
Improving the Utilization of Agricultural Raw Materials  to reduce 
Food Insecurity 

The modest contribution of Food Science and Technology to fight 
Food Insecurity around the Globe 

 
 

Walter E.L. Spiess, Dr.-Ing., Dr. h.c. 
Institut für Bio- und Lebensmitteltechnik, Universität Karlsruhe (T.H.) 

76131 Karlsruhe 
Germany. 

 
With contributions by  

M. S. Swaminathan,  M. S. Swaminathan Research Foundation (MSSRF), Chennai, 
India, 

Colin Dennis, Campden BRI, Chipping Campden, , UK, 
Patrick Wall, UCD School of Public Health & Population Sciences, Dublin, Ireland 

 
 
1. Introduction 
 
The Problem and some Factors behind the Problem! 
 
Almost one-sixth of the world population is hit by severe hunger and malnutrition.  
The hotspots of hunger and malnutrition are not evenly distributed around the globe 
Africa is on top! But people are also suffering in South-East Asia, Central and South 
America and many other places on Mother Earth examples are Europe or the USA. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. The hot spots of Hunger (Source FAO) 
 



The Reasons for this human catastrophe -The Lack of sufficient safe and adequate 
Food/Food Insecurity- Food Safety-are manifold: 
Food Insecurity  

• Unfavorable weather conditions 
• Unfavorable environmental conditions 
• Unfavorable political/social/cultural conditions  
• Absence of any supporting resources for a sufficient and healthy nutrition,  
• Inadequate utilisation and exploitation of the available resources  
• Inadequate economical basis for a healthy life. 

Food Safety 
• Processing of contaminated raw materials 
• Lack of adequate control/analytic systems 
• Inadequate risk management systems 
 

Considering these factors the lack of Food Security can be characterized as 
• acute Food Insecurity and   
• chronic Food Insecurity 

 
Food Safety hazards can characterized as (Colin Dennis) 
 Microbiological Hazards 
 Bacteria 
 Viruses 
 Parasites and Protozoa 
 Prions 

• Chemical hazards 
 Toxins 
  - inherent 
  - biological origin 
 Contaminants 
  - environmental 
  - process derived 
  - migration from packaging 
  - deliberately added 
 Allergens 

 
The remediation of the complex problems around Food Security and Food Safety 
require completely different approaches adapted to the individual problem envisaged. 
In this contribution mainly the case of chronic Food Insecurity will be considered as a 
most pressing and urgent problem area. It must be understood however that when 
speaking about. Food Security a complex system is being addressed, a system 
which comprises physical economic and social access to a balanced diet, safe 
drinking water, environmental hygiene, primary health care  and primary education. 
Thus, Food Security or better to say Nutrition Security involves both food and non-
food factors from the point of view of professional and public action.( M S 
Swaminathan) 
 
2. Generalised approaches for remediation of chronic Food 
Insecurity 
 
Before short/middle and long term solutions for the remediation of chronic Food 
Insecurity are being discussed it has to be kept in mind that 
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• in most Developing Countries Women are the backbones of the agricultural 
production (in Africa ~ 80%)  

• most of the food in Developing Countries is produced in small farms 
• that the infrastructure (transportation, public utilities etc.) in most areas 

suffering from Food Insecurity is completely underdeveloped or even lacking.  
 
The remediation of Food Insecurity situations is in most cases rather difficult. 
Approaches for a remediation have of course to take into account the background of 
an existing problem. Due to the nature of the problem various types of solutions can 
be observed. 
In the case of... 

• insufficient resources, which may occur through fast growing populations or 
uncontrolled immigration or similar events  

• under-exploitation of resources which may have various reasons like outdated 
production methods etc 

A combination of short/middle term solutions is required in order to resolve chronic 
and even acute Food Insecurity situations. Short-term solutions would be in most 
cases a food supply from the outside. Middle term solutions would comprise technical 
support from the outside together with the provision of auxiliary materials. 
 
In most cases however the remediation of Food Insecurity situations require long 
term solutions. 
In the case of... 

• Unfavorable environmental conditions 
o An introduction of Plant Materials adapted to e.g. 

• Drought 
• Salinity 
• Pest/Microbial attacks 

…would be required. Plant materials adapted to extreme environmental conditions 
are in general genetically modified or generated by classical selection processes.  
 
Long-term solutions are also indicated in the case of... 

• Insufficient resources can be fought through 
o Increasing the agricultural productivity by  

• Increasing the land area under cultivation 
• Increasing the productivity per area 
• Introduction of improved (GM) plant materials 
• Reducing the losses 

 
• Under-exploitation of resources can be eliminated by: 

o Activation of local knowledge complemented by knowledge/technical 
support from outside and the provision of auxiliary materials. 

 
• Impoverished populations are being helped by: 

o Improvement of the economical basis by initiating production local 
products. 

 
 
 
 



3. The Role of Food Science and Technology in Remediation of 
Chronic Food Insecurity 
 
Food Science and Technology based strategies to minimize food insecurity can be 
outlined as 

• Reduction of post-harvest losses,  
• Reduction of processing losses,  
• Waste and biomass utilisation,  
• Utilisation of under-utilised raw materials and unconventional 

resources 
• Fortification and up-grading of nutritionally poor produce/products  
• Sustainable and ecological food production/processing 

technologies  
 
Before Food Science and Technology however comes into the picture a long list of 
factors not directly related to Food Science and Technology have to be discussed: 
One major failure  
In the past... 

• emphasis was on the production side, “Green Revolution“! 
• processing and distribution/retail were neglected by most Developing Country 

Governments 
despite considerable losses  

• during and after harvesting  
• during marketing  

both having a pronounced impact on the food supply. 
 
 
3.1 Post-harvest Losses in the Food Chain  
 
Reducing Post-Harvest losses is being considered as a major step towards Food 
Security, however… 
Post-harvest losses vary significantly by 

• Climatic region 
• Country 
• Crop, Crop variety 
• Structure of production units 
• (e.g. small or large farms etc.) 

 
Basically no reliable data on Post-harvest losses are available, mainly because 
standard methods of reporting losses are very seldom or not at all applied. Available 
generalized data vary from 10 to 80% of the individual Harvested volume. 
There are very few empirical studies on post-harvest losses reported in literature. 
In traditional systems  (production/harvesting/consumption) the losses tend 
to be low:  

• Grains ~ 2 - 5% 
• Legume ~ 5 - 10% 
• Durable Crops  (Grains) ~ 10% to 15 % 
• Fresh Produce, Legume ~20% to 30% 

In this context it should be recognised that traditional systems are in most cases 
being optimised over many generations. Furthermore poor people tend to exploit 



their resources to the extremes and make usually every effort to optimize their 
support systems! 
When traditional components (production/harvesting/consumption) are replaced by 
new systems, the losses usually raise because traditional operational patterns 
become ineffective! 
The losses however increase with when the distance between raw material 
production site, processing and consumption increase. In urban societies in most 
cases the major losses occur in food-service-sites and in the home of the consumer. 
Especially fresh products like fresh fruit and vegetables, dairy products and red meat, 
poultry, fish /seafood are susceptible for spoilage and thus not anymore available for 
consumption (Tables 1 and 2). 
The reasons for the losses in the food chain are manifold, on the farm level losses 
may occur due to unfortunate weather conditions, pests and more and more due to 
not adapted harvesting methods and inadequate storage, in the processing level 
losses may occur due to substandard produce, elimination of damaged or spoiled 
produce and defective storage.  
 
 
 

Location Range % 
 

Mean % 
 

Farm and post-harvest 
Processing and 
wholesaling  
 

5-50 22 
 

Retail, food services, 
consumer sites 
 

2 -20 
 

10 
 

Cumulative Total 
 

7 - 70 
 

32 
 

 
Reference: Chapter 2 from Using Food Science and Technology to Improve Nutrition 
and Promote National and Development,  
Robertson, G.L.& Lupien, J.R. (Eds), ©International Union of Food Science  
&Technology (2008) 
 
The Role of Post-harvest Technology in Improving Nutrition and Promoting National 
Development in Developing Countries: Constraints and Challenges 
Elhadi M. Yahia PhD Facultad de Ciencias Naturales Universidad Autónomade 
Querétaro, Juriquilla Queretaro, 76230 Qro. Mexico 
 
Food Losses: Retail, Foodservice and Consumer US (1995) (1) 
 

 
Table 1. Food Losses in the Food Chain: Horticultural Produce 

 
 
 
 
 
 
 



 
 

Commodity 
 

Retail Food Loss  
% 
 

Foodservice and 
Consumer % 

 
Grain products  
 

2 
 

30 
 

Fruit, Vegetables, fresh  
 

2 30 
 

Fruit, Vegetables processed  
 

1 15 
 

Dairy products 
 

2 
 

30 
 

Red meat, Poultry, Fish /Seafood  
 

1 15 

Eggs  
 

2 
 

29 

Dry beans, peas, lentils, tree nuts and 
peanuts  
 

1 
 

15 

Fats and oils  
 

1 
 

32 
 

Total  
 

2 
 

26 
 

 
Reference: 

Linda Scott Kantor, Kathryn Lipton, Alden Manchester, and Victor Oliveira 
USDA, ERS. Food Review, January-April 1997 

 
 
 

Table 2.  Food Losses in the US Food Chain: Products and Locations  
(Retail, Foodservice and Consumer)  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
Farm and post-harvest 

 
Processing and 

wholesaling 
Retail and Consumption 

Pre-harvest losses due to 
unfortunate weather 
conditions, disease, and pest 
infestations 

Elimination of infected 
animals / plant produce 
because of  
hygienic defects according to 
food safety regulations (~1% 
animal prod.)  
 

Discard of substandard 
produce/product  
 

Harvesting losses due to 
mechanization, poor 
production practices  
 

Removal of inedible portions 
bones, blood, peels, pits, etc. 
(Trimming losses)  
 

Discard of  
mishandled/damaged, 
products  
 

Harvesting losses because of 
non-selective harvesting 

Discard of substandard 
products (bruised fruit, etc.) 
 

Discard of products stored 
under unsuitable conditions 

Storage losses due to insects, 
shrinkage, autocatalytic and 
microbial  (moulds) 
deterioration 
 

Shrinkage in storage  
 

Discard of  
misshaped, mis-coloured; 
slightly bruised or blemished 
over-ripe products  
 

 Poor handling or package 
failure (crushed, dented)  
 

Discard of products with 
expired “sell by “-date and 
“post-holiday” products  
 

 Transportation losses 
 

Discard of overstocked 
products, improperly rotated 
stock, and  
of leftovers of oversized 
portions  
 

Reference: 
Linda Scott Kantor, Kathryn Lipton, Alden Manchester, and Victor Oliveira 

USDA, ERS. Food Review, January-April 1997 
Food Losses in the Food Chain: Minimizing Post-harvest losses 

 
 

 
Table 3. Food Losses in the US-Food Chain: Reasons and Causes 

 
 
 

Type of deterioration Possible Method of Prevention 
 

Shrinkage 
 

Packaging 

Autocatalytic deterioration Drying, Refrigeration, Modified Atmosphere ( MA) 
Storage 
 

Microbial  (mould) deterioration 
 

Drying, Refrigeration, MA Storage 
 

 
Table 4.  Possibilities in reducing Post-harvest Losses in the Food Chain 

 
 



Reducing direct post-harvest losses and losses in the successive elements of the 
Food Chain is rather difficult. In order to arrive at satisfying results, many obstacles 
have to be overcome! 
 
 
3.2 General Consideration to reduce Losses  
  
Post-harvest losses can be attributed to a large variety of factors and reasons. 
Successful agricultural production and the subsequent production of commercial food 
products should therefore always be started with strategic considerations. 

• Analysis of marketing potentials  
• Production potentials i.e. climate and weather,  
• Soil fertility, irrigation potentials,  
• Availability of fertilisers and pesticides,  
• Production skills, transport etc. 

 
In addition, in case new or modified plant materials are used or introduced a good   
understanding/familiarity of/with the physiology of the plant materials and their 
requirements regarding 

o Growing 
o Fruit Formation 
o Blossoming 
o Harvesting 

are a prerequisite 
 
Further requirements for consequent post-harvest processing and an optimal 
utilisation of agricultural produce concern amongst others the Infrastructure, the 
Technical Background and most important the  
Human Factor.  

• Infrastructure 
• a transportation network fit to handle all incoming and 

outgoing materials i.e. streets or rail road systems 
• an energy supply network fit to respond to all energy 

requirements i.e. electrical energy, thermal energy 
• A water network fit to handle the clean water supply and 

the waste water management 
        

• Technical Background 
• mechanical workshops to handle repairs and  
• construction of smaller processing units 
• storage facilities to store incoming unprocessed  
• and outgoing processed products 
• analytical facilities to survey and control  
• quality of incoming unprocessed 

 
• Most important for processing raw material after harvesting is the 

human factor:  
• a workforce fit to handle all challenges connected with 

processing  
• an educated and well trained workforce,  
• educated and trained in..... 



o handling a multitude of technical,  
o commercial and  
o strategic tasks. 

 
The benefits of a consequent post harvest processing that may result in a successive 
processing of the agricultural produce close to the place of origin of the production 
are by no means restricted to the utilisation of the agricultural production. 

• Food processing units in rural areas... 
• create employment,  
• challenge the educational system  
• prevent migration into urban centres  
• help to reduce poverty 
• stabilises social systems  
• improves the abilities to handle  
• complex systems.  

 
• On the consumer site: Processed Food 

• secure food safety,  
• reduce the costs for food   
• reduce the time to be spend for preparing meals,  
• especially of interest for women because it frees up time 

for wage work and other beneficial activities. 
 
 
In case new Post-harvest Processing Technologies or Equipment are being 
introduced to rural areas again certain requirements have to be met 

• the Technologies and/or the equipment should be... 
• easy to understand /handle – foolproof – 
• easy to maintain 
• low energy requirements / operation costs 
• possibly be rooted in local/traditional technology  
• possibly be the step stone for more advanced technology 
 

Processing steps following first post harvest measure should  
• include waste utilisation and other measures 
• upgrade and valorise agricultural output  
• secure and improve food supply 
• contribute to sustainability of the agricultural production 

 
In this context it has to be recognised that diminishing losses is more sustainable 
than an increase in production to compensate for the losses. 
 
 
 
4. Post Harvest Technologies suited for Developing Countries 
 
Post Harvest Technologies suited for Developing Countries should be easy to 
handle/manage/understand and in case special equipment has to be used the 
construction materials should simple, easy available, and affordable. 
Technologies which can be adapted for direct post-harvest treatment are, e.g.  
Drying, Freezing, Canning, Chemical Preservation, Salting, Fermentation.    



 
There is a rich source of information available on all on these technologies. In the 
special case of drying for most individual technologies the number of references is 
also more than impressive.   
 
 
 
4.1 Drying as a Post Harvest technology especially suited for Developing 
Countries 
 
Amongst the above-mentioned methods especially drying is a technology suited for 
most Developing Countries. Easily adaptable to the conditions in Developing 
Countries are 

• Osmotic Drying 
• Solar Energy Drier  

 
Under certain circumstances also  

• Modified Atmosphere (MA) Storage  
• Cooling / Freezing  

can be realised. 
 
 
4.1.1 Osmotic Drying 
 
For the implementation of the process the produce is first being cleaned and 
defective parts are removed, the prepared produced is the dipped in the 
concentrated osmotic sugar or salt solution. Due to the concentration differences of 
the solutes in produce and osmotic solution, water diffuses from the produce into the 
solution. The diluted solution can be reused after a concentration of the solute or in 
certain cases used for other purposes. 
 
The advantages of Osmotic Drying with regard to the process are. 

• Technical and know-how requirements are simple and in many cases based 
on traditional technologies 

• The equipment requirements are also easily to be met in most environments; 
needed are: Container for Solution- and in certain situations a heat source for 
recovering solutions 

The advantages with regard to the product are  
• Reduced Drying Stress which may result in high product quality,  

o Quality Improvements 
§ No casehardening during osmotic and successive drying 

processes 
§ Moderate extension of Shelf life;  
§ Improvement of Sensory Quality;  
§ Protection of Vitamins, Carotenoid etc.; 
§ Upgrading and Improvement of Functional Properties;  
§ Reduction of Energy-Costs in Follow-Up Processes 

 
The disadvantages of Osmotic Drying are. 

• Limited Storage Life 
• Impregnation of product with osmotic active agent: sugar or salt 
• Reconditioning of spent solution  



 
  
 
4.1.2 Drying in Solar Dryers 
Drying in Solar Dryers is basically a hot-air-drying process, which is carried out under 
special environmental conditions. The application of solar dryers is not restricted to 
warm climates – where they are mostly in use –. Solar dryers can be put in operation 
everywhere where the heat of evaporation can be supplied to the product and 
vapour-pressure gradient exists between product surface and environment e.g. a 
cold but dry climate like in Scandinavia where cod is dried as stockfish 
 
The advantages of Solar Dryers are. 

• Solar Dryer construction and operation are in most cases based on traditional 
technologies and know-how  

• Solar Dryers are in general easy to build with locally available construction 
materials  

o  Frame: Wood or stone; Support-grid: Wood, Netting Wire; Cover: 
Transparent film; Thermometer –see Figure 10 – 

o Advanced Units, in addition: Solar-Thermal/Photovoltaic Panels; Fan; 
Heat Exchanger; Control Units – see Figure 11– 

• Solar Dryers are in general easy to operate and easy to maintain. 
• Solar Dryers are in general suited for all types of agricultural produce 

 
 
The disadvantages of Solar Dryers are  

• Difficult to control. 
• Weather dependent: 

o  in general only operable in warm climates  
o  under sunny weather conditions 

 
 
4.2 Other Post Harvest Technologies Suited for Developing Countries 
 
4.2.1 Controlled and Modified Atmosphere (CA- MA) Storage and Transport  
The operating principle of Controlled and Modified Atmosphere Storage and 
Transport systems is the artificial  fortification of the Carbon dioxide (CO2) 
concentration in the atmosphere surrounding a produce connected with a depletion 
of the Oxygen (O2) concentration. The shift of the natural gas composition in the 
environment of plant produce causes in most cases a slow-down of the maturation 
processes and senescence especially when the changes in the gas composition in 
the environment of plant is associated with a reduction of the produce temperature 
and an absorption of ethylene which acts as an maturation promoter. The process is 
especially effective in the case of climacteric plants and fruits. Also the shelf life of 
non-climacteric plant material and even processed products can be extended to 
some degree by CA-or MA storage. Controlled Atmosphere Storage requires in most 
cases sophisticated control equipment in order to keep the CO2 and the O2 
concentration at certain preset levels e.g. CO2 in the range of 5-10 % and O2 in the 
range 1-5 %. In case those limits are not observed severe produce damage may 
occur. 
 

 
 



The availability of specially designed polymeric films with a wide range of 
permeability’s and also the availability of Carbon dioxide-, Oxygen- and Ethylene- 
Absorbers allow for a wide use of MA storage and transport operations. In 
combination with inexpensive solar-thermal-panels as well as photovoltaic-panels as 
energy sources for refrigeration and control equipment, new dimensions with regard 
to process tools are opened.  
 
4.2.2 SODIS The perfect example 
The perfect example for using simple, easy available and cheap construction 
materials and based on basic research and high-tec materials is the Solar Water 
Disinfections System (SODIS). The system which is recommended by the World 
Health Organization is especially suited for households and small processing units 
that means for decentralized water treatment of small quantities . 
 

 
 

5. Some final remarks 
 
Food Insecurity is a major problem that hits especially Developing Countries around 
the Globe. A great number of organisations and institutions GOs and NGOs 
have addressed the problems and thousand of solutions have been proposed 
adequate and inadequate ones. The reasons for failure are manifold therefore before 
a technology or any other method of remediation is introduce a careful analysis of the 
prevailing problems is strongly recommended. 

 
In this contribution the attempt was made to point implicitly to some of the reasons for 
failures in the attempt to provide a balanced and safe diet especially to the population 
in Developing Countries . It has to be understood that any solution of the many 
problems around Food Insecurity has to consider the entire chain of factors causing 
the problem, starting with climate/geography.........down to the 
ecological/cultural/social situations  
 

§ Deviations from traditional patterns have to be introduced with 
special care.  

§ Expansion  of agricultural production has to be secured by 
adequate post harvest processing. 

§ Contamination of any kind of the raw material have to be 
reduced or even avoided 

§ Education is the key to any sustainable remediation of Food 
Insecurity and Food Safety  problems. The Food Science 
Community could certainly contribute by supporting any 
educational efforts especially at the grassroots level i.e. Women 
in rural communities. Food Scientists can also help in spreading 
nutrition literacy and in proposing feasible and affordable 
methods of achieving nutrition security for all (Swaminathan). 

 
Education is the area where the World Wide Food Science/Technology Community 
has to come in the picture to initiate/support programs and projects for the education 
for those working in the production line, in processing, retailing and consumption in 
Developing Countries.  
With its broad knowledge base, its competence and the devotion of its volunteer 
corps IUFoST is certainly in a position to contribute significantly to the reduction of 



Food Insecurity around the world and to turn knowledge into helpful action, required 
is a clear and focussed strategy how IUFoST should proceed, where to begin and  
who should be involved especially in which way IUFoST’s Adhering Bodies should 
be part of the project. 
 


