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Agenda

Agenda of the 4th Group Meeting

16 June 1993
09.00

Arrival at the University of Limerick. Welcome and outline of the 4th meeting.

09.15

Presentation ATO.DLO (Marjon Bennik & Leon Gorris)

09.45

Presentation LUW (Annette Verheul & Tjakko Abee)

10.15

Break for coffee/tea

10.45

Presentation INRA.AV & FRUID (Christophe Nguyen-Thé)

11.15

Presentation NARF (George Nychas)

11.45

Presentation AFRC.IFR (Mike Peck, Frédéric Carlin & Sandra Stringer)

12.15

Integrated discussion on research results and plans presented in the morning session

13.00

Lunch

14.30

Visit to Limerick Food Centre

17.30

Return to Hotel

19.30

Group diner

17 June 1993
09.00

Presentation UL.DCLS & NBEST (David O'Beirne, Catherine Ryan & Paddy
Callaghan)

09.30

Presentation CIRAD.SAR (Stéphan Guilbert)

10.00

Integrated discussion on packaging/coating. Also, evaluation of research progress and
bottlenecks, both in view of the phases and targets set forth in the Technical Annex.
Possibility for bilateral planning of collaborative studies.

11.30

Tour of Food Technology Research at the University of Limerick

13.00

Lunch

Note:

Please include in the presentations: objectives, general approach and timescale;
achievements and bottlenecks; deviations from the original plan expected (with
underlying reasons). The planning of the second half of 1994. When appropriate, (new)
links and cooperations with fellow participants and possibly other EC-projects. Also:
Options for use of Travelling & Mobility Grants in AIR or generally. Dissemination
policy and plans, publications etc.
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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 mesophyllic 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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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. The 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:

ATO.DLO

CONTRACTORS

INRA.AV

ULMK.DCLS

ASSOCIATED CONTRACTORS

WAU.DFS

CIRAD.SAR

NARF

FRUID

NBEST

AFRC.IFRN

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, 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 (IFRN), Norwich, United Kingdom (participant 6).
ULMK.DFS: Department of Chemical and Life Sciences (DCLS), University 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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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. (Snb-)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 (not in year I)
(d) Compilation of an integrated computer model (not in year 1)
2. Project coordinator:
Dr. Leon G.M. Gorris
3. Project participants and 4. Resources:
Ir. Marjon H.J. Bennik
Mr. Werner Vorstman
Dr. Leon G.M. Gorris
Ir. Herman W. Peppelenbos
Mrs. Ria vd Vuurst d Vries

SUB-PROJECT (A):

12 months/year
12
3
2
1.5

MICROBIAL QUALITY AND SAFETY OF MILDLY PRESERVED, FRESH OR
FRESHLY PROCESSED VEGETABLES

B. 1. Description of the research topic or practical problem:
Refrigerated storage in a Modified atmosphere packaging (MAP) is a rather new, mild
preservation technique for minimally processed vegetable food products. Since it is a quite
recent development, fundamental knowledge of determinative physiological, microbiological
and physico-chemical parameters is limited. As for the microbiological determinants, focus has
as yet been on a few pathogenic microorganisms. Little fundamental knowledge has been
obtained on the microbial population dynamics associated with spoilage and on the role of
spoilage microflora in competitive exclusion of pathogens. The natural microflora of lactic acid
bacteria is believed to be a natural, antimicrobial system in potential.
2. Goal of the research.
The goal of the 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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3. Short description of the approach
There will be two major lines of investigation:
1) Fundamental studies
To study the effects of the composition of the gas atmosphere, in relation with other
relevant (bio)chemical 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 useful 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.

4. State-of-the-art
The use of Modified Atmosphere Packaging (MAP) and Vacuum Packaging (VP) to extend the
shelf-life of perishable food products has experienced a strong upsurge lately. Although applied
mostly with non-respiring products, both techniques offer considerable prospects for respiring
products as well. Respiring products, like fresh and freshly processed vegetables and fruits, stay
metabolically active after harvest and this activity is essential for keeping their quality.
With Modified Atmosphere Packaging (MAP), the atmosphere inside a package generally is
low in oxygen (02) and high in carbon dioxide (C02), with typical values at equilibrium of 23% and 5% respectively (Kadar et al., 1989). The composition of the atmosphere is the net
result of the initial gas composition, the gas exchange through the packaging material and the
respiratory activity of the produce (Gorris & Peppelenbos, 1992). Recently, a so called
Moderate Vacuum Packaging (MVP) system has become available in the Netherlands. In this
system, a respiring produce is packaged in a rigid, airtight container under 400 mB atmospheric
pressure which is stored at a refrigeration temperature. The initial gas composition is that of
normal air (21% 02, 0.04% C02 and 78% N2) but at a reduced partial gas pressure. Thus, the
available amount of 02 is about one third of the normal. As with MAP, the lower 02 content
stabilises the post-harvest product quality by slowing down the metabolism of the produce and
the growth of spoilage microorganisms. The mechanism of action and the safety of the MVP
system were studied in the first part of the project. Mungo bean sprouts and chicory endive
were used as the model products.
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C. 1. Overview of the work performed from 1-1-1994 to 1-7-1994

I. Biopreservation
The natural microflora of lactic acid bacteria (LABs) is believed to be a natural, antimicrobial
system in potential. During the first year of the project, LABs were isolated from mungo bean
sprouts and chicory endive, and screened for bacteriocin production. Six bacteriocinogenic
strains were obtained (Progress Report 1993). During the first half year of 1994 these strains
were preliminary identified. In addition, several more LAB isolates were obtained from fresh
chicory endive and mungo bean sprouts and subsequently screened for bacteriocin production.
Three bacteriocin producing strains were obtained in the second, giving a total of 9 bacteriocin
producing strains. The purification of thebacteriocin from one of the producer strains was
carried out using a two step protocol.
Materials & methods
Screening methods for bacteriocin production
A total of 160 LABs were isolated from fresh mungo bean sprouts and chicory endive, and
screened for bacteriocin activity using both the well diffusion method (Harris et al., 1989) and
the spot-on-lawn method (Hastings and Stiles, 1991). Lactobacillus sake ATCC 15521 was
used as the indicator organism (Lewus and Montville, 1991) (Materials and Methods in
Progress Report 1993).
Bacteriocin producing LABs isolates
Bacteriocin producing strains were further characterized on morphological and growth
characteristics (i.e. growth at 4, 15 and 45°C and sugar fermentation patterns using API
50CHL). The API test results gave a preliminary identification of the isolates.
The nature of the inhibitory substance in the culture supernatant was tested for
thermostability, protease and catalase sensitivity (Materials and Methods in Progress Report
1993).
Purification of bacteriocin
A two step protocol to purify the bacteriocins Carnocin UI49 and nisin as described by
Stoffels et al. (1993) was used, employing XAD chromotography and cation exchange
chromatography. It was applied to a grown culture of producing strain m28 (Lactobacillus
from fresh mungo bean sprouts). Strain m28 was grown in 0.5 1 of MRS broth for 15 hours
at 30°C. Amberlite XAD-16 (Sigma Chemical Co.) was added directly to the growing
culture during agitation. The XAD was applied to a chromatographic column which was
washed with 40% ethanol. Elution of bacteriocin was with 70% 2-propanol complemented
with 10 mM acetic acid, adjusted to pH 2.0 with HCl. Active fractions were pooled and the
propanol was evaporated under vacuum at 40°C. This sample was desalted using Sephadex
G-25 PD-10 gel filtration columns (Pharmacia). Bacteriocin was further purified using
cation exchange chromatography (S-Sepharose Fast Flow column, Pharmacia).
Active fractions were monitored using the well diffusion method, and/or the assay described
by Stoffels et al. (1992) in liquid medium. Again, the indicator strain was Lactobacillus
sake ATCC 15521.
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Results & discussion
Bacteriocin production
Screening 160 new LAB isolates from both fresh products resulted in finding bacteriocin
producing strains c6, c34, and c77, all from chicory endive. Together with producer strains
obtained in 1993 (m28, m257, cl95, cl98, c262 resp. isolated from fresh and stored mungo
bean sprouts and stored chicory endive) we now obtained 9 producing isolates.
Morphological characteristics of the recently found strains are: c6 streptococci, c34 and c77
pediococci. The sugar fermenting patterns using API 50CHL strips gives a preliminary
identification of the strains:
m28
Lactobacillus plantarum
m257, cl95, cl98, c258, c262
Leuconostoc sp.
c6
Lactococcus lactis
c34, c77
Pediococcus sp.
Additional growth characteristics and characteristics of the inhibitory substances are at
present under study.
Purification of bacteriocins
Purification of bacteriocin from a grown culture of Lactobacillus plantarum m28 was
carried out succesfully using XAD and cation exchange chromatography. Monitoring
bacteriocin activity in different fractions during the various purification steps showed that
after incubation with XAD the grown culture had lost its bacteriocin activity. The
bacteriocin was thus not released from XAD, until elution with 2-propanol. After
concentrating and desalting this sample, bacteriocin was effectively further purified, using
cation exchange chromatography.

II. Effect of gasphase composition on growth of microorganisms
Modified Atmosphere Packaging can be applied to fresh vegetable products, in order to
extend the shelflife. During this type of storage, the gas atmosphere conditions in the
headspace of the packaged product are changed drastically compared to ambient conditions.
The microbiological status of the product during storage is an important parameter. On the
one hand this is concerning microbial quality as determined by the microbial load of mainly
spoilage organisms, and on the other hand the safety of the product is of importance
regarding outgrowth or survival of pathogens. Studies of the effect of different gasphase
compositions on microorganisms were performed with pure cultures of spoilage organisms,
pathogens and (in a later stage) LABs. Cultures were surface plated on agar mimicking
surface growth on a product. Preliminary studies were performed during the first year of the
project using Listeria monocytogenes Scott A, Erwinia carotovora and Pantoea
agglomérons (Progress Report 1993). This model system was now further fmetuned.
Materials & methods
Controlled atmosphere conditions
Plates to be incubated in controlled gas atmospheres were put in 1 liter flasks that were
continuously flushed with the desired mixture of gasses, at a flow rate of 200 ml/min.
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Eight gasphase compositions were used in the flow through system:
* 0% C02, 1.5% 02;
* 0% C02, 21% 02;
* 5% C02) 1.5% 02;
* 5% C02, 21% 02;
* 20% C02, 1.5% 02;
* 20% C02, 21% 02;
* 50% C02> 1.5% 02;
* 50% C02, 21% 02;
Nitrogen was added to balance at 100%. The oxygen and carbon dioxide concentrations in
each flask were monitored at half hour intervals using mass flow detectors.
Influence of C02 on pH of agar plates
The medium used in the experiments was Brain Heart Infusion Agar (BHIA; OXOID) in 60
mm agar plates. The medium was buffered with equimolar amounts of NaPi and KPi at pH
7.2. Buffered media were used to minimise the pH reduction caused by C02 solution in the
medium. To examine the effect of C02 on the pH of agar plates at various molaric
strengths of the Na/KPi buffer, BHIA was dissolved in 0.05, 0.1, 0.15 and 0.20 M Na/KPi
buffer (pH 7.2). During a 10 day incubation period at 8°C under 0, 1, 5, 10, 25, 50 and
100% C02, the surface pH was measured directly on day 0, 1, 3, 6, and 10 using a flat
surface pH electrode (Phoenix, USA).
Effect of gasphase composition on the growth of spoilage organisms
Bacteria
Strains of pseudomonads and enterobacteria were isolated from fresh and stored chicory
endive (MVP, 7 days, 7°C). These strains were grouped on the basis of metabolic patterns,
using the BIOLOG identification system (Progress Report 1993). A total of four strains
were selected for further studies: two enterobacteria and two pseudomonads predominantly
present on fresh and MVP chicory endive respectively. Using the BIOLOG identification
system, these strains were identified as Rahnella aquatilis, Escherichia vulneris,
Pseudomonas viridiflava and Pseudomonas fluorescens.
Media, cultural conditions and enumeration
Starting from frozen stocks, cultures were subcultured twice in BHI broth (15 inoculum,
grown at 30°C). Cultures were then diluted in peptone physiological salt solution to give
approximately 5*106 CFU/ml. Fifty jul of the diluted culture was surface plated onto a
series of buffered 60 mm agar plates (containing 8.5 ml of BHIA), resulting in ca. 104
CFU/cm2. In this experiment the medium was buffered with 0.1M Na/KPi, pH 7.2. As a
control for the acidifying effect of C02, plates were prepared using Na/KPi buffer (0.1M,
final pH of BHIA 6.7). Inoculated plates were incubated at 8°C under 8 different controlled
atmosphere conditions (see above). The low pH series (buffer pH 6.7) were stored under
conditions where C02 was absent.
At each sampling time the viable counts of pseudomonads and enterobacteria were
assessed. To this end, plates were homogenized in sterile bags after addition of 41.5 ml
peptone physiological salt solution. Serial dilutions were plated on BHI agar and counted
after incubation at 30°C for 24 hours.
Results & discussion
Influence of C02 on pH of agar plates
The influence of C02 on the pH of buffered BHIA (0.1M Na/KPi, pH 7.2) at 8°C as a
function of time is presented in Figure 1. Figure 2 shows the pH of buffered BHIA (Na/KPi
0.1M, pH 7.2) after 6 days of incubation at 8°C as a function of the C02 concentration. Up
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to 3 days of incubation the pH is declining for all incubated plates. After that period of
time an equilibrium is achieved. C02 concentrations higher than 10% result in a pH below
7.0. Incubation leads to a drop in pH value as low as 6.6 under 100% C02. Using the same
buffer at different molar strengths also resulted in an equilibrium of the pH after 3 days. A
final pH of 6.5, 6.6 and 6.6 was recorded, using BHIA buffered with 0.05, 0.15 and 0.20M
under 100% C02, respectivively.

time (hours)

% C0 2

Fig. 1. The influence of C02 on the pH of
buffered BHIA (NayKPi 0.1M, pH 7.2) at 8°C
as a function of time for: A 0% C02;
o 1% C02; V 5% C02; ^ 10% C02;
a 25% C02; • 50% C02, and • 100%
C02

Fig. 2. The pH of buffered BHIA (Na/KPi 0.1M,
pH 7.2) after 6 days of incubation in different
C02 concentrations at 8°C.

Effect of gasphase composition on the growth of spoilage organisms
Figure 3 and 4 show the growth of selected enterobacteria and pseudomonads under four
different gasphase compositions with variable C02 concentrations, and an oxygen
concentration fixed at 1.5%. Results obtained for growth under 21% 02 are not presented
seperately, as the growth curves were practically identical for 1.5% and 21% 02. BHIA
plates buffered at pH 6.7 were incubated under 0% C02 as a control for the drop in pH to
6.7 using 50% C02 (worst case). For all strains, both the growth rate and the final
population density showed little difference on BHIA pH 7.2 and 6.7, indicating that
lowering the pH half a unit is not inhibitory to these cultures. Growth curves of Rahnella
aquatilis, Escherichia vulneris, and Pseudomonas fluorescens did not differ substantially
from strain to strain. There is little difference in the number of CFU/cm2 in the stationary
growth phase for C02 concentrations up to 20%. However, logarithmic growth rates were
reduced 0.5 to 2 log units as a result of elevated C02 concentrations. In 50% C02 the final
population density was reduced compared to other C02 concentrations, but still less than
one log unit. Incubation of Pseudomonas viridiflava in C02 substantially reduced both the
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Fig. 3. Growth of Rahnella aquatilis (fig. 3a) and Escherichia vulneris (fig. 3b) at 8°C in 1.5%
02 with different C02 concentrations on BHIA pH 7.2: • 0% C02; A 5% C02; "•*
20% C02; • 50% C02, and on BHIA pH 6.7: • 0% C02.
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Fig. 4. Growth of Pseudomonas viridiflava (fig. 4a) and Pseudomonas fluorescens (fig. 4b) at
8°C in 1.5% 02 with different C02 concentrations on BHIA pH 7.2: • 0% C02; A 5%
C02; + 20% C02; • 50% C02> and on BHIA pH 6.7: • 0% C02.
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growth rate and the final population density as compared to 0% C02. The decrease in growth rate was much
higher for Pseudomonas viridiflava than for the other 3 strains tested. Pseudomonas viridiflava was isolated
from fresh chicory endive, but not from product stored under Moderate Vacuum. This might be a result of
the sensitivity of this strain to carbon dioxide, compared to competitors that are not inhibited.
Conclusions
Biopreservation
More bacteriocin producing lactic acid bacteria (bact+ LABs) were found to occur on the
(model) vegetables. In total, four different producer strains were identified: Lactobacillus
plantarum, Lactococcus lactis, Leuconostoc sp and Pediococcus sp.. A method for purification
of bacteriocins has proven to be effective for the bact+ Lactobacillus plantarum tested.
Gasphase composition
Carbon dioxide causes a reduction of the pH of buffered agar plates to 6.6. This pH value
was not inhibitory to the spoilage organisms tested. No differences in growth of four
spoilage organisms were observed in 1.5 or 21% oxygen. However, elevated levels of
carbon dioxide reduced the initial growth rate of all strains tested. A redi ction of the final
population density was only observed for Pseudomonas viridiflava.
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D. 1. Short description of work planned in the second half of 1994

Bioconservation
Regarding bioconservation, during the second half of 1994, focus will be on the application of
bacteriocin producing lactic acid bacteria isolated in Year 1 and the first half year of Year 2.
Also, the action spectrum will be determined in vitro and in situ. For comparison,
bacteriocinogenic LAB s obtained from other researchers may be included in these studies.
Gascomposition
The influence of the composition of the gasphase in a MAP or MVP system on the growth of
microorganisms, and on the interaction between microorganisms, will be studied with the
assays described in this report. Focus will be, again, on the most relevant pathogens, spoilage
organisms and LABs.
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SUB-PROJECT (B):

SYSTEMATIC INVESTIGATION OF THE QUALITY 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 crucial 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 chosen are chicory endive
(whole and shredded), carrots (whole and graded) and mungo bean sprouts (whole).

3. Experimental approach and planning
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.
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.

C.

1. Overview of the work performed from 1-1-1994 to 1-7-1994

During the first year of the project, the influence of different gasphase compositions on quality
parameters and respiration rates of (whole) chicory endive was determined (Progress Report
1993). Based on those results the optimum concentrations for storage of chicory (CA or MA)
seemed to be 2% oxygen and 5% carbondioxide. During the first part of 1994, the influence
of the gasphase composition on cut chicory endive and mungo bean sprouts was examined.
Focus was now on respiration activity and microbiological status of the product.
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Materials and methods
Products and storage conditions
Chicory endive was purchased from a local grocery. Mungo bean sprouts were obtained
directly from a grower and used in the experiment within 6 hours after harvesting. Temporary
storage was at 4°C. Experiments with mungo bean sprouts were performed at 8 and 18°C.
Experiments with cut chicory endive were performed at 18°C only. The gasconcentrations
selected for the experiments performed at 18°C were combinations of 0.5, 2, 6 and 21% 02
and 0, 6 and 20% C02. The gasconcentrations selected in the experiment performed at 8°C
(mungo bean sprouts) were combinations of 0, 0.5, 2, 6 and 21% 02 and 0, 6 and 20% C02.
Product characteristics
The respiration rates were measured as described by Peppelenbos et al. (1993). Microbial
analyses were carried out using standard methods (Mossel and Jacobs-Reitsma, 1990).
Microbial analysis of the product focussed on determination of the total aerobic counts and
counts of enterobacteria and LABs.
Results
Storage of mungo bean sprouts at 18°C resulted in deterioration of the product within 1 or 2
days. Both the total aerobic count and the count of enterobacteria exceeded a number of 109
CFU/g after 1 day of storage for all conditions tested. Counts of LABs were 108 CFU/g
mungo bean sprouts after 3 days of storage. No improvement of the keeping quality was
observed under the conditions tested. Storage of mungo bean sprouts at 8°C during 14 days
showed that low oxygen concentrations (2%) and high carbon dioxide concentrations (20%)
are beneficial for the keeping quality. Brown discolouration was increased at decreasing C02
concentrations and increasing 02 concentrations. Low levels or absence of 02 (0.5 or 0%)
resulted in off odours of the product. Figure 5 shows the counts of enterobacteria (fig. 5a),
and the counts of LABs (fig. 5b) during 14 days of storage in various 02 concentrations and
20% C02. Total aerobic counts are not presented here, but these data are quite similar to the
total aerobic counts. Apparently, the major subpopulation of microorganisms consisted of
enterobacteria. An increase of enterobacteria from 107 CFU/g to 109 CFU/g was observed.
During the first week of storage the counts of LABs were 106 to 107 CFU/g. During the
second week of storage the counts increased to 108 CFU/g. Final population densities did not
differ substantially for neither enterobacteria nor LABs under 20% C02 and variable 02
concentrations. Similar results were obtained for storage under 0, 2, and 6% C02 (data not
shown).
Storage of chicory endive at 8°C during 6 days showed that low oxygen concentrations and
high carbondioxide concentrations are beneficial for the keeping quality. Low levels or
absence of 02 (0.5) resulted in off odours of the product. Storage in 2% 02 and 6% C02
seemed to be the most favourable condition for this product. This is in accordance with results
obtained in 1993. Figure 6 shows the counts of enterobacteria (fig. 6a), and the counts of
LABs (fig. 6b) measured during 6 days of storage in various 02 concentrations and 20% C02.
Total aerobic counts are not presented here, but again these data were quite similar to the total
aerobic counts. Note that the initial counts on fresh chicory endive (day 0) were 3 to 4 log
units lower than on fresh mungo bean sprouts. Growth rates and final population densities did
not differ substantially for enterobacteria under 20% C02 and variable 02 concentrations.
Growth of LABs ws favoured by low oxygen concentrations. Similar results were obtained for
storage under 0, 2, and 6% C02 (data not shown).
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Figure 7 shows the respiration measurements for cut chicory endive, measured as 02
consumption (fig. 7a) and C02 production (fig. 7b) in time per kg of product. No increase of
carbon dioxide production at low oxygen was observed. This indicates that in the case of
anaerobic metabolism (almost) no ethanol is formed. Elevated levels of carbon dioxide (6 and
20%) resulted in reduced respiration rates compared to 0% C02.
Conclusions
At low oxygen concentration a reduction of respiration rates was observed for cut chicory
endive. However, storage of the product in oxygen concentration as low as 0.5% resulted in
the formation of off odours because of anaerobic respiration. Optimal oxygen concentrations
for storage of cut chicory endive therefore seem to be 1 to 3%.
During storage in low oxygen conditions no carbon dioxide was produced. This indicates that
during anaerobic respiration chicory endive is not producing ethanol as a metabolic end
product from glucose, but that lactate might be produced.
Elevated levels of carbon dioxide resulted in both a reduced oxygen consumption and a
reduced carbon dioxide production. From these results it can be concluded the respiration rate
of the product is decreased, which is favourable for the keepability of the product.

D.

1. Short description of work planned in the second half of 1994

Attention will be payed to storage of chicory endive during at 8°C. Respiration rate and
metabolic end product formation will be monitored in dfferent gasphase compositions, with a
special emphasis on metabolic end product formation (probably lactate).
Respiration of mungo bean sprouts will be measured at 8°C, using the product directly from
the grower, and after desinfection. Again, metabolic end product formation will be monitored.

Literature cited
Anonymous, 1977. Bewaren van witloof. De Boer en de Tuinder, 83, pp 13.
Mossel, D.A.A. and W.F. Jacobs-Reitsma (1990). Mikrobiologisch Onderzoek van
Levensmiddelen -strategie, principes en methoden. Uitgeverij P.C. Noordervliet, Zeist, the
Netherlands.
Herregods M., 1969. Bewaren van witloof. Tuinbouwberichten, 33, pp 463-466.
Mertens H., 1986. CA-bewaring van groenten. Groenten en fruit, 41, pp 20-21.
Peppelenbos H.W., J. van het Leven, B.H. van Zwol, L.M.M. Tijskens, 1993. The influence of 02 and
C02 on the quality of fresh mushrooms. Proc.6th.Int.Con.Contr.Atm.Stor., Ithaca, New York.
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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. Projects participants and 4. Resources
Ir. A. Verheul
12 months/year
Dr. T. Abee
2.4 " "
Prof.Dr.ir. F.M. Rombouts
0.6 " "
R.R. Beumer
0.6 " "
Ir. M.H. Zwietering
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 tempe
ratures 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 prevent 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.
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 optimalization 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
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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 intracellular pH and osmoregulation will be studied at low a,,,, 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. Overview of the work performed from 1-1-1994 to 30-6-1994
a) Osmoregulation in Listeria monocytogenes
Introduction
The work presented in the first term showed that exogenously added proline (10 mM) and
betaine (1 mM) significantly stimulated growth of L. monocytogenes under osmotically
stressed conditions in a minimal medium containing high sodium chloride concentrations
(3%) both at 37 °C and 10 °C. An important role for betaine and proline has also been
observed in the osmoregulation of several other bacteria (Csonka, 1989; Bae and Miller,
1992; Jewell and Kashket, 1991). Betaine is a trimethyl amino acid and occurs at high
concentrations in sugar beets and other food products of animal origin (Belitz and Grosch,
1986). A trimethyl amino acid that is closely related to betaine is carnitine (ß-hydroxy-x-Ntrimethyl aminobutyrate). Materials of animal origin are particulary rich sources of this
compound, whereas plant material tend to be low in carnitine (Mitchell, 1978). The possible
role of carnitine in osmoregulation in L. monocytogenes was investigated.
Methods
Experiments were performed as described in the first term report.
Results and Discussion
It appeared that carnitine could function as an osmprotectant for L. monocytogenes. Betaine
and carnitine were equally effective in stimulating L. monocytogenes growth under high
osmotic strength conditions at 37 °C (Fig. 1) and 10 °C (data not shown).
So, although betaine is currently recognized as the most widespread compatible solute
(Csonka, 1989) carnitine may function as the main compatible solute that allows growth of L.
monocytogenes in salty foods of animal origin such as meat and dairy products.
Whether carnitine is accumulated, metabolized, or converted to another compound which
functions as the actual osmoprotectant remains to be elucidated.
Literature cited
Bae, H.Y. and J. Miller, 1992. "Identification of two proline transport systems in
Staphylococcus aureus and their possible roles in osmoregulation". Appl. Environ.
Microbiol., 58, 471-475.
Belitz, H.D. and W. Grosch, 1986. Food Chemistry, Springer-Verlag, Berlin, p. 16.
Beumer, R.R., M.C. te Giffel, L.J. Cox, F.M. Rombouts and T. Abee, 1993. "Effect of
exogenous proline, betaine and carnitine on the growth of Listeria monocytogenes in a
minimal medium", Appl. Environ. Microb., 60, 1359-1363.
Csonka, L.N. 1989, "Physiological and genetic responses of bacteria to osmotic stress".
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Microbiol. Reviews, 53, 121-147.
Jewell, J.B. and E.R. Kashket, 1991. "Osmotically regulated transport of proline by
Lactobacillus acidophilus IFO 3532", Appl. Environ. Microbiol., 57, 2829-2833.
Mitchell, M.E. 1978. "Carnitine metabolism in human subjects I. Normal metabolism". Am.
J. Clin. Nutr. 31, 293-306.
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Fig. 1. Growth of L. monocytogenes in MM = minimal medium ( A ) , in MM supplemented
with 3% NaCl (+), and in MM with 3% NaCl and 1 mM betaine (*) or 1 mM carnitine (§)
as determined by OD660 (Beumer et al, 1994).

b) Interaction between psychrotrophic pathogens and spoilage bacteria
Introduction
In the second term the behaviour of Listeria monocytogenes in the presence of Bacillus
cereus at different temperatures was tested with milk as the model substrate. The results
indicated that B. cereus had a stimulatory effect on growth of L. monocytogenes. It was
suggested that L. monocytogenes probably benefits from the proteolytic activity of B. cereus.
To ascer-tain this hypothesis and in order to obtain more fundamental information the work
was extended using another proteolytic bacterium i.e. Pseudomonas fragi and experiments
were performed in a chemically defined medium.
Methods
A chemically defined minimal medium (MM) previously described by Premaratne et al.
(1991) was used as basis for the growth experiments; the composition of this medium is as
follows (liter1) KH2P04 6.56 g; Na2HP04.7H20 30.96 g; MgS04.7H20 0.41 g; ferric citrate
0.088 g; glucose 10 g; L-leucine 0.1 g; L-isoleucine 0.1 g; L-valine 0.1 g; L-methionine 0.1
g; L-arginine 0.1 g; L-cystei'ne 0.1 g; L-glutamine 0.6 g; riboflavine 0.5 mg; thiamine 1.0
mg; biotin 0.5 mg; thioctic acid 0.005 mg was used. To examine the influence of proteolytic
activity of other bacteria on growth of L. monocytogenes, casein (0.9 % (w/v) took the place
of the five abovementioned essential amino acids.
The medium was inoculated with B. cereus or Ps. fragi cells (about 105 CFU/ml). After 24
hours, cells were removed by centrifugation and the supernatant was adjusted to pH 7 and
supplemented with glucose, ferric citrate and vitamins. Subsequently, the supernatant was
filter-sterilized and inoculated with about 105 cells of L. monocytogenes Scott A cells per ml
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and held at 30 °C. Cell growth of L. monocytogenes was monitored by plate counting on
TSA agar.
The behaviour of L. monocytogenes alone and in the presence of B. cereus in the MM where
in caseine was present as the only N-source was examined as well (at 20 °C). TSA was used
to enumerate L. monocytogenes and MYP was used for B. cereus.
Results and Discussion
Growth of L. monocytogenes in MM from which the amino acids were left out, but in which
casein was present as amino acid source, was enhanced when this medium had been preincubated with other bacteria. It appeared that cell densities of L. monocytogenes reached in
medium pre-grown by B. cereus were higher compared to Ps. fragi pre-grown medium
(Fig.2). The experiments in which the growth of L. monocytogenes and B. cereus -either
alone or in the presence of each other- was investigated, showed that growth of B. cereus
was not influenced by L. monocytogenes. The population of L. monocytogenes cells however
increased in the presence of B. cereus (Fig. 3). Results in figure 2 and 3 indicate that B.
cereus produces a very active protease; although the number of B. cereus cells is very low
compared to the number of L. monocytogenes cells, growth of L. monocytogenes is stimu
lated to a great extent. So, if a vegetable product becomes or is contaminated with B. cereus
or spores of this bacterium, this might have important implication for the outgrowth of L.
monocytogenes.
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Fig.2. Growth of L. monocytogenes in MM in which casein replaced the essential amino
acids (a) and (•), L. monocytogenes growth in this medium that was pre-incubated with B.
cereus Lb2 (a), or B. cereus Vc2 (à) or Ps. fragi (o) at 30 °C as determined by plate
counts.
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Fig.3. Behaviour of L. monocytogenes and B. cereus Lb2 alone and in the presence of each
other at 20 °C. 1 = L. monocytogenes in the presence of B. cereus-, 2 = L. monocytogenes; 3
= B. cereus in the presence of L. monocytogenes; 4 = B. cereus.
Literature cited
Premaratne, R.J., W-J. Lin and E.A. Johnson, 1991. "Development of an improved
chemically definded medium for Listeria monocytogenesAppl. Environ. Microbiol., 57,
3046-3048.
c) Utilization of sugars under different conditions by Listeria monocytogenes
Introduction
Carbohydrate is essential for Listeria growth, and glucose is commonly used to meet this
demand for a carbon and energy source. Catabolism of glucose proceeds by the EmbdenMeyerhof pathway both aerobicaily and anaerobically. Since food products contain only
small amounts of glucose, it is important to know if glucose can be replaced by other
carbohydrates and to obtain information on metabolic pathways under these conditions.
Metabolic shifts might also occur at low temperatures, so an investigation in the metabolic
characteristics of the psychrotrophic L. monocytogenes at low temperature is desirable as
well.
In this term the physiology of L. monocytogenes in relation to growth in minimal medium
with various carbohydrates as the carbon and energy source was investigated under
stationary, agitated and anaerobic conditions.
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Methods
L. monocytogenes was grown in minimal medium (MM) (Premaratne et al, 1991) in which
glucose was replaced either by galactose, lactose, cellobiose or glucose-1-phosphate.
An overnight BHI broth culture was subsequently subcultured once in the MM before
inoculating the experimental cultures. Inocula for seqential transfers consisted of 24 hours
growing cells (1 % (v/v)). Media for growth experiments were inoculated with about 4* 105
CFU/ml. Cultures were kept at 30 °C stationary, with shaking or under anaerobic conditions.
Samples were removed regularly and plated on TSA.
The production of organic acids was analyzed with HPLC on an Aminex HPX-87H column
(3 00*7.8mm) with 20 mM sulfuric acid as the mobile phase. Peak areas were calibrated with
standard solutions. The chromatographic apparatus consisted of an SP8800 solvent delivery
system, a SP8880 autosampler and for detection a Shodex RI SE 61 detector was used.
Remaining carbohydates were also determined by HPLC. A Dionex CarboPac PA1
(4*250mm) was used as stationary phase, separation was realized with a 50/50 (v/v) mixture
of 100 mM NaOH/1 M Na-acetate in 35 minutes. Peak areas were calibrated with standard
solutions. A pulsed electrochemical Dionex detector was used for peak detection, the gra
dientpump and degassing module were from Dionex and the autosampler was from Spectra
Physics.
Results and Discussion
Figure 4 shows that L. monocytogenes was able to use glucose and cellobiose as carbon and
energy source under stationary conditions. Lactose and galactose could not replace glucose
under these conditions. In the total absence of a carbohydrate growth upto 107 CFU/ml was
observed. L. monocytogenes possibly derives its carbon and energy from the amino acids that
are present in the MM (Pine et al., 1989). Growth on glucose-1-phosphate appeared after
about 75 hours (not shown in figure 4). This points to induction of enzymes and/or transport
systems in order to use this substrate.
An analysis of the growth under aerobic (i.e. agitated) conditions (Fig. 5) revealed that L.
monocytogenes could make use of glucose, cellobiose and lactose. This indicates that the
metabolism of lactose proceeds via a pathway that requires relatively much oxygen, since
under stationairy conditions the availability of oxygen to Listeria is much lower as compared
to agitated conditions. HPLC analysis revealed that during the utilization of lactose for
growth of L. monocytogenes, galactose was released into the medium. L. monocytogenes
obviously only uses the glucose moiety for growth. Whether lactose is hydrolysed inside or
outside the cell and the possible role of oxygen in this process is currently being investigated.
Under aerobic conditions growth on glucose-1-phosphate also appeared after about 75 hours
(not shown in figure 5). The physiological explanation for the relative long lagtime for
growth on glucose-1-phosphate is an interesting phenomenon that remains to be elucidated.
Under anaerobic conditions the lag phase was increased compared to the abovementioned
conditions, probably due to stationary growth of the inoculum that was used (Fig. 6). Glucose
and cellobiose could function as carbon and energy source in L. monocytogenes under
anaerobic circumstances. Growth on glucose-1-phosphate was observed as well, but the
lagtime on this substrate was comparable with the lagtime obtained under stationary
conditions.
The amounts of lactic acid and acetic acid formed under the three different conditions are
showed in table 1. Under anaerobic conditions L. monocytogenes produces essentially only
lactic acid from the carbohydrates used. When incubated aerobically, lactic acid and acetic
acid were produced. The values obtained under stationary conditions were in between those
obtained under aerobic and anaerobic. The atmosphere under stationary is semi-aerobic, this
evidently results probably in mixed aerobic and anaerobic metabolism.
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Fig.4. Growth of L. monocytogenes under stationairy conditions at 30 °C in MM with
different carbohydrates present as carbon and energy source.
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Fig.5. Growth of L. monocytogenes under aerobic conditions at 30 °C in MM with different
carbohydrates present as carbon and energy source.
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Fig.6. Growth of L. monocytogenes under anaerobic conditions at 30 °C in MM with
different carbohydrates present as carbon and energy source.

Table 1. Products of carbohydrate utilization for growth by L. monocytogenes at 30 °C under
different atmospheric conditions and yield on these substrates. Carbohydrates were present at
a concentration of 334 mM.
substrate

acetic acid (mM)

lactic acid (mM)

% carbon recovered

stationary
• glucose
• cellobiose
• glucose-1-P

6
17
18

260
206
132

80
67
52'

anaerobic
• glucose
• cellobiose
• glucose-1-P

1
1
1

241
213
72

72
64
31'

aerobic
• glucose
• cellobiose
• lactose

33
87
89

131
44

49
39
20*

15

The substrate was not completely used; percent carbon recovered was calculated on the basis of used substrate.
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D. Short description of work planned in the subsequent part of the project
In the fourth term there will be a continuation of the work on osmoregulation. Focus will be
on transport systems involved in the accumulation of osmoprotectants in Listeria monocyto
genes. Work on osmoregulation in Listeria under modified atmosphere conditions will be
started as well.
Regarding nitrogen sources, size restriction of peptide utilization will be investigated. More
over, bioenergetics and transport systems that are of importance in the utilization of peptides
will be characterized.
The use of various sugars by L. monocytogenes will be further examine^. Metabolic charac
teristics under different atmospheric conditions and temperatures will be investigated with a
special focus on energy generation and transport systems involved.
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Participant 3:

Institut National de la Recherche Agronomique (INRA.AV)
Centre de Recherche d'Avignon
Station de Technologie des Produits Végétaux
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

Development of foodborne pathogens in minimally processed fresh salads: effect
of storage conditions and of mild preservation techniques.

2. Project coordinator
Dr. Christophe Nguyen-the (INRAAV)
Ing. Sylvie Le Hesran (FRUID)

3. Project participants and 4. Resources
INRA : 85 Man Months - Dr. C. Nguyen-the, Dr. F. Carlin and Dr. C. Morris
(Microbiology); Dr. Varoquaux (Food Science).
FRUID : 16 Man Months (6,1st year -10, 2nt* year) - Ing. S. Lehesran (Quality and
research development); B. Haina du Fretay (Hired for the project).

B-

1. Topic

Microbiological stability of fresh mildly processed vegetables stored under
temperature of refrigeration. 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.
Improving quality of bean sprouts under modified atmosphere packaging (with
other participants).

2. Goal
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 prediction of the growth of foodborne pathogens in
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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.
Using films with a wide range of permeabilities (P-Plus films) to determine
problems occuring during modified atmosphere packaging of bean sprouts, and using
these films to test atmospheres determined under controlled conditions by other
participants.

3. Short description of the approach
Inoculation of salad leaf pieces with the psychrotrophic pathogen Listeria
monocytogenes and measure of growth during storage under precisely controlled
conditions. Number of L. monocytogenes will be determined on each 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 the microbial stability of the industrial products from "Les
Crudettes".

C - Overview of the work performed from 1-1-1994 to 30-6-1994.
Two different aspects of the programme were studied during this period. Tie first
part concerns the continuation of the work done in 1993 on the fate of Listeria
monocytogenes on minimally processed endive leaves, with particular attention paid to the
interaction between L. monocytogenes and the epiphytic microflora of leaves. In the
second part, the behaviour of fresh bean sprouts stored in different packaging films was
studied, mostly to identify the main aspects of spoilage during modified atmosphere
packaging of this commodity.
C-l - Interactions between Listeria monocytogenes and epiphytic bacteria on endive leaves
(Task 2 and 4).
In 1993, the influence of storage conditions and of the plant material on the fate
of L. monocytogenes on endive leaves was investigated. It was also demonstrated that
reducing the population of epiphytic bacteria of leaves by disinfection, before inoculation
with L. monocytogenes, increased growth of the bacterium. To complete this result we
tested the effect of a disinfection applied on a mixed population of epiphytic bacteria and
L. monocytogenes. We also studied more accurately the interactions between L.
monocytogenes and a selection of 10 strains isolated from endive leaves. The effect of the
10 strains was tested both on the growth and on the adhesion of the bacterium on endive
leaves surface. The purposes were both to better understand the fate of L. monocytogenes
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on endive leaves and to determine the possibilities for screening in vivo strains for there
ability to control the bacterium on a leaf surface.

Material and methods
Preparation of plant material, preparation of inoculum of L. monocytogenes,
inoculation of endive leaves, storage conditions and enumeration of microorganisms were
done as described in the previous report.
Epiphytic bacteria were chosen among strains isolated from minimally processed
mixed chicory salads, by selecting 2 stains with different phenotypes for each of the most
common species (Table 1). Inoculi for the 10 strains were obtained by washing the surface
of a young culture on TSA plates.
Adhesion of L. monocytogenes on endive leaves was measured by the number of
cells which remained on the surface of leaf disks (2 cm diameter) after several rinses in a
sterile saline solution (NaCl 9 g.H). Leaf disks were inoculated with washed cells of L.
monocytogenes suspended in the saline solution (20 microlitres deposited on the upper
side of the leaf disk) and left for 2 hours at room temperature. Disks were then rinsed 4
times in the saline solution, 3 min each time under stirring with 20 ml of saline solution
for 7 disks. These conditions had previously been determined to ensure that longer
inoculation times did not yield higher numbers of adhering cells and that a further rinsing
did not significantly increased the number of cells removed from the leaf surface.

Results
Reduction of a mixed population ofL. monocytogenes and epiphytic bacteria colonizing
endive leaves - Effect on microbial growth.
Endive leaves were inoculated with L. monocytogenes at a level of 10^-10^ cfu.g'l,
incubated 3 days at 10°C to permit a consolidation of the bacterium on the leaf surface,
and then disinfected. The experiment was done twice. Numbers of epiphytic bacteria and
of L. monocytogenes were reduced to similar extent by disinfection, but during the
subsequent days of storage at 10°C, epiphytic bacteria grew rapidly on the disinfected
leaves, whereas L. monocytogenes survived without multiplication (results not presented).
The population of epiphytic bacteria rapidly recolonized the leaves after disinfection,
whereas L. monocytogenes did not.
Effect of epiphytic bacteria inoculated on endive leaves on growth of L. monocytogenes.
Endive leaves were inoculated with suspensions of the 10 strains of epiphytic
bacteria to reach a number of lO^-lO? cfu.g'l. Leaves were first incubated at 2°C fur 3
days, inoculated with L. monocytogenes at a level of 10^-10^ cfu.g'l aruj then stored again
at 10°C for 7 days. The control consisted in leaves dipped in water alone and stored at
3°C before inoculation with L. monocytogenes. The experiment was done twice. Numbers
of L. monocytogenes and of epiphytic bacteria were determined after 0,2,4 and 7 days
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storage at 10°C, with 7 replicate leaves for each strain and sampling date. In the 2
experiments performed, growth of L. monocytogenes on leaves inoculated with some
epiphytic bacteria was lower than that on the control leaves, but the strains that reduced
growth of L. monocytogenes were not the same between the 2 replicate experiments (Fig.
1). None of the strains inoculated increased growth of the bacterium.
Adhesion ofL. monocytogenes to endive leave surface - Effect of an established population of
epiphytic bacteria.
' Adhesion of L. monocytogenes to endive leaves was first compared to that of
epiphytic bacteria. The percentage of adhering cells (number of cells after rinsing /
number of cells inoculated x 100) for the 10 strains of epiphytic bacteria and for L.
monocytogenes ranged from 0.06% to 1%, with 0.3% for L. monocytogenes. Adhesion of L.
monocytogenes was then measured on leaf disks that had been previously inoculated with
each of the 10 strains of epiphytic bacteria (10^-10® cfu per disk) and on control, notinoculated disks. In the replicate experiments performed, adhesion of L. monocytogenes
was significantly higher on disks inoculated with epiphytic bacteria than on the control
disks (Figure 2).

Discussion
Work presented in 1993 showed that L. monocytogenes grew faster on leaves on
which the epiphytic population had been reduced by disinfection. The results presented
here shows that whenever disinfection is applied on a mixed population of L.
monocytogenes and epiphytic bacteria, L. monocytogenes did not recover its initial
population and was outgrown by epiphytic bacteria. In practice, disinfection could
increase growth of L. monocytogenes whenever the bacterium contaminate the leaves
after, but it could have a very positive effect on leaves already contaminated.
The effect of disinfection also indicates that epiphytic bacteria are, in some ways,
antagonists of L. monocytogenes on endive leaves. Indeed, adding a high number of
selected strains of epiphytic bacteria tends to reduce growth of the bacteria. Conversely,
the presence of a high number of epiphytic bacteria tends to increase adhesion of I.
monocytogenes. Endive leaves are not sterile and already carry a high number of
microorganisms, which probably interfered with the strains inoculated and might have
limited their effect. In addition, leaf surface is a highly variable material as shown by the
variability of results presented in the previous report. For these reasons, in vitro
experiments on defined media will be used in the future.
The effect of the various strains tested varied with the experiments, suggesting
that it was not a specific characteristic of the strain. Some strains had no effect in the
spite of the high number inoculated on the leaves, indicating that the inhibition of L.
monocytogenes observed with other strains was not merely the result of a high microbial
load. It is rather the result of the interaction between the strain added and the leaf
surface. This shows that it will not be possible to screen, in vivo on endive leaves, bacterial
strains for their effect on L. monocytogenes.
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C-2 - Conservation of bean sprouts under modified atmospheres (task 6).
Bean sprouts were stored under modified atmospheres, passively generated by the
product respiration in packages made with films of different permeabilities. The aim of
the work was solely to determine to main problems that could limit shelf-life and quality.

Material and methods
Bean sprouts were purchased from an industrial production unit, normally
supplying the canning industry. The sprouts were precooled at 4°C and transported within
2 hours to the laboratory. Bean sprouts were packaged in polypropylene P-plus films
(Sidlaw packaging) with gas permeabilities of: 1000, 10000,25000,50000,100000, and
200000 ml C>2.m"2. day~l. atm** at 25°C. Bags with a surface of 0.12 m^ were filled with
500g of bean sprouts and stored at 8°C. At regular intervals during storage, the gas
composition of the bags was measured, the quality of the product was assessed by the
experimentators, and samples were analyzed for pH, organic acids, color, firmness,
numbers of aerobic mesophilic bacteria and of lactic acid bacteria. The respiration rate of
bean sprouts stored in air at different temperatures was also measured.

Results
On the unstored product, respiration rate increased with temperature, with a Qj q
of 4.3 and RRQ of 0.16 mmole kg"^h"l. During storage in air, respiration rate was not
constant but increased, at a rate that increased with storage temperature. For instances,
respiration rate was multiplied by a factor 2.25 in 24 h at 20°C, and by a factor 2.5 in 4
days at 12°C.
In packages of bean sprouts stored at 8°C, C>2 decreased during the first days of
storage as a function of the films permeabilities, but at the seventh day of storage, its
concentration started to increase in the films with permeabilities of 10000, 25000 and
50000. Reciprocally, CO2 increased during the first days of storage and started to
decrease after seven days in the films with permeabilities lower or equal to 50000 (fig. 3).
For bean sprouts stored in films with permeabilities of 1000 to 25000, pH falls below 5
after 10 days of storage, whereas it remained at its initial level of 5.5 in films with
permeabilities of 100000 and 200000. Lactic acid contents (g.kg"l) at the end of storage
were 3.5 in bean sprouts stored in the film with permeability of 1000 and 1.36 in the film
with permeability of 200000. Luminance of bean sprouts remained constant during the 12
days of storage in films with permeabilities of 1000 to 50000 but decreased sharply after 8
days in films with the higher permeabilities (100000 and 200000). Similarly, in these films,
firmness of bean sprouts dropped after 8 days. Samples packaged in the films with
permeabilities of 200000 and 100000 were rejected for there unpleasant visual aspect
after respectively 3 days and 5 days. In the films with the lower permeabilities, bean
sprouts showed symptoms of fermentation.
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Bean sprouts were already heavily contaminated at there arrival in the laboratory
and carried 7.5 logcfu.g"* mesophilic aerobic bacteria. Their number increased to nearly
10 logcfu.g"! in more permeable films and to 9 logcfu.gfl in the less permeable films.
Lactic acid bacteria increased from nearly 4 Iogcfu.g"* to nearly 10 logcfu.g"! after 12
days at 8°C, whatever the packaging film.

Discussion
The increase (decrease) in O2 (CO2) concentrations in the less permeable film
after some days of storage indicates a drop in the respiration rate of bean sprouts, which
could be explained by a reduction of the metabolic activity of the product in these films.
Films with low permeabilities probably caused the death of the bean sprouts tissues. Low
permeabilities were also associated with acidification. Conversely, films with high
permeabilities maintained the physiological activity of bean sprouts (as indicated by the
continuous decrease in O2 and increase in CO2), but caused a marked depreciation of the
visual quality. Proper storage conditions requires intermediate permeabilities of the
packaging film.
Respiration in air of unstored bean sprouts followed the Gore's law. The increase
in respiration rate during storage in air was not expected, and could be explained by the
very rapid microbial growth which occurred simultaneously.
Lactic acid bacteria rapidly proliferated on bean sprouts at 8°C, in any of the
packaging film tested. It is surprising that acidification of bean sprouts stored in films
with low permeabilities was not associated with higher numbers of lactic acid bacteria.

C-3 - Dissemination of results
F. Carlin, C. Nguyen-the, 1994. Fate of Listeria monocytogenes on four types of minimally
processed green salads. Letters in Applied Microbiology, 18,222-226.
F. Carlin, C. Nguyen-the, 1994. Factors affecting the fate of Listeria monocytogenes on
ready-to-use fresh vegetables. Contribution for the final report of the "FLAIR Concerted
Action on Predictive Modelling", in press.
F. Carlin, C. Nguyen-the, 1994. Comportement de Listeria monocytogenes dans les salades
de quatrième gamme. In : "Gestion des Microorganismes dans les Industries
Alimentaires", Colloques de la Société Française de Microbiologie, Société Française de
Microbiologie (Ed), Paris, In press.

AIR1-CT92-0125 Meeting #4

16 + 17 June 1994

- 34 -

Institut National de la Recherche Agronomique & Fruidor S.A.

D - Work planned for the future
D-l - Work planned for the fourth term (1-7 to 31-12-94)
The programme performed in 1993 by Les Crudettes on the microbiology and
safety of new products (mixture of raw green chicory salades with cooked sweet corn) will
be pursued during the fourth term. Behavior of inoculated cells of L. monocytogenes, of
aerobic mesophilic bacteria and of lactic acid bacteria will be followed during storage
simulating interruptions of the chill chain. Means to reduce growth of L. monocytogenes
on the-cooked ingredient to the level of its growth on normal raw green salads will be
investigated.
Interactions between L. monocytogenes and epiphytic bacteria will be investigated
further, using the same group of 10 strains used in the third term. Interactions for
adhesion will be studied as described in this report on leaf surface, but using a model
surface that will show physical characteristics close to those of endive leaves. Interactions
for growth will be studied again, but in vitro, on filter-sterilized solutions used to rinse
endive leaves, so as to use a growth medium as similar as possible to the leaf
environment. Growth of L. monocytogenes alone or challenged with the epiphytic bacteria
will be measured. From the results presented by the Participant 2 (Wageningen
University) in 1993, it is possible that amino acids play an important role in the
interactions between L. monocytogenes and epiphytic bacteria. The media obtained from
rinsing solutions of leaves will be analyzed for amino acids, and the effect of
supplementation with amino acids essential for L. monocytogenes will be tested.
D-2 - Work planned for the next years (1995-1996)
The work on interactions between L. monocytogenes and epiphytic bacteria will
probably not be completed by the end of the fourth term and will be continued during the
next two years.
The programme on the new products from Les Crudettes will be finished at the
end of 1994, but the mixture of cooked and raw ingredient could be a very useful and
relevant food model to test coating and bacterial antagonists obtained by other
participants.
Storage of bean sprouts under modified atmospheres will be tested again under
different packaging films according to the needs of the other participants working on this
commodity.
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Table 1: Characteristics of the strains of epiphytic bacteria used in this work.
Strain n°

Identification

El
E2

Enterobacter
agglomerans

R1
R2

Rhanella
aquatilis

CI
C2

Pseudomonas
chlororaphis

Fl
F2

Pseudomonas
fluorescens

PI
P2

Pseudomonas
putida

Surfactant

Pectinolysis
_

Weak

-

_

Weak
+
-

-

+
-

-

+

+

•

-

-

-

Strains were all isolated from minimally processed chicory salads.
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Figure 1: Growth of Listeria monocytogenes on leaves of minimally processed endive inoculated or
not-inoculated (T) with epiphytic bacteria. Growth of Listeria monocytogenes was expressed as Mean
Number after 7 days at 10°C minus Mean Number at time 0, in logcfu.g'l. Means were calculated
from 5 replicate leaves at time 0 and from 7 replicate leaves after 7 days. Results from 2 two
independent experiments are presented. Leaves were inoculated with 10^-10^ cfu.g"^ epiphytic
bacteria and with ÏO^-IO* cfu.g"* Listeria monocytogenes.
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Figure 2: Adhesion of Listeria monocytogenes on the upper surface of endive leaves inoculated or notinoculated (T) with epiphytic bacteria. Results from 2 two independent experiments are presc uted.
Leaves were inoculated with 10^-10^ cfu.g~* epiphytic bacteria. Arrows indicate level of adhering cells
on control leaves for experiments 1 and 2.
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Figure 3: Concentrations of 02 and C02 in packages of bean sprouts made with films of different
permeabilities, during storage at 8°C.
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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 title:
A)
Retention of antimicrobial agents in edible films and coatings
1.
Measurement of diffusion coefficients
2.
Microbiological tests
B)
Gas permeability properties of edible and biodegradable films. Influence of relative
humidity and film composition on oxygen and carbon dioxide permeabilities.
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. Successfull 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 CIRAD.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,
02, C02 permeability) and ability to protect ready-to-eat, chilled fruits and vegetables.
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C. Overview of the work performed from 30-12-93 to 01-06-94.

I. RETENTION OF ANTIMICROBIAL AGENTS IN EDIBLE FILMS
AND COATINGS.

l.Diffusion of sorbic acid
Material & methods
Measurement of diffusion coefficients.

All the measurements have been done with films where the sorbic acid (the antimicrobial
agent) is incorporated in the film forming solution at a ratio of 80mg/100ml. Preparation of
edible films {Pectin, Gluten, Gluten-beeswax, Gluten-DATEM (diacetyl tartaric
monoglyceride ester), Gluten-acetylated monoglycerides, multilayer film of gluten with
beeswax as second layer} and methods for the measurement of diffusion coefficients (Gel
method and retention cell method) are identical to those described in the previous report.

Results & discussion
Gel method
Some tests have been done to verify the extraction method. We noticed a 100% recovery for
the extraction with ethanol of sorbic acid in the gel instead of a 70% recovery for the
extraction with water (for low sorbic acid concentrations in the gel).
The extraction of sorbic acid in a gluten film still poses us some problems. The best recovery
percentage we ever found was about 85%. We checked that the losses of sorbic acid on the
plates to make the films are negligible. We still have to check the losses of sorbic acid with
the water vapor during drying of the film. However all the extractions are now done with
ethanol.
An essay of the gel method with a gluten-acetylated monoglycerides (20%) film has been
done. The evolution in function of time of the sorbic acid into the film and into the gell are
represented in figure 1. The results are expressed in % of recovery of the theoretical amount
of sorbic acid in the film and the amount that could be in the gel if all the sorbic acid diffuses
from the film into the gel.

Time (mn)
Fig. 1: Evolution, expressed in % of recovery, of the sorbic acid
into the film and into the gel as a function of time.
Other experiments with longer times and other films are programmed
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Retention cell method
Figure 2 shows the evolution of the sorbic acid concentration, in the receiving compartment,
expressed in % of recovery of the maximum theoretical concentration that we could have in
that compartment.

150

Time (mn)
Fig. 2: Evolution, expressed in % of recovery, of the sorbic acid
concentration in the receiving compartment of a
gluten-beeswax film.
An apparent equilibrium is reached after two hours. But figure 3 shows that even after 40
hours still some sorbic acid is diffusing from the film. It appears that part of the sorbic acid
(probably just confined inside the film network) diffuses "frealy"in the first minutes, while
the other part probably bonded diffuses very slowly.

Time (mn)
Fig. 3: Evolution, expressed in % of recovery, of the sorbic acid
in the receiving compartment of a gluten-beeswax film.
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Figure 4 shows the evolution of the sorbic acid in the receiving compartment for all the
studied films. Glu-CA = Gluten-beeswax, Glu-PAN = Gluten-DATEM (diacetyl tartaric
monogiyceride ester), Glu-MYV = Gluten-acetylated monoglycerides, Glu-... bic CA =
multilayer film of gluten with beeswax as second layer in wich the sobic acid is incorporated.

Fig. 4: Evolution, expressed in % of recovery, of the sorbic acid
in the receiving compartment for different films.
At short times the multilayer films have the lowest sorbic acid diffusion speed.
Then come the composite films of Gluten-DATEM and Gluten-acetylated monoglycerides at
30% lipids on dry matter basis.
The treatment of our results to calculate the sorbic acid diffusion coefficients is still in
progress and will be presented on the next meeting.
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2. Microbiological tests
The effectiveness of edible films combined with antimicrobial agents to improve surface
microbial stability of model food system was evaluated. The effects of composition of film,
nature of preservative , type of microorganisms and conditions of storage (temperature and
aw) on diffusion and effectiveness of the preservative was studied.
The experimental plan is given in figure 5 for the acid model food and in figure 6 for the non
acid model food. Results interpretation was based on comparison of delay of appearance and
numeration of micro-organisms as a function of composition of films and concentration of
antimicrobial agents.

METHODS

MATERIALS

ACID MODEL
FOOD

MODEL FOOD
20 ml of NA / petri dish

/\

COATING
by deposing a preformed
film onto the surface
of model food in petri dish
PRESERVATIVES
Coated: included in the
film forming solution.
Uncoated: included in the
model food.

NUTRITIVE GELOSE
pH 4
aw : 0,97

COATED

UNCOATE

A A

— Coated
Coated
+
(C)
Sorbic Acid
(CSA>

INOCULATION ^
by spreading an inoculum
(10 s spores)

Uncoated
(U)

Y

Uncoated +
Sorbic Acid
(USA)

f

-GLUTEN COATINGS

PRESERVATIVES
Sortie acid at
concentrations:
0,1 and 2 mg / dish

•
TEST
MICROORGANISM
Pénicillium

Effect of the Own anti-bacterial Own effect of
preservative effect of the film
preservative
in the film

INCUBATION CONDITIONS
4 days at 30°C
Effect of combination film preservative on
the effectiveness of the preservative

Fig. 5: Schema of experimental plan for acid model food.

AIR1-CT92-0125 Meeting #4

16+17 June 1994

- 43 -

Coop. Intn. Rech. Agron. Dévelop. - Spt. Syst. Agro-Aliment. Ruraux (CIRAD-SAR)

MATERIALS

NON ACID
MODEL FOOD

MODEL FOOD
20 ml of NA / petri dish

/\

COATING by deposing a preformed
film onto the surface
of model food in petri dish
PRESERVATIVE
Coated: included in the
film forming solution.
Uncoated: included in the
model food.

UNCOAT

COATED

A A

-Coated
+
Ntein
(CN)

INOCULATION ^
by spreading an inoculum
(10 3 CFU)

•

- NUTRITIVE GELOSE
pH 6.8
aw : 0.97

Coated
<C)

Uncoated
(U)

Uncoated+
Nisin
(UN)

\ / \ / \ /
T

f

v

-GLUTEN COATINGS

PRESERVATIVE
Nisin at
concentration
3000 IU/dish

^ TEST
MICROORGANISM
Listeria

Effect of the Own anti-bacterial Own effect of
preservative effect of the film
preservative
in the film

INCUBATION CONDITIONS
4 days at 30°C
Effect of combination film preservative on
the effectiveness of the preservative

Fig. 6: Schema of experimental plan for non acid model food.

Material & methods
Model food system
The model food system was a nutrient agar (NA) which was adjusted to pH 4 for acid model
food (fruits) with 2.10 5 moles of HCl 0.1N/ ml of NA and pH 6.8 for non acid model food
(vegetables) with 5.10~6 moles of HCl 0.1N/ ml of NA (the acid is added when the NA is
liquid, at 50°c). The antimicrobial agents, sterilized by filtration, were eventually added at
this stage.
20 ml of each prepration were poured in petri dish. The water activity of these model foods
determined with a NOVASINA hygrometer was egual to 0.97 + 0.01.
Gluten film
12.5 g of gluten (native gluten, AMYLOM AQUITAINE) per 100 g of film forming solution
were weighted in an aseptic way in a sterile flask. To extract the starch, the gluten was
cleaned gradually with sterile distilled water under stirring. The water containig starch was
eliminated and a gluten dough is recuperated. 0.025 g of sodium sulfite for 100 g of solution
were poured in the washed gluten and mixed during 2 hours in order to obtain a smooth
dough. Then, 32.5 g of ethanol for 100 g of solution, 2.5 g of glycerol for 100 g of solution,
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1.6 ml of glacial acetic acid (to adjust pH to 4) and sterile distilled water up to 100 g were
added and stirred.
The antimicrobial agents, sterilized by filtration, were eventually added at this stage with this
water. The solution was heated up to 50°C during 10 minutes and strongly shaken, in order to
facilitate the proteins dispersion. 0.625 g of formol for 100 g of solution were then added in
the mixture. 1.70 g of the solution was aseptically poured in each cristal polystyrene petri
dishes (diameter of 5.2 cm) and allowed to dry at 25°C under the hood during 48 hours.
The thickness of films was always comprising between 50 et 100 mm. The films were
prepared aseptically by working under the hood, with autoclaved ustensils and components of
the film forming solution sterilized by filtration. We have verified that there was no
contamination lead by the films. No development after one month in the gluten films placed
upon the 2 geloses (pH 4 and 6.8) was observed.
Choice of the concentrations of antimicrobials agents in the films
Different concentrations of nisin and sorbic acid were tested to determine the minimum
quantity (Qm) which was necessary to inhibit the microbial development at 30°C by
inoculation with 2 test microorganisms on a NA dish.
The dishes ( 2 replicates) containing nisin ( at 0, 500, 1000, 1400, 1800, 2000 and 3000 IU /
dish) were inoculated by Listeria and those containing sorbic acid ( at 0, 0.5, 1, 1.5 and 2 mg
/ dish) by Pénicillium. The observed Qm was 1.5 mg / dish for sorbic acid and 2000 IU/dish
for nisin.
On the basis of these experiments, the following antimicrobial agents quantities were added
in each film ( CSA or CN experiments, see figures 5 and 6):
-Nisin: as nisin is a bactericid agent, the experiment was done with a quantity superior
to Qm, i.e. 3000 IU / film.
-Sorbic acid: as the sorbic acid is a fongistatic agent, besides the control (no sorbic
acid in the dish), 2 more quantities were chosen: one superior to Qm: 1 mg / film anf
one inferior to the Qm: 2 mg / film.

Representation of the experimental plans
The different experiments of figures 5 and 6 were realized as in the following figures:
Inoculation by spreading
Film containing or
microbial agent

ONG pH 4 or 6,8

Petri dish
Fig. 7: Representation of experiments with film.
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Inoculation by spreading

Petri dish
Fig. 8: Representation of experiments without film.

Fabrication protocol of the listeria innoculum
50 ml of an inoculum prepared following protocol given in figure 8 was spread on each petri
dish of the experimental plan: CN, C, U and UN, like represented on figures 7 and 8.

+

+
J 0

H

J-2

Tube 2

n

Tube 1

24 h at 30°C

24 h at 30°C
Culture of
listeria
(ONG)

10 ml of
Trypticase
-soja broth

Isolation

10 ml of
Trypticasesoja broth

*
Purity dish of
Listeria
on ONG
24 h at 30°C

I

Verification of
the purity

109CFU/ml
Dilution
in sterile
water

Ï

J

10 CFU/ml

I

50 (il/petri dish (about
50 CFU)

Fig. 9: Fabrication protocol of Listeria innoculum.
Fabrication protocol of the pénicillium innoculum
The final inoculum of Pencillium is a spore solution obtained by washing of an initial culture
of Pénicillium. 50 ml of this inoculum prepared following protocol given in figure 10 was
spread on each petri dish of the experimental plan: CSA, C,U and USA, like represented on
figures 7 and 8.
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O

Initial culture
of Pénicillium

Ü

3 ml of
physiological
water+Tween
80

6 days at 30°C

i

PDA
medium

n

n

50 N/petri dish

Spores solution
(

3.107 spores/ml)

(150 CFU)
3.10

spores/ml

Dilution with
physiological
water +Tween 80

Fig. 10: Fabrication protocol of Pénicillium inoculum.

Results & discussion
Listeria groth
The experiments described in figures 5 and 6 were realized and the results are given in table
1. When these films are inoculated with a normally controled inoculation, the Listeria
colonies don't appear on the films ( or maybe they aren't visible to the naked eye). When no
apparent development on the film surface was noted after 24 h at 30 °C incubation, a
numeration of Listeria remaining on the films in Oxford medium (specific medium) was
made, using the following protocol: the films were crushed with a STOMACHER crusher in
physiological water and the liquid recuperated was inoculated on the Oxford medium.
After incubation 24 h at 30 °C, the colonies appears with a green colour and a black halo
around.
Table 1: Listeria growth on acid model food system coated with a gluten film containing
nisin.
EXPERIMENTS
WITH NISIN
CONCENTRATION
3000IU/DISH
Control Uncoated
(U)
Control Coated
(C)
Control Uncoated
+ Nisin (UC)
Coated + Nisin
(CN)

INOCULA NUMERATION OF COLONIES NUMERATION ON OXFORD
AFTER 24H AT 30°C
TION
MEDIUM IF NO VISIBLE
INCUBATION
COLONIES AFTER:
TIME
(2 replicates)
(CFU)
0DAY 1DAY
2 DAYS
t=0
42
t=0

0

t=0

0

t=0

0

t+1 day

0

t+4days

Two hypothesis can be taken to explain the absence of Listeria colonies on gluten films:
1- Nutriments diffuse too slowly from the broth to the film and there is not enough
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nutritive elements in the film for the bacteria. Experiments with films containing 0.25 g of
Listeria culture broth (trypticase-soja) for 100 g of solution and less glycerol (1.5 g for 100 g
of solution instead of 2.5) were tested (Table 2).
2-The film forming solution contains 4 compounds which can have an antimicrobial
action : acetic acid, ethanol, sodium sulfite and formol. The film forming procedure cannot be
change exept for the formol and films without formol were tested (Table 2).
Table 2: Development of Listeria on different gluten films.
TYPE OF GLUTEN NUMERATION ON OXFORD
MEDIUM (CFU) AFTER
FILMS
0DAY 1 DAY 4 DAYS
Normal
Without formol
With Listeria
broth
With Listeria
broth and
without formol

Pénicillium groth
The experiments described in figures 5 and 6 were realized and the results are given in table
3. By comparison of experiments U and USA we can see the effect of sorbic acid which, with
its fongistatic action, decreases the number of viables spores (56 instead of 131 after days )
by inhibiting the spores germination and preventing Pénicillium from growing.
By comparison of experiments U and C it seem that the film hinder the spores development
(10 instead of 131 after days ). When comparing experiments CSA and C a positive effect of
the film combined with the antimicrobial agent which prevents the molds from growing is
noted after 4 days . Results after 6 days and over are in progress.
Table 3: Pénicillium growth on acid model food system coated with a gluten film containing
sorbic acid.
SORBIC ACID NUMERATION OF VISIBLE
EXPERIMENTS
WITH INOCULATION CONCENTRATION COLONIES AT 30°C INCUBATION
(ml/dish)
(2 REPETITIONS ) AFTER.
AT TO
6 DAYS
2 DAYS
4 DAYS
Control Uneoated (U)

0

131

Control Uneoated
+Sorbic Acid
(USA)

1

56

2

Control Coated (C)

0

10

Coated
+ Sorbic Acid
(CSA)

1

0

2

0

0
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II GAS PERMEABILITY PROPERTIES OF EDIBLE AND
BIODEGRADABLE FILMS: Influence of relative humidity and film
composition on oxygen and carbon dioxide permeabilities
The objectives of this study were to measure permeabilities of several edible films to oxygen
and carbon dioxide and to examine the effect of relative humidity (RH) and film composition
on gas permeabilities.

Material & methods
Films were preapered as already mentioned.
Oxygen permeability (P02) and carbon dioxide permeability (PC02) were measured using
an isostatic method. Samples were exposed to 100 % oxygen or carbon dioxide on one
surface, and y % using nitrogen flux on the other, at atmospheric pressure. Nitrogen, oxygen
or carbon dioxide gases were first equilibrated at the desired RH by bubbling in adequate
saturated salt solutions at 25°C. When equilibrium was reached, oxygen or carbon dioxide
percentage (y%) in nitrogen flux and gases flow (D) were precisely measured using
respectively a Pack 12X detector (Abiss) and a flowmeter.
P= Q.x/t.A.dp.
Q: amount of gas diffusing through the film (ml), x: thickness (mm), t: time (day), A: area of
film (m^), dp: partial pressure difference of the gas across the film (atm), with Q/t= D.y %.

Results & discussion
Effect of relative humidity on oxygen and carbon dioxide permeability of a wheat gluten film
Influence of moisture on oxygen permeability of a wheat gluten film is presented figure 1. At
25°C and relative humidity lower than 60%, the oxygen permeability of wheat gluten film
was lower than 1.5 ml.mm/m2.day.atm. At 0% RH, wheat gluten film presents a low oxygen
permeability (0.24 ml.mm/m2.day.atm) if compared to other edible, biodegradable or
synthetic films (table 4). For example, oxygen permeability of wheat gluten film was 800
times lower than low density polyethylene and 2 times lower than polyamide 6, a well known
high oxygen barrier polymer.

Table 4: oxygen permeability of various films at 0 % relative humidity and 25°C.
Films

P02

(ml.mm/nA
day.atm)
ethylene-polyvinylic alcohol (a)
0,005
chitosan (b)
0,11
wheat gluten
0,24
cellophan (a)
0,44
polyamide 6 (a)
0,48
PET
1
PVC (rigid) (a)
3,1
methylcellulose-beeswax (c)
3,5
methylcellulose/palmitic acid (d)
36,7
polypropylene oriented (a)
44
polyethylene low density (a)
190
starch (e)
210
(a) Poyet, 1993, (b) Pavlath and coll, 1993, (c) Greener and Fennema, 1989,
(d)
Rico-Pena
et
Torres,
1990,
(e)
Allen
et
al.,
1963.
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humidity

Fig.ll: Effect of relative humidity on oxygen permeability of a wheat gluten film at
25 C
1000

100 r

methylcellulose/palmitic acid
(a)

10
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= «CS
S
•3 >>

. cellophane . .
1
/-hv
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gluten
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H
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.01^

.001-

0

ethylen-polyvinylic alcohol
(c)
—I—
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I

I
40

60

—I—
80

100 % relative
humidity

Fig. 2: Effect of relative humidity on oxygen permeability of various
films
(a) Rico-Pena and Torres, 1990
(b) Rigg, 1979
(c) Poyet, 1993
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Fig. 13: Effect of film water content on oxygen permeability of a wheat gluten
film at 25°C
600

0

03

03
T3

a

400
0

200

0

carbon /
dioxide/

Ë
b

I
0
% relative
100
humidity
0
20
40
Fig. 14: Effect of relative humidity on carbon dioxide and oxygen permeability of a
wheat gluten film at 25°C

10
0

% relative
humidity

Fig. 15: Effect of relative humidity on the ratio carbon dioxide
permeability/oxygen permeability at 25°C, of a wheat gluten film
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At RH higher than 60 %, the shape of the curve become exponential with a sharp increase of
oxygen permeability for high RH. Such a behaviour is typical of hydrophilic polymers such
as cellophane, ethylen-polyvinylic alcohol or methyl cellulose-palmitic acid films (figure 2).
The sharp increase.of oxygen permeability is similar to that obtained for water vapor
permeability and could be correlated with a sharp modification of proteins network structure
and polymeric chains mobility, corresponding to a changes from a glassy to a viscoelastic
state.
Using sortion isotherms of wheat gluten films, RH was changed into water content (figure 3).
The sharp increase of oxygen permeability occurred at 10% (dry matter) water content.
The increase of permeability (P=D.S) could be related to the increase of the diffusion
coefficient (D), due to the structural modification of protein matrix, and to the increase of
oxygen solubility (S) in the film by increasing water content of the film (oxygen solubility in
water = 1.25 mmol/1 at 25°C and 1 atm.).
Carbon dioxide measurements (figure 4) indicated that the effect of RH on permeability is
similar to that of oxygen permeability but the sharp increase of permeability is more
important. The carbon dioxide solubility in water (S = 34.5 mmol/1 at 25°C and 1 atm) is
higher than oxygen and could partially explain this difference.
The selectivity of the film, represented by the ratio: carbon dioxide permeability/oxygen
permeability (figure 5) was dependant of RH. Up to 60%, the selectivity value is relatively
low (4 to 5) and equivalent to selectivity of synthetic polymers such as polyvinylidene
chloride (5.8), polypropylene (4.0) or polyamide 6 (4.21). For higher RH, the selectivity
increase to reach 28.4 at 94.5 % RH.
Effect of film composition on the oxygen and carbon dioxide permeability
Various films were tested for oxygen and carbon dioxide permeability measurements. The
first objective of the study was to measure permeability at 100%RH for each film. It was not
possible because some of them were highly sensitive to moisture and cannot be manipulated
at very high RH. Thus, the RH used for each film was the highest possible. The results
obtained are presented in table 5. At high RH, edible films had higher oxygen permeability
than synthetic films. The addition of lipids components to gluten resulted in a decrease in the
oxygen permeability of the film. At 91% RH, the oxygen permeability was reduced by about
30% for a beeswax content of 20%. At 94.5% RH, including 40% of diacetyl tartaric ester of
monoglyceride reduced the permeability by about 40%.
The similar effects were shown on carbon dioxide permeability (table 6). This effect could be
related to the hydrophobic characteristics of these components which reduce water content of
the film for the same RH and thus oxygen or crabon dioxide solubility. It has been also
previously demonstrated that diacetyl tartaric ester of monoglyceride strengthen the protein
structural matrix improving barrier properties of the film.
At high RH, the selectivity of highly hydrophilic films was important (table 7). Wheat gluten
based films seems to be the most interesting. The selectivity values decreased by adding
lipids components to gluten but the ratio obtained remains more than twice higher than
traditionnal synthetic films.
Conclusion
Fresh vegetables storage required specific permeability properties wich are generally adjusted
with microperforations of synthetic films. The natural selectivity of the films tested in this
study could be advantageously used for fresh vegetables for providing good storage
conditions. Works are in progress to study the combined action of temperature, RH and
composition on gaz permeability of selected films.
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Table 5: Oxygen permeability of various films, at 25°C
Films

P02
(ml.mm/m
2.day.atm)
57,5
258,8
91,4
33
3,05
190
250
56
169
77
ester
153

pectin
N

chitosan
pullulane
pullulane/arabic gum
wheat gluten
fl

fish proteins
ff

Na caseinate
wheat
gluten/diacetyl
tartaric
of
monoglyceride (DATEM)
wheat gluten/beeswax
Na casein/Myvacet
methylcellulose/ hydroxypropylmethylcellulose/
fatty acids
bilayer film: methyl cellulose and beeswax
bilayer film: wheat gluten/DATEM and beeswax
bilayer film: wheat gluten/beeswax and beeswax
PET (a)
ethylen/polyvinylic alcohol (a)
polyamid 6
Oriented polypropylene (a)
cellophan (b)
methyl cellulose/palmitic acid (c)
(a) Michel and Vandenael, 1991.
(b) Rigg, 1979.
(c) Rico-Pena and Torres, 1990.

RH

(%)

87
96
93
30
36
91
94,5
86
93
77
94,5

133
83
46,6

91
48
52

4
<3
<3
1
4
9,8
44
55
78.8

42
56
56
100
100
100
100
100
100

Table 6: carbon dioxide permeability of selected films at 25°C
Films
pectin
chitosane
pullulane
pullulane/ arabic gum
wheat gluten
wheat gluten
fish proteins
Na caseinate
wheat gluten/diacetyl tartaric ester of
monoglyceride (DATEM)
wheat gluten/beeswax
Na caseinate/Myvacet
methyl/hydroxypropylmethyl cellulose/fatty
acids
bilayer film: methyl cellulose and beeswax
bilayer film: wheat gluten/DATEM and
beeswax
bilayer film: wheat gluten/beeswax and
beeswax
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PC02
(ml.mm/m2.day.
atm.)
4132
1553
14
10
4750
7100
2156
462
1705

96
93
30
36
91
94,5
92
77
94,5

1282
154
180

91
48
52

27
15

42
56

13

56

RH
(%)
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Table 7: selectivity (ratio carbon dioxide permeability/oxygen permeability) of selected
films at 25°C
PC02/P02

Films

RH
(%)

pectin
chitosane
pullulane
pullulane/ arabic gum
wheat gluten
wheat gluten
fish proteins
Na caseinate
wheat gluten/diacetyl tartaric ester of
monoglyceride (DATEM)
wheat gluten/beeswax
Na caseinate/Myvacet
methyl/hydroxypropylmethyl cellulose/fatty
acids
bilayer film: methyl cellulose and beeswax
bilayer film: wheat gluten/DATEM and beeswax
bilayer film: wheat gluten/beeswax and beeswax

16
17
4,24
3,27
25
28,4
12,75
6
11,14

96
93
30
36
91
94,5
92
77
94,5

9,64
1,85
3,86

91
48
52

6,75
>5
>5

42
56
56
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D. Description of the work planned for the subsequent part of the project
'1-07-94 to 31-12-94
- Calculation of the sorbic acid diffusivity in the films
- Further microbiological tests with other films (pectin, gluten+wax)
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- Study of the combined action of temperature, RH and composition on gas
permeability of selected films
- Corellation of gas and solute transport in the films whith their thermomecanical
properties
Subsequent 2 years
- Further studies on gas barrier properties of edible and bidegradable films
- Further studies of preservatives diffusivity
- Further studies on microbial stability tests
- Comparaison of "active" edible and bidegradable films with conventional packagimg
Dissemination
Zakhia, N., Gontard, N., Guilbert, S., 1994. Edible and biodegradable films to improve the
shelf-life of minimally processed fruits and vegetable: Recent advances of the FLAIR EC-R1 CT92-0125 project reaserch. "New Food Packaging" congress, 18/04/94, Copenhague.
Guilbert, S., Gontard, N., 1994. Edible and biodegradable food packaging. International
symposium "Interaction: Food / Food packaging material", 8-10/06/94, Lund, Sweeden.
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National Agricultural Research Foundation (NARF)
Institute of Technology of Agricultural Products
Sof. Venizelou 1
Lycovrisi 14123
Athens
Greece

A. 1. (Sub-)Project title:
1.
Effect of MAP/VP on the safety of ready-to-eat shredded carrot salad
2.
Effect of MAP on physico-chemical and organoleptic changes in ready-to-eat shredded
carrot salad
3.
Characterization (identification) of microflora, i.e. lactic acid bacteria (continued)
4.
Effect of different gas atmosphere compositions on microbial flora of broccoli
5.
Effect of C02 on pseudomonads and Salonella enteritidis.
2. Project coordinator:
Dr. George-John Nychas
3. Project participants and 4. Resources:
Dr. George-John Nychas, Head Research Scientist (Assoc. Prof.)
Dr. Chrysoula Tassou, Research Scientist (Ph.D.)
Mrs. Nasia Kakouri, Technician (M.Sc.)
Mrs. Nouli Kakiomenou, Technician (Degree of Techn. Coll.)
Resources (man-months/year); 16

Part B: 1. Description of the research topic or practical problem
The end quality of perishable commodities stored under modified atmosphere is dependent on
the rate of physical, physiological and microbiological deterioration processes. Because of this
complexity, specific information on these deterioration processes in isolation and in
combination is necessary. Also, a new means of mild preservation is bioconservation. It may
be possible to include this phenomenon into modified atmosphere packaging (MAP) systems as
an extra safety factor to control gram(+) pathogenic bacteria.
2. Goal of the research
The project aims at obtaining more detailed knowledge on the physico-chemical and
microbiological dynamics of ready-to-eat vegetable produce, stored in a MAP system. To this
end, physico-chemical parameters and development of the microflora are monitored during
storage. The interaction of the gas atmosphere composition on spoilage microorganisms and on
relevant foodborne pathogens is investigated. The interaction between specific components of
the food-matrix (i.e. antibacterial factors in carrots) and of the natural microflora (i.e. lactic
acid bacteria) with these pathogens is studied. Bioconservation is developed as a potential
safety factor for practice.

Part C: 1. Overview of the work performed from 1-1-1993 to 31-12-1993
Follows below
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PART A:

(Sub-)Project titles:
1. Effect of map/vp on safety of the ready-to-eat shredded carrot salad
(Task 3 & 5);
a. on naturally inoculated carrots
b. on delibertly inoculated shredde carrots with Salmonella enteritidis
2. Effect of the map on the physico-chemical and organoleptic changes in
ready to eat shredded carrot salad (Tasks 1 & 6)
a. on naturally inoculated carrots
b. on delibertly inoculated shredded carrots with Salmonella enteritidis
3. Continuation of the characterization (identification) of microflora (task
3) in order to proceed in Task 5 [results in progress]
4. Effect of different gas atmosphere composition on microbial flora of
broccoli (In progress Task 3)
5. Effect of carbon dioxide on pseudomonads and Salmonella enteritidis
(attachement on carrots surface and physiological status; results in
progress) (In progress, Task 1)
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PART B:
DISCRETION

The last six months (1/1/1994-31/06/1993) ITAP was concetrated on the
research topics described above.
GOAL OF THE RESEARCH

The effect of MAP on growth/survival of uninoculated or inoculated with
Salmonella enteridis shredded carrots {results with brocolli are not shown} was
examined in this part of our study. In parralel, shredded carrots were analysed
physicochemically (enzymatically and with the use of HPLC) in order to examine
the indigenous factors, such as pH, low molecular weight compounds (eg.
ammonia, 1-lactate, acetate) which might play an important role on the
growth/survival of the microbial flora. The organoleptic characteristics of
shredded carrots was also studied in some detail (Tasks 5,6). The isolation and
characterization of lactic acid bacteria is in progress. The last period emphasis
has been given on the physiology (adherence/ attachment on plant tissue) of
pseudomonads which grew under different atmospheres.
SHORT DESCRIPTION OF THE APPROACH

see below

PART C:
OVERVIEW OF THE WORK PERFORMED FROM 1-1-1994 to 31-05-1993

During the last six months, attention was given to the different gas mixtures
(Tasks 3 & 5; see Table I) to the microbiology and physico-chemistry of the
shredded carrot salad in order to establish its microbial and physicochemical
characteristics! Fresh shreded carrots packaged (bags 16 x 17 cm) in different
mixtures of gases [(air, 4.9% C02/ 2.1% 02/ 93% N2; 5% C02 / 95% N2;) and
(5% C02/ 5.2% 02/ 89.8% N2 )] using packaging materials commonly used to
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extend the shelf life of such products, and stored at a range of temperatures (4 &
10°C). At suitable intervals, packs were removed and the level of microbial
association (Total Viable Count; pseudomonads, yeasts, lactic acid bacteria,
coliforms, and when appropriate Salmonella enteritidis etc.) determined. In
parallel with microbiological changes of these packs, physico-chemical changes
in these products will be monitored: pH, acid profile with HPLC, changes in low
molecular weight compounds. The chemical analysis of the food for the endproducts of microbial activity (e.g. lactic acid, acetic acid) were invastigated as
potential index of microbial activity and as (an) indicator(s) of spoilage.
DETAILED DESCRIPTION OF THE WORK DONE IN THE LAST SIX
MONTHS
Materials and Methods

1. Microbiological analysis
sample preparation
uninoculated shredded carrots
Fresh carrots obtained from a local market. The samples (fresh carrots) were
transported to our laboratory within one (1) hour. On their arrival, the carrots
were shredded and individual portions (80-100g) from these shredded carrots and
were either vauum-packed or modified atmosphere packed (Henkoval 1700
sealer, Holland) with air; 4.9% C02/2.1% 02 /93% N2; 5% C02/ 5.2% 02/
89.8% N2; 5% C02 / 95% N2. The samples were evacuated and flushed or
vacuum twice before their final treatment. In both cases semi-rigid aluminum
containers were used a low oxygen pearmibility of polythelene bags (Film
characteristic; width 60; permeability ml 02 or C02 m 2/ day/bar; oxygen: at 0°C
995.9=106.4 at 20°C 3841.4 =433.9; carbon dioxide: at0° C 5452.5 =784.6, at
20°C 33875.1=266.0) which were double sealed. The containers used with each
atmosphere were stored at 4 and 10°C for ca. 17 and 7 days respectively. On
every sampling day two containers from each treatment removed for analysis.
This experiment was done two times.
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inoculated shredded carrots
Inoculation procedure was performed as described in the first report.
Salmonella enteritidis was used for this experiments. It produces pink colonies
surrounded by bright red medium on Brilliant Green Agar (BGA) or black
colonies on XRD. Before the experiment S. enteritidis was grown on BHI or
MRS broth at 3° C. Two transfers were made at 24h intervals.
Shredded carrots were dipped in a solution with Salmonella for 30 sec. Control
carrots dipped in sterile distilled water. In both cases shredded carrots were dry
for 5 min before proceed to packaging and to their storage.
In both cases mentioned above samples (25g) of shredded carrots were
weighed out aseptically, sterile quarter strength Ringer's solution (225 ml) added
and mixed with a stomacher (Lab Blender 400, Seward Medical, London) for
60s at room temperature. Decimal dilutions in quarter strength Ringer's solution
were prepared and duplicate 1 ml or 0.1 ml samples of appropriate dilutions
mixed or spread on the following agar media (Table 1) for the isolation of
particular groups of bacteria or yeasts:
Table 1; Media, incubation period, temperatures and techniques used in this study.

group or organism

medium

techn
ique

incubation
period

Incubation
temperature

Total Viable Count

PCA*

1

3d

25° C

Colifonns

VRBA*

2

1d

30° c

Pseudomonads
(Mead & Adams, 1977)

CFC*

1

3d

25° C

Yeasts

RBC*

1

5d

25° C

Br. thermosphacta

STAA*

1

3d

25° C

Salmonella enteritidis

XLD
or BG*

1

1-2 d

37° C

Lactic acid bacteria

MRS»

2

5d

25° C
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*: from oxoid when available, otherwise made from basic ingredients in the laboratory
1. spreading technique ; 0.1 ml x 2plates.
2. pouring technique; 1ml mixed with 15 ml medium follwed by 5 ml overlayed.

characterization fidentification) of microflora
Description of the identification procedure was given in our previous report.
Results in progress.In particular 103 isolates grown on MRS medium, from
carrots, have been studied up to now. Moreover 56 isolates from brocolli, will
be studied also. Thirty days are needed for the identification of 30 isolates.

2. Physico-chemical analysis
Immediately after microbiological sampling, the pH of the diluted mixed carrots
sample was measured.

Chemical tests
After the microbiological examination a liquid portion (20ml) was filtered and
the clear filtrate, stored at -80°C and then used for physicochemical analysis
a. acetate was measured using the acetic acid test kit (Boehringer, Manheim
GmBH), without further treatment of the clear filtrate and
b. 1-lactate by the method of Gutmann and Wahlefeld (1974) without further
treatment of the clear filtrate described above.
For comparison reasons the acetic and lactic acid determination was performed
also as follows; To deproteinize samples, a portion of carrots 2-3 g was added
to 5ml of ice cold IN perchloric acid shaken vigorously and centrifuged (15 min,
4000 x g) The supernantant - after centriftigation was adjusted to a pH between
8-9 by addition potassium hydroxide, followed by filtration. Samples were
assayed at 340nm as described above.
c. Ammonia was determined with the method of Chakey & Marbach (1962) or
enzymatically (Boehringer, Manheim GmBH)
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HPLC analysis of l-lactic and acetic acid.
The profile of water soluble compounds (treated with TFA) of uninoculated and
inoculated carrots were analysed in a Spectra Physics High Performance Liquid
Chromatography consisting of a Spectra Physics P2000 two pump system, with a
Rheodyne 7125 injector (fitted with a 20 pi loop), connected with a Spectra
Focus UV/VIS detector using Low Inertia Scanning Technology (similar to
Photodiode array), supplemented with the appropriate Spectra focus software
running in IBM 80386 OS/2 computer. The column used was a 300 x 7.8 mm
Aminex HPX-87H 5/tm column. The compounds were separeted isocratically
with buffer (0.009N H2S04 in distilled water). Peak width was 12, peak
threshold 600 and 0.034 AUFS. The whole spectra (190-330) of the
chromatograms was analysed with the above mentioned sofware.

Results and Discussion
Microbiological Changes

a. uninoculated shredded carrots
Tables 18.1 & 18.2, summarise the microbiological changes in total viable
count, lactic acid bacteria, yeasts, coliforms, and Pseudomonas during storage of
refrigerated (4° C) or temperature abused (10° C) occurring in shredded carrots
in air(A), 5% C02/ 5.2% 02/ 89.8% N2 (B) and 5% C02 / 95% N2 (C). It was
found that the final size of lactic acid bacteria in samples stored in all conditions
was similar at 10° C while at 4°C after 17 days of storage were found to be
higher in control. The numbers of lactic acid bacteria in carrots samples although
were less than the numbers of TVC (Table 18.1 & 18.2) initially, they were
predominant organisms stored under the experiment conditions. It needs to be
stressed that under these two gasous conditions (B and C), tha lactic acid bacteria
did not find to be as high as in the control. As lactic acid bacteria are the
dominant organisms in these samples under all storage conditions, lactate could
be expected to be the main metabolic end product. Indeed in our study it is
evident that the concentration of lactic acid produced increased during the
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storage of these products (see below; physicochemical changes). However
Lactate is another low molecular weight component utilised by the microflora
under aerobic conditions. Indeed, it is known that Pseudomonas fragi utilizes it
in the presence of glucose under aerobic conditions (Gill & Molin 1991).
Moreover Lactic acid bacteria could possibly used this compound (Kandier
1983), in broth (Arkoudelos 1993) or in poultry meat (Kakouri & Nychas 1994).
It needs to be stressed that Pseudomonas spp. did not decreased in significant
levels in samples stored at 10°C and flushed with 5% C02 / 95% N2 (in contrast
of what it was reported in our last report; see 2nd report). In this case
Pseudomonads grew almost equally in size, in samples stored at 10°C. The
heaviest growth of pseudomonads was obtained with samples stored in air
conditions at either storage temperatures. After 8 days of storage at 4°C the size
of pseudomonads was almost 1 log lower in samples stored under B and C
conditions.
In all cases the numbers of coliforms increased. Similar coclusions could be
drawn for yeasts. The increase of yeasts however was less in samples stored
under B and C packaging conditions.

b. inoculated with Salmonella enteritidis
Tables 18.3 and 18.4 shows the effect of map on growth/survival of Salmonella

enteritidis on shredded carrots stored at 10°C. It was found that this organism
survive under the storage conditions used in these experiments.

Physicochemical changes
Results in progress. Physicochemical results will be reported in the next repotted
in great detail. The only available data at the present time is these two Tables
with pH changes (Tables 18.1a, 18.2a, 18.3a & 18.4a)
It is well known that the critical changes during microbial spoilage take place in
the aqueous phase. The water phase contains numerous non-volatile substances
such as amino acids, organic acids and sugars (eg glucose) which are utilised by
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almost all the bacteria of the carrot microflora. It is well known that carrots
contains extremely higher amount of sugars which are available to unlimited
level for microbial growth.
The chromatographic profile of low molecular weight components from shredded
carrots are shown in Figures 1-6. It is evident that the two most important acids
(lactic & acetic) increased during the storage period at both temperatures. The
amount of these two acids is affected by the temperature of storage. Indeed it is
evident that in high storage temperature 10°C (Figs. 1, 2 & 3) the area of these
two acids was greater than the area found in samples stored at 4°C (Figs. 4, 5 &
6). In our samples acetic acid increased during the growth phase of lactic acid
bacteria. Acetate is an end-product which lactic acid bacteria would be expected
to produce in various quantities, under both aerobic or anaerobic conditions
(Kandier 1983).
The increase of acetate found in this study could be attributed either to lactic
bacteria or to other predominant organism in this study, Brjchothrix

thermosphacta (see previous report).
It needs to be stressed that there are few more peaks which could be related with
the quality of these products as well.
The profile of acids from shredded carrots inoculated with Salmonella (Figs. 7 &
8) did not found to differ significantly from those obtained in naturally inoculated
carrots (Figs. 1-6). In all cases the production of acetic nad lactic acid was
evident.

Organoleptic changes
The organoleptic changes are shown in Tables 18.3b & 18.4b. In this part of
study we continue the evaluation of texture, colour and the odours of shredded
carrots stored under the above mentioned conditions. The procedure has been
described in detail in our last report.
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Conclusions
* Lactate and acetate could be used as potential indicators of fresh carrots stored
under different conditions.
* In preliminary studies it was found that the initial attachment of bacteria was
influenced from its previous condition of growth (eg. growth under carbon
dioxide, age of cells etc).

* Salmonella enteritidis survive but did not grow in shredded carrots under the
conditions used in this part of our study

Part D:
1. Our studies will continue with broccoli.
There will be a continuation of the subjects study in the second period in order
to evaluate and to established our findings which up to now is in preliminary
stage as far as concerns the microbiology (epithytic flora) of broccoli.
In particular there will be an examination of the microbial flora of this product
under MAP storage/packaging conditions (air, 5% CO2/ 5.2% O2/ 89.8% N2;
5% C02 / 95% N2, 5% C02/2% 02/ 93% N2) with or without deliberlty
inoculation with pathogens (Listeria, Salmonella and St. aureus).
In parallel there will be a full report on the physicochemical analysis from
previous experiments.
Moreover emphasis wil be given in the completion of the characterisation of
lactic acid bacteria which have been isolated from shredded carrots and brocolli.
Indeed the lactic acid bacteria isolated and characterised at the moment the most
frequently found (especially at the latest stages of our experiments at 4° C) will
be used in challanges experiments, together with other microbial metabolites
derived from these products, to keep the quality and the safety of these products
(biopreservation). Measurement of safety and quality will be the main concern of
this study.
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Fresh carrots or brocolli (inoculated or not with different levels of specific
bacteria e.g. lactic acid bacteria) will be packaged in different mixtures of gases
commonly used to extend the shelf life of such products, and stored at a 410°C. At suitable intervals packs will be removed and the level of various
relevant microbial association will be determined. In parallel with the
microbiological changes of these packs, physico-chemical changes in the products
will be monitored in an attempt to correlate these changes with the microbial
associations developing in packs. Indeed so far we have evidence that various
physico-chemical parameters such as pH, acid profile with HPLC, changes in
low molecular weight compounds could likely used as potential indicators of the
spoilage.
2. The effect of these gaseous combination on the physiology of foodborne
bacteria will be determined (at 4° and 10° C).
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Table I. DURATION AND TARGET DATES FOR EACH TASK IN SIX MONTH INTERVAL

DESCRIPTION OF SUBJECT (RELATION TO TASKS DESCRIBED IN PARTS A)

J
Microbiological & Physico-chemical
analysis of products (Task 5 & 6)
Characterization of microbial
population dynamics under MAP/VP
(TASK 5). Identification of lactic
acid bacteria (Task 4)
Effect of different gas atmosphere
compostion under map/vp on
spoilage bacteria (Task 5)
Effect of MAP/VP on food
pathogens
a. Staphylococcus aureus
b. Salmonella spp. (Tasks 1,5)
c. Listeria (in progress)
Study physico-chemical changes in
product under MAP/VP storage
(Task 6)

1st

2nd

3rd

X*

X*

X»

X*

X«

X*

X*

X*

X*

X*

X»

X*

Correlation of microflora to
observed physico-chemical changes
(Tasks 5 & 6)
Study potential indicators (Task 6)
a. microbial
b. physico-chemical
Interaction of microflora, MAP and
temperature (TASK 5 & 6)
a. spoilage
b. physico-chemical changes
c. foodborne growth
foodborne toxin production
d. biopreservation (TASK 4)

I

J

5th

4th

1

1

X

7th

X

X

X

X*

X

X

X

X*

X«

X

X

X

X*

X«

X

X*

X*

X

X

X

X*

X»

X

X

X»

X*

X

X

X*

8th

7th

6th

I

8th

X

X

X

X

X

X

X

X

X*

X»

X

X

X

X

X»

X»

X

X

X

X

X»

X*

X

X

X

X

X

X

X

X

X

X

X

X

X

Modelling (TASK 10)
x : work to be done in the specific period of the project; * : work studied so fer
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Table 18.1 Changes* in the microbial flora of shredded carrots, naturally inoculated stored at 10°C [Film
characteristic;width 60; permeability ml 02 or C02 m2 /day/bar; oxygen: at 0°C 995.9= 106.4 at 20°C
3841.4=433.9; carbon dioxide: at 0° C 5452.5=784.6, at 20°C 33875.1=266.0 ]

packs

A

B

C

SAMPLING

media

D A Y S
7

0

1

3

6

CFC

4.71

5.92

6.08

6.91

6.83

RBG

3.15

4.36

5.37

5.89

5.59

TVC

4.88

6.11

6.97

9.08

9.00

MRS

3.52

5.35

5.95

8.78

8.91

VRBA

2.32

_

_

_

CFC

4.71

4.94

5.79

6.70

_

RBG

3.15

3.36

5.11

5.68

_

TVC

4.88

5.22

6.58

8.88

_

MRS

3.52

4.00

5.92

8.88

8.82

VRBA

2.32

-

_

_

_

CFC

4.71

5.10

5.80

6.34

.

RBG

3.15

3.69

4.81

5.17

_

TVC

4.88

5.79

6.46

8.62

_

MRS

3.52

4.82

6.60

8.79

8.89

VRBA

2.32

-

-

-

-

A; samples stored under air conditions B; samples stored in 4.9% C02/ 2.1 % O,/ 93.0% N2 gaseous
combination C; samples stored in 5% C02 / 95% N2 gaseous combination
PCA: counts of Total Viable Count growing on Plate Count Agar,
MRS; counts of lactic acid bacteria growing on deMan-Rogosa-Sharpe medium
CFC; counts of Pseudomonads growing on Pseudomonas medium
RBC; counts of yeasts growing on Rose-Bengal Chloramphenicol medium
VRBA; counts of coliforms growing on Violet-Red-Bile Agar
not determined
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Table 18.1a Physicochemical Changes4 (a; pH, b; ammonia .lactic , acetic etc ) of shredded carrots,

naturally inoculated stored at 10°C [Film characteristic; width 60;permeability ml 02 or C02 m~2/day/bar;
oxygen: at 0°C 995.9=106.4 at 20°C 3841.4=433.9; carbon dioxide: at 0° C 5452.5=784.6, at 20°C
33875.1=266.0]

packs

pH

D A Y S
0

1

3

6

7

A

6.04

5.91

6.13

4.87

4.98

B

6.04

5.87

6.10

4.97

4.77

C

6.04

5.88

6.09

4.75

4.49

A; samples stored under air conditions B; samples stored in 4.9% C02/ 2.1 % 02l 93.0% N2 gaseous
combination C; samples stored in 5% C02 / 95% N2 gaseous combination
-b-
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Table 18.2 Changes4 in the microbial flora of shredded carrots, naturally inoculated stored at 4°C [Film characteristic;widti

permeability ml 02 or C02 m2 /day/bar; oxygen: at 0°C 995.9=106.4 at 20°C 3841.4=433.9; carbon dioxide: at 0° C
5452.5 =784.6, at 208C 33875.1=266.0 ].
packs

A

B

C

media

D A Y S
10

13

15

17

6.79

7.46

7.71

7.85

7.40

5.51

5.79

5.97

7.08

6.99

6.53

6.52

6.85

7.12

8.34

8.54

8.76

8.89

3.92

3.25

4.85

5.07

6.51

7.52

7.03

8.72

2.32

2.85

-

-

-

7.32

-

8.13

-

CFC

4.71

4.51

5.54

6.03

6.00

6.78

7.49

7.54

7.18

RBG

3.15

2.60

4.38

5.78

5.08

5.64

6.85

6.06

6.47

TVC

4.88

4.81

5.63

6.79

6.86

7.62

8.22

8.69

9.83

MRS

3.52

3.99

2.95

4.54

5.35

5.54

6.62

7.21

7.59

VRB

2.32

2.43

-

-

-

6.34

-

7.88

-

CFC

4.71

5.41

5.30

5.99

6.08

6.69

7.23

7.60

7.15

RBG

3.15

3.92

4.29

5.02

5.26

5.09

6.93

7.04

6.87

TVC

4.88

5.94

4.53

6.36

7.36

7.57

8.15

8.35

8.76

MRS

3.52

5.21

3.25

4.04

4.81

4.93

7.10

7.15

7.43

VRB

2.32

2.85

-

-

-

5.97

-

7.60

0

2

CFC

4.71

RBG

3

6

8

4.04

6.11

6.49

3.15

3.04

5.06

TVC

4.88

4.88

MRS

3.52

VRB

-

A; samples stored under air conditions B; samples stored in 4.9% C02/ 2.1% 02/ 93.0% N2 gaseous combination C; sample:
stored in 5% COj / 95% N2
gaseous combination
PCA: counts of Total Viable Count growing on Plate Count Agar,
MRS; counts of lactic acid bacteria growing on deMan-Rogosa-Sharpe medium
CFC; counts of Pseudomonads growing on Pseudomonas medium
RBC; counts of yeasts growing on Rose-Bengal Chloramphenicol medium
VRBA; counts of coliforms growing on Violet-Red-Bile Agar
-; not determined
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Table 18.2a Physicochemical Changes41 (a;pH, b; ammonia + lactic acid) of shredded carrots, naturally

inoculated stored at 10°C [Film characteristic;width 60;permeability ml 02 or C02 m"2/day/bar; oxygen: at
0°C 995.9=106.4 at 20°C 3841.4=433.9; carbon dioxide: at 0° C 5452.5 = 784.6, at 20°C
33875.1=266.0]
-a-

1°

2

A

1 6.04

B
C

packs

pH

Sampling

1

Day

I13

15

17

6.03 1 5.41

5.28

5.30

6.12

5.91 1 5.78

5.27

5.31

6.20

5.87 1 5.77

5.47

5.77

6

8

10

6.32 1 6.35

6.27

6.21

1 6.04

6.25 1 6.20

6.36

1 6.04

6.24 1 6.34

6.28

3

A; samples stored under air conditions B; samples stored in 4.9% C02/ 2.1% 02/ 93.0% N2 gaseous
combination C; samples stored in 5% C02 / 95% N2

-b-
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Table 18.3 Changes* in the microbial flora of shredded carrots, inoculated with Salmonella emeritidis
(initial inoculum log107.8 cfu/ml) and stored at 10°C [Film characteristic;width 60; permeability ml 0, i
C02 m"2 /day/bar; oxygen: at 0°C 995.9=106.4 at 20°C 3841.4=433.9; carbon dioxide: at 0° C
5452.5 =784.6, at 20°C 33875.1=266.0 ].

packaging

media

SAMPLING
0

A

B

A

B

2

D A Y S
4

6

XLD

0.00

0.00

0.00

0.00

CFC

4.18

6.34

7.34

7.40

TVC

4.61

7.64

8.86

8.87

MRS

2.26

6.67

8.35

8.77

XLD

0.00

0.00

0.00

0.00

CFC

4.18

6.43

7.18

7.13

TVC

4.61

7.79

8.56

8.95

MRS

2.26

6.50

8.33

8.87

XLD

6.04

6.81

7.05

7.10

CFC

4.20

6.24

6.60

7.25

TVC

6.25

7.86

8.18

8.70

MRS

6.18

6.69

8.04

8.86

XLD

6.04

6.26

6.24

6.90

CFC

4.20

5.99

6.35

7.13

TVC

6.25

7.53

8.70

8.79

MRS

6.18

6.54

8.57

1

8.73

/89.8% N2 and B; samples stored in 5% C02/ 95.0% N2 gaseous combination; XLD: xylose media fo
Salmonella enumaration,; MRS; counts of lactic acid bacteria growing on deMan-Rogosa-Sharpe medi
CFC; counts of pseudomonads growing on Pseudomonas medium ; TVC; counts of Total Viable Coui
growing on Plate Count Agar medium;
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Table 18 Ja Physicochemical Changes* (a;pH, b; ammonia + lactic acid) of inoculated shredded carrots

with Salmonella enteritidis (initial inoculum log107.8 cfu/ml) and stored at 10°C [Film characteristic;width
60;permeability ml 02 or C02 m'2/day/bar; oxygen: at 0°C 995.9=106.4 at 20°C 3841.4=433.9; carbon
dioxide: at 0° C 5452.5 =784.6, at 20°C 33875.1=266.0]
-apackaging

pH

SAMPLING

D A Y S

0

2

4

6

A

6.29

5.64

4.92

3.94

B

6.29

5.77

4.85

3.98

A

6.15

5.89

5.32

4.17

B

6.15

5.77

4.65

4.20

A; samples srtored in 5% C02/ 5.2 % 02 /89.8% N2 and B; samples stored in 5% C02/ 95.0% N,
gaseous combination
-b-
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18.3b. Organoleptic Changes4 of carrot inoculated with Salmonella enteritidis (initial inoculun
log107.8 cfu/ml)and stored at 10°C [Film characteristic;width 60; permeability ml 02 or C02 n
2/day/bar; oxygen: at 0°C 995.9=106.4 at 20°C 3841.4=433.9; carbon dioxide: at 0° C
5452.5 =784.6, at 20°C 33875.1=266.0 ]
D

c
0

A
2

Y

S

6

4

A

colour
odour
texture

1
1
1

1
1
1

1
1
1

1
1
1

1
1
1

1
1
1

1
1
1

1
2
1

1
2
1

1
3
3

2
4
3

2
4
4

B

colour
odour
texture

1
1
1

1
1
1

1
1
1

1
1
1

1
1
1

1
1
1

1
1
1

1
2
1

1
0
1

1
2
3

2
4
3

2
4
4

A

colour
odour
texture

1
1
1

1
1
1

1
1
1

1
1
1

1
1
1

1
1
1

1
1
1

1
1
1

1
2
1

1
3
2

1
3
2

1
3
2

B

colour
odour
texture

1
1
1

1
1
1

1
1
1

1
1
1

1
1
1

1
1
1

1
1
1

1
2
1

1
2
1

1
2
2

2
4
2

2
4
2

A ; s a m p l e s s r t o r e d i n 5% C 0 2 / 5 . 2 % 0 2 / 8 9 . 8 % N 2 a n d B ;
s a m p l e s s t o r e d i n 5% C 0 2 / 0% 0 2 / 9 5 . 0 % N 2 g a s e o u s
combination
1: very good; 2: good; 3: acceptable
unacceptable (acid smells)
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Table 18.4 Changes* in the microbial flora of shredded carrots, inoculated with Salmonella enteritidis (initial

inoculum log107.8 cfu/ml) and stored at 10°C [Film characteristic;width 60; permeability ml 02 or C02 m"2 /day/bar;
oxygen: at 0°C 995.9=106.4 at 20°C 3841.4 =433.9; carbon dioxide: at 0° C 5452.5 =784.6, at 20°C
33875.1=266.0 ].
1

packs

A

C

A

C

media

D A Y S
0

2

4

7

XLD

0.00

0.00

0.00

0.00

CFC

4.86

6.93

8.06

7.76

TVC

5.09

7.28

8.56

8.94

MRS

3.73

5.81

8.41

8.97

XLD

0.00

0.00

0.00

0.00

CFC

4.86

6.87

7.98

7.35

TVC

5.09

7.36

8.35

8.82

MRS

3.73

6.14

8.59

8.94

XLD

5.83

nd

6.09

5.66

CFC

4.60

6.69

8.18

7.95

TVC

6.04

7.57

9.00

9.05

MRS

6.06

6.04

8.34

9.10

XLD

5.83

nd

6.28

5.51

CFC

4.60

6.75

8.07

7.49

TVC

6.04

7.49

8.74

9.66

MRS

6.06

5.96

8.72

9.89

A; samples stored in 5% C02/ 5.2 % 02 /89.8% N2 and C; samples stored in 4.9% C02/ 2.1% 02/ 93.0% N2
gaseous combination
XLD: xylose media for Salmonella enumaiation,
BG: brilliant Green medium for Salmonella enumeration
MRS; counts of lactic acid bacteria growing on deMan-Rogosa-Sharpe medium
CFC; counts of Pseudomonads growing on Pseudomonas medium
TVC; counts of Total Viable Count yeasts growing on Plate Count Agar medium
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Table 18.4a Physicochemical Changes4 (a;pH, b; ammonia + lactic acid) of inoculated carrots with Salmonella

erueritidis (initial inoculum logl07.8 cfu/ml) and stored at 10°C [Film characteristic;width60;permeability ml 02 o
C02 m2/day/bar; oxygen: at 0°C 995.9 = 106.4 at 20°C 3841.4=433.9; carbon dioxide: at 0° C 5452.5=784.6,
20°C 33875.1=266.0]
-a-

packa
ging

D A Y S
0

PH

2

4

7

A

6.08

6.05

5.02

4.05

C

6.08

5.97

4.86

4.03

A

6.06

6.06

4.66

4.51

C

6.06

6.09

4.60

4.15

A; samples stored in 5% C02/ 5.2 % 02 /89.8% N2 and C; samples stored in 4.9% CO2/ 2.1% O2/ 93.0% N,
gaseous combination
-b-
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18.4b Organoleptic Changes* of carrot inoculated with Salmonella enteritidis (initial inoculum log107.8 cfu/ml)and
stored at 10°C [Film characteristic;width 60; permeability ml 02 or C02 m2/day/bar; oxygen: at 0°C 995.9=106.4
at 20°C 3841.4=433.9; carbon dioxide: at 0° C 5452.5=784.6, at 20°C 33875.1=266.0 J

D

A

Y

7

4

2

0

S

A colour
odour
texture

1
1
1

1
1
1

1
1
1

1
1
1

1
1
1

1
1
1

1
1
1

1
2
1

1
2
1

-

2
4
4

2
4
4

C colour
odour
texture

1
1
1

1
1
1

1
1
1

1
1
1

1
1
1

1
1
1

1
1
1

1
2
1

1
2
1

-

2
4
4

2
4
4

A colour
odour
texture

1
1
1

1
1
1

1
1
1

1
1
1

1
1
1

1
1
1

1
1
1

1
2
1

1
2
1

-

2
3
3

1
4
3

C colour
odour
texture

1
1
1

1
1
1

1
1
1

1
1
1

1
1
1

1
1
1

1
2
1

1
2
1

1
2
1

-

1
3
3

2
4
3

A; samples stored in 5% C02/ 5.2 % 02 /89.8% N2 and C; samples stored in 4.9% C02/ 2.1%
02/ 93.0% N2 gaseous combination
1: very good; 2: good; 3: acceptable (moderate); 4; unacceptable (acid smells)
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Participant 6:
Institute of Food Research, Norwich Laboratory,
Norwich Research Park,
Colney,
Norwich, NR4 7UA,
UK.
Telephone: (44)-603-255000
FAX: (44)-603-507723,
EMAIL: PECKM@UK.AC.AFRC.FRIN

Al- Project sub-title:
Use of mild preservation techniques to reduce the risk of growth and toxin production from
spores of non-proteolytic Clostridium botulinum in refrigerated ready-to-eat foods.

A2- Coordinator:
Michael W. Peck

A3- Project participants:
Michael W. Peck (9.6 person-months)
Sandra C. Stringer (48 person-months)
Frédéric Carlin (Visiting worker from INRA-AV)

Bl- Description of the problem:
Non-proteolytic strains of C. botulinum produce heat-resistant spores which are capable of
growth at refrigerated temperatures and produce a powerful neurotoxin. This bacterium
therefore poses a safety risk in ready-to-eat foods that rely on refrigeration for preservation,
particularly those that have received a mild heat-treatment (e.g sous-vide foods and other
REPFEDs).

B2- Goal of the research:
This project will develop the use of mild preservation techniques to reduce the risk of growth
and toxin production from spores of non-proteolytic C. botulinum in refrigerated ready-to-eat
foods.

B3- Short description of the approach:
Studies in laboratory media.
Initially studies will be carried out in laboratory media. Spores will be heated in saline or an
anaerobic broth, with recovery in a defined medium in the presence of mild preservative
factors. The ability of gas atmospheres and other mild preservative factors to inhibit heatdamaged and unheated spores of non-proteolytic C. botulinum will be determined.
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Studies in Foods.
The ability of the gas atmosphere and other mild preservative factors to inhibit growth from
spores of non-proteolytic C. botulinum will be determined in model foods.
A) The effect of gas atmosphere and other suitable mild preservative factors on growth from
heat-damaged spores of non-proteolytic C. botulinum will be determined in a model
vegetable/egg-containing food.
B) The effect of gas atmosphere and other mild preservative factors on growth of nonproteolytic C. botulinum will be determined in relation to the normal epiphytic flora of salad
vegetables.

CI- Short overview of research performed January to June 1994:
Work on the project has proceeded on two fronts. Sandra Stringer has continued investigating
the effects of mild preservative factors on the recovery of unheated and heat-damaged nonproteolytic C. botulinum spores in broths. IFR-NL has also been joined by Frédéric Carlin
of INRA-AV who has been investigating the growth and toxin production of proteolytic and
non-proteolytic C. botulinum in a range of cooked vegetables.
A. The effect of mild preservative factors on the recovery of unheated and heat-damaged
spores.
We previously reported effects of recovery conditions on growth from 17B spores heatdamaged at 75°C. We now desribe growth from spores of heated at 90°C. Unheated or heatdamaged spores were recovered at 10°C in medium contining lysozyme and different NaCl
concentrations or pH levels (adjusted with HCl). A temperature of 10°C was used as this is
considered a reasonable temperature of abuse in products in which non-proteolytic
C.botulinum may pose a hazard.
Preliminary experiments to investigate the effects of modified atmospheres have also been
carried out. Six different atmospheres were chosen:
i) 5%CO2:10%H2:85%N2 (the normal gas mix used for culturing C. botulinum)
ii) N2 (considered an inert filler gas in terms of modified atmosphere packaging)
iii) 10%H2:90%N2 (hydrogen should help lower redox potential)
iv) 50%C02:50%N2 (high C02 levels are thought to retard growth)
v) 2%02:98%N2 (oxygen is known to inhibit growth of C. botulinum and other obligate
anaerobes)
vi) air
Method
All experiments were carried out using non-proteolytic C. botulinum 17B spores, prepared
using a two phase method as described by Peck et al. (Lett. Appl. Bacteriol. 15 146-151,
1992). Spore suspensions (to give approximately 106 ml"1) were inoculated into preheated
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anaerobic PY broth, given the desired heat treatment and then cooled rapidly by swirling in
iced water. A series of 1 in 10 dilutions of each treatment was prepared anaerobically in
PYGS broth and aliquots of each dilution were inoculated into five replicate vials containing
appropriately modified PYGS broth. Standard PYGS broth contains 0.1% NaCl, is prepared
under 5%CO2:10%H2:85%N2 and has a pH of 6.8. Parameters other than that under test
were maintained at the standard level. When present, lysozyme was added to PYGS broth
at 10 fig ml"1.
Inoculated vials were incubated at 10°C and observed weekly. The number of positive vials,
as assessed by visual turbidity, were used to calculate the most probable number of spores
resulting in growth at the end of each observation period. The presence of C. botulinum was
confirmed using an ELISA to test for toxin production. Growth in the inoculated vials
implies that the combination of heat treatment, incubation temperature and preservative factor
tested failed to produce a six log reduction over the observed incubation period.
Effect of NaCl concentration on recovery after heating at 90° C
Observation of growth after 3 and 6 weeks from spores heated at 90°C and inoculated into
PYGS +lysozyme broths containing different levels of NaCl are show in Fig. 1. The first vials
became positive after 10 days incubation. After 3 weeks, growth occurred in broths
containing 0.1, 1.6 and 3.1% NaCl when the spores had been heated for <15 min. A heat
treatment of 30 min was required to prevent outgrowth within 3 weeks at 10°C in media
containing <3.1% NaCl. Growth did not occur in the presence of 4.1% NaCl in any vial
containing spores heated for >2 min at 90°C.
Between week 3 and week 6 only a small number of additional vials became positive. They
included spores that had been heated at 90°C for 30 min and recovered in 1.5% NaCl and
spores heated for 2 and 5 min at 90°C and recovered in the presence of 4.1% NaCl. Very
little additional growth was observed between week 6 and the end of the 16 week observation
period.
Unheated spores and spores heat-damaged at 90 °C were also inoculated into PYGS broths
that did not contain lysozyme (Table 1). Growth from unheated spores occurred rapidly in
all NaCl concentrations tested. Heating spores for >2 min at 90°C prevented growth in all
instances except in a single vial containing 0.1% NaCl. Toxin was confirmed.
Effect of pH on recovery after 90° C heating
Spores were subjected to a 90 °C heat treatment prior to inoculation into PYGS+lysozyme
broth at pH values of 6.8, 6.0, 5.6 or 5.3. The most probable number of spores resulting in
growth after 3 and 6 weeks incubation at 10°C are show in Fig.l. The first vials again
became positive after 10 days incubation. By week 3 growth from unheated spores had
occurred at pH 6.8, 6.0 and 5.6 but not pH 5.3. Five min heating at 90°C prevented
subsequent growth at pH 5.6, whereas 15 min was required at pH 6.0, and 30 min at pH 6.8
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Between week 3 and 6 the most probable number of spores leading to growth increased
slightly. Unheated spores and spores heated for 2 min at 90°C had grown at pH 5.3.
Additional growth was also observed from spores heated for 15 min and recovered at pH 6.0.
Very little significant growth occurred between week 6 and the end of the 16 week
observation period.
Table 1 shows the results of inoculation of unheated spores and spores heat-damaged at 90°C
into PYGS broths that did not contain lysozyme. Growth from unheated spores could occur
rapidly at all the pH values tested. Growth was only observed in 2 vials containing heatdamaged spores.
Effect of atmosphere on recovery after heating at 80°C
Spores were heated at 80°C for 0, 1, 2, 4, 6 or 10 min and inoculated into lysozyme free
broths prepared under 6 different headspace gases, 5%CO2:10%H2:85%N2, 10%H2:90%N2,
50%COv.50%N2, 2%02:98%N2, oxygen free nitrogen and air. The results are shown in Fig.
2.
After three weeks, growth was observed from spores heated for <4 min in all atmospheres
except air. Spores heated for 6 min only grew under N2 or 5%CO2:10%H2:85%N2. No
growth was observed in any vial containing spores that had been heated at 80°C for 10 min.
After 6 weeks, spores that had been heated for 10 min had grown under
5%C02:10%H2:85%N2, and 10%H2:90%N2 but not 50%C02:50%N2, N2 or 2%02:98%N2.
Growth was not observed in any vial containing air, including those containing unheated
spores. However, growth was observed in vials which had been prepared under 2% oxygen.
Analysis of the headspace failed to detect any oxygen in uninoculated vials, suggesting the
oxygen was being removed by the reducing anaerobic broth.
Effect of atmosphere on recovery after heating at 90° C
Spores heated at 90°C for 0, 2, 5, 15, or 30 min were inoculated into PYGS+lysozyme
broths under the six modified atmospheres mentioned above. The results are shown in Fig.
2.
After three weeks, growth had occurred under all headspaces except air. The numbers of
spores capable of outgrowth were very similar except for 2%02:98%N2 where growth had
only occurred from spores that had not been heated. Between 3 and 6 weeks the numbers of
spores capable of growth increased but even after 6 weeks only 2 vials containing spores
heated for 30 min had become positive. A 5 log reduction was not achieved with less severe
heat treatments in conjunction with any headspace other than those that had originally
contained either 2%02:98%N2 or air. In vial prepared under 2%02:98%N2, although the
oxygen disappeared from the headspace, growth was prevented from spores that had been
heated at 90°C for >5 min. Again no growth was observed in any broth prepared under air.
Spores that had been heated at 90°C for >2 min also failed to grow in any broth that did
not contain lysozyme.
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B.Growth and toxin production of Clostridium botulinum in a ranee of vegetables media
Growth and toxin production by proteolytic and non-proteolytic Clostridium botulinum in a
range of 28 cooked vegetables was examined.
Three hundred grams of vegetable was mixed with 200ml boiling water, boiled for 5 to 10
min, and blended. 10 ml aliquots of puree were dispensed in 30 ml vials, using strict
anaerobic conditions, and autoclaved at 121 °C for 15 min. Vegetable media were inoculated
with (i) a cocktail of type A and B proteolytic C. botulinum and (ii) a cocktail of nonproteolytic type B, E and F C. botulinum. Vials were incubated at 30°C and checked for
growth after 1, 2, 3, 4, 6, 7, 10, 14, 22, 34 days. A final observation was made after 50 to
60 days incubation and samples were taken for toxin testing at this time.
Growth occurred in 20 of the 28 vegetable media inoculated with proteolytic C. botulinum.
24 were positive for toxin (Table 2). Growth in many of the samples, such as potato, bean
sprouts, mushroom and spinach, occurred within 1 or 2 days of inoculation. Neither growth
nor toxin were detected in tomato or mange-tout. This probably reflects the low pH. Growth
was also absent in garlic or brussels sprouts despite the pH values being above 5.0.
Growth occurred in 8 of the 28 vegetable media inoculated with non-proteolytic strains and
toxin was detected in 14 (Table 2). Growth occurred 1 or 2 days after inoculation in
cauliflower, mushroom, spinach, potato and bean sprout media. The work presented here is
the first report of the possible growth of non-proteolytic C. botulinum in cooked vegetables
other than mushroom and potato. All of the vegetables that supported toxin production by
non-proteolytic strains had pH values above 5.0 and also supported both growth and toxin
production by proteolytic strains.
Summary
Additions of <3% NaCl or pH values >6.0 were not effective in preventing growth from
non-proteolytic C. botulinum spores at 10°C, even after heating at 90°C for 15 min, if
lysozyme is present in the recovery medium. Addition of 4.1% NaCl to the recovery
medium, or a pH value of 5.3 was inhibitory. In the absence of lysozyme, growth was
observed in 3 of the 200 vials inoculated with spores heated at 90°C for 2-60 min.
None of the modified atmosphere gases tested, other than those containing oxygen,
significantly inhibited growth from unheated or heat-damaged spores.
Growth and toxin production by non-proteolytic C. botulinum was detected in a wide range
of cooked vegetables at pH values above 5.0.
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Dl- General description of the experimental approach
(i) Experimental plan for the entire project
Seven areas of research may be identified (major effort 1-5):
1. Production of spores and confirmation of their heat-resistance.
2. Determination of the effect of preservative factors on growth from heat-damaged and
unheated spores of non-proteolytic C. botulinum (carried out in laboratory media).
3. Determination of the effect of gas atmospheres on growth from heat-damaged and
unheated spores of non-proteolytic C. botulinum (carried out in laboratory media).
4. Determination of the effect of gas atmosphere and other preservative factors on growth
from heat-damaged spores of non-proteolytic C. botulinum in a model, vegetable/eggcontaining, food.
5. Behaviour of non-proteolytic C. botulinum in relation to gas atmosphere and the epiphytic
flora of salad vegetables.
6. Evaluation of the safety, with respect to non-proteolytic C. botulinum, of novel
preservation systems developed by other labs.
7. Development of predictive models.

(ii) Experimental plan for next six months (6-94 to 12-94)
The initial experiments to determine the effects of modified atmospheres will be completed.
Further gas mixtures, included higher percentages of C02 and novel modified atmosphere,
will also be tested. Work investigating the inhibitory effect of organic acids will also
commence.
Work on growth of C. botulinum in vegetable media will continue. The types and strains of
non-proteolytic C. botulinum that show the fastest growth and toxin production in vegetable
media at 30°C and 10°C and the growth rate of non-proteolytic C. botulinum in mushroom,
potato and cauliflower at various temperatures will be determined. Growth and toxin
production by non-proteolytic C. botulinum in vegetable media in the presence of
psychrotrophic Bacillus sp. isolated from vegetables at INRA-AV will also be investigated.

Publications originating from this project
Stringer, S.C. & Peck, M.W. 1994. The use of mild preservative factors to inhibit the
growth of non-proteolytic Clostridium botulinum. Program Abstr. 63nd Annu. Meet. Soc.
Appl. Bacterid, (in press).
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Recent publications from IFR Norwich:
Peck, M.W., Fairbairn, D.A. & Lund, B.M. 1992. The effect of recovery medium on the estimated heatinactivation of spores of non-proteolytic Clostridium botulinum. Letters in Applied Microbiology 15 146-151.
Peck, M.W., Fairbairn, D.A. & Lund, B.M. 1992. Factors affecting growth from heat-treated spores of nonproteolytic Clostridium botulinum. Letters in Applied Microbiology 15 152-155.
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NaCl content of PYGS broth
Time at 90 °C (min)
0
2
5
15
30
60

0.1

1.6

3.1

4.1

5(1)

5(2)

5(2)

5(3)

0(0)

0(0)

0(0)

0(0)

0(0)

0(0)

0(0)

0(0)

0(0)

0(0)

0(0)

0(0)

0(0)

0(0)

0(0)

0(0)

0(0)

1(4)

0(0)

0(0)

pH of PYGS broth

0
2
5
15
30
60

6.8

6.0

5.6

5.3

5(1)

3(2)

5(2)

5(3)

1(15)

0(0)

0(0)

0(0)

0(0)

0(0)

0(0)

0(0)

0(0)

0(0)

1(2)

0(0)

0(0)

0(0)

0(0)

0(0)

0(0)

0(0)

0(0)

0(0)

Table 1. The recovery of C. botulinum 17B spores, unheated or heat damaged at 90°C, at
10°C in PYGS broths not containing lysozyme. The values given are the number of vials (out
of 5) that were positive for growth after 17 weeks with the time (in weeks) to the first
positive vial in parenthesis.
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Recovery of unheated or heat damaged 17B spores at 10°C in PYGS +
lysozyme broths containing different levels of NaCI
week 3

week 6
•

0.10%

Heating time at 90°C

Heating time at 90°C

Recovery of unheated or heat damaged 17B spores at 10°C in PYGS +
lysozyme broths at different pH levels
week 3

week 6
•

6.8

Heating time at 90°C

Heating time at 90°C

Figure 1. The effect of NaCI and pH on growth from 17B spores
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Recovery of unheated or heat-damaged 17B spores at 10°C in PYGS
broths (without lysozyme) under different modified atmospheres
week 3

week 6
C02:H2:N2

Heating time at 80°C

Heating time at 80°C

Recovery of unheated or heat-damaged 17B spores at 10°C in PYGS +
lysozyme broths under different modified atmospheres
week 3

week 6
C02:H2:N2
H2JV2

•A

N2
C02:N2

X

0

10
20
Heating time at 90°C

02*12

10
20
Heating time at 90°C

30

30

Figure 2. The effect of modified atmosphere on growth from 17B spores
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Table 2: Growth and toxin production at 30°C of Clostridium botulinum in a range of vegetable medi

vegetable

Proteolytic strains

PH
Visible

PYGS (a)
Mushroom
Spinach
Potato
Bean sprouts
Garlic
Cauliflower
Asparagus
Tomato + KOH
Sweet corn
Courgette
Broccoli
Sweet potato
Buttersquash
Chicory
Green beans
Celery
Wh. cabbage
Fennel
Brus, sprouts
Leek
Parsnip
Turnip
Kale
Carrot
Onion
Green pepper
Mange-tout
Tomato

6.92
6.39
5.82
5.73
5.72
5.65
5.42
5.39
5.36
5.33
5.28
5.28
5.26
5.25
5.22
5.21
5.18
5.18
5.18
5.15
5.15
5.08
5.03
5.03
4.99
4.98
4.95
4.78
4.23

Time to visible

growth growth (days)
5\5 (b)
1
5\5
1
3\5
2
5\5
2
5\5
2
0\5
5\5
3
5\5
3
0\5
5\5
3
5\5
3
5\5
3
4\5
6
4\5
14 to 22
5\5
3 to 6
0\5
0\5
5\5
6
3 to 6
5\5
0\5
5\5
3 to 6
6
5\5
6
4\5
4\4
6
0\5
4\5
1 to 14
2\5
0\5
0\5

Non-proteolytic strains
Toxin
production
2\2 (c)
2\2
2\2
2\2
2\2
0\5
2\2
2\2
5\5
2\2
2\2
2\2
2\2
2\2
2\2
5\5
5\5
2\2
2\2
0\2
2\2
2\2
2\2
2\2
4\5
2\2
4\5
0\2
0\2

Visible

Time to visible

growth growth (days)
5\5 (b)
1
5\5
1
5\5
2
5\5
1 to 2
5\5
2 to 3
0\5
5\5
2
5\5
4 to 10
0\5
0\5
0\5
5\5
3 to 4
2\5 (d)
0\5
0\5
2\5 (d)
0\5
0\5
0\5
3\5 (d)
0\5
0\5
0\5
4
4\4
0\5
0\5
0\5
0\5
0\5

Toxin
productior
2\2 (c)
2\2
2\2
2\2
2\2
0\2
2\2
2\2
0\2
5\5
1\5
2\2
5\5
0\2
0\2
0\2
0\2
2\5
0\2
0\2
1\5
0\2
0\2
2\2
0\2
0\2
0\2
0\2
0\2

(a) Peptone Yeast Glucose starch medium
(b) xty : number of vials positive for growth\number of vials inoculated
(c) x\y : number of samples positive for toxin\number of samples tested
(d) Bubbles in the medium; origin unknown
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Participant 7:

A. 1.

Department of Chemical & Life Sciences
University of Limerick
Plassey Technological Park
Limerick
Ireland

(Sub-) Project titles:

(a)
(b)
(c)

Accuracy of oxygen measurement
Effects of raw materials and preparation
Results of sub-projects (a) and (b) will be applied in optimisation of product-packaging
film compatibility

2.

Project Coordinator:
Prof David O'Beirne

3.

Project Participants and 4. Resources:
Prof David O'Beirne
Ms Catherine Ryan (Barry), postgraduate student
Dr Jennifer Colford, postdoctoral research associate

Resources:
Year 1
Year 2
Year 3
Year 4

18 man months
18 man months
12 man months (estimated)
12 man months (estimated)

(A)

ACCURACY OF OXYGEN MEASUREMENT

B.

1. Description of research topic or practical problem
This project addresses accurate measurement of oxygen levels close to zero within
(modified atmosphere) packages of chilled foods. Measurement problems have arisen
particularly because of the co-elution of argon and oxygen in analytical procedures based
on gas chromatography when these are applied to respiring produce. There are also
potential inaccuracies in other analytical procedures and due to sampling methods.
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2. Goal of Research
To determine the significance of inaccuracies in measurement of oxygen levels in the 0-6%
range which result from the use of current analytical procedures. This will include
examining the feasibility of introducing routine GC procedures which separate oxygen
from argon.

3. Short description of the approach
Argon levels will be determined in packages with product modified atmospheres and in
packages which are flushed with low oxygen atmospheres prior to storage. The
implications of sampling procedures and resampling for accuracy will be determined. The
practical use of paramagnetic and other procedures will also be evaluated. The feasibility
of improved routine procedures will be addressed.

4. Experimental approach in phaes
Year 1,2
(a) Quantification of argon in packages with product modified atmospheres and in
packages with gas flushed cum product modified atmospheres. Effects of packaging
materials and storage times.
(b) Significance of gas sampling procedures for accuracy and precision. Effects of
resampling, interactions with gas barrier properties of packaging film.
(c) Accuracy and precision of non-GC based analytical procedures.
Year 3, 4
Consolidation of work targeted for Years 1,2. Further development of most productive
aspects. Feasibility of optimising GC methodology. Contribution to product-package
optimisation.

5. State-of-the-Art
Growth and toxin production by Clostridium botulinum can occur in oxygen-free packages
stored at temperatures > 4°C. As a result, accurate measurement of oxygen levels close to
zero is important for development and safe use of packaging systems for (respiring) readyto-eat fruits and vegetables. In addition, accurate oxygen measurement at levels above this
low range is important in research and development work on product - package
optimisation.
Oxygen measurement by gas chromatography (GC) is a widely used and convenient
technique because it quantifies the other major gases present (usually nitrogen and carbon
dioxide) in addition to oxygen. However, argon and oxygen are not separated and oxygen
levels are artificially elevated by the argon present.
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Separation of argon from oxygen is possible using extremely long (8m) GC columns
packed with a suitable molecular sieve and operating at sub ambient temperatures.
Separation may also be possible using custom-made CTR III GC columns. Data on argon
levels in ready-to-use packaged foods are not available. Levels of around 0.9% (i.e. close
to the level found in atmospheric air) are likely in packages constructed from materials
with low gas barrier properties but this needs to be confirmed. Argon levels in low barrier
packages which have been flushed with low-oxygen pure gas mixtures will vary depending
on product storage time and gas barrier properties of the packaging used. Thus, the
contribution of argon to inaccurate oxygen measurement will vary.
As a result, it is proposed to quantify argon levels in low barrier packages with product
modified atmospheres and with atmospheres resulting in part from gas flushing with pure
(argon free) gases. In addition, the feasibility of a routine GC procedure for oxygen
measurement which includes an oxygen-argon separation will be considered.
Besides inaccuracies resulting from argon levels within packages, other sources of error
will be investigated. These will include gas sampling techniques (extraction method,
volume for analysis); resampling; interference from other gases; and accuracy/precision of
non-GC based analytical procedures.

C.

Overview of work performed 1-1-94 to 30-6-1994
Work on gas analysis has continued using gas chromatography with CTR1 and CTR3
columns (Alltech, USA). The CTR3 column is claimed to uniquely separate argon from
oxygen and thereby enable true oxygen levels to be determined within MA packages. A
modified column has now been obtained from Alltech, but the claimed separation has not
yet been achieved. Unusual levels of column protection appear to be necessary to avoid
saturation of the oxygen absorbents on the column. Work is continuing in collaboration
with Alltech's technical support people to resolve this bottleneck and positive outcome is
expected quickly.
In the meantime a number of oxygen sensors for use in experiments to be run in parallel
with the gas chromatography have been examined. Combined O2/CO2 sensors such as
Combicheck (Dansensor) required a sample volume of 15mls gas, making them impractical
for non-destructive pack sampling. However, a low volume oxygen only sensor e.g.
model TIA LV (Dansensor) required only a 3ml sample. Low volume oxygen sensors
from Gow Mac Instrument Company will also be tested.
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D.

1. Description of work planned for the subsequent part of the project

1-7-94 to 31-12-94
(a) Quantify argon in commercial and laboratory prepared packages which have product
modified atmospheres. Determine the affects of packaging film and storage time.
(b) Quantify argon levels in laboratory-prepared gas flushed packages. Investigate effects of
packaging films and storage time.
Subsequent 2 years
Accuracy and precision of non-GC procedures
Significance of gas sampling technique
Optimisation of product-package compatibility using true O2 levels

(B)

EFFECTS OF RAW MATERIALS AND PREPARATION

B.

1. Description of the research topic or practical problem
This project addresses gaps in our understanding of physiological, microbiological and
nutritional consequences of minimal processing of vegetables. It will examine the effects
of raw materials (cultivars, physiological age) and raw material preparation (cutting washing - dipping) on microbial growth, acceptability and nutrient retention. The data
obtained will contribute to the development of a systems approach to optimise quality and
storage-life of minimally processed products.

2. Goal of Research
To optimise raw material selection and processing procedures for MA packaged ready-toeat vegetables using cut lettuce cut carrots and potato strips as examples. To quantify the
effects of controllable variables on respiration rate, microbial growth, changes in sensory
quality and nutrient content.

3. Short description of the approach
For the product examples selected the following will be evaluated:
- the effects of cutting technology
- the effects of washing/dipping procedures
- the effects of important cultivars
- the effects of physiological age of intact raw materials
Opportunities to slow physiological ageing, microbial growth, loss of sensory quality, and
nutritional value will be identified.
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4.

Experimental approach in phases

Year 1
Investigation of effects of cutting and washing/dipping on deterioration (respiration, microbial
growth and sensory aspects). Development of optimum processing procedure. Generation of
data on model products (carrot).
Year 2
The effects of physiological age, cultivar type and storage temperature on deterioration
(respiration rate, microbial growth and sensory aspects) will be examined in an attempt to
optimise raw material selection. Further work on washing/dipping. Extension of work to lettuce.
Years 3,4
Consolidation of work targeted for Years 1 and 2. Determination of effects of minimal
processing and storage on ascorbic acid/dehydroascorbic acid levels.

5. State-of-the-Art
There are major gaps in our understanding of the physiological, microbiological and nutritional
consequences of minimal processing of vegetables. Because these products are highly perishable
and the scope for use of antimicrobial chemicals is very limited, it is essential to understand the
effects of variables within industry's control.
Processing of fresh vegetables causes the destruction of surface cells and the bruising of
underlying tissues. Enzymatic reactions in damaged cells are responsible for off-flavour
development, discolouration and loss of firmness. Respiration rate is increased and ethylene
synthesis can be activated. Differences in rates of deterioration as measured by respiration rate,
microbial growth and sensory scores are related to the extent of tissue damage. Differences in
spoilage rates between cultivars appear to be related to differences in susceptibility to tissue
damage.
Microflora responsible for the spoilage of ready-to-use vegetables include a large number of
fungi, yeast and bacteria species. Among gram negative species Pseudomonads and
Enterobacteriaceae are the most important. Dipping cut vegetables in solutions containing
chlorine (up to lOOppm) may retard microbial growth as may dipping in solutions of citric
acid/ascorbic acid. Little data is available on the fate of native ascorbic acid in stored ready-touse vegetables.
These considerations have led to the research approach proposed. Initially it will involve a
detailed investigation of the effects of cutting and washing/dipping on product deterioration.
Once an optimum process has been defined, the effects of differences due to cultivar and
physiological age will be determined. In order to obtain information on the effects of minimal
processing on nutrients, the levels of ascorbic acid and dehydroascorbic acid will be monitored
during storage.

16 + 17 June 1994

AIR1-CT92-0125 Meeting #4

- 103 -

Department of Chemical & Life Sciences, University of Limerick

C. Overview of work performed from 1-1 -94 to 30-6-94
The first stage of the work involved building and testing a laboratory respirometer. This
was subsequently used in combination with microbial load enumeration and sensory
evaluation, to investigate the effects of process variables on deterioration of modified
atmosphere packaged sliced carrots (Report No3.).The same procedure was then used to
examine the effects of the physiological age of raw material on the deterioration of the
product.
Materials and Methods
Plant Materials:
Locally grown carrots, cultivar Niarobi were used. The carrots were harvested in March
after being stored in the ground for four months. The carrots had been washed by the
producer. Medium sized roots (3-4cm diam) free of defects were used.
Processing Steps, Gas Analysis and Measurement of Respiration as in Report No3.
Microbial Enumeration:
40g product was added to 360ml sterile peptone water and blended (2 min) at high speed in
a Waring Blender. Serial dilutions (1(H to 10"5) were carried out using 1ml of macerated
sample and 9ml aliquots peptone water. The drop and spread technique was used whereby
0.1ml of each dilution was spread in duplicate using a sterile hockey stick. The media used
were
MRS (oxoid)
for lactic acid bacteria
Plate Count Agar (Oxoid)
for T.C.s mesophilles and psychrophilles
Violet Red Bile Agar (Oxoid) for coliforms
Malt Extract Agar (Oxoid)
for yeasts and moulds
Pseudomonads (CFC)Agar
for Pseudomonas sp.
Media were prepared and incubated as directed by the manufacturer. Duplicate and control
samples were prepared for each sample and only counts of 30-300 cfus were considered.
Sensory Evaluation:
A sensory panel was set up (10-12 panellists). Product appearance and aroma were scored
during storage. Scoring was based on a scale 1 to 9 (1= very poor and 9= excellent).

Results and Discussion
The effects of method of peeling and cutting were investigated in relation to respiration rate,
microbial growth and product acceptability using stored Irish carrots.
Earlier work had indicated that hand peeling of carrots per se increased respiration rate over
that of unpeeled carrots by about 15%. Further work, on new season Irish carrots, showed
that both types of abrasion peeling, fine and coarse, almost doubled the respiration rates
recorded in hand-peeled carrots. For stored carrots (Figure 1) the respiration rates recorded
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for coarse abrasion peeled carrots (15|xlC02/g/hr) was almost three -fold those recorded for
hand peeled carrots (5|XlCC>2/g/hr). The respiration rates recorded for fine abrasion peeled
carrots (lOiilCOj/g/hr) were double those recorded for hand peeled carrots„
For the new season carrots only coarse abrasion peeling increased the rate of microbial
growth over that of other treatments. A similar trend in microbial growth could be seen for
stored carrots (Table 1). The hand peeled carrots had a smaller load than coarse and fine
abrasion peeled carrots (little difference between the two types of abrasion peeling). Gas
samples taken from packages at Days 1,3,6,8 and 10 showed little differences between
peeling treatments. By Day 8 oxygen levels had fallen to 1-2% and carbon dioxide was in
the 30-40% range. Sensory evaluation was carried out (Figure 2) in an attempt to relate
these observations to product life and quality. The main factors in deterioration were surface
changes (drying out and suberisation) of the product and development of off-odours.
Overall, the carrots which received the coarse abrasion treatment were least acceptable and
the hand peeled carrots were most acceptable. However, the differences between treatments
were small.
The effects of different slicing blades on respiration of carrot discs a/e presented in
Figure 3. Earlier work on new season carrots had shown that commercial slicing machines
nearly doubled respiration rate over intact peeled carrots (with little difference between new
and old blades), while cutting with a razor blade had the smallest effect (50% increase). In
stored carrots, by contrast, machine cutting using a new blade resulted in the lowest
respiration rates. Respiration rates in razor cut carrots were nearly twice as high, while
values for the old machine blade were 50% higher again.
For the new season carrots total counts indicated a microbial growth trend in line with
severity of the slicing method (old blade> new blade>razor) at the beginning of storage, but
by the end of storage-life there were little differences between products. For the stored
carrots (Table 2) a similar trend in microbial growth could be seen, razor cut carrots having
a lower microbial load than new machine blade cut carrots. The overall microbial load was
102 higher for stored carrots compared with the new season carrots (Report 3). The sensory
data (Figure 4) showed that the aroma of razor-cut carrots was more acceptable than either
of the commercial blade-cut carrots throughout their storage lives. By Day 7, the
appearance of razor cut carrots was better than the other treatments.

Conclusions
The results indicate that respiration rate in carrots was affected by a number of treatments
tested. In the peeling experiments the respiration rate reflected the level of injury inflicted
on the carrots, this was found for both new and stored carrots (coarse abrasion> fine
abrasion> hand peeled). The rates for stored carrots were double those found for new season
carrots, a direct indication of the differences in the rate of deterioration due to physiological
age. For the cutting experiments, it was found that carrots cut with an old machine blade
had highest respiration rates both in new season and stored samples. For carrots cut with a
new machine blade it was found that their respiration rates remained the same for both
physiological ages. This was an unexpected result considering that the respiration rates of
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both razor and old blade cut carrots doubled in comparison to rates recorded for new season
carrots. The reason for this is unclear and may relate to the changing mechanical properties
of the carrot during storage.
In relation to microbial growth, rates were increased by severe treatments (coarse abrasion
peeling) and reduced by very mild treatments (slicing with a razor blade). This trend was
found, irrespective of physiological age. The sensory data for the stored carrots, reflected
microbial load - the more severe the treatment, the poorer the product acceptability.
These observations were made on a single cultivar grown locally, Nairobi, stored at 8°C.
Two physiological ages were examined - new season carrots which were used within 1-2
weeks of harvest and old season carrots which were stored for four months in the ground
before use. A temperature of 8°C was chosen rather than 3°C in order to amplify any
effects and because it is not unusual for parts of retail chill cabinets to operate in this
temperature range. The main findings will be investigated further using other cultivars at
both 3°C and 8°C.
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Table 1: Effects of methods of peeling on microbial counts (cfu/g) in modified atmosphere
packaged sliced carrotsfharvested March!* stored at 8°C

Coliforms

DAY 1

DAY 3

DAY 6

DAY 8

Hand peeled
Abrasion peeled (fine)
Abrasion peeled
(coarse)

3.7 x 106
2.7 x 107
9.1 x 106

1.9 x 108
9.3 x lO7
3.2 x 108

1.4 x 109
5.8 x 108
7.4 x 108

5x 108
1.3 x 109
1.9 x 109

2.1 x 106
4.3 x 106
5.7 x 108

4.6 x 107
1.5 x 108
1.8 x 108

1.2 x 109
9x 108
2.2 x 109

9.2 x 109
1.8 x 1010
7.4 x 109

4.7 x 1010
1.1 x 1010
11.4 x 1010

2.5 x 106
1.1 x 106
1.3 x 106

6.3 x 107
7.4 x 107
9.6 x 107

1.2 x 109
6 x 108
1.0 x 109

5.5 x 109
7.5 x 109
3.3 x 109

8x 109
4.4 x 1010
9.5 x 109

2.5 x 105
5.8 x 105
6.3 x 105

3.1 x 107
2.5 x 107
1.6 x 107

1.6 x 108
6x 107
1.1 x 108

2.8 x 108
9.8 x 108
8.2 x 108

1.5 x 109
4.3 x 109
2.0 x 109

1 x 106
1.1 x 106
2.9 x 105

2.9 x 107
6.2 x 107
4.9 x 107

5.5 x 108
2.7 x 108
5.5 x 108

4.1 x 109
2.1 x 109
3.2 x 109

5.4 x 109
4.3 x 109
5.0 x 109

3.3 x 106
3.4 x 106
4.2 x 106

6.3 x 107
1.7 x 108
2.0 x 108

1.6 xlO9
7.6 x 108
1.2 x 109

5.6 x 109
3.4 x 109
4.8 x 109

6.6 x 109
1.2 x 1010
3.8 x 1010

DAY 10

Total Aerobic Count
Hand peeled
Abrasion peeled (fine)
Abrasion peeled
(coarse)

Phsycotrophs
Hand peeled
Abrasion peeled (fine)
Abrasion peeled
(coarse)

Pseudomonads
Hand peeled
Abrasion peeled (fine)
Abrasion peeled
(coarse)

Lactic Acid Bacteria
Hand peeled
Abrasion peeled (fine)
Abrasion peeled
(coarse)

Yeasts and Moulds
Hand peeled
Abrasion peeled (fine)
Abrasion peeled
(coarse)

•before harvesting for processing carrots stored 4 months in ground
data are means for two determinations
media used described under "microbial enumeration"
slices were packaged in 35um OPP film.
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Figure 1: Effects of peeling method on respiration rate of sliced carrots held in air at 8°C.
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DAY 2

DAY 4

DAY 7

DAY 9

DAY 11

TIME (DAYS)

DAY 2

DAY 4

DAY 7

DAY 9

DAY 11

TIME (DAYS)

Figure 2: Effects of peeling method on acceptability score in modified atmosphere packaged
8°C.
data are mean values for two determinations
1 = very poor and 9 = excellent.
sliced caiTots stored at
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Table 2: Effects of methods of slicing on microbial counts (cfu/g) in modified atmosphere
packaged sliced carrotsfharvested March!* stored at 8°C

Coliforms

DAY 1

DAY 3

DAY 6

DAY 8

DAY 10

Hand sliced (razor)
New machine blade
Old machine blade

3.8 x 105
1.6 x 106
4.3 x 106

4.2 x 107
1.2 x 108
2.3 x 108

2.7 x 108
7.5 x 109
1.1 x 109

1.3 x 109
8.2 x 108
1.3 x 109

6.9 x 109
1.1 x 109
1.4 x 1010

7.8 x 105
4.5 x 106
1.8 x 106

4.9 x 107
3.0 x 107
8.3 x 107

2.6 x 108
4.5 x 108
7.9 x 108

lx 109
2.9 x 109
1.2 x 109

1.4 x 109
4.1 x 109
4.8 x 109

4.6 x 105
7.2 x 105
4.6 x 105

2.1 x 107
5.6 x 108
1.6 x 108

2.4 x 109
5.9 x 108
1.5 x 109

1.1 x 109
2x 109
3.9 x 109

2x 109
8x 109
6.2 x 109

9.7 x 105
1.1 x 106
9.7 x 105

4.3 x 107
2.4 x 107
9.5 x 107

6x 107
1.3 x 108
1.3 x 108

2.2 x 108
4x 108
2.5 x 108

2x 108
5x 108
1 x 109

2x 105
2.2 x 105
5.4 x 105

1.3 x 107
3.4 x 107
3.1 x 107

1.3 x 108
1.7 x 108
2.8 x 108

2.9 x 108
5.8 x 108
3.7 x 108

1 x 109
4.9 x 109
3.1 x 109

4.2 x 105
2.0 x 106
1.5 x 106

4.0 x 107
3.8 x 107
3.6 x 107

3.5 x 108
3.7 x 108
5.3 x 108

3.6 x 108
1.2 x 109
1.3 x 109

2.5 x 109
9.8 x 109
5.3 x 109

Total Aerobic Count
Hand sliced (razor)
New machine blade
Old machine blade

Phsycotrophs
Hand sliced (razor)
New machine blade
Old machine blade

Pseudomonads
Hand sliced (razor)
New machine blade
Old machine blade

Lactic Acid Bacteria
Hand sliced (razor)
New machine blade
Old machine blade

Yeasts and Moulds
Hand sliced (razor)
New machine blade
Old machine blade

•before harvesting for processing carrots stored 4 months in ground
data are means for two determinations
media used described under "microbial enumeration"
slices were packaged in 35um OPP film.
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Figure 3: Effects of slicing method on respiration rate of sliced carrots held in air at 8°C.
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Figure 4: Effects of slicing blade type on acceptability score in modified atmosphere packaged
sliced carrots stored at 8°C.
data are mean values for two determinations
1 = very poor and 9 = excellent.
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D.

1. Description of work plannedfor the subsequent part of the project
1-7-94 to 31-12-94
Further development of work on carrots; effects of anti microbial dips and cultivar type.
Effects of processing variables on deterioration of lettuce.

Years 3,4
Cultivar effects in carrots and lettuce.
Further optimisation of raw material selection and process variables in product
acceptability and storage life.
Changes in ascorbic acid levels during processing and storage.

Dissemination
O'Beirne, D. 1994. Living foods crack the ageing process. Elements: 33-34.
O'Beirne, D. 1994. Optimisation of quality in ready-to-use vegetables packaged under modified
atmospheres. EU VALUE Seminar Caceres Spain, May 5th and 6th.
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Participant 9:

A.

1.

Nature's Best Ltd.
Carnes West
Duleek, Co. Meath
Ireland

(Sub-) Project title

Improvement of the safety and quality of refrigerated ready-to-eat foods using novel mild
preservation techniques.
2.

Project co-ordinator
Mr. Paddy Callaghan

3.

Project participants and 4. Resources
Mr. Tom Hopkins
Mr. T. Power
Mrs. B. Brannigan

B)

1.

5 man-months
2 man-months
2 man-months

Description of the research topic or practical problem
Providing production level microbiological analyses data of ready-to-eat food products
subjected to mild preservation techniques. The main preservation technique employed by
Nature's Best is chilled storage and distribution and therefore chill chain maintenance
throughout the product life-cycle i.e. from raw material intake to the consumer.
The Nature's Best micro lab will continue to carry out shelf-life tests on their ready-to-eat
products and for the period of June 1994 - Dec 1994 will do some comparative work on
various packaging films.
By mid-June 1994, the new factory cleaning regimes will be in place. This involves
custom made chemicals and in-depot cleaning schedules which will allow for consistent
and thorough cleaning of all plant and factory environment. These new cleaning regimes
will be expected to reduce microbiological loads, which will be monitored using a
HACCP plan.
Nature's Best to provide further micro results on a variety of ready-to-eat products
subject to mild preservation techniques and to compare results to sensory assessment of
the same products.

2.

Goal of the research
To build up a database of information and deduce optimum shelf-life of products using
P-plus film formed on a form filling ilapak machine.
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3.

Short description of approach
Samples of four products
a) beansprouts
b) shred carrot
c) dry coleslaw mix
d) salad bowl
Sensory analysis was carried out on all products which had been placed at temperatures
of 1 degree Celsius, 4 deg. C, 8 deg. C, 18 deg. C. - See Table A
In conjunction with this, microbiological analysis was carried out on products at 1 degree
Celsius and 4 deg C. - See Table B
There were two products tested on P-plus packaging. The two P-plus products were dry
coleslaw and salad bowl.
Shred carrot and beansprouts were packaged in LMM film

1.

Overview of work carried out between 1/1/93 and 30/6/93
In the period from 1/1/93 to 30/6/93, Nature's Best have produced a variety of production
level microbiological analyses of products within our portfolio. These have included
products packaged in oriented polypropylene via an Ishida Multihead weigher and
Ilapak form filling packaging machine and product in trays stretch wrapped with
polyethylene via a Digi AW2600 stretch wrapper. In the formulation of a meaningful
HACCP plan for our beansprout production system, it was necessary to sample product
prior to washing, post washing and in production.
Beansprouts are in Nature's Best in a lOOppm chlorine solution which is monitored
half-hourly and corrected if necessary during the washing process. Swabs are also taken
to quantify the efficacy of the cleaning regime as process hygiene is the most crucial
aspect of the product lifecycle.
The type of analysis performed includes TVC, enumeration of coliforms, E. coli,
S. aureus.

AIR1-CT92-0125 Meeting #4

16 + 17 June 1994

- 115 -

Nature's Best Ltd

TABLE A:
SENSORY ANALYSIS

Rating System:

0 = Very Poor

10 = Excellent
Beansprouts 1 deg C/4 deg C

Day

Aspect in
Packaging

Odour

Colour

Taste

Texture

General
Impression

1

10

9

9

9

10

9

4

9

9

9

9

10

9

6

8

8

9

8

10

8

8

6

6

7

7

8

7

Beansprouts stored 8 des C
Day

Aspect in
Packaging

Odour

Colour

Taste

Texture

General
Impression

1

10

9

9

9

9

9

4

6

4

6

-

5

5

6

4

1

4

-

3

3

8

3

0

3

-

0

1

Beansprouts stored 18 deg C
Day

Aspect in
Packaging

Odour

Colour

Taste

Texture

General
Impression

1

7

5

7

-

6

5

4

0

0

1

-

2

1

6

-

-

-

-

-

-

8

-

-

-

-

-

-

Note: Results for other products were very similar to the above, therefore they have not been included
separately.
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TABLE B:

Beansprouts
Total Viable Count

Coliforms

E. coli

S. aureus

ldeg C

4 deg C

1 deg C

4 deg C

1 deg C

4 deg C

1 deg C

4 deg C

p+1

8x10'

7x10'

4x 10'

6x 10'

1 x 10'

1 x 101

2x10'

3x 101

P+4

4x 106

4.5 x 10*

1 x 106

2x 106

1.5 x 10'

2.5 x 10'

2x 10'

1 x 102

P+6

lx 107

2.5 x 107

6 x 10"

5 x 106

3 x 101

2x 10'

2x 101

2x 102

Salad Bowl
Total Viable Count

Coliforms

S. aureus

E. coli

1 deg C

4 deg C

1 deg C

4 deg C

1 deg C

4 deg C

1 deg C

4 deg C

P+ 1

5x10'

4x10'

lxlO2

1.5 x 102

-ve

-ve

1 x 10'

-ve

P+4

6x 10'

8x 10'

6x 103

4x 104

-ve

-ve

-ve

-ve

P+6

3 x 106

2.5 x 10'

7x 103

1 xlO5

-ve

-ve

-ve

-ve

Dry Coleslaw
Total Viable Count

S. aureus

E. coli

Coliforms

1 deg C

4 deg C

1 deg C

4 deg C

1 deg C

4 deg C

1 deg C

4 deg C

P+ 1

1x10'

8x 104

5x 103

5.5 x 103

-ve

-ve

-ve

lxlO1

P+4

4x 10'

3.5 x 10'

8x 102

6x 103

-ve

-ve

2x 10'

6x 10'

P+6

4x 107

8x 106

6x 10'

7x 104

-ve

-ve

3 x 10'

4x 10'

Shied Carrot
Total Viable Count

S. aureus

E. coli

Coliforms

1 deg C

4 deg C

1 deg C

4 deg C

1 deg C

4 deg C

1 deg C

4 deg C

P+ 1

2x 104

2x 104

4.5 x 103

4x 103

-ve

-ve

-ve

1 x 101

P+4

7x 104

1 x 10'

5 x 103

5 x 104

-ve

-ve

1 x 10'

1 x 10'

P+6

8x 106

6 x 106

1 x 104

2x 10'

-ve

-ve

-ve

1 x 101
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Tentative schedule of meetings

Proposed schedule of meetings
During the course of the four year project, the group will meet twice a year for approximately IV2
day. The following table gives tentative dates and locations of these meetings.

Provisional date

Host

Location

*

7/8 - 1 - 1993

ATO.DLO

Wageningen, the Netherlands

*

17/18 - 6 - 1993

AFRC.IFRN

Norwich, U.K.

*

16/17 - 12- 1993

INRA.AV

Montfavet, France

16/17 - 6 - 1994

ULMK.DCLS

Limerick, Ireland

15/16 - 12 - 1994

WAU.DFS

Wageningen, the Netherlands

15/16 - 6 - 1995

NARF

Athens, Greece

14/15 - 12 - 1995

CIRAD.SAR

Montpellier, France

6-1996

FRUID or NBEST

Cavaillon (FR), Duleek (IR), ?

12-1996

ATO.DLO

Wageningen, the Netherlands
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Addresses & communication facilities

Acronym of institute / contactperson / address / communication facilities
FRUID
Mdm S. Le Hesran
Les Crudettes
Fruidor S.A.
Avenue Che. Delaye
F-84300 Cavaillon
France
Tel: +33 90 783029
Fax: +33 90 713615

AFRC.IFRN

Dr. Mike Peck
AFRC-Institute of Food Research
Norwich Laboratory
Norwich Research Park
Colney
Norwich, Norfolk NR4 7UA
U.K.
Tel: +44 603 255000
Fax: +44 603 507723
E-mail "PECKM@FRIN.AFRC.AC.UK"

NARF
Dr. G.J.E. Nychas
Inst. Techn. Agricult Products
National Agricult. Res. Foundation
Sof. Venizelou 1
Lycovrisi 14123
Athens - Greece
Tel: +30 1 2845940-1-2
Fax: +30 1 2840740

ATO.DLO
Dr. L.G.M. Gorris
Agrotechnological Research Institute
Bornsesteeg 59
P.O. Box 17
NL-6700 AA Wageningen
The Netherlands
Tel: +31-8370-75000/-75108
Fax: +31-8370-12260
E-mail "L.G.M.GORRIS@ATO.AGRO.NL"

NBEST
Mr P. Callaghan
Nature's Best Ltd.
Carnes West
Duleek, Co Meath
Ireland
Tel: +353 41 23546/23580
Fax: +353 41 23574

CIRAD.SAR
Prof .Dr. S. Guilbert
Ctr Coopération Intn. Rech. Agronomique Develop.
Dpt. Systèmes Agro-Alimentaires et Ruraux
73 Rue J.F. Breton
Domaine de Lavalette
F-34000 Montpellier
France
Tel: +33 67 615700/615759
Fax: +33 67 611223

ULMK.DCLS
Prof.Dr. David O'Beirne
Dept. Chemistry & Life Sciences
University of Limerick
Plassey Technology Park
Limerick - Ireland
Tel: +353 61 333644
Fax: +353 61 330316/331490
E-mail "OBEIRNED@UL.IE"

INRA.AV
Dr. C. Nguyen-The
Lab. Technol. Biochemie Appliquée
Stat. Technol. Produits Végétaux
Inst. National Rech. Agronomique
Domaine Saint-Paul
BP 91
F-84143 Montfavet Cedex
France
Tel: +33 90 316000/316160
Fax: +33 90 316258

WAU.DFS
Prof.Dr.ir. F.M. Rombouts/Dr. T. Abee
Levensmiddelenchemie & -microbiologie
Gebouw Biotechnion LUW
Bomenweg 2
Postbus 8129
6700 EV WAGENINGEN
Tel: +31 8370 82233
Fax: +31 8370 848932
E-mail "Tjakko.Abee @LMC.LMT.WAU.NL"
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