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INTRODUCTION 

Quality is the resulting status of fresh products of all product handling. And there is 
a lot of handling involved before fresh fruit or vegetable products are consumed. Transport 
of fresh agricultural products is still increasing all over the world and to keep this economic 
system working there is a continuous need for (simple and cheap) technological solutions 
for maintaining quality. What the price of such an invention or innovation may be depends 
on the particular product, its logistics and the added value for the buyers (retail and 
consumers). 

All relevant players in the chain from grower to retail must be aware that the way 
they handle products have an impact on the quality (and safety) of the products. Simply 
because of the fact that fruits and vegetables are living entities with a history, going back to 
preharvest conditions, that determines how it reacts on storage and transport conditions. 
Every single player in that chain must realize that there is a benefit for all the individual 
players if products are handled with care and knowledge. 

Intelligent systems can contribute significantly to maintain the quality and safety 
but cannot guarantee it. Firstly, because technology is applied and used by humans and is 
therefore dependent on human know-how (trained and skilled persons) as well as 
technological robustness. Secondly, there is a discrepancy between maximizing trade 
opportunities and the quality of fresh fruits and vegetables. Technological systems are used 
to maximize profit: to maintain the quality as long as possible and sell the produce at an 
economic advantageous moment. It is obvious that this moment is not always optimal in 
respect to consumer quality. 

A few examples will be given which illustrates how technological systems can 
contribute to improved quality and safety of both fresh products. 
 
CASE: MODELLING THE RELATION ENVIRONMENTAL CONDITIONS AND 
PRODUCT QUALITY 

ATO developed models, which describe the relation between environmental 
conditions, such as temperature, humidity, gas concentrations, and resulting product 
quality (Hertog et al. 1998). A product database is available. These integrated models are a 
very powerful tools to estimate the effect of changing conditions, for instance an altered 
packaging system or temperature shifts during transport, on product quality. A model is 
used to calculate (predict) the effects of different (logistical or packaging or storage) 
scenario’s but in research it proves to be an essential tool to optimise the experimental set 
up. The output of a model can be the input for an economical evaluation of alternative 
postharvest handling procedures. 

The backbones of these models are and will be used in practical advisory software 
for management decisions. One example will be given. 

“Datachat” as a concept is based on the integration of radio frequency identification 
technology (RFID) with sensor technology. ‘Intelligent RFID tags’ capture information 
about surrounding conditions and logistical aspects relevant for product quality. The 
registered information is then transmitted in real-time to a central information system and 
compared with output from models on product quality. If a difference between the actual 
and the optimal situation occurs, it will communicate to the right actor what (correcting) 
action has to be taken, like lowering the cooling temperature. At the same time, statistical 
information can be gathered and used to optimise performance of logistical processes in the 
chain. 

A successful data transfer requires research to be carried out in the field of the 
integration of sensors and RFID’s, miniaturisation of sensors and batteries and supply 
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chain management. The research should lead to reliable storage and keeping quality data, to 
reduced post harvest losses, to reduced ‘over packaging’ (minimizing packaging material: 
involving both costs and environmental impact), to simplified and to speed up product 
recall in case of crisis (including the link to the end-user), to reduced data infrastructure 
costs and to more flexible planning of company processes. Advantages compared to current 
identification methods are real time information transfer. More information types can be 
exchanged. There is no need for antenna/reader infrastructure and the link to the consumer 
can also be supported. 
 
CASE: SENSOR TECHNOLOGY 

Accurate information on the quality of a packed product can be gained by specific 
sensors. They are widely available to determine quality characteristics of fresh fruits and 
vegetables. The information is relevant for logistic planning and it can, for example, be 
stored in small electronic chips. It can be used in packages. Packaging plays an active role 
in the communication process with users. Use of sensor technology in packaging is also 
known as ‘intelligent packaging’. Applications are: Time-Temperature Indicators (TTI's) 
(Taoukis 2001), freshness indicators and Radio Frequency Identification (RFID tags). 

A new type of sensors is based on surface acoustic wave technology (SAW-sensors) 
(Rapp et al. 1997, 2002). They are promising for the detection of volatiles. For fresh fruits 
and vegetables they can potentially be used to determine ripeness. A valuable control tool 
at the auction or at the retailer. In principle they can be cheap and they give an immediate 
response. Coupling with electronic devices that travel along with the product gives the 
possibility of tracking and tracing and it can be used to communicate with the retail and 
consumer, leading to transparency within chains. 
 
CASE: IMMUNOLOGY- AND BIO-TECHNOLOGY 

Intelligent systems rely heavily on objective measurement devices. Non destructive 
measurements are strongly preferred. Possibilities are NIR-spectroscopy, colour, 
chlorophyll fluorescence or volatile determination. Destructive measurements can include 
chemical analysis, immunological techniques or molecular biological diagnostics. ATO 
develops (semi-)quantitative methods (immunoassays) that are specific for a particular 
component, both negative (bacteria, toxins, allergens, adulterations) and positive (taste 
components, functional ingredients). Based on their sensitivity, specificity and flexibility 
immunoassays are very suited for all kinds of applications. There is more than 10 years of 
experience in the development of rapid and simple Lateral Flow ImmunoAssays (LFIA). 
These 1-step assays yield results in 10 to 15 minutes and can be applied outside the 
laboratory and by non-skilled persons. 

An example is the multi-analyte test for the detection of the food pathogen E.coli 
O157 and the verotoxins 1 and 2 that can be produced by this microorganism. A recent 
development is a rapid 1-step (immuno-) assay to detect small pieces of genetic material 
(RNA/DNA) that have been specifically amplified by PCR (duration: ± 1.5 hour) and that 
can be detected within 10 minutes (Nucleic Acid Lateral Flow ImmunoAssay; NALFIA). 
Applications are detection of microorganisms (food poisoning and spoilage, environmental 
contamination), determination of genetically modified crops and assessment of activity of 
particular genes as quality indicator. In addition, applications are foreseen for general 
practitioners. These test methods will become available as soon as their added value (or 
application by law) becomes noticeable, in terms of profit or enhanced market volume. 
 
CASE: DEVELOPMENT OF DYNAMIC CONTROL SYSTEMS 

Another intelligent system will be implemented in Controlled Atmosphere Storage. 
Standard Controlled Atmosphere (CA) storage has shown to be very useful to extend the 
storage life and keeping quality of apples and pears and the technique has been introduced 
world wide. Several other commodities can also benefit from CA storage: cabbage, onion, 
some soft and stone fruits. Every commodity needs its own specific optimal gas conditions. 
Typical CA-conditions for apples are 1.2% O2 and 2.5% CO2 at 0-1°C. However, every 
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year the advice for the optimum conditions can be different, depending on cultivar, 
growing season, picking date, ripening stage, and so on. 

Although CA is a standard technique, disappointing storage results can occur: 
damage or shorter storage duration or shelf life than is expected. In severe cases, the 
content of complete stores have to be thrown away due to continuous fermentation which 
leads to internal and external damages. 

ATO developed an interactive storage technique, called Dynamic Control System 
(DCS). The technique is based on the principle that the best maintenance of quality is 
realised at the lowest respiration rate (Veltman et al. 2002). This point can be interactively 
found by identifying the onset of fermentation. The oxygen level is brought down to a level 
at which fermentation starts. Ethanol is the fermentation metabolite, which is released into 
the atmosphere. A sensor detects the low levels of ethanol. Since fermentation is a 
reversible process an increased oxygen level leads to decreased ethanol production. If the 
level of ethanol is acceptably low again, the oxygen level is brought down again. 

Fermentation is often referred to as a toxic process. However, it was observed that 
short term fermentation within DCS can be very beneficial for the fruit quality. Apples can 
be stored longer with a higher fruit quality. It turns out that DCS stored apples maintain 
their firmness longer compared to normal CA-stored apples, even in the shelf life period. 
For cabbage stored at DCS, the results are even more striking. Oxheart cabbage can be 
stored up to 8 weeks longer with a much better quality and up to 35% less leave loss. 

ATO has a patent on this technology and when appropriate, useful ethanol sensors 
become available, DCS will develop into a promising storage technique to optimise the 
quality of fresh fruits and vegetables. At this moment a number of auctions are already 
using the technique satisfactorily. 
 
CASE: CUCUMBER HARVESTING ROBOT 

IMAG, the Institute of Agricultural and Environmental Engineering developed a 
completely automatic harvesting robot for cucumber (Henten et al. 2002). The task of 
designing robots for agricultural applications raises issues not encountered in other 
industries. The robot has to operate in a highly unstructured environment in which no two 
scenes are the same. Both crop and fruit are prone to mechanical damage and should be 
handled with care. The robot has to operate under adverse climatic conditions, such as high 
relative humidity and temperature as well as changing light conditions. Finally, to be cost 
effective, the robot needs to meet high performance characteristics in terms of speed and 
success rate of the picking operation. IMAG was able to design and produce a prototype 
that is able to pick self selected cucumbers. The technique is powerful and combination 
with quality prediction models, published by Schouten et al. (1997), based on colour 
measurements, will enable to select individual cucumbers and compose homogenous 
batches. These batches will have a selected quality and will give a forecast for shelf life. 

For this moment the application of the harvesting robot is still limited given its 
costs. However, it is not unexpected that future applications of these techniques will be the 
combination of harvest-techniques, quality estimation, homogenisation of batches and 
selecting the optimal logistics and market (which country, region, etc.). A good spread of 
costs and economical advantages within the whole chain could make this techniques work. 
Furthermore, future regulation concerning labour conditions, the availability of personnel 
and 24-h per day labour needs, could encourage the introduction of such modern 
techniques. 
 
CASE: POTATO PROCESSING QUALITY 

The demand for a high quality potato raw material is still increasing. Last year, the 
potato processing industry in the Netherlands processed over 3 million tonnes of potatoes 
into French fries, potato based snacks and dried products.  

The processing results, i.e. the quality of the final product, depends heavily on the 
quality of the raw material. It is a challenge to have a continuous, year round, supply of raw 
material that meets the quality standards. A good storage result starts with a good initial 
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quality of potato tubers entering the store. This implies that the cultivar, the growing site 
and growing conditions have to be chosen carefully, as far as if they can be chosen. One 
important aspect is the colour of French fries after processing. It is highly dependent on the 
concentration reducing sugars in the potato material. Processing (i.e. mainly blanching) can 
decrease the sugar content of the raw material. This influences other quality characteristics 
and it needs a lot of energy and water. Therefore, raw materials with low reducing sugar 
content are far in favour. It is a challenge for the potato processing industry to obtain raw 
material with the right composition. 

Is it possible to predict the reducing sugar content at the time of harvest? To answer 
this question the mechanism of reducing sugar accumulation and the relation with 
temperature and storage duration needs to be resolved. Hertog et al. (1997) developed 
models that describe the relation between storage temperature and sugar content as a 
function of time with a high accuracy (Hertog et al. 1997). This is however not sufficient. 
One important factor is not included: the differences between seasons and growing area. 
Therefore, the next step was to relate the differences between seasons. A theoretical 
concept was developed: the maturity factor. The models explained the variance over years 
with this maturity factor. This was developed based on data from harvesting at different 
harvest dates and maturity was then related to the resulting reducing sugar accumulation 
during storage at a certain temperature.  

This concept works quite well and the next steps to make it applicable are 
undertaken. It is proposed that maturity is reflected by the expression of a set of genes that 
can be determined by the use of molecular genetic tools (mRNA-expression profiles). 
Based on this expression patterns, specific genes can be determined that correlate highly 
with maturity and therefore with sugar accumulation during storage.  

The information of maturity on the level of a batch can lead to advice on the storage 
conditions and storage duration. For instance store this batch not lower than 7 °C during 5 
months or to an advice to store at 5° C without sprout control agents for 3 months. On a 
factory level a planning can be made to determine the order of processing, which batch first, 
because of immaturity and which batches can be stored till late April without a high risk. 

Molecular tests are widely used as diagnostics for animals and humans. The 
techniques develop very quickly and prices drop. This will lead to the availability of this 
and similar techniques for quality control or quality prediction in trade and logistics of fresh 
fruits and vegetables. 

There is a growing concern about the formation of acrylamide in processed potato 
products. The proposed complex mechanism for the formation of acrylamide involves 
reducing sugars and amino acids. This can be an additional argument to use and implement 
quality prediction tools, thereby optimising quality (for instance concentration acrylamide, 
colour, texture attributes) and reducing costs (minimizing water and energy use). However, 
the costs of such technology should not only be paid by the producers of the raw material. 
There is a common interest for both producer and processor and costs as well as profits 
should be distributed fairly over the participants of the whole potato processing chain. 
 
CONCLUSION 

Fresh fruit and vegetables are subject to many handling procedures. The final 
quality is the resultant of the environment interactions with the product. Intelligent systems 
can contribute to final consumer perceived quality but are not the one and only assurance 
for a good quality. Technological robustness and skilled personnel is essential. 
Furthermore, the quality of a batch is usually determined by the weakest individuals. It is 
important to include the concept of biological variance to understand the rate of quality 
changes of individuals in that batch (Schouten et. al 1997, 2002a and 2002b). This can lead 
to homogenisation of batches (by selection) or to an improved prediction. 

However, trust and transparency between trade partners is crucial. The willingness 
to share necessary information is an important step in the trade of fresh fruits and 
vegetables. It is easy to observe that fresh fruit and vegetables are an object of 
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(international) trade and therefore intelligent systems will be used to optimise or even 
maximize profit in the first place, and quality as a second option.  

Nevertheless, intelligent systems such as sensors for objective measurements or 
molecular biological tools can work in specific chains in which partners have agreed and 
negotiated on the use of it. 

Modelling is essential for the further development of insight in environment-quality 
interaction. Explaining models based on physiological processed lead to a better 
fundamental insight in quality determining processes. They are essential to improve 
research. Furthermore, they can be applied in decision support systems throughout the 
entire supply chain. 
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