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EXECUTIVE SUMMARY 
 

Cultivation, consumption and processing of locally grown fruits, nuts, starchy staples and 
vegetables in Pohnpei fall well below potential which has resulted in excessive dependence on 
imported processed foods.  The Island Food Community has been in the vanguard of increasing 
public awareness of the nutritional benefits of local produce particularly varieties of bananas and 
other staples high in micronutrients.  These programmes and the synergy from Pohnpei 
Agriculture through the Pilot Farm and the extension services have made significant inroads into 
the inertia in the horticulture sector. 
 
As part of a multilateral approach to augmenting food-related activity, the Island Food 
Community has sponsored a programme of food processing specifically directed toward village 
level entrepreneurs.  A series of workshops has been conducted in Pohnpei the subjects of which 
were the preservation of local foods to generate income and to improve food choice.  Participants 
have produced approximately 20 preserved products and the formulations have been rationalised 
and reported here.   
 
However, this is a project that should not be left in isolation.  The recommendations of the 
participants inter alia have included a request for further, on-going support.  Presupposing that 
these workshops stimulate continuing activity among participants, a model for a general purpose 
food processing centre has been suggested because it is a concept that has been adopted in 
Vanuatu and is being implemented in Kiribati.  Using such a facility, food producers can lease 
time in a well-equipped facility and they can receive advanced instruction in food processing, 
hygiene and product development.  The facility does not preclude village-based processing since 
access is available to all practitioners.  A major advantage is that partial processing can be 
devolved to rural areas but with modern techniques and facilities brings Pohnpei’s food products 
within the realm of export market – a long term goal but coveted because new money is added to 
the economy.   
 
Such a facility is a major undertaking and an assessment of the feasibility of such a facility falls 
outside the ToRs of this current intervention.  However this feasibility study was recommended 
by workshop participants and may add further sustainability to the first steps in food processing 
that were taken and reported here. 
 
It is the immediate aim that the consumption of local foods – particularly those high in 
micronutrients – is encouraged through education and promotional campaigns including major 
undertakings such as the World Food Day Exposé.  The series of workshops and public 
awareness campaigns, which formed the major thrust of this mission, are part of that effort by 
offering alternatives to imported equivalent products.  In addition an integrated farm, processing 
and marketing operation will be the fountainhead of increased employment particularly among 
rural and disadvantaged groups. 
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RECOMMENDATIONS 
 

1. Reliance on fry-drying and sugar preservation was necessary because of the lack of 
food processing technology.   It is however recommended that the range of products 
produced is modified as technology permits to reduce the dependency on frying and 
sugar addition so that the nutritional value is improved in due course. 

 
2. It is recommended that great care should be exercised in the promotion of food 

processing activities to ensure that the consumption of fresh local products is not 
impeded. 

 
3. It is recommended that future training programmes should emphasis even further 

the importance of hygiene not only in food preparation but in all aspects of Pohnpei 
lifestyle. 

 
4. It is further recommended that activity in the production and processing of food is 

structured and implemented in such a way that it does not pose a threat to the 
Pohnpei environment or the ability of the agricultural sector to sustain levels of raw 
material production. 

 
5. It is recommended that the State Office of Economic Affairs is the lead agency in 

collating evidence of continued activity in food processing among participants.   
 

6. It is recommended that ongoing support for this monitoring programme is provided 
by all stake-holders including Pohnpei Island Food Community, extension officers, 
church groups and the participants themselves. 

 
7. In line with the recommendations that were formulated during the workshop it is 

therefore recommended that a feasibility study is undertaken to assess the viability 
of a general purpose food processing facility provided that there is tangible evidence 
that participants have capitalised on the skills acquired in these workshops.   

 
8. The Terms of Reference for such a study should include: 

 
• Projected cash flows 
• The accessibility for all processors in Pohnpei 
• Estimates of markets for the most promising products 
• Detailed study of the equipment requirements 
• The ability of the Agricultural sector to respond to increased demand. 
• The role of the China-funded Pilot Farm. 
• Detailed capital costs 
• Detailed fixed costs 
• Detailed variable costs for selected products 
• Sources of funding 

 
9. Wherever possible the basic tenets relating to food processing, food handling and 

food promotion are promoted throughout Pohnpei by food professionals. 
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10. Until such time that there is a suitable repository for food handling and processing 
equipment all items will be held at the Pohnpei Island Food Community and will be 
made available for loan purposes to those active in the field. 

 
 

11. Workshop Recommendations 
 
• Form cooperatives in order to allocate the tasks of raw material procurement, 

processing and marketing. 
• Request assistance in the commercialisation of food activities. 
• Request assistance in conducting a feasibility study for the processors for the 

establishment of a general purpose food processing facility for the use of small scale 
food.  
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CHAPTER I 
 

STRATEGIES FOR THE DEVELOPMENT OF FOOD ACTIVITIES IN POHNPEI 
 

1.0 Introduction 
 
The Island Food Community of Pohnpei has had a major influence on increasing the consumption 
of local foods.  The latest available figures suggest however that there is significant dependence 
on imported foods (Table I).  Previous reports (Beyer, 2003) have highlighted that there is 
enormous scope to increase the activity in the production and processing of food crops in 
Pohnpei.  Not only will increased consumption of local foods reduce the burden on balance of 
payments but also improve the nutritional status of the people of Pohnpei.  Other benefits such as 
increasing the levels of informal employment including subsistence farming, stemming urban 
drift and empowering women are obvious benefits of increased on-shore food value adding. 
 
Table 1 Major Food Imports 

 
Imports $USD 

Canned meat 1,147 
Canned fish 1,730 
Frozen meat 3,089 

Poultry 2,670 
Eggs 89 
Rice 4,566 
Flour 627 

Noodles 1,587 
Fruits/veg* 750 

 
• Excludes figures for Kosrae. 

 
Figure 1: Fine Examples of Mixed Cropping at Pohnpei Agriculture’s Pilot Farm 
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This mission was inter alia was designed to provide the impetus for initiation of food processing 
so that these inherent impediments to economic and social developments might be addressed. 
 
The Island Food Community of Pohnpei had identified the key issue of food processing as the 
major target for this mission and the Terms of Reference (Appendix 1) for this study reflect this. 
 
The major thrust of these Terms of Reference was to initiate training in food processing. The 
most common methods of food preservation are: 
 

• Canning 
• Freezing 
• Dehydration 
• Addition of microbial inhibitors such as sugar, acids, salt and other preservatives. 

 
However there are no options for canning and freezing since these production techniques are 
currently inhibited by the lack of equipment. 
 
The choices of products were therefore confined to those that can be prepared by the available 
equipment and the raw materials.     
 
Drying is the simple passive evaporation of moisture from the surface of food.  It is not possible 
to dry food to sufficiently low moisture content for shelf stability using air with relative humidity 
values in excess of 55%.  It is rare that the relative humidity of ambient air in Pohnpei drops 
below 75% so that simple passive drying is not possible. 
 
Alternative methods such as fry drying and hot air drying are possible and these were described in 
the Drying and Dehydration Workshop which was held during the mission to Pohnpei.  The 
instructional material used in the workshop is included at Chapter 3.  In the absence of hot air, 
dehumidifiers or freeze dryers, the options available are to remove moisture during fry drying or 
to add other food components (humectants) to depress the water activity of the natural food.  
Thus the techniques that can be used for drying include fry-drying and addition of soluble 
materials to the native food to depress the water activity – sugar.  Most common sugar preserves 
are fruit in syrup, jams, jellies and candy. 
 
Fry-dried products are extremely popular because the flavour compounds produced during frying 
(Amadori compounds) have a pleasant taste and most flavours are more soluble in oil so that fry-
dried snacks are often more popular than boiled products.  Unfortunately these products have a 
high energy value.  For Pohnpei however, those made with raw materials such Karat banana have 
vitamin A, which is missing from imported snack foods based on corn or potato, and hence have 
a comparative advantage over conventional snacks.   
 
Acid will prevent bacterial growth and it is possible preserve foods in acid solution – most 
commonly acetic acid or vinegar.  Adding boiling vinegar to vegetable pasteurises the outer 
surfaces – the site of heaviest bacterial contamination.  If these items are sealed immediately after 
vinegar addition then bacterial activity is usually halted.  In addition, vinegar is simple to make 
by fermentation of any food carbohydrate source (often ripe fruit), initially to alcohol and 
eventually to acetic acid.  The method for making vinegar was included in the workshop so that it 
could be used in acid preserves such as pickles and chutneys. 
 
The formulations for the products prepared are given at Appendix 2.   
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1.1 Strategy for the Future. 
 
The range of products and the food handling techniques described during the workshops is 
adequate to preserve locally grown raw materials and to substitute imported, analogous products.  
However, the portfolio of products developed and demonstrated during the workshops and visits 
to villages is severely restricted by the technology available and the raw material base.   
Approximately 20 products have been developed most of which are sufficiently safe and 
acceptable to succeed on the domestic market.   
 
Food handling and hygiene are important issues for Pohnpei.  Some bacteria will multiply nearly 
thirty times faster in prevailing temperature and humidity than in cooler more temperate 
locations.  Hygiene impinges on more than just food but all aspects of public health. 
 
It is therefore recommended that future training regimens should emphasis even further the 
importance of hygiene not only in food preparation but in all aspects of Pohnpei lifestyle. 
 
Reliance on fry-drying and sugar preservation was necessary because of the lack of food 
processing technology.    
 
It is however recommended that the range of products produced is modified as technology 
permits to reduce the dependency on frying and sugar addition so that the nutritional value 
is improved in due course. 
 
Some products have the potential to succeed in the international market but require 
standardisation through formal quality control support (eg Hazard Analysis and Critical Control 
Points – HACCP), correct packaging and labelling and accredited food production facilities (eg 
ISO series).   
 
If food production activity remains within the confines of small collectives, it is possible that 
there will be duplication in the items produced leading to market saturation and unnecessary 
competition.  If on the other hand there is much wider cooperation and rationalisation of 
expenditure on equipment and facilities it becomes possible to unify effort, coordinate raw 
material supply and spread costs of equipment and facilities.  In addition, increased demand for 
fresh local crops for processing may mean that prices rise to the point beyond the purse of many 
Pohnpei residents.  This is undesirable because there should never be impediments to the 
consumption of fresh, local fruits, nuts and vegetables. 
 
It is recommended that great care should be exercised in the promotion of food processing 
activities to ensure that the consumption of fresh local products is not impeded. 
 
It is further recommended that activity in the production and processing of food is 
structured and implemented in such a way that it does not pose a threat to the Pohnpei 
environment. 
 
There are practical precedents among other Pacific Island Nations where food processing effort is 
unified through a single general purpose food processing facility.  In such models a well-
equipped facility can be used by all interest parties on an as-required basis either through a 
leasing or renting basis or through an equity share.  It does not predicate urban drift because items 
can be partially processed in rural areas, transported to the processing facility for on-processing to 
meet local and export market standards (eg Codex, Australia and New Zealand Food Authority).  
Such facilities have become commercially viable in other similar states around the Pacific region.  
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The success of such facilities has depended on the willingness of participants and stakeholders 
and entrepreneurs to provide tangible evidence that skills acquired during training and continued 
support are translated into food businesses.  Evidence of such activity indicates that there is not 
mere passive acceptance of assistance but that participants are committed to making an input into 
development.  If such indicators suggest that the assistance provided here is being matched with 
commitment in the form of tangible activity, then the implementation of further assistance is 
recommended. 
 
Some indicators are obvious such as the increase in local food products appearing in 
supermarkets and kiosks.  Other activity will be less obvious and may simply be the increase in 
agricultural production for village consumption.  Raw materials may be substituted for home-
made preserves appearing in the home kitchens.  At some later date the expenditure on 
importation of processed foods will appear in the statistical data gathered by State and Federal 
legislators. 
 
In view of the number of ways in which food related activity may be manifest, the State Office of 
Economic Affairs is most appropriately equipped to act as the lead agency in monitoring the 
impact of this mission.  With links to other interested and stakeholders such as the Pohnpei Island 
Food Community, Pohnpei Agriculture and its extension service, the Church groups and 
women’s’ groups and collectives it is in the best position to collate participant involvement. 
 
It is recommended that the State Office of Economic Affairs is the lead agency in collating 
evidence of continued activity in food processing among participants.   
 
It is recommended that ongoing support for this monitoring programme is provided by all 
stakeholders including Pohnpei Island Food Community, Extension officers, Church groups 
and the participants themselves. 
 
Sustainability of food activity is impossible without the will of the community to participate in 
food processing.  However given that interest continues after the mission then the processors will 
require further assistance.  The most appropriate method may be the establishment of a 
centralised food processing facility.  In previous instances it has been relatively easy to source 
funding for such facilities but a comprehensive assessment should be made of its viability and 
thus sustainability.  This next step was recommended by the workshop participants. 
 
In line with the recommendations that were formulated during the workshop therefore, it is 
recommended that a feasibility study is undertaken to assess the viability of a general 
purpose food processing facility provided that there is tangible evidence that participants 
have capitalised on the material provided in these workshops.   
 
The Terms of Reference for such a study should include: 
 

• Projected cash flows 
• The accessibility for all processors in Pohnpei 
• Estimates of markets for the most promising products 
• Detailed study of the equipment requirements 
• The ability of the Agricultural sector to respond to increased demand. 
• The role of the China-funded Pilot Farm. 
• Detailed capital costs 
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• Detailed fixed costs 
• Detailed variable costs for selected products 
• An assessment of the impact of the Pohnpei environment. 

 
Considerable interest was generated during the workshops, visits and meetings held during the 
period of the mission.  It is very encouraging that many individuals and groups and collectives 
have continued and are now producing preserved products for sale and home consumption.  If 
such activity continues, further assistance will help participants and practitioners to progress to 
commercial and hence more sustainable level.  If the indicators would support the participants’ 
stated intent to continue development of food activity then the follow up course of action is 
outlined in the recommendations stated in this chapter. 
 

Figure 2; Sub Optimal Facilities no Deterrent in Enipein 
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CHAPTER 2 
 

WORKSHOP ON FOOD PROCESSING, FOOD HANDLING AND FOOD 
PRODUCT DEVELOPMENT 

 
2.1 Workshop Objectives 
 
A workshop was organised and sponsored by the The Island Food Community of Pohnpei for the 
week of 4th to the 9th October 2004 in Kolonia, Pohnpei.  The objectives of the workshop were to 
introduce participants to the basic principles of food preservation and the subsequent 
opportunities that emerge to initiate food businesses.  The intended impacts have been to increase 
the consumption of local foods, decrease the dependence on imported foods and to improve the 
economic status of Pohnpei, ultimately leading to an improvement in lifestyle. 
 
Training included an introduction to food handling, food spoilage and deterioration and the 
techniques for food preservation.  The topics covered during the workshop were extended to 
include product development so that the participants were empowered to select and prepare 
marketable food items. 
 
The workshop was introduced with a series of presentations on the elements of initiating a food 
processing operation.  The resource material is included as an Annex to this Chapter.   Further 
presentations were given each morning but the importance of the practical element in product 
development was stressed by the majority of time that was devoted to the preparation of 
marketable food items by the participants. 
 
2.1.1 Food Handling 
 
The transition from domestic food preparation in which food items are intended for immediate or 
almost immediate consumption requires that the issue of food poisoning and food deterioration 
are given very high priority.    
 
Good food handling is aimed at reducing the number of bacteria, yeasts and viruses (collectively 
known as microorganisms) that infect food.  Most food comes from the soil, trees, the sea or 
fields, which are high bacterial environments.  Each food handler is equally host to very large 
numbers of microorganisms.  
 
Even though we used techniques such as pickling, freezing, canning and drying to preserve foods 
it is still very important to keep the numbers of microorganisms as low as possible because: 
 

• Large numbers of some microorganisms on food may cause sickness even though the 
food is preserved later. 

• Freezing and chilling does not kill all microorganisms – it only stops them growing. 
• The more gentle food preserving methods (bottling in syrup and pickling in vinegar) does 

not destroy all microorganisms.  The number of microorganisms left after adding the 
syrup or vinegar depends on the ones present to begin with. 

• Some bacteria will double their numbers every two or three minutes so that if a food has 
become contaminated by poor handling methods then it will contaminate surfaces such as 
chopping boards and knives.  Thus any food placed on that surface or cut with that knife 
will become contaminated. 
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2.1.2 Personal Hygiene 
 
No matter how often we wash, shower or bathe we still carry a very large number of bacteria 
around with us.  They are especially prevalent on our hands, hair, mouth, nose and toilet areas 
and can build up under arms and groin.  Although most of what we carry around is harmless, 
those found in our digestive system and thus our toilet areas can cause illness in others.  As we go 
to the toilet those same bacteria are transferred to our hands – even through as many as 12 layers 
of toilet paper.  Hand-washing will remove some of them but not all.  They will thus be 
transferred to the towel (and our own personal towel) and to the door handle.   
 
It is important to wash our hands as we finish using the toilet – it is equally important to wash 
them again just before starting to handle food.   
 
In Pohnpei it is common to carry a personal towel that is used to wipe hands and face and to 
cover the head.  After a very short time this towel will become contaminated with a large number 
of bacteria which have got there from the hair, face wiping and from drying the hands.  It must 
not be used therefore in food areas.   
 
Sneezing spreads bacteria through the spray (aerosol) and so sneezing near food is not acceptable.  
Sneezing into a handkerchief or towel means that the bacteria are transferred.  Once again hands 
should be washed if the towel or handkerchief is used.  If a tissue is used then it should be 
discarded after use (not used twice) and then discarded. 
 
For the reasons outlined above hair should not be combed near food. Chewing is not normally 
allowed because of aerosols that can come out of the mouth and because chewing gum is very 
unhygienic especially if it is thrown away carelessly.  Betel nut chewing and smoking are equally 
unacceptable around food and spitting is a very dangerous practice. 
 
As food production increases, then it will be necessary to buy special uniforms for use in the 
preparation areas. These are usually white so that it is possible to see when they require washing. 
 
Other food premises in more developed nations require that hair is covered and face masks are 
used.  This may become a requirement as food processing activity increases in Micronesia and 
exporting of products is initiated. 
 
Open wounds and infections such as colds, ‘flu and coughing are undesirable in the food 
processing area and patients are urged to stay at home while infective. 
 
2.1.3 Premises 
 
At first, most food producers in Pohnpei will have to use a kitchen or village hall. 
 
These are not particularly well designed for good food hygiene but there are a number of things 
that can be done to improve the facilities.  Simple low cost features can be:  
 

• The work area is secure and only accessible to food handlers.   
• Children and animals should be excluded. 
• The windows are fitted with fly screens. 
• The floor can be flooded so that a hose can be used for cleaning. 
• Water heating device and waste disposal are close at hand. 
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• The ceiling should not allow pests such as geckos and other vermin to gain access or to 
live. 

• Ceilings should be easily accessible with no dust traps (so that dust does not blow into 
food during processing). 

• Shelves should be low enough to be seen and cleaned easily. 
 
2.1.4 Raw Materials 
 
Fruits, nuts, starchy staples and other vegetables - raw materials - are grown in outside 
environments or soil so that they usually have high numbers of bacteria on them.   These bacteria 
should not be introduced into the food production area.   Wherever possible the raw materials 
should be washed before bringing into the food processing area.  Coconuts should be de-husked, 
root crops washed and dipped in diluted Chlorox (1 part Chlorox to 20 parts water). 
 
Then they can be brought into the processing area. 
 
They should be kept out of the sun and cooled as far as possible by storing out of direct sunlight.  
They should be organised so that they are used in the order that they arrive - so called; first in, 
first used - so that they are not kept excessively long before being processed. 
 
Packaging should be stored in such a way so that dust and dirt cannot settle (jars and boxes stored 
upside down).   
 
Recycled jars and lids should be washed thoroughly and labels should be removed. They should 
be boiled and rinsed in Chlorox and dried prior to being filled.  As soon as possible a system 
should be installed in which new lids are purchased.  The most desirable systems are those that 
offer refunds for used jars (perhaps branded with distinct shape) which are then fitted with new 
lids. 
 

Figure 3: Superb Quality Sweet Potato on Display at World Food Day 
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2.1.5 Finished Products 
 
The finished products are usually the most valuable items because they have cost time and raw 
materials in their manufacture.  They should be therefore treated with great care.  The ultimate 
packaging is often that which is displayed in retail outlets so that finished product storage areas 
must prevent deterioration of the finished product packaging.  In addition, even preserved foods 
deteriorate, hence ‘Use by,’ and ‘Best before,’ dates on foods on sale in Codex compliant 
countries.  Storage areas for finished products should thus be: 
 

• clean and dry, 
• secure to prevent tampering  
• vermin-free and  
• sufficiently spacious to allow rotation, for the oldest products to be sold first. 

 
2.1.6 Clean Down Procedures 
 
A range of custom-prepared clean down materials is available for the food industry and blends of 
sterilants, sequestrants and detergents are formulated to suit unique cleaning problems 
encountered during production.  These are currently out of the range of the village-based 
processors in Pohnpei.   
 
Chlorine-based household cleaner can be used as a first step in formal clean down procedures.  
Dilute solutions are satisfactory for cleaning food preparation surfaces, and more concentrated 
solutions can be used for equipment and preparation surfaces.  All areas should be cleaned 
regularly before and after use.   At the end of the day utensils and cutting surfaces should be 
soaked in disinfectant.  Tables should be tilted through 90 degrees.  At the start of the day all 
utensils and cutting material should be rewashed and sterilized.  The dissipation of the chlorine 
can be assessed by smell.  This is important to avoid the aroma of chlorine tainting finished 
products. 
 
Written clean down procedures should be prepared and these can be accompanied by a check list 
of items that must be cleaned and the methods and cleaning materials that are to be used to clean 
them.  Procedures should be written for the start of the day, the end of a batch of products, lunch 
and mid-morning breaks and for end of the day. 
 
As processing operations evolve and grow then more sophisticated and detailed clean-down 
procedures can be developed. 
 
2.2 Food Preservation 
 
A comprehensive description of the methods of food preservation was given to workshop 
participants.  Pohnpei is in the early stages of developing a food industry and so the options for 
food preservation are limited.   
 
Of the common techniques used in food preservation which are: 
 

• Canning and other hermetic sterilising techniques 
• Freezing 
• Dehydration 
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• Combinations of bacterio-inhibitory techniques (acid and sugar, acid and salt, acid, nitrite 
and salt) 

 
The expense of canning technology is prohibitive at this stage of Pohnpei’s development and 
there is no established cold chain for the production and distribution of frozen products.  Hence 
for village based and cottage industries the two techniques available for the nascent processor is 
to  make foods hostile to bacterial growth or to dehydrate foods. 
 
Dehydration using ambient air is rarely will achieve a moisture end point which will prevent 
bacterial and mould growth (See Chapter 3).  Air with relative humidity 90% will equilibrate with 
food with water activity 0.9 which is not sufficiently low for preservation.  The options for the 
processors therefore are; 
 

• To remove the water by such techniques as frying or, 
• To alter the formulation so that the water is left in the food but it is rendered unavailable 

for bacterial growth. 
 
Hence the range of products selected by the participants was: 
 
Sugar preserves, 
Acid preserves and  
Dry-fried products. 
 
The generic formulations for these products are given at Appendix 2. 
 
2.3 Product Development 
 
Participants used the guidelines given in the resource material (Annex to this Chapter – Module 
3) to generate ideas for products within the constraints of available technology and the raw 
material base.  The major focus of the workshop was to develop prototype products of which 
ninety were developed during the week. 
 
Emphasis was given however to the other aspects of development including the methods which 
can be used to establish the costs of producing new food items.  The standard approximation of 
costing new products new products even among international food companies is to add the cost of 
all raw materials (including packaging) and multiply the sum by three.  The value added tax rate 
(Goods and Services tax or Sales Tax – whichever is relevant to the country of manufacture) is 
added to this sum.  This is then an approximation of the cost of a product as it leaves the 
processors premises.  The cost of distribution and the profit must be added to this.  Such a margin 
approximately covers processing costs including labour, services and fixed and variable costs 
incurred by a small operation.  As food processing organisations grow then the costs can be 
trimmed further but these guidelines should ensure economic viability in the meantime.  
 
It is important to establish with which products the new product competes.  It is vital that the 
consumers’ motives for buying the product are understood.  Chutneys for instance are a way of 
making rather bland products such as root crops more interesting.  Jams are considered to be 
something of a luxury item in the pacific again adding interest to cereals.  Dry-fried chips are 
likely to displace imported savoury snacks which are often purchased on impulse.   
 
In any event, it is vital that the manufacturer understands the market and the buying motive for 
their products.  Only then can the competition be identified.  Once the competition is identified 
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then the economic viability of the product can be assessed.  For instance direct copies of the 
competition (‘Me Too,’ product development) must be cheaper or offer the consumer something 
extra – an added feature.  To match or beat the cost of the competition then the product must be 
either; 
 

• modified to reduce the cost, 
• modified to include sufficient features to overcome the competition, or 
• abandoned. 

 
The importance of maintaining high throughput rates to reduce fixed costs per unit item were 
stressed.   The participants understood that varieties of essentially identical products enabled 
them to increase the number of items being produced thereby exploiting savings resulting from 
larger rates of production. 
 
2.4 Costing 
 
During development of new products it is important to assess the likely costs using the 
approximation given above. 
 
As an example, if the total components including the packaging for 50g of banana snacks cost 9c 
then the cost leaving the processing facility are approximately 27c + 10% (if the sales tax is 10%) 
which gives a total of ~30c.  In addition to this the distribution and profit must be added. 
 
If the newly developed product fails to reach price of the competition then three options are open 
to the developer: 
 

• Accept a lower profit margin. 
• Reformulate the product to reduce raw material costs 
• Re-organise the production and sourcing schedules to reduce processing costs. 

 
It must be stressed that the product must not continue if it cannot be marketed at a profit.  
 
Savings however may be possible if the costs of raw materials can be reduced.  This is most 
effectively achieved if the organisation has some control over raw material supply and cost.  In 
addition it may be possible to reduce profit margins if the marketing function is also controlled by 
the same organisation.  Hence there is a good case for forming collectives.   
 
2.5 Formation of Collectives and Cooperatives 
 
Cost savings have been made throughout the pacific region by ensuring that there is a scheduled 
supply of raw materials.  Even industries with very narrow profit margins (eg frozen free-free 
flow manioc) can become lucrative by ensuring that the raw material is supplied in a regular and 
predictable manner ensuring maximum use of processing facilities.  With developing food 
industries, there is rarely sufficient financial wealth to control the basic elements of: 
 

• Raw material supply  
• Processing  
• Marketing   
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It is common to devolve the essential units of a successful business among several units 
organized into a collectives or cooperatives.  Collectives tend to form naturally but it is important 
to recognise that the cooperative must have sub-groups which are prepared to assume the 
responsibility for each of the core function. 
 
 Within this framework, the members of the workshop participants proposed the following 
recommendations: 
 

• Form cooperatives in order to allocate the tasks of raw material procurement, 
processing and marketing. 

• Request assistance in the commercialisation of food activities 
• Request assistance in conducting a feasibility study for the establishment of a 

general purpose food processing facility for the use of small scale food processors. 
 
Resource material used in the workshop centred upon the second element of processed food 
production – food processing.  The resource material follows at Annex 1 to this chapter.  There is 
sufficient information contained here for entrepreneurs to take the first steps in food business but 
further assistance may be required later.  The mechanism by which this assistance might be 
delivered has been discussed in Chapter 1. 
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TRAINING MANUAL – POHNPEI 
 

MODULE 1 – FOOD HANDLING 
 
Introduction 
 
Our food comes from the soil (as vegetables and some fruits) from trees (such as nuts and fruits 
like mangoes and pawpaw) and from animals that we farm (such as chickens, cattle and pigs) or 
that we catch or hunt (such as fish and pigeons) other foods come from animals such as eggs and 
milk. 
 
Some of the foods we eat are seeds which are kept from one growing season to another.  These 
foods are nuts, and cereals such as rice and wheat.  They will keep well if they are kept dry and 
very well if they are kept cool and dry. 
 
But most of the foods we eat spoil very quickly - especially at the high temperatures that are 
found in tropical countries such as the Federated States.  They spoil for two reasons: 
 

 The life processes may continue (fruits and vegetables continue to ripen and then over-
ripen). 

 
 They are attacked by life forms that are too small for us to see – germs. 

 
Life and Death Processes 
 
All life forms go through a period of growth maturity and ultimately decay and death.  Bananas 
are good example.  They grow on the tree, are commonly picked almost green, turn yellow as we 
keep them and eventually turn soft and black. 
 
We can stop these processes in some foods by chilling or by packing them in a special gas.  
Tomatoes that come from overseas are chilled as they are transported to the Pohnpei and this 
slows down the life processes so that they are in good condition when they reach Micronesia. 
 
Apples and pears are now kept in good condition all year round by chilling and packing them in a 
special gas that stops them dying. 
 
Attack by Germs 
 
All around us there are very small life forms, which are much too small to see.  They are present 
in very large numbers and there are many different types.  They are called germs or more often - 
bacteria. 
 
Some of these bacteria will grow at high temperatures some at very low temperatures.  Some will 
grow only in air and some will grow only where air is not present.  Some are so tough that they 
are not killed by boiling water. 
 
Bacteria survive well in warm humid conditions.  Light does not make a difference so that they 
grow in the day and in the night or in dark places. 
 
Places bacteria are found in very big numbers are in  
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 soil   
 animal droppings  
 human droppings (which we call feces) 
 dirty water 
 rotten food 
 human nose and throat 
 hair and all body fluids 
 all animals 

 
Although many substances may start off without any bacteria on them (what we call sterile) 
bacteria can quickly get onto them (that is they become contaminated). 
 
Most bacteria are harmless and do not cause us to become ill.  However very large numbers of 
bacteria on foods means that they spoil very quickly.  The speed at which foods spoil is 
dependent on the number and types of bacteria present.  
 
Some bacteria do cause sickness.  Not only must we have a responsible attitude toward the 
welfare of others, but also if our food products cause illness then this is very serious for the future 
of our food producing activities because others will not eat our food again.   

Part 1 BACTERIA THAT CAN CAUSE SICKNESS 
 
Ways in which Food can become Contaminated with Dangerous Bacteria 
 

1. Contamination from the equipment 
 
Some foods are always contaminated because of the ways in which they are produced.  All 
vegetables that come out of the soil for instance are contaminated with bacteria from the soil.   
Some bacteria from the soil will cause sickness (pathogenic).  Many pathogenic bacteria found in 
soil ultimately come from the droppings of animals but others are naturally present in soil. 
 
Fruits may be contaminated with bird droppings or from soil blown onto them as dust. 
 
Animal foods are contaminated with bacteria from the field or from their feces or from their 
guts.  Although the inside of meat and fish itself may be sterile (free of bacteria), it can become 
contaminated by using knives that have cut the guts and then the meat.  In addition, when we put 
contaminated food such as guts or skin onto a table or cutting board, the table or cutting board 
becomes contaminated.  The same happens with fruits and vegetables.   Our finished products 
may be sterile but if it is put onto a table that has been used to cut raw fruit then they will become 
contaminated. 
 
As we move from the field or garden to the inside of our production area then our shoes and feet 
will bring bacteria into the food preparation area.  This is worse in fruit or vegetable processing 
areas because they come in with soil on them which are brought into the food preparation area.  
In addition, workers moving in and out bring soil and therefore bacteria into the preparation area. 
 
Rule 1. Any food that falls on the floor is contaminated and cannot be eaten without either 
washing carefully or reprocessing. 
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Food (and peeling and trimmings) that is dropped on the floor also attracts birds, rats, mice and 
cockroaches.  All of these animals may walk through soil or feces and then over tables and will 
then transfer bacteria from soil and animal droppings to the table and then to the food and our 
hands. 
 
Rule 2. Any food that falls on the floor must be removed immediately so that rats, mice, 
insects and other animals will not want to come into the factory. 
 
Rule 3. Dirty areas such as around the vegetable or fruit washing area and the entrances 
should be washed regularly.   
 
Rule 4. Waste food should be disposed of away from the production area so as not to attract 
rats mice birds etc.  (Wherever possible vegetable waste should be composted). 
 
Rule 5. Movement in and out of the production area should be kept to a minimum and all 
doors that can be closed should be kept closed at all times. 
 
Rule 6. All foods or items that go into food like salt and sugar must be covered at all times. 
 

2. Contamination from humans 
 
Factory staff will bring bacteria into the factory on their shoes and feet.  But we are all carriers of 
bacteria in addition to those that we have picked up on our feet.  We carry bacteria on our hands 
from everything we have touched.   
 
So if we have just stroked a dog or cat then we will have many bacteria on our hands because all 
animals are heavily contaminated with bacteria. 
 
We may have been to the toilet and not washed our hands afterwards.  Remember that feces and 
also the areas around our bodies that are near to the toilet areas are heavily contaminated with 
bacteria unless we take a shower every time we use the toilet.  This is not possible.  Bacteria can 
get through 8 layers of toilet paper and so if we use the toilet we have many, many bacteria on 
our hands. 
 
Rule 7. Hands must be washed using soap and water after using the toilet – EVERY TIME. 
 
Sometimes there is only one very dirty towel that may have been used by many others.  They may 
not have washed their hands very well after using the toilet.  Do not use it.  Shake your hands dry 
and don’t touch anything else before handling food. 
 
It is the custom in Pacific Island countries to shake hands regularly with friends and people we 
know.  They may have used the toilet and not washed their hands.  We may have touched a 
wooden handle on a bus, which has been touched by many others who have not washed their 
hands.  We may have slipped and put our hands on the ground which – as we know has many 
many bacteria. 
 
Rule 8. Hands must be washed every time we enter the food production area first thing in 
the morning, after using the toilet, walking outside, smoking, blowing our noses or eating. 
 
Although we carry many bacteria, most of the time they do not affect us.  But bacteria belonging 
to one person may cause sickness in another person.  These bacteria can be transferred to others 
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by sneezing when hair falls out and when we touch.  There are many bacteria around our noses 
and throat.  If we touch our nose or mouth then we will have bacteria on our hands, which can 
cause sickness in others.  Smoking is also not allowed in food factories because the bacteria from 
our noses and mouth are transferred onto our hands – again after smoking we must wash our 
hands.  Cigarette ends are heavily contaminated with bacteria they are unsightly.  
 
Rule 9.  Smoking, chewing or spitting is not permitted anywhere within the food production 
area or its grounds.  If you go out for a smoke, then you must put the cigarette end in the 
rubbish bin and you must then wash your hands. 
 
The same rule applied to eating within the factory because as we put food in our mouths or lick 
our fingers then those bacteria in our nose or throat are moved to our fingers.  It is important that 
we wash our hands after eating.  Because we may spill food on the floor (see Rule 2) then we 
must never eat in the factory areas. 
 
Rule 10.  Food must not be eaten in the production area.  Hands must be washed after 
eating. 
 
Sneezing will spread bacteria from our nose over a wide area and if we feel that we are about to 
sneeze we should move away from the food production area quickly or catch the aerosol (spray) 
in a tissue or a handkerchief.  The tissue must be discarded.  Immediately after sneezing we must 
wash our hands before touching food or anything else. 
 
Rule 11.  We never sneeze onto food.  If we sneeze into a tissue it is thrown away 
immediately and if into a handkerchief we must wash our hands immediately. 
 
If we have a boil or sore on our bodies, it is full of bacteria, which will certainly cause illness in 
others.  It must be covered with a dressing in such a way that it cannot leak.  If this is not 
possible, then your tasks for the day must not be anywhere near food. 
 
If you have a running tummy, then you should not enter the factory and should stay at home.  If it 
is only a mild case then you should tell your supervisor who will give you jobs away from food. 
 
Rule 12.  If you have any illness at all report it to your supervisor. 
 
Parts of our bodies fall off all the time.  Skin and hair are falling without us knowing about it.  So 
we must cover our hair, feet and wear clean clothing – usually white so that we can see how dirty 
it is. 

PART 2 BACTERIA THAT CAN CAUSE DAMAGE TO FOOD ITSELF 
 
Not all bacteria will cause illness.  But any food that we eat can also be used by bacteria.  When 
bacteria use food they make chemicals which may be sour or which may smell bad.  If we leave 
meat, fish or milk out of the fridge it starts to smell very quickly.  This process is called spoilage.   
 
We can stop spoilage by any one of the following methods: 
 

 Freezing 
 Packing in a can and heating it so that all the bacteria are killed (canning) 
 Drying 

 
Foods preserved this way will keep for a long time (up to 2 years)  
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We can slow down spoilage by: 
 

 Cooling in the fridge. 
 Salting. 
 Storing in vinegar (pickling). 
 Adding sugar (jam, and crystallised fruits and ginger). 
 Adding a preservative. 

 
Foods preserved this way will keep for a short time only. 
 
The time that these foods keep will depend on how many bacteria are present at the time we 
finish processing them. 
 
It is very important for our food items that we try very hard to keep bacteria out.  So in addition to 
washing our hands every chance we get, we must also make sure that we look after the food at 
every stage of the process. 
 
That means that we wash every surface that the ginger touches.  Our tables and scales must be 
cleaned so carefully that we can see no dirt on them.  Our knives have to be clean.  We must 
make sure that no dirt from splashed hoses can touch our food.  At the end of the shift we must 
work on a cleaning system that makes sure that bacteria cannot grow over night. 
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MODULE 2 FOOD PRESERVATION 

 
Traditional preserving techniques 
 
Historically, processing has been confined to practises that will preserve foods to reduce waste 
and to extend the period over which they can be eaten (shelf-life), particularly for foods with very 
short seasons.  Traditionally, foods have been preserved using techniques that exploit 
environmental factors.  Sun drying has been used extensively as a means of extending shelf life 
because of the high ambient temperatures in Pohnpei.  The process is benign - fish, occasionally 
pork, vegetables and fruits are merely sliced and laid on racks to dry.  If prevailing conditions 
permit, the foods reach a final moisture content that will stop mould growth and the products are 
edible although not always appetising.  In many cases vegetables turn brown, mould may grow 
before the drying process is completed – or occasionally later if the dried food takes up water if 
the humidity rises during storage.  Other products may bleach and become tough.   
 
A number of readily available ‘chemicals’ have been used to stabilise foods.  Salt obtained by 
sun-evaporation of seawater has been smeared onto root crops to prevent bacterial and mould 
growth during drying.  In other cases, the vegetables are dipped in seawater prior to drying and 
the salt concentrates during the drying process.  Sun-dried lime segments and evaporated lime 
juice have been used to increase the shelf lives of some root crops and bananas – the vitamin C 
and acidity both acting as preservatives.  Dusting with wood fire ash has been used to prolong the 
shelf life of breadfruit and yams.  In this case, the alkalinity is hostile to moulds and other 
bacteria. 
 
Many of these traditional preserving techniques continue to be appropriate for the preservation of 
many crops in the rural areas.  Traditional food preservation techniques remain relevant but the 
end products are losing popularity, particularly among the young.  Some of these traditional 
products continue to appeal to older members of the community and to older expatriates now 
living in Australia, New Zealand, Canada and the USA.  In some cases these products have been 
exported.  So foods preserved using traditional methods used in the Federated States can be 
exported but they have to be safe and the same every time they are made.   

Modern Techniques for Preserving Foods. 
 
Dehydration 
 
Recent innovations in dehydration and drying are directed towards reducing the relative humidity 
of the air used for drying by removing the water vapour rather increasing its temperature.  So-
called heat pump dryers pass heated air, which has previously been used for drying, over cooling 
coils.  The water vapour in the drying air condenses on the cooling coils and thus the relative 
humidity is reduced.  The same air is used repeatedly on this drying cycle.  The low temperatures 
used in this technique cause less oxidative damage and food dried by this means is usually much 
higher quality.  The heat pump dryers are used in some PINs for products where ultimate retail 
price advantage justifies the capital expenditure and the running costs, which in turn depends on 
the cost of electricity.  
 
Throughout the tropical island nations, some success has been achieved in early trials using 
secondary air dryers.  Secondary air dryers rely on drying an intermediary component – 
commonly coconut husk using wood-fired drying kilns.  Ambient air is then circulated around the 
pre-dried coconut husk, which removes the water vapour.  This reduces relative humidity of the 
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air that is then passed over the food.  The food – particularly in the latter stages of drying is not 
subjected to high temperatures and therefore suffers less deterioration.  Modern processing 
techniques have been applied to a number of products including dried cassava dalo, fruit slices 
and some thinly sliced fish.   

Canning  
 
Dalo, cassava and breadfruit some local vegetables (eg duruka) and fruits have been canned and 
exported for some 12 years.  Unfortunately canned products such as vegetables go mushy during 
canning and are not all like the fresh item.  Generally these products are not popular because they 
do not taste the same as the fresh item.  Some products canned in coconut milk are a bit better and 
sales figures are higher but coconut milk supplies are inconsistent.    
 
Canned fish (tuna) is the largest single item of canned food produced and exported from the 
pacific region with very large factories in Fiji, American Samoa and the Marshall Islands with 
smaller factories located in Tonga and Manu Samoa. 
 
An alternative technique is a multiple pasteurisation technique.  Foods are packed in 
polyethylene/nylon bags and vacuum-sealed in such a layout that the products are not touching 
and that heat can reach every food surface.  They are then immersed in boiling water for 
sufficient time for the heat to penetrate through the bags so that the surfaces of the foods reach at 
least 80oC for 15 seconds.  The pouches are then cooled using cold water to prevent over cooking.   

In low acid foods, this is sufficient to destroy the vegetative cells of bacteria but not the spores of 
heat-loving (thermophilic) bacteria.  However the heat shock is sufficient to encourage 
germination of the spores.  These are then destroyed by pasteurising again 24 hours later by 
immersion in the boiling water bath for enough time for the temperature at the surface of the 
vegetable to reach 80oC for 15 seconds.  As an extra insurance measure, the package is heated in 
the same way on a third day.  This is sufficient to destroy surface bacteria.  With carefully 
handled vegetables, the deep tissue will be sterile.  Thus this technique should result in pack 
sterility.  In the event that the packs are still not sterile – which would be manifest by blowing – 
the product can be reheated for a fourth time since the heat penetrates to the same depth each time 
and damage to the product is still confined to the outer surface.  The technique means that 
relatively little heat is applied to the surface of the vegetable and the damaging effects of the heat 
penetrate only a short distance into the tissue.  The vegetable has the appearance texture and taste 
of fresh vegetables.   

Freezing 
 
In the short period of 30 months preceding May 2000, an export industry in free-flow frozen root 
crops was established in Fiji which peaked in February of 2000. At its maximum volume, 66 
tonnes/month of frozen cassava were being exported to Australia (Beyer 2000).  Much smaller 
volumes were destined for New Zealand.  Trial shipments were also sent to Japan, but large scale 
exports were not possible because of cyanide levels that exceed Japanese standards.  An 
unexpected demand has arisen for frozen root crops however, and production level is well below 
market demand.  Other island nations including Tonga, Vanuatu and Samoa are now exploiting 
this market and there is room for other producers including Pohnpei.  However, freezing will be 
confined to the urban centres where electricity supply is consistent. 
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Fry drying 
 
There is now a large number of small fried snack root crop and plantain producers throughout the 
PINs.  Products are becoming commonplace and some are emerging as export products. 
Entrepreneurs are encouraged to use these products as a basis for increasing market depth and 
width through product development programmes described as more appropriate technology and 
products.  Cooked root crops can be mixed with wheat flour.  These can then be extruded into hot 
oil.  By mixing into dough there are many opportunities to: 
 
 Extend using other ingredients. 
 Improve acceptability by adding flavours. 
 Improve nutritional value by adding other ingredients such as carrot and tomato (vitamin A). 
 Add improvers to extend shelf life. 
 Produce more consistent product. 

 
The cooking medium can have a significant bearing on the acceptability of the final product.  
Commonly soya bean oil is used since it is the cheapest of the frying oils.  The viscosity of oils is 
temperature-dependent.  Oil temperature should be high as the product is removed.  At high 
temperature, the oil is mobile and drains from the product easily.  At low temperature, the oil 
adheres to the product thereby increasing costs (oil is commonly very expensive in the PINs).  
Fried snack foods with high oil contents are more prone to rancidity during storage, they are 
nutritionally less desirable and the mouth-feel is poor.  
 
Oils used for cooking should therefore be heated to temperatures a little below the smoke point 
and relatively small quantities of product added to it, to prevent excessive cooling.  Used oil 
should never be topped up with fresh oil.  Thus used oil should be stored and allowed to settle.  It 
may be washed with water and the (more dense) water layer drained.  The used oil pooled in such 
a way can be used for several processes after it would normally have been discarded.  
 
Spoilage of oils and fats are accelerated by sunlight and certain types of metals.  Thus we use 
high quality equipment to process such products and then we pack them in packaging that will 
stop light getting through. 
 
Preservatives 
 
Lime juice contains citric acid, which is not a preservative in its own right but which will reduce 
the pH of foods to which it is added.  Most troublesome bacteria grow well at pH values in excess 
of 4.2.  If the pH of foods can be reduced during their formulations to values below 4.2, then 
microbial growth is confined to yeasts and moulds.  The yeasts and moulds are very susceptible 
to heat and are easily destroyed during mild heat treatment such as pasteurisation (72oC for 15 
seconds).  It may not be possible to reduce the pH to these values because citric acid is sour and 
the flavour that it produces may be unacceptable.  However, any drop in pH away from the 
neutral pH values of the root crops and plantains will assist in extending keeping characteristics. 
 
Other environmental factors such as reduced water activity aw or salt or sugar will have greater 
preserving effect if the pH is shifted away from neutral.  Lime juice can thus be used successfully 
as a preservative in combination with other preserving agents. 
 
Lactic acid is another acid that is used as a preservative.  It is rarely found in pure form but is 
commonly allowed to form as a result of homofermentative lactic fermentation of sugar but lactic 



 28

organisms either added as starters (cheese) or allowed to grow naturally during fermentation in pit 
stores. 
 
Salt has been used as a preservative since recorded history.  Above a total concentration of 10% 
no bacteria will grow.  Unfortunately, this level of salt is unacceptable and is not consistent with 
current nutritional guidelines.  As with the acids even low levels of salt will inhibit some types of 
bacteria.  Three percent salt is sufficient to inhibit some bacteria and is not too high to be 
excessively salty.  Such concentrations are used to inhibit competing organisms so that more 
desirable homofermentative lactic organisms can grow and produce lactic acid.  The combination 
of salt and lactic acid is sufficient to preserve some products such as saurkraut, silver skinned 
onions and dill pickles. 
 
Vinegar contains approximately 5% acetic acid, which is commonly used as a pickling agent.  
When used in the production of sauces and pickles, it must be concentrated by boiling down or by 
using one of the other locally available preservatives (sugar salt etc). 
 
As with other additives even small quantities of salt will assist in extending the shelf life of labile 
products. 
 
Sugar has been used to preserve food since the first century AD (the roman scholar Pliny the 
Younger, AD 61 – 113, has described sugar as having been brought from India).  Concentrations 
over 35% are sufficient to preserve foods.  Unfortunately, this concentration is very sweet but it is 
used for preserving fruit as jam and conserve.  Sugar serves to reduce the water activity. 
 
As with other locally available additives, even small concentrations of sugar will extend the shelf 
life of labile products.  Again when used in combinations with acids and salt it will assist in 
prolonging shelf life. 
 
Unheated pineapple juice contains a very active protein-hydrolysing enzyme (protease), 
bromelain, which is capable of attacking the cell walls of some bacteria.  It is also capable of 
hydrolysing the proteins found in other foods but has little effect on the starchy staples.  
Unpurified pineapple juice will impart the characteristic pineapple flavour to foods. 
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MODULE 3 PRODUCT DEVELOPMENT 

WHAT PRODUCTS SHALL WE MAKE? 

If we are going to preserve foods then we have an opportunity to change them and to add other 
ingredients to make them more attractive of convenient for those who (we intend) will buy those 
foods.  How do we decide what products to make?  

Because we all eat it is possible for us to think of products that we like that others might enjoy – 
more importantly pay for.  It is not always quite as easy as that because basing an industry on 
only small quantities of fruits, nuts, fish or vegetables means that we cannot make very much.  In 
addition, if there is only a short season, then for much of the year we will not be able to make 
anything.  This means that the industry will not be profitable and therefore not sustainable.   It is 
usual to find out what raw materials can be used for processing, how much there is of it and how 
long the season is. 

While a constant flow of raw material is crucial, the most abundant raw materials are not 
necessarily the best sources of new ideas.  Shortages of other raw materials may be overcome by 
diluting raw materials with larger volumes of imported ingredients (eg wheat flour or corn grits 
for extruded products).  Fruit juice can be ‘extended,’ by adding sugar or and lime juice.  In 
addition, raw material may not be fresh but may have been frozen or preserved using by drying 
when supplies at the height of the season when supplies are plentiful.   

Processing in depth may involve the total destruction of all the characteristics of the raw material 
such as texture, flavour and appearance and rebuilding - often with the aid of other components 
(additives) and other ingredients.  There are opportunities for blending several varieties or 
cultivars of crops and adding other, cheaper ingredients or ingredients which are imported and 
thus available in greater volume.  The permutations and combinations are endless and there are 
opportunities for novelty and uniqueness. 

However, having established that there is a reliable and plentiful supply of raw material to 
support a processed food industry (either locally or as a cheap import), then the development 
process may begin.  Carefully designed product development programmes are staged processes 
conducted in such a way that the project can be abandoned or redefined should there be sufficient 
negative indicators to warrant it.  In so doing, unnecessary expense can be minimised. 

Idea generation in product development 

For some, ideas tend to be generated on the basis of experience (what do we and our families and 
friends like) or from simply a good idea.  For others, the process of establishing a new product 
portfolio is more a process of deliberate thought and systematic examination of existing, 
successful products.  A number of simple techniques can be used to generate ideas. 

Fundamental to generating ideas is an imagination of the times and events at which products are 
consumed.  Sometimes we can think of an idea making a better type of a similar product.   

Ideas come from a variety of sources - many ideas will not reach commercial reality.  The process 
of idea generation must not stop.  Simply by observing what consumers buy in markets and 
supermarkets and noting the eating habits of others, ideas begin to arise.  There are a number of 
ways of generating ideas. 
 
A Copies 
 
Copies or ‘me too,’ product development is simply a copy of an existing product.  There is a huge 
number of products that can be copied.  Frozen sweet potato, peanuts in all forms, coconuts in all 
forms and the fruit jams jellies and juices are now established products.  Direct copies can be 
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made of those products. For the entrepreneur embarking on a food industry, there must be 
markets for theses existing products – the challenge is persuading the existing consumers to 
change allegiance.  Consumers are familiar with the product so that less expenditure is required 
for launching and educating consumers than it would be for an entirely new product.  Examples 
of direct copies include: 
 
Jams 
Jellies 
Fruit leathers 
Chutneys 
Root crop chips 
 
B Smart Copy 
 
This is simply a modification of a product that is already successfully established in the market.  
 
Local versions of existing products are a rich source of ideas for product development.  For the 
PIN entrepreneur, all the potato and cereal products are potential templates for the production of 
root crop, plantain or breadfruit analogues.  They may indeed be products that are essentially the 
same as the template product with a partial replacement of one or two of the ingredients.  . 
 
Such products have the advantage that they use local products in forms that have proven market 
acceptability.  Since they are already familiar to consumers, they do not require the advertising 
support of totally new products.  Furthermore, they reduce the dependency on imported foods.   
 
C Making a product that is easier to use – more convenient 
 
Frequently existing products are not as successful as they might be, because they are 
inconvenient.  The root crops, for example, are far from convenient.  They are heavy, sometimes 
dirty and require peeling and cooking.  Yams may be very large, taro is difficult to peel and the 
latex from breadfruit may give it an unfortunate appearance.  Many products have been more 
successful than their competitors because some steps in the kitchen preparation have been 
undertaken.  Coconuts are very inconvenient, and bananas can be used as a base for such items as 
vinegar and thus pickled products. 
 
As a simple exercise, those seeking ideas are invited to survey a market and examine the vast 
number of products that they do not purchase.  Work out the reasons which make you buy 
something else.  Using this idea, it becomes possible work out what changes are needed in that 
product in order to make it more convenient and thus encourage more frequent use.  Convenience 
can be added by; 
 
• Altering the package size (single serve, family pack etc). 
• Altering the packaging design to improve convenience (re-sealable pack, ring pull can opener 
etc). 
• Peeling and preparing difficult and dirty vegetables (root crops). 
• Mixing a variety of raw materials that would require several shopping stops to simulate in the 
home. 
• Adding an exciting flavour that is not readily available to the consumer. 
• Partial cooking to save time and encourage impulse consumption. 
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D  Traditional product or dish modified for commercial sale 
 
Many products are consumed throughout the pacific region are cooked in coconut milk.  These 
have been successfully reproduced in a can. Although there is a small export trade for these 
commodities, the canning process causes significant damage to both texture and taste.  Improved 
results are now possible with root crops packaged in coconut milk that are subsequently frozen.  
The products so produced can be thawed, and cooked (if necessary) using a microwave and are 
thus appealing to western consumers.  This is especially true for consumers who frequent the 
communal dinner table less often, and eat ‘on the run.’ 
 
Some products have been produced for expatriate communities now residing in Australia and 
New Zealand but there is mounting evidence that western consumers are consuming them. 
 
E  Varieties 
 
Once an industry is established, it is a simple process to increase sales by increasing the market 
width and depth by developing varieties.  Cassava chips for instance, can be made in a single 
flavour, or spices and colourings can be added to give an alternative variety (see Module 2).  
Varieties are very common in the food industry because the same equipment can be used for a 
number of products.  This increases the throughput rate, which assists in reducing the fixed cost 
element that must be recovered per unit item sold.   
 
F  Technology-driven product enhancement 
 
There are two aspects of technology-driven product development.   
 
• Technology in the home.  
• Technology in the food industry. 
 
Technology has made a significant difference to our daily lives.  The use of refrigerators in the 
home and now in rural areas throughout the region has extended the shelf life of previously 
perishable products.  Products which had a marginal shelf (such as pickles and sauces) now have 
unlimited shelf life if they are kept at low temperatures.   
 
The formulation of recipes depends very much on the expected shelf life.  Bulk packs of frozen 
foods are now possible which were not possible a generation ago simply because the product will 
retain its freshness for the period of consumption of the pack.  Frozen cassava and sweet potato 
French fries are now possible and are displacing frozen potato french fries that are imported in 
large volumes into the PINs. 
 
For the export trader, there is increasing use of microwave ovens in Australia, New Zealand and 
in the USA use of the microwave oven is beginning to extend to the car.  Trends would indicate 
that communal dining is in decline as leisure activities occupy evening time and the family unit 
becomes less permanent.  The microwave encourages expedient eating and thus single serve 
products. 
 
A number of technologies within the food industry have opened up a range of products that were 
not previously possible.  Extrusion has for instance made possible a range of products that have 
totally different characteristics from any product previously produced.  Such products include the 
open textured honeycomb expanded products such as snack food TwistiesTM and BongosTM. 
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Such technology has been used in Fiji for the manufacture of a range of extruded snack food 
based on the starchy staples.  Cassava, taro and sweet potato have been extruded and have a 
bright future as a base for a whole new range of snack foods. 
 
G Responding to a fashion or a fad 
 
The food industry is the subject of a great number of fads and fashions.  The range of confections 
particularly directed at the young is commonly aligned to the latest cinema or television releases.  
For instance, such fads as space travel results in rocket shaped confections.  Computer games 
such as PacmanTM was followed by an extruded puffed snack food with the same name. 
 
Other more sophisticated trends include the latest nutritional fads.  Many products today are 
produced with reduced fat, low salt, monosodium glutamate-free and cholesterol free.  The 
processor must be aware that the scientific validity of such fads is irrelevant - the market 
perceptions define the buying patterns.  Nut consumption is increasing around the world and the 
Solomon Islands are ideally positioned to capitalise on the health benefits of nuts. 

H  Reducing the cost  
 
Once products have been launched on the market, successful companies undergo constant re-
appraisal of the formulation.  Most attempt to reduce the cost of the raw materials by substituting 
or extending the expensive components with cheaper alternatives.  There have been many 
instances of fraud and mal-practise based on watering milk and fruit juices and much of food 
analysis research has been stimulated by the requirement to police such activity. 

Codex Alimantarius to which most PINs subscribe or to which they are signatories is a series of 
standards that dictate the ingredients required and the additives that are permitted in foods.  Many 
foods sold today are hidden from the view of the customer in opaque packaging.  Even after 
preparation it is difficult to estimate the contents and thus quality, of foods such as hamburger, 
sausage and fish sticks.  Codex Alimentarius is designed to protect consumers from excessive 
substitution and fraud. 
 
In the case of fresh or frozen starchy staples, there is no opportunity to substitute cheaper 
components since the items are clearly visible and any additive is immediately obvious.  Once 
these vegetables are used in a less recognisable formulation such as soup base or snack food, then 
it becomes possible to substitute and extend. At this stage it becomes important for the developer 
to understand the specifications for the product that are laid down by Codex Alimentarius or by 
the importing country.  For exporters those standards and specifications laid down by Codex 
Alimentarius and modified by the importing country are sacrosanct. 
 
To improve the performance of foods, a range of substances are added to food that will improve 
appearance, taste, texture, safety and keeping quality.  Other publications are available which 
detail the use of these additives and the information they contain will not be duplicated here. 
 
There are a number of ingredients, which can be incorporated into foods that have the same roles 
as additives.  These items have the advantage that they are natural foods and therefore may 
appear on the label as food ingredients – not additives.  By using these components the PIN 
entrepreneur gains another comparative advantage.  A summary of these foods, which can be 
used in place of food additives, is included in Appendix 5. 
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I   Completely new  
 
There are still opportunities for the development of completely new products that are entirely 
innovative.  Of the items with enormous potential are the use of breadfruit as a source of latex 
and the entire range of starchy staples as a source of specialty starches for confections and as 
sources of novel ingredients in the food industry.  
 
The removal of water for the production of flour is expensive.  In most instances the flour is used 
as an ingredient to which water or other fluid is added.  Thus it is economically sound to produce 
shelf stable root crop, plantain and breadfruit products that are equally useful to consumers as an 
ingredient but which does not have the production expense of dried flours.  Starchy staple pastes 
can be produced and packaged in re-sealable tubes (similar to tomato paste tubes), for example.  
Snacks can be formulated and packed in tubes as paste for the consumer to simply squeeze into 
hot fat as required. 
 
Having established the ideas for new products, then the exact features of that product must be 
defined.  Such aspects as flavour, taste, shelf life, convenience, appearance including packaging 
all contribute to the success of the product. 
 
What are the Best Products for Pohnpei? 
 
This is now up to you to decide – your ideas are as good as anyone else’s.  But remember if it 
doesn’t sell – stop making it and change it or move onto something else. 
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CHAPTER 3 
 

WORKSHOP ON DRYING AND DEHYDRATION 
 
3.1 Introduction 
 
A workshop on drying (passive evaporation of water from food) and dehydration (assisted 
removal of water from food) was conducted during the mission. 
 
Participants were introduced to the difficulties of drying foods in the ambient conditions 
prevalent in Pohnpei.  The theoretical bases for fry-drying and for the addition of components that 
reduce water activity (humectants) were described. 
 
Some participants expressed a wish to use the technology for drying and follow-up visits were 
made to a number of informal groups to assist in the design of dryers for local construction.   
 
The technique of drying has been used extensively throughout the pacific region but there are few 
documented cases in Pohnpei – the exception is the dehumidifier used for the production of semi-
dried tuna.  However, prevalent relative humidity values in ambient air on the island are not 
conducive to air drying since the final (equilibrium) water activity is not sufficient low to ensure 
shelf stability.    
 
The relative humidity of the air can be lowered by heating or by removal of water vapour but 
these techniques are relatively expensive and make competing with analogous products 
manufactured overseas difficult.  Nevertheless secondary dryers have been developed (Beyer, 
1997) and these can be used for village-based products, but items preserved in this way are 
usually used only for emergency food because the slow rate of drying results in foods that have 
too many unacceptable features for the commercial market. 
 
The importance of packaging especially for dehydrated products was stressed because dried 
product with water activity values below the equilibrium relative humidity of the surrounding air 
will absorb moisture if they are not protected by moisture-proof packaging.  The choice of 
packaging material was detailed in the resource material distributed.  This detailed written 
material is attached as an Annex to this chapter. 
 
The technique of water removal either under forced conditions (dehydration) or by passive 
exposure to air (drying) is one of the techniques that is used to preserve food and which is 
frequently chosen by processors in dryer nations of the pacific region.  Unfortunately prevalent 
conditions and the available technology limit its relevance to Pohnpei.  Nevertheless the 
technique will become a viable option as equipment is acquired because the consuming public is 
familiar with dried products and the cost of transportation to export markets is low as the weight 
falls as water is removed. 
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ANNEX TO CHAPTER 3 
 

WORKSHOP ON DRYING AND DEHYDRATION 
 
1 Introduction 
 
Our food comes from the soil (as vegetables and some fruits) from trees (such as nuts and fruits 
like mangoes and pawpaw) and from animals that we farm (such as chickens, cattle and pigs) or 
that we catch or hunt (such as fish and pigeons) other foods come from animals such as eggs and 
milk. 
 
Some of the foods we eat are seeds which are kept from one growing season to another.  These 
foods are nuts, and cereals such as rice and wheat.  They will keep well if they are kept dry 
especially if they are kept cool.   
 
Unfortunately, most of the foods we eat spoil very quickly - especially at the high temperatures 
that are found in tropical countries such as Micronesia.  They spoil for two reasons: 
 

 The life processes may continue (fruits and vegetables continue to ripen and then over-
ripen). 

 
 They are attacked by life forms that are too small for us to see – bacteria and moulds. 

 
1.1 Life and Death Processes 
 
All life forms go through a period of growth maturity and ultimately decay and death.  Bananas 
are good example.  They grow on the tree, are commonly picked almost green, turn yellow as we 
keep them and eventually turn soft and black. 
 
We can stop these processes in some foods by chilling or by packing them in a special gas.  
Tomatoes that come from Australia are chilled as they are transported to Pohnpei and this slows 
down the life processes so that they are in good condition when they reach the Federated States. 
 
Apples and pears are now kept in good condition all year round by chilling and packing them in a 
special gas that stops them dying. 
 
1.2 Attack by Bacteria  
 
All around us there are very small life forms, which are much too small to see.  They are 
present in very large numbers and there are many different types.  They are called bacteria. 
 
Some of these bacteria will grow at high temperatures some at very low temperatures.  Some will 
grow only in air and some will grow only where air is not present.  Some are so tough that they 
are not destroyed by boiling water. 
 
Bacteria survive well in warm humid conditions.  Light does not make a difference so that they 
grow in the day and in the night or in dark places. 
 
Places bacteria are found in very large numbers are in  

 
 soil   
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 animal droppings (including birds) 
 human droppings (feces) 
 dirty water 
 rotten food 
 human nose and throat 
 hair and all body fluids 
 all animals 
 flies 

 
Although many substances may start off without any bacteria on them (sterile) bacteria can 
quickly get onto them (contaminated). 
 
Most bacteria are harmless and do not cause us to become ill.  However the speed at which foods 
spoil is dependent on the number and types of bacteria present.  Therefore it is important to keep 
the bacteria to a minimum during processing so that the final quality and safety is as high as 
possible and the rate of spoilage is as slow as possible. 
 
1.3 Preventing Spoilage - Preservation 
 
Not all bacteria will cause illness.  But any food that we eat, can also be used by bacteria.  When 
bacteria use food they make chemicals which may be sour or which may smell bad.  If we leave 
meat, fish or milk out of the fridge it starts to smell very quickly.  This process is called spoilage.   
 
We can stop spoilage by any one of the following methods: 
 

 Freezing 
 Packing in a can and heating it so that all the bacteria are killed (canning) 
 Drying/dehydration 
 Adding preservatives 

 
Foods preserved this way will keep for a long time (up to 2 years)  
 
We can slow down spoilage by: 
 

 Cooling in the fridge. 
 Salting. 
 Keeping in vinegar. 
 Adding sugar (jam, and crystallised fruits and ginger). 
 Adding a preservative. 

 
Foods preserved this way will keep for a short time only. 
 
The time that these foods keep will depend on how many bacteria are present at the time we 
finish processing them. 
 
It is very important for our food items that we try very hard to keep bacteria out.  So in addition to 
washing our hands every chance we get, we must also make sure that we look after the food at 
every stage of the process. 
 
That means that we wash every surface that the food touches.  Our tables and scales must be 
cleaned so carefully that we can see no dirt on them.  Our knives have to be clean.  We must 
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make sure that no dirt from splashed hoses can touch our food.  At the end of the days’ work 
there be a cleaning system (written down) that makes sure that bacteria cannot grow over night.  
All spilled food trimmings and skins must be removed so that they do not attract rats, mice, birds, 
insects and other vermin. 
 
2.0 Drying and Dehydration 
 
The technique of drying is as old as civilisation.  Food is simply exposed to air and the moisture 
in the food evaporates from its surface.   If there are substances in food which are soluble in water 
then the water is not available for bacteria to grow.  At the same time these foods will not need to 
release their water to the surrounding air.  This is why we add sugar as a preservative in such 
products as jam and confectionery.  Meat which has about the same amount of moisture as jam 
will not keep. 
 
As we expose the cut surface of food to air then water will evaporate from the surface.  If the 
slices of food are thick then it takes some time for the water in the centre of the food to migrate 
(diffuse) to the surface so that it can evaporate.  Thus food will dry more quickly if it is cut into 
slices or if it is grated.  
 
In addition the skin of most fruits and vegetables are so composed to prevent drying so that it 
drying is faster if the food is peeled. 
 
Eventually the rate of evaporation from the surface of the food equilibrates with the rate at which 
water vapour from the air condenses back onto the surface of the food.  The food will not lose any 
more moisture from this point onward.  At equilibrium, the relative humidity of the air is 
equivalent to the available moisture in the food, which is defined as the water activity (aw).  The 
water activity is numerically equivalent to the relative humidity of the drying air divided by 100.  
Air with relative humidity of 55% thus will be in equilibrium with food with water activity of 
0.55.  Water activity defines the keeping quality of the food not only in relation to its ability to 
support bacterial growth but also in relation to chemical and biochemical changes that take place 
during storage.  Appendix 1 illustrates these changes graphically. 
 
2.1 Drying Sufficiently for Long Shelf Life. 
 
To prevent bacterial growth it is important to dry foods to the point where the water activity is 
less than 0.55.  In order to do this it must be exposed to air which has a relative humidity of less 
than 55%.  When it is raining then the relative humidity of the air is 100% so that foods will 
absorb water to give a water activity of 1.  Unfortunately the relative humidity of the ambient air 
used for drying is frequently not low enough to allow the food to dry to sufficiently low moisture 
content for shelf stability.  There are two alternatives for the processor.  Either the moisture 
content of the air must be reduced or the product must be formulated so that the deterioration is 
inhibited. 
 
2.2 Reducing the relative humidity of the drying air. 
 
The rate at which the moisture evaporates from the surface of food depends on the difference 
between the water activity of the food and the relative humidity of the drying air.  Sometimes the 
difference is so small that the food will go bad before drying is complete. 
 
Thus the air used for drying must have as low a relative humidity as possible. 
 



 38

This can be achieved using two techniques.  If it is not possible to dry air out then the temperature 
must be raised.  Raising the temperature causes the air to expand and thus its capacity to hold 
moisture increases – its relative humidity reduces. 
 
This is the principle of the solar or hot air dryer.   
 
If the air has a very high moisture content (relative humidity) to begin with, the air has to be 
heated to a very high temperature in order to reduce its relative humidity below 55%.  This often 
causes burning of the food.  Burning and caramellisation (browning) of the food is much more 
likely to happen as the food dries.  So it is difficult to dry food with high initial moisture content.  
This has led to the development of dryers which dry the air out before exposing to the food. 
 
One technique that is used is to dry some absorbent material such as coconut husk.  This can be 
dried using a copra dryer at very high temperature without deterioration.  Air can be passed over 
this before being exposed to the food.  Alternatively it can simply be left in a closed system with 
the food.  Water vapour from the air will then be absorbed onto the coconut husk reducing its 
relative humidity thus making it more suitable for drying the food. 
 
Using passive air dryers where there is no draft causing movement of air over the food, localised 
pockets of relatively damp air can accumulate round food.  Evaporation of water from the surface 
of the food at these points is extremely slow.  Therefore drying will take place faster if the air 
over the surface of the food is turbulent. 
 
 For drying therefore the dryer must use air with a low relative humidity. 
 
This can be achieved by: 
Confining drying to warm dry days. 
Using the sun to reduce the relative humidity of the air. 
Use a secondary desiccant such as coconut husk which has been pre-dried 
Designed in such a way that the air over the surface of the food is as turbulent as possible. 
 
2.3 Drying vs Dehydration 
 
When the system used for drying foods is carefully controlled, by controlling the relative 
humidity of the drying air, its speed over the food and the particle size of the food is uniform the 
process is known as dehydration. 
 
There are a number of systems which take advantage of the characteristics of rapid drying.   
These include: 
 
2.3.1 Fluid bed dryer 
 
This technique is particularly suitable for particulate foods (eg peas, carrot dice and small pieced 
of fruit). These dryers are simply constructed using a mesh conveyor belt.  Dry air is then blown 
through the product at such a speed that the particles of food are suspended and tumbled as they 
pass down the conveyor belt. 
 
2.3.2 Joule-Kelvin, Closed System Dryers, Dehumidifiers 
 
These dryers are closed-system cabinet dryers which use circulating dry air.  The same air is used 
repeated but must be dried out between drying cycles.  The air is dried by passing it over cooling 
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coils such as those found in refrigerator.   Water vapour condenses on the coils and appears as 
‘frosting,’ such as that appearing in a domestic refrigerator.  The air is simply warmed again and 
then passed over the food.  There are three such dryers operating in the pacific region.  The initial 
cost is high but they are used for highly priced items including spices and herbs. 
 
2.3.3 Speciality dryers 
 
Special dryers for drying out liquids have been designed.  These include spray dryers in which 
liquids are sprayed down a long cylinder (5 to 6 metres) where they meet an upward current of 
heated air.  As the droplets fall, they dry out.  This is used for the production of instant coffee and 
instant milk powder.  There are no spray dryers operating in the south pacific region (except Fiji) 
but the technology is common in Australia and New Zealand. 
 
Roller dryers are used for drying liquids or pastes.  Two heated rollers (sometimes as long as a 5 
metres) rotate away from each other and liquid is dropped into the V formed at their interface.  As 
the rollers rotate a thin film of liquid or paste is picked up and dried as the roller rotates.  This is 
then scraped off and collected.  This equipment requires very high volumes of materials in order 
for the temperature and times to reach a constant state. 
 
Freeze dryers operate at very low pressure.  At low pressure ice will turn directly into steam 
(sublime).  Very low temperatures are used in freeze-dryers so the food does not experience high 
temperatures.  In addition, as the ice sublimes it leaves small channels in the matrix of the food.  
When it is rehydrated, water can re-enter the food easily and the texture returns to the same as the 
fresh food (almost).  This technology is extremely expensive and to the present time there are no 
freeze dryers operating in the south pacific region. 

2.3.4 Hot oil Treatment and fry drying 
 
Removal of water by frying has emerged as a technology and has been used only recently - since 
European settlement from the middle of the nineteenth century – probably because this coincided 
with the introduction of metal cooking utensils.  Cooking foods using fat is very popular since the 
food cooks at high temperature.  As the water is removed during frying then non-hydrolytic 
reactions such as Strecker degradation, caramellisation and Maillard prevail.  The reaction 
products including Amadori compounds, caramels and hydroxy methyl furfural derivatives are 
formed which have a pleasant taste.  Furthermore such flavour compounds are more soluble in fat 
and so fried products are commonly more flavour-some. 
 
More recently low pressure frying has become more common in Taiwan, China and the 
Philippines.  At low pressure the viscosity of oil is low and thus will drain away from the food 
more easily.  In addition, the boiling point of oil is lowered by reducing the pressure so that the 
food suffers less heat damage.  Hence there is little browning.   Dried coconut chips, pineapple 
and mango slices are now commercially available using this technology.  The technology is not 
very expensive but it requires continuous throughput in order to justify the initial cost.  

2.3.5 Osmotic concentration 
 
Water can be partially removed from organic tissue with the addition of salt.  Dry salting has been 
used for many years to preserve all foods.  Approximately 10% salt is sufficient to inhibit all 
bacterial activity.  It is possible to preserve food by adding dry salt to root crops.  As water is 
exudes from the vegetables by osmosis, salt dissolved in this osmotic water, which results partial 
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water removal from the vegetable.  This salt solution is poured away and the resultant partially 
dry and salted vegetable is shelf stable.   For fruits the fruit can be rinsed a number of times (trial 
and error) and if they are drained immediately they will not re-absorb the water. 
 
Honey has been used to increase the osmotic concentration of vegetables but when added to foods 
the natural sugars may be diluted to the extent that mould growth is not inhibited.  Sugar is a 
better alternative and is the basis of jam making and crystallising 

2.3.6 Smoke drying 
 
Rather more palatable are root vegetables, fish and breadfruit that are dried by suspending over 
fires.  The hot air dries the vegetable and, in the later stages of drying, green tree bark is added 
which smoulders with a dense smoke.  Components of the smoke condense on the breadfruit and 
form a tough pellicle containing a wide range of phenolic compounds which are resistant to 
bacterial growth and which inhibit invasion into the deeper tissue.  Many of the flavours from 
smoke are pleasant tasting. 

3 Packaging 

Foods are in equilibrium with the air immediately in contact with them. Hence it is very 
important that once food is dried it is packed in packaging that prevents re-absorption of water.  
Thus plastic packaging must be moisture proof.   
 
Appendix 1 also demonstrates that at low moisture content, oxidative changes can take place 
rapidly because the removal of water concentrates the chemicals that react with oxygen.  Hence 
dried foods must also be packed in oxygen-impermeable material.   Ultra violet light will 
accelerate rancidity in high fat foods.  Thus for high fat foods that are designed to have a long 
shelf-life it is common to package them in packaging containing a layer of aluminium foil. 
 
The characteristics of packaging and packaging composites are given in Appendix 2. 
 

Figure 4: Participants at the Drying and Dehydration Workshop 
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CHAPTER 4 
 

ADDITIONAL VISITS, MEETINGS AND WORKSHOPS 
 

4.1 Workshop in Nanmand, Kitty 
 
A one day workshop was conducted in Nanmand, Kitty.  Participants in the workshop were given 
instruction in food handling and the approach to product development.  During the practical 
section of the workshop twelve products were produced.  They were variations of the products 
described in Appendix 2.  Approximately 30 participants attended the workshop and the products 
were all prepared from locally sourced raw materials.  A new variation of the breadfruit chips was 
made by simply cooking mashing and extruding breadfruit into hot oil.  This produced a puffed 
product superior to breadfruit chips prepared conventionally by simply slicing and frying. 
 
The coordinator - Gibson Santos - concluded that the products were more likely to be prepared 
for local consumption and that they would be used to substitute for imported equivalent products. 
 

Figure 5: Extruded Breadfruit Snacks in Nanmand Kitty 
 

 
 
4.2 Lectures to Students in Hospitality  
 
Two lectures were delivered to Level 1 Hospitality students at College of Micronesia – FSM, 
Pohnpei Campus.  Approximately 25 students attended each class and were introduced to the 
fundamentals of hygienic food handling and its importance to sustainable hospitality industries. 
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4.3 Workshop in Enipein, Kitty 
 
A one day workshop was held in Enipein, Kitty.  This workshop was held along similar lines to 
the workshop held in Nanmand.  Approximately 35 participants were introduced to the basic 
principles of food handling, preservation and development of preserved food products.  Although 
severely limited by facilities, 10 products were produced including pineapple packed in syrup, 
pumpkin chutney, extruded breadfruit snacks and banana chips using a variety of bananas. 
 
At the end of the workshop, the coordinator - Ms Ana Santos - concluded that she would 
commission the villagers to prepare preserved products for sale in her Kolonia- based retail shop. 
 

Figure 6: Filling Chutney Under Difficult Circumstances at the Workshop in Enipein 
 

 
 
4.4 Ms Catherine Sundvall 
 
Ms Sundvall has taken the laudable first step to exploit a local variety of banana.  She has 
prepared a provisional patent to protect a number of processes and applications for this variety 
which appears to have unique properties as a flavour and texture modifier.  The provisional patent 
was examined in some detail and suggestions have been made where steps in the application and 
use of the banana might be defined more closely and where additional protection might be in-
built. 
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The major issue relating to any patent is that the applicant must be certain that the intellectual 
property is worth the enormous expense of a world-wide patent.  This is particularly relevant in 
this case since a whole food cannot be patented.  If the unusual properties emanate from one 
component of the banana – such as a polysaccharide - then a rival interest group can isolate and 
characterize that component and then protect it.  This may then preclude the use of that 
component in any form - including its addition in the whole banana.  Hence the patent would be 
circumvented and the enormous cost wasted. 
 
Ms Sundvall concluded that a better strategy might be to approach manufacturers of specialist 
food components such as polysaccharides and other hydrocolloids, with a view to undertaking 
joint development leading to commercial exploitation and patent protection.  This was to be the 
next step in the commercialisation process. 
 
4.5 United States Embassy 
 
A meeting was held with Ambassador Suzanne Hale and Victor Hobson Jr., (FAS Federal 
Programs Coordinator, Micronesia, US Department of Interior) and discussions were held about 
the possible sources of funding for further facilities to processing and increased consumption of 
local foods.   
 
They suggested that contact and approaches should be made to Dr Singeru Sugeo (USDA) to 
assist in obtaining funding for such programmes as a general purpose food processing facility.  
This however was deferred in view of the Recommendation 4 in which sources of funding are to 
be the subject of further study. 
 
4.6 College of Micronesia 
 
Discussions were held with Penny Weilbacher, Director College of Micronesia Pohnpei Campus, 
about the preparation of tinctures and extracts of local herbs and spices additional material has 
been sent to Ms Weilbacher as an item separate from this report. 
 
4.7 Financial Institutions 
 
Discussions were held with the following members of the financial sector: 
 
Mark Sturton, BIDE Boston Institute for Developing Economies, (Consultant to the Department 
of Finance, Federal Government of Micronesia) 
Robert De Courteney, (CEO, Bank of the FSM)  
Robert Lucas Economics Consultant Kahuku Hawaii, (Consultant to the Department of Finance, 
Federal Government of Micronesia). 
Reynaldo Feria, Consultant from the Philippines Development Bank (Consultant to the 
Development Bank of FSM). 
 
There was general agreement among members of the sector that there is sufficient available 
funding for all levels of activity in the field of value addition to food.  Those institutions based in 
Pohnpei consider that the level of investment is too low and that the high level of liquid capital 
reflects this.  It is important that potential entrepreneurs construct cash-flow projections that 
provide the lending institutions with sufficient information that they are able to make a sound 
investment decision.  
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APPENDIX 1 
 

TERMS OF REFERENCE 
 

• Carry out one week of structured workshops with identified Pohnpei small-scale 
food processing individuals, educational institutions, businesses, and other 
organizations for demonstrating and doing hands-on preparation of recipes using 
locally available Island Foods that are in season. 

• Carry out two weeks of follow-up with the educational institutions, businesses 
and other organizations in their own food processing set-ups for assisting in the 
adaptation of the recipes and processing to fit the particular set-up and ensure a 
sustainable continued preparation of the new processed Island Food products. 

• Present workshops and seminars on the following topics:  food handling, getting 
started in food processing, generating ideas for new products, and product 
development.   

• Provide written instructions to the recipes to enable individuals and organizations 
to facilitate learning and maximize use of the Contractor’s time and training. 

• Liase with other groups who are involved in local Island Food preservation and 
processing as seen relevant and appropriate. 
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APPENDIX 2  
 

FORMULATIONS 
 
Introduction 
 
Most product developers keep a book of all products that they have developed including the ones 
that have been rejected.  At the same time include comments about the prototypes so that they can 
and what steps are taken to mitigate the problem.  Using this method then experience in making 
modifications to products can be made easily and cheaply.  
 
The consuming public has only their familiarity with the product on which to base their buying 
choice.  If the product varies, then it indicates that the quality control system is not efficient and 
they will be unaware what they are buying.  So that once the product formulation has been 
established it must not vary.  A shelf full of jars of chutney (for instance) must be filled to the 
same level, and have exactly the same appearance.  Included here are some formulations as a 
guide.  The flavours can be varied by adding spices or fruit but the sugar, vinegar and other 
components must not vary because that is the way the products are being preserved.   
 

• These formulations are only a guide – you can add any flavours that you think will give 
you a comparative advantage over competing products. 

• The final product formulation with which you are happy – must not change.  The 
consumers must know that your product is the same every time. 

• You must write down the quantities and the method that you use to make your products.  
There is nothing worse than making a good product and finding that you cannot do it 
again.  A book is preferable to paper because paper gets lost. 

 
1.1 Fried Chips and Peanuts 
 
Oil is the most expensive ingredient in fried snack foods.  It is therefore imperative that as much 
oil as possible is retained during frying.  In addition, the oil must be kept in as good a condition as 
possible for repeat use.  The viscosity of oil is dependent on temperature.  Hence at the 
completion of frying the temperature should be as high as possible so that it drains away from the 
product.   
 
The chips should be cut as evenly as possible to avoid overcooking the thinner ones and leaving 
too much moisture in the thicker ones.  A range of simple hand slicers are available to ensure 
slice consistency. 
 
Cassava is not suitable for making chips because the texture is too hard once fried.  However it 
can be cooked and mixed with an equal quantity of wheat flour and the dough extruded into hot 
fat.  Flavours can be added.   
 
It is normal to assess the temperature of the fat (160oC) but thermometers are unavailable in 
Pohnpei so a simple trick is to add a little water to the oil (WITH GREAT CARE).  If the oil is 
sufficiently hot then the water will boil immediately and splatter.  Salt and chicken stock can be 
sprinkled over the chips during cooling. 
 
Once the manufacture of chips has been undertaken for some time old oil containers should be 
retained.  Old oil should not be added to new oil but all used oil can be pooled.  It can be washed 
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with water and the sludge will settle on the bottom of the container in the water layer.  The oil 
layer can then be poured off and re-used. 
 

Figure 7: Banana Chips 
 

 
 
1.2 Important Points 
 

• The frying time and temperature should be as consistent as possible from batch to batch.   
• If the crisps are not crispy they are not sufficiently dry for long term storage.   
• The crisps should be allowed to cool after frying to ensure that no condensation forms on 

the inside of the plastic pouch after sealing.  Condensation means that the chips will go 
soft and ultimately support mould growth. 

• Taro should be peeled sliced and soaked in 3% salt (3 tsp salt in two cupfuls of water) 
over night, drained before frying. 

• Vitamin A is not destroyed during frying so that red/yellow sweet potato (kumala) is 
more nutritious than imported potato chips. 

 
 
2.1 Cordials and Teas 
 
Fresh juice squeezed from local fruits (limes, oranges, calomanci)  
To two cups of juice add one cup of lime juice and one cup of sugar. 
Add one heaped teaspoon of citric acid. 
 
Bring to the boil and add fill into bottles when sufficiently cool. 
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Dilute 1:3 immediately before use.   
 
Using glass bottles and filling and sealing while boiling the cordial will last for three to four 
months. 
 
2.2 Important Points 
 

• The cordial will need to be refrigerated after opening. 
• Jars, bottles and their lids must be exceptionally clean – boil before use, rinse in Chlorox 

and use when the smell of chlorine has dissipated. 
 
 
2.3 Teas, Spice and Herb Extracts 
 
 
For extracts of vegetables (cinnamon and other spices) a similar cordial may be prepared but 
these spices do not contain sugar or acid.  Furthermore they are often heavily contaminated with 
high numbers of bacteria.  It is important that these items are washed thoroughly before use. 
 
These products are made the same way but prepared using syrup as follows: 
 
Use two cups of sugar to three cups of water. 
Add two heaped teaspoonfuls of citric acid. 

• If this is too sour add more sugar – do not reduce the citric acid. 
 
 
3.1 Jams and Marmalades 
 
There are three requirements for jam to set – acid pectin and sugar at a sufficiently high 
concentration to make the soluble solids content to 65%.  This is generally achieved by adding 
the same quantity of sugar as fruit followed by boiling down the volume by approximately one 
third to two thirds of the original volume. 
 
There are exceptions to this formula depending on the fruit used.  Some are very low in pectin (eg 
strawberries and possibly some indigenous fruits).  In this case, a ready source of pectin is 
available from the albedo (white layer) of citrus fruits.  In order to avoid adding too much water 
as the citrus fruit is added it is common to cut in pieces and to sprinkle salt over the citrus fruit.  
When left overnight, the salt draws moisture from the citrus fruit by osmosis.   The fluid that 
exudes is drained away and any residual salt is removed by rinsing three times.  The citrus 
however cannot be left in water because it will simply re-absorb water.  
 
If the taste of citrus fruit is undesirable then the pieces can be large thereby making them easy to 
remove during subsequent boil-down.  If however the jam has a mild taste only, then the citrus 
rind can be cut very finely.    
 
3.2 Jam Made from High Pectin Fruit. 
 
The procedure for preparing jams using fruit with high pectin content (oranges, calamanci, bush 
limes, lemons): 
 

1.   Wash and peel the fruit (where appropriate). 
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1. Remove seeds if not required in the final jam. 
2. Measure the volume of fruit prepared using a cup or bowl or jug. 
3. Heat the fruit slowly over a fire and stir continuously 
4. Measure an equal volume of sugar but do not add to the pot. 
5. Boil the fruit stirring continuously until the volume is reduced by about a quarter. 
6. Add the sugar. 
7. Boil down until the total volume is reduced by another quarter. 
8. Pour jam into jars while still hot (if glass jars are used) and invert to sterilize the inside of 

the lid. 
 
3.3 Jam Made from Low Pectin Fruit 
 
The procedure for preparing jam using fruit with low pectin content (eg bush ‘cherries,’ 
pineapples, pawpaw, mango): 
 

1. Cut two cups of any citrus fruit (orange, cumquat, lime, lemon, pomello) into large 
pieces (quarters) and place in a bowl. 

2. Sprinkle with salt so that all the fruit is covered. 
3. Cover and leave overnight. 
4. The following day remove the fluid that has gathered and rinse with water three times 

to remove the salty water.  Do not immerse in water but drain and let any rinse water 
drip away. 

 
The low pectin fruit is prepared as follows: 
 

• Wash and peel the fruit (where appropriate). 
• Remove seeds if not required in the final jam. 
• Measure the volume of fruit prepared using a cup or bowl or jug. 
• Measure an equal volume of sugar but do not add to the pot 
• Heat the fruit slowly over a fire and stir continuously. 
• Add the drained citrus fruit prepared in steps 1- 4 above. 
• Boil the fruit stirring continuously until the volume is reduced by about a quarter. 
• Add the sugar. 
• Remove the large pieces of citrus fruit using a spoon. 
• Boil down until the total volume is reduced by another quarter. 
• Pour jam into jars while still hot (if glass jars are used) and invert to sterilize the 

inside of the lid. 
 
Lids must remain depressed once the jam is cool. 
 
If glass jars are used with metalised caps then the jam will keep for at least one year (unopened). 
 
4.1 Chutney and Sauces 
 
Chutneys are an excellent means of adding interest to normally bland food such as cassava, yam, 
kumala and taro.  In addition if items such as yellow sweet potato (kumala) are used as a base this 
is an excellent mechanism for adding vitamin A to the diet.  Any base can be used and success 
was demonstrated with green pawpaw but pumpkin, pineapple, mango and marrow can be used.  
It can be substituted with up to half with red kumala.  The following is a basic recipe but can be 



 54

altered by adding other locally available spices and herbs and spices such as ginger, turmeric, 
cinnamon, and any other spices. 
 

1. Wash, peel, cut and seed three green pawpaw (or alternatives given above) into large 
pieces and sprinkle with three teaspoonfuls of salt. 

2. Cover and leave for three hours. 
3. Add three teaspoons of salt to one and a half cups of chillies and pound into a paste. 
4. Pour off the liquid from the fruit or but do not rinse. 
5. Add, one and a half cups of sugar and one full cup of vinegar and the pounded chillies. 
6. Boil down to two thirds of the original volume. 
7. Fill into glass jars hot and invert as described with the production of jam. 

 
Lids must remain depressed once the jam is cool. 
 
4.1 Fruit in Syrup. 
 
Most fruits can be preserved in syrup.  Preservation is achieved by using acid from the fruit which 
is strengthened by adding citric acid.  Acid alone will not stop fruits from going mouldy so it is 
usual to add some sugar to reduce the water activity.  At the same time the fruit and syrup is heat 
to destroy any moulds that were on the surface of the fruit. 
 

1. Fruit is washed peeled and cut as appropriate. 
2. It is then filled in jars to 1 cm from the top. 
3. Syrup is prepared by adding one cup of sugar and half teaspoonful of citric acid to three 

cups of water. 
4. The syrup is boiled and added to the fruit (still boiling if the jars are glass  until the jars 

are overflowing. 
5. The caps are screwed on tightly and the jars inverted 

 
4.2 Important Points 
 

• It is important that the syrup is boiling at the time it is added to the jar of fruit. 
• The jars must be filled to overflowing. 
• The jars must not be touched until the jar is cool because any bacteria on the hands may 

get sucked into the jar as the contents contract during cooling. 
 
Lids must remain depressed once the jar is cool. 
 
5.1 Pickles in Vinegar 
 
Vegetables such as young cucumber (gherkins) onions, green mango and papaya can be pickled 
in vinegar.  It is similar to the technique of keeping fruit in syrup. 
 

1. Fruit or vegetables are cleaned and prepared as necessary. 
2. They are cut into conveniently-sized pieces. 
3. Jars are filled to within a quarter of an inch of the top of the jars. 
4. If sugar is to be added to the product (vinegar is very sour) it can be added in dry form to 

the jar. 
5. Vinegar is boiled and added to the jar of prepared vegetables until it is overflowing. 
6. The jar is sealed and inverted. 
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5.2 Important Points 
 

1. Any spices can be added to the jar of pickle but they are usually higher in bacterial 
numbers than fruit.  So add them to the vinegar so there is no doubt that they are 
heated to boiling point. 

2. Do not under any circumstances add water to the vinegar – if the product is too sour, 
add extra sugar. 

 
Lids must remain depressed once the jar is cool. 
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APPENDIX 3 
 
 

USEFUL CONTACTS 
 
Accredited Laboratories 

Alpha Biologicals Ltd 
PO Box 38 213, Howick,  
Auckland, New Zealand, 
TEL: ++64 9 534 4424  FAX ++64 9 576 3493 
Email alphabio@ihug.co.nz 
 
Amdel NZ Ltd  
PO Box 12 545, Penrose, 
Auckland, New Zealand, 
TEL: ++64 9 579 2669  FAX: ++64 9 571 22285 
 
SGS NZ (Food and Environment Laboratory) 
PO Box 13 518, Onehunga  
Auckland New Zealand, 
TEL: ++64 9 634 2593  FAX ++64 9 634 6728 
Email aki-foodlabs@sgsgroup.com 
 
Australian Government Analytical Laboratories 
Dr Don Buick Principle Chemist, 
Australian Government Analytical Laboratories, 
51-65 Clarke Street  
South Melbourne 
Victoria 3205, Australia 
TEL: ++61 3 9685 1716  FAX: ++61 3 9685 1788 
Email donbuick@agal.gov.au 
 
Institute of Applied Sciences 
Professor Bill Aalbersberg 
University of the South Pacific 
Laucala Beach  
Suva, Fiji 
Email: aalbersberg@usp.ac.fj 
 
Quarantine and Research 
 
MAF Quality Service  
50 Anzac Avenue  
Auckland, New Zealand 
TEL:  ++64 9 377 3008,  FAX: ++64 9 307 0124 
Website: www.maf.govt.nz 
 
The Horticulture and Food Research Institute of New Zealand Ltd (Hort Research) 
Batchelar Research Centre  
Private Bag 11030, Palmerston North, New Zealand 
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TEL: ++64 6 351 7000,  FAX: ++64 6 354 0075 
Mount Albert Research Centre 
Private Bag 92 169, Auckland, New Zealand, 
TEL: ++64 9 815 4200,  FAX ++64 9 815 4201 
Website www.hortresearch.co.nz 
 

Vanuatu Quarantine Inspection Service 
Tagabe, Port Vila,  
Vanautu 
 
Consultants 
 
Richard Beyer 
Consultant Food Scientist 
TEL ++679 370 709 FAX ++679 385572 
Email beyer@is.com.fj 

USP Solutions 

University of the South Pacific 
PO Box 1168 
Suva, Fiji 
TEL: ++679 212077 

Susan Parkinson  
PO box 2145 
Government Buildings 
Suva, Fiji 
TEL:  ++679 301 354, FAX;  679 303747 
Email parkinson@is.com.fj 
 
Andrew McGregor 
Trade and Development Office 
Kokosinga Fiji Ltd 
TEL: ++679 3305844 
Email: koko@connect.com.fj 
 
Australia 
 
Australian Chamber of Commerce and Industry  
PO Box E14, Kingston, ACT 2064  
TEL: +61 2 6273 2311 FAX: +61 2 6273 3286  
 
Australian Competition Commerce & Consumer Commission  
470 Northbourne Avenue, Dickson, ACT 2602  
TEL: +61 2 6243 1111 FAX: +61 2 6243 1047  
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Australian New Zealand Food Authority (ANZFA)  
PO Box 7186, Canberra MC, ACT 2600  
TEL: +61 2 6271 2222 FAX: +61 2 6271 2278 
  
Packaging Council of Australia  
15-17 Park Street, South Melbourne, VIC 3205  
TEL: +61 3 9698 4276, FAX: +61 3 9690 3514  

Carter Holt Harvey  
Como Office Tower 
Level 9 
644 Chapel Street, South Yarra, 
Melbourne 3141, Australia 
TEL: ++61 3 9823 1600, FAX: ++61 3 9823 1620 
Website: www.cchpackaging.com 

Turners International 
PO Box 665, Auckland, New Zealand,  
TEL: ++64 9 914 8962,  FAX: ++64 9 914 8946 
Email contact: hoggg@turgrow.co.nz 
 
New Horizon Marketing 
PO Box 43 205 Wainuiomata, Wellington, New Zealand, 
TEL: ++64 4 568 4149,  FAX: ++64 4 568 4149 
Email contact Prem Chand new.horizon.mareting@xtra.co.nz 
 
International Produce Ltd  
396 Riddell Rd, Glendowie, Auckland, New Zealand, 
TEL: ++64 9 575 9923,  FAX ++64 9 575 9963. 
Email contact: Graeme Wallace graemeintlprod@compuserv.com 
 
Tropical Fresh Produce Ltd 
PO Box 22 888 Otahuhu, Auckland, New Zealand, 
TEL ++64 9 278 1088,  FAX ++64 9 278 8635 
Email contact: Bobby Kumaran bobbyk@xtra.co.nz 
 
South Pacific Trade Commission 
Level 30, 133 Castlereagh Street, Sydney, NSW 2000  
TEL: +61 2 9283 5933 FAX: +61 2 9283 5948  
  
Island Food Supplies (Root Crop Importers) 
Kishore Kumar 
567 King Street 
New Town, NSW  
TEL: ++61 2 519 1149 FAX ++61 2 516 2641 
 
Fiji Markets  
Don Prasad 
591 King Street, 
New Town NSW 
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TEL: ++61 2 517 2054 Fax ++61 2 517 2598 

Equipment  
 
Andritz Feed Technology 
PO Box 104  
Oakdale, NSW 2570 
Australia 
TEL:  ++61 2 4659 7233, FAX: ++61 2 4659 7244 
Email johnsich@andritz.com.au 
 
Australian Filling Machinery Pty Ltd 
The River Road, Revesby,  
Sydney, NSW 
Australia 
TEL: ++612 2 9214 0665 
 
Food Processing Equipment  
878, Main North Road, 
Pooraka, 
Adelaide, South Australia 
TEL: ++61 8 8262 5300, FAX: ++61 8 8262 5700 
 
Glovers Industrials Pty Ltd 
57-59 Jarrah Road, 
Melbourne, Victoria, 
Australia 
TEL: ++61 3 9580 8555 
 
Industrial Vegetable Processing Machinery 
25, Foundry Road, 
Seven Hills NSW 2147 
Australia 
TEL ++61 2 9674 5577, FAX ++61 2 9674 5588 
Email frshlin@wr.com.au 
   
International Packaging Machinery Pty Ltd 
Unit 20, Foundry Road 
Seven Hills NSW 2147 
Australia 
TEL: ++61 3 9674 1511 
 
M & E Equipment Traders  
1, Mollier Street, 
Villawood, NSW, 
Australia 
TEL: ++61 3 9725 6477, FAX: ++61 3 9725 6166 
 
Dunninghams (Vacuum Packaging and Meat Processing Equipment) 
Cr Great South Road and Holloway Place, 
Penrose, Auckland, 
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New Zealand 
TEL: ++64 9 525 8188, FAX: ++64 9 5257968 
 
Food Machinery Australia (FMA) 
43-47 Maiden Street, 
Palmerston North, 
New Zealand 
TEL: 0800 366362, FAX: ++64 6 353 0783 
Website: www.foodmachinery.co.nz 
 
Convenience Food Systems 
Auckland  
New Zealand 
TEL: ++64 9 573 1279, FAX: ++64 9 573 5599 
Website; www.cfs.com 
 
Local Contacts 
 
Mark Sturton, BIDE Boston Institute for Developing Economies, 4833 West Lane, Suite 100 
Bethesda MD 20814 US 
 
Robert De Courteney, Bank of the FSM PO Box 98 Kolonia Pohnpei 96941 bdecourt@bofsm.fm 
 
Robert Lucas, Economics Consultant Kahuku Hawaii, lucasr@hawaii.rr.com  
 
Penny Weilbacher, Director College of Micronesia Pohnpei Campus, PO Box 614 Kolonia 
Pohnpei, 96941 pweilbacher@yahoo.com   penntw@comfsm.fm 
 
David Walsh, College of Micronesia – FSM, Pohnpei Campus, PO Box 614 Kolonia, Pohnpei, 
FSM 96941, davewalsh309@yahoo.com 
 
Victor Hobson Jr., FAS Federal Programs Coordinator, Micronesia, US Department of Interior, 
US Embassy, PO Box 1286, Kolonia, Pohnpei FSM 96941, vichobson@mail.fm 
 
Gibson Santos c/oPO Box 1201 Kolonia Pohnpei FSM 96941, gibson.santos@pb.usda.gov 
 
Suzanne Hale, Ambassador, United States of America, US Department of State, PO Box 1286 
Pohnpei, FSM, 96941. 
 
Reynaldo Feria.  Consultant to the FSM Development Bank, (Philippines Development Bank – 
financial Management Officer) referia@mail.fm 
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