
Starch and its 18 279 5 110 357 P3 

derivatives 
Soft drinks 34 1 731 730 212 85 
Solvent extraction I 260 2 800 T~O 80 32 

units 
Cotton seed oil 86 l 300 73 314 126 

processir;g 
Vanaspati 85 l 260 480 4 800 I 920 
Mi ·cellaneous foods 30 ful .)I) 3585 140 

TABLE 4. PROCESSED-FOOD EXPORTS 

IW.5.1M l'li5 7(1 

Arr.aunt Vuiue Amor 11 l'alu1• 
Pmd:.1ct (I) I lakh.~ of rupees I Ill llaklt~ of ri1pe•"I 

Canned and bottled fruits 2 367 H.4 8 775.7 481.ll 
a~d vegetables. includin~ 
dehydrated vegetables 

Pickles. chutneys and 2 438 44.7 5 373.0 277.8 
condiments 

Canned and frozen meat and 694 41.82 54 .t99.ll 
poultry products 

Butter and ghee 7 0.7 o3.f. 11.0 
Other milk products (including 40 0.8 22.8 1.7 

malted milk foods) 
Car. .ed and frozen fish and 15 295 70.6 47952.0 12533.7 

other sea food.-; 
Biscuits 988 2.5 2 214.0 174.6 
Confectionery 499 0.8 185.0 12.7 
Papayas 531 l.i 983.2 5.2 
Ca.-;hew kernels 51 266 274.0 43 206.0 8 019.9 
Walnuts 4 8rs5 18.4 4 003.1 323.9 
Coc:Ja products 202 0.2 595.4 51.5 
Guar gum and meal 15.7 26 890.8 l 135.0 
Starch and its derivatives 2 978.4 43.3 
Instant coff« 577.1 318.4 
Spice oils ar.d oleo-resins 65.1 61.6 
Instant tea 483.1 193.6 
Other proces.-.ed foods 1.3 72.6 
Coffee 26 371 I 294.0 58 919.2 6412.0 
Tea 14 738 11 483.i 212 296.0 83 681.0 
Spices 60 525 2 559.0 31 IX2.3 7 096.0 
Sugar. honey etc. 53 1106 I 183.8 I 259 632 6 47 475.0 
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TABLE 5. INDIGENOU~ PROCESSING TECH;-.;OLOGIES 11' 1;o.;D1.-\ 

R"". Pr11«es.w;i11~~ 

/111/rurry maceri11L• t>pt'Tlltiott• /'rocluct.• R\·-procluct• 

Rice mill:ng Paddy Shelling. polishing Polished rice Husk. bri!n 

'.\taize milling Mai~~e Debrannin_. Maize )?rits. Husk. genn 
degcrming. maize wojee. 
grinding maize flour 

Dhai milling Pulses Dehusking. Dhal Husk. hrokcns 
splitting 

Oil milling Oil-seeds Expeller. solvent Oii Husk. cake 
extraction 

J 'wwspati Refined oils Hydrogenation J 't1n1upu1i 

Sugar and Sugar-c~ne Crushing. Sugar. g11r Bagas.-.c. 
jaggery concentration. molasses. 

crystallization sugar-cane wax 

Flour milling Wheat Crushing. bran and Flour Bran 
germ separation. 
grinding 

Dairy Milk Chilling. Milk powder. Ca-;:in. 

skimming. skimmed milk butter. 

concentrntion. powder. baby ghee 

drying foods, condensed 
milk 

l Bakery Wheat flour Baking Bread. bis ... -uits 

Confectionery Sugar Syrup boiling Sweets 

Meat Animal meat Freezing. canning. Frozen. canned 
I drying and dehydrated I 

meat 

Fishery Marine and Freezing. Frozen. canned Trash fish. 
fresti-water canning. drying and dried fish •. sh bones. 

fish meal 

Egg powder Eggs Dzy!ng Egg powder Shells 

fruits and Fruits arid Canning, pulpin1 .. Canned products. Peels. trims. 
vegetable vegetables fr~ezing. dr1 ing, pulps and juices. stones 
proces.-;;ng :niscellaneou' frozen and dehy-

processing orated products. 
pickles and 
chutneys 

Alcoholic Fruit pulps, Fermentation, \\ ... .:s, beers, Spent yeast 
beverages mola~s. brewing hard liquors 

cereals 

Coffee and tea Cm"fee seed!\, Special processes Coffee powder, Spent coffee 
tea leaves tea leaves and tea 

and dust 
Instant coffee 

ar:d tea 

Spices Spices Drying, grinding, Dried 'hhole Low-grade 
special spices, spice spices 
processing powdus and oils 

and oleo-resins 
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Food storage and proc~g in Nigeria 
0. A. Ko/eoso* and 0. 0. On\·ekn·ere't-* 

lntroductio~ 

The climatic conditions of Nigeria vary from south to north. as do t!le 
vegetation and crops grown. The coastal region is a m~u~;~·we swamp with an 
avenge annual rainfall of 430 cm between April and Octoher. Humidity is 
about 95 per cent during the rainy season. and the averag•.: tcupcrature is 3W C. 
The next zone beyond the coastal belt and extending well over latitude 8° North 
has moi!'. tropical forests out slightlv less rainfall. Tree crops arc mainly palm 
and cocoa. anc.. roots. tuhcrs. maize and fruit are also grown. 

The mangrove swamp zone sustains big forest trees. Swamp-rice production 
<Jnd fishing are the major occupations of the inhabitants of the zone. Relative 
humidity in the tropical tiJrest area is as high as 90 per cent. with an annual 
rainfall of up to 1.30 cm and a temperature of 30°C. 

The northern sector is savannah la11J. with a more open park-like grassland 
and hilly ranges. The northern extremities stretch out towards the Sahara 
Desert, hut the northern frontier lies well within the limits of the summer rains. 
Rainfall in certain sections of the savannah zone is as low as 50 cm annuallv and 
the temperature ca!l go up to 3-l 0 C. with relative humidity as low as -l) per cent 
hctwecn December and March. The principal crop., here arc millet. sorghum. 
ground-nuts. cowpcas. and sweet potato. Cattle. sheep and goats arc reared. 
Chickens arc exported to the south. 

Tables 1, 2 and 3 in th" <tnncx to this paper contain information on 
foodstuff production and demand in Nigeria. 

Although ~:ignificant efforts arc hcing made in Nigeria to pmdtirc food. 
traditional methods hamper output. Also counter-productive arc trcn~cndous 
food losses through improper storage and proccssin~. Projections indicate that 
hy 1985, the demand for c1:rcals could increase hy 90 per cent: f, . ·,tarchy foods. 
35 per cent; for grain legumes. 50 per cent: for fruit and vegctahlcs, I 10 per 
cent: and 160 per cent for animal products. 

Estimated losses in storage arc as high as 2(1 per cent for maize in parts of 
southern Nigeria, 15 per cent for cassava and yams. 15 per cent for fruit aild 
vcgctahlcs, at least 20 per cent for cowpcas and as little as 3 per cent for som•· 
oil-!-'eeds. The combination of high amhicnt tcmpcr~·turcs with humidity in mrn.t 
of the country is conducive to spoilage i1y micro-organi~ms ;rnd insect pests. 

; 1,1., :,>1 111 Rc,car..:h. l·cdcral ln,titutc ol lndu,tri;il R,·,l·;1rd1. I ai.:11· .. '\1.t:,-r1a. 

~ • '-"''t.1111 I >11,·,·1111. l·ukral ln~t1t11k ol l11.!11,111;il Rc,l:;nd1. Id).'.'"· '\1gl·n;1. 

'J2 



Food storage in Nigeria is nwrc N k·ss hy nld-cstahli-..hed and ..,impk 
ti:chniqucs. 

F~lod crnps arc seasonal. A massive "urplus during the peak harve-..t periuJ 
is followed hy <: long period of relative scarcity and rising prices. As stockpiles 
cannot h1~ maintained. the farmer quickly disposes of the hulk of the products. 
with poor financial returns. Ideally. a part of the products should he sold and the 
rest held in reserve for release into the market during the scarcity period. The 
hest policy would be to finish selling preserved produce jm.t hcfore the r :-;t 
harvest. 

Food prodnction is very much undenkveloped. The farmer uses primitive 
farn~ing methods. and sells part of the product: to pay taxes and to huy other 
necessities. The midt.:le man buys up foodstuffs. and takes them to the urhan 
areas for retail at considerahk profit. Occasionally. co-npaativcs or the 
marketing hoards purchase through agents and store the items in war..:houses. 
ready for t>xport. Food-processing industries huy up r.1w material requirements 
through <!gents or co-operative suppliers. There are. therefore. four categories 
of food storage to consider: the producer farmer (or co-operative). the trader. 
the food processor and the exporter. 

For the purpose of this paper. food commodities arc divided into the 
following categories: 

(a) Vegetable sources. inch .. di ng fruits. leafy vcgctanlcs. cereals and pulses. 
roots and tubers: 

(h) Non-vegetable sources. inch.. .1g meat. fish and milk. 

Vegetahles 

The gencr.illy recognized techniques for food storage anu proc..:ssing arc 
canning. drying and frcezi.1g. Sun-drying has been used to a large extent only hy 
the farmers. At the village level. storage is almost non-existent. Fruit anJ 
vcgetahlcs arc harvested while still sligl,tly green and sold to the mil;dlc man. 
\.1uch fruit quickly becomes overripe in the tropical rain forest zone. Damage 
during transport also induces microhial rot. The h~st thing to do is to cover the 
fruit with green banana leaves and leave it away from c.:in.:c1 :-;unlight. Spoilage of 
fruits could reach 20 per cent in the peak season. 

\'cgetablcs, including okra, tomatoes, peppers and cuitivated and 
uncultivated edible grccr. leaves, flood the markets during the rainy seasor1 ir1 
the southern and middle belt 7oncs hut hccomc scarce in the dry season 
(Octohcr to Marl:n). On;0ns arc traditionally grown i,, the northern savannah 
area with their high temperatur~s and low rdative humidity, rrcsenting little or 
no st.:rage prohlcm. The other vcgctahlcs arc dried in the sun or over the 
farmer's fireplace. Generally, however, freshly harvested vegetables arc 
preferred, though a few urran households have deep-freezers ;ind freeze their 
vegetables. Grapefruit is horvcstcd almost green and wrapped in a :;pccially 
treated waterproof envelope for export. 

Perhaps the most developed established technology is the :;un-drying of 
ccreais and pulses. Methods for cereals vary from the humid parts of the south to 
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the much drier north. Traditional storage of maize illustrates pecuiiarities in 
both areas. In the southern areas. wh:ch include the mangrove swamp and parts 
of the rain forest zone. maize is planted in April and is ready for harvesting in 
July. while the rains are stil! :1ez.·.-y. In the northern sector. the rains soon subside 
and maize is allowed to stand until the cobs dry. Maize in the south is too wet to 
stor~ after harv~st. The problem is to get the moisture down to 14 per cent, the 
=-ecommended level for bag :;torage. 

,\n ingenious method of drying is used in the south. The farmer stores the 
maize in a crib. which is a rec• .::ingular basket-like shed with legs made of 
bamboo. The bottom of the crib is made of palm leaves and the sides are of palm 
fronds woven into a basket. It has a thatched roof made of overlapping grass 
leaves. Maize obs with the husks removed arc carefully stacked and dried by air 
blowing through the corn layers. The maize nearest the outside dries first to 
about a 14 per cent moisture level and protects those in the centre from 
infestation and mould. The bamboo legs prevent the entry of rodents. The 
farmers build the crib in the village square. which is usually properly swept to 
µrev..:nt insect encroachment. Only chickens can pick at the maize, but the 
farmer, hoping to eat !he chicken l:!kr, does not worry about this. This 
ingenious drying meth0d costs the farmer next to nothing. Wh~n requiri!d for 
sale, the maize is removed. shelled and bagged. 

The difference in northern Nigeria is that the maize is harvested when 
already pretty dry. Husk~d maize is stored in mud huts built up to prevent 
rodents entering and is shelled and bagged depending on market demand. 
Farmers working on a small-scale do not use insecticides, though in co-operative 
farms and Government-sponsored organizations, insecticides have been used on 
the crihs. In one instance, insecticide was applied to the floor of the mud hut 
prior tv filling with miize. The drawback in this respect is that the maize cannot 
be consumed for at least three months, and that some insects become resistant to 
the insecticides. 

Cowpe:ts harvested in November in the arid north arc <llready quite dry and 
can be stored in the hut safely. However, when transported for marketing in the 
south, they become heavily infested with Wl'evils. As much as 27 per cent 
damage with seven parasite ho1es per 100 beans in a Lagos market has been 
reported. The middle man trader takes no action to ensure that the items 
purchased and retailed arc stored in good condition, because it is generall} 
taken for granted that some iOodstuffs, especially grains and legumes arc bound 
to have insects anyway. There is no government regulation banning the sale of 
badly infested foodst:iffs. The trader knows that even if the cowpcas arc literally 
swarming with weevils, there are always poor p,cople who will readily buy it, 
especially at a reduced price. 

Ground-nuts, an important export prior to a drought disaster, is a crop of 
the dry grassland of the north, harvested in November when already quite dry. 
Crops are bought by agents of the marketing board which .. for export, stock the 
bags in a square-based pyramid covered with tarpaulin in large open spaces. 
One pyramid can contain as much as 1,000 t. Each pyramid i.; fumigated hy 
placing a plastic envelope containing fumigant over the top. 

The storage of grains in silos is not recommended in Nigeria, unless linked 
to a food-processing factory. Silo engineering and machinery arc highly 



specialized. lhe macnmes are not easy io u:pair and spares arc rwt readily 
available. A southern co-operative farm had only an agriCil:tural assistant to run 
its maize silo with no training in maintenance. When the conveyor system 
developed a fault. maize could not be removed and no one could repair the fault. 
Help was sought from a foreign country. but did not come until all the corn had 
gone mouldy. involving a huge financial loss. 

Besides the lack of know-how, the economics of silo storage for grain are 
unfavourable. beca11se the average moisture level has to be kept down to 12 per 
cent. an expensive process using the existing infrastructure. Worse still. grain is 
de'ivered in sacks, which have to be opened and emptied into the silo. When 
required for export. the grain has to be extracted. once more filled into the 
sacks, and sewn up. Labour is required for each operation and costs money and 
time. Large transnational food processors with silo far ]ities usually retain the 
services of highly paid silo engineers to monitor the temperature a11d humidity 
distribution in the silos and repair and service the machine~·. 

Cocoa is also an important foreign-exchange earner. The pods arc 
harvestet~ during the dry season in the south and the be~ms sun-dried on 
concrete slabs or on mats. The} are bagged and stored in rodent-proof 
warehouses by the exporter, who has storage experts to ensure that the cocoa is 
in good condition. Slow-acting poison baits are used to check rodents which 
generall\" are not such a serious problem as insects. Whereas rodents only eat up 
the sach and cause them to leak, insect pests can destroy a whole stock. 

The storage of roots and tubers is as important for the country as grain. 
These arc predominantly crops of the middle and southern areas. The yam barn 
is the principle way of storing yams used by the farmer. Here yams arc tied on 
vertical poles under a little shade in the more humid areas. or merely heaped on 
the ground under a little shade in the drier areas. In both cases. losses of up to 15 
per cent within three months arc sustained through rotting. mould. or pithiness 
due to sprouting. Applying wet wood ash to damaged roots reduces fungal 
attack, and removing sprouts achieves partial control. However. only a small 
farmer can do this, though the method has been highly recommended even for 
co-operative farms. Storage of yams and sweet potatoes in an inert almospherc 
(that is with oxygen almost removed) or hy irradiation has been the subject of 
experiments and appears to have controlled sprouting for up to eight months. 
It is doubtful whether this could be of practical application in the foreseeable 
future. 

Not much effort has been made to store cassava ( Manihot esculenta), and 
roots are pulled within 48 hours of use. Experimental storage for up to two 
months in boxes covered with wet sawdust overlaid with straw to maintain a high 
humidity and covered with sand has been reported. Low-temperature storage of 
yams and cassava is unlikely to he used in Nigeria. 

Meat and fish 

Fish is caught with nets and spoilage sets in rapidly. The fishing ~anoes have 
no facility for carrying insulated containers for the storage of ice and iced fish. In 
the northern sector of the c0untry, especially in the Lake Chad area with high 
ambient temperature and low humidity, fish is usually sun-dried, being split and 
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dipped in a pesticide solution bciorehand. in the erroneo•Js heliet that this wiii 
prevent infestation. Occasionally the fish is gutted and hent into a horseshoe 
shape with the aid of a sharp stick piercing the tail and head. The fish is <tllowed 
to sun-dry to between 14 per cent and 30 per cent moisture without ad•jing salt. 
Larger fish are cut into smaller pieces and smoked briefly over a charcoal fire. 
before being sun-dried. 

Fish-smoking is the method chosen in the more humid parts of the south 
using mud kilns. In coastal areas where the art has attained ~omc perfect;on. 
firing is aided by bellows. The greatest disadvantage of sun-drying is maggot 
infestation. 

Large fishing and meat industries have refrige1atcd warchous::s. Familie~ 
without a refrigerator find it easier to deal with smoked afld sun-dried fish. 
especially away from che coast. Imported and local chilled meat arc now helping 
to improve nutritional levels. Milk. where available. is usually taken fresh or 
soon after boiling. The dairy industry is not yt·t developed. 

F oocl procemng 

Traditional food proct.>ssing. although having some merit. is generally 
unhygienic, time-consuming and uneconomic. A characteristic of indigenously 
processed foods is that most are fcrmen~cd by natural micro-organisms without 
introducing pure strains. and have flavour profiles which. if altered. makes the 
food unacceptable. This does not mean that quality control measures are 
employed to obta:n uniform products between one hatch and anothi..:r. 

Cen•a/s 

Maize (Zea mays) is an important cereal of the south while sorghum is its 
counterpart in the north. Maize is traditionally eaten as a sour meal. referred to 
:is ogi or eko in Nigeria. almost similar to the Ghanaian ke11key. It is made hy 
soaking in lukewarm water for a day. wet milling in a hammer mill with the 
soaking water, sieving to reme, ve coarse particles and allowing the filtrate to 
sedimeni. After decanting, the starch cake is made into a pap with boiling water. 
This food is generally used as a supplement to breast milk and as a breakfast 
cereal. However, it is nutritionally inferior to whole maize meal because of the 
loss of germ and otlier parts of the grain. The traditional method of preparation 
is generally unhygienic and in villagl~S it docs not kel'P for mme than a day 
unless refrigerated. The fermentativc organisms arc yeasts and la..:tic organisms. 
Whc1e corn meal is prepared by pounding in a mortar followed by wrapping in 
leaves and steaming. The stiff dough is broken up. mixed with green n~~etahlcs 
and oil, and fried. Corn flour is processed by grinding and sieving. Sorghum is 
pounded in a wooden mortar, wrapped in lcavt.-s, cooked and eaten with meat 
and vegetable stc\'.t' (like Juju). Germinated sorghum can he prepar~d into malt 
from which a local beer known as piw is bre~cd. 

The Federal Institute of Industrial Research (FIIR), Lagos. has imprm·~d 
the traditional fermented corn-starch fcx,d by incorporating soya hean flour. 
spray-drying and adding vitamins and min~rals, to make a ha lanced inf ant 
weaning food known as .wy-ogi. 
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ll1e cowpea (Vigna si11t•mis) is a good source of protein particular!~ for th~ 
inhabitanls of southern Niger.a who do not ha"·e as much animal protein a" their 
counterparts in cattle-rearing areas cf the north. Cowpeas are wa<ihed an~ 
so,ked in water for several minutes until the skin can be rubbed off and then 
milled on stone. The mash. mixed with onion and fresh pepper. is sometimes 
kneaded into<! dough and then fried into fluffy and spongy cakes. Alternatively. 
the dough is wrapped in (iried banar.a or other suitable leaves and cookl.'tl in 
water to a stiff meal to be eaten with palm-oil stew or with ogi. 

Root cr:Jps 

Yam ( Dioscorea sp.) is an important food crop and farmers used to measure 
their wealth in terms of yam barns. To makt! a white ~t~ff dough. yam is peeled. 
cut into pieces. cooked in water. and pounded in a wooden mortar \\ith the 
addition of water. if necessary. For the preparation of yam flour (el11ho). the 
nx1t is peeled. sliced. left to sun-dry. and afterwards milled into a whitish 
powder. Put into boiling water. it g'lCS black and is worked with a wooden pestle 
into a stiff gel. The dark colour is produced by non-enzymatic reaction. and has 
come to be a'--cepted as normal. White flour has recently been produced 
experimentally by dipping sliced uncooked yam into a hot solution of a 
preservative (sodium metabisulphite), drymg quickly in a hot-air oven at 
200° C. milling and sieving. Traditional flom is sold in open basins and 
deteriorates rapidly in the humid tropical atmosphere. Some processors now buy 
sun-drieJ yams packed in polythene. which keep better. 

Cas~ava ( .Wanihot esculenta) is a root crop of great importance in southern 
Nigeria, where it is consumed principally as gari, a semi-granular. starchy 
product. By traditional methods of preparation. freshly uprooted cassava is 
peeled, grated on the revers\! side of a perforated aluminium sheet and allowed 
to ferment naturally in jute bags w;th pressure applied for at least two days. 
during which time the moisture content is reduced by about half. The wet cake is 
then fried on a hot iron pot to a moisture content of nearly 20 per cent. The 
frying is unique in that optimum gelatinization of the starch is a major factor for 
acceptability. 

Lower-income people who eat this food priw ·ily for its filling value. desire 
that gari soaked in cold water should swell to • 1east three limes its or:ginal 
volume. More than 40 million inhabitantc; of Nigeria use Rari as a staple. whic.h 
has a protein content of only i .5 per cent and is low in minerals. 

FllR has successfully mechanized and commercialized an upgraded village 
technology. At present several plants are operating. two of them with a daily 
output of IO t. Thi~ is a great improvement over the village scale where tedious, 
unhygienic methods, produce less than 200 kg per day. Industrially prepared 
J{ari hac; been known to keep for up to one year, compared to a village shelf life 
of less than six weeks. 

Second in importance to gari is cac;sava fufu. For this. peeled roots arc 
grated and allowed to ferment for one to two days in a closed vessel. To cook. a 
portion is added to boiling water and worked with a pestle to a stiff gel. It is 
eaten with a vcgetahle and meat stew containing palm oil. Starch is also 



''·' 
procc:ssed from cassava and a recently estahli'\hed factory may produce enough 
to reduce im(.A>rts of starch for textile pro~t.~sing. 

Fruits and n~getah'('S 

The processing of fruits and vegetahles by canning or freezing is still 
experimental. Apart from sun-drying of okra and some other leafy vegetahles 
(for exampie oka:i) little has been achieved compared with some other 
countries. 

Meat proclucu 

Animals are slaug;,tered in abattoirs which are not generally of the highest 
hygien:c standard. Meat is often sold in open market places. exposed to flies. 
Although most of the skin~; are processed into leather. the hooves and horns are 
generally discarded. 

An interesting method of processing beef in northern parts is 1hc 
production of suya. Slices ar:: strung on a stick about 30 cm long. spiced with ~alt 
and ground. hot red peoper. and placed near a hot charcoal fire until done. 

A form of cottage chet'sc known as wara is made from either cow·s or goar ... 
milk in parts of northern Nigeria. and despite a primitive method of production 
it is a favourite fooJ with people used to it. Local butter. which can be likened to 
a European type of butter. i~. usualiy put into beer bottles without refrigeration. 
Cattle herdsmen prefer mi!k rather sour. It can be concluded that fermented 
foods are a distinguishing feature or Nigerian foods. As the organisms causing 
botulism in humans cannot survive in such acidic environments. most Nigerian 
fermented foods should. under better hygienic conditions. serve as excellent 
examples of food preservation in a developing country where micro-organisms 
flourish. However. because the fermentation is caused by wild strains of 
micro-organisms, it is impossiole io have uniform quality. 

It should be noted that no reference is made to food storage Cind processing 
in Nigeria by transnational corporations. the technolo~ of which. for example 
in wheat milling, is too advanced for general use. 

Although research institutions may adopt techniques such as hot air 
dehydration. controlled atmosphere storage. freeze-drying. irradiation. 
extrusion cooking and so forth. these tt.chnologies are manifestly inappropriate 
for the state of development of the country. Therefore. what is relevant is the 
upgradi··'.' of food technologies familiar to the people. This has been the 
approach by FllR. Mention should therefore he made again of tht lns:itute•!; 
succes.~ in mechanizing the traditional Kari: protein enrichment of com with soya 
beans ba~d on the traditional ferw~i"nation process and upgrading of the 
sorghum alcoholic beverage piro. Another research institute has improved the 
grain-drying crib. 

Attempt~ to mechanize food productior. are often hamp:red by lack of raw 
materials, with the result that some factories can only operate for a few months 
of the year. Therefore, increasing population and urbanization requite not only 
increased agricultural proouctivity but also the saving of food by appropriate 
storage and processing techniques that will guarantee quantity. quality and 
nutritional value. 
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Food storage and procSng in lbailand 
A. Sawatdi,at, * M. Sundhagul** and P. Varangoo11*** 

Map food pn>cemng indllstries in nailalld 

The fishing industry is a major contributor to the economy d Thailand. 
Linkage industries such ac; cold storage. ice plants. refrig::rated transpon. 
canning. fish-meal plants, fish-sauce factories etc. have b~en ~t<.!blished. 

The bulk of the dairy industry consists of the: manufacture of condensed and 
evaporated milk recombined from imponed milk solids. Sorr;e fresh milk is 
locally produced for consumption. while some is locally processed into 
reconstituted milk. Production ot fresh amt pasteurized milk is growing at 
satisfactory rates. Ste!"ilized milk has recently been introduced into local 
markets. 

Canning is the major process for fruits arid veget ... bles. Pineapple~ 

undoubtedly occupy the most prominent place: more than 90 per cent of them 
are exponed. Other fruits include longans. rambutan~. water chestnuts. lychees. 
fruit cocktails and mangoes. 

Among the vegetables produced are oamboo shoots. asparagus. green 
beans. champignon and straw mushrooms, cream corns. and young sweet corns. 

Traditional processed foods with good domestic markets are dried banana. 
pickled vegetables and fruits. fish sauce. shrimp paste. dried meat. pork sa1.1sagt:. 
fermented bean curd etc. 

Fruit canning. dominated by the canning of pineapple for export. is the 
largest sector of the processed food industry. High demand from overseas has 
created rapid growth. and betwee'l 1973 and 1976 production iucreased almost 
fivefold. 

In existence since IQ67, the fruit-canning industry has a total capacity of 
approximately 120,000 t/a. The actual production is about 50 per cent of the 
capacity, and nearly 90 per cent of production is exported. Major problems are 
the supply of fruit of suitable quality and the instability of raw material prices. 
When possible, major canneries grow their O\\ n pineapples. using scientific 
methods of control. Attempts have been made to regulatt. production by using 
plant hormones, but the climate makes this difficult. Packers continue to have 
problems with seasonal supplies. 

•Director, ProJuct Development Division. Project Development Depanment. 
••Director. !adustrial Research Depanmcnt. 
•••Director. lndu!i:rial Food Division. lndu!itrial Research Dcranmcnt at the Aprlicd 

~;cicntific Research Corporation of Thailand. Kan!?kok. Thailand. 
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1 n meet strki import restrictions of bodies ~uch as the United States Food 
and Drug Administration. the Thailand Industrial Standards Institute (TISI) 
published S!Jecification!I in 1973 on all details. rangin~ from swt·etness to the 
number of pieces in the can. Canneries have to obtain export licences from the 
TISI. and the r.umber issued has grown steadily. 

Manpower requirements for the major canneries during the period 
1973-1975 included approximately 6.(,'00 workers in the peak season from 
April to August. Full-capacity production would require about 10.000 worker.,. 
In the early stages the canneries used relatively cheap equipment. Newer 
factories install more expensive high-quality equipment manufactured in 
Europe or the United States. A large cannery. the most mtxlem in south-east 
Asia. o.,ened in 197&. built at a cost of 170 million baht (8) ($8.500.()00). wil:1 
a pruduction capacity of 2.4 million cases. Small operators utihze 
semi-au:omatic or manual methods. 

World demand for canned pineapple 3tands at approximately 50 mimon 
cases per year. Thailand's main markets for pineapples are Canada. the Federal 
Republic of Germany. Spain and the United States of America. Competitors 
include Malaysia. Me1Cico. the Philippines and South Africa. Thailand is the 
world·s third largest exporter and Asia·s second largest suppli~r. It is felt that 
full capacity production might res1.d: in a world glut and perhaps a \·ollapse <.f the 
local industry. 

A preliminary study by the Applied Scientific Research Corporation of 
Thailand ( ASRCT) and the National Economic and Social Development Board 
in 1976 showed the average production costs per case for the three rna1or 
pineapple exporters. Their findings are reflected in rhc table. 

PINEAPPLE PRODUCTION COSTS 

ltm1 In dt1'/11n PercentllK•· of total 

Pineapples 1.91 40.M 
Cans 15M .U.7 
Syrup 11. IM 3.9 
Labour 11.19 .t.O 
Label·: and paper hoxt.-s 11.44 9..t 
Miscet:anenus 11.JH M.:! --

Total 4.67 100 

.\ourn·: K. Mcna!>ull. ··The .:annL-J f<11Ki' llldu..iry'". 1Hanj!lo.11I.. 
The Nilliunal Econumic and Social Dc\'ck1pm."llt J4t1ard. 19771 

•si;rr uf .:a...:: :!-I in. x :!II in. (fl I l.m x 'i I Lm ). 

The export distribution costs in 1975 were $0.4 75 per kg. or $7.40 per case. 
The uncertainty of pineapple supply has led lo price fluctua~ions and an 

increase from $0.056 to $0.076 per kg during the period 1968-1975. 
Competition from the local market for fresh fruit helps to ensure a continui. 

0 

high price for the growers. Another benefit to them is that experts from the 
factories provide advice and training in the use of modern technology. 

In 1975 Thailand exported canned pineapples at a value of 8 345 million. 
and the value was 8 600 million in 1976. In the first six months of 1978 the 
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\ aluc was B :"fl-.l million. Thailand's infrastructure is an imponam factrn iidping. 
to meet the n:4uirem~nts of investors in many provinces. There arc attractin~ 
investment incentives. ample natural resources •tnli a large labour pool. as well 
as a good network of national highways strong and wide enough to take any 
load. ancJ farm-to-market roads. Distribution of electricity is impro,·ing rnpidly. 

The plantation area inl.&ea.-;cs annually at the expense of sugar-cane and 
coconut~. reaching 6..t million hcctart.'S in 1977. The socio-technological 
outlook of the farmers h<l" at the same time undergone rapid change. 

Area development factors 

Of Thailand"s total area of lWer SI milhon hectares it is estimated that 
ahout one third is mrrentl~· farmed or potentially arable. The population was 
estimated at ahout ·B millit'n people in 1977. of which more than three quarters 
were engaged in agrimhure. 

Som;: of the provinces that produce cann::d fruit arc •~s foilows: 1 

(a) Lmnpa11g. Northern region. about 600 km north of Bangkok: total area. 
12.518 km2• of which 9. 7h0 km2 is forest. l.2(Kt km2 paddy field. and I.SO-t km2 

prairie: l'n7 population. M3.260: income pa rnpilll per year. approximately 
B SA 71: t~e pro\'ince has a rural structure. sugar-cane and canning industries. 
and is also a source of fruit and vegetables. 

fh) Clum Buri. Eastern region. ahout 80 km from Bangkok: 632 km2 

under paddy field. 573 K.m2 upland crops plantations and I Jt20 km2 forest: 
!975 population. <W4.052: inr.ome per capita per year. B 8.700. 

The province is urban and rural. and has a sugar-cane factory. fruit arid 
vegetahlc canneries. and many tapioca factories: 

(c) Pracluwp Klriri Kha,1. Central plain region ·,bout 400 km west of 
Bangkok: 1977 population. approximately 344.127: income per rnpita per year. 
B 7,000; the province is rural. has many pin _apple canneries and forms the 
heart of the pinc:ipple hdt. 

Future tedlnological development 

Pineap~>lc canning is highly competitive. and is also lahour- and 
capital-intc:nsivc. To make a profit. it is necessary to achieve economics of scale. 
Many factors can hamper the future prosperity of the industry. such as the 
insufficiency of suitable raw materials for canning. or lahour unrest. 
International prices flutuate widely. influenced hy exports from other countries. 

A new dehydration technology is being applied to export fruits. starting 
with green cayenne pineapples. papayas and hananas. Dehydrated pineapples 
need only the addition of water. in accordance with instructions on the package. 
and can he chilled in a refrigerator. The customer then has slices of pine?pple in 
syrup. The process can remove 80 per cent of the water content by using dry 

1lnrorrna11on 'upplicd h\ the l'eonomu.: Studie' Department. ASRCL 
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steam. This leaves all the flavour and food value. Shelf-life is expected t(; he 
ahout six months. although in oi cool Jry place the period becomes cnnsiderah!y 
longer without losing flavour after recor.stitution. Six tonnes of raw material 
peeled. cored. sliced. screened for defects and passed through the dehydrating 
oven are reduced to about one tonne. The weight of canned fruit is nearly three 
times the weight of dehydrated fruit. 

With a capacity of 60 t per month. the investment for the plant is B 6 
million. including machinery. ~quipment and imported technological expertise. 
It employs about 50 local workers. Many types of fruit such as seedless papayas 
have never been exportable fresh unless air-freighted at tremendous cost. and 
can be regarded as suitable for the process. Exports of canned fruit other than 
pineapple are small. but prospects are imprc1ing. Large companies are adapting 
their lines \\-ith the aim of d:·versifying to operate at full capacity the year round. 
They produce orange and tomato juice. asparagus, mushrooms ar d other fruits 
or vegetables available out of the pineapple season. Another pineapple product 
which seems to ha'IC a potential ~or export is quick-frozen flesh and 
concentrated juice. The technology has to be obtained from abroad. 
Investigation of the process aimed at conserving energy has been planned at 
ASRCT 

Utilization of waste 

Pineapple waste consists of fruit residue from the canning process. and 
plant leaves and stems. Development of by-proJucts from the leaves and stems 
has been slow. At present it is used for land filling and. to a small extent, cattle 
feeding. The emphasis in utilization is on the fruit residue. which might provide 
animal feed or the protein digestive enzyme, bomelin. Preliminary investigations 
in this field have been conducted at ASRCT, but support from foreign agencies 
is needed. Re:;ults could mal\e a significant contribution to economic 
development. 

Packaging problems 

Except for companies with established foreign markets or linkages with 
foreign technology, packaging technology in Thailand is in an early stage of 
development. Domestic research lacks a laboratory with the necessary 
equipment. Problems in the packaging technology of Thailand as a whole arc 
quality control. technical development ar ~ innovation. Because of this there 
have been e:xamples of product loss or damage <luring distribution to export 
markets. and entire shipments .,_ave been reject.!d. 

Research into the packaging of fruits ard vegetables for export by air 
freight has been carried out with a view to de•!cloping standard containers and 
promoting standardization. ASRCT, •he Ind~1strial Research Service, Thai 
Airway International Limited, the Market Organization for Farmers, the Thai 
Pad aging Association, the Export Service Center and Bangkok Airport 
Customs House conducted the project in order hl make test shipments. 

Another project for the application of flcxihle packaging materials to 
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improve packaged products i-; being promoted by ASRCT. Research will be 
carried out m1 a product absorption isctherm. measurement of the moisture 
resistance of packages, and the shelf-life of packaged goods. Data concerning 
product sales. packaging, climate etc. could be used to estimate the type of 
moisture barrier films required to protect a moisture-sensitive product. ASP.CT 
has the basic infrastructure and capability required to launch the project at this 
initial stage, but additional technical and financial assistance will be needed. 



Status of food storage and procesmng 
technology in Thailand 

A. Bhumiratana* 

Introduction 

The countries of the Association of South East Asian Nations (ASEAN). 
except Singapore, 1 are considered to be developing countries with economies 
dependent largely on agricultural p!"oducts. Table 1 shows that in 197 5 tneir 
agro-based exports, especially naturnl rubber, palm-oil. coconut products and 
spices had dominant shares in the world market. 

TABLE I. AGRO-BASED COMMODITY EXPORTS OF 
ASEAN ccu_;NTRIES IN 1975 

Cammodity 

Natural r11hher 
Indonesia 
Malaysia 
Thailand 

Palm-oil 
Indonesia 
Malaysia 
Singapore 

Coconlll, copra ar d coconut oil 
Malaysia 
Philippines 
Singapore 

Spices (peppa) 
Indonesia 
Malaysia 
Singapore 

Vahle 
(c/ollars) 

361990 
782 254 
175 000 

I 319 250 

151 639 
594 524 

73 362 

Percentage .1f 
.,.·oriel export.~ 

82.92 

819 525 83.57 

27 511 
402 666 

16 708 

446 885 63.62 

22 867 
43 662 
45 769 

112 298 57.16 

•Director, Ins(itute of Fo,xl Research and Product Dcvcl.1pmcnt. Kasctsart University. 
Bangkok. Thailand. 

1Thc memhers of ASEAN arc Indonesia. Malaysia. Philippines. Singapore and Th.:iland. 

I 07 
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In orLcr to maintain quality. mm11111zc losses and fullv utilize the 
agricultural products. it is necessary to improve tf'chniqucs and management in 
food handling. food processing technology and uti!ization of waste materials. 

PRESENT TECHNOtOGY 

Food storage 

Post-harvest and storage losses of all types of food may he reduced by 
physical control and hy chcn.ica! control. 

l'linirnl m111rol. Reduced te.npcraturcs and refri!!cration arc prohahly the hest 
means o: reducing losses of perishable pr,>ducts. Refrigerated storage i:-, 
common for fish and meat. hut since the cost is extremely high and results may 
in certain cases be adverse. less expensive systems of slightly reduced storage 
temperatures, perhaps in combination with other mu1sures, may IJ~ adopted. 
ikducd temperature storage is effective because it slows down metaholic 
processes and cuts losse:; caused hy such factors as sprouting and rotting. Heat 
or high-temperature treatment has been effectively used as a treatmer.t prior 
to storing some products. 

( '/wnical "0111ro/. Chemieal.'i and pesti,:ides can be used to reduce disease lo:;scs, 
hut a thorough knowledge of the diseases involved is required. Due to residual 
dfccts. nrnst chemicals have to bl· used under strict control and hy trained 
per~< mnel. 
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Nearly 50 commercial cold-storage facilities. ahlc to accommodate from 25 
to 10.000 t of food. cxi"'t in Thailand. Nine others. with space for 16.000 to 
280.000 t ha\'e drying and silo facilities. 

Food prOttsSing 

Food is produced both to meet local demand and for export. Meeting local 
needs presents problems of quantity. quality and nutrition. Lack 01 knowledge 
about nutrition. linked with traditional eating habits. hampers the introduction 
and distribution of new forms of nutritious food. Furthermore. low incomes of 
many families make price a serious consideration. Locally available raw 
materials will of course be essential components in such new products. 

Important factors affecting food for export arc quality and price. 
Accordingly, production has to be well planned and highly competitive. 

Thailand's Industrial Development Plan is focused on labour-intensi\'e 
industries. high value added. high utilization of local raw materials. and export 
orientation. One of the objectives is to promote the food industry and. as a 
corollary, agro-industries. 

The First and Second Development Plans were aimed at establishing state 
enterprises and promoting in\'estment through revised legislation. 
Industrialization expanded from 1961 to 19n6. and the share of manu
facturing in the gross domestic product (GDP) rose from 13. l per cent to 
I 3. 7 per cent, that of food manufacturing being 4. 9 p!.?r cent in 196 l and 3. 9 per 
ct•nt in 1966. The number of factories registered under th1~ Factories Act 
increased from 2.400 in 1969 to 4.634 in 1975. Howe\'er. in the Third Plan 
( 1972-1976). foreign investments dropped due to the oil crisis in 1973 and 
political uncertainties in 1974-1975. 

Compared to a 6.9 per cent compound annual growth rate of all m<inu
facturing between 1971 and 197.t, food. beverages and tobacco was :u per cent. 
This compared well with an expansion of 0.5 per cent annually for the whole 
economy. Unfortunately, the share of food manufacturing in GDP declined 
between 1960 and 1974. because other industries were more attractive under 
the r '1vestment Act, and there was also a lack 01 government agencies 
collecting or surveying information <'£• cottage-type and small-scale food manu
facture. Grain milling and beverages were the two food industries contrihuting 
most in gross value added in 1963 and 1973 while the gross value added of sugar 
factories and refineries dropped. Total employment in manufacturing was 
711,000 in 1969 and 1,693,000 in 1974, of which 63,000 (8.9 per cent) and 
I 07 ,000 (6.4 per cent) respectively were engaged in food processing. Because 
these industries grew more slowly than others, the Government is preparing a 
special programme for agro-industrics. 

Among food products (major groups 311, 312 and 313 of the International 
Standard Industrial Classification), grain, tapioca, sugar, and molasses, hean 
curd and pineapple, arc important for exports. In terms of domestic 
consumption, the most important products arc grain. sugar. vegetable oil. dairy 
prodw:ts. animal ked-.. meat, -.oft drinks and beer. Tahlc 2 rdkcts th1.: relative 
importancL· of some of the 27 food-processing industries. 
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TABLE 2. SELECTED FOOD-PROCESSISG l~DUSTRIES I'.' 
IllAILAND A!'OO BA~GKOK 

'"'"' i ,, -

I t1tlu.ttn· , ,,,,,,,,." H11••i:'··L ,, .. ,,1,,.,,, H,r .. ::L •• L 

-·----- ------~---

Preserved. dehycrated. ti 4 33 21 
quick-frozen fruits 
and vegetables 

Animal and vegetable 5 2 lll5 .,., 
oils and fats 

Husking. cleaning. 505 fl 25868 131 
polishing rice 

Flour H 3 306 125 
Blended grain seeds 7 3 HI 37 

and roots 
Tapioca ·' 849 ... 
Bread. cakes. biscuits etc. 5 5 126 711 
Food from starch 3 2 155 25 
Coffee roasting 3 3 79 58 
Flavouring 7 5 87 23 
Animal and fowl feedstuffs 8 2 134 17 

Most products need no processing and minimal storage technology. e.g. 
rice, seeds, oil-seeds; need only one or two processing steps, e.g. tapioca chip 
and corn; or are fully processed, such as tapioca starch and milled rice. and 
canned, dried or frozen foods. 

In most developing countries, especially in Asia, exported products arc 
mainly in the form of raw materials. Close to 140 types are exported from 
Thailand, where the total value originating from agricultural forestry and fishery 
sources represented 75.9 per cent of all exports from 1970 to 1976. 

Prior to dt;·,1eloping its own food-processing industries, Thailand rcli~d 
mainly on import!-. to meet the domestic demand for processed foods. In 1965 
milk and milk products such as condensed, dried or evaporated m:1k, were 
major imports, as were coffee, tea and beverages. There was, however, a 
marked decline in the import of milk and milk products after domestic milk 
industries were ~stablished. 

The biggest processed food export i . ., sugar, which in 1976 reached its peak 
and figured prominently among total exports. Tapioca pellets are a close •;econd. 
One outstanding recent export has been shrimp. 

Exports of canned pineapple increased dramatically after 1971, the main 
markets being the Federal Republic of Germany, Japan, the Netherlands and 
the United States of America, due to high quality, competitive prices, and 
decreased production .!lsewhere. 

Sun drying, which is the oldest method and involves both low cost and 
limited energy consumption, is still used to preserve food, although only in the 
last decade has a serious study of the process been marle. The advantages of 
dried food, whatever the method, are as follows: 

(a) Increased chemical stability, e.g. against enzymatic deterioration; 
(h) Stability against microbial spoilage; 
(c) Reduction of weight and volume; 
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(d) Lower transport costs; 

fr) Cheap storage at ambient temperature. 
Some foods effectively sun-dried are cereals. fish, crustaceans. fruits and 

vegetables. 
An essential factor lacking in developing countries is the technology to 

transform raw material into products to be marketed at a much higher price. 
Another major obstacle is the lack of funds for investment. The Government of 
Thailand's efforts to stimulate investment include provisions for low interest. 
long-term loans and tax exemptions. Improved acceptability of goods has been 
achieved by enforcing food standards. 

COlldllSions 

To sum up, advanced technology for food storage and processing is still 
needed for the country to improv~ its economic status. In processing food for 
local consumers. simple technologies such as solar heat for drying. traditional 
fermentation and the osmosis process in salting and sugaring should t-e used and 
improved. Sanitation and safety are extremely important, especially if the 
technologies are to be c;.pplied at the cottage h.:vel and in home industry. 
Techniques of drying. of the use of colouring agents or other additives. and a 
knowledge of contaminations should be developed. One method of teaching and 
transf ering technologies is the use of mobile !mi ts for rural areas. 

For the export market, canned food has an important role. Since the export 
market is usually highly competitive. specific government organizations will 
have to tak\! care of the quality and quantity of products. The Government 
shou!d promote the export of processed or semi-processed products instead of 
relying heavily on raw agricultural goods. 

ASEA~ PROTEIN PROJECT 

Since 1974 a major programme of co-operation among the ASEAN 
countries has been attempting to solve malnutrition problems. especially in the 
rural areas. Called the ASEAN Protein Project, it is searching for and 
developing high-protein low-cost foods for vuln~rable groups of people. · 
Support has been given by the Australia-ASEAN Economic Co-operation 
Programme, a project which has brought great co-operation between scientists 
and technologists. High-protein low-cost foods being developed include baby 
food, biscuits, condensed and dehydrated soy milk, textured vegetable vroteins, 
leaf protein isolates and many others, and some of those developed in one 
country are being tried for acceptability i.1 others. To help identify the best 
methods of introducing new foods, an extensive survey has been conducted in aJI 
five ASEAN countries to study eating habits. Production of full fat soy flour 
(FFSF) and it~ u~il.ization in various high protein foods have also been the 
subject of intensive ~tudy. A factory to produce 100 tonnes of the flour a month 
has recently been comrleted. New and improved fermentation technology is 
also being tested. 
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"Inc ASEA~ Protein Project has 'tl'"eng.thened co-opl."ralion among 
in .. tituks. uni\"ersities and go\"ernml."nt offices in thl." rq!ton and hdpl."d to 
impro\"C the infrastructure of each counlry. 

mE UTILIZATION AND MANAGEMENT OF WASTE MATERIAL 

Surveys in Thailand and other ASEAN countries indicate that a 
lremendous amount of useful material is thrown a\\Oty. Adoption of appropriate 
technologies could ha\"e the dual effect of decreasing pollution and at the saml." 
time making good use of the pollutants. An cxtcnsi\·e study has identifil."d large 
quantities of some food waste which could yidd hy-products u ... dul for human 
food. animal food or energy. For food processing in particular. at kast three 
promising proccs:·es offer. it is reported. potential for the cffccti\·e management 
and utilization of waste. lbosc processes arc as follows: 

(a) Fementation to hiogas (methane). now widely applied for animal 
wasre. may be adapted to the 1reatme.1t of large quanlitics of \\a,.te arising from 
pineapple canneries. tapioca starch factories and hanana packing and pnKe,sing 
plant.., etc. Other fermentation technique'.; can impro\"e the quality of \\aste tor 
use as animal feed: 

(hJ Rc\"erse osmosis and ultrafiltration separate suhstances hy passing 
them through special memhrancs. New memhranes. more efficient. durahk and 
ccon,>mical than heforc. may as"'i"'t techniques for n:con:ring protein from 
starch factories and clean water from dlluents. and in o'nccntrating coconut 
\\atcr for canning or hottling: 

fc) Food \\astes un•.;uitahlc for human consumption m<1y he fed lo fish. 
ducks. chickens. pigs or l.'altlc. and pos,ihly pclkrized for 1ransporta1ion. 

\1any other po..,...ihilities exht. T'1e harvesting of rice generates rice ... traw at 
the rate of approximately ..J t'h<1. During milling. 20-25 per cent rice husk and 
h pct cent rice hran arc kft. At pre...cnt. rice stra\\ is hcing usel.I as cattle feed. 
for paper-making. for cultivation of mu ... hroom .... <md as a soil-conl.litioncr. Rice 
husil. i.., used as tuel. a ... hedding for poultry and li\cstock. for packing. a ... huilding 
material. as a soil-conditioner and in making acti\·ated carhon. Rice hran is used 
for animal ked and for extracting oil. Some new approachc" to the utilization of 
rice straw as animal feed coull.I he Jevised: rice husk can he used for making 
carhon hlack. and may help to provide furfural. an important ra\\ material for 
the chemical industry. Effluents from tapioca starch manufacture have a high 
conlent of suspended organic matter and dissolved solids. and might he 
\Uhjected to rever'c osmosis or ultrafiltration. Pineapple canning generates 
large lJU~mtitics of diluent of high hiological oxygen demand (HOD) content. and 
also solid waste. Proposals an: that the solid waste may he pres..,e<l and dried for 
cattle feed. perhaps after microhial fermentation. or used as a source for hiogas 
(methane). 

PLAN OF ACTION 

After cstaolishing the status of the food industry and technologic.., nced::d 
for food \toragc ·.md processing. a specific plan ... hould he drawn up to estahlish 
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guidelines and measures to he adopted. Recommcn<laiiori:o. for J~;,~k~ping 

countries are as follows: 

(a) E,·a:uations should first be made of agncultural products to ensure that 
enough is available for the people in the country. and then of methods of 
distribution. De,·elopment or transfer of technology in handling and processing 
may facilitate distribution; 

(bJ Raw materials for the food industry are usually initial!~ derl\·ed from 
those which saturate the fresh foods market. A master plan interlinking agri
cultural and indus.:rial developments should be mapped cut hy the Gon:rn
ment. Where a processing industry is created to compensate for on:r
supply to the fresh fouds market. the pro<lJcts will prohaMy be u":d fPr 
local consumption. It will be extremely difficult to de\·clop export markets since 
the industry must not only satisfy strict standards. but also be in constant suppl~: 

(cJ At the cot•agP. level. special attention must be paid to hygienic 4uality. 
Health hazards may result from micro-organisms. toxic mat~rials. contaminated 
materials or fauhy containe~. Food-processing method~, which should ht.· 
promoted here :ire dehy<liation and osmosis. Food canning is unlikdy to he 
succes.sful. The Go\<ernment should create an office to at.h isc on 
home-processed foods and to point out their dangers: 

(d) National fcxld laws should emphasizt: promotion of a food inJu,try. 
consumer safety and export orientation: 

fcJ Special attention has to he paid to standards. Estahlishing a wmn11rn 
standard for a specific food product for all regions and countri.:s in the \\ • irld is a 
very difficult task. The Food and Agriculture Organization of the L1 r~ikd 

Nations (FAQ) and the World Health Organization (WHO) ha\c hccn invoh~J 
in preparing an alimentary codex for t\\clve years. hut a complc:tc staml:ml for a 
single product has yet to be fully accepted by all countries. ~1anufactun:rs thus 
have to be aware of requirements of buyer countries concerning contaminanh. 
additives, pesticide residues, labelling, gross and net weights. quality. 
processing, packaging and handling: 

(fJ It is essential that marketing information he made available. to keep 
manufacturers aware of question~ of supply and demand. 
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