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1. Introduction 

To follow is a comprehensive report on the results of the Fresh Demo project. This 
introduction gives a summary of the Fresh Demo project with explanations. 
 
The project 
 
Fruit and vegetables in Europe travel a long way before being put on the store shelves. As 
they go through this logistics chain, the produce is refrigerated to combat bacterial growth. 
However, this also has its downsides as cold stores draw moisture from the air, lowering the 
relative humidity. As the produce consists largely of water, the dry air causes the water to 
evaporate, resulting in dried-out produce and a reduction in weight and freshness. At the 
same time, the produce goes into what can only be described as survival mode, and uses its 
own nutrients to survive. These nutrients (phytonutrients and vitamins) are essential to our 
health. They strengthen our immune system and improve our vitality. The longer the journey 
from harvest to consumer, the greater the loss of nutrients. 
 
Contronics, producer of ultrasonic humidification equipment for fresh produce, and TTZ, a 
research organisation from Bremerhaven, came up with the idea of applying (ultrasonic) 
humidification all the way from the harvest to the supermarket shelves, thus 
significantly reducing dehydration and its negative effects. Together with seven other 
European partners — Univeg in Germany and Italy, PLUS Van Gurp supermarket in the 
Netherlands, the Technical University of Denmark (DTU), Freshfel Europe in Brussels, Bioazul 
in Spain, RTF in Germany and Polypan in Greece — the Fresh Demo project was started after 
submission to Brussels and the receipt of a grant. The Fresh Demo project was one of the 
first Horizon2020 projects of the ten selected (out of 12,000 applications)! 
 
The goal of the project was to demonstrate the impact on various fruits and vegetables if the 
produce was treated with a natural extract, Formula5, immediately after harvest and 
humidified throughout the entire supply chain. Humidification was carried out  with ultrasonic 
humidifiers. Water is brought to a high-frequency vibration when a mist of very small water 
droplets (aerosols) forms, which quickly evaporates. This raises the humidity and a natural 
cooling effect takes place (an adiabatic process). The mist does not wet the produce, but 
increases humidity while free aerosols are simultaneously absorbed by vegetables through 
the pores in the leaves. In addition to existing humidifying equipment, Contronics has also 
developed applications for trucks and the technology to add the Formula5 to the mist. 
 
The Greek company, Polypan, developed Formula5, a natural extract that can be added to 
the mist. It is a so-called bioflavonoid, which is found in the rind of Bergamot oranges and 
protects the fruit from disease. By applying this special mist directly after harvest, the 
produce is protected from fungal and bacterial growth. 
 
A series of empirical tests were organised. In parallel with a control group ferried by regular 
transportation, transport with the mist was carried out using the same kind of produce, 
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harvested at the same time. To ensure the results were empirically valid, each transit was 
carried out three times. 
 

  
Humidifying equipment in the Fresh Demo bus 
 
Initially, the intention was to also equip the distribution centres with humidifying equipment, 
where produce was temporarily stored. However, in view of the great diversity of transport 
and the organisational complexity, the Fresh Demo bus was chosen instead. This bus was 
equipped with refrigeration and humidifiers. Half of the produce was treated with Formula5 
for 20 minutes immediately after harvest, and the other half was loaded after ventilating the 
bus. During transportation, the temperature in the Fresh-Demo bus was roughly 1°C and 
humidity was around 98%. A truck and the bus departed simultaneously and also arrived at 
the supermarket at the same time. The regular transport generally made two stops at 
distribution centres, where the produce was offloaded and stored overnight and loaded onto 
a different truck the next morning. Once in the supermarket, the produce from the control 
group was placed in a regular refrigerator while the humidified produce was placed in a 
refrigerator equipped with humidification equipment. 
 

Refrigerator w ith humidification equipment  
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The supermarket shelves were also equipped with a mist system. 
 

 
Humidifying equipment in a PLUS van Gurp supermarket 
 
Produce (both humidified and non-humidified) was tracked for 15 days after transport and 
tested daily for weight, flavour, mould, appearance (photos) and quality. On the first and 
fifteenth day, samples were taken to laboratory to test for sugar and vitamin content, BRIX 
value, nutrients (phytonutrients), acidity (pH) and bacterial growth. 
 
Tests carried out (3x): 

- Strawberries from Huelva (southern Spain) to a supermarket in Bremerhaven 
- Asparagus from northern Germany to a supermarket in Bremerhaven 
- Nectarines and peaches from central Italy to the PLUSvan Gurp supermarket in 

Roosendaal 
- Grapes from southern Italy to the PLUS van Gurp supermarket in Roosendaal 
- Cauliflower and curly endive from Cambrils (Spain) to the PLUS in Schijndel/Den 

Dungen 
- Storage of lettuce in a distribution centre in Spain 

 
Results: 

Very significant impact 
- After three days in transit, the humidified strawberries arrived in Bremerhaven 

looking freshly picked, while the strawberries from the control group were almost 
unsellable after a single day. 
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Strawberries after arrival in the supermarket; regular transport 
left, humidified right 
 

 

 
Strawberries after 11 days of refrigerated storage. Humidified 
left, control group right 
 

Results (cont.) 
 

- Asparagus, peaches, nectarines and curly endive saw roughly a 50% reduction in 
weight loss; cauliflower 25%; strawberries managed 70%! 

- Longer shelf life in all tests, between 10 and 25% (2 to 5 days) 
- Better flavour, colour and quality 
- Food waste was reduced by 25% (quantified at PLUS Van Gurp), saving €5,200 

annually. 
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Table of results 
 

 
strawberries grapes peaches nectarines cauliflower curly endive 

  ID C H HD C H HD C H HD C H HD C H HD C H HD 

 weight loss 1 5 4 1 5 5 1 5 5 1 3 5 1 5 4 1 4 5 

 appearance 1 5 5 1 5 5 1 5 5 1 5 5 1 5 5 1 5 5 

 
shelf life / mould 1 5 5 1 3 5 1 5 5 1 4 5 1 5 5 1 5 5 

 flavour 1 5 3 1 5 5 1 5 5 1 5 5 1 5 5 1 5 5 

 vitamins 3 5 1 3 1 5 1 4 5 3 1 5 3 1 5 5 1 3 

 Total 7 25 18 7 19 25 5 24 25 7 18 25 7 21 24 9 20 23 

  
Different scores show different evaluations 
5 points – best results 
1 point – worst results 

 
C = Regular transport and storage 
H = Humidified transport and storage 
HD = Humidified transport and storage; treated w ith Formula5 
 
As the empirical tests with the Fresh Demo bus showed no bacteria or fungi, Polypan and 
TTZ specifically tested the effect of Formula5 on bacterial and fungal growth. After 
contamination in the laboratories, the tests showed that the produce treated with 
Formula5 had negligible bacterial growth.  In other words, the treatment is highly 
effective. In addition, they tested to see if any residue remained on the produce and this 
was not the case. Use of Formula5 is permitted in the Netherlands. 
  



7 
 

Mist is profitable from day 1 in supermarkets: 
 
Business model: 
The table below was created by registering all the required data daily over the course of four 
years. 
 
Supermarket with 30m² of moisturised shelves 2 x 5 x 3m² 
Annual costs 
Investment: 
€15.000,-  
 

Annuity 
3% 

Energy 
7884 KW 

Water 
130m3 

Maintenance  Total 

2 humidifiers €1,000.- €946.08 €234.- €1.000.-  €3,180.08 
Per day  €8.71 

Annual revenue Increased 
revenue on fruit 
and vegetables. 
5% (1) 

Increased 
revenue on all 
products (not 
measured) (2) 

Reduced 
food waste 
25% (3) 

Reduced 
energy costs 
KwH (4) 

Reduced 
labour costs; 
28 minutes 
per day (4) 

Total 

 €9,600.- €0.- €5,200.- €1,440.- €2,138.98 €18,338.98 
Per day €50.24 

 
(1) Revenue was measured over the course of four years; during the project and beforehand. Per customer revenue 

remained the same, but more customers came. 
(2) Store revenue increased by ten percent, but it cannot be guaranteed that this is due to the humidifiers and their mist. 

Interviews did show that customers were very keen on them. 
(3) Waste numbers were recorded for four years. The amount of rubbish per product was noted every day. Humidifiers 

were used after the first year. 
(4) As the mist has a cooling effect (roughly 5°C), it is unnecessary to move the produce into refrigerated storage 

overnight. This makes the storage facilities redundant and saves on energy. 
Since produce need not be moved, labour costs are reduced as well, assuming an hourly wage of €10.61 as 
mandated for supermarkets (28 minutes). 

 

The above table shows that profits are increased by roughly €40.- per day, or €16,000.- 
annually. Additionally, food waste is reduced by 25% annually. Customers get 
healthier products of better quality, which keep fresh for longer, indirectly reducing 
food waste even further.  In addition, the humidifying of fruit and vegetables leads to  much 
better presentation on the shelves, contributing to higher customer satisfaction. 
 
Contribution to a cleaner environment 
 
The Technical University of Denmark (DTU) used a life cycle analysis to research the effect 
on the environment of applying humidification during transport. On the one hand, a 
humidifier has to be installed, which impacts the environment during production and use (as 
it uses water and energy). On the other hand, the environmental benefits were also 
examined. Since less produce is discarded, less produce needs to be grown. This has a 
significant impact on the emission of greenhouse gasses and the use of water and soil 
throughout the entire production chain of fruit and vegetables. Additionally, since 
humidification has a cooling effect, it also saves energy. This comprehensive study shows 
that if even slightly less food is discarded, the environmental impact (on greenhouse gas 
emissions and water usage) is positive. Since the Fresh Demo project reduces the waste of 
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fruit and vegetables by 25% in stores, it may be said that it contributes greatly to a 
cleaner environment. 
More comprehensive information can be found on the Fresh Demo website. To see what 
humidification does to fruit and vegetables, you can watch the time lapse videos on this 
website www.fresh-demo.eu. The difference between humidified and non-humidified 
produce is shown over the course of ten days. Lettuce, carrots and bananas were filmed. 
 

 
Time lapse of lettuce after 4 days w ithout (left) and w ith humidification (right) 
 

 
Time lapse of bananas after 9 days w ithout (left) and w ith humidification (right) 
 
 
Below, you will find the original report with all the results and measurements in detail. 

http://www.fresh-demo.eu/�
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1. Introduction 

The aim of this work package is to adapt, test and optimize the FRESH-DEMO systems under 
industrial conditions in the fruit and vegetable distribution facilities of UNIVEG-DE, UNIVEG-
IT, and GURP. This includes the installation and integration of the prototypes at the 
respective case study sites, the implementation of comprehensive test series and 3 
demonstration workshops for an interested audience from the fruit/vegetable distribution 
sector. Besides the determination of the overall performance, an analysis of system reliability 
is also important. The problem of process reliability is that different products have different 
requirements regarding to process parameters such as humidity, airflow, etc. The knowledge 
gained during these tests will be looped back for further optimization of the prototypes.  

In report D4.1 “Installation and putting into opereration of the prototypes”, the prototypes 
have been installed by CEN and RFT in the case study sites. CEN and RFT were in charge of 
the mechanical and electrical installations and put the prototypes into operation. Series of 
functional tests have been carried out before the actual demonstration trials begin.  The 
personal from GURP, BIOAZUL and CEN have been trained at the test sites in the standard 
operating procedures of the FRESH-DEMO systems. 

 

Figure A: FRESH-DEMO van 

TTZ was responsible for the implementation of the test programme, BIOAZUL, RFT, CEN and 
GURP were responsible for the daily handling of the systems and CEN, RFT, POLYPAN, and 
BIOAZUL as the main manufacturers cared about  mechanical and/or electrical modification 
and the maintenance of the prototypes which may became necessary during the 
demonstration trials. After successful completion of the test programme, TTZ assessed the 
results with respect to the overall efficiency in comparison to the standard procedures.  

In the chapter 2 – 9 all trials, results and conclusions are described.   
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2. Installed equipment 

The equipment which was installed for the trials during the project is: 

 Type 1:  
Stationary humidifier for in-store, capable of delivering humidification in different 
amounts, including tubes, RO-unit, sensors and display. 

1. Supermarket Edeka Bremerhaven (Germany) - (humidifier HT85 and RO-unit LP10BP 
with drainunit) 

2. Supermarket Plus vanGurp Roosendaal (the Netherlands) - (humidifier HT25 and  
RO-unit LP10) 

3. Supermarket Plus vanGurp Roosendaal (the Netherlands) – (humidifier system  
HU-sys C-0030 with stainless steel tube) 

4. Supermarket unit for fairs Spain, Germany, the Netherlands etc. – (humidifier HT25 
and RO-unit LP10) 

5. Supermarkets  (the Netherlands) – (humidifier system  
HU-sys C-0030 with stainless steel tube) 

 Type 2: 
Stationary humidifier for storage, capable of delivering humidification in different 
amounts including RO-unit, sensors and display. 

6. Supermarket Plus vanGurp Roosendaal (the Netherlands) -  (humidifier HT25 and RO-
unit LP10BP) 

7. TTZ Bremerhaven (Germany) storage room, for trials -  (humidifier HT25 and RO-unit 
LP10) 

8. COHOCA facilities in Valencia (Spain) - (humidifier HT245 and RO-unit LP20BP) 
9. Supermarket Plus Schijndel/Den Dungen (the Netherlands) -  (humidifier HT45 and 

RO-unit LP10) 

 Type 3: 
Stationary unit for humidification with natural water acidifier. 

10. TTZ Bremerhaven (Germany) laboratory room, for tests -  (humidifier HT25 and 
water treatment with dosing unit HP sys001) 

 Type 4: 
Mobile humidifier capable of delivering humidification during transport. 

11. Fresh-Demo van  (4 mobile humidifiers MHU10, with RO-unit LP10, water tanks, 
battery) and 5 for endurance tests 

12. Mobile humidifier for fairs Germany, the Netherlands- (mobile humidifier MHU10 with 
RO-unit LP10) 
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3. Trials 

The trials the Fresh-Demo team have done: 

1) Strawberries from Spain (Huelva) transported to Edeka supermarket in Bremerhaven 
(Germany) in March, April 2016 

2) Aspargus from Germany, transported from Kirchdorf to Edeka supermarket in 
Bremerhaven (Germany) Apri, May 2016 

3) Nectarines and Peaches transported from Gambettola (Italy) to van Gurp Supermarket 
Roosendaal (the Netherlands) June, July 2016 

4) Table grapes from Polgnano a Mare (South of Italy) transported to van Gurp 
Supermarket in Roosendaal (the Netherlands) August, September 2016 

5) Escarole and Cauliflower from Spain to Supermarket Plus in Schijndel/Den Dungen (the 
Netherlands) November, December 2016 

6) Lettuce from Spain  

 

4. Case study Strawberries 

4.1 Way between Huelva and Bremerhaven 

To detect the way between Huelva and Bremerhaven, the van is connected with a 
track and trace control: temperature, humidity, speed, kilometres and way could be 
seen via GPS.  

Conventional transport:  

Before transported the strawberries are packed in the wooden boxes (1 kg per box) 
directly on the field during the harvesting. The strawberries are neither washed nor 
treated with biocides. 

The wooden boxes are transported to the factory, where they are cooled down to 10-
12°C upon reception (reception chamber). Then the boxes are filmed with the 
perforated plastic lids and labelled in the working area (also at 10-12ºC). 1 pallet 
=480 boxes à 1kg with a height of 2,10m + pallet = 2,25m height 3 wooden boxes of 
1kg strawberries are packed in 1 Cardboard 

The cooling time depends of the outside temperature – no shock cooling takes place. 

Before being cooled and stored at 4°C until transport. Shortly after packaging the 
transport starts (max. 1,5 – 2 hours after packaging). After receiving Bremerhaven, 
Strawberries will be stored in the cooling room at 4°c until they are displayed. For 
displaying they are directly disposed from 4°c at 20°C.  

Transport temperature is: 2 – 4 °C 

Fresh Demo Transport: 

It is planned that after harvest, the strawberries are directly cooled in the Fresh-
Demo van with humidification.  

Additionally, it is planned to treat a first batch of strawberries with the Polypan 
natural extract in the van. These products will be transported in the Fresh-Demo van 
until Bremerhaven, where TTZ will directly take reception.  

Transport temperature in the Fresh-Demo Van: 2 – 4 °C 
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Transport humidity in the Fresh-Demo Van suggested with 95%  

After receiving the supermarket in Bremerhaven the Fresh-Demo transported 
strawberries will be stored in the Fresh-Demo van to keep on humidifying before they 
are displayed. If the strawberries should be displayed they will be temperatured for 
90 minutes at 20 °C to avoid condensation during displaying. After aclimatisation the 
products will be presented in the ultrasonic humidification mist in the supermarket.  

4.2 Product Characterisation in laboratory analysis 

Upon reception and display of the fruit and vegetable in the selected supermarkets, 
TTZ will organise the characterisation of the products simulating the consumer stage. 

After delivery following analysing were executed (detailed description see Del 1.4). 

 Lab tests: 

Humidified and non-humidified products are displayed in the supermarket. Humidified, non-
humidified and the Formula 5 treated products are stored at +5°C for laboratory analysis 
(humidified with relative humidity of 90%, non-humidified at relative humidity of approx. 
75%): taking pictures, weight, colour detection, softness, taste and flavour, phytonutrients, 
pH as well as dry mass are documented to demonstrate the influence on the products 
quality. 

In Figure B: could be seen after which storage time which analysis was executed. End of 
storage day is, when one strawberry in the box offers moulds or yeast on the surface. 

 

Figure B: Distribution of Strawberries in different control groups 

Table 1: time schedule for analysis of strawberries 

Analysis 
Amount to be 

measured 

Day 

1 

Day 

2 

Day 

3 

Day 

4 

Day 

5 

Day 

6 

last 

day 

1-Pictures whole box x x x x x x x 

2-weight  whole box x x x x x x x 

3-color detection 1 Strawberry x x x x x x x 

4-softness (Texture analyse) 1 Strawberry x x x x x x x 

5-Taste (panel) whole box   x   x     x 

6-hydration (dry mass) purée x           x 

7-pH  purée x           x 

8-ascorbic acid purée x           x 

- Pictures: TTZ will made pictures day by day. 
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- Weight: TTZ will measure the weight of strawberries boxes upon arrival and along 
the shelf-life tests daily. 

- Colour detection: is done visually by making pictures 

- Softness: TTZ will measure the texture of strawberries along the storage by using 
Texture Analyser by Micro Stable Instrument with the following test parameters: 

Measurement device: cylinder 12 mm with measurement cell 5 kg 
kind of test:   pressure 
Test speed:   1 mm/sec 
Back speed:   2 mm/sec 
Aim parameter:   distance 
Distance:   10 mm 
Tripping value:  Force (0.01 lb) 

Stop of measurement: at start position 

- Taste: TTZ will perform an in/out sensory test to assess whether the FRESH-DEMO 
humidified strawberries are conforming to the normal strawberries (IN) or not 
conform (OUT). Different sensory parameters such as appearance, firmness, 
dehydration, odour, freshness, etc. will be assessed via a trained panel. The panel 
meets Tuesdays and Thursdays at 10h. 

- Time strawberries stay fresh: TTZ will perform shelf life tests storage of 
strawberries at 5°C (conventional) and at 5°C with humidification (90%) for the 
humidified with and without film and for the humidified and Formula 5 treated with 
and without film.  

- Other lab tests: TTZ will measure the hydration (drying at 103°C until weight 
stability is achieved) and the pH. 

4.3 Analysis of delivered Strawberries 

The trip started in Huelva on Friday, 11.03.2016 at 14:00. By using track and trace control, 
the route could be seen online.  

After 2700 km the FreshDemo van arrived at ttz Bremerhaven on Monday, 14.03.2016 at 
16:00. Figure C shows the route of the FreshDemo can protocolled by Track and Trace 
control including humidity and temperature control during transport. It could be seen that 
both parameters were constant at approx. 1°C and 96% relative humidity.  
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Figure C: Route of FreshDemo van 
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Start: 11.03.2016 13:41:07  average temperature 1.113 °C/average humidity 96,84 %    End: 14.03.2016 15:41:07 

 
Figure D: humidity and temperature during the transport time
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4.3.1 Pictures  

Arrival – Day 1 - 14.03.2016 (H = humidified; H+D = humidified and Formula 5 treated) 

Control   H with film   H no film  H+D with film   H+D no film 

             
 

Day 2 - 15.03.2016 (H = humidified; H+D = humidified and Formula 5 treated) 

Control   H with film   H no film  H+D with film   H+D no film 
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Day 3 - 16.03.2016 (H = humidified; H+D = humidified and Formula 5 treated) 

Control   H with film   H no film  H+D with film   H+D no film 

                                            
 

Day 4 - 17.03.2016 (H = humidified; H+D = humidified and Formula 5 treated) 

Control   H with film   H no film  H+D with film   H+D no film 

                                               
 

 

 

 

 



    D4.0 Report all Fresh-Demo trials 

14 

 

 

Day 5 - 18.03.2016 (H = humidified; H+D = humidified and Formula 5 treated) 

Control   H with film   H no film  H+D with film   H+D no film 

                                       
 

 

Day 8 - 21.03.2016 (H = humidified; H+D = humidified and Formula 5 treated) 

Control   H with film   H no film  H+D with film   H+D no film 
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Day 9 - 22.03.2016 (H = humidified; H+D = humidified and Formula 5 treated) 

Control   H with film   H no film  H+D with film   H+D no film 

                                         
 

 

Day 10 - 23.03.2016 (H = humidified; H+D = humidified and Formula 5 treated) 

Control   H with film   H no film  H+D with film   H+D no film 
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Day 11 - 24.03.2016 (H = humidified; H+D = humidified and Formula 5 treated) 

Control   H with film   H no film  H+D with film   H+D no film 
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Direct after delivery and each day photo documentation was done by taking pictures.  

After delivery, the humidified transported Strawberries (H/H+D) are stored at +5°C 
and a relative humidity of 90%. The conventional transported Strawberries are stored 
at 5°C and approx. 75% relative humidity.  

 

 
Figure E: products day 0 direct after delivery (left conventional transport; right 

humidified transport) 

The humidified products (H/H+D) offer more intense colour than the conventional 
transported Strawberries direct after delivery. Furthermore, it could be seen, that the 
products from the conventional truck have a deadhead green whereas the humidified 
transported products (H/H+D) from the FreshDemo van have a fresh appearance and the 
green looks fresh harvested. 

After day 3 of storage, less Strawberries get mouldy with humidified storing (H/H+D). 
Furthermore, they offer less dent and a fresher appearance. 

On day 5 of storage the conventional products have a lot of dents and do not have a fresh 
appearance in contrast to the humidified and acidified treated + humidified products 
(H/H+D).  

The products of both groups (H/H+D) with film have less dents than the products without 
film.  

The evaluation of Day 9 shows that the humidified and Formula 5 treated+humidified 
products (H/H+D) have a fresher appearance than the reference products which offer lots of 
dents. 

The non-Formula 5 treated and only humidified products (H) with film offer the best quality 
after day 9 storing.  
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On day 10 the conventional Strawberries offer lots of dents. 

The humidified as well as the Formula 5 treated and humidified products (H/H+D) looks less 
dent. Differences could be seen between products with and without film  
(H/H+D). The Strawberries stored with film (H/H+D) looks fresher and offer a more intense 
flavour. Best products on day 10 are the Formula 5 treated and humidified products with 
film.  

Day 11 – the conventional Strawberries have a lot of dents and mould growing. The 
humidified Strawberries (H) with film do not have dents but first mould growing. The 
humidified products (H) without film do not have dents or mould growing.  

All products for the humidified and Formula 5 treated (H+D) products do not have dents and 
mould growing. 

Furthermore it could be seen that the deadhead green on the humidified Strawberries 
(H/H+D left picture above) looks fresh as direct after harvest. The deadhead green of the 
conventional transported and stored Strawberries (right picture above) looks dry and brown. 

 

Conclusion: Even after storage day 11 humidified transported and 

stored strawberries offer fresh appearance and fresh green calyx. 
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4.3.2 Weight  

 

 

Figure F: influence of humidification on the weight of Strawberries during the storage time 
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Figure F shows the influence of the humidification on the weight during storage time. The 
control Strawberries offer the highest loss in weight. 

Humidified (H) and humidified and Formula 5 treated (H+D) Strawberries offer less weight 
loss. The products transported and stored with film (H/H+D) offer less loss in weight than 
the products without film.  

This means that humidified (H/H+D) products do not dry out or loss water as the 
conventional Strawberries do. The film is an additional barrier for reserving water in the 
Strawberries. 

Conclusion: Humidified transported and stored strawberries offer 
minimized weight loss.  

4.3.3 Softness  

 
Figure G: Softness of Strawberries depending on the 

Directly after delivery as well as each storage day was measured the softness by using 
Texture Analysis Measurements. With this measurement the power in Newton is measures 
which is needed to go 1 cm inside the product. In Figure G could be seen, that the 
humidified transported Strawberries without film (H) offer hardest appearance. The higher 
the needed power [N] the harder the Strawberries. After 3 days of storage those 
Strawberries offers the softest surface.  

Strawberries humidified (H) with film and both charged (with and without film) of Formula 5 
treated and humidified transported (H+D) offers same behaviour after delivery: an average 
softness (needed power for going through the surface between 21-23 N). 

The conventional ones in comparison offers (17 N) the softest behaviour at delivery. 

After day 3 of storage no changing in softness could be measured. But after day 6 of storage 
all products excluding humidified (H) without film offer similar power between 17 – 20 N. It 
has to be considered, that the softness of the humidified and humidified+Formula 5 treated 
Strawberries (H/H+D) with film as well as the humidified (H) Strawberries without film 
decreases. But the softness of the Strawberries humidified+Formula 5 (H+D) treated without 
film as well as the conventional ones’ increases during storage time.  
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On storage day 11 the conventional Strawberries are very soft – the power in the softness 
measurement is very low, because no power is needed for going in the product.  

Humidified with film and humidified and Formula 5 treated without film offer a minimal 
decreasing power for going in the product. This means that these Strawberries are a little bit 
soft but not so much than the conventional ones.  

Humidified Strawberries without film and humidified and Formula 5 treated Strawberries with 
film offer an increasing power for going inside the product. This means that they do not offer 
soft appearance and offer best softness quality.  

Conclusion: humidified transported and stored strawberries offer best soft quality 
after storage.  

4.3.4 Sensorial analysis 

Table 2: results of the sensorial expert panel (in/out test) 

15.03.2016 17.03.2016 

humidified 
no film 

sour 

6 out 

better than reference 
best result 

better 
than 

reference 

not so intense flavour sweeter 

less sweetness more intense taste and flavour 

harder riper/dark coloured 

          

humidified+ 
Formula 5 

treated with 
film 

very soft 
best 

result 3 
in/3 out 

softer 

4 in/2 out 
extrem juicy no typical flavour 

less sweetness not ripe 

taste and flavour typical very hard 

          

humidified 
with film 

not so intense taste 

1 in/5 
out 

sour 

1 in/5 out 
softer non intense flavour 

sour/less sweetness not dark coloured 

harder/stronger lots of dents 

          

humidified+ 
Formula 5 
treated no 

film 

not so intense taste+flavour 

worst 
result 6 

out 

sour and bitter 

worst 
result 1 
in/5 out 

less sweetness less taste and flavour 

sour slushy 

harder moldy flavour 

less coloured moldy 

The sensorial evaluation of the Strawberries was done by an expert panel. 6 experts make 
an in/out evaluation with the conventional transported Strawberries (see Table 2). Directly 
after delivery, the humidified and Formula 5 treated (H+D) Strawberries with film are 
evaluated as best products. The products humidified and Formula 5 treated (H+D) without 
film are characterized as the worst products.  

After storage time of 3 days same panel made the same evaluation. After this storage time, 
the humidified (H/H+D) transported and stored products achieved better evaluation than the 
reference products.  
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The products humidified and Formula 5 treated (H+D) without film are characterized as the 
worst products again. 

Conclusion: humidified without film transported and stored as well as humidified 
and Formula 5 treated strawberries offer best sensory result by a trained panel.  

4.3.5 Laboratory analysis (pH hydration) and vitamin C content 

Table 3 shows the results of the laboratory analysis of pH and drying substance (hydration) 
on day 2 and day 5. 

For pH measurements it could be seen that all samples offer similar pH for both analytic 
days. Only the Strawberries humidified (H) with film show an increase in pH from day 2 
(3.63) to day 5 (3.81) which is a minimize changing and should not have strong influences 
on the quality.  

For the drying substances control, humidified (H) with film and humidified and Formula 5 
(H+D) treated without film samples offer no significant changing in hydration between 
storage day 2 and storage day 5. Humidified and Formula 5 (H+D) treated Strawberries with 
film offer an increasing drying substance which shows a water loss of the products between 
day 1 and day 5. In contrast for the humidified (H) Strawberries without film (blue coloured 
line in table 3) the drying substance decreases. This means that the Strawberries have on 
storage day 5 a higher water content than on day 2. This could be explained be the 
humidified transport and storage without film which avoid the water absorption. 

Table 3: laboratory analysis results for detection of pH and hydration 

  
pH 

drying substance ds 

[g/100g sample] 

15.03.16 18.03.16 15.03.16 18.03.16 

control 3.65 3.52 8.6 8.55 

humidified with film 3.63 3.81 8.11 8.21 

humidified no film 3.69 3.57 8.45 7.91 

humidified + Formula 5 treated with 

film 

3.77 3.62 7.96 8.5 

humidified + Formula 5 treated no film 3.71 3.62 8.51 8.54 

To analyse vitamin C, 100 g of strawberries were given to an external laboratory to detect 
the vitamin C content of strawberries via HPLC.  

Table 4 shows the vitamin C content of strawberries direct after delivery (day 1) and after 15 
days of storing. The humidified transported and stored strawberries offered a gain on 
vitamin C content of 23.86 % whereas the conventional transported and stored products 
offered the largest loss with approx. 16%. 

Table 4: laboratory analysis results for vitamin C content of strawberries 

sample ID 
Vitamin C day 1 

[mg/g drying 
substance] 

Vitamin C day 15 [mg/g 
drying substance] 

% changing [neg. 
value means gain] 

strawberries 

conventional 5,041666667 4,235294118 15,99416626 

humidified 3,526315789 4,367647059 -23,85864794 

humidified+Formula 5 
treated 4,657534247 4,338235294 6,855536332 
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Conclusion: humidification during transport and storage of strawberries leads to 
a rise of vitamin C content. 

4.4 Conclusion 

In this deliverable the first trip of the Strawberry case study was evaluated exemplary to 
show all executed laboratory results as well as the specific requirements for the transport 
itself.  

After evaluation of the different treated and transported (conventional and H/H+D) products 
it could be said that the product transported with the FreshDemo van (H/H+D) offer better 
quality than the conventional Strawberries direct after delivery as well as different storage 
days. Table 5 gives an overview of the best product category for the single analysis. The 
best products are the products (H/H+D) without film.  

Table 5: summary of laboratory analysis 

attribute Best sample explanation 

Appearance 
shelf life 

Humidified and Formula 5 treated 
(H+D) with film 

Offset most fresh appearance 
with less dents and lowest 
visible mould growing 

weight Humidified and Formula 5 treated 
(H+D) and humidified (H) with film 

Less weight loss during storage 
than without film and 
conventional 

Sensorial analysis Humidified (H) without film Best taste, flavour, appearance 
and structure 

Softness Humidified and Formula 5 treated 
(H+D) with film and humidified (H) 

No measurable changings in 
softness during storage 

pH Humidified (H) with film Increasing pH 

Hydration Humidified (H) without film Decreasing drying substance – 
highest water content 

Humidified products without film - best quality in sensorial analysis, softness 
measurement on storage day 11. 

Humidified products with film - best quality in minimized weight loss and no changing in 
pH during storage. 

Humidified products and Formula 5 treated without film - best quality in shelf life. 

Humidified products and Formula 5 treated with film - best quality in shelf life 
analysis, softness measurement and offer minimal weight loss during storage. 

Summarized it could be said that humidified and Formula 5 treated (H+D) 
products as well as humidified products (H) during transport and storage leads to 
increasing product quality, fresher appearance and shelf life, better softness 
during storage and increasing taste and flavour. Additionally, packaging material could 
be reduced because without film and humidification Strawberries offer best quality. 

The humidified product without film seems to be the best product because of having best 
sensorial evaluation result as well as best softness after storage day 11.  

The humidified with film is the worst product in comparison to the other products of the 
FreshDemo van but offer high quality in contrast to the conventional Strawberries. 
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With this exemplary evaluation of the first Strawberry case study could be shown 
that humidification as well as Formula 5 treatment in combination with 
humidification leads to high quality products significantly better than 
conventional transported and stored products.  
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5. Case study asparagus 

Asparagus is chosen as case study product because it is a very sensitive product with high 
water content and therefore a short shelf life. Typical shelf life of asparagus stored in a wet 
towel under cooling conditions is between 3 – 4 days. By using ultrasonic humidification 
technology, the shelf life is estimated to be prolonged up to 5-6 days.  

In this case study unfortunately it was not able to use the ultrasonic humidification 
technology directly after harvest at the producers’ side. But in general the using of ultrasonic 
humidification in each step of the supply chain leads to an improves products quality and an 
increasing shelf life.  

The executed analysis are chosen because weight loss, drying substance as well as sensory 
analysis are relevant main criteria for the evaluation of products quality. HPLC analysis are 
executed additionally because asparagus offer a high content of vitamin C of 20 mg / 100 g 
[deutsche Gesellschaft für Ernährung]. 

5.1 Material  

Asparagus was delivered to ttz and separated into three test groups: 

1. Stored at 5°C in the storing room (dry conventional) 
2. Stored at 5°C in the storing room involute in a wet towel (wet conventional) 
3. Stored at 5°C with ultrasonic humidification (rel. humidity of 88%) 

Stored for 7 days, analysed and evaluated. A humidified transport and disinfection tests 
unfortunately were not able because of producers’ decision. To see the influence on products 
quality, different analysis were executed: 

 Analysis done daily: measuring of weight and taking pictures 
 Analysis done on storing day 1 and day 4: detection of vitamin C content, detection of 

drying substance and sensorial evaluation (only day 4) 

5.2 Method 

 Daily analysis: 

5.2.1 Weight  

For weight documentation each day 9 pieces of asparagus per type of product were 
weighted.  
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Figure H: influence of humidification on changings in weight 

Percentage weight loss: 

H:  4.10 % 

C: 8.15 % 

TC:  5.06 % 

It could be seen that the conventional stored asparagus offer the highest weight loss of 8.15 
%.  

In comparison the humidified stored asparagus offer a lower weight loss (4.1 %) than the 
conventional asparagus in a wet towel (5.06). Although the conventional wet stored 
asparagus is in a closed wet system (towel) the humidification technology with the finest 
free floating aerosols offer better storing conditions. 

Conclusion: Storing of asparagus with ultrasonic humidification leads to 
minimization of weight loss.  
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5.2.2 Photo documentation 

Of 9 pieces of asparagus per type of product a picture was taken daily.   

Trip 2 – exemplary photo documentation – for all three trips same results 

Day 1      Day 2         

     

Day 3      Day 4 

         

Day 7 

 

 

Conclusion: In the photo documentation it could be seen, that the humidified 
stores asparagus offer less brown areas on the surface than the conventional wet 
and dry stores products.  

By touching the products, the humidified stored asparagus felt very kingly not too wet and 
not to dry. The conventional humidified asparagus offer a feeling of drying out directly after 
day one and the conventional wet stores asparagus greasy and disagreeable. 

Humidified asparagus (H) – kindly 

humid surface 

Wet conventional (TC) – too 

humid/greasy; first brown areas on 

the surface on storage day2 

Dry conventional (C) – dry and 

brown on surface after end of day 1 
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 Non- Daily analysis 

5.2.3 Microbiological analysis  

Thin slices of asparagus are prepared 1:10 with NaCl and homogenized as good as possible 
and diluted 1:10. Different dilutions are given on plate count, inoculated for 2- 3 days at 
30°C. After the inoculation time number of total viable counts is detected.  

 
Figure I: Influence of humidification on total viable counts 

The microbiological analysis show that conventional wet stored products offer gain in total 
viable count after 4 days of storing whereas the both other storing conditions (conventional 
dry and humidified) leads to loss of total viable counts (see Table 6). 

Table 6: percentage changing of total viable counts 

 

total viable 

counts day 1 

total viable 

counts day 4 
percentage changing 

conventional wet 492000 613000 -24,59349593 gain 

conventional dry 492000 305000 38,00813008 loss 

humidified 492000 406000 17,4796748 loss 

The conventional wet storing offer too wet conditions that the microbiological growing is 
fastened. At same wet conditions with relative humidity up to 96% the ultrasonic 
humidification system offer loss of total viable count between storage day 1 and day 4.  

The conventional dry storing conditions offer loss in total viable counts too, but the storing 
conditions of asparagus offer drying out effects and bad product quality already after day 1.  

Conclusion: Storing with humidification of asparagus leads to a minimization of 
microbiological growing.  

5.2.4 Sensorial analysis  

A trained sensory panel (5-6 tester) make an “in/out evaluation” on storing day 4. In this 
test products are tested against the conventional product which is defined as reference. First 
evaluation step is the evaluation of non-stripped and non-boiled asparagus, second one 
stripped and boiled.  
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The testers have to evaluate if the product is in or out of the range of the reference 
concerning: 

- Appearance 
- Taste  
- Flavour 
- Colour 
- Hardness 
- Appearance of surface 
- Freshness 
- Firmness 

The non – boiled and non - stripped humidified stored asparagus is evaluated better and 
fresher than the conventional wet and dry stored with more attractive whiter colour of the 
surface (see  

Table 7). 

The boiled humidified stored asparagus is evaluated as minimal less sweet, whiter and 
definitely better than both kinds of conventional stored asparagus (see Table 8).  

To sum up, evaluation of taste and flavour as well as evaluation of appearance and shelf life 
showed, that humidified asparagus offer higher quality than conventional stored asparagus 
(wet and dry).  

Table 7: sensory evaluation of non - boiled asparagus on storing day 4 

Non boiled       

TC IN OUT comment 

Tester 1 
  

X 
Thinner, not so many brown areas on the 
surface, bitter 

Tester 2 X     

Tester 3 
  

X Brighter, less brwon areas on the surface, 
sweeter in taste, gentle taste 

Tester 4 
  

X Whiter, less brown areas on surface, taste bitter, 
odor, less intense 

Tester 5   X Thinner, less matrix, taste bitter 

        

H - better/more freshness better 
white colour IN OUT comment 

Tester 1 
  

X 
Thinner, looks better, non brown areas on 
surface, bitter 

Tester 2   X White heads, bitter in taste 

Tester 3   X More gentle taste, very similar 

Tester 4 X     

Tester 5 X   Matrix, bitter, dry, identical peeling behaviour 

 
    

Standard more soft in mouth feeling, taste more 
than milk, butter, standard offer better and 
cleaner appearance 
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Table 8: sensory evaluation of boiled asparagus on storing day 4 

boiled       

H minimal less sweetness, more 
whiteness, better than TC IN OUT comment 

Tester 1 
  

X 
Not so sweet, more yellow colour, non intense 
typical odor 

Tester 2   X Not so sweet, more white colour 

Tester 3   X Less taste intensity 

Tester 4 X     

Tester 5 
  

X 
Less intense, 1 piece dark yellow, harder, less 
taste, fibrous 

        

TC IN OUT comment 

Tester 1   X Not so sweet, fibrous, difficult to cut 

Tester 2   X Uniform, white heads, best taste 

Tester 3   X Very similar, but more nutty taste 

Tester 4   X Less taste 

Tester 5 X   Less taste, harder 

5.3 Conclusion and summary  

Summarized it could be said that the ultrasonic humidification technology offers the 
possibility to create high quality asparagus during storage time.  

In comparison to “hardcore reference wet towel” humidified stored asparagus 
offer less weight loss, clearly better taste, flavour and appearance as well as 
sensorial evaluation. These stores products offer more freshness and more white 
attractive colour.   

In comparison to the conventional dry stored asparagus (non - typical storing method) 
humidified stored products offer in all kinds of analysis more than better results in quality.  

In sum the ultrasonic humidification technology offers an easy to implement and easy to 
handle tool to store asparagus with high quality even after 5-6 days of storing.  
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6. Case Study peaches and nectarines 

A case study with peaches and nectarines was executed to evaluate the influence of 
ultrasonic humidification during transport of products’ quality. The products were transported 
three times from Gobbi Dino (North of Italy) to the supermarket van Gurp in Roosendaal 
(Netherlands).  

Three different kinds of product groups (peaches and nectarines) were transported in 7 kg 
boxes without foil: 

In the FreshDemo Van: humidified (H) peaches and nectarines as well as disinfected and 
humidified (HD) peaches and nectarines.  

Unfoiled reference products were transported by the conventional LKW without 
humidification (C).  

6.1 Material  

To define the analysis a literature reserach was executed. Important parameter to evaluate 
the quality of peaches and nectarines is the analysis of Vitamin C. 

A comprehensive analytic of pH, drying substance, sensory, weight loss, visual decay and 
moulding gave an evaluation of quality aspects documented additionally with pictures.  

Due to literature (typical shelf life of peaches and nectarines at 5°C: 2 weeks at a maximum) 
an analytics plan was established: 

Storage day 1: delivery of peaches and nectarines to van Gurp. 

Humidified and disinfected (HD) and humidified (H) peaches and nectarines transported with 
the FreshDemo van (average 6-7°C at 60-70%) were stored at 5°C with an average relative 
humidity of 80-90%. 

Conventional transported (C) peaches and nectarines were stored at 5°C without additional 
humidification.  

All products (with and without humidification) were stored for 15 days at van Gurp, analysed 
and evaluated:  

- Pictures are taken daily. – 
- Weight loss, visual evaluation of decay and mould are executed all three days in the 

supermarket  
- and a sensory evaluation takes place directly after delivery, on storage day 7 and 

storage day 15. 

Products were delivered to ttz Bremerhaven to analyse pH, drying substance and to a 
laboratory in Bremen to analyse Vitamin C on delivery day and on storage day 15.  

6.2 Results Nectarines 

6.2.1 Weight loss 

For weight documentation all three days each box of nectarines was weighed.  
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Figure J: influence of humidification on changings in weight 

Percentage weight loss between start of transport and storage day 15: 

Conventional: 7.00 %; Humidified:  3.52 %; Treated with Formula 5 and humidified: 2.98% 

In Figure J it could be seen that the conventional (C) transported and stored nectarines 
offered the highest weight loss of 7.00%. In comparison the humidified and disinfected (HD) 
and humidified (H) transported and stored nectarines offered a lower weight loss (3.52% 
and 2.98%). 

The transport time (4 days) lead to the highest weight loss of the conventional transported 
(C) nectarines whereas the humidified (H and HD) transported nectarines offered a minimal 
gain in weight during transport time. During storage all products offered weight loss, but the 
weight loss of humidified (H and HD) stored nectarines was minimized.  

Conclusion: humidification during transport of nectarines have the largest 
influence on the minimized weight loss.  
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6.2.2 Pictures 

 

Day 1 

Conventional   Humidified   Humidified and treated with 
Formula 5 

   

Humidified transported nectarines (HD and H) had a fresher appearance than conventional 
transported (C) nectarines directly after delivery. 

Day 15 

Conventional   Humidified   Humidified and treated Formula 5 

 

After day 15 of storage conventional stored (C) nectarines offered first decay and non-equal 
areas on the surface (black marked area on left picture). Humidified stored (H and HD) 
nectarines did not have any decay or non-equal structures.  

6.2.3 Visual decay and moulding – shelf life 

The first day with visual moulding or decay on the products surface was documented for all 
three kinds of nectarines.  

Humidified and disinfected (HD) and humidified treated (H) nectarines offered first moulding 
and decay on the surface 1 day later than conventional stored (C) peaches. But in sum it has 
to be considered, that the number of mould product variates: 

Conventional stored nectarines:    20 pieces offered mould growing 
Humidified stored nectarines:    14 pieces offered mould growing 
Humidified+Formula 5 treated stored nectarines:  13 pieces offered mould growing 

Conclusion: humidified and humidified and Formula 5 treated products offer 
lower number of pieces with mould growing – a reduction up to 25% is visible. 
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6.2.4 pH, drying substance and vitamin C 

Table 9 shows the average pH and drying substance of nectarines of all three trips on 
storage day 1 and day 15.  

No changings in pH were visible during storage time (all products had same pH). 

For drying substance analysis, a thin layer of nectarine mousse was given in a dish and dried 
at 103°C until constant weight is detectable. This method is established for vegetables in 
dependence to official method § 64 LFBG 06.00 – 3 for the detection of meat and meat-
products.  

103 °C is the standard temperature for lots of products to detect the drying substance. The 
products are given in a hot cabinet with adjusted 103°C for evaporate the water inside. The 
product is weight out all 24 hours until weight stability is achieved. Drying substance is 
evaluation because lots of parameters use drying substance as base. 

All three kinds of samples offered nearly same drying substance, only with a minimal 
reduction during storage time. The reduction for humidified stored nectarines (H and HD) 
was minimized in comparison to the conventional stored products (C).  

Table 9: average pH and drying substance of nectarines on storage day 1 and 15 

 

Average 
pH Day 1 

Average 
pH Day 15 

average drying 
substance ds 
[g/100g sample] 
Day 1 

average drying 
substance ds 
[g/100g sample] 
Day 15 

conventional 4,00 4,01 11,56 10,67 

humidified 4,01 4,14 11,62 11,43 

humidified+treated with 
Formula 5 3,97 3,98 11,53 11,09 

Conclusion: Optimal adjusted ambient humidity leads to stability in drying 
substance. 

To analyse vitamin C, 100 g of nectarines were given to an external laboratory to detect the 
vitamin C content of nectarines via HPLC.  

Table 10: laboratory analysis results for vitamin C content of nectarines 

sample ID 
Vitamin C day 1 
[mg/g drying 
substance] 

Vitamin C day 15 
[mg/g drying 
substance] 

% changing [neg. 
value means gain] 

nectarines 

conventional 0,517241379 0,831775701 -60,80996885 

humidified 0,560344828 0,868421053 -54,97975709 

humidified+Formula 
5 treated 0,573913043 1,009009009 -75,81217581 

In Table 10 could be seen the results of the analysis of vitamin C content of nectarines 
directly after delivery (day 1) and after 15 days of storing. All three kinds of products offered 
a gain in vitamin C content during storage time, but the humidified and Formula 5 treated 
nectarines had the highest increase with 75.8%.  
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6.2.5 Sensorial analysis  

Direct after delivery as well as on storage day 8 and 15, one non-trained sensory person 
evaluated the nectarines concerning: 

- Appearance/Differences to conventional product 
- Taste  
- Flavor 
- Color 
- Decay 
- Softness 

In sensory analysis directly after delivery no difference were detected between humidified (H 
and HD) and non-humidified (C) transported nectarines. On storage day 8 and 15 the 
humidified stored nectarines (H and HD) offered better sensorial characteristics: better 
appearance concerning intensity in colour and little bit more typical taste and flavour than 
the non-humidified reference products (C). 

Conclusion: Evaluation of taste and flavour as well as evaluation of appearance 
showed, that humidified nectarines (H and HD) offered higher quality than 
conventional stored products (C) on storage day 8 and 15.  
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6.3 Results Peaches 

6.3.1 Weight loss 

For weight documentation all three days each box of peaches was weighed.  

 

 

Figure K: influence of humidification on changings in weight 

Percentage weight loss between start of transport and storage day 15: 

Conventional: 5.10 %; Humidified:  2.46 %; Treated with Formula 5 and humidified: 3.15% 

It could be seen in Figure K that the conventional transported and stored (C) peaches 
offered the highest weight loss of 5.10 %. In comparison the humidified (H) and disinfected 
and humidified (HD) transported and stored peaches offered a lower weight loss of 2.46% 
and 3.15%.  
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During time of transport (first fourth days) the conventional transported peaches (C) offered 
the highest weight loss whereas the humidified transported peaches (H and HD) offered a 
gain in weight. During storage the weight loss of humidified stored peaches (H and HD) was 
minimized.  

Conclusion: humidification during transport of peaches have the largest influence 
on the minimized weight loss.  

6.3.2 Pictures 

Day 1 

Conventional   Humidified   Humidified and treated Formula 5 

       

Humidified transported peaches (H and HD) had a fresher appearance than conventional 
transported (C) peaches directly after delivery. 

Day 15 

Conventional   Humidified   Humidified and treated Formula 5 

    

After day 15 of storage conventional stored peaches (C) offered first decay and non-equal 
areas on the surface (black marked area on left picture). Humidified stored peaches (H and 
HD) did not have any decay or non-equal structures.  

6.3.3 Visual decay and moulding – shelf life 

The first day of visual moulding or decay on the products surface was documented for all 
three kinds of peaches.  

In average the humidified (H) and disinfected and humidified (HD) treated peaches offered 2 
days longer freshness documented by first moulding and decay on the surface. Due to the 
average value no significant absolute difference could be identified.   
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Conventional stored peaches:    8 pieces offered mould growing 
Humidified stored peaches:     4 pieces offered mould growing 
Humidified+Formula 5 treated stored peaches:  4 pieces offered mould growing 

Conclusion: humidified and humidified and Formula 5 treated products offer 
lower number of pieces with mould growing - a reduction up to 50% is visible. 

6.3.4 pH, drying substance and vitamin C 

Table 11 shows the average pH and drying substance of peaches on storage day 1 and day 
15. During storage no changings in pH were visible. All three kinds of samples offered same 
pH. 

For drying substance analysis, a thin layer of peach mousse was given in a dish and dried at 
103°C until constant weight is detectable. This method is established for vegetables in 
dependence to official method § 64 LFBG 06.00 – 3 for the detection of meat and meat-
products.  

103 °C is the standard temperature for lots of products to detect the drying substance. The 
products are given in a hot cabinet with adjusted 103°C for evaporate the water inside. The 
product is weight out all 24 hours until weight stability is achieved. Drying substance is 
evaluation because lots of parameters use drying substance as base. 

For drying substance all samples offered nearly same values with a minimal gain during 
storage time. The gain for humidified stored peaches was larger in comparison to the 
conventional stored products.  

Table 11: average pH and drying substance of peaches on storage day 1 and 15 

 

Average 
pH Day 1 

Average 
pH Day 15 

average drying 
substance ds [g/100g 
sample] Day 1 

average drying 
substance ds [g/100g 
sample] Day 15 

conventional 4,47 4,46 15,00 15,31 

humidified 4,45 4,80 13,85 14,90 

humidified+treate
d with Formula 5 4,49 4,49 13,47 14,15 

Conclusion: Optimal adjusted ambient humidity leads to stability in drying 
substance. 

To analyse vitamin C, 100 g of peaches were given to an external laboratory to detect the 
vitamin C content of peaches via HPLC.  

Table 12 shows the results of the vitamin c analysis of peaches directly after delivery (day 1) 
and after 15 storing days. It could be seen that all products offered a gain of vitamin C 
content during storage but humidified products (with and without Formula 5 treatment) had 
the largest gain between 40.6%-47.5%. 

Table 12: laboratory analysis results for vitamin C content in peaches 

sample ID 
Vitamin C day 1 
[mg/g drying 
substance] 

Vitamin C day 
15 [mg/g drying 
substance] 

% changing [neg. 
value means gain] 

peaches 

conventional 0,413333333 0,562091503 -35,98987982 

humidified 0,467625899 0,657718121 -40,65049045 

humidified+Formula 
5 treated 0,42962963 0,633802817 -47,52306945 
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6.3.5 Sensorial analysis  

Direct after delivery as well as on storage day 8 and 15, one non-trained sensory person 
evaluated the peaches concerning: 

- Appearance/Differences to conventional product 
- Taste  
- Flavor 
- Color 
- Decay 
- Softness 

In sensory analysis directly after delivery no difference were visible between humidified (H 
and HD) and non-humidified transported(C) peaches. On storage day 8 and 15 the 
humidified stored (H and HD) peaches exhibited better sensorial characteristics: better 
appearance concerning intensity in colour and little bit more typical taste and flavour than 
the non-humidified reference products (C). 

Conclusion: Evaluation of taste and flavour as well as evaluation of appearance 
showed, that humidified peaches (H and HD) offer higher quality than 
conventional stored products (C) on storage day 8 and 15.  

6.4 Conclusion and summary 

The influence of ultrasonic humidification technology on peaches and nectarines during 
transport and storage was evaluated in this case study.  

Evaluation parameter of weight loss, appearance, decay/moulding, pH, drying substance, 
vitamin C and sugar content as well as sensory were assessed for a storage time of 15 days. 

An overview of all results is shown in the following table Table 13. 

Table 13: summary of results with C as reference (evaluation in comparison to C)  

+ means positive effect; - negative effect; o no significant effect 

parameter peaches nectarines 

Weight loss ++ ++ 

Appearance ++ ++ 

Visual decay/moulding/shelf life ++ + 

Drying substance/pH o o 

Vitamin C content ++ + 

Sensory analysis Better day 8 and day 15 Better day 8 and day 15 

Humidification especially during transport minimized the weight loss of the products. Peaches 
as well as nectarines (H and HD) exhibited a gain in weight after the transport time whereas 
the conventional transported (C) products had a lost in weight.  

Directly after delivery the appearance of both products (transported with humidification H 
and HD) was fresher than the appearance of the conventional transported (C) products.  

During storage time of 15 days a positive effect of humidified storage on the vitamin C 
content of peaches and nectarines (H and HD) was detected.  

On storage day 8 and storage day 15 the sensorial analysis identified a better taste and 
flavour as well as a better appearance and freshness for humidified (H and HD) products. 
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All other parameter (visual evaluation, drying substance, pH) did not showed significant 
effects on the product quality. 

In sum humidification during transport and storage effected the quality of 
peaches and nectarines (H and HD) in a positive way. Nutritional parameters of 
vitamin C were influenced as well as sensory and weight.  
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7. Case study table grapes 

7.1 Introduction 

A case study with table grapes was executed to evaluate the influence of ultrasonic 
humidification during transport of products’ quality. The products were transported only two 
times from Polignano a Mare (South of Italy) to the supermarket van Gurp in Roosendaal 
(Netherlands). Originally three trips were plant. But due to bad weather conditions the third 
trip was cancelled: table grapes were moulding before harvest.  

Three different kinds of product groups (table grapes) were transported unfoiled in the two 
trips: In the FreshDemo Van: humidified (H) table grapes as well as disinfected and 
humidified (HD) table grapes and Unfoiled reference products were transported by the 
conventional LKW without humidification (C).  

7.2 Material  

To define the analysis a literature reserach was executed. Important parameter to evaluate 
the quality of table grapes is the analysis of Vitamin C. 

A comprehensive analytic of pH, drying substance, sensory, weight loss, visual decay and 
moulding gave an evaluation of quality aspects documented additionally with pictures.  

Due to literature (typical shelf life of table grapes at 5°C: 2 weeks at a maximum) an 
analytics plan was established: 

Storage day 1: delivery of table grapes to van Gurp. 

Humidified and disinfected (HD) and humidified (H) table grapes transported with the 
FreshDemo van (average 3-4°C at 70-80%) were stored at 5°C with an average relative 
humidity of 80-90%.  

Conventional transported (C) table grapes were stored at 5°C without additional 
humidification.  

All products (with and without humidification) were stored for 15 days at van Gurp, analysed 
and evaluated:  

- Pictures are taken daily. – 
- Weight loss, visual evaluation of decay and mould are executed all three days in the 

supermarket  

Products were delivered to ttz Bremerhaven to analyse pH, drying substance and to a 
laboratory in Bremen to analyse Vitamin C on delivery day and on storage day 15. 
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7.3 Results 

 
Figure L: exemplary data of trip 2 (average temperature 3.7°C): the two peaks on 

29.08.2016 are during unloading of products at van Gurps supermarket. 

7.3.1 Weight loss 

For weight documentation all three days each box of table grapes was weighed.  

 
Figure M: influence of humidification on changings in weight 

Percentage weight loss between start of transport and storage day 15: 

Conventional: 4.98 %; Humidified:  2.98 %; Treated with Formula 5 and humidified: 3.40% 

In Figure M it could be seen that the conventional (C) transported and stored table grapes 
offered the highest weight loss of 4.98%. In comparison the humidified and disinfected (HD) 
and humidified (H) transported and stored table grapes offered a lower weight loss (2.98% 
(H) and 3.40% (HD)). 

The transport time (4 days) lead to the highest weight loss of the conventional transported 
(C) table grapes whereas the humidified (H) transported table grapes offered nearly no 
changing in weight during the transport time. The humidified and disinfected table grapes 
offered similar weight loss during transport than the conventional grapes.  
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During storage all products offered weight loss, but the weight loss of humidified (H and HD) 
stored table grapes was minimized and long-time constant.  

Conclusion: humidification during transport of table grapes have the largest 
influence on the minimized weight loss.  

7.3.2 Pictures 

Day 15 

Conventional   Humidified  Humidified and treated with Formula 5 

       

After day 15 of storage conventional stored (C) table grapes offered first decay and non-
equal areas on the surface (black marked area on left picture). Humidified stored (H and HD) 
table grapes did not have any decay or non-equal structures.  

7.3.3 Visual decay and moulding – shelf life 

The first day with visual moulding or decay on the products surface was documented for all 
three kinds of table grapes.  

Due to weather conditions the first day of moulding and decay documentation is very 
different between table grapes of trip 1 and trip 2 (see Table 14): 

Table 14: documentation of first day of visible moulding and decay formation of table grapes 
 1 day moulding trip 1 1 day moulding trip 2 1 day decay trip 1 1 day decay trip 2 

C 15 4 15 4 

H 13 4 13 4 

HD 10 4 15 4 

On trip 2 all products offer decay and moulding on day 4 of storage. 

On trip 1 there could be seen differences: Humidified and disinfected (HD) and humidified 
treated (H) table grapes offered first moulding on the surface 2-5 days later than 
conventional stored (C) table grapes. The formation of decays was delayed for 3 days for 
humidified table grapes (H) in contrast to conventional and humidified and disinfected 
products.   

Conventional stored grapes:    3 pieces offered mould growing 
Humidified stored grapes:    2 pieces offered mould growing 
Humidified+Formula 5 treated stored grapes: 2 pieces offered mould growing 

Conclusion: No significant difference between treated and non-treated table 
grapes could be seen concerning decay. The formation of visible moulds was 
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reduced between 2-5 days for humidified and humidified and disinfected 
products.  

 

7.3.4 pH, drying substance and vitamin C 

Table 15 shows the average pH and drying substance of table grapes of all two trips on 
storage day 1 and day 15.  

No changings in pH were visible during storage time (all products had same pH). 

For drying substance analysis, a thin layer of table grapes mousse was given in a dish and 
dried at 103°C until constant weight is detectable. This method is established for vegetables 
in dependence to official method § 64 LFBG 06.00 – 3 for the detection of meat and meat-
products.  

103 °C is the standard temperature for lots of products to detect the drying substance. The 
products are given in a hot cabinet with adjusted 103°C for evaporate the water inside. The 
product is weight out all 24 hours until weight stability is achieved. Drying substance is 
evaluation because lots of parameters use drying substance as base. 

The conventional and humidified and treated with Formula 5 samples offered nearly same 
drying substance with a minimal reduction during storage time. The humidified transported 
stored table grapes (H) offered higher drying substance in the beginning of storage and no 
reduction but an increase of drying substance during 15 days of storage.  

 

Table 15: average pH and drying substance of table grapes on storage day 1 and 15 

 

Average 
pH Day 1 

Average 
pH Day 15 

average drying 
substance ds [g/100g 
sample] Day 1 

average drying 
substance ds [g/100g 
sample] Day 15 

conventional 3,92 3,89 13,27 13,22 

humidified 3,92 3,80 14,44 15,27 

humidified+treated 
with Formula 5 3,92 3,84 13,45 13,12 

Conclusion: Optimal adjusted ambient humidity leads to stability in drying 
substance. 

To analyse vitamin C, 100 g of table grapes were given to an external laboratory to detect 
the vitamin C content of table grapes via HPLC.  

Table 16: laboratory analysis results for vitamin C content in table grapes 

sample ID 
Vitamin C day 1 
[mg/g drying 
substance] 

Vitamin C day 15 
[mg/g drying 
substance] 

% changing [neg. 
value means gain] 

Table 
grapes 

conventional 0,07518797 0,098484848 -30,98484848 

humidified 0,076388889 0,098039216 -28,34224599 

humidified+Formula 
5 treated 0,081481481 0,145038168 -78,00138793 
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Table 16 show the results of the analysis of vitamin C content of table grapes: It could be 
seen that transport and storage with humidification with Formula 5 treatment resulted in a 
gain of vitamin C content after storing time of 78%. 

7.4 Conclusion and summary 

The influence of ultrasonic humidification technology on table grapes during transport and 
storage was evaluated in this case study.  

Evaluation parameter of weight loss, appearance, decay/moulding, pH, drying substance, 
vitamin C and sugar content as well as sensory were assessed for a storage time of 15 days. 

An overview of all results is shown in the following table Table 17 

Table 17: summary of evaluation results with C as reference (evaluation in comparison to 

C) + means positive effect; - negative effect; o no significant effect 

parameter H HD 

Weight loss ++ + 

Visual decay + +/- 

moulding/shelf life + ++ 

Drying substance/pH + +/- 

Vitamin C content + ++ 

The humidified products offer a minimized weight loss as well as better visual decay, 
moulding and an elongation of shelf life up to 2 days. Drying substance and vitamin c 
content increase after 15 days of storage. 

The humidified and disinfected products exhibit a little bit higher weight loss but less the 
conventional stored products. Parameters of shelf life and vitamin C content increase 
significantly in comparison to the conventional transported and stored table grapes. 

In sum humidification during transport and storage effected the quality of table 
grapes (H and HD) in a positive way. Nutritional parameters of vitamin C were 
influenced significantly as well as a reduction of weight loss and a significant 
longer shelf life up to 5 days.   
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8. Case study cauliflower and escarole 

8.1 Trip 

Cauliflower and escarole were transported from Savasun S.A. Mas Damia S/N Vilanova 
D'escornalbou (Spain) 1600 km to a supermarket in the Netherlands in Den Dungen (see 
Figure I). Before starting the trip, sanitizer treated and humidified products were loaded and 
treated for 25 minutes with 10% Formula 5. After treatment doors were open and the 
humidified transported products were loaded. Temperature, relative humidity and trip is 
documented via online GPS monitoring (see Figure I and Figure J). The average temperature 
is around 4-5°C during the trip.  

Conventional transported products were tramsported at same temperatures (and not 
humidified). After arriving in Schijndel weight, pictures, decay/visual molding as well as 
sensory had been evaluated during storage time of 2 weeks. For analysing pH, drying 
substance, the products were delivered to ttz Bremerhaven. In an accredited laboratory in 
Bremen Vitamine K for escarole and Vitamin C for cauliflower had been detected via HPLC 
method.  

 

Figure N: Route from Spain to the Netherlands 
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Figure O: Temperature during transport in the Van 

Regarding the humidification systems, all type of systems have functioned well during the trial period. We have faced a minor problem with a 

fan. This was easily solved. 
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8.2 Results 

8.2.1 Pictures and sensory evaluation 

For the visual evaluation the pictures of trip 1 were used exemplary: 

Escarole 

Day 1: Conventional    Humidified     Humidified and Formula 5 treated 

   

Day 4: Conventional                Humidified     Humidified and Formula 5 treated  
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Day 8: Conventional    Humidified     Humidified and Formula 5 treated  

    

 

Day 11: Conventional    Humidified     Humidified and Formula 5 treated 

   

 

The conventional escarole offered directly after delivery a brown stalk whereas the humidified and humidified and Formula 5 treated escarole 
even on day 11 do not have such dark brown stalk. 

Additionally the leafs looked fresher and more intense green directly after delivery and on all storing days. 

The humidified and humidified and Formula 5 treated escarole offered more taste and flavour and a better freshness. 
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Cauliflower 

Day 1: Conventional    Humidified     Humidified and Formula 5 treated 

   

 

Day 4: Conventional    Humidified     Humidified and Formula 5 treated 
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Day 8: Conventional    Humidified     Humidified and Formula 5 treated  

    

 

Day 11: Conventional    Humidified     Humidified and Formula 5 treated 

   

The conventional cauliflower offered after 11 days of storing less fresh appearance.  

Additionally on the cauliflower brown areas were visible. The humidified and humidified and Formula 5 treated cauliflower offered more taste 
and flavour and a better freshness. 

Conclusion: humidification during transport and storing leads to fresher appearance and longer shelf-life up to 4 days for 
escarole and increasing sensory parameter
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8.2.2 Weight 

 

 

Figure P: influence of transport and storing conditions on cauliflowers changings in 

weight  

Conventional transported and stored cauliflower offered the largest weight loss (4.54 %), 
especially on the transport and the first 4 storing days (see Figure K). 

Humidified and humidified and Formula 5 treated cauliflower offered an average weight loss 
of 3.50 %. 

 

 
Figure Q: influence of transport and storing conditions on escaroles changings in weight 
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Conventional transported and stored escarole offered the largest weight loss of 7.22% 
whereas the humidified and humidified and Formula 5 treated escarole offered an average 
weight loss of 3.87% (see Figure L). This means that the weight loss was minimized of 
approx. 50% by using humidification during transport and storing! 

Conclusion: Humidification during transport and storing of cauliflower and 
escarole leads to minimization of weight loss of approx. 50% for escarole in 
comparison to conventional transported and stored products. 

8.2.3 pH/drying substance and vitamin C/Vitamin K 

For escarole as well as for cauliflower no significant changings in pH and drying substance 
were visible.  

Average pH (escarole):    5.60 on day 1 and on day 15 
Average pH (cauliflower):    6.36 on day 1 and 6.33 on day 15 
Average drying substance (escarole):  7.60 on day 1 and on day 15 
Average drying substance (cauliflower):  6.60 on day 1 and 6.50 on day 15 

Conclusion: Humidification during transport and storing of cauliflower and 
escarole did not have a significant effect on pH and drying substance.  

To analyse vitamin C, 100 g of cauliflower were given to an external laboratory to detect the 
vitamin C content as well as the vitamin K content from 100 g of escarole via HPLC. All 
results are shown in Table 18:  

Table 18: laboratory analysis results for vitamin C content in cauliflower as well as 

vitamin K in escarole 

sample ID 
Vitamin K day 1 

[µg/g drying 
substance] 

Vitamin K day 15 
[µg/g drying 
substance] 

% changing 
[neg. value 
means gain] 

escarole 

conventional 22,01282051 30,12195122 -36,83821754 

humidified 23,76315789 24,97402597 -5,095568883 

humidified+Formula 5 
treated 24,12857143 27,26027397 -12,97922902 

sample ID 
Vitamin C day 1 

[mg/g drying 
substance] 

Vitamin C day 15 
[mg/g drying 
substance] 

% changing 
[neg. value 
means gain] 

cauliflower 

conventional 3,089552239 3,712121212 -20,15078319 

humidified 3,353846154 3,661538462 -9,174311927 

humidified+Formula 5 
treated 2,646153846 3,515625 -32,85792151 

The vitamin K content of escarole increased for all three kinds of products whereas the 
conventional transported and stored escarole offered the highest gain with 36.8%. 

For cauliflower the humidified and Formula 5 treated products offered the highest gain of 
vitamin C after storage time with 32.86%. 
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8.3 Summary 

The influence of ultrasonic humidification technology on cauliflower and escarole during 
transport and storage was evaluated in this case study.  

Evaluation parameter of weight loss, appearance, decay/moulding, pH, drying substance 
vitamin C and Vitamin K as well as sensory were assessed for a storage time of 15 days. 

An overview of all results is shown in the following table  

+ means positive effect; - negative effect ; o no significant effect (compared to C) 

summary of evaluation results cauliflower with C as reference (evaluation in comparison to C) 

parameter H HD 

Weight loss + + 

Visual decay + + 

moulding/shelf life + + 

Drying substance/pH o o 

Sensory evaluation + + 

Vitamin K content - ++ 

summary of evaluation results escarole with C as reference (evaluation in comparison to C) 

parameter H HD 

Weight loss + + 

Visual decay + + 

moulding/shelf life ++ ++ 

Drying substance/pH o o 

Sensory evaluation + + 

Vitamin C content - - 

 

The case studies demonstrated the effect of the ultrasonic humidification technology on the 
product quality and their shelf-life. 

All products achieved high quality in freshness, shelf-life, appearance and improved sensory 
parameters after transport and storing with humidification (relative humidity approx. 85-
95%). The weight loss was minimized up to 3%. 

By addition of a natural sanitizer (Formula 5) a positive effect on cauliflower was detectable: 

After 15 days of storing the Formula5 treated cauliflower offered the highest gain of Vitamin 
K content in comparison to the conventional transported and stored cauliflower.  
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9. Case study lettuce 

9.1 Executive Summary 

A comparative laboratory test (ADESVA Pilot Plant) was carried out with two storage 
chambers of 11 m3, one with the installed technology of ultrasonic humidifiers (HR 80%), 
supplied by BIOAZUL, and the other without humidifier, simulating typical storage. The 
development of the experiment was carried out in 2 lettuce cultivars Iceberg (V1) and 
Romana (V2), using an experimental design of random blocks, with three replicates and four 
samples. In the experiment the cultivars were preserved, 3 days at 3 ° C (simulating the 
transport) and the rest on days at 9 ° C-10 ° C, simulating their temperature in the exhibitor. 
The study lasted up to 14 days of life. 

The variables studied throughout their useful life were weight loss, firmness, external and 
internal appearance, wilting, stem darkening, rotting and mold development. The results 
indicated highly significant differences between the two cold storage systems, with a better 
performance in less weight loss and better firmness and appearance, the ultrasonic 
humidifier conservation system (supplied by BIOAZUL). This system improves the weight loss 
of 43% for the Iceberg variety and 82% for the Romana variety. 

As a general conclusion, the validation of this test demonstrates that the preservation of 
lettuce stored in cold-storage and with the ultrasonic humidification system improves the 
quality and along the shelf-life. 

Table 19: Trial Schedule 

FEBRUARY 2017 

L M X J V S D 

30 31 1 2 3 4 5 

  TM0  TM1   

6 7 8 9 10 11 12 

TM2    TM3   

13 14 15 16 17 18 19 

TM4       

20 21 22 23 24 25 26 

       

27 28      

       

9.2 Design and execution of the project 

For the design and the experimental analysis of the data we used the Excel programs and 
the statistical specific MINITAB. 

In the analysis of the data, ANOVA was used to find the significant differences with a 
confidence level of 95% (p = 0.05).  

The work includes the development of the experiment in which it is tried to evaluate if there 
are differences between theses. The samples tested have been lettuces of 2 different 
varieties (V1 Iceberg; V2 Romana). 

For the elaboration of the experimental design, we have collected 48 units of lettuce selected 
in the most homogeneous way possible. The input of raw material is performed on 31/1/17. 
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The samples remain 3 days at 3 ° C simulating transport, and the rest of the test at 9-10 ° C 
simulating the sales chain. 

Two different theses are tested: Thesis H: BIOAZUL ultrasonic humidification technology, 
with a humidity index of 80%; And Thesis C: thesis control, conventional technology of 
frigoconservation. 

For each thesis were executed with 4 samples of 3 replicates in each variety. Carrying the 
test at 14 days of life. The nomenclature of the samples is as follows: 

Variety 1 Variety 2 

V1CTM1R1 V2CTM1R1 

V1CTM1R2 V2CTM1R2 

V1CTM1R3 V2CTM1R3 

V1HTM1R1 V2HTM1R1 

V1HTM1R2 V2HTM1R2 

V1HTM1R3 V2HTM1R3 

Figure R: Sample Nomenclature 

Being (V) Variety, (C) thesis Control, (H) thesis BIOAZUL technology (TM) Sampling that 
corresponds to each output, (R) Replica. 

 
Figure S: Raw material, variety Romana.  Figure T: Raw material, variety Iceberg. 

Samples are received at the ADESVA facilities, in field boxes, on January 31 with a 1-day 
shelf life. The samples were placed in plastic boxes washed and disinfected, each box 
corresponding to an output of a variety. For this test, there are 48 lettuces in total, divided 
into two varieties. For each variety, there were 4 exits and 3 replicates per exit, in two 
different test theses. 

During the development of the test the raw material has been analyzed up to 14 days of life. 

Samples are stored in the chamber at 3 ° C for 3 days and the remainder at 9-10 ° C. On 
February 1, an initial sampling (tm0) is carried out to evaluate the state of the raw material. 
Samples are then taken according to the test schedule. In these samples the following 
parameters are evaluated and analyzed: weight, firmness, appearance, internal appearance, 
stem darkening, wilt, rot and presence of mold. 
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Figure U: Camera with BIOAZUL technology   Figure V: Control camera 

Output 4 of each variety and thesis are weighed and photographed every day that a 
sampling is done, in order to track the weight. 

 

Figure W: Sampling 

9.3 Measurement parameters 

The parameters analyzed in the sampling are as follows: 

 Firmness: Measurement of firmness on a rating scale based on manual pressure on the 
product. Scale: 

 

Figure X: Firmness rating scale. Source: Kader, A., W. Lipton and L. Moms. 1973 

 Appearance or visual quality: assessment of the external appearance of the product 
based on the appearance of defects, discoloration and general visual appearance. Scale: 
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Figure Y: Appearance Rating Scale. Source: Kader, A., W. Lipton and L. Moms. 1973 

 Internal appearance: subjective assessment of the internal appearance of the fruits. 
Based on the same parameters as the external appearance. Scale: 

 

Figure Z: Internal appearance rating scale. Source: Kader, A., W. Lipton and L. Moms. 

1973 

 Rottenness: subjective measure of rot. Scale: 

 

Figure AA: Rating scale for rot. Source: Kader, A., W. Lipton and L. Moms. 1973 

 Mold: subjective measure of the appearance of mold. Scale: 

 

Figure BB: Mold assessment scale. Source: Kader, A., W. Lipton and L. Moms. 1973 

 Wilt: subjective measure of wilting, based on dehydration and leaf decay. Scale: 
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Figure CC: Wilt assessment scale. Source: Kader, A., W. Lipton and L. Moms. 1973. Source: 

Kader, A., W. Lipton and L. Moms. 1973 

 Darkening of the stem: Scale to evaluate the degree of darkening of the stem. Scale: 

 

Figure DD: Stem darkening titration scale. Source: Kader, A., W. Lipton and L. Moms. 1973 

9.4 Results 

9.4.1 Firmness  

Firmness shows a downward trend along the useful life. Statistical analysis reveals that there 
are no significant differences between theses for any of the two varieties (p> 0.05). For both 
varieties the thesis H has presented better results. 

 

Figure EE: Firmness graph 

9.4.2 Stump darkness 

There are no significant differences in stem darkening, nor are there 

Significant differences after statistical analysis. In the case of variety 2, a sample with a 
worse behavior appears, but this is an isolated case. 
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Figure FF: Stem obscuration graph 

9.4.3 Appearance 

Appearance is a very significant parameter when evaluating the quality of crops. Both 
varieties present evident differences between theses, being more evident when increasing 
the useful life. For the two varieties, the H thesis presents the best results. Statistical 
treatment shows that there is an improvement of up to 1.5 points for the two varieties in 
appearance. 

 

Figure GG: Appearance graph 

9.4.4 Internal appearance 

Statistically neither of the two varieties show significant differences for internal appearance. 
In the case of variety 1, a greater degree of difference is appreciated than variety 2. The 
thesis that presents the best results is thesis H. 
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Figure HH: Internal appearance graph 

 

Figure II: Thesis sample cut H  Figure JJ: Cut thesis sample Control 

9.4.5 Wilting  

In the case of variety 1, there are clear differences between theses, such as shows the 
statistical analysis of the data (p <0.05). For variety 2 the value of p is very close to 0.05 
although a little higher, statistically we cannot affirm that there are significant differences. 
But there are clear visual differences between theses. 

 

Figure KK: Graph of wilting 
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Figure LL: Thesis sample H   Figure MM: Thesis sample Control 

9.4.6 Rottness 

Both varieties have shown very similar behavior in terms of rot. Rot has appeared for end-of-
life control theses. Statistical analysis did not show significant differences. 

 

Figure NN: Graph of rottness 

9.4.7 Mold 

Only one case of mold has occurred, it has been in the thesis control of the 

Variety 2 at the end of the useful life. 
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Figure OO: Graph of mold 

9.4.8 Weight loss 

There is a clear difference between theses for weight loss. Thesis H has presented a 
reduction in weight loss of up to 43% for variety 1 (iceberg) and up to 82% for variety 2 
(Roman). 

 

 

Figure PP: Weight loss graph 
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Figure QQ: Graph of weight evolution. Variety 1 

 

Figure RR: Graph of weight evolution. Variety 2 

9.5 Conclusions 

The conclusions of this study are briefly summarized in the following statements: 

I. The weight loss along the days of shelf life has been a variable significant difference 
between both treatments (chamber with ultrasonic humidifier system) vs (chamber 
without humidifier treatment). Repeating the same behavior in both varieties tested. It 
has been achieved with the system proposed by the company BIOAZUL, 43% less 
weight loss in the Iceberg variety and 82% in the variety Romana. 

II. The external appearance has also shown significant differences. The Humidification 
system improves the external appearance along of shelf life, with an improvement over 
the control of 1.5 points by the Kader scale. Like the previous case with the loss of 
weight the variety Roman has shown a greater distinction in the appearance, when 
they have been both treatments compared. 

III. The wilting, evaluated as leaf decay and wrinkling, has been a parameter that has 
increased with the days of life mostly in the control samples and in the variety 
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Romana. In the Roman variety, the samples preserved with the humidifier system have 
improved this value by 2 points (Kader scale) with respect to the control. 

IV. The rest of the parameters considered in the study did not show significant differences 
in the quality throughout the useful life. No significant differences were found. 

V. As a general conclusion, the validation of this trial indicate that the preservation of 
lettuce stored in cold and with the ultrasonic humidification system improves the 
quality and increase the days of its shelf life. 
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10. Additional laboratory analysis (ttz)  

Products romaine lettuce, peaches and nectarines 

Organism:  

 E. coli and Listeria inoccua for romaine lettuce,  
 Penicillium expansum for peaches and  
 Botrytis cinerea for grapes 

Trials should be executed to determine the optimal treatment duration and the effectivity of 
the used formula. Additionally, trails to demonstrate that the treatment does not lead to any 
changings of the products.  

- Changings of products with HPLC analysis – An HPLC analysis to reference and treated 
products was performed to verify that there are no different peaks.  

Results: 

Formula 5 treated romaine lettuce offered a content of citric acid of 328.5 ppm, whereas 
the non-treated romaine lettuce exhibited a citric acid content of 74.6 ppm. 

Conclusion: Formula 5 is detectable on the products surface after treatment.  

- Determination of treatment time - The misting intervals should be 10min 20 min & 30 
min. The best one will be the treatment which will show a reduction of initial count after 
treatment.  

Results: 
- Directly after treatment (after 2 hours incubation time) romaine lettuce and 

peaches offered lowest numbers of organism after a treatment time of 20 
minutes. But it is very curious, that a higher treatment time of 30 minutes leads 
to higher number of organism for peaches and romaine lettuce. 
For grapes treatment times of 20 minutes and 30 minutes offered nearly same 
results. 

- After storing at 5°C for 48 hours romaine lettuce and peaches offered lowest 
numbers of organism after a treatment time of 20 minutes. But it is very curious, 
that a higher treatment time of 30 minutes leads to higher number of organism 
for peaches.  
For the romaine lettuce treatment time of 20 minutes leads to no other organism 
growing in comparison to treatment times of 10 minutes and 30 minutes.  
For grapes treatment times of 20 minutes and 30 minutes offered nearly same 
results. 

Conclusion: 
A treatment time of 20 minutes for products of romaine lettuce, peaches and 
grapes with E. coli, Botrytis and Penicillium seems to be the optimal treatment 
time from microbiological side. 

But from scientific point of view, it is very curious that a longer treatment time of 
30 minutes leads to a higher number of organism directly after treatment 
incubation time for peaches and romaine lettuce and after storing time of 48 
hours for peaches. 

Additionally, a treatment with a sanitizer should lead to a reduction of organism at 
least of one power. But for all used treatment times, same dilutions were 
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evaluation. From scientific point of view, no significant determination of best 
treatment time could be given with this trials.  

- Effectivity of formula:  

1) preparation & number of the cells is the following  

bacteria cultures were bought from DSMZ (freeze dried). The cultures had been 
reactivation and were cultured until great growing was visible. The total number of 
cells was detected photometrically (108 cfu/mL should be achieved).    

2) Innoculation  

Delivery of the challenge culture dose was achieved by pipetting of the challenge culture 
over each fruit/vegetable item with a 200μl dose of the 107 solution.  

3) Trial parameters  

   Pathogens  Molds  

Dilution  10% w/v  10% w/v  

2 hours holding temp. 

Temperature  

   

22 oC  

   

22 oC  

Storage temp.  Refrigeration temp.  Refrigeration temp.  

Holding Temp. after 

treatment  

   

22 oC  

   

22 oC  

Duration  According to shelf life in retail 

selves (~ 7 days)  

Until all the fruits have been 

contaminated  

Intervals  
Every second day  

Daily record of rotted fruits 

with Penicillium or Botrytis  

4) Preparation of samples  

For instance BS ISO 16649-2:2001 & BS EN ISO 11290-2:1998 for E.coli and Listeria 
respectively.  

Penicillium expansum and Botrytis cinerea: measure the amount of spoiled fruits 
every day to identify the percentage of rotted fruits until all fruit are rotted. Of course 
a sample of fungus filament from the spoiled fruit should be seen under microscope 
to confirm that is the targeted one.  

Results 

 Grapes: 

Day 1 – inoculated   inoculated and treated with Formula 5 
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Day 2     inoculated  inoculated and treated with Formula 5 

 

Day 5      inoculated  inoculated and treated with Formula 5 

 

Day 6     inoculated  inoculated and treated with Formula 5 
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Day 7    inoculated  inoculated and treated with Formula 5 

 

Day 8     inoculated  inoculated and treated with Formula 5 

 

Day 10   inoculated  inoculated and treated with Formula 5 
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Day 20   inoculated  inoculated and treated with Formula 5 

 

Evaluation 

The evaluation was done via photo-documentation to evaluate the time till mold growing is 
visible after inoculation and inoculation and treatment with Formula 5. 

The grapes treated with Formula 5 after inoculation offer a more typical and fresher colour 
than the non-treated table grapes. Concerning decay and mold both products do not offer it 
after 20 days of storing. 
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Peaches: 

Day 1 – inoculated  inoculated and treated with Formula 5 

 

 

 

Day 2 – inoculated  inoculated and treated with Formula 5 
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Day 5 – inoculated  inoculated and treated with Formula 5 

 

 

Day 6 – inoculated  inoculated and treated with Formula 5 
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Day 7 – inoculated  inoculated and treated with Formula 5 

 

Day 8 – inoculated  inoculated and treated with Formula 5 

 

 

Day 10 – inoculated  inoculated and treated with Formula 5 
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Day 20 – inoculated  inoculated and treated with Formula 5 

 

Evaluation 

The evaluation was done via photo-documentation to evaluate the time till mold growing is 
visible after inoculation and inoculation and treatment with Formula 5. 

The peaches only inoculated (always left picture) offer from the beginning dark areas, where 
the inoculation takes place. 

Peaches inoculated and treated with Formula 5 offer a development of mold growing: On 
storage day 7 molds are visible on the surface. 

After 20 days of storing, inoculated and treated peaches offer minimal less growing of molds 
than the non-treated products.  

Romaine lettuce 

The evaluation of the romaine lettuce was done microbiologically. Samples were taken all 
two days, dilutions were prepared and given on agar plate.  

The bacteria were counted after 1 day incubation. 

Table 20 and Figure SS:  show the total number of cells for inoculated products and 

inoculated and treated products on storing day 1. 3. 6 and 8. 
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It could be seen, that all Formula 5 treated products offer nearly no countable viable cells 
although the samples had been inoculated with 108 numbers of bacteria. 

In contrast the inoculated products offer in average 106 total viable counts.  

 

Table 20: total number of viable cells after different storing days 

Probe KbE/g Probe 

day 1 

KbE/g Probe 

day 3 

KbE/g Probe 

day 6 

KbE/g Probe 

day 8 

E. coli 1,9 x 106 2,4 x 106 8,9 x 105 8,1 x 105 

E. coli F 5 1,0 x 102 < 102 < 102 < 102 

Listeria 6,5 x 106 6,0 x 106 2,4 x 106 6,1 x 105 

Listeria F 5 < 102 1,5 x 102 < 102 < 102 

 

 
Figure SS: comparison of total number of cells of inoculated and inoculated and Formula 5 

treated romaine lettuce 

Conclusion 

The evaluation of the different inoculated products showed that for bacteria a significant 

effect of Formula 5 is detectable: 

The Formula 5 treated products offered 104 lower total number of cells for E. coli and Listeria 

innocua than the non-treated products.   

For yeast and molds no real effect was visible: Peaches inoculated with Penicillium expansum 

and table grapes inoculated with Botrytis cinerea exhibited no significant difference between 

Formula 5 treated and non-treated products.  
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11. Summary and conclusion 

Regarding the humidification systems, all type of systems have functioned well during the 
trial period. We have faced a minor problem with an outlet tube of a humidifier a cold store 
and have had some bigger problems with the mobile humidifiers in the van, which forced us 
to make a redesign and several modifications. All problems were solved and all systems are 
ready to install everywhere in the chain.  

The case studies demonstrated the effect of the ultrasonic humidification technology on the 
product quality and their shelf-life. 

All products achieved high quality in freshness, shelf-life, appearance, quality and nutritional 
parameters after transport and storing with humidification (relative humidity approx. 85-
95%). 

The application of ultrasonic humidification in general and especially the 
treatment with Formula 5 leads to high quality vegetables and a minimization of 
food waste. All results could be seen in the following table on the next page. 

Highest influence of humidification during transport and storing were detectable for 
strawberries. 

Highest influence of humidification and treatment of Formula 5 during transport and storing 
were detectable for nectarines, peaches, table grapes, escarole and cauliflower. 

In general humidification as well as humidification and treatment with Formula 5 
offered always increasing product quality, minimized weight loss, better shelf-life 
and freshness in comparison to conventional transported products! 
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strawberry table grapes peaches nectarines cauliflower escarole 

  ID C H HD C H HD C H HD C H HD C H HD C H HD 
  weight loss 1 5 4 1 5 5 1 5 5 1 3 5 1 5 4 1 4 5 
  appearance 1 5 5 1 5 5 1 5 5 1 5 5 1 5 5 1 5 5 
  shelf 

life/moulding 1 5 5 1 3 5 1 5 5 1 4 5 1 5 5 1 5 5 
  sensory 1 5 3 1 5 5 1 5 5 1 5 5 1 5 5 1 5 5 
  Vitamin content 3 5 1 3 1 5 1 4 5 3 1 5 3 1 5 5 1 3 
  Sum 7 25 18 7 19 25 5 24 25 7 18 25 7 21 24 9 20 23 
   

Different scores means differences in evaluation 

5 points – best results 

1 point – bad result 

 

C = Conventional  

H = Humidified 

HD = Humidified and treated with Formula5 


