
*AAlÎ* I 
*3* m 

*, ato-dlo 

IMPROVEMENT OF THE SAFETY AND QUALITY OF 

REFRIGERATED READY-TO-EAT FOODS USING 

NOVEL MILD PRESERVATION TECHNIQUES 

A SHARED-COST PROJECT 

1st MEETING AT ATO-DLO, WAGENINGEN, THE NETHERLANDS 
7 AND 8 JANUARY 1993 



RESEARCH AND MANAGEMENT PLANNING 

TO BE DISCUSSED AT THE 1st MEETING 

AT ATO-DLO, WAGENINGEN, THE NETHERLANDS, 

ON 7 AND 8 JANUARY 1993 

EC-AIR1-CT92-0125 

IMPROVEMENT OF THE SAFETY AND QUALITY OF 

REFRIGERATED READY-TO-EAT FOODS USING 

NOVEL MILD PRESERVATION TECHNIQUES 



Content 

Content 

Agenda of the 1" meeting on 7 and 8 january 1993 1 

General objectives of the project 3 

Organigram 4 

Research planning per participant 5 

Proposed schedule of meetings 34 

Addresses and communication facilities 35 

AIR1-CT92-012S Meeting #1 7 + 8  j a n u a r y  1 9 9 3  



General objectives 

Agenda of the 1" meeting on 7 and 8 january 1993 

7 january 1993 

08.45 Party will be collected at the IAC/WICC Hotel. 

09.00 Arrival at ATO.DLO. Welcome and short introduction of the project, the participants in the 
project and in the current meeting; outline of the aim of the first meeting. By Leon Gorris. 

09.30 Introduction to the EC-Third Framework Programme in order to illustrate the context of 
the project and highlight possible links to other projects running or awaiting approval. By 
the EC-representative Mr. Philippe Mangé (DGXII-F3). 

10.00 Coffee and tea break 

10.15 Presentation of individual projects by the participants. Objectives, general approach and 
timescale; the first half year discussed in more detail. Links and cooperations with fellow 
participants and possibly other EC-projects. Dissemination policy and plans. 

12.30 Lunch at DLO-NL restaurant (by car) 

14.00 Tour of the new ATO.DLO facilities under construction at the DLO-NL site. By Wim 
Jongen. Transport back to ATO.DLO. 

14.45 Demonstration of some research activities with relevance to the project. 
- Modified Atmosphere Packaging (MAP) systems for respiring produce: bringing Product 

physiology, storage conditions and film properties into concert: Herman Peppelenbos. 
- Preparation of biodegradable plastics from natural resources: Peter Kolster. 
- Moderate Vacuum Storage: a MAP system for specific commodities. Leon Gorris. 

15.30 (continued) Presentation of individual projects by the participants. Objectives, general 
approach and timescale; the first half year maybe in more detail. Links and cooperations 
with fellow participants and possibly other EC-projects. Dissemination policy and plans. 

16.30 Open discussion. 

17.00 Walk back to IAC/WICC Hotel. 

19.00 Group diner. Meeting point: Hotel Reception desk. 
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General objectives 

8 January 1993 (half day meeting) 

08.45 Party will be collected at the IAC/WICC Hotel. 

09.00 Outline of the aim of the second day meeting: discussing the experimental design in the 
various subprojects, and possible/necessary standardization. By Leon Gorris. 

09.15 Introduction to the systematic approach of ATO.DLO to research on product physiology 
and storage conditions with MAP and Controlled Atmosphere Storage. By Herman 
Peppelenbos. 

09.45 Introduction to the modelling of microbial growth, survival and death. By Marcel 
Zwietering (WAU.DFS) 

10.15 Coffee and tea break 

10.30 Discussion on opportunities and procedures to standardize experimental protocol and 
design in order to be able to integrate the experimental data obtained in individual 
subprojects in a computer model. 

12.00 Open discussion. 

12.30 Lunch at DLO-NL restaurant 

14.00 Transport to Ede/Wageningen Railwaystation. 
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General objectives 

General objectives of the project 

This project sets out to improve safety and quality of vegetable based ready-to-eat foods, i.e. fresh 
or minimally processed preparations and refrigerated, processed foods of extended durability 
(REPFEDs). Because of the difficulty of maintaining sufficiently low temperatures during 
refrigerated storage, one of the most commonly used mild preservation techniques, additional 
barriers to the growth of microorganisms are required. These barriers may be based on novel 
techniques such as biopreservation, modified atmosphere packaging (MAP) or coating (MAC), and 
coatings containing food-grade antimicrobial agents (active MAC). The present study will optimise 
these barriers in combination with refrigeration for use with fresh and processed vegetable foods. 
The optimised mild preservation techniques will be more environmentally friendly than those 
currently employed, but will effectively inhibit pathogenic bacteria and will reduce post-harvest 
losses due to microbial spoilage and physiological degradation of product quality. 

The range of foods which may be classified as ready-to-eat is quite extensive, including 
(mixtures of) raw vegetables, minimally processed (washed, trimmed, sliced) vegetables with or 
without dressings, and Sous Vide preparations (cooked vegetable and potato based dishes). A 
recent innovation has been the introduction of dishes composed of raw vegetables and cooked 
items. The physiological and microbiological characteristics of products within this range varies 
substantially. Fresh and minimally processed vegetables are metabolically active, but their activity 
depends strongly on the type of product and the type of processing applied. Due to their activity, 
these products create a modified atmosphere when they are packaged. Also, these products possess, 
part of, their natural epiphytic microbial flora. Pathogens may form part of this flora, posing a 
potential safety problem. The pathogens encountered under refrigerated storage conditions are 
mainly psychrotrophic (low-temperature) bacteria (e.g. Listeria monocytogenes and non-proteolytic 
Clostridium botulinum). Some mesophylic pathogens are able to proliferate at abuse temperatures * 
(e.g. Salmonella typhimurium, Staphylococcus aureus. Bacillus cereus). The number of epiphytes 
and pathogens present again will depend on the type of product and the type of processing applied. 
Different types of products need to be studied to appreciate the interactions between epiphytic flora 
and foodborne pathogens. With REPFEDs, the mild heat treatment included in the processing 
diminishes most of the microbial flora but not spores of sporeforming bacteria (e.g. C. botulinum 
and B. cereus). In the absence of any competitors, these organisms may proliferate under 
refrigeration conditions (e.g. non-proteolytic C. botulinum) or under conditions of temperature 
abuse. 

The approach proposed combines the development of basic knowledge on microbiology, 
product physiology and preservation techniques with the practical evaluation of microbiological 
safety and product quality of the novel or optimised techniques. Computer modelling will be used 
to integrate the data (biochemical data on products as well as physico-chemical data on 
storage/packaging conditions) from the various activities into a predictive model. Because of the 
substantial variation in products, the proposed research will focus on a number of model food 
products from the categories: raw ingredients only, cooked and raw-ingredients, cooked ingredients 
only. The proposed research integrates studies on product factors (type, cultivar, initial quality, 
respiration rate), on microbiology (spoilage organisms, pathogens, their interactions and interaction 
with natural antimicrobial control systems) and on improved or novel mild preservation 
technologies (biopreservation agent, properties of MA packaging films or coating materials). It also 
integrates fundamental and applied studies. Fundamental studies are devoted to investigating the 
basic physiology of a number of foodborne pathogens in relation to key parameters (e.g. 
temperature, pH, aw, 02, C02, etc.), their interactions with non-pathogenic microorganisms present 
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Organigram 

on a product and to determination of optimal MA-gas compositions with respect to product quality. 
A further objective is to assess the effect of heat processing and subsequent mild preservation 
factors on the safety of REPFEDs in relation to non-proteolytic C. botulinum, a low temperature 
pathogen. The fundamental research yields information necessary for the applied studies on 
biopreservation, the optimization of MA packaging and the development of MA coatings which are 
fully biodegradable. "Hie development of active, biodegradable MACs, incorporating food-grade 
preservatives, will be studied as well. The various studies will be designed to allow integration of 
the data on the three levels given above in a mathematical computer model. This model should be 
able to link information on product quality, microbiology and preservation technique and may be 
used to predict the effects of changes in a specific parameter on the shelf life of the product. 

Organigram: 

ATOJ)LO 

CONTRACTORS 

INRA.AV ULMK.DCLS 

ASSOCIATED CONTRACTORS 

WAU.DFS CIRAD.SAR NBEST 

NARF FRUID 

AFRCJFRN 

ATO.DLO: Agrotechnological Research Institute (ATO-DLO), Wageningen, the Netherlands 
(participant 1). 

WAU.DFS: Department of Food Science, Wageningen Agricultural University (WAU), 
Wageningen, the Netherlands (participant 2). 

INRA.AV: Institut National de la Recherche Agronomique (INRA), Laboratoire de 
Technologie des Fruits et Legumes, Montfavet, France (participant 3). 

CIRAD.SAR: Centre de Coopération Internationale en Recherche Agronomique pour le 
Développement pour son Departement des Systèmes Agro-Alimentaires et Ruraux 
Montpellier, France (participant 4). 

NARF: Institute of Technology of Agricultural Products (ITAP) of the National 
Agricultural Research Foundation (N.Ag.Re.F.), Athens, Greece (participant 5). 

AFRC.IFRN: Institute of Food Research (EFRN), Norwich, United Kingdom (participant 6). 
ULMK.DFS: Department of Chemical and Life Sciences (DCLS), Universtiy of Limerick, 

Limerick, Ireland (participant 7). 
FRUID: Les Crudettes (LESC), Fruidor S.A., Cavaillon, France (participant 8). 
NBEST: Nature's Best Ltd. (NBEST), Duleek, Ireland (participant 9). 
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Agrotechnological Research Institute 

Participant 1: Agrotechnological Research Institute (ATO.DLO) 
Department of Agricultural Research 
Ministry of Agriculture, Nature Management & Fisheries 
Haagsteeg 6 
P.O. Box 17 
NL-6700 AA Wageningen 
The Netherlands 

A. 1. (Sub-)Project title: 
(a) Microbial quality and safety of mildly preserved, fresh or freshly processed vegetables 
(b) Systematic investigation of the quality of fresh or freshly processed vegetables under 

modified atmospheres 
(c) Sensory analysis of mildly preserved, vegetable products (no description given yet) 
(d) Compilation of an integrated computer model (no description given yet) 

2. Project coordinator: 
Dr. Leon G.M. Gorris 

3. Project participants and 4. Resources: 
(a) Ir. M.H.J. Bennik 12 months/year 

Dr. L.G.M. Gorris 3 " 
(b) Ir. H.W. Peppelenbos 2 " 

Technician [to be drafted] 12 " 
(c) Mrs. R. vd Vuurst d Vries 1.5 " 

SUB-PROJECT (A): MICROBIAL QUALITY AND SAFETY OF MILDLY PRESERVED, FRESH OR 
FRESHLY PROCESSED VEGETABLES 

B. 1. Description of the research topic or practical problem: 

The project pursues to obtain more fundamental knowledge on the microbial population 
dynamics during the course of the shelf life of mildly preserved (modified atmosphere 
packaged (MAP), refrigerated) minimally processed vegetable food products. The application of 
MAP to vegetables is a quite recent development and fundamental knowledge of determinative 
physiological, microbiological and physico-chemical parameters is limited. As for the 
microbiological determinants, focus has been on pathogenic microorganisms. Additionally, 
knowledge on dynamics of microbial spoilage organisms needs to be obtained. 

2. Goal of the research. 
The goal of the present project is to obtain more fundamental knowledge on the effects of the 
gas atmosphere composition on the growth and interactions (viz. the microbial population 
dynamics) of relevant pathogenic and spoilage microbes in refrigerated MAP systems. The 
feasibility of introducing an additional mild preservative hurdle in this system by using 
selective promotion of the growth of lactic acid bacteria, being a natural inhibitory system, will 
be investigated as well. 
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Agrotechnological Research Institute 

3. Short description of the approach 
There will be two major lines of investigation: 
1) Fundamental studies 

- To study on the effects of the composition of the gas atmosphere, in relation with other 
relevant (biochemical and physical parameters, on key organisms (pathogens and 
spoilage organisms) in order to assess the effect of the gasses on the cell/molecular 
level (mechanistic research) and to obtain data to add to predictive models of bacterial 
growth being composed at WAU.DFS and elsewhere. 
Attention will be given to the gas atmosphere conditions which specifically promote 
the growth of lactic acid bacteria (LABs), which may be used to suppress undesirable 
pathogenic or spoilage organisms. The mode of action of potentially usefull LABs will 
be investigated. 

2) Applied studies 
To investigate the influence of the above parameters on interactions between spoilage 
organisms and harmless epiphytes on the one side and pathogenic microorganisms on 
the other in vitro (in a petri-dish system) and in situ (in a MAP system with produce). 

- Investigation of the possibility to bring natural antimicrobial systems to expression. 
One such system resides within the population of LABs, which occur naturally on most 
vegetables, the expression of which may be manipulated through the composition of 
the gas atmosphere in a MAP system. 

C. 1. Short overview of the state of the art of the research field. 
The microbial population of vegetables may consist of three subpopulations: spoilage 
microorganisms which affect the quality of the vegetable product, pathogens which may cause 
illness with consumers, and "harmless" epiphytes which affect neither the product nor the 
consumer. In between the various subpopulations there may be overlap. To comply with the 
consumer demand of fresh and natural foods, food processors increasingly rely on mild 
techniques to preserve the quality and safety of a product during distribution and retailing. A 
mild preservation technique which currently experiences a steep incline in application is MAP 
in combination with refrigeration. Both with whole and minimally processed vegetables, the 
packaged product actively respires and a MAP system should take this into account. The fact 
that, ideally, packaging systems should be tailor-made for each product has been stressed 
frequently. However, fundamental knowledge of the parameters which are relevant with regard 
to the product (type, physiological state, degree of processing), the storage conditions 
(temperature, RH, concentration, 02 en C02 concentrations, type of packaging material) and the 
microbiology (spoilage, pathogens) is seriously lacking. 

Product quality. The degree to which spoilage microorganisms affect the post-harvest quality 
and shelf life of a vegetable product depends greatly on the (bio)chemical and physical 
conditions prevailing. In MAP systems, the composition of the gas atmosphere is a dynamic 
one and adjusted, when at all, to the physiological requirements of the product. The influence 
of the gas composition on the microbial population dynamics in MAP systems has received 
hardly any fundamental attention, although this would be urgently required to better adapt 
MAP systems in use to their full beneficial potential. To aid in this concept, one goal of the 
project is to obtain fundamental knowledge on the effect of the gas atmosphere composition 
(O2, C02, N2) on the growth characteristics of relevant microorganisms and to study 
interactions between microorganisms from different subpopulations. Also, the impact of 
relevant parameters (temperature, RH) on the effect of the gas composition will be investigated. 
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Agrotechnological Research Institute 

Product safety. Although MAP of vegetables has a fair safety record so far, possible health 
hazards are occasionally signalled. Based on the knowledge obtained above, manipulation of 
the gas atmosphere composition to control growth of pathogens {e.g. Bacillus cereus, 
Aeromonas hydrophila, Staphylococcus aureus) will be researched. The control mechanism may 
be either direct or indirect Direct control mechanisms have already been described in the 
literature, but rely heavily on a rather constant gas atmosphere composition and may be 
hampered by interactions within the microflora not anticipated. In this context, the influence of 
the gas atmosphere composition on selected pathogens as well as on the antagonistic activity of 
certain spoilage microorganisms and epiphytes will be investigated. As an indirect control 
mechanism, the growth of lactic acid bacteria, which is especially promoted under low 02 

concentration, will be evaluated. Attention will be given to the elucidation of the mechanism 
through which this natural antimicrobial system works (lactic acid, bacteriocins, otherwise?). 

D. 1. General description of the experimental approach in phases (in each of the four years of 
the project). 

The effect of the gas atmosphere composition (02, C02, Nj) and of the competitive lactic acid 
bacterial subpopulation on the growth characteristics of relevant pathogens and epiphytic 
onanisms will be studied in vitro and in situ (on model foods). 

YEAR 1 & 2 

In vitro studies. The influence of the gas atmosphere composition on pure liquid cultures of 
selected foodborne pathogens, spoilage microorganisms as well as LABs will be studied. For 
this puipose assays described in the literature will be used. Preferably, a miniaturised assay yet 
to be designed would be employed. The assays should allow to control the other determinative 
parameters (temperature, RH, etc.). Data on the various effects should be obtained in a format 
suitable for computer modelling. Ideally, experimental design should be negotiated with 
researchers working on predictive models not yet including data on gas atmosphere 
composition (i.e. the WAU.DFS group Dr. Zwietering and the Food MicroModel of Dr. 
Grahame Gould/Terry Roberts). 

Year 3 & 4 

In situ studies. The degree to which a number of model spoilage microorganisms (e.g. 
Pseudomonas, Erwinia, Enterobacter species) and pathogens (e.g. B. cereus, A. hydrophila, S. 
aureus) affect the quality and safety of model vegetable products (e.g. mung bean sprouts, 
mixed lettuce) in a MAP system will be studied in relationship to the concentrations of 02 and 
C02 and in dependence of relevant other parameters such as temperature and available water. 
Tests will be designed to study parameters in isolation: in the model food situation under 
control of either gas atmosphere composition, temperature or RH. Special attention will be 
given to obtaining knowledge on those gas atmosphere conditions which promote growth of 
lactic acid bacteria able to suppress pathogenic bacteria and their effect on epiphytes and 
spoilage microorganisms. Data will be obtained using a systematic approach enabling 
incorporation in a database integrating data on productphysiology, microbiology, physico-
chemistry of the storage conditions and packaging film characteristics. 
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Agrotechnological Research Institute 

2. Detailed description of the work to be done in the first six months. 

In the first six months of the project, a start will be made of the investigation of the influence 
of 02 and C02 on the growth of relevant pathogens (to be selected) and spoilage 
microorganisms (e.g. species of Erwinia, Enterobacter, Pseudomonas and LABs freshly 
isolated from the model foods under investigation). Selection of the pathogens will be by 
negotiation with fellow participants and modelling researchers. It is proposed to investigate, in 
the course of the whole project, L. monocytogenes (collaboration with WAU.DFS), non-
proteolytic C. botulinum (collaboration with AFRC.IFRN), B. cereus and S. aureus 
(collaboration with NARF) and A. hydrophila. The assay system needs to be determined. All 
investigations will be systematically planned. The experimental setup should allow modelling 
of the data. Choice of test parameters should be negotiated with modelling experts already 
compiling a computer model. Because the mechanism(s) through which 02 and C02 exert an 
influence is an important research topic, the systematic approach should take experiments in 
this area into account. 

Although it is expected that setting up a suitable assay for the above goal will take 
considarable time and effort, a start may be made already in this early phase of the project to 
investigate the exploitability of LABs, naturally present on the model vegetable foods, as 
antimicrobial agents. This research is planned as follows: 

investigate the microbial subpopulations of the fresh product and during the course of 
storage under MAP with refrigeration. As the MAP system, the Moderate Vacuum (MV) 
storage system under study at ATO.DLO will be used initially. 
isolate and characterize microorganisms using the BIOLOG bacterial identification system 
catagorize isolates as spoilage organisms, lactic acid bacteria and pathogens, 
select representative organisms from the three catagories. In case no pathogens are 
encountered obtain specimens from other sources (institutes collection, WAU.DFS 
collection or others). 
study the interaction between the organisms from the various catagories in in vitro assays 
(several suitable assays have been described in the literature), 
in case potent and potentially interesting antagonistic lactic acid bacteria (or other 
microorganisms) are identified, the selective promotion of their growth in the MAP system 
will be studied. 
study of the mechanism of action of potentially successful antagonists in order to identify 
the active, antimicrobial metabolites. 
in parallel, the selective promotion of lactic acid bacteria under standard MVS and 
comparable MAP will be evaluated to have an idea of the promotion already obtained 
under these conditions. 
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Agrotechnological Research Institute 

SUB-PROJECT (B): SYSTEMATIC INVESTIGATION OF THE QVAUTY OF FRESH OR FRESHLY 
PROCESSED VEGETABLES UNDER MODIFIED ATMOSPHERES 

B. 1. Description of the research topic or practical problem: 

The application of MAP as a mild preservation technique with respiring products such as 
vegetables is quite complex. Ideally, packaging systems should be tailor-made for each product 
to take into account very crusial determinative parameters such as the minimal respiratory 
activity of that product necessary to maintain its good physiological quality. The respiratory 
activity is highly dependent on (more or less) intrinsic factors of the product (e.g. type, 
physiological state, degree of processing) as well on the storage conditions (temperature, RH, 
02 en C02 concentrations, type of packaging material) and the microbiology (spoilage, 
pathogens). 

2. Goal of the research: 
The aim is to assess optimal (equilibrium) gas-mixtures for the extension of the shelf life of 
selected vegetable products based on knowledge of changes in quality and the respiratory 
activity under specified storage conditions. The model products choosen are witloof chicory 
(whole and shredded), canots (whole and graded) and mung bean sprouts (whole). 

3. Short description of the approach: 

Because the composition of the gas atmosphere in MAP systems is a dynamic one, the 
influence of the parameter time will be studied in relation to gas atmosphere composition, 
respiration, quality and microbiology. Studies will mainly be in situ, on model vegetable 
food products. 
The approach consists of five basic steps. Before a product in a package will be tested, 
there must be information on three aspects: 

change in quality of the product under different 02 and C02 concentrations 
influence of 02 and C02 concentration on respiration rate 
diffusion characteristics of available package materials 

Once enough information has been gathered, the next two steps can be taken: 
design of packages (combining product and package data) 
validation of designed packages 

Validation means that the influence of the various parameters under controll- d laboratory 
conditions will be tested in experiments with MA packages. 

D 1. General description of the experimental approach in phases (in each of the four years 
of the project). 

The experimental conditions will be standardized. This means a selection of temperatures (8 
and 18 °C), relative humidity (99%) and 02 and C02 concentrations. These set values will 
be controlled and recorded. 
The experiments with products will be carried out in an automated flow through container 
system. 02 and C02 concentrations will be measured continuously. 
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Agrotechnological Research Institute 

Product quality comprises two mean features: consumer quality (colour, texture) and 
physiological quality (development stage, respiration activity). To enable the assessment of 
objective quality measurement data, computer image analysis will be employed if possible. 
Respiration activity, a key parameter of product physiology, will be measured by a special 
headspace technique able to determine very small differences in 02 and C02 concentrations, 

Year 1 
product: witloof chicory 
status: whole and shredded 
conditions: 8 and 18°C, 99% RH, 02 and C02 concentrations will be negotiated with other 
participants 

Year 2 
product: carrot 
status: whole and sliced 
conditions: 8 and 18 °C, 99% RH, 02 and C02 concentrations to be negotiated. 

Year 3 
product: mungo beans 
status: whole 
conditions: 8 °C, 99% RH, 02 and C02 concentrations to be choosen. 

Year 4 
Validation of designed optimal packages for fresh and minimally processed witloof chicory, 
carrot and mungo bean. Measurement of concentrations inside the packages and the quality 
of the products. 

2. Detailed description of the work to be done in the first six months. 

Development of objective methods for the measurement of witloof quality 
Evaluation of controlled or modified atmosphere storage reseach results on witloof chicory 
reported in literature (when available) 
Measurement of respiration activity of witloof chicory under different 02 and C02 

concentrations 
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Department of Food Science, Wageningen Agricultural University 

Participant 2: Wageningen Agricultural University (WAU.DFS) 
Department of Food Science 
Section Foodchemistry/-microbiology 
Bomenweg 2 
NL-6703 HD Wageningen 
The Netherlands 

A. 1. (Sub-)Project title: 
Physiology of pathogens and spoilage bacteria and biopreservation of foods in combination 
with novel, mild techniques. 

2. Project coordinator: 
Prof.Dr.ir. Frans M. Rombouts 

3. Project participants and 4. Resources: 
Ph.D. student (to be drafted) 12 months/year 
Prof.Dr.ir. F.M. Rombouts 0.6 " 
Dr. T. Abee 2.4 
R.R. Beumer 0.6 

B. 1. Description of the research topic or practical problem: 
The research in the Department of Food Science will focus on the physiology of spoilage 
bacteria and pathogens and on the biopreservation of foods. 

Physiology of pathogens and spoilage bacteria: Contamination and outgrowth of Listeria 
monocytogenes and non-proteolytic Clostridium botulinum are of particular concern in 
minimally processed chilled foods. These bacteria are able to grow at refrigeration temperatures 
and heat-resistent spores of C. botulinum would survive a minimal heat process and possibly 
germinate, grow and produce toxin in temperature abused food. Likewise, the growth of 
psychrotrophic spoilage bacteria needs to be investigated for the optimalization of mild 
techniques to extent shelf life. 

Biopreservation of food. Bacteriocins are biologically active low-molecular weight proteins 
produced by certain species of genera such as Lactobacillus, Lactococcus, Streptococcus and 
Pediococcus. The bacteriocins nisin and pediocin, produced by Lactococcus lactis and 
Pediococcus spp., respectively, have a broad-spectrum activity towards Gram-positive bacteria 
including pathogenic Listeria and Clostridium species. These bacteriocins or the producing 
strains will be included in different foods as an alternative for chemical preservation, and their 
effects on spoilage bacteria and pathogens will be studied. 
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Department of Food Science, Wageningen Agricultural University 

2. Goal of the research: 

Physiology of pathogens and spoilage bacteria. At present nothing is known about the 
bioenergetics of these pathogens and spoilage bacteria. A thorough understanding of the 
physiology of these organisms will contribute to the optimimalization and development of 
novel mild preservation techniques. 

Biopreservation. Various bacteriocins or bacteriocin-producing strains will be included in 
different foods as an alternative for chemical preservation. In addition to modified atmosphere, 
these bacteriocins can possibly minimize the growth risk of Gram-positive spoilage bacteria and 
pathogens thereby increasing the shelf life of fresh and minimally processed foods. 

3. Short description of the approach. 
Basic knowledge on microbial physiology will be obtained by studying the utilization of 
various sugars (carbon- and energy source) and nitrogen sources (amino acids and peptides) by 
these food pathogens under different environmental/food conditions. Energy generation, 
regulation of the intracellular pH and osmoregulation will be studied at low aw, low temperature 
and under modified atmosphere. Combined with the studies on biopreservation, this information 
can significantly contribute to the development and optimalization of mild preservation 
techniques. 

C. 1. Short overview of the state of the art of the research field. 
At present little is known about the bioenergetics of the food associated pathogens and spoilage 
bacteria. An important part of the research will therefore focus on sugar and nitrogen 
metabolism and energy generation in pathogens under various environmental conditions and 
combinations there-of, such as modified atmosphere, low a« and low temperat_re. In addition, 
bacteriocins produced by lactic acid bacteria will be used as an additional means to control 
growth of these food pathogens. Biopreservation in combination with modified atmosphere, 
packaging, and coating techniques will result in improved safety and quality of refrigerated 
ready-to-eat foods. 

D. 1. General description of the experimental approach in phases (in each of the four years of 
the project). 

Listeria needs to take up fermentable carbohydrates and essential amino acids and vitamins 
from the environment. Transport systems involved in the accumulation of sugars, amino acids 
or peptides will be characterized in whole cells and membrane vesicles. Another important 
aspect is a study of the osmoregulation in L. monocytogenes (year 1). There is now substantial 
evidence that in a variety of bacteria the cytoplasmic pH is maintained within a relatively 
narrow range. The cytoplasmic pH of acidophilic bacteria ranges between 6.0-7.0, of 
neutrophilic bacteria between 7.5-8.0, and of alkalophilic bacteria between 8.5 and 9.0. 
Efficient pH homeostasis mechanisms are needed to prevent large fluctuations in the 
cytoplasmic pH upon changes in the external pH. Regulation of the cytoplasmic pH under 
various environmental conditions will be studied by measuring the intracellular pH by using 
fluorescent pH indicators (year 2). 
In the second part of this project (year 3 and 4) the above obtained results will be combined to 
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Department of Food Science, Wageningen Agricultural University 

allow predictive modelling of growth of these microorganisms under different environmental 
conditions i.e. different food products. 
Furthermore, the application of bacteriocins or the producing strains in different foods as an 
alternative for chemical preservation will be investigated. Special attention will be paid to the 
antimicrobial activity of these bacteriocins under conditions of modified atmosphere, low 
temperature and low a.. In addition these bacteriocins will be used in combination with acids 
such as lactate and citrate and the effects on spoilage bacteria and pathogens will be studied. 

2. Detailed description of the work to be done in the first six months. 
An important aspect is a study of the osmoregulation in L. monocytogenes. The osmotic 
strength of the environment is one of the physical parameters which determine the ability of 
organisms to proliferate in a certain habitat Cells have to maintain a positive turgor a toward 
the outside directed force, by keeping the osmolarity of the cytoplasm higher than that of the 
environment. Most species live and grow in conditions of fluctuating osmolalities and their 
intracellular enzymes are often sensitive to changes in ionic strength. These species require a 
homeostatic system to maintain a relatively constant cytoplasmic composition as extracellular 
osmolarity varies. Here the research focusses on the osmoregulation in L. monocytogenes. 
Growth experiments will be performed in defined mineral media in which the osmotic strength 
(water activity, aw) is varied by the addition of NaCl. Growth in the presence of different 
carbon and energy sources will be studied under modified atmosphere, at different temperatures 
and in the absence and presence of so-called osmoprotectants such as L-proline and betaine (tri-
methylglycine). When these extracellularly supplied compounds appear to stimulate growth at 
high osmolalities, the involved transport systems will be characterized Le. mode of energy 
coupling, regulation by intracellular pH, regulation of expression (synthesis) by environmental 
conditions will be deduced. 
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Participant 3: Institut National de la Recherche Agronomique (INRA.AV) 
Centre de Recherches Avignon, Station de Technologie des Produits Végétaux 
Laboratoire de Technologie et Biochimie Appliquée 
Domaine St Paul 
BP 91 
F-84143 Montfavet Cedex 
France 

Participant 8: Les Crudettes (FRUID) 
Fruidor S.A. 
Avenue Che. Delaye 
F-84300 Cavaillon 
France 

A. 1. (Sub-)Project title: 
Improvement of the safety and quality of refrigerated ready-to-eat foods using novel mild 
preservation techniques 

2. Project coordinator: 
Dr. Christophe Nguyen-The (INRA.AV) 
Ing. Sylvie Le Hesran (FRUID) 

3. Project participants and 4. Resources: 
INRA.AV 85 Man Months (17, 1st year - 27, 2nd year - 28, 3rd year - 13, 4th year) 
FRUID 16 Man Months (6, 1st year - 10, 2nd year) 

B. 1. Description of the research topic or practical problem: 
Microbiological stability of fresh mildly processed vegetables stored at refrigeration 
temperature. Behaviour of psychrotrophic foodborne pathogens and spoilage microorganisms on 
fresh salad leaves and on two industrial products which consist in mixtures of raw and cooked 
vegetables. Influence of storage conditions, nature of vegetables and saprophytic 
microorganisms. 

2. Goal of the research: 
Determination of the various factors influencing the development of psychrotrophic foodborne 
pathogens on salad leaves, so as to meet the following objectives: (i) to obtain data for a 
predictive model (modelling of the data is done by other participants) of the growth of 
foodborne pathogens as a function of spoilage development (ii) to determine conditions which 
would minimize development of foodborne pathogens without reducing quality (iii) to estimate 
the risk of foodborne pathogens development in already existing industrial products. In 
addition, the work will provide the necessary expertise to help other participants testing new, 
mild, preservation techniques. 
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3. Short description of the approach. 
Inoculation of salad leaf pieces with the psychrotrophic pathogen Listeria monocytogenes and 
measurement of growth during storage under precisely controlled conditions. Number of L. 
monocytogenes will be determined on individual salad leaf pieces, together with the number 
and the nature of epiphytic microorganisms and the importance of decay. The epiphytic 
microflora will be identified and tested for its ability to cause spoilage of the product. 
Interaction between L. monocytogenes and representative epiphytic microorganisms will be 
studied in vitro and in vivo. A similar but simplified approach will be used to study microbial 
stability of industrial products from FRUID 

C. 1. Short overview of the state of the art of the research field. 

Fresh ready-to-eat products are currently available in supermarkets. Approximately 80% of the 
output are fresh ready-to-eat salads (chicory and lettuce), but new products, composed of 
cooked (sterile) and raw vegetables (natural contamination) are expected to be a great success. 
The quality of ready-to-eat products (with average shelf lifes, with refrigeration, of 5-7 days) is 
usually acknowledged as good or satisfactory, but little work has been done so far on the risk 
of development of foodbome pathogens. Good manufacturing practices have been implemented 
in most (if not all) production lines, but recent surveys in Europe show that ready-to-eat 
vegetables can nevertheless be contaminated with psychrotrophic pathogen such as L. 
monocytogenes with a frequency varying from 1 to 10 % of samples taken. This particular 
pathogen is usually found on vegetables in numbers below the limit of detection by direct 
plating. However, during storage of ready-to-eat, vegetable products growth may well occur 
and result in a threat for the consumer. Predictive models of the growth of foodborne 
pathogens are now available, but they are based on data obtained in vitro and need to be 
validated for fresh vegetable foods, taking into account the major characteristics of these 
products. 

D. 1. General description of the experimental approach in phases (in each of the four years of 
the project). 

YEAR 1: 

a). Behaviour of L. monocytogenes on salad leaves (INRA). 
Inoculation of L. monocytogenes on leaf pieces and effect of the following factors: (i) level of 
inoculation, (ii) physiological state of the leaves, with a comparison of young and old leaves, 
(iii) strain of L. monocytogenes, (iv) level of epiphytic microflora on the leaves. 
Storage at different temperatures (below 10 Q and under different controlled atmospheres. 
Analysis of the leaf pieces individually after various time of storage for: (i) the number of L. 
monocytogenes, (ii) the level and the nature of epiphytic microflora, (iii) the extend of spoilage. 
The results should provide the average growth characteristics of L. monocytogenes on salad 
leaves under these conditions and the variability to be expected among different salad samples. 
It should also be possible to draw some correlations between development of Listeria and some 
characteristics of the leaf pieces. 

b). Identification of the epiphytic microflora from salad leaves (INRAAV). 
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Isolation and identification of bacterial species from salad leaves of various origin. The isolates 
will be tested for their ability to cause spoilage. This step would allow a selection of 
representative species to study interactions between L. monocytogenes and epiphytic 
microorganisms. This collection of isolates could also be used for a screening, in vitro, of 
potential antagonists. 

YEAR 1 & 2: 

Behavior of L. monocytogenes and psychrotrophic strains of B. cereus on a new ready-to-eat 
product (FRUID in collaboration with INRA.AV). 
These new products are a mixture of fresh, raw vegetables (salads leaves or shredded carrots) 
with cooked sterile vegetables (sweet com or mung bean sprouts), without dressing and stored 
in sealed plastic trays. The raw products carry a high microbial contamination and their 
respiration creates a modifed atmosphere, whereas the cooked product may present a good 
substrate for rapid growth. The multiplication of L. monocytogenes and B. cereus will be 
measured after inoculation of the products and control samples (not inoculated products) will 
also be analysed. The repartition of the foodborne pathogens and of spoilage microorganisms 
on the various ingredients will be studied. 

YEAR 2 & 3: 

Confirmation, if necessary, of the results obtained during the first year about the behaviour of 
L. monocytogenes on salad leaves (INRA.AV). Study in vitro and in vivo of the interactions 
between L. monocytogenes and the epiphytic flora (INRA.AV). Behaviour of non-proteolytic C. 
botulinum on vegetables (One INRA.AV scientist will work together (at) AFRC.IFRN). 

YEAR 3 & 4: 

Testing new, mild preservation techniques, obtained by other participants, as microbial 
antagonists, edible coating and biodegradable films. Development of modified atmosphere 
packaging, at the demand of other participants, on the basis of results obtain by these 
participants from controlled atmosphere storage experiments (INRA.AV). 

2. Detailed description of the work to be done in the first six months. 

The first part of the programme aims at producing data for modelling the growth of L. 
monocytogenes on ready-to-eat vegetables. 

a) On salad leaves (INRAAV). 

* Minimum variability of L. monocytogenes development on salad leaves: a sample of leaf 
pieces, as homogeneous as possible, will be inoculated by a strain of L. monocytogenes and 
after different times of storage, 30 pieces will be analysed for L. monocytogenes, epiphytic 
flora and % leaf surface decayed. The experiment will be duplicated, for 2 salads of 
different origins. The minimum number of replicate leaf pieces necessary for the further 
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experiments will be determine from the results. Relations between development of L. 
monocytogenes and the other measures, on the 30 replicate leaf pieces, will be investigated. 

* Testing different strains of L. monocytogenes for their ability to grow on salad leaves and 
choice of the strains for the next experiments. 

* Effect of various factors and storage conditions on the growth of L. monocytogenes: the 
physiological age of the leaves, the initial level of the epiphytic microflora (which could be 
reduced by disinfecting the leaves or by growing the salads in protected conditions), the 
effect of storage temperatures. The effect of various modified atmospheres on the growth 
of L. monocytogenes will probably not be tested during this period. Another factor that 
might be important is the level of inoculum of Listeria, but this will be tested during the 
second period of 6 months. This part should identify factors which must be taken into 
account for modelling the growth of L. monocytogenes on salad leaves. 

* Identification of representative isolates of the epiphytic microflora by classical test, API 
tests and the "BIOLOG system". Screening of the strains for their ability to cause spoilage, 
and choice of microorganisms to study interactions between Listeria and epiphytic bacteria. 

b) On new ready-to-eat products (FRUID in collaboration with INRA.AV). 

* In the course of the first 6 months, 4 months (from march 1993 onwards) will be devoted 
to this part of the work. During this period, the growth of L. monocytogenes on two 
specific products manufactured by FRUID will be measured. Growth of the bacteria on 
cooked ingredients (sweet corn and mung bean sprouts) prepared by different techniques, 
will also be investigated. 
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Participant 4: Centre Coopération Intern. Rech. Agronomique Dévelop. 
Depart. Systèmes Agro-Alimentaires er Ruraux 
73 Rue J.F. Breton 
Domaine de Lavalette 
F-34000 Montpellier 
France 

A. 1. (Sub-)Project tide: 
Improvements of microbial stability of ready-to-eat, chilled, fresh fruits and vegetables by using 
edible protective superficial layers (EPLS), which may include antimicrobial compounds, as 
biodegradable packaging with selective permeability to gas. 

2. Project coordinator: 
Prof.Dr. Stéphan Guilbert 

3. Project participants and 4. Resources: 
Prof.Dr. S. Guilbert (responsable scientist; Dr. es Sciences); 5 man-months (m-m) 
Dr. D. Dufour (scientist, Ph.D.; microbiology); 10 m-m 
Dr. A.L. Wack (scientist, Ph.D.; mass transfers studies); 10 m-m 
Dr. N. Gontard (scientist, Ph.D.; edible films studies); 24 m-m 
N. Zakhia (scientist; microbiology and quality); 14 m-m 
M.C. Lahon (technician); 14 m-m 

B. 1. Description of the research topic or practical problem: 
Ready-to-eat vegetable products are highly perishable due to product physiological and 
microbiological processes. Stabilization of the post-harvest/post-processing quality, to render 
long(er) shelf lives, now is persued by wrapping or packaging produce in plastic foils. Because 
this non-biodegradable material is discarded into the environment subsequent to its use, 
alternative, preferably biodegradable, materials should be developed. This project proposes to 
design these biodegradable, even edible, films or coatings on the bases of natural plant 
compounds such as proteins (e.g. gluten) or waxes. Successful design of these biodegradable 
materials will reduce the load of plastics into the environment, while in the same instant 
making better use of the available natural resources. 

2. Goal of the research: 
To achieve the use of gas-barrier EPSLs or active EPSLs (including antimicrobial agents) as 
wrapping materials of natural origin for application with perishable, fresh or minimally 
processed foods in order to improve their surface microbial stability while maintaining the 
product quality, (joint effort of QRAD.SAR and other participants). 

3. Short description of the approach. 
To develop edible protective superficial layers (EPSL)s in the form of films or coatings, 
possibly containing preservatives, and test their diffusion barrier properties (their watervapour, 
Oj, C02 permeability) and ability to protect ready-to-eat, chilled fruits and vegetables. 
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Approach: 
evaluation of the effectiveness of edible films combined or not with acid (to reduce 
superficial pH) and anti microbial agents to improve surface microbial stability of: 
I) a model food system 
II) a real food. 

The effects of films composition, preservative nature (conventionnal or new e.g. biocides), type 
of microorganisms and storage conditions (P02, PC02, relative humidity, temperature) on the 
preservative diffusion and effectiveness of the EPSL will be studied. Types of microorganisms 
and preservatives will be choosen in agreement with the other participants. 

test the self supported films as biodegradable material for packaging and measure their 
permeability to gas. 
providing EPSL to other participants for microbial preservation tests, 
providing independant films to other participants in order to test such films as 
biodegradable packaging with the selective permeability. 

C. 1. Short overview of the state of the art of the research field. 

The idea of edible protective films and coatings has intrigued packaging and food scientists for 
a long time. As an example, wax coating have been used for many years to protect fresh fruits 
and vegetables. EPSLs act as an additional parameter ("hurdle") for improving overall food 
quality and stability. The functional characteristics required depend on the primary mode of 
deterioration on the food product Coating may be applied directly to the surface of the food 
pieces whereas films are independant structures which can be used as biodegradable packaging. 
EPSLs often reduce and dramatically suppress the need for non-edible packaging. 

Materials, technologies and applications have been reviewed comprehensively by various 
authors (e.g. Guilbert & Biquet, 1989; Guilbert, 1988; Kester & Fennema, 1986). The majority 
of edible films and coatings generally contain at least one component (particularly if a self 
supporting film is desired) with a high molecular mass (e.g. starch, cellulose, proteins, waxes, 
lipidics materials and their derivatives). They may be used alone or in combination in various 
fonns: simple, composite or multilayer films. Coating formation generally requires the use of a 
film-forming solution whereas independant films can be made using conventional procedures 
used for plastic materials (i.e. extension). 

D. 1. General description of the experimental approach in phases (in each of the four years of 
the project). 

Using an EPSL of high antimicrobial or antioxygen concentration may allow: 
I) the use of the additive without the destruction of food integrity 
II) the use of small amounts of the additive relatively to the total weight of the food. In this 

case, the diffusivity of the additive within the film and the food is of particular importance. 

YEAR 1 
1) realisation of edible films based on hydrophilic, hydrophobic or composite materials 
2) test theirt ability to retain preservatives of different molecular weight at the surface of a 

model food. 
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