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PREFACE 

UNIFEM AND THE FOOD CYCLE TECHNOLOGY PROJECT (WAFT) 

T he United Nations Development Fund for Women (UNIFEM) was established in 
1976 and is an autonomous body associated, since 1985, with the United Nations 
Development Programme. UNIFEM seeks to free women from under-productive tasks 
and augment the productivity of their work as a means of acceleratin J the development 
process. It does this through funding specific women’s projects s!!;S:h wield direct 
benefits and through actions directed to ensure that all LIP;lelopment policies, plant, 
programmes and projects take account of the needs ot women producers. 

I n recognition of women’s special roles in the production, processing, storage, 
preparation and marketing of food, UNIFEM initiated in 1985 a Food Cycle Technology 
project (project GL0/85/W02: WAFT) with the aim of promoting the widespread 
diffusion of tested technologies to increase the productivity of women’s labour in this 
sector. While global in scope, this five-year project is initially being implemented in 
Africa in view of current concerns over food security in many countries of the region. 
The eventual aim of the project is to increase indigenous capacities to respond to the 
technology needs of women producers and to inform and influence the decision makers 
who can create the correct policy environment for this to happen. This will be achieved 
by providing appropriate technical assistance relating to the process of technology 
choice and diffusion. 

T his source book is one of a series being compiled as part of the preparatory phase of 
the Food Cycle Technology project. UNIFEM hopes that these source books will 
increase awareness of the range of technological options and sources of expertise, as 
well as indicating the complex nature of designing and successfully implementing 
technology projects and diffusion programmes. 

Titles in this series include: Oil Extraction, Fruit and Vegetable Processing, Cereal 
Processing, Rootcrop Processing, Fish Processing, Packaging, Drying and Stor- 
age. Source books will also be available in French and Portuguese. 
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INTRODUCTION 

T his source book is designed for peopk, 
who have no technical background or previ- 
ous knowledge of fruit and vegetable pro- 
cessing. It offers information on existing 
ways of improving the technology of food 
processing and increasing the quality and 
range of foodstutrs produced. It is, however, 
not meant to provide a manual on the actual 
processing. 
Owing to the large number of different avail- 
able commodities, the wide range of process 
ing techniques and levels of technology 
which can be applied, the coverage of this 
source book is inevitably limited. Where pos- 
sible, sources of further information have 
been indicatedso that readers with particular 
interests can acquire the details necessary to 
implement the chosen processing method. 
One important point is worth noting here: 
there is an essential difference between the 
processing of fruits and vegetables. 
l Fruits are nearly all acidic and are thus 

commonly called ‘high acid foods’. This 
acidity naturally controls the type of mi- 
cro-organism that can grow in fruit prod- 
ucts. In fact the only spoilage micro-or- 
ganisms likely to be found in such produts 
are yeasts and rnoulds, which very rarely 
cause illness if consumed. However, the 
acidity level decreases for many tropical 
fruits, such as banana, mango, papaya, 
when ripe. 

l Vegetables, on the other hand, are less 
acidic and are often classified as ‘low acid 
products’. Many dangerous food poison- 
ing organisms can grow in low acid prod- 
ucts, when in a moist condition, and ex- 
pensive equipment such as boilers and 
pressure cookers is required if vegetables 
are to be processed through the use of 
heat. However, they can be safely pre- 
served by making them acid through the 
process of pickling, or by salting or drying 
them. 

Fruits present opportunities for rural pro- 
ducers but also pose substantial problems. 

Fruit trees in fact tend to crop in flushes and 
the fruits are usually very difficult to store 
fresh. This leads to gluts in local markets, 
where people literally giveaway their fruit be- 
cause they don’t want to carry them home 
again. This is especially true of mangos, 
pineapples and bananas, but other fruits be- 
have similarly. At the same time people see 
the extortionate prices being charged at the 
local tourist hotels for tinned fruit juices and 
jams and they ask why they cannot tap that 
market. 
To a certain extent the same can be said of 
vegetables although their popularity as fresh 
produce has tended to restrict the demand 
for processed vegetable products. Further- 
more, vegetables, being low-acid in nature, 
are more difficult to preserve than high-acid 
fruits, restricting the range of products that 
can be made. 
In considering the processing of fruits and 
vegetables one should always remember that 
in general, consumption of fresh food is 
preferable as preservation usually destroys 
some of the nutritional value - in other 
words, preserved foods are not as good as 
fresh foods. On the relative loss of nutrients 
per product little can be said. The importance 
of this depends on the actual nutritional 
status of the consumers concerned, i.e. what 
nutrients they !ack. In addition, the extent of 
nutrient loss during processing varies greatly 
with each individual process. The drying pro- 
cess, for instance, destroys fat-soluble vita- 
mins, while the boiling process breaks down 
the vitamins released into the water solution. 
Whether a drink contributes more to the nu- 
tritional value of a consumer’s diet than a sug- 
dr preserve is also related to the quantity eat- 
en i.e. jamsareconsumed in small quantities, 
drinks in larger quantities. 
There are a number of fruit and vegetable 
products made traditionally, especially in 
Asia. Fruit teathers, for example, are widely 
available in Thailand, while fruit and veg- 
etable chutneys and pickles are widespread 
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throughout the whole of Asia. These prod- 
ucts are largely mad2 on a kitchen scale, al- 
though increasingly small and medium-scale 
industries are also being e:.+ablished. 
With the advent of tourism \-n a large scale 
and 1 ‘ti, the growth of urban middle classes 
in many Thor-J VLrld countries, a range of 
new products are finding markets. Such 
things as jams, jellies, fruit drinks and boiled 
sweets are developing s&stantial sales vol- 
umes in many countries. These products are 
conventionally made in large capital-inten- 
sive factories, often owned by multi-national 
corporations which are vertically integrated 
from growing the fruit right through to mar- 
keting it. 
It has been shown, however, that many of 
these products can be made at a much 
smaller scale on a mvore decentralised basis. 
Most of the products described in this source 
book can be made with very simple equip- 
ment at the domestic level and where possi- 
ble this is mentioned. Outputs will however 
be very low, a dozen or so packs per day and 
generally due to quality faults and poor pre- 
sentation, the goods would be unlikely to be 
able to compete against other brands. For 
this reason, while mention is made of this do- 
mestic scale of production this source book 
emphasisesequipmentandprocessesappro- 
priate for small/cottage industry production. 
A word of warning must be sounded here: 
while these low-cost units are very cheap in 
comparison to large factories, they can be 
hugely expensive when compared to the in- 
come levels of poorer rural people. In most 
cases they will reqliIre a level of investment 
and organisation which will necessitate sub- 
stantial inputs from outside both in terms of 
credit systems and training in organisation 
and business principles. 
Special emphasis is needed on marketing 
skills, since it is marketing which is the most 
serious problem facing these bustnesses for a 
number of reasons. 
First, markets can appear to be substantial 
while in fact they are very small. Consump- 
tion of pineapple juice (at a tourist hotel) for 
example, may be equivalent of only a few 

dozen pineapples - hardly a dent in a local 
glut. Secondly, markets can be a long way 
away from the producers. This can give pro- 
ducers immense problems in terms of negoti- 
ating with customers and deliveries and, un- 
less they are experienced negotiators, they 
can be very badly exploited. A village group 
will tend to comeoff worst when dealing with 
an urban wholesaler. Thirdly, customers will 
tend to want deliveries regularly throughout 
the year or if there is a peak (because of 
tourism) it is quite likely to be at a different 
time of the year from the time of a glut. This 
means that the producer group may require 
substantial amounts of working capital to 
process the glut and store it before they can 
sell it. Any business that is not producing and 
selling throughout the year has to be a very 
high risk. Fourthly, if production is for an ur- 
ban market, the quality of the product itself 
willalmost certainly not give it enough selling 
power. It will need to be packaged and pro- 
moted in such a way as to attract purchasers. 
These skills are again usually not in the expe- 
rience of village groups and they will need 
substantial support. If they prove that there is 
a market, there is always the danger that a big 
producer will spot the potential and push the 
small producers aside. 
These points are meant as a warning. Small 
scale fruit and vegetable processing projects 
have succeeded (see Section 3)) but the prob- 
lems should not be under-estimated. 
It cannot he stressed strongly enough that if a 
fruit or vegetable processing venture is under 
serious consideration, advice should be ob- 
tained from a qualified technical source. 
The fruit and vegetable processing Sections 
2 and 3 are accompanied by information on 
equipment given in Sections 5 and 6. 
In most countries, regulations exist govern- 
ing theamount and type of preservatives, the 
proportion of fruit, etc. to be used in the com- 
mon types of fruit products offered for sale in 
the formal market sector. These regulations 
obviouslyvaryfromcountrytocountry. Con- 
sultants should familiarise themselves with 
local standards and make sure that every ef- 
fort has been made to meet them. 
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SECTION 1 

Fruit Processing 

Before looktng at preserves, drinks, and 
pickles In detail it is worth summarizing their 
basic principles of preservation. 

Jam/Jellies 

The preservation of jams, jellies, and mar- 
malades depends on a high sugar content 
(68-72%) combined with the fruit acidity 
which prevents microbiological growth. 
Their setting qualities depend on the sugar 
content, and on the formation of a pectin gel. 
The strength of this gel depends on the 
amount of pectin present and the acidity 
(oft-Ln referred to as pH). A good jam is in 
fact a rather complex product requiring a 
fairly precise balatlce between sugar level, 
acicii$ and pectin content. 
Jellies are clear filtered products; mar- 
malades, generally made from citrus fruits, 
contain shreds of peel; jams contain either 
whole fruit or fruit pulp. 

Confectionery products 

Although not particularly common, certain 
quantities of a high boiled fruit preserves are 
manufactured. Essentially, these are jani- 
type basic mixtures that have been further 
boiled so that they reach a finai sugar level of 
75-85% and thus set as a solid block. This 
high sugar level combined with the natural 
acidity prev,ents spoilage. Probably the most 
common example is guava cheese. These 
products are normally so)d as confectionery. 

Fruit in syrup 

Fruits of various types can be packed in jars 
under an approximately 50% sugar syrup. 
After heat treatment thejarsaresealed tightly 
while hot so that an internal vacuum forms as 
they cool. The preservation of products of 
this type depends upon adequate heat treaty 
ment and hermetically sealed containers 
(that is to say airtight seals). 

Drinks 

A wide range of fruit drinks can be pro- 
duced. All contain pulped fruit or juice 
which has been extracted from the fruit. 
They are either drunk without the addition 
of further ingredients as a pure fruit juice, 
or diluted with sugar syrup. Fruit drinks can 
be divided into two groups: those which are 
drunk immediately after opening and those 
which are used little by little from bottles 
which are stored between use. The former 
group, if properly processed and packaged, 
should not need to contain any preserva- 
tives, but the latter group, if they are to 
have long shelf life after opening, must con 
tain preservatives. Unopened bottles 
should have a shelf life of 3-9 months de- 
pending on the storage conditions. 
Many different names are used to describe 
fruit based drinks which can be a little con 
fusing. 
Broadly, although depending on local regu- 
lations: 
Juices should be exactly what they say, 
that is, a pure fruit juice with nothing 
added; 
Fruit nectars wouid normally be expect- 
ed to contain at least 300/o fruit solids and 
are drunk immediately after opening; 
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SEC6 1 

Squashes normally contain at least 25% sugar and spices, have a lesser but impor- 
fruit pulp mixed with sugar syrup, are dilut- tant role in preservation, as well as con- 
ed to taste with water and contain preserva- tributtng to the flavour of the product. 
t&es, because they are used in small quanti- 
ties over a long period of time; 
Cordials are simply crystal clear squash- The Process 
es; 
Syrups have been filtered so as to be clear 
but normally have a high sugar content. 
They are used in small quantities for dilu- 
tion. 
All these products rely for preservation on 
their natural acidity and the fact that they 
have been pasteurized, Le. heated to an ade- 
quate temperature (SO-90 C) to destroy 
naturally occuring enzymes and most mi- 
cro-organisms, before packaging. Some, 
e.g. squashes and syrups, a!so contain a 
high concentration of sugar which helps to 
preserve them. As mentioned earlier, all 
products that are opened and partially-used 
would need to contain preservatives. 

Pickles and sauces 

Products of this type depend for their long 
shelf-life upon the presence of acetic acid 
which is normally introduced in the form of 

A table is given below which presents an 
outline of various steps taken in processing 
the above-mentioned products. 
There follows a brief description of the prin- 
ciples involved and problems which may oc- 
cur, with suggested solutions reached by 
means of improved technologies. 

1. Selection of fruit 

People often assume that a manufacturing 
process can be set up to make use of poor 
quality or reject fruit. This is a false assump- 
tion. However, in some cases fruit which 
has been rejected from the fresh fruit mar- 
ket for purely cosmetic reasons, such as sur- 
face blemishes, is completely acceptable. 
All selected fruits should be of the highest 
quality and of the required level of maturity, 
otherwise whole batches may be spoiled by 
the presence of L small quantity of unsound 

vinegar. Other ingredients, particularly salt, material. 

sekct Prtp, Pulp/ Skve Strain Add Bois ?tste Fill Ptck Fintl 
Fruit Fruit Extrtct othtr Betu Product 

Jukt @rod, KQol) 
I I l I * IL * l * 

Juice x x x x X Ii x x x 
Clear 
Juice x x x x x x x x x 
Squosh x x x x x x x x x. x 
C0Kh.d x x x x x x x x x x 
Jam x x x x x x x x x x 
Jam X X (whole fruit) x x x x x 
Marmalade x x x x x x x x x 
Sauce :: x x x x x x x x 
Jdly x x x x x x :: x x x 
Pickle X X (whole fruit) x x x x x 

l lndicatlon of where quality control should be applied. A summary table of quality control is 
outlined later In this Section. 
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SECTION 1 

2. Washing 
It is recommended that incoming fruit be 
washed in clean chlorinated water before 
processing, andany that may have been treat- 
ed with pesticides and other chemicals 
should receive particular attention. Chlori- 
nated v ater can be made by adding small 
quantities (about 1 teaspoon/gall) of house- 
hold bleach to tubsof water. The fruitsshould 
be thoroughly rinsed in clean water after this 
treatment. 

Water 

Large quantities of water are used In the pro- 
duction of many fruit and vegetable products 
and in many places chlorinated mains water 
is either unavailable or unreliable Water 
quality is a key factor when used in food and 
we!1 water is often contaminated by fleas or 
run off from nearby land. While suspect pro- 
cess water can be boiled before use and then 
allowed to settle this is unreliable and also 
costlyinfuel.Varioustypesofwaterfiltersare 
available, and some examples ard included in 
Section 5 (1). The use of household bleach 
fcr water treatment is feasible in the correct 
dilution. In all cases it is strongly recommend- 
ed that local expert advice is sought as to the 
suitability of water available in any location. 
Mechanical washers are available for han- 
dting larger quantities of fruits and vegeta- 
bles. They can be made locally using rotating 
drumscontainingbrushes, butshouldonly be 
used for fruit that does not damage easily. 

3. Preparation of fruit 

The preliminary preparation of fruit involves 
processes such as peeling, destoning, and 
slicing. These should take place under the 
most hygic?nic conditions possible; workers 
should wear clean uniforms, wash their 
hands well before commencing work, and 
use easily cleaned surfaces such as metal or 
plastic covered wooden tables or stone sur- 
faces. Utensils should be kept clean at all 
stages. 

As most fruits are rather acid, it is normally 
recommended that either stainless steel, or 
good quality plastic or wood utensils are 
used. Copper, brass or iron pans are not gen- 
erally recommended since the action of acid 
OE these metals will affect the product. In 
some situations the use of clay cooking ves- 
sels would be preferable. Where possible 
workers should protect their hands. 
The peeling, cutting, and slicing of fruit is a 
time-consuming task, especially if cutting 
large quantities are involved. In order to help 
control the quality of the final product, these 
operations should be performed to give 
piece; of fruit as uniform in size as possible. 
This will ensure even penetration of heat and 
even mixing of ingredients. Various simple 
items of equipment are available to assist HI 
some of the more labour-intensive stages. 
(Section 5 (2)). 
Fruit from these preliminary stages should be 
keptincoveredcontainerswhileawaitingfur- 
ther processing. 
Since many fruits are highly seasonal, pro, 
ducers are often interested in preserving 
them in bulk at harvest time, when prices are 
also at their lowest, for use later. Many fruits 
can be preserved in this way by packing them 
in barrelsof water containing sulphur dioxide 
after which they will be stable for several 
months. This chemical can be applied to the 
commoditiesin twoways: sulphuringandsul- 
phiting. as explained in Section 5 (3). 

4. Pulping/Juice extraction and 
sieving 

Juice can be extracted from fruit in several 
ways: (Refer also to Section 5 (4)). 
- with a fruit press, fruit mill or hand 

pulper/sieve (all contact points should 
ideally be of stainless steel). 

- crushing/pulping with a mortar and 
pestle or blender and then sieving 
through muslin cloth or plastic sieves. 

- by steaming the fruit with a juice steam- 
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SECTION 1 7 icant amount of extraneous matter. It is 
therefore recommended that, wherever pos- 
sible, the sugar should be dissolved in water 
and passed through a muslin filter to remove 
any particles which may give rise to com- 
plaints in the final product. Such specks are 
commonly itientified by customers as ants! 

er. If electric power is available, multi- 
purpose kitchen-scale equipment can be 
used at this point as well as at later stages 
of processing. At an indcstrial level this 
process is normally carried out in 
pulper/juicers which brush the pulp 
from the fruit through a sieve and eject 
skin and stones from an exit. Smaller 
models of this equipment can be manu- 
factured and are commercially available. 

Citrus fruit jvfces need to be extracted by 
squeezing ‘Jr reaming the fruit and once 
again corrparatively simple equipment is 
available for this purpose. 
Sieving IS, at the cottage industry level, usu- 
ally done by hand. 

5. Filtering/straining 

Clear products such as syrups and cordials 
require filtering and a cloth jelly bag is com- 
monly used for this purpose. Details are pro- 
vided in Section 5 (5). 

6. Mixing of nzzh-fruit 
ingredients 

The raw fruit material, whether it is in pulp, 
juice or sliced form, is now ready to pass on 
to the next stage which is preparation of a 
batch of mixed ingredients. In a source book 
of this size with its broad target audience, it 
would not be possible or necessary to exam- 
ine all the various recipes and mixtures that 
might be used to make the whole range of 
possible final products. However, one or 
two points must be stressed with regard to 
the minor ingredients that are used at this 
stage. Clearly a range of measuring equip- 
ment is needed and a few ideas for using 
readily available measures are given in Sec- 
tion 5 (6). 

Sugar 

Refined sugar in granular form appears 
white and clean, but it often contains a signif- 
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Added acids 

As has been previously mentioned, the cor- 
rect acidity level of jams is critical if a good 
jel formation is to be achieved. The flavour 
of some fruit products is improved when the 
acidity is slightly increased, making them 
more acceptable to the customer. Acidity 
levels are normally adjusted by the addition 
of citric acid, either in pure powder form or 
by adding lime or lemon juice. 

Pectins 

The amount of added pectin needed to give 
a good gel also depends on the type of fruit 
used in the jam. Some fruits (e.g. melon) 
contain little natural pectin and therefore 
need added pectin. Pectin powders can be 
purchased for use where necessary to 
strengthen the natural fruit pectin. Pectin 
may also be extracted from the skins and 
pips of certain fruits, such as citrus and pas- 
sion fruits by boiling them in water. After 
straining the extract is added to the product. 

Vinegar/Acetic acid 

Vinegar or acetic acid solution is essential 
for the production of pickles and sauces. 
Distilled vinegar with 10% acetic acid is 
preferable to normal 4 or 5% malt vinegar 
which can be used, but often this is not avail 
able in developing countries. Pure food 
grade 80% acetic acid may also be diluted 
for use in such products. Great care must be 
taken to ensure that acetic acid is of food 
grade quality, as commercial grades contain 
high levels of lead. Extreme care is needed 
when handling 80% acetic acid. 



SECTION 1 

In many cases batches are prepared in fairly 
substantial quantities and held for a few 
hours before passing on to the boiling/cook- 
ing/pasteurizing stage. As previously men- 
tioned, many metals react with acids so ide- 
ally large stainless steel, plastic or wood con- 
tainers should be used for interim storage. 

7. Heat treatment 

Boiling 

Jams, jellies, chutneys, etc. must be boiled to 
concentrate the sugar to the right level and 
are then transferred into jars while hot. On a 
small scale boiling would be carried out in 
stainless steel, aluminium, enamelled metal 
or clay pots over a wood fuel, kerosene, gas 
or elcctic stove. The choice cf stove will 
influence the convenience and controllabili- 
ty of preparation. Great care must be taken 
to avoid localised over-heating, causing 
burning and flavour changes. The product 
must therefore be stirred vigorously while 
heating. On a larger scale these types of 
products are heated in double-walled steam 
kettles, supplied with steam at about 40 
pounds per square inch from a boiler else- 
where in the plant. (Refer Section 5 (7)). 

Pasteurfsatfon 

Liquid products such as drinks and sauces 
need to be pasteurised, that is, heated to 
80-95 C and held at that temperature for a 
short period of between 30 seconds _ 5 min- 
utes before filling (usually hot) into clean 
previously sterilised bottles. Pasteurisation 
is best carried out over direct heat in stain- 
less steel pans. To avoid the use of large 
stainless pans, which are very expensive the 
following method can sometimes be used. A 
lnrge aluminium pan of sugar syrrlp of the 
correct strength is kept simmering on a 
burner. A given amount of the boiling syrup 
is then mixed with a given amount of fruit 
juice according to the recipe under use in a 

small stainless pan. The temperature will 
immediately rise to 6C-70 “C. The small pan 
is then briefly heated to the final tempera- 
ture required for pasteurisation. 
Products such as fruit in syrup and some 
pickles have to be pasteurised in the jar. The 
filled jars, with the lids loosely closed are 
stood in a large pan of boiling water with the 
water level around the shoulder of the jar. 
The time required for pasteurisation will 
vary depending on the product and pack 
size. 
In the case of bottled fruits, for example, the 
jar is first packed with fruit after which it is 
filled with boiling sugar syrup. The caps are 
loosely put on and the jars are stood in a 
large pan of boiling water for about 10 min- 
utes or more depending on the particular 
fruit and size of the pack. The hot jars are 
finally removed from the water bath and the 
lids fully tightened. (Refer Section 5 (8)). 
As has been mentioned under jams and jel- 
lies steam jacketed pans are used for higher 
production rates. 

8. Packaging 

The difficulties in obtaining suitable packag- 
ing materials can be one of the greatest con- 
straints. Special pickling jars for fruit and 
vegetables can be bought in some places, 
but are expensive. 
The majority of products under consider- 
ation are packaged in glass containers, al- 
though plastic bottles and where appropri- 
ate plastic bags are becoming more com- 
mon. Recently, imported aluminium foil/ 
plastic pouch packaging offers exciting pos- 
sibilities as it could help to overcome prob- 
lems encountered with glass jars. This form 
of packaging is lightweight and cheap, so 
that freight costs are reduced to a mini- 
mum. Availability of suitable glass packag- 
ing is a real constraint in many developing 
countries which do not have their own 
glass-producing facilit!es. In such situations 
it is common practice to use recycled con- 
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SECTION 1 

tainers. However, recycled glass must al 
ways be regarded with suspicion. A system 
of stringent inspection and cleaning must be 
established (it is not unknown for people to 
store insecticides in old squash bottles). 

A separate source book provides informa- 
tion on methods for packaging foods. 

Washing, preparation, and fi/ling of 
containers 

Thorough washing and preparation of bot- 
tles is crucial. A good product packed into a 
dirty container will soon deteriorate. The fol- 
lowing steps are therefore recommended. 

l Inspecting and rejecting any cracked, 
chipped or otherwise suspicious bottles, 
washing either by hand or by small ma- 
chines and thorough rinsing. (Refer Sec- 
tion 5 (9)). 

l Bottles can be steam sterilised until steam 
comes out of the neck of the bottle. This 
is especially important if products are to 
be packaged while hot as this process en- 
sures that any bottles with inherent weak- 
nesses brea:: in contact with steam rather 
that after filling as well as reducing the 
level of harmful micro-organisms 
present. (Refer Section 5 (10)). 

l The system used for filling bottles will de- 
pend on both the product and the scale of 
the operation. In the case of jams and 
chutneys, for example, which contain 
large lumps of fruit, it is often more con- 
venient to use jugs to fill cleaned jars di- 
rectly. They should be filled to the correct 
level (approx 9/10 full) to assist in the for- 
mation of a vacum under the lid as the 
product cools. In the case of drinks, sim- 
ple hand-filling systems can easily be 
manufactured locally. (Refer Section 5 
(11)). 

l For higher production rates, small hand or 
semi-automatic piston fillers are avail- 
able. (Refer Section 5 (11)). 
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Sealing 

l Traditional methods of sealing such as wdx 
paper held by rubber bands can be used 
for some products but are not really satis- 
factory for products with storage and 
marketing requirements. This method is 
vulnerable to ants and other insects enter- 
ing the container. Spillage can also occur 
in transport. Airtight sealed containers 
are preferable for these reasons. Al- 
though recycled jars can often be found 
and used, new lids will have to be pur- 
chased since recycled ones might not seal 
adequately. 

l Lids fall into two basic groups, those that 
are screwed on and those that are pushed 
on. On a small scale screw caps will be ap- 
plied by hand. Crown caps (as used on 
beer bottles) or push-on jam jar lids re- 
quire the use of a small simple hand ma- 
chine which is available from suppliers or 
could be locally made. Refer Section 5 
ww 
As a routine quality control check lids 
from a small proportion of finished packs 
should be checked to see that a vacuum 
has formed in the jar. 

o Canning of fruit products is perfectly feasi- 
ble on a small scale if cans are available 
and small hand can sealing machines can 
be obtained from specialist suppliers. The 
canning of fruit products is very similar to 
the bottling system described earlier and 
includes hot filling and often a final pas- 
teurisation of the sealed fruit. 

Cooling 

In most cases products will be filled and 
sealed hot. It is better to cool the product as 
rapidly as possible because high tempera- 
tures for long periods of time can alter both 
flavour and colour. However, if bottles are 
plunged directly into cold water. thermal 
shock may cause them to break. Simple 
cooling systems can be built locc;ly to pre- 
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vent severe thermill shock if larger outputs above factors and preferably with profes- 
are planned. it is important to remember sional advice. 
that during the first phase of cooling, seal- Hand labelling is normally used although 
ing between the lid and the container is still very small hand-operated label glueing ma- 
taking place as a vacuum is being formed. chines are available. Unless high produc- 
Water may be sucked into the container at tion levels are envisaged, automatic labeling 
this stage so cooling water must be lightly machines are not appropriate. (Refer Sec- 
chlorinated. Refer Section 5 (13)). tion 5 (14)). 

Labelllng and Presentation 9. Quality control 

Presentation of the product to the con- Quality control need not be costly and its 
sumer is the final and perhaps most impor- importance cannot be overstressed. All 
tant step in the production chain. A little firms should introduce some form of quality 
care can produce increased sales at very lit- control, regardless of the size of operation, 
tle extra cost. to ensure consistent quality of the products 
Decisions made as to the size of the jar or and reduce losses from rejects. The produc- 
package, storage life, labelling, advertising er MUST demonstrate responsibility to the 
etc. will determine ancl influence the type of consumer. 
consumer and share of the market you in- In addition to the summary table of main 
tend to reach. Such decisions should only quality control points, given below, there 
be made after careful consideration of the should be checks on all factors relating to 

Stages in process 

Selection of fruit 

Preliminary preparation 

Straining 

M?nor Ingredients 

Boil?ng/Pasteur?~stion 

Filling 

Packaging 

Final product 

Quality check 

Ripeness, no mould or bruising, correct sizes and 
colours, no insect damage, correct varieties. 

All unwanted parts (stones, skins, dirt, insects, etc.) 
removed. 

Clear juice produced. 

Correct weights added, no contamination from dirt, 
insects, etc. 

Correct temperature for correct time. No burning on 
sides of vessel. Adequate stirring to ensure all juice is 
properly heated. Refractometer (see Section 5 (15)) 
to establish sugar content for sugar based preserves. 

Correct weight. Clean lip on container for good seal- 
lng, 

Cleaned, no cracks or other damage, correct size and 
shape. Vacuum formed under lid. 

Good appearance, no contamination, correct label 
and fill weight. 
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production such as workers’ hygiene, plant 
cleanliness, uniforms, and utensils. An ap- 
pendix on building equipment is included 
separately. 
Most of these checks take time but require 
little or no equipment or materials. These 
check points ensure that the quality of the 
food is as high as possible and all em- 
ployees should be aware of the importance 
of quality and be encouraged to report any 
defects. 

It has been known for centuries that the 
action of certain micro-organisms can be 
used to make products such as wines and 
vinegars. Since fermentation is a process 
involving living micro-organisms, the con 
ditions under which it takes place (temper- 
ature, pH, level of oxygen, presence of nu- 
trients) are critical for the process to pro- 
ceed efficiently. In traditional production 

systems fermentation relies on the activi- 
ties of natural organisms that happen to be 
present either on the surface of the raw 
material or in the environment. Final prod- 
ucts thus tend to vary considerably. To 
produce standard products greater atten- 
tion must be paid to detail, particularly in 
maintaining hygienic conditions and pre- 
venting the possibility of “foreign” organ- 
isms entering the production process. 
This section deals briefly with the princi- 
ples involved in the production of wines 
and vinegars. 
Wines are fruit, vegetable, or cereal ex- 
tracts that have been fermented by yeasts 
which convert sugars in the fruit into alco- 
hol. 
A number of useful guidebooks are avail- 
able which describe recipes and methods 
for the production of wines from dried 
fruits, canned and pulped fruits. (Refer to 
Further Reading). 
Vinegar is the product of a two-stage fer- 
mentation. The first step involves the fer- 
mentation of sugars to alcohol (a wine) 

Basic Ingredients 

Yeast. While fruits have an abundance of wild yeast on their skin, which can be used for 
fermentation it is much preferable to use selected strains. Such yeasts are commercially 
available and are particularly suitable for the small scale manufacture of wines. 
Sulphur dioxide is, in addition to being a preservative, commonly used to sterilize 
equipment before use. It is available either in the form of Campden tablets or as powder 
which is usually cheaper, and In developing countries perhaps more readily obtainable. 
Sulphur dioxide can also be obtained by burning sulphur. (Refer Section 5 (3)). 
Refined Sugm is used when fruit does not contain sufficient natural sugars. 
Acid. The addition of acid may sometimes be necessary to provide the correct pH level 
for the yeast to develop rapidly, and to add flavour. Most fruits tend to be sufficiently 
acid, but in some instances adjustment is necessary. 
Water is obviously necessary and, as has been stressed in other parts of this guide, good 
quality water is essential. If tn any doubt the water should be boiled and filtered. 
A whole range of minor ingredilents including yeast nutrients and wine clearing 
agents are available and sometimes required. 
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and then a second micro-organism oxidizes 
the alcohol to acetic acid, the compound 
which gives vinegar its characteristically 
sharp taste. 
There are many different types of vinegar 
(not all fruit-based), the most common be- 
ing malt, distilled, spirit, wine, cider. 
There are also a number of variations such 
as herb vinegars, fruit-flavoured vinegars, 
etc., but these are not in common use. 
The basic ingredients necessary are out- 
lined below and equipment for the produc- 
tion of fermented fruit products arti listed 
in Section 6. 

Drying is possibly the most appropriate 
way of preserving many fruits in rural ar- 
eas. It has the advantage of being a tradi- 
tional, understoUld technology and equip- 
ment costs can be low. The following ways 
of producing dried fruit products will be 
covered: 
l Simple drying in the sun or a drier. 

l Osmotic drying and crystallizing in 
which fruit is heated in sugar syrup to 
extract moisture before drying in air. 

a Fruit leathers. The result of drying a 
puree of fruit or of a mixture of fruits, in 
a thin layer. 

o Deep frying to produce fruit-based 
chips. Although this is not obviously 
drying, frying removes moisture from 
the raw material and for convenience is 
considered here. 

During drying, water is removed from the 
surface of the product by the combined ef- 
fects of three basic elements: temperature, 
humidity, and airflow. Drying is successful 
only if the relationship between these ele- 
ments is correct. 
The spoilage of fresh products is mainly 
caused by the growth of micro-organisms 
which require water to grow. When the 
moisture content is lowered below a cer- 
tain level their growth is arrested. Drying 
only stops micro-organism growth. Decay 
starts immediately contact with waterlhu- 
midity is re-established. A correct drying 
method must be followed, therefore, by 
correct storage. 

Chips 

Select Prep. Prep. Soak Pulp Sieve Add Boll Prelim. Deep Dry Pour Pack 
Fruit Fruit Sugar Fruit Otfier 

Syrup In 
Drying Frv ht0 

Ingred. min 
$YfuP sheets 

* . c I * I I: 

x x Y x X 

Air Dried -----I 

Fruit x x X X 

Osmotic 

Dried 

Fruit x x x x X X 

Fruit 

Leathers x x x x x x x x 

* Xndicetion of where quaky control should be applied. A summary table of quality control IS outllned earlier In 
this Section. 
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When looking into the choice of a drying 
method it is very important to define the 
purpose of drying the raw material; is it 
meant for product preseruation, i.e. to pre- 
vent deteriorate In and therefore loss of val- 
ue, or for product refinement, i.e. as a 
stage in processing a raw product into an- 
other form for final consumption. 
In processing fruits and vegetables the lat- 
ter is the usual aim, and the motivation for 
an investment in time, labour, and money 
by the producer in the introduction or im- 
provement of a drying device is directly re- 
lated to the cash benefits he expects to 
derive from the product refinement. 
In other words, the success or failure of a 
drying project is frequently found in the de 
velopment of a market, often for a new 
product, rather than in the adequate devel- 
opment of drying techniques. Local rural 
market customers are rarely willing to pay a 
premium for a better quality product from 
the improved drying process. Urban mar- 
kets, large-scale caterers, or mlddle-class 
customers must be identified, with conse- 
quent implications for quality require 
ments. 
The table above outlines the different op- 
tions for producing dried fruit products: 

Air dried fruit 

Drying of fruits has been carried out since 
the earliest of times by spreading products 
out in the open air on all kinds of natural 
surfaces in direct sunlight. However, the 
quality of the product is often poor since 
there is minimal control over hygiene and 
scarcely any control over humidity, tem- 
perature, and speed of drying. 
Solar driers have been developed to over- 
come some of these shortcomings and dif- 

For information on the existin@ designs 
and their suitability for drying particular 
foode. refer to the DRYING SOURCE 

fer from sun drying in that an often very 
simple structure is used to enhance the ef- 
fect of the suns’s heat and protect the 
product. 
A distinction is made between direct and 
indirect solar drying. 
In a direct solar drier the product is ex. 
posed to the sun’s rays and results in a 
change in colour and vitamin content. In 
the production of raisins and dates this is 
meant to occur. For other fruit products 
the Indirect drying method, shielding the 
raw material from the direct rays of the 
sun, is preferred. In such a drier the heat 
from the sun is collected in a separate con- 
nected chamber and the air heated there is 
passed through to the food in a separate 
drier cabinet. 
‘Mechanical’ driers use fuel to heat the air. 
either directly, where the gas from the 
burned fuel is used to dry the food, or 
preferably indirectly, where the fuel is used 
to heat up air which is thpn used to dry the 
food. Both types have much better control 
than sun drying and can be used through- 
out the day or night, whatever the weath- 
er. They are, however, more expensive to 
buy and operate. 
As has been mentioned with other fruit 
products correct grading and selection 
of the raw material, its washing and 
preparation is as important as the actual 
drying. 
As in the case of bottling, the cutting and 
slicing of fruits into equal sized pieces 
helps control sulphiting and drying ates 
and improves the uniformity of thz fin. 
ished product. 
Preservative treatment: Sulphur dioxide 
treatment (i.e. dipping in sodium 
metabisulphite solution or exposing to 
burning sulphur) is particularly helpful in 
slowing down browning during the drying 
process. At the same time it retards the 
growth of mould and yeasts. Simple cabi- 
nets may be constructed for use with 
burning sulphur. (Refer Section 5 (3)). 
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Osmotic dried fruit 

Fruits can be preserved by heating them in 
syrup, then rinsing and draining to wash off 
the surface sugar. The pieces are dried ei- 
ther directly or indirectly, depending on the 
quality of the product required. 
It should be noted that the product ob- 
tained by osmotic drying followed by solar 
drying is different from that obtained by so- 
lar drying alone. 
Some advantages of osmotic drying are: 
- A high concentration of sugar on the 

surface of the food reduces discoloura- 
tion by enzymic browning. Hence a good 
colour can be obtained in the dricc’ 
product without chemical treatmen’ 
such as sulphiting. 

- As water is removed by osmosis. 
of the fruit acid is removed alon!! 8 II 
producing a blander and sweetej uct 
than ordinary dried fruit. 

- As part of the water in the food IS re 
moved by osmosis, drying times are 
shorter. 

Some disadvantages arc’ 
-- The slight decrease iI: ,\cidity mentioned 

above may be a dis;!~i\~antage in certain 
products as moulds ,lre more likely to 
grow. However, fruit acid can be added 
to the sugar solution. 

- Depending on the quality of the sugar, a 
thin film of sugar might be left on the sur- 
face of the fruit after drying which makes 
it sticky. A quick rinse in water reduces 
this, but remember to re-dry the fruit be- 
fore packing! 

The concentration of sugar solution and 
time of soaking depend on the type of ma- 
terial, initial moisture content, and desired 
level of sweetness required. The used syrup 
is valuable and can be reused once it has 
been strained and boiled down to drive off 
the water that has been removed from the 
fruit. 

Crystallize 
The same pril~ of treating fruit with 
hot syrup is ap for crystallized (or can- 
disd) fruit. TII It is placed in hot syrup 

15-30 rninur~:, dnd then left to cool and 
soak until the next day. It is then placed in 
a more concentrated syrup and the process 
repeated. This should be a slow process to 
allow the sugar to penetrate as water in the 
fruit diffuses out. Drying of the fruit after 
being saturated with sugar can take place 
in 0 warm oven or drier. 

! &t leathers 

:2en a puree of a fruit, or a mixture of fruits 
$lated with sulphur dioxide to control dis- 
louring and microbiological growth) is 

,.led in a thin layer, a product known as 
*Iit leather” results. It is generally eaten as 

,-j’inack food and can be sweetened by the ad- 
dition of sugar to the puree or modified bv 
the inclusion of ingredients such as chopped 
nuts, grated coconut or ground spices. 

Deep fried fruit products 
Slices of fruit (i.e. banana) are pre-dried to 
avoid sticking, then deep fried. Case Study 7 
gives a detailed account of this processing 
method. 
Packaging & storage of dried products 
require special attention. 
The final product once it is correctly dried, 
should be protected fromsunlight, moisture, 
and heat to prevent it from developing off- 
flavours or spoiling. Pottery, glass, metal, or 
plastic containers are all suitable as long as 
they can be properly sealed. The cheapest 
option is probably polythene bags prcJ:lided 
they are heat sealed. Refer Section 6 (3j 
Storage should be in a cool dry area away 
from sunlight, insects, and rodents. Most 
dried fruit should stay wholesome for many 
weeks. 

Details are contained in separate PACK- 
AGING and STORAGE SOURCE BOOKS. 
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Vegetable Processing 

T he demand for preservation of vegeta- 
bles for home consumption does not 
seem to be as great as for fruits. Preserva- 
tion of vegetables for the market has a 
different character to fruits. As is men- 
tkoned in Section 1 the low acidity of the 
majority of vegetables makes some pro- 
cessing methods, such as canning, more 
difficult and less to be recommended as 
an activity for persons without the neces- 
sary skills, equipment, and experience in 
its use. 
Many of the points discussed in Section 1 
regarding marketing, hygiene quality, wa- 
ter etc. are equally applicable to vegeta- 
bles and will not be repeated. The essen- 
tial difference however between fruits and 
vegetables (high versus low acidity) must 
always be borne in mind. Improvements 
in the preservation of vegetables can be 
achieved by looking into better storage 
methods for fresh crops. Again, it should 
be stressed that if a vegetable processing 
venture is being seriously considered, ad- 
vice should be obtained from a qualified 
technical source, 
The canning of vegetables cannot be rec- 
ommended for small scale production. 
Equipment costs are high and unless 
stringent control is maintained there is a 
real danger of causing food poisoning. 
This section is concerned with the pro- 
cessing methods for preservation of veg- 
etables which are safe for small scale op- 
eration, and avoid costly investments. 

These are: 

- Salted/brined and pickled products. 

- Fermented vegetable products. 

- Dried vegetable products. 
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Dry salted vegetable products 

In dry salting the food material is cov- 
ered with salt and left for some time for 
the salt to penetrate the tissues. 
The action of solid salt is quite complex, 
but essentially involves drawing out the 
moisture from the fruit or vegetable by 
osmotic pressure. The use of solid salt 
dates back to ancient times. It was found 
to have many useful properties, especial- 
ly as a preservative of animal tissue, 
which give better results than vegetable 
tissues. 
This is due to the different structure and 
chemistry of vegetables from those of 
meat or fish. 
Salted vegetables must be washed in 
clean water to remove the salt to a level 
where the vegetable becomes palatable 
prior to use. 
While salt is very important in the 
preservation of vegetables it is often used 
with some other preservative such as 
vinegar. 
The salting method does have disadvan- 
tages. Vegetables lose many of their nu- 
trients through salting and should in fact 
only be salted when there are surplus 
fresh vegetables available and when other 
methods of preserving cannot be used. 
The use of small amounts of salt with 
acid fermentation, as described later, 
can produce foods of better nutritional 
value. 
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Brined vegetable products 

This preservation method has much in com- 
mon with dry salting except that the vegeta- 
bles are preserved in a solution of salt. The 
main disadvantage of brining is that the pre- 
served vegetables do not keep for long, af- 
ter opening, if palatable levels of salt are 
used. A higher concentration would im- 
prove the keeping qualities of the preserve, 
but would also make it very unpalatable 
without washing. The exclusion of air is es- 
sential to prevent the growth of yeasts on 
the surface. The quality of the salt is also of 
great importance. If the salt tastes bitter, its 
use is not recommended. 
Brining vegetables in bulk in barrels is a 
good way of preserving them where they 
are grown so that they can be transferred to 
other centres for later processing. 

Vegetable pickles and sauces 

A whole range of vegetable pickles can be 
made using vinegar and sometimes sugar. 
Prior to pickling many vegetables are dry 
salted or brined, the dry method being pre- 
ferred if a crisp final texture is required. Re- 
mova! of excess salt by washing may be nec- 
essary prior to use in the final product. 
Some vegetables require blanching, a short 
hot water or steam treatment which pre- 
vents the action of enzymes and reduces the 
initial concentration of micro-organisms. 
(Refer Section 6) (1). 
The production processes after these stages 
are more or less identical to those seen al- 
ready for fruit pickles. 

Ths Process 

The table on page 22 outlines the principles 
involved in salting and pickling of vegeta- 
bles including the making of chutneys and 
sauces. 

Fermentation of vegetables will take place 
when lactic acid bacteria ferment the sugars 
present in the vegetables. Lactic acid fer- 
mentation takes place in the absence of air 
at very carefully controlled conditions of pH 
and salt content. 
Common fermented vegetables include 
German Sauerkraut or Korean Kimchi. Cu- 
cumbers, eggplant, beets, onions, and olives 
can also be fermented in this way. 
Brining and lactic acid fermentation are use- 
ful methods of processing and preserving 
vegetables because they are low cost, have 
low energy requirements for both process- 
ing and preparing food for consumption, 
and yield highly acceptable and diversified 
flavours. Acid fermentations modify the 
flavour of the original ingredients and often 
improve nutritive value. 

Very simple equipment can be used for the 
fermentation process. Details are provided 
in Section 6 (1). 

Drying is a very common method for the 
preservation of vegetables and the points 
made for air drying of fruits apply. 
Most vegetables, in contrast to fruits, should 
be blanched. Steam blanching is often pre- 
ferred to water blanching because there is a 
small loss of nutrients by leaching. Refer 
Section 6. After blanching, sulphiting may 
be useful prior to drying. 
As mentioned in the fruit section, quality im- 
provements to sun drying are to be found in 
hygiene control and control over the drying 
speed and temperature, which has a direct 
influence on the presentation of the final 
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product Indirect drying methods, shield- aging materials must be used to keep the 
ing the raw material from the sun, are the final product dry. 
most suitable for vegetables. Choices in. ---- 
elude drying in the shade, indirect solar 
driers or artificial/mechanical drying. The 
market value of the end product will tend 
to suggest which drying system to choose. 
As in the case of dried fruit suitable pack- 

Product 

kkct 
VCgCtdk 
* 

Sait-5tock 

X 

sweet SOW 
Pi&IS Pickle 

X X 

Unfermented Sauce 
Pickle 

X X 

Prepare X X X X X 
Vegetable 
1 

Add to 
Brine sol. 
CL Mix 

.--. 

Salt 

X 6-109~ X 5% brine 
brlne + l-246 

sugar 
Leave 
l-2 wks. 

X keep for 10 
days at 6.10% 
cont. Then 6 wks. 
at 16% cont. 

X 5% brine 
Leave 
1,2 wks. 

X X 

Blanch 
-- 

Mix with 
Vinrgsr 

X X 

X 

Boil X 
l 

Fill into 
Bottie/Jrr 
I 

Wash 

Pack @eai) 
(Label) 
* 

Pasteurize 
1 

X 

--_ 

X 

X 3% salt X 3% salt x 3% salt X 3% salt X 
5% vinegar 5% vinegar 5% vlneger 6% vinegar 

+ sugar + sugar 

X May be X May be 

l Indlccrtion of where qursilty control checks should be applied. A summary table of quail 
contrd Is outlined In Saction, 
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Case Studies 

A n attempt is made here to present ex- 
amples of fruit and vegetable processing as 
an income generating activity. It proved 
rather difficult to find detailed case studies 
which cover all aspects of a project from its 
identification through to its i‘npact on par- 
ticipants and their communities. Thus, the 
experiences described in the folIoI ‘g 
pages only relate to a selected numb r c f 
processes, namely: production of pre- 
serbes, drinks and pickles; production of 
wines and vinegars; and drying. 

A women’s jam making 
project - Central Amerrca 

Summarized from: 

Kocken, 1986 (Unpublished). 

In 1979 the National Board of Social Wel- 
fare (NBSW) organized a group of 19 
women whose children were participating 
in a health programme for the upgrading 
of the nutritional status of their children, 
and decided with them w:rat they would 
like to start as a joint undertaking. They 
chose to produce jams and jellies as an in- 
come generating activity . 
In 1981 the group came into contact (via 
the NBSW) with an IL0 consultant who 
worked for a Regional ILO/WFP project 
“Strengthening of rural cooperatives bene. 
fitting from food aid”. initial assistance was 
given to book-keeping and cooperative 

principles and the women received food 
aid during the training. The precarious 
work situation of the women in the tiny un- 
hygienic, and smoky kitchen of the NBSW 
came under discussion. The IL0 consultant 
offered to help the group to find a source 
of finance for a new building on condition 
that they could find a suitable site and were 
willing to help build the new facility. Plans 
were made and a reqllest was submitted to 
the donor for financing a new building with 
all the necessary equipment. A donation of 
US $6000 was forwarded and buying of 
equipment commenced. Then more techni- 
cal assistance was offered to the group in 
the form of a United Nations Volunteer 
food technologist, together with an archi- 
tect, who redesigned the project. They 
adapted it to a level of sophistication with 
which the women could cope, thus chang- 
ing the initial plans radically. Furthermore, 
another UNDP/ILO ‘vocational training’ 
project offered to incorporate the group in- 
to its building scheme. They sent one of 
their mobile construction units for con- 
struction, together with an instructor, to La 
Paz. Here the women had gathered a 
group of male counterparts (sons, friends, 
and occasionally a husband) who on their 
behalf built the factory according to the 
new design. Financial difficulties arose as a 
result of the rapidly expanding budget, but 
they were gradually resolved over a two- 
year period mainly due to the efforts of the 
group’s promoter who found all sorts of 
sources for more money or materials, in- 
cluding the army and a local cement 
factory. 
In the meantime the women were produc- 
ing irregularly according to the fruit season. 
They kept their hocks in bad order owing to 
the annual change of treasurer in accor- 
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dance with the cooperative’s rules. This had 
an adverse effect on the profits which were 
further jeopardised by the high costs of 
packaging. It was the glass jars which at .50 
cents each represented the major cost. Ini- 
tially the jars were not available in the coun- 
try but were purchased by the IL0 consul- 
tant from a neighbouring country. Printing 
of the labels was also expensive. 
By 1985 the group, which was now a legal 
cooperative, could finally inaugurate its new 
building, which was fully equipped and 
could accommodate about 20 women work- 
ing together. However, there were by now 
only 15 members of the group and they had 
organized themselves into two groups of 7 
and 8 people who would produce on alter- 
nate weeks. This badly affected the financial 
viability of the enterprise and because the 
women did not fully understand the business 
side of things, started to accuse their pro- 
moter of stealing money. These problems 
have now been sorted out, but this is a good 
example of a case where difficulties are expe- 
rienced because of a lack of understanding of 
the needs and wishes of the intended recipi- 
ents of development assistance. 

The Orange Hill Estate 

Summarisecf from: 

Axtell, B. 
The Orange Hill Estate; a successful small 
industry in Saint Vincent. 
AT Journal, 1987, Vol. 9, No.2. 

The basic economy of the eastern Caribbean 
islands is agriculture, but often they export 
their raw materials and then import similar 
processed products at considerable expense. 
Aiming to prevent this, the British Govern- 
ment funded several laboratories which 
would concentrate their research on food 
processing techniques that could lead to im- 
port substitution. In Saint Vincent, for exam- 

ple, some twenty-five products were devel- 
oped, including fruit drinks, jams, chutneys, 
and sauces. Despite the fact that processing 
systems were made freely available to any lo- 
cal entrepreneur who expressed interest, few 
took advantage of the advice and techniques 
offered to them. The two main problems 
were marketing and capital investment. It 
was generally felt that the locally made goods 
could not compete with the prestigious so- 
phisticated!y packaged imported items. To 
try and overcome this, some sold their pro- 
duce to local s:!permarketsand, in the caseof 
Saint Vincent, exported. a small amount to 
Barbados and even to Canada. At the same 
time, research into packaging, new products 
and marketing was continued. 

The Orange Hill Plant 

In about 1973, a local entrepreneur, the 
owner of the Orange Hill Estates in Saint Vin- 
cent, became interested in the laboratory’s 
work and decided to set up a production unit 
drawing on it’s expertise. Initially, the invest- 
ment was very low, about f 150 to f 200, and 
lime juice cordial was produced in an ordi- 
nary kitchen at a production rate of only 
twenty-four bottles a day. This limited pro- 
duction, however, was sufficient to enable 
test marketing and castings to be carried out. 
On the strength of these results, the invest- 
ment was increased to around f 500 and a 
small room was converted to a production 
centre which was able to produce some 100 
bottles a day. Within two years the results 
were sufficiently encouraging to lay down a 
proper production unit. By 1986, output 
was running at up to 2,000 bottles per day, 
depending on the product, and a canning line 
for grapefruit juice had been added. The 
plant was employing about fifteen people 
(mainly women), with supplies coming 
mostly from the owner’s estate. Much of the 
equipment in the plant was manufactured in 
the Estate’s workshops. 
The new products of the Orange Hill Es- 
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tates are well known in local hotels and su- 
permarkets, and have virtually replaced 
equivalent imported items. There is little 
doubt that this success is due par,tly to a 
government ban which was placed on im- 
ported products. This gave the company ac- 
cess to a market with shop-keepers eager to 
take locally produced goods in order to 
maintain stocks, Government policy has al- 
so helped in other ways. For example, when 
the supply of old beer bottles for the labora- 
tory was threatened by the demand of a 
newly established brewery on the neigh- 
bouring island, a crisis was averted by legis- 
lation banning the export of old beer bottles. 
However, the home market has become 
more or less saturated, and although there 
is interest in Canada and the United States, 
the orders from these markets are far too 
large for the small company to fill. 
The laboratory in Saint Vincent (now 
known as Agrolab) has acted as a useful 
catalyst in other respects. One example of 
this was an attempt to set up a system of 
producing orange juice, which at that time 
was being shipped in cans from Trinidad. 
In Saint Vincent there is little or no orchard 
production of oranges; farmers tend to have 
a few trees in their back yards. It is generally 
not really worthwhile for these small pro- 
ducers to bring a few oranges in to the town 
to sell, so the Agrolab set up a system of 
going around the villages on a well-publi- 
cized schedule to buy the fruit. A folding 
table, on which were mounted several or- 
ange juice squeezing machines, was taken 
out in a van and several village women were 
taken on as workers. The fruit was pur- 
chased on site, washed and then squeezed 
with hand presses, the juice being collected 
in large plastic barrels. After adding a 
preservative, this raw juice could then be 
taken back to the plant for processing. 
This system provided an on-site market for 
farmers for small quantities of fruit, saving 
the time and expense of a trip to the city 
market, provided a day’s work for a few 

villagers in weighing and squeezing the 
fruit, and, to the advantange of the Agrolab, 
left the fruit waste in the village where it 
could be better disposed of. 

Fruit and vegetable 
processhg - Costa Rica 

Summarlsed from: 

R. Fernandez, R.D. Cooke, R. Quiros, L. 
Madrigal, A. Samuels, F. Aguilar and A. Or- 
HZ. 
Fru:~t and vegetable processing and appro- 
priate technology in Costa Rica: a case 
study. 

Tropical Science. 1980, Vol. 22, No. 2. 

All Costa Rican fruit and vegetables are i;r 
general produced by small farmers. A wide 
range of produce is made possible by the 
different climatic zones between the tropical 
lowlands on both coasts and the temperate 
Central Valley. The fruit and vegetable mar- 
keting system is typical of many developing 
countries. It is very centralized, deficient in 
organization, and dominated by intermedi- 
aries. Nearly all national production (about 
180,000 tonnes in 1976) is handled through 
the markets of the capital, San Jose, even for 
redistribution back to the producer areas. 
Transportation, which is hindered by poor 
roads, is expensive and in short supply. 
The multiple links of intermediaries cause 
excessive and defective post-harvest han- 
dling (grades, standards and packaging 
techniques are not used) and a scarcity of 
information about availability, prices and 
supply of the produce. The perishability of 
tropical fruit and vegetables aggravates 
problems and poor handling. This increases 
losses, reduces quality and depresses the 
profitability to the farmers of fruit and veg- 
etable production, which is increasingly be- 
coming a secondary activity of marginal in 
terest. In addition, consumers are faced with 
erratic supplies and prices, and poor quality. 

25 



SECTION 3 

The extent of cooperative organisation of 
small farmers in Costa Rica is much greater 
than in many other Third World countries. 
Thus, when a local technology centre - the 
Centro de lnvestigaciones en Technolgias de 
Alimentos (CITA) - was looking for ways to 
establish agro-industriel projects, it decided 
to focus its efforts on rural cooperatives. 
CITA has so far worked with two rural coop- 
eratives, one (Zarcero) in the temperate 
Central Valley, the other (El Silencio) near 
the Pacific Coast in the tropical lowlands. 
The agreement between CITA and the coop- 
eratives is that CITA is committed to: 
l Conducting a market feasibility study of 

the fruit and vegetables grown in the cli- 
matic zone, and suitable products. 
This involves evaluation of possible food 
processing technologies in the CITA pilot 
plant, taste panel and quality control as- 
sessments, and limited market surveys 
following cost analysis. 

l Training two of the cooperative personnel 
in the appropriate food processing meth- 
ods, plant hygiene, and management. 
l Transferring of the technology to the 
cooperative. Continuing technical assis- 
tance is provided, usually in the form of a 
CITA scientist spending one to three days 
per week at the plant during the first two 
years. A variable amount of CITA equip- 
ment is lent to the plant during this two- 
year period, and much of the initial quali- 
ty control is done at the CITA laboratory. 
CITA emphasizes the need for improved 
agronomic inputs (in collaboration with 
Ministry of Agriculture representatives) 
and improved post-harvest handling. 

The cooperative undertakes to: 
l Adapt or erect (with CITA advice) a suit- 

able building for the food processing facil- 
ity. 

l Provide the raw material, containers, 
labour (usually cooperative members), 
and operating costs of the plant. 

The success of the various product lines is 
analysed with regard to profitability and pro- 

cessing improvements throughout the two- 
year period and the cooperative undertakes 
to buy its own equipment to replace that 
loaned by CITA at the end of this period. 

zarcero 

CITA began the programme with the 
Zarcero cooperative. This cooperative has a 
number of advantages compared with many 
rural cooperatives: regular supplies of elez- 
tricity and potable water, a paved road (one 
hour by car) to the capital, and the 350 small 
farmers constituting the cooperative have 
educational levels above the country’s norm. 
The average farm size is 3.5 hectares. 
The cooperative obtained a bank loan to 
modify an existing building for small-scale 
food processing. The equipment comprises: 
a boiler for blanching and pasteurization op- 
erations; steam kettles; stainless steel prepa- 
ration tables; simple mills and graters; and 
basic quality-control needs (balance, pH- 
meter, burettes, refractometer). The coop- 
erative grows a range of temperate fruit and 
vegetables, the most important of which are 
clingstone peaches, and cabbages, and 
chiverres (a popular local gourci). These 
were sold through the San Jose market until 
the establishment of this plant. 
Experiments at CITA specified Ihe optimum 
conditions for preparing a range of products 
in glass jars: whole peaches in syrup, pickles 
in vinegar or mustard sauce, sauerkraut, and 
chiverre-honey’. The latter is a popular local 
jam, traditionally made on a domestic scale. 
Initial acceptability trials showed that these 
products were readily marketable at the pro- 
)ected retail prices. The relatively high cost 
of glass containers has promoted interest in 
the use of plastic pouches, and some of these 
products are now sold in this form. 
The establishment of the processing plant 
has emphasized the value to the coopera- 
tive of correct post-harvest handling. Grad- 
ing systems have been introduced: first 
grade peaches are sold as fresh fruit; second 
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grade arr) processed as fruit syrup; and third 
grade, after suitable pre-processing, are used 
In jam. The peaches are no longer trucked to 
the market in heaps, which is the traditional 
system for a!! fruit and vegetables in Costa 
Rica. Recently, first grade peaches packed in 
cardboard cartons over-wrapped with perfo- 
rated cellophane have been successfully test- 
marketed in the capital’s supermarkets. 
The prices paid for the fruit and vegetable 
raw materials are determined by the selling 
co13perative, based on existing market 
prices. This is a pilot-scale operation and the 
volume of raw material is a small fraction of 
that produced in the zone (zone refers to the 
cooperative and surrounding area of ap- 
proximately 1100 farmers who could se!! 
their produce to the cooperative). The cur- 
rent production of peach and chiverre prod- 
ucts is limited by the processing capacity 
during the harvest period. The production of 
Sauerkraut and to a lesser extent of pickles is 
limited by market demand in the Central 
Valley. Sauerkraut is a new product in Costa 
Rica which the cooperative has made little 
attempt to promote. 
Existing Sauerkraut production is sold main- 
ly through supermarkets to upper-income 
and immigrant sectors. increasing consump- 
tion of hamburgers and hot-dogs, and the 
rapid spread of North American-style snack 
restaurants, provide a stimulus for increased 
consumption. 
Even at this small scale of production, a net 
profit of about 10% of the product value is 
estimated on the basis of raw material, pro- 
cessing and distribution costs. No allowance 
is made for building (owned by the coopera- 
tive) or equipment (loaned by CITA) depre- 
ciation, but also no allowance is made for the 
value to the community of buying the raw 
material in periods of glut when consider- 
able quantities are wasted. The plant em- 
ploys five to eight members of the coopera- 
tive and one member has recently been ap- 
pointed full-time salesman. 
A feasibility study recommended a Govern- 

ment loan of US $80,000 for a plant size 
increase to 300 square meters, the purchase 
of new equipment, and working capita!, 
making possible a five to ten-fold increase in 
production. Assuming a constant rate of 
production for 10 years, this would permit a 
internal rate of return of about 50%, and an 
increase in work-force to 15-20 people. The 
cooperative is considering whether to ac- 
cept the Government loan or raise the mon- 
ey from the members. 

El Silencio 

Work with this cooperative as a mode! for 
the Pacific tropical zone was begun in 1977. 
It has a number of disadvantages in compari- 
son to Zarcero: poorer educational stan- 
dards in the local population, a greater dis- 
tance to the capita! (six hours by very rough 
roads), and no potable water supplies. ‘The 
cooperative did not have a suitable building 
for modification and delays were encoun- 
tered with bank loans to finance the building 
(designed by CITA). T!le building, including 
its own chlorination plant, was completed in 
May 1980. 
The cooperative produces sorghum and rice 
which, like a!! cereals, are purchased at fixed 
prices by the National Production Council. 
Tropical fruit, primarily papaya, is also pro- 
duced. Experiments and acceptability trials 
in the CITA pilot plant have identified three 
promising products: 
l Papaya nectar or syrup used as a drink 

concentrate. The mixture consists of 70% 
papaya pulp, 30% sugar, and small quan- 
tities of citric acid. This is pasteurized in a 
steam kettle and bottled. 

l Papaya ‘bocadiiios’ or snacks. A high- 
boiled mixture of 60% papaya pulp. 40% 
sugar, and traces of citric acid and pectin 
is concentrated in an open steam kettle 
and packed in plastic wrappers. 

0 Papaya jam in glass jars. 
Surveys of the fresh papaya market in San 
Jose revealed that the price is very variable 
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and the quality usually poor. Only about 
one-third of the fruit arrives without visabie 
damage. 
Investigations revealed that much of the 
damage occurs during harvest, which usuai- 
ly involves dislodging the fruit with sticks 
and allowing them to fail to the ground. 
Improved handling methods under study in- 
clude less damaging harvesting methods, 
the use of wooden boxes to transport the 
fruit, and ripening the fruit in San Jose in- 
stead of on the truck during the journey. 
The disadvantage of the project was that it 
depended on papaya, and therefore could 
only function for a maximum of 60-70% of 
the year. 
The cooperative was encouraged to diversi- 
fy its production to include red peppers, 
cashew nuts, mango and guava as a way of 
overcoming this problem. However, after 
several years, it became clear that a series of 
problems with infrastructurai services exist- 
ed, and by 1983 a concensus was reached to 
stop the project. 

Fruit processing - 
Bolha (1985) 

in 1976, two Belgian volunteers initiated an 
integrated programme in the Caicha valley 
in Bolivia which involved organizing a mui- 
tifunctional cooperative - the Caicha Co- 
operative - with 10 community associa- 
tions. 
This cooperative aimed at: 
l Tackling fruit commercialization and in- 

stalling two processing units: 
l A wine processing unit (capacity: 25,000 

bottles/year) with a high quality product, 
situated at the periphery of the group at 
Aripaica; . 

l Solving transportation problems for its 
members by running a seven-ton truck; 

l Solving basic consumer goods supply 
problems, and running a decentralized 
store, with an appropriate revolving 
fund; 
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l Working in the basic health care sector, 
and running a local pharmacy; 

l Improving agricultural production. 
The programme also involved: 
* construction of local roads; 
* running a mechanical workshop; 
l improving local schools; 
l running a training centre. 
In 1980, the volunteers left and the task of 
supporting the cooperative was handed 
over to two institutions. The training centre, 
the workshop, the road and dyke construc- 
tion equipment were handed over to IBTA, 
a subdivision of the Ministry of Agriculture 
and Peasant Affairs, under the continuation 
01 the services initially provided to the coop- 
erative by the project. This institute was in 
charge of providing agriculture extension 
service to the members of the cooperative. 
The function of providing the cooperative 
with managerial assistance and continuing 
the various management courses that had 
been organized was handed over the Centro 
de Investigaciones y Apoyo Campesino (CI- 
AC) which is a support organisation for 
peasants’ associations. 
An evaluation of the cooperative in 1985 
found that it had been hit by several factors: 
bad luck (uncontrollable rate of inflation); 
poor conception of some of its activities at 
the start; internal problems; unsuccessful 
handover of the support services to a gov- 
ernment structure; difficult handover of the 
processing unit’s management function. 
The wine processing unit is now at a stand- 
still. Its problems inciuded: 
l It produced a quality wine but it was ham- 

pered by a weak distribution network for 
a production level which is too small to 
allow a serious effort at commerciaiiza- 
tion. 

o Peasants had been trained to make the 
unit function, but the process is too so- 
phisticated to be run without specialized 
technical backup; without it, the unit 
soon had to stop. 

Training was insufficient. 
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l Furthermore, an incompetent manager/ 
accountant hired by the cooperative was 
notable to maintain the purchasing power 
of the revolving fund in a time of hyperin- 
flation (more that 2,400% in 1984). 

CIAC propose a rehabilitation plan, finan- 
cially supported by OXFAM Belgique which 
involves technical assistance from a similar 
project in Mizique (Cochabamba district), 
the reshaping of the revolving fund, and a 
joint marketing effort with Mizique coopera- 
tive. 
The jam processing unit has also ceased to 
run because: 
o The commercialization of a high quality 

product which does not effectively com- 
pete with Argentinian and Brazilian im- 
ported jams was a limitation. It only 
worked well as long as the cooperative 
was able to keep contacts with a miners’ 
consumer cooperative, through a ver- 
satile management policy boosted by the 
volunteer. 

l A serious conflict set the President of the 
cooperative against the members and the 
only person that had been trained to run 
the electrical and mechanical equipment: 
the conflict was solved by the departure of 
both, thus leaving the unit without an op- 
erator. 

CIAC is also proposing a rehabilitation plan 
for this unit. This will involve training of six 
technicians, an increase in the revolving 
fund, and joint marketing with other peasant 
cooperatives. 
The 1985 evaluation study concluded that 
even when operating at full capacity, the jam 
factory could not solve the marketing prob- 
lems of fruit growers since it would process as 
little as 50 kilos of fruit per member. In addi- 
tion, prices offered by the unit do not always 
compete favourabiy. However, it did provide 
600 days of work to the peasant owners, and 
it generated a sense of pride in owning it. Fur- 
thermore, it was a good base for manage- 
ment training. 
By contrast, the wine factory used much 

more fruit and sophisticated technology and 
external assistance. 
In conclusion, the nature and scale of these 
units, combined with a lack of organisation 
and attention to marketing and procurement 
constraints meant that their failure to survive 
was almost inevitable. The proposed rehabii- 
itation plan should help to overcome some 
the difficulties experienced in previous years, 
but will not alter the fact that the technology 
and scale of operation incorporated in the 
project are basically inappropriate. 

Vinegar processing - 
Papua New Guinea 

Summarisedfrom: 

Adams, M. 
Kick-startfor Wage Vinegar in Papua New 
Guinea 
AT Journal, 1987, Vol. 9, No. 2. 

Palms of a!! types have been used for a variety 
of purposes since earliest times, providing 
raw material for shelter and for handicrafts as 
well as food. The production of sugar, aico- 
hoiic beverages, and vinegar from palm sap is 
widespread, although the exploitation of Ni- 
pa sap on any scale appears to have been 
largely confined, until recently, to the Phiiip- 
pines where substantial quantites of ferment- 
ed Nipa sap are consumed as an alcoholic 
beverage known locally as tuba. 
Successful sap coiiection requires an impor- 
tant pretreatment process whereby the stalk 
is subjected to progressively more violent 
manipulation over a period of one to two 
months. Initially, thisinvoivesgentiebending 
and rotation of the stalk, leading finally to 
severe blows from a suitable implement, or 
even kicking! 
To obtain the sap, the flowering stalk is 
tapped - that is, the flowering head is cut off 
with a sharp knife, allowing the sap to 
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flow into a collection vessel. As the sap flows 
the’wound’tendstodryup;soeachdayafur- 
ther thin slice must be cut away from the end 
of the stalk when the collection vessel is re- 
moved for emptying. 
Each stalk yields about one litre of sap per- 
day, and tapping continues until all the stalk 
has been cut away - usually about three 
monthsafter the initial tapping, dopending in 
the length of the individual stalks. 
Vinegar (acetic acid) is produced by a double 
fermentation process, with much of initial 
fermentation to alcohol taking place in the 
collection vessel. In normal practice, the ves- 
sels are not cleaned between collections, and 
are made from materials wi th a rough surface 
capable of harbouring the micro-organisms 
necessary for fermentation. in Papua New 
Guinea, as in the Philippines, bamboo joints 
are used as collection vessels, the cut stalk be- 
ing inserted through a hole cut in the side of 
the bamboo. 
The second stage of the fermentation to vine- 
gar is carried out some 24 hours after the sap 
collection, using locally-made pots or vats 
which are half-filled with sap and covered 
withmuslinclothwhichallowsairtogetinbut 
keeps flies and other insects out. The pres- 
ence of naturally-occurring oxidising bacte- 
ria in the potsconverts thealcohol tovinegar. 
At Baimuru in Papua New Guinea. this pro- 
cess has been modified so that the initial 
batches of fermented sap are innoculated 
with a culture of acetic acid bacteria to form a 
layer on the surface of the sap. When thecon- 
version is complete, half of the vinegar is re- 
moved from the vat and replaced with fresh 
(fermented) sap, so allowing continuous 
vinegar production without the need for fur- 
ther innoculation with bacteria. 
A number of other modifications to the tradi- 
tional Filipino process for producing Nipa 
vinegar were succesfully introduced in 
Papua New Guinea. These have resulted in 
more efficient initial fermentation and, by 
separating the process into two distinct 
stages, a higher overall yield of vinegar with 
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good reproducibility is ensured. This work 
has increased the availability of a product 
which conforms to the Papua New Guinea le- 
gal standard for vinegar. 
The vinegar process now established at 
Baimuru, uses readily available equipment, 
requires little skilled attention, and is fairly 
labour-intensive - ideal attributes for a 
small-scale village industry. The prospects 
for such an industry in Papua New Guinea 
seem good now that a product that meets the 
local legal standards can be produced. 
As well as supplying the local market for table 
vinegar (currently supplied by imports), a 
further benefit could be the development of 
local food processing industries, since vine- 
gar is an important ingredient of ketchups, 
pickles and chutneys. 

Summarfzed from: 

Carr M. (1984) 
Blacksmfth, Baker, Roofing-sheet Maker... 
IT Pubs., London, U.K. 
Clark, C.S. (1981) 
Solar Food Drying: A Rural Industry 
Renewable Energy Review Journal 
Vol. 3. No. 1, pp. 23-26 
Clark C.S. and Saha, H. (1982) 
Solar Drying of Paddy 
Renewable Energy Review Journal 
Vol. 4, No. 2, pp. 60-65 
Dirks D. (1984) 
What is Solar Drying 
Generator: Vol. 1, No. 2, pp. 9-10 
MCC (1985) 
Yearly Report on Employment 
Raising Programme 
Martens, Ii. (198.i) 
A Solar Drier applied to a VU/age Food 
Processing Industry 
ADAB NEWS 
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Since 1977 the Mennonite Central Com- 
mittee (MCC), through its job creation 
programme, has been operating a project 
on solar food drying as part of its agricul- 
tural programme. The main objective of 
this project has been the adaptation and 
development of simple techntques for so- 
lar drying of fruits and vegetables. 
The concept of drying is not new in Ban- 
gladesh, since fruits, vegetables, rice, and 
fish were traditionally sun-dried. Improv- 
ing the sun-drying method seemed appro- 
priate because it is both simple and safe as 
a method of preservation. A solar cabinet 
dryer was adapted for use in Bangla- 
desh and tested on coconut drying. 
In 1980, 10 poor women, widows or sin- 
gle wage earners with no other sources of 
income and physically strong enough to 
do the work, were selected and each was 
supplied with coconuts, a solar drier, a 
grater, and some sulphur, with which to 
prepare dessicated coconut in her home. 
Coconut was chosen as having the best 
potential, because it makes a fine, clean 
product acceptable to a variety of mar- 
kets. 
Furthermore, the reduction in weight, 
through husking and drying, is substantial. 
This IS important since coconut is only 
grown in certain areas of Bangladesh and 
transport is expensive. 
Coconuts are purchased in bulk from local 
growers. The women clean, grate, and sul 
phur (to preserve) the coconut. It is then 
dried in solar driers which the women 
build themselves at a cost of less than 
TK200 per unit. Foot-pedal-operated co- 
conut grater machines were introduced 
and tested in 1984 and loans were provid- 
ed for each of the producers to purchase a 
machine. 
Packaging is done in bulk in 25 lb (11.25 
kg) polythene bags, as well as in 1 lb 
(0.46 kg) bags and 9 oz (0.25 kg) pack- 
ages. The bags are heat sealed and packed 
in metal drums until sale. 

The product is distributed out by rick- 
shaw, bus, MCC vehicle, or any other 
practical means, to the capital, where the 
product in due course, is sold to food 
shops in middle-class areas and bazaars, 
and to street vendors, under the name 
“Surjosnatho” which in Bengali means 
‘bathed in sunlight’. 
The producers were initially paid on a 
piece-rate basis, their earnings averaging 
TK250 to TK300 per month. They dried 
the coconuts in their own homes on a 
part-time basis. 
Quality problems did arise, apparently 
originating from outside the drier, and 
were overcome by a hygiene course for 
producers and the three management staff 
on the project. The quality control man- 
ager was given full responsibility to imple- 
ment a programme of quality control de- 
signed to bring about a product which ac- 
corded with international standards. Close 
supervision of quality was required, but it 
became more difficult within the home- 
based structure as new producers joined. 
The proposal to change to a factory sys- 
tem, with everyone under one roof, was 
strongly resisted by the producers, since 
they felt that they could not leave their 
homes to walk up to one kilometre before 
sunrise to commence work. 
A compromise was finally reached where- 
by producers, who numbered 40, began to 
work in groups of ten to fifteen in bamboo 
buildings constructed near their homes. 
Processing continued in this manner until 
product pricing forced more changes 
upon them. With a view to reducing costs 
so as to be able to compete with imported 
desiccated coconut, the women agreed to 
double the volume of production by using 
two driers each while working for the 
same daily wage. 
Unfortunately, although supply did double 
at lower cost, the demand for coconut did 
not increase at the same rate, and some 
producers had to cease pJ,duction. 
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At the moment 23 producers proc?ss co- 
conuts, while the majority of the released 
producers have been kept on to make 
coir products. 
The change to shredding of coir fibres by 
hand is a difficult and energy-consuming 
task. The MCC has placed an order with 
a Dhaka engineering firm to produce a 
husk-rolling machine and a decortifier/ 
stripping machine which will be tested 
within the existing project. Little attention 
seems to have been given as yet to mar- 
kets for coir products, but the demand for 
“value-added” coir products such as 
brooms, mats, and carpets seem to be in- 
creasing. This would create more job op- 
portunities, since the production of these 
items is labour intensive. 
Markets for charcoal made from coconut 
shells have been investigated: local mar- 
ket prices appear to be very low because, 
as yet, no suitable design of stove is avail- 
able for burning this type of fuel. If such a 
stove could be designed and produced, 
evidence suggests that there would be a 
good demand for coconut shell charcoal 
by specialist trade and craft people such 
as goldsmiths. 
The coir product sales have given the 
project a boost, so that 1984 will be the 
first year in which the project will break 
even. 
The management is gradual!y being taken 
over by the female producers from the 
MCC project staff and training is being 
provided to ensure a sustained future, 
The major problem which still confronts 
Surjosnato is the inability to process co- 
conuts during the monsoon season, when 
cloud cover makes solar-drying all but im- 
possible. Since coconuts are at their most 
plentiful (and cheapest) and dried co- 
conut at its most expensive during the 
rainy season, low-cost mechanical tray dri- 
ers are being tested to see if they can im- 
prove the profitability of the enterprise. 
Initial results look promising. 

r-- Banana processing in 
Papua New Guinea 

Summarized from: 

New K.R. 
Community Based Small Scale Food Pro- 
cessing Industries in Papua New Guinea. 
The Experience with the Situm Banana 
Chip Enterprise. 
Appropriate Technology Development In- 
stitute, 1984. 

A model community-based food processing 
enterprise has been established by the Si- 
turn Women’s Group with the assistance of 
the Appropriate Technology Development 
Institute (ATDI) in Lae, Papua New 
Guinea. Situm is a rural settlement about 20 
kilometres from Lae, Morobe Province. 
The project has been strongly supported by 
the villagers who have enthusiastically car- 
ried out the major groundwork and who 
now run their own enterprise without any 
assistance from ATDI. 
The Situm project was initiated in February 
1981, when the villagers started to build an 
extension to their tradestore with the inten- 
tion of developing a women’s food-making 
enterprise. They subsequently contacted 
ATDI staff members and were shown how 
to use their surplus bananas to make deep 
fried chips and to seal them hygienically in 
plastic bags for sale to the public. 
Construction of a low cost kitchen was car- 
ried out through the voluntary labour of the 
village men. The kitchen was designed to 
suit village conditions and to meet health 
requirements. The work was of a high stan- 
dard, reflecting the people’s desire for a 
‘professional-looking’ facility. 
The women have been very proficient in the 
production process, achieving a uniform 
quality. Their product, known as “MR BA- 
NANA SIP”, is now sold through various 
stores around Lae. 
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The banana chips -.re made in the following 
way. First, the bananas are peeled by slitting 
the skins with a knife and stripping them 
with the fingers. The sap from the skin 
sticks to and stains the hands. It was recom- 
mended to the villagers that they coat their 
hands with cooking oil to minimize this 
problem. The villagers themse!ves found 
that rubbing salt on the hands is more effec- 
tive. 
The waste skins are used for pig feed. 
Next, the peeled bananas are longitudinally 
sliced and dropped straight into salted wa- 
ter. Initially a locally made version of an 
impor,,d slicer, consisting of a wooden 
board with a stainless steel blade was used. 
However, this proved to be inefficient and 
unhygienic. Now an imported moulded 
plastic unit with stainless steel blade is used. 
This is quite reasonably priced and stocked 
by one of the major retail stores. 
The bananas are then dried to help prevent 
the slices from sticking together when they 
are dropped into the frying oil. Drying can 
be omitted. However, Situm people once 
tried frying fresh banana slices and found 
that they were too difficult to handle. Ba- 
nana slices are taken out of the salted water 
and placed on drying racks. 
These racks consist of plastic shade cloth 
stretched over light wooden frames. Earlier, 
flywire was used but was harder to clean, 
broke easily, and corroded. The drying 
racks are placed on shelves in the open 
shade. This makes it easier to control the 
drying process than drying in the sun and 
the product is more uniform throughout. 
Only a small amount of drying is needed to 
remove the surface moisture. The women 
recognize when the slices are sufficiently 
dried and are careful not to overdry, which 
results in hard chips and poor colour. 
For frying, a high oil temperature is needed 
to get good crisp chips. During the first year 
charcoal was used as the fuel for frying the 
chips. However, lack of good quality char- 
coal and charcoal cookers made the vil- 

lagers look for alternatives. 
A smokeless firewood stove made from a 
clay and sand mixture was constructed by 
the villagers with assistance from ATDI. 
This has proved to be satisfactory, allowing 
the people to use their local firewood in a 
stove which is easily controllable. The vil- 
lagers have since built a second stove to 
allow them to increase production. Each 
stove has two aluminium washing bowls as 
frying units. Banana slices are fried until 
they turn a golden brown and are then 
drained, cooled, and dusted with salt. 
Finally, the chips are packed in polythene 
bags. These used to be sealed by running 
the folded top edge over a candle flame 
which, though functional, did not have a 
neat appearance. This method was then re- 
placed by a commercial plastic sealer modi- 
fied to operate from a 12-volt car battery. 
This worked efficiently but the villagers 
could not maintain the sealer themselves or 
conveniently recharge the battery. 
The present technique of sealing was 
brought back by an ATDI staff member 
from the Household Nutrition Appropriate 
Technology Conference in Sri Lanka held 
during 1981. The method consists of fold- 
ing the top edge of the plastic bag over the 
teeth of a hacksaw blade (a used hacksaw 
blade works better) and passing the folded 
edge through a candle flame. The villagers 
quickly learned the correct technique to 
avoid over-melting the plastic and making 
holes or passing it too quickly through the 
flame and not sealing it properly. With a 
little practice this method can be as fast and 
efficient as machine sealing. A clean burn- 
ing oil lamp could be substituted as a cheap- 
er alternative to the candle. Packaging in 
plastic bags is done by hand. The labels are 
enclosed in the bags. Labelling became nec- 
essary to meet a Department of Labour and 
Industries regulation, thus increasing the 
packaging cost. 
Originally banana chips were sold informal- 
ly through private orders in and around the 

33 



SECTION 3 

Situm area. At present an average of 
1400-2000 bags per week are sold whole- 
sale to the Lae Health Food store, a well 
known supermarket, and a school canteen. 
Consumer acceptance has been good and 
it seems from the report of the store own- 
ers that the potential demand is far higher. 
Enquiries have been received from retail- 
ers in several other provinces, but this de- 
mand cannot be met at present. Wide- 
spread distribution is beyond the present 
production and organizational capacity of 
the group. 
The management of the enterprise follows 
a pattern of organization which was largely 
set up by the villagers themselves, based 
on their experience in running their own 
tradestore, piggery, and cash cropping. 
The village headman is the ultimate deci- 
sion maker. His wife is the chief organizer 
on the production side. Their adopted son, 
who runs the tradestore, looks after the 
book keeping and logistics. These thre?+ re- 
ceived no direct financial benefit - profits 
from the enterprise go into the community 
account. 
The process of development from a village 
pilot project to a more commercially ori- 
ented enterprise is still evolving. Some of 
the cost factors are now being assessed 
and calculated in a conventional business- 
like manner, whereas other aspects of the 
costing are sti!! affected by the village per- 
ception of customary rights and responsi- 
bilities (such as the non-payment of the vil- 
lags headman and his family). 

At present it Is difficult to say whether the 
enterprise is viable within the normal com- 
mercial meaning of the term. What is clear 
is that income is greater than expenditure, 
the women working in the enterprise are 
paid a satisfactory wage, the village econo- 
my is benefitting, and the people are proud 
of their achievement. The village treasurer 
is keeping some basic income and expendi- 
ture records which show the general state 
of the enterprise. In the long term, it 
seems that this enterprise could grow to 
become a significant local producer of 
snack food products. Nevertheless, if the 
enterprise is to retain its true village-based 
character, this development will be slow, 
and will depend on the pace at which the 
villagers themselves gain the necessary ex- 
pertise. 
The Situm group has taken the initiative in 
teaching what they have learned to inter- 
ested neighbours, community groups, or 
schoolchildren and have participated in a 
number of ATDI workshops. They are 
proud to show off their achievement and 
have not considered the problem of creat- 
ing competition. In any case, there seems 
to be more room in the market for quality 
snack food products. 
In conclusion, the Situm project appears 
to be successful and sustainable without 
further outside support. It is also acting as 
a valuable model and training ground for 
the establishment of other village-level 
snack food enterprises in Papua New 
Guinea. 

34 



SECTION 4 

lthough the case studies cover a limited number of experiences, they do provide us with 
an idea of the sorts of factors and issues which need to be taken into consideration when 
designing a project involving the processing of fruits and vegetables as a commercial 
venture. These include: 

- the social organization and/or culture of the producers; 

- the level of confidence of the producers in the feasibility of meeting the objectives and 
their willingness to risk and invest time and/or money and to take the risk; 

- the process of identification of needs, and the level of conception of objectives on the 
part of the producers at the start of the project; 

- extent of local adaptation/development and demonstration of the technology; 

- existence of a market for the project; 

- the existing production system and division of labour and the possible effects on them of 
the change introduced; 

- technical, financial, administrative, bookkeeping, marketing, management, and (inter- 
nal) organization capacity of the producers; 

- access of producers and continuous availability of credit, technical backstopping, exten- 
sion, monitoring and other training, and information services; 

- availability and accessibility of production and marketing infrastructure; 

- year round regular availability of and access to raw materials, fuel and water; 

- capacity to produce a standard product from often non-uniform raw material; 

- capacity to make integrated use of the available raw material and produce a range of 
products; 

- local availability of necessary tools and equipment and mechanisms/support for national 
institutes/government to make necessary tools and equipment accessible; 

- government policy/interference/administrative flexibility in relation to marketing, ex- 
port, import aspects; 

- macro-economic factors (e-g; exchange rates, inflation). 
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Charcoal Water Filter 

A locally made 20-litre clay pot fitted with a 
discharge tap at its base and containing 
graded layers of stones, gravel, sand, and 
broken charcoal is used to filter water. 
Read: Appropriate Village Technology for 
Basic Seroices. A calalogue of devices dis- 
played at the UNICEF/KENYA Gout., WI- 
lage Technology Unit, East Africa Regional 
Office, P.O. Box 44145, Nairobi, Kenya. 

Commercial water filters are available in 
both plastic and stoneware. 
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A low cost water-filter which consists o d 
mat of tabric on a bed of sand in a large tank 
is currently undergoing trials. I’hc tnat sup- 
ports bacteria which clean the water and the 
sand filters out solid Impurities. 

Write to: 
Pendar Envirsemsntal 
PO Box 22 
Hampshire IExI, Est. 
BriICgewater 
Somerset TA6 3NT 
U.K. 

Smaii pressure purifiers for piped 
water which can be attached to a 
tap are available from: 

Ha3rey Iudustrial Csraasics Ltd. 
Stone, Staffs ST15 8PU 
U.K. 

CJNFILTEKED WATER 

PORLXiS CERAMIC 

HCIBBEH WASHER 

;I’T.KTECT SEAL. 
: EKY IMPOKTANT) 

- CL.EAN WATER 

Cherry Pitter 

Simple peeling, coring, and de-stoning 
equipment can in many cases be rnade local- 
ly or supplied by: 

Lehmeus Hardware de Appliances Ind. 
P.O. Box 41 
4779 Kidron Road 
Kidron, Ohio 44636 
U.S.A. 



SECTION 5 

Cutting is usualiy done with a knife. In 
larger projects or for products which re- 
quire uniform sized pieces or special 
shapes, commercial cutting machines are 
available for slicing, chipping, dicing, grat- 
ing, ranging in size from hand operated to 
large continuous machines. 
Small scale electric machines are available 
from: 

Apple Peeler 

Lehman Hardware 
P.O. 41 
4779 Kidrom Kd. 
Kidrom. Ohio 44636. USA 

Sulphur dioxide is a preservative which is 
used to keep fruit out of season and 
hence spread production throughout the 
year. It is also used prior to drying of 
some fruits (mangos, apricots) to retain 
colour. However in other fruits sulphur 
dioxide bleaches colour. 
Sulphur dioxide can be produced in two 
ways for use with both fruit and vegeta- 
bles as follows: 
- Burning sulphur in a sulphur chamber 

to produce sulphur dioxide gas, which 
permeates into food tissues, 

- Producing sulphur dioxide in solution 

by dissolving sodium sulphite or sodi- 
um metabisulphite (Campden tablets), 
in water. This can then be used for 
blanching water or, when steam 
blanching is employed, by spraying a 
sulphite solution on to the food or by 
soaking it in a cold solution following 
blanching. 

Burning sulphur is more appropriate than 
a sulphite dip prior to drying as the food 
is not wetted. 
Sulphur dioxide is harmful and precau- 
tions are necessary to prevent inhalation. 
A sulphtiring cabinet may be constructed 

Sulphuring Cabinet I 
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from polythene sheeting, wood, or glass. Two designs are shown. 
The main features are removable trays, a Sulphur dioxide gives food an unpleasant 
small hole to allow air into the cabinet for sul- f!avour and it is therefore removed before 
phur combustion, a small vent hole, and an consumption by boi!ing or heating the food 
gdequately sealed door. to drive off the gas. 

HURNING 
SULPHUR 

Sulphuring Cabinet 2 
\‘ENT HOLES 

RtMOVtAR1.t 

\ 
I1INGED DOOR 

Juice from most fruits can be extracted by ples, morello cherries, green grapes and cit- 
each of the methods described below, but ap- rus fruit are best squeezed without heating. 

Juice Extractor 

Juice extraction us- 
ing heat 
A juice extractor can be 
made using a lidded kettle 
or pan with a rack on the 
bottom which supports a 
bowl or dish to catch the 
juice. -1vo boiled white 
cloths (muslin where possi- 
ble), one of coarse weave 
and one of fine weave, are 
fitted over the edge of the 
pan to hold a piece of 
strong greaseproof paper 
put over the fruit on the 
cloth to catch the conden- 
sation from the steam. 

CONDENSATION 
FALLS ONTO FRUIT GREASEPHOOF PAPER 

/ COARSELY 
WOVEN 
CLOTH 

FINELY WOVEN 
CLOTH AS A 
JUICE FILTER 

WATER FOR 
STEAM 
PENETRATION 
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Juice extraction without heating is 
done using presses or pulpers. Presses are 
operated by simple levers or for larger 
scales of production they may be hydrauli. 
tally operated. Pulpers are manually or 
electrically operated. Below are examples 
of manual presses. 

SCREW THRLAD 

A Simple Fruit Press 
SlATTED CAGE 

PRESS Pin fE 
(REMOVED) 

Crusher 

Crusher mounted on top of fruit press. 

This lever-operated press achieves a 25 
litre/hour output when operated by one 
person. The crusher grinds and crushes in 
one operation. Output for apples is 150 kg. 
per hour. 

A number of designs of pulping ma- 
chines are available for different applica- 
tions and scales of production. 
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Victorio Squeezer 

Simple hand-operated screw pulpers are 
suitable for small scale production, for ex- 
ample the Victorio squeezer. 

A metal sieve. with a hand-operated ro 
tating bar pushes fruit through the sieve. 

For larger scale operatlon and 
the productton of relatively cl.ear 
juice kitchen food mixers of the 
Kenwood type have attachments 
that are suitable for pulping as 
well as juice extraction. 

Wrlte to: 
Thorn EM1 Domestic, Electrical Appliances 
New Lane 
Havarrt. Wanpehire PO9 2NH 
U.K. 
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Another design of a juicer/pulping ma- 
chine consists of an auger/sieve combina- 
tion mounted on an aluminium frame. The 
device can also be supplied with a handle 
for manual operation, or an electric motor. 

It is designed primarily for apple and toma- 
to products and produces juice which is free 
of seeds and skins at up to 405 kilos of 
tomatoes per hour. 

Write to: 
dael Jackson 
Food Preservation Systems 
New Windsor Service Centre 
Box 188. New Windeor 
Maryland 21776 
U.S.A. 

or: 
G&r. Tigges 
2 Sunainghaueen 
4740 Oelde 
W. Germany 

MOTOR 
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Jeily Bag 

A jelly bag is used to filter juices, syrups and 
jellies and make them into crystal clear 
products. 

Write to: 

BRITAM 
5 Ferry Lane Induetrial Estate 
Brentford Middlesex TW8 OAW 
U.K. 

Care must be taken to ensure that the bag is 
clean and it should be thoroughly washed 
and boiled after each use. 

A hand operated mechanical fruit sieve is 
made by: 

GRET 
205 Rue Lafayette 
Paris 75010 
FRANCE 
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Plastic containers and measuring jugs are 
widely available and generally inexpensive. 
Care should be taken to ensure that they are 
‘food grade’ plastic as cheaper materials 
contain plasticisers which taint the food. 

Write to: 

WCB Containers Limited 
Stamford Works 
Bayley Street 
Stalybridge 
Cheshire. SK15 1QQ 
U.K. 

Aluminium or enamelled containers are 
suitable but other metal containers should 
not be used as they react with acids in fruit 
juice. Wooden containers are difficult to 
clean properly and should only be used if 
other types are not available. More durable 
containers made from stainless steel are 
available but are very expensive. 

r ---. - 
Measuring equipment 

- 
Fluid 

(millilitres) 
Sugar 
(wms) 

50mi 
15ml 

5ml 
120ml 

85s 
2% 

(level) 

89 
2oog - 

Metric conversion table 

- -_ 

When you know You can find If you multiply by 

Weight ounces 

pounds 

grams 

kilograms 

Fluid ounces 

Volume pints 

millllltres 

litres 

grams 

kilograms 

ounces 

pounds 

millilltres 

litres 

ounces 

pints 

28 

0.45 

0.035 

2.2 

30 

0.47 

0.034 

2.1 
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Tins of various sizes can be used as measures 

For small scale boiling of foods using wood- 
fuel there are a number of stoves available, 
which consume less fuel, cook faster and 
cleaner and are more convenient to use. 

Write to: 

Intermediate Technology Development 
Group 
Fuel for Food Programme 
Myson House 
Railway Terrace 
Rugby CV 213HT 
U.K. 

Boiling pans should be made of alumini- 
urn, enamelled metal or stainless steel. For 
larger quantities it is necessary to buy equip- 
ment which does not cause burning or stick- 
ing of the product to the bottom of the pan. 
Stainless steel steam jacketed kettles, that is, 
a double walled pan are suitable and can be 
obtained with cal jacities from 5 to 50G litres. 

Write to: 

Raylons Metal Works 
Kondivitta Lane 
Andheri-Kurla Road 
Bombay-400 059 
INDIA 

Similar ones can be obtained in the U.K. but 
are more expensive. 

For information write to: 

T. Giusti Ltd 202-228 York Way 
London. N7 9AW 

Brierley,Collier Bt Hartley Equipment, 
Bridgefield St, 
Rochdale. Lancashire. OLI 14BX. 
IJ.K. 

Israel Newton Ltd. 
Summerley Works 
Bradford, York 
U.K. 
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Bottled fruit and some liquid fruit products 
are pasteurised in the container. This is 
achieved by loosely placing the cap onto the 
filled bottle or jar and heating it in a contain- 
er as shown. In this equipment boiling water 
covers up to the shoulder of the filled bot- 
tles in an enclosed chamber. Contai,rers are 
placed on a rack and heated by thz boiling 
water. 

If no soap is available ashes can be used as a 
substitute to clean bottles and containers. 
Thorough rinsing afterwards is essential. A 
simple rinsing method involves a series of 
spigots let into a length of pipe which act as 
rinse sprays. 
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Bottle cleantng brushes of various types are 
available and can be reproduced in develop- 
ing countries. 
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Bottles can be sterilized very simply by hold- 
ing the open neck over the spout of a kettle 
of boiling water. 

SAFETY VALVE TONGS - 

STEAM 
PIPE 

\ WATER 
BOILER \ 

Alternatively bottles can be in- 
verted over a steam pipe, sup- 
plied from a water boiler which 
should be made of brass, tin or 
copper to prevent rusting. The 
vertical pipe is essential as a 
safety valve. 

HEAT SOURCE 
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Suitable vessels (food grade plastic or stain- 
less steel) fitted with outlet taps can be used 
as a filler for juices. For example, 2 or 5 
gallon plastic double walled water coolers 
with taps are very useful if the product is not 
too hot. At higher packaging temperatures 
a stainless steel bucket can be used. A small 
stirrer to prevent settling of fruit particles in 
the juice may be required for some prod- 

sTlRRER 

COVER 

ucts. 
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Sauces, because they are thick, require a 
different type of filler. A very simple. cheap 
locally produced filler consists of a large 
plastic funnel, the stem of which is just less 
than the bottle neck size. A length of plastic 
rod acts as an c>n-off valve to control the 
flow of sauce. In practice 4 such fillers could 
fill 3000 packs/day. 

Hand operated semi-automatic piston fillers 
are produced by several companies for fill- 
ing juices and sauces. The capacities vary 
from approximately 15ml. to 1 litre contain- 
ers and parts are available in stainless steel if 
required. 

Write to: 

AMBESCO 
5600 W. Raymond St. 
Indianapolis, In. 46241 
U.S.A. 
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Suitable machines can be produced locally. 
Drawings of these different capping ma- 
chines are avail,>ble at: 

Intermediate Technology Development 
Group 
Mysloo House. Railway Terrace 
p;bv 

. . 

Another example is provided by: 

GRE7. 
203 I?ue Lafayette 
Pstim 75010 
France 

Hand bottle cappers are also available from: 

AMBESCO 
5600 W. Raymond St. 
Indianapolis 
In. 46241 
U.S.A. 

Jam Jar Sealer 

The sealer is a more efficient method of sealing jam jars with 
push-on Iids (compared to domestic methods using plastic and 
rubber bands.) 
Ref. Anon (1985), Tech & Tools at Nairobi in July 1985. AT 
Journal 1985, Vol. 12, No. 1, p. 20. 
A low cost product is made in Sri Lanka. 

Write to: 
Industrial Development. Board of Ceylon 
615 Galle Road - Kabubedda, Maratuwe - Sri Lanka 

U.K. Manufacturer: 
Thomas Hunter Ltd. 
Omnia Works - Mill Road, Rugby, CV213HT - U.K. 

A note should be made regarding the kind of plastic to be used 
in the manufacturing of the lid sealer, It was found that a hard 
plastic makes the lid sealer suitable for only one specific size of 
jar, which proves a big disadvantage especially in countries 
where the bottle or jar necks are not always regular. A more 
flexible material allows the sealer to be fitted on different sizes of 
container. 
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The cooler shown below is used for both 
glass and metal containers A shallow bath 
is constructed and hot bottles enter at point 
A and roll slowly down the sloping bottom 
to B where they are removed. Cold water 
enters at B and overflows as hot water at A. 
A weak solution of bleach is allowed to drip 
into the end B, thus ensuring that the cool- 
ing water is chlorinated. 

A slightly different method is used for jars of 
jam. In order to set into a smooth gel the 
jam jar must be allowed to cool standing in a 
vertical position. The filled jars are loaded 
into ‘carriages’ and then placed in the cool- 
ing trough as for the bottles. Alternatively 
jam jars can be cooled more slowly in air. 
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Hand operated labelling and glueing ma- 
chines can be obtained from: 

Pot Devin Label alpd Glueing 
200 N Street 
Teterboro, New dereey 07608 
U.S.A. 

A refractometer is a quality control instru- 
ment used to obtain readings of the percent- 
age of sugar in a product. For jam it is very 
important that this should be exact. 
Ref. Anon (1985), Tech & Tools at Nairobi 
in July 1985. AT Journal 1985, Vol. 12, 
No. 1, p. 20. 

JAM SPECIMEN INSIDE 
\ 

Suppliers: 

AMBESCO 
5600 W. Raymond St. 
Indieaepolls, IN. 46241 
U.S.A. 

Or: 

Scientific Supplies 
Vine Hill 
London 
U.K. 

VIEW 

OPEN POSITION 

JAM SPECIMEN 
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Airlock 

Fermented and Dried Fruits 

Fruit crushers 
Depending on the scale of production the 
devices described in Section 5 (4) can be 
used for crushing fruits. 

Containers 
While traditionally such things as salt glazed 
earthenware crocks and oak tubs were often 
used, nowadays food grade plastic materi- 
als are more suitable in terms of hygiene 
and may be cheaper. (Section 5 (6)). 

Bottle-filling equipment. 
See Section 5 (11). 

Air locks 
As sugar ferments to alcohol, carbon diox- 
ide gas is produced as a by-product and this 
rises to the surface as bubbles. An airlock is 
simply a one-way valve which allows this 
gas to escape from the container but at the 
same time prevents unsterile air, which 
could cause contamination, from entering 
the vessel. 

Airlocks can be made out of a piece of curved glass or plastic tubing placed in the bung. The 
tube must be half filled with cold boiled water containing a small quantity of sodium 
metabisulphite. It is essential to ensure a good sea! between the bung and the jar and 
between the airlock and the bung. The airlock tubing itself should not be too narrow 
otherwise the water can be pushed out: 3/8 inch is the minimum diameter for the tube. 
Glass air-locks indicate the activity of fermenting best, but they are fragile and break easily. 
In the absence of any such lock a plug of cotton woo! may be used. 
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Hydrometers 

These are very useful for accurate control of 
the process, both for the alcohol content 
and the sweetness of the final wine. Special 
wine hydrometers are available and are 
graduated specifically to measure the alco- 
ho! content of wine. Other types of hydrom- 
eters are not suitable. 

Supplier: 
!?acientific Suppliers. Vine Hill. London. UK. 

Vegetables 

Blanching 

The vegetables can be placed in a cloth or a 
basket made from wire, woven mesh or per- 
forated metal. They are then either dipped 
in boiling water or steamed by suspending 
above boiling water. 

t t t 
HEAT SOURCE 

Corking equipment 

New corks, cylindrically shaped and of the 
best quality, should always be used if possi- 
ble. Poor quality corks allow the wine to 
seep through them and air to enter the bot- 
tle, causing the wine to taste flat and even 
vinegary. Corks soften easily if dipped in 
hot water or if soaked for a few hours or 
overnight in a sulphite solution. The sealing 
of corks in the bottles with wax is still a 
commonly used method. 

WATER 

/ 

HEAT S&R& 
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Is are used. filled with water. A pressure plate which 
ietables and catches under the neck of the vessel makes 
rom wood, the use of a weight unnecessary (b). Alter- 
ir plastic. A 
D keep the 

natively a thick plastic film or 2-3 layers of 

f the liquid 
thin film, laid loosely over the edges of the 
container and tightly sealed, is filled with 

a glass jar 2’ of water (c). 

F WEIGHT 

P PRESSURE PLATE 

t 

2-3 LAYERS 
OF MUSLIN CLOTH 

A FRUIT 

2-3 LAYER 

KIiLASTIC 

WATER 
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A separate DRYING SOURCE BOOK provides in- Fruits and vegetables are frequently suiphit- 
formation on drying mechanisms and the choice of ed and sometimes blanched prior to drying. 
driers for specific crops Equipment for these operations is described 

In Section 5 (3). 

Driers 

Brace Research Institure Drier 

Indirect Drier 

TRAY 

VENT 
/ 

COVER 

CORRUGATED \ 

TRAYS 

FOR INSECT 
t 



SECTION 6 

The PACKAGING AND STORAGE SOUR- 
CE BOOK provides information an differ- 
ent alternatives. 

Heat sealers (see also case study 7) 

Plzstlc bags can be sealed by foldtng the 
edge of the bag over the teeth of a hacksaw 
blade (a used hacksaw blade works better), 
and passing the folded edge through a 
flame. The result does not look as good as 
when a heat sealer is used, but practice can 
improve the appearance of the bag. 

A simple machine seals plastic bags by 
pressing the plastic between heated bars on 
which a special tape is placed to prevent the 
plastic melting. For example: 

Polythene is a cheap and widely available 
material for bags of dried fruit or vegetables. 

Write to: 

dobns Bass 8c Co. Ltd 
Castle Street 
Knott Mill 
Manchester MS SND 
U.K. 

Bar Type impulse 

This machine can be locally reproduced. Write to: 
While it is designed to use electricity, alter- 
native sources could be used for heating the Thomas Packaging Equipment Company 

bar (a hot iron for example). 
Senate House. Tyesan Street 
London E8 2ND 
U.K. 
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SECTION 7 

Requirements for Setting U 
Food Processing Unit. 
B ased on the experiences of a Redd Bar- 
na Project at Ranna, Sri Lanka the follow- 
ing are recommended. Rs 24 = US $1 
(1985 prices). 
A small factory building is required initial- 
ly, if the project is to run through a pilot 
stage, an existing building could be utilized. 
A working area, storage area, toilet, large 
sink, and water tank are needed. Electricity 
would be useful but is not essential. The 
size should be about 400 feet square (35- 
40 square metres). If a building is to be 
purpose built then a hygienic design needs 
to be considered - for instance the floor 
should be sloped for drainage, all surfaces 
should be smooth and easily cleanable, etc. 
The cost would be approximately Rs. 
100,000. (US $4200, 1985 prices) 
The optimum number of workers for a unit 
of this type is probably about 6, but will 
depend on level ot output anticipated. The 
level of education amongst the Redd Barna 
trainees is high (all have passed 0 level ex- 
ams and half have A levels), but this stan- 
dard is not essential. It is important to have 
people who can do the accounts and calcu- 
late castings. One or more people will be 
responsible for selling/marketing. 

Some other basic items which would be 
useful in a food processing unit are: 
plastic bowls, strainer, basins, buckets, 
plates, spoons, jugs, vegetable scrapers, 
ladle, knife sharpener, tongs - cost = Rs. 
l,OOO/-. $42. 
Equipment for cleaning such as: scrubbing 
brush, cotton swabs, mop, scourers, 
brooms, brushes, scraper, hose pipe, rub- 
ber gloves, towels, cloths - comes to about 
Rs. 400/- $17. 

Tofol~~ooot 

RS 
’ Btillding 100,000 

Furniture & fittings 4,350 
Equiptrient 

116,090 

Working capital 
(2 ivIgs material) j sQbQQ!J 

146,090 

$US 
4,167 

181 
489 

4,837 

6,087 
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SECTION 7 

Obviously the total investment for this type 
of project is well beyond the means of 
many villages or individuals and often cred- 
it is not available. On a home production 
level some of this equipment can be re- 
placed with either locally available or less 
expensive items. For example, a fire, sim- 
ple measuring equipment, an enamelled or 
clay pan and a thermometer would replace 
gas cylinders and rings, an analytical bal- 
ance, a stainless steel saucepan and a re- 

fractometer respectively. Assuming that 
the building (preferably insect proof), a 
table and a clean water supply are already 
there, and therefore do not present any ad- 
ditional cost, then the total capital invest- 
ment for home production would be ap- 
proximately Rs 1200 or $50. In addition 
many of the jugs, spoons and bowls could 
be replaced with calabashes. These prices 
can all vary quite significantly between 
countries. 

APPENDIX 

Building Requirements 

Ideally a specially constructed building should be used although many small industries are 
started at the home kitchen level. Certain basic requirements, however, should be consid- 
ered. 

a. The premises should be kept as clean and hygienic as possible. 
b. All surfaces should be kept clean and completely washed down after each day’s produc- 

tion. 
c. Windows should be open for ventilation but covered with fly proof mesh. 
d. Potable water and if possible electricity should be available. 
e. Animals and smoking should not be allowed in the plant. 
f. The floor of the working area should if possible be constructed of concrete sloped to a 

drain so that it can be thoroughly washed down. 

In many countries Public Health legislation on the production of foods exists. In such cases 
the relevant authority should be consulted. 
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CONTACTS 

The following can be contacted for further information on fruit and vegetable processing. 
Some of these institutions have developed their own equipment wh’ch has been or is being 
used in the field. 

BTC 
Botswana Technology Centre. P.O. Bag 0082, Gaborone, Botswana. 

IRT 
Institute de Recherche Technologique, Technology Research Institute. BP 14070 Libre- 
viile-Akebe, Gabon. 

TCC 
Technology Consultancy Centre, (Department of Mechanical Engineering), University of 
Science and Technology, Kumasi, Ghana. 

Food Processing Research Centre, Khartoum, Sudan. 

UNICEF 
Eastern Africa Regional Office, P.O. Box 44145, Nairobi, Kenya 

UNICEF 
Regional Office for Central and West Africa, B.P.443, Abidjan 04, Ivory Coast 

ASIA 

AFPRO 
Action for Food Production, C52. ND South Extension II, New Delhi -- 16, India 

BRAC 
Bangladesh Rural Advancement Committee, 66 Mohakhali Commercial Area, Dhaka - 
12, Bangladesh 

CFTRI 
Central Food Technological Research Institute, Mysore 570-013, India 

Bandung Institute of Technology, Development Technology Centre, P.O. Box 276, 
Bandung, Indonesia 

GATEIGTZ 
German Appropriate Technology Exchange, Postfach 5180, D-6236 Eschborn 1, West 
Germany 

GRET 
Groupe de Recherche et d’Exchanges Technologiques, 203 Rue Lafayette, Paris 75010, 
France 

ITDG 
Intermediate Technology Development Group, Myson House, Railway Terrace, Rugby 
CV213HT, UK 
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CONTACTS 

SKAT 
Swiss Centre for Appropriate Technology, Varnbuelstrasse 
Switzerland 

14, St Gallen CH 9000, 

TORI 
Overseas Development Natural Resources Institute. 
Tropical Development and Research Institute, 56-62 Gray’s Inn Road, London WClX 
8LU, UK 

CENTRAL AMEtUCA; 

CEMAT 
Centro Mesoamericano de Estudios Sobre Tecnologia Apropriada, Apartado Postal 1160, 
18 Calle 22-52 Zona 10, Ciudad de Guatemala, Guatemala 

CITA 
Centro de Investigaciones en Tecnologias de Alimentos, Universidad de Costa Rica, San 
Jose, Costa Rica 

INCAP 
Institute de Nutrition de Centro America, Apartado Postal 1188, Carretera Roosevelt 
Zona 11, Ciudad de Guatemala, Guatemala 

SOUTH PACtFIC 

AT01 
Appropriate Technology Development Institute, The Papua New Guinea University of 
Technology, PO Box 793,Lae, Papua New Guinea 

AMERICA 

Brace Research Institute, McGill University, Montreal 2 PQ. Canada 

IDRC 
International Development Research Centq+ 
Box 8500, Ottawa, Canada KlG 3H9 

Post Harvest Institute for Perishables Information Centre, 314 University of 
Idaho Library, Moscow, Idaho 83843, US 

UNlCEF 
886 United Nations, New York, N.Y.100%7, USA 

VITA 
Volunteers in Technical Assistance, 1815 North Lynn Street, Suite 200 Arlington Virginia 
22209, USA 
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For further information, write to: 

United Nations Development Fund for Women (UNIFEM) 
304 East 45th Street, 11 th Floor 

United Nations 
New York 

N.Y. 10017, 
U.S.A. 

Attention: Food Technologies 


