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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 (lowtemperature) 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, a,,, 02, C02, etc.), their interactions with non
pathogenic microorganisms present 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 nonproteolytic C. botulinum, a low temperature pathogen.
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Organigram

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:

CONTRACTORS

ASSOCIATED CONTRACTORS

WAU.DFS

CIRAD.SAR

NARF

FRUID

NBEST

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).
IFRN:
Institute of Food Research (IFRN), Norwich, United Kingdom (participant 6).
ULMK.DCLS: 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)
Bornsesteeg 59, 6708 PD
P.O. Box 17, 6700 AA
NL-6700 AA Wageningen
The Netherlands

A. 1. (Sub-)Project title:
(a) Microbial quality and safety of mildly preserved, fresh or freshly processed vegetables
(biopreservation, gas-microbe interaction)
(b) Systematic investigation of the quality of fresh or freshly processed vegetables under modified
atmospheres (gas-product interaction, packaging systems)
(c) Sensory analysis of mildly preserved, vegetable products (year 4)
(d) Compilation of an integrated computer model (year 4)
2. Project coordinator:
Dr. Leon G.M. Gorris
3. Project participants and 4. Resources:
Ir. Maijon H.J. Bennik
seconded researchers
Dr. Leon G.M. Gorris
Ir. Herman W. Peppelenbos

SUB-PROJECT (A):

12 months/year
16
"
5
3
"

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 micro flora 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 2-3% and 5%
respectively. 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. 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. Overview of the work performed from 1-7-1996 to 31-12-1996

1) MODELING AND PREDICTING OF THE BACTERIAL GROWTH
The influence of storage conditions (gas atmospheres and temperatures) and handling procedures on
the growth of spoilage bacteria and psychrotrophic pathogens on raw vegetables has been monitored by
different participants throughout the project. These data have now been analyzed with the inhouse
modeling program of the IFR Reading Laboratory, UK, called Dmodel (kindly provided by Jószef
Baranyi), to give the maximum specific growth rates (|im), lag times, and the maximum population
densities (for detailed description see progress report meeting 8).

Modeling of L. monocytogenes growth data on raw product
1A)

The influence of storage gas atmosphere on the growth of L. monocytogenes on raw
chicory endive and mung bean sprouts (data ATO-DLO, The Netherlands)

Figure 1 shows the |im for growth of L. monocytogenes on chicory endive and mung bean sprouts
under 0, 1.5, 5, or 21 % 02, combined with 0, 5, or 20% C02. Figure 2 shows some of the raw data
used as a basis for the calculations.

• 0% C02
• 5% C02

( ! 20% C02

1.5

20

1.5

20

%02

Figure 1 Maximum specific growth rates (pm) of Listeria monocytogenes on raw chicory endive (raw) and raw
mung bean sprouts under different gas phase conditions, at 8°C. Growth data were fitted using the Dmodel.
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Growth on surface of L. monocytogenes at 8°C
under different gas conditions

Figure 2. Overview of the relationship
between the concentrations of oxygen
and carbon dioxide on the growth of
Listeria monocytogenes on a model agar
surface (left upper panel), on chicory
endive (left bottem panel) and mungo
bean sprouts (right bottom panel).
Abbreviations used: TAC, total aerobic
count; ENT, enterobacterial PS,
peudomonads; LAB, lactic acid bacteria.

Fitting with Modified Gompertz equation
and Dmodel (Baranyi)
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Growth was monitored during 14 days, at 8°C. The product quality remained best under 1.5% or 5%
02, in combination with 5 or 20% C02. For the different storage conditions, no lag times were
observed for L. monocytogenes grown on chicory endive. By contrast, lag phases up to 6 days were
observed on mung bean sprouts, with the exception of 0% 02 in combination with 0 or 5% C02 (data
not shown). This product contains an approximately 1000-fold higher initial total microbial load.
Maximum specific growth rates on chicory endive were highest under anaerobic conditions and the
highest C02 concentration tested (20%). On mung bean sprouts, these rates were highest in absence of
C02.
• These results indicate that maximum specific growth rates of L. monocytogenes are not directly
depending on the gas phase applied, but that the population dynamics of other bacteria on the product
may play an equally determinant role. Nevertheless, it should be stressed that under specific conditions,
the pathogen does get an oppertunity to proliferate at a high specific growth rate. Whether or not this
leads to hazardous situations, cannot be predicted from the current data because these conditions are so
variable and undefined.

IB)

The influence of storage temperature on the growth of L. monocytogenes on raw chicory
endive (data INRA, France)

Figure 3 shows the [xm for growth of L. monocytogenes on chicory endive at 3, 6, 10 and 20°C.
Growth on the raw product was determined in 2 different experiments, and in addition on raw chicory
endive in a mixed salad, containing sweet corn. There is an obvious relationship between the
temperature and the maximum specific growth rate, with the jamax increasing with temperature.
Although considerable variation was observed between the 2 experiments using the raw chicory
endive, a tendency towards higher (imax values was observed on the mixed salad at 5 and 10°C,
confirming previous observations of participant 3 (INRA.AV) that the hazard for growth of Listeria
monocytogenes is higher with mixed (cooked) and fresh ingredients. These differences were small at
3°C, where the p.m of L. monocytogenes with high nutrient availability was also low.
• Sufficient low temperatures throughout storage will be most effective against outgrowth.
0.16
0.14
0.12
>"V
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Î
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3
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temp (°C)
Figure 3. Maximum specific growth rates of Listeria monocytogenes on raw chicory endive (raw) and raw
chicory endive in a mixed salad, containing sweet corn (mix), at different temperatures. Growth data were fitted
using the Dmodel.
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Table 1. Maximum specific growth rates (pm) and maximum population densities (MPD in Log CFU/g)
generated bt the Dmodel for growth data of lactic acid bacteria (LAB) and the total bacterial Aerobic Count
(TAC) on carrot disks, stored under modified atmospheres at 8°C (packaging conditions: see previous reports).
Variations in peeling and slicing were applied on old and new season carrots. In addition, bacterial growth was
monitored for washing with or without chlorine, and for 2 different cultivars.

Treatment

Product

TAC
pmax (h-1)st err (ym)

Carrot discs
new season

cutting
peeling
washing
cutting

old season

peeling

Physiological aged
Variety

1C)

blunt
sharp
razor
course
fine
hand
without chlorine
with chlorine
blunt
sharp
razor
course
fine
hand

stored
unstored

narbonrie
nairobi

0.016
0.018
0.007
0.017
0.018
0.017
0.012
0.013
0.020
0.019
0.021
0.014
0.022
0.019
0.019
0.019
0.013
0.025

0.002
0.002
0.001
0.002
0.004
0.003
0.002
0.001
0.006
0.003
0.005
0.003
0.004
0.002
0.003
0.003
0.001
0.006

LAB
MPD
8.65
8.45
7.53
8.53
7.99
7.61
7.75
7.98
9.76
9.62
9.3
10.41
10.4
10.36
8.65
8.45
7.95
7.85

pmax (h-l)sterr(pm)
0.019
0.025
0.026
0.016
0.016
0.017
0.023
0.019
0.016
0.017
0.023
0.025
0.020
0.020
0.023
0.023

MPD

0.001
0.002
0.003
0.003
0.002
0.002
0.006
0.003
0.003
0.003
0.006
0.006
0.006
0.003
0.007
0.003

8.73
8.31
7.4
8.43
8.07
7.43
7
6.9
9.61
9.58
9.05
9.6
9.64
9.7
9.58
8.31

The influence of product handling on the growth of lactic acid bacteria and the total
bacterial population (data University of Limerick, Ireland)

The influence of product handling on the storage quality was determined for carrots (see previous
reports). Growth data of lactic acid bacteria and the total bacterial population were determined on
carrot disks, stored under modified atmospheres at 8°C. Final 02 concentrations in the packs were close
fo 0%, whereas C02 concentrations varied from 30 to 50%. Variations in peeling and slicing were
applied on old and new season carrots. In addition, bacterial growth was monitored for washing with or
without chlorine, and for 2 different cultivars. In all cases, lag phases were absent. The maximum
specific growth rates (^m) and the Maximum Population Densities (MPD) generated by curve fitting
with the Dmodel (see report of meeting 8) are presented in Table 1.
For new season carrots, the |im of the Total Aerobic Counts (TAC) were comparable for the different
cutting and peeling procedures, except for cutting with a razor blade (more than 50% decrease).
Washing also reduced the |im of the TAC, but no difference was found between the chlorine and the
non chlorine treatment. Both the initial population density (data not shown) and the MPD of the TAC
of old season produce was 10 to 100 fold higher than the new season produce. For new and old season
carrots, the |im of the lactic acid bacteria (LAB) were in the range of 0.016 to 0.26 h"1. Again, the
initial population density (data not shown) and the MPD of the LAB of old season produce was 10 to
100 fold higher than the new season produce.
• In general, the maximum population levels of the total bacterial population and LAB on the handled
carrots depended on the initial population levels , whereas the |im did not correlate with those initial
levels.
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2) APPLICATION OF BACTERIOCINS AS BIOPRESERVATIVES
The natural microflora of LABs is believed to be a natural antimicrobial system in potential. LABs may
exert an antimicrobial effect, due to the production of lactic and acetic acid and possibly bacteriocins.
Bacteriocin producing LABs with activity against pathogens such as L. monocytogenes and C.
botulinum were isolated from fresh chicory endive. The most potent bacteriocin producing LABs were
Enterococcus mundtii and two strains of Pediococcus parvulus.
The bacteriocin produced by P. parvulus was identified and was identical to pediocin PA1, produced
by P. acidilactici (Marugg et al. 1992, Motlach et al. 1994, Daba et al. 1994). These strains were not
capable of producing bacteriocins at a low temperatures. However, E. mundtii produces a bacteriocin
active against L. monocytogenes and C. botulinum, that can be produced at low temperatures. This
would make E. mundtii a suitable strain for application in refrigerated fresh vegetables as an additional
safety factor against the outgrowth of gram positive pathogens. The purification and identification of
this bacteriocin has been described in a previous progress report (8th meeting). Suppression of the
pathogen L. monocytogenes by application of the producing organism on raw, modified atmosphere
stored vegetables was not successful.
Therefore, our efforts during the last half year of the project were aimed at the application of partially
purified bacteriocin on the product. Two ways of application were used: first by dipping contaminated
product in a solution containing bacteriocins, and secondly by the use of a bacteriocin containing
coating.

Suppression of L. monocytogenes by bacteriocin producing strains on a model vegetable medium
Bacteriocin producing (bact+) and non-producing (bact") strains of Enterococcus mundtii were selected
for this study. E. mundtii, which was isolated from fresh vegetables, produces a class II bacteriocin. All
strains were able to grow under refrigerated MAP conditions, whereby bacteriocin production was
detected for the bact+ strains.

time (d)

Figure 3. Growth of L. monocytogenes
(inoculum ~103 CFU.cm2) on vegetable agar
medium as a pure culture (A), or cocultured
with bact+(n, •) and bact' (O, •) strains of
E. mundtii, using inocula of 104 (broken
lines) or 106 (lines) CFU.cm2 (incubation
under 2% 02, 15% C02, at 8°C).
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L. monocytogenes was inoculated on the surface of sterile vegetable medium agar plates together with
washed cells of LAB. Plates were incubated under a constant flow of 2% 02 and 15% C02, at 8°C.
Growth of L. monocytogenes was reduced in the presence of the bact+ strain, as compared with the
bact" strain. The use of a high inoculum was most effective: outgrowth of the pathogen was prevented
for least 5 days, whereas growth of the control was occurring without a lag phase (Fig. 3). Since E.
mundtii only caused limited acidification of the medium (final pH 6.3), this strain was put forward to
the test on fresh vegetables.

Suppression of L. monocytogenes by bacteriocin producing strains on fresh vegetables
Fresh mung bean sprouts were inoculated with L. monocytogenes and washed cells of bact+ E. mundtii.
During MA storage (conditions see above), the growth of L. monocytogenes was not suppressed in the
presence of bact+ E. mundtii, as compared with the control (Fig 4A). This was has previously been
observed in other experiments (see progress reports of meeting 7 and 8).

A. Product inoculated with Listeria and

10

bact+E mundtii

B. Product treated with bacteriocin of Emundtii,
inoculated with Listeria

Listeria dot
LAB square
• No LAB inoc.
• High inoc.bact+
Low inoc.bact+

6

time (d)

12

Listeria dot
LAB square
• No bacteriocin
• Bacteriocin dip
• Bacteriocin in coating
18

6

time (d)

12

18

Figure 4. Growth of total LAB (open symbols) and L monocytogenes (closed symbols) on mung bean sprouts,
incubated under 2% 02, 15% C02 at 8°C. (A) Product inoculated with L. monocytogenes (~103 CFU.g"1) and
bact+ E. mundtii (inocula of 105 (=low) and 107 (=high) CFU.g-1) and (B) Product treated with purified
bacteriocin of E. mundtii (dipped in bacteriocin solution or coated), inoculated with L. monocytogenes (~104
CFU.g1).
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Suppression of L. monocytogenes by bacteriocins in washing solution or coating of fresh
vegetables
The growth of L. monocytogenes was monitored after treatment of the product with partially purified
bacteriocin of E. mundtii (200 Bacteriocin Units.g1). Fresh mung bean sprouts were dipped in
bacteriocin solution, or coated with an alginate film containing the bacteriocin. Both treatments
resulted in an initial decline of L. monocytogenes of 2 log units, but during storage, growth rates were
comparable for treated and non-treated products (Fig. 4B).
The coating of mung bean sprouts was performed in by a student (C. Legoff) from the participant 4
(Dr. Guilbert; CIRAD-SAR). Initially, 3 types of coatings were applied and tested: gluten, pectin and
alginate coating. For the final experiments, the alginate film was applied in the following way. Fresh
mung bean sprouts were dipped in a 10% solution of Saltiagine SG 300, and subsequently in a 3%
(w/v) CaCl2 solution at room temperaure. Both solutions contained bacteriocin (200 BU/ml). The
sprouts were dried on a grid at 4°C for 30-40 min, and then stored under the appropriate condition.

Discussion and conclusions for biopreservation studies
• Selected bacteriocinogenic LAB are able to suppress the growth of L. monocytogenes in a model
vegetable MAP system at low temperature.
• While suppression of L. monocytogenes was successful in the vegetable medium, the outgrowth of
the pathogen was not suppressed by bact+ LAB or partially purified bacteriocins in situ. This might
be due to the presence of a high background flora (total counts increased from -5.106 to 5.108
CFU.g"1 during storage), containing proteolytic bacteria.
• Direct application of bacteriocin could contribute to the safety of ready-to-use vegetables with a
shelflife of approximately 7 days, as the result of an initial decline in viable counts of L.
monocytogenes.

D. Highlights during the second half of 1996

Modeling growth rates of pathogens and spoilage micro-organisms
Microbial growth data collected during the course of the project by ATO.DLO [1], INRA.AV [3] and
ULMK.DCLS [7]. Curve fitting of bacterial growth data, using appropriate mathematical models
(modified Gompertz or polynomial equations) contained within the Dmodel software developed at
IFR-Reading, was undertaken to objectively assess the impact of conditions and treatments (handling)
on population dynamics.
Calculations performed with data on the growth of the cold-tolerant pathogen L. monocytogenes on
raw vegetable products stored under MAP conditions at 8°C (data provided by [1]), revealed that the
speed of growth of the pathogen is probably dependend on both the gas phase composition and the
status of the epiphytic microflora. Conditions can occur where the maximum specific growth rate of the
pathogen was higher that expected considering the growth-retaring effect of the MAP system in
general.
Data on the influence of storage temperature on the growth of L. monocytogeneson raw chicory endive
(data from [3]) revealed that there is a direct relationship between temperature and maximum specific
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growth rate of the pathogen. The observation at INRA.AV that the hazard for growth of L.
monocytogenes is higher when fresh and cooked vegetables are mixed was substantiated. It is advised
to maintain sufficient low temperatures (<4°C) throughout storage to avoid outgrowth of the pathogen
effectively.
During the course of the project, ULMK.DCLS [7] collected data on the influence of handling of
carrots on the dynamics of the total (aerobic) microflora (TAC) and of the lactic acid bacteria (LAB,
the specific spoilage microflora under refrigerated MAP conditions). Processing these data with
Dmodel established that, for new season carrots, the maximum specific growth rates (|imax) of the
TAC were lowest when cutting and peeling operations used a razor blade (more than 50% decrease).
The umax of the TAC was equally reduced for chlorine and water washing. In general, the maximum
population levels of the TAC and LAB depended on the initial population levels (higher in old than
new season carrots), while (imax values did not correlate with these levels.

Developing biopreservation for additional safety under MAP conditions
In previous parts of the project, a number of bacteriocin-producing lactic acid bacteria (LAB+) were
isolated from fresh and MAP packed vegetables. The most potent bacteriocin producing were a strain
of Enterococcus mundtii and two strains of Pediococcus parvulus. In the reporting period, the
bacteriocin produced by P. parvulus was identified and found to be identical to pediocin PA1,
produced by P. acidilactici. Whereas the P. parvulus strains produce the bacteriocin (in vitro) at
temperatures over 15°C., E. mundtii produces a bacteriocin active against L. monocytogenes and C.
botulinum at really low temperatures (down to 4°C) and causes limited acidification. The bacteriocin
produced by Enterococcus mundtii was purified to homogeneity and the amino acid sequence was
determined. The bacteriocin is unique, and has highest homology to bacteriocins produced by
Carnobacterium piscicola and Lactobacillus sake.
Previous tests to use E. mundtii on fresh vegetables failed, thus during the last half year of the project
the application of mundticine was undertaken for fresh vegetables stored for 7 days at 8°C. Two ways
of application were used: first by dipping contaminated product in a solution containing bacteriocins,
and secondly by the use of a mundticin containing alginate coating.
Application of partially purified mundticin (200 Bacteriocin Units/g) by either procedure caused an
immediate 2-log reduction in the size of the population of L. monocytogenes although the growth rate
was not affected during the 7 days shelf-life. Thus, this proceedure may increase safe shelf-life as
intended.
The coating used was not able to control the proliferation of the pathogen as effectively as the dipping.
Most probably, the release of mundticin from the coating is too slow. In all cases, a certain
concentration of the bacteriocin should be present in a free, mobile form on the product surface to be
inhibitory.
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F. Overview of the whole project

F.l. Tasks and objectives
ATO-DLO was involved in part of the work in the following tasks:
[1,2,3,5,6,8]
Gas/microbe interactions
Task 3.
[1,2,3,5]
Biopreservation
Task 4.
[1,7]
Gas/product interactions
Task 5.
Product/film compatibility (MAP) [1,3,7]
Task 6.
[1,2,4]
Active edible coatings (MAC)
Task 8.
[1,3,4,5,7]
Task 10. Quality evaluation
[1,2,5,6]
Task 11. Modelling
(Numbers in brackets are participant i.d. numbers)

The objectives of the various tasks where to, in collaboration with the other appropriate partners to:
Task 3.
investigate the effect of the composition of the gas atmosphere (mixtures of 02, C02 and
N2, and under MAP and moderate VP conditions) on the growth of relevant spoilage
organisms (epiphytes) occurring in vegetable foods
Task 4.
study the expression of natural antimicrobial systems using modified atmosphere
conditions which for instance select for lactic acid bacteria. Investigate suppression of
epiphytes organisms and certain pathogens.
Task 5.
assess optimal (equilibrium) gas-mixtures for the extension of the shelf life of selected
vegetable products using the computerised, flow-through gas incubator system study large
numbers of gas atmosphere compositions on a single batch of products concomitantly
Task 6.
to identify suitable combinations of initial gas-mixture and packaging films (or coatings)
which provide favourable equilibrium gas-mixtures in situ (results from Task 5).
Task 8.
to evaluate the use of edible coatings in which functional components (antimicrobials) are
integrated ("active coatings") on fresh produce
Task 10. perform organoleptic and sensory evaluations of product quality regarding the improved or
newly developed (whatever is appropriate) mild preservation treatments
Task 11. Integrate data on quality, safety and preservation techniques from various tasks into a
predictive model (to the extend possible).
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F.2. Approach
There were two major lines of investigation:
1) Fundamental studies
Studies were conducted on 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) as well as on the physiology of fresh and minimally processed produce, in order to
assess the effect of the gasses on the cell/molecular level. Oxygen and carbon dioxide interactions
with produce were evaluated with the aim to establish adequate mathematical models of product
physiology (respiration)
- Investigations were undertaken into the identity, structure and mode of action of bacteriocins (and
other natural antimicrobial compounds producted by LABs) or LABs towards relevant pathogenic
micro-organisms(L. monocytogenes, CI. botulinum). Attention was given to the gas atmosphere
conditions that specifically promote the growth of lactic acid bacteria (LABs).
2) Applied studies
- Studies were performed on the impact of gas atmosphere conditions on the dynamics of the
poulations of non-pathogenic micro-organisms or pathogenic micro-organisms, using an in vitro
model system (a petri-dish system) and in situ systems (produce in MAP systems). Investigations
of the interactions between non-pathogens and pathogens were conducted in these systems as well.
Data were fed to mathematical models of bacterial growth and interaction.
- The impact of gas conditions on respiration rate of produce stored at constant temperature were
evaluated in order to identify favourable equilibrium gas compositions.
- 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.
The studies were conducted on two model products: chicory endive and mungo bean sprouts

F.3. Discussion of results in view of deliverables and milestones

TASK 3. GAS/MICROBE INTERACTIONS

The effect of the gas atmosphere composition (02, C02, N2) on the growth characteristics of relevant
pathogens and epiphytic organisms was studied in vitro and in situ. A novel solid-surface model
system was specifically developed for the in vitro tests. The dynamic flow-through equipment was
employed for the in situ tests (on model foods).
The effect of different combinations and concentrations of 02, C02 and N2 at different incubation
temperatures on the growth of selected pathogens (L. monocytogenes, Yersinia enterocolitica,
Aeromonas hydrophila and Bacillus cereus) and spoilage micro-organisms (freshly isolated
enterobacteria, lactic acid bacteria and pseudomonads) was investigated in vitro. From these studies it
was concluded that growth of none of the pathogens studied is inhibited significantly at low 02 (0 5%) and high C02 (20 - 50%), except for B. cereus for which growth is about halved at 50% C02. This
is in contrast to general belief that C02 has very pronounced antimicrobial properties. At levels of 02
and C02 that are in general favourable for storage of fresh produce (1-5 % 02, 5-10% C02)) there is
certainly no beneficial effect of C02.
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In the in situ studies it was established that the specific conditions of MAP (reduced oxygen, increased
carbon dioxide) can lead to marked changes in the epiphytic micro-flora, especially with chicory
endive. Thus, whereas there may be no direct antimicrobial effect of C02, there is an influence on the
composition of the micro-flora and thus on the competition that pathogens may experience in this
ecosystem. It was evident from these studies that, occasionally, conditions in MAP systems arrise that
favour the outgrowth of such psychrotrophic pathogens as L. monocytogenes. Unfortunately, these
conditions could not be clearly specified since there was no straight forward relationship with either the
gas phase composition, the initial level or composition of the epiphytic micro-flora nor with the
produce.

TASK 4. BIOPRESERVATION [1,2,3,5]

Since psychrotrophic micro-organisms can be a specific health hazard in mildly preserved (MAP +
refrigeration) fresh and minimally processed produce, biopreservation was studied as a means to
provide a natural safety hurdle for their proliferation under suitable conditions (Task 3).
Lactic acid bacteria (LABs) are a "natural antimicrobial system" and, in general, are present on every
raw produce. Vegetables hold about 1% LABs in their epiphytic microflora. There are three ways to
apply LABs that exert an antagonistic effect on pathogens: as a culture (LABs are GRAS, thus no
problem for legislation), as a crude supernatant (some approval needed) or as a purified compound (full
approval and toxicological tests are required). Although the last method gives optimal control, the first
method is most attractive from an economic and legislatory point of view.
To apply LABs as cultures, they should produce a suitable bacteriocin (acids change the product to
much; the bacteriocin should inhibit the appropriate pathogen) at the actual temperature of storage,
under MA conditions (low 02, high C02) and on produce. Thus, at the onset of the project, over 900
LABs were isolated from fresh and minimally processed produce and screened for the production of
suitable bacteriocins (activity towards a.o. L. monocytogenes). Three isolates were found to have the
required characteristics: one strain of Enterococcus mundtii and two strains of Pediococcus parvulus.
Both types produced a bacteriocin that effectively controlled growth of L. monocytogenes in in vitro
studies.
Both pediococci however, only produced significant amounts of bacteriocin at temperatures over 15°C,
and where not really suited for any application at lower temperature. The bacteriocin produced by both
starins was fully identified and characterised and appeared to be identical to pediocin PA1, formarly
only known to be produced by Pediococcus acidilactici.
E. mundtii produced significant amounts of a bacteriocin even at 4 to 10°C. Thus, although it is not a
LAB and does not have a GRAS status, the organism is a very suitable model to test the possibility that
biopreservation can be the required safety hurdle towards certain psychrotrophic pathogens. The
bacteriocin produced was tentatively called mundticin. It was characterised and found to be a class II
bacteriocin. Its mode of action is under study.
The application of the mundticin producer as a protective culture was very successfull on laboratory,
vegetable media composed of sterilised vegetable extracts. However, on fresh, non-sterile produce, no
activity was found. Most possibly, either the production of mundticin on produce at low temperature is
not sufficent or the mundticin is inactivated after production (enzymatic inactivation, adsorpion to
produce). Since the application of particlly purified bacteriocin was found to significantly delay the
growth of L. monocytogenes, the inactivation may not be the most prominent problem. However, the
use of mundticin as a purified compound is not very attractive for producers of ready-to-eat vegetables.
The costs to apply for a full approval are not in line with the added value.
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Nevertheless, use of purified bacteriocin samples with the same activity spectrum of mundticin may be
a good option for a biopreservation system. Currently, the only bacteriocin with a food approval is
nisin. The activity spectrum includes most isolates of L. monocytogenes. Like mundticin, nisin is
vulnarable to inactivation through due to causes. The application thus needs to be carefully tailored to
the wet and non-sterile environment of ready-to-eat products.

TASK 5. GAS/PRODUCT INTERACTIONS [1,7]

Using an automated flow-through equipment, the respiratory behaviour of chicory endive and mungo
bean sprouts was assessed under different combinations and concentrations of 02 and C02 and at two
temperatures was essessed. The data were used to built appropriate mathematical models that describe
the impact of 02, of C02 and of the interaction between 02 and C02on the respiration of the two model
products. Independed runs were performed to validate the models established.
The models are currently integrated or employed in a "Total Quality Model" of MAP produce, in
which the following factors are modelled:
product respiration in relation to temperature, R.H., gas composition
- ethylene evolution
- transmission properties of packaging material
- condensation of water
The model should be useful to design appropriate packaging systems and to model the impact of postpackaging logistics and handling on product shelf-life, all items that are of great interest of SMEs and
BIG companies in the ready-to-eat business.
For a range of produce, equilibrium gas atmosphere compositions were determined to be fed to the
following task (task 6). Independent from this, these data have been dissiminated to SMEs on a number
of occasions in 1996 (especially the RETUER sequence of meetings).
The organoleptical quality of mung bean sprouts and chicory endive has been assesed under a small
range of different gas compostions. The most favourable conditions (at 8°C) were found to be the
following conditiond ad equilibrium (judged by sensory aspects, respiration rate, firmness, spoilage)
- mungo bean sprouts:
2 % 02;
20 % C02
- whole chicory endive:
2 % 02;
5 % C02
- cut chicory endive:
1-3% 02;
6 % C02
Too low oxygen tentions (about 0.5%) led to off odour development with chicory endive.

TASK 6. PRODUCT/FILM COMPATIBILITY (MAP) [1,3,7,9]

Because the optimal packaging system for a certain product depends on a multitude of external
(temperature, humidity, gas composition, etc. versus time) and intrinsic factors (physiological age,
processing damage, etc.), match the packaging with the product is a matter of careful match-making.
Based on knowledge of the physical characteristics of packaging materials and the physiological
pecularities of different types of the produce (mungo bean sprouts or chicory endive) obtained in task
5, suitable packaging systems were selected and tested. It was found that mungo bean sprouts needed
packaging materials that allowed for high passage of oxygen, but selectively retainment of C02. For
chicory endive, packaging materials needed a more equal permeability for both gases. Microperforated
films (P+) should be most appropriate for mungo bean sprouts, whereas OPP foils should be suitable
for chicory endive. The performance of these types of films will be reported by the participants that
collaborated in this task: INRA.AV, ULMK.DCLS and NBEST.
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TASK 8. ACTIVE EDIBLE COATINGS (MAC) [1,2,4]

Participant 4 (CIRAD.SAR) developed a number of edible coatings during the course of task 7. These
coatings are built up of gluten (plant proteins) that provide favourable structural characteristics and
gas-permeability to the coating materials. To allow for suitable hydrophobicity of the coating, which is
necessary in the wet environment of MA packaged vegetables, lipids (glycerides or beeswax) are
mixed into the coating materials. In addition, model antimicrobial compounds can be added for specific
functionalities of the coatings. ATO.DLO tested the use of gluten and alginate coatings (both
commercially available types as well as those provided by [4]) to which munditicin, nisin or sorbic acid
were given.
Results were not too promising. It was found that the speed at which the (natural) antimicrobials are
released from the coating material need to be carefully controlled in order to have sufficient activity in
situ. It was quite evident that with the coating materials available within the lifetime of the project,
release was too slow and activity was insufficient as compared to simple dipping into solutions
containing the antimicrobial compound.
Dispite this, knowledge is building really fast on the topic of edible coatings. The feasibility of the
methodology is proven, but to come to intermediate of high moisture food applications needs further
development.

TASK 10. QUALITY EVALUATION [1,3,4,5,7].

In this task, several participants contributed their individual expertise to investigate the quality of fresh
or processed vegetable-based food products subjected to improved or novel preservation techniques
under practical conditions. For ATO.DLO this task was not necessary, since the practical evaluation at
partners 8 (FRUID) and 9 (NBEST) was adequately covered by partners 3 (INRA) and 7
(ULMK.DCLS), respectively.

TASK 11. MODELLING [1,2,5,6,7].

Data collected by ATO.DLO, INRA.AV and ULMK.DCLS were processed by ATO.DLO through a
suitable mathematical modelling software (Dmodel; author József Baranyi). This allowed for an
objective evaluation of the impact of MAP conditions on the growth of Listeria monocytogenes on
model media, raw chicory endive and mungo bean sprouts (ATO.DLO data). In addition, the influence
df temperature and mixing cooked vegetables with raw vegetables on the growth rate of this pathogens
were valuated (INRA.AV data). Finally, the impact of handling on the growth rate of spoilage micro
organisms was calculated using a sepearte set of data (ULMK.DCLS).
Data on the growth of CI. botulinum under different environmental conditions relevant to sous-vide
products have been collected by IFRN [6], These data were not processed by ATO.DLO because they
were fed to the U.K. Food Micro Model, which made this exercise superfluous.
Data obtained by NARF on the interaction between packaging/storage conditions and the rate of
growth of spoilage micro-organisms and pathogens have been processed separately by NARF, also
using Dmodel software. The results are provided in the progress report of [6].
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F.5. Project Highlights
The project has shown that MAP is not a simple mild preservation system. To obtain a quality product,
the MAP system needs to be carefully tailored to the specific physiological requirements of the
product. As expected, conditions can prevail that encourage growth of pathogens, especially the coldtolerant Listeria monocytogenes, the presence of which by current standards cannot be completely
avoided in raw vegetables. Biopreservation may be a suitable safety system, but there is a need to
develop nisin for this, rather than for using bacteriocin producing LAB cultures or purified bacteriocins
other than nisin, at least when the aim is on a near future implementation. Mathematical modelling has,
in cases, reinforced earlier empiric observations and was found to be very suitable to pin-point
conditions or circumstances where research efforts needed to be focused at.
From the start, ATO.DLO has tried to achieve a thorough dissimination of the results obtained in this
project. The routes followed by representatives from ATO.DLO in the project, were publications in
scientific or trade journals, appearences on conferences or workshops and on specific EU-funded and
SME-targetted meetings (FLAIR-FLOW, VALUE, RETUER). In addition, ATO.DLO has taken
initiative to provide so-called Progress Highlights on individual aspects of the project (different tasks,
topics, etc).
Part of the results of the project have been used in the Ph.D. thesis of Herman Peppelenbos. Maijon
Bennik will compile her Ph.D. thesis early 1997, with over 9 scientific papers based on findings in this
project.
The Table below indicates the numbers and types of dissimination activities established throughout the
projects lifetime. Also after the project has expired, a significant number of activities will spread
results and advise arising from the project. In addition, several new EU-funded projects have been
established, based on experiences, findings or ideas originating from the current project (FAIR1-CT961148 - NisinPlus; FAIR1-CT96-1020 - HARMONY; FAIR3-CT97-3159 - RASP).

Dissimination route
- scientific papers/book chapters

1993

1994

1995

1996

1

2

3

4(13)

6

2

5

3

6

10

2

3

7

4

(6)

18

29 (19)

trade journal papers
conferences proceedings/abstracts

3

EU-workshops
progress highlights
Total

4

13

in parentheses: in preparation, partially based on results from the project
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Participant 2:

Wageningen Agricultural University (WAU.DFS)
Department of Food Science
Section FoodchemistryZ-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
Dr. T. Abee
Prof.Dr.ir. F.M. Rombouts
R.R. Beumer
Dr. M.H. Zwietering

12 months/year
2.4 " "
0.6 " "
0.6 " "
0.6 " "

B. 1. Description of the research topic or practical problem
The research in the Department of Food Science will focus on the physiology of spoilage bacteria
and pathogens and on the biopreservation of foods.
Physiology of pathogens and spoilage bacteria: Contamination and outgrowth of Listeria
monocytogenes and non-proteolytic Clostridium botulinum are of particular concern in minimally
processed chilled foods. These bacteria are able to grow at refrigeration temperatures and heatresistent spores of C. botulinum may 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 atmosphere, these
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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 aw, low temperature and under modified
atmosphere. Combined with the studies on biopreservation, this information can significantly
contribute to the development and optimalization of mild preservation techniques.

C. 1. Overview of the work performed from 1-7-1996 to 31-12-1996
a) Osmoregulation in Listeria monocytogenes
Introduction
From the previous reports it has become clear that both betaine and L-carnitine can play an
important role in the osmoregulation of L. monocytogenes (Beumer et al., 1994; Verheul et al.,
1995). In the present work we focussed on the regulation of betaine and L-carnitine accumulation.
Methods
Accumulation of betaine and L-carnitine was determined (Kets et al., 1994) in L. monocytogenes
Scott A grown aerobically, shaken at 150 rpm in defined miminal medium (Premaratne et al., 1991)
in the late-exponential growth phase. Transport of radiolabelled betaine and L-carnitine was
measured as described (Verheul et al., 1995).
Results and Discussion
Transport of radiolabelled [14C]betaine and L-[14C]carnitine (final concentrations of 1.3 mM) was
studied in the presence of 80-fold excess of unlabelled analogs (betaine, L-carnitine, L-proline,
dimethylglycine or tetramethylglycine). Fig. 1 shows that non-radioactive betaine completely
inhibited [l4C]betaine uptake, wheres none of the other compounds had a significant effect on
betaine uptake. Likewise, L-[14C]carnitine transport was only inhibited by non-labelled L-carnitine.
These results indicate that L. monocytogenes possesses distinct uptake systems for betaine and Lcarnitine.
The addition of increasing concentrations of KCl to the assay buffer did not significantly affect the
initial transport rate of betaine and L-carnitine (Fig. 2). However, the increase in the osmotic
strength influenced the final accumulation levels of osmolytes; this effect was particularly prominent
for betaine (Fig. 2).
Initial rates of betaine transport were determined over a wide range of betaine condenrations. The
Eadie-Hofstee plot of the data was monophasic suggesting the presence of a single betaine transport
system and revealed a Km value of 10 |JM and a V^ value of 56 nmol min"1 mg protein"1. For
comparison, L-carnitine is taken up with a Km of 10 |J.M and a V^ of 48 nmol min"1 mg protein"1.
So both transporters have compatible affinity and capacity for their substrate.
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Figure 1. Substrate specificity of betaine transport (A) and L-carnitine transport in L monocytogenes Scott A.
Analogs were added at 80-fold excess together with the radiolabelled substrate (1.3 mM, final concentration) at time
zero, after preenergization with 10 mM glucose for 5 min.
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c

c

Figure 2. Effect of osmotic strength on betaine (A) and L-carnitine (B) uptake in L. monocytogenes cott A. KCl
was added at varying concentrations together with the radiolabelled substrate (1.3 raM, final concentration) at time
zero, after preenergization with 10 mM glucose for 5 min. (Y), no additions; (X), 0.15 M KCl; (A), 0.3 M KCl; (o),
0.6 M KCl.
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Table 1. Intracellular concentrations of osmolytes (|i.mol. g dr weight"1) in L. monocytogenes Scott A. Cells were

grown until late-exponential growth phase in defined medium (DM) or in defined medium supplemented with 0.5 M
NaCl (DMS) containing betaine and/or L-carnitine.

Medium additions

DM-grown
[Betaine]
[L-carnitine]

DMS-grown
[Betaine]
[L-carnitine]

No additions

0

0

0

0

ImM Betaine

280 ± 30

0

650 ± 70

0

ImM L-carnitine

0

320 ± 35

0

495 ± 60

1 mM Betaine + 1 mM L-carnitine

245 ± 25

120 ± 15

615 + 70

55 ± 10

1 mM Betaine + 0.1 mM L-carnitine

245 ± 25

110 ± 15

675 ± 70

30 ±5

0.1 mM Betaine + 1 mM L-carnitine

100 ± 15

200 ± 25

270 ± 30

230 ± 25

To establish the preferred substrate for accumulation, intracellular betaine and L-carnitine
concentrations were determined in L. monocytogenes cells grown in DM and in DM containing
betaine and or L-carnitine (Table 1). When L-carnitine and betaine were supplied together, both at a
concentration of 1 mM, betaine was preferentially accumulated, particularly in the high-osmolarity
medium. Reduction of the available L-carnitine concentration in the external medium hardly
influenced the intracellular levels of both osmolytes. However, a 10-fold reduction in the external
betaine concentration from 1 mM to 0.1 mM resulted in a substantial increase in the inracellure Lcarnitine pool at the expense of betaine.

b) Biopreservation using bacteriocins from lactic acid bacteria
Introduction
In the booklet of meeting #7, we reported on the emergence of nisin-resistant mutants of L.
monocytogenes Scott A. Insight into the mechanism of nisin resistant is important because it will
provide a rational basis for its application. Since nisin exerts its effect primarily on the cytoplasmic
membrane, we focus on the the lipids present in the membrane.
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Methods
The resistant strain of L. monocytogenes Scott A was acquired by increasing stepwise exposure to
nisin; the resistant strain is about 12 times more resistant to nisin than the parent strain, (see report
#7). The Wilhelmy plate method was used to measure nisin-induced changes in the surface pressure
of purified bacterial lipid extract from L. monocytogenes Scott A and its nisin-resistant mutant.
Monolayers were formed by spreading a lipid solution on an air/buffer interface. Nisin was added
through a small injection hole to the subphase. The time-dependent surface pressure increase after
nisin addition was measured. This technique has proven to be a valuable tool in the study of
membrane-active compounds (Demel, 1994).
Results and Discussion
Monolayers of lipid extract from the wild-type strain showed large pressure increases after the
addition of nisin (Fig. 3). The pressure changes induced by nisin in monolayers of the nisin-resistant
L. monocytogenes Scott A strain were significantly lower. The changes in surface pressure after the
addition of nisin are interpreted as being a result of the insertion of nisin into the lipid phase. The
results show that nisin interacts more efficiently with the lipids of wild-type membranes than those
of the nisin-resistant strain, which mirrors the difference in nisin sensitivity of the bacterial strains.
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Figure 3. Effect of nisin on surface pressure of isolated lipids of WT and NISR L. monocytogenes. Surface
pressure increases were determined after the injection of nisin Z underneath monolayers of purified total lipids
extracted from wild-type (1) and nisin-resistant (j) strains of L monocytogenes Scott A at different initial surface
pressures. Nisin Z was injected in a subphase comprising 10 mM Tris, pH 7.4.
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D. 1. Process highlights for 1-7-1996 to 31-12-1996
L. monocytogenes Scott A possesses highly specific transport systems for the osmolytes betaine and
L-carnitine with immense scavenging capacity for their substrates. Surprisingly, the betaine and Lcarnitine transporters are not significantly activated by osmotic stress. However, the final levels of
accumulation appeared to be dependent on the medium osmolality which suggest an on/off
mechanism of the transporters. The accumulation of betaine is preferred over the accumulation of Lcarnitine, especially at high osmolality. Our studies revealed that L. monocytogenes has separate
transport systems for the osmoprotectants betaine and L-carnitine. These high capacity/high affinity
transporters play a crucial role in the growth of the pathogen at low aw. These transporters may in
the future be used as targets for specific inhibitors thereby preventing uptake of osmoprotectants and
concommitantly inhibit growth at low aw.
Using the monolayer technique it was demonstrated that nisin interacts less efficiently with lipids of
a nisin-resistant mutant of L. monocytogenes Scott A than those of the parent strain. This indicates
that changes in the phospholipids (i.e. headgroups) may be important in the resistance mechanism of
L monocytogenes to nisin in addition to changes in fatty acid composition and cell wall
composition/thickness (Davies et al., 1996; Ming and Daeschel, 1993).

Literature cited
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F. OVERVIEW OF THE PROJECT

1) TASKS AND OBJECTIVES

Task 1: Physiology of food pathogens & Task 3: Gas/microbe interactions
a) Osmoregulation in Listeria monocytogenes
The protective effect of proline, betaine and L-carnitine on in vitro growth of Listeria
monocytogenes Scott A at high osmolality was studied. Betaine and L-carnitine are present in foods
originating from plants and animals, respectively. L-carnitine could function equally well as an
osmoprotectant as betaine, whereas L-proline was less effective. Although the osmoprotective
capacity of betaine is well-known among many prokaryotic organisms, L-carnitine has not been
recognized as an osmolyte up to now. Likewise, no information is available on the transport of Lcarnitine in bacteria. Therefore, the uptake of L-carnitine in L. monocytogenes Scott A was studied
in detail. The pathogen was found to possess a highly specific, constitutive high-affinity ATPdependent L-carnitine transporter with a high affinity for its substrate which enables the pathogen to
scavenge L-carnitine from foods when present in trace amounts. To obtain information on the
interregulation of betaine and L-carnitine transport, the uptake of betaine in L. monocytogenes Scott
A was studied as well. It was shown that betaine and L-carnitine enter the cytoplasm solely via
distinct transporter in L. monocytogenes Scott A and that both transporters have a comparable high
affinity for their substrates.
When L-carnitine and betaine were supplied together, betaine was preferentially accumulated,
specially at high osmolarity. Both the betaine and the L-carnitine transporter are not significantly
activated by osmotic stress, whereas the final levels of accumulation were dependent on the external
osmolarity. In addition, a fairly new feature of osmoprotectants was established at WAU.DFS: cold
tolerance in L. monocytogenes can be invoked by betaine and L-carnitine and, moreover, both
compounds were shown to stimulate the growth of L. monocytogenes under anaerobic conditions.
These observations are relevant for the growth and survival of the pathogen at refrigeration
temperature and in low oxygen environments like modified atmosphere packaging.

, b) Peptide utilization by Listeria monocytogenes
From literature it is known that L. monocytogenes requires certain amino acids for growth. To obtain
information on nitrogen metabolism in L. monocytogenes, the property of the pathogen to utilize
dipeptides as a source of essential amino acids was studied. It was shown that the essential amino
acids leucine and methionine supported growth of the pathogen not only when supplied as the free
amino acid but also in the form of dipeptides (i.e. leucine or methionine combined with proline or
alanine). Using toxic chlorated compounds it was shown that these peptides are hydrolysed after
being transported into the cell. Dipeptide transport analysis revealed that dipeptide uptake in L.
monocytogenes is most likely coupled to the proton-motive force and it was shown that the
transporter is constitutively expressed. Competition experiments showed that a wide range of di- and
tripeptides van be transporter via the carrier protein.
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The nutritional value of peptides for the growth of L. monocytogenes was further investigated by
studying the utilization of oligopeptides as a source of essential amino acids for growth of the
pathogen. Using growth experiments, we showed that the size limit for peptide utilization in L.
monocytogenes is probably 8 amino acids residues. No extracellular oligopeptide hydrolysis could
be detected in the supernatant, whereas peptidase activity was significant in cell extract of L.
monocytogenes, indicating that oligopeptides are hydrolyzed after being transported into the cell.
During our study it appeared that several oligopeptides are toxic to L. monocytogenes, which seems
to be an interesting observation with regard to a potential application of such peptides as
antimocrobial agents.

c) Carbohydrate metabolism in Listeria monocytogenes
Carbohydrates are essential for the growth of L. monocytogenes. In laboratory medium, glucose is
commenly used as a carbon- and energy source, but with regard to the food situation it is of interest
to assess to what extent other carbohydrates can serve this function. It was established that L.
monocytogenes is able to use glucose and cellobiose, but not lactose and galactose as carbon sources
under stationairy conditions. Under aerobic conditions (i.e. with shaking), L. monocytoges could use
glucose, cellobiose ànd lactose, which indicates that for the metabolism of lactose 02 is required.
Furthermore it was shown that during the utilization of lactose for growth of the pathogen, galactose
was released in the medium which indicates that only the glucose moiety is used. Under anaerobic
conditions, glucose and cellobiose could function as carbon- and energy only after a prolonged lagtime.

Task 2: Pathogens versus epiphytes
The interaction of L. monocytogenes and Bacillus cereus or Pseudomonas fragi were investigated in
milk and in a chemically defined medium with casein present as the only nitrogen source. Optimal
growth of L. monocytogenes in milk was dependent on the growth of the other micro-organisms.
Growth of L. monocytogenes in medium with casein but without the essential amino acids was
enhanced when this medium had been pre-incubated with either B. cereus or Ps. fragi. Collectively,
L. monocytogenes benefits from the proteolytic activity of other micro-organisms in foods.

-

Task 4: Biopreservation
The minimal inhibitory concentration (MIC) of the bacteriocin nisin was tested in a laboratory
medium and in a food system (fat-free milk) at different temperatures (7, 21 and 37°C) using several
gram-positive micro-organsims. All bacteria tested were sensitive to nisin and the MIC values were
only slightly affected by temperature. The MIC values in the laboratory medium were comparable
with those obtained in milk, which gives good perspectives for the application of nisin.
The use of the bacteriocin nisin on minimally processed was studied in the absence and presence of
a yoghurt based salad. The number of micro-organisms increased during storage at 30°C and 7°C,
whereas the addition of dressing resulted in a decrease of the bacterial population at both
temperatures. Since the pH of the dressing is low (i.e. 3.8), this population consist of rather acid-
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resistance microbes, like lactic acid bacteria, yeast and moulds. The number of microorganisms
capable of growth on lettuce was significantly reduced as compared to the control in the presence of
nisin-containing yoghurt dressing. Inoculated L. monocytogenes was not able to grow on lettuce
leaves containing dressing both at 7°C and 30°C, most likely due to the low pH of the dressing. In
lettuce samples containing dressing with a pH of 5.4, outgrowth of L. monocytogenes appeared to be
possible and in the presence of nisin growth was significantly reduced compared to the control
situation. Comparable results were obtained with pediocin.
Since the ability to develop resistance to bacteriocins is an obstacle for their application, nisinresistant mutants of L. monocytogenes were isolated and characterized. The isolated mutant of L.
monocytogenes Scott A is approximately 12 times more resistant to nisin than the parent strain.
Since the primary target of nisin in sensitive cells has been shown to be the cytoplasmic membrane,
the fatty acid composition of both strains was determined at 7°C and 30°C. The effect of
temperature on fatty acid composition was far more pronounced compared to the difference in fatty
acid composition between the two strains at one pariticular temperature. Therefore, it is likely that
other factors contribute to the resistance mechanism. Results from monolayer studies with lipid
extracts from both the nisin-resistant and the wild-type strain showed that nisin interacts much more
efficiently with the lipids of the latter strain.

2) Approach and results
The general description of the experimental approach as given in the technical annex was followed
during the four years of the project.

3) Discussion of results with respect to deliverables and milestones
At the start of the project nothing was known about the physiology of the food pathogen L.
monocytogenes. During the project a substantial amount of information with regard to this topic has
been obtained. The knowledge on the physiology of L. monocytogenes at WAU.DFS is
indispensable for the development and optimalization of mild preservation techniques. Moreover,
our studies on biopreservation supply important information for the practical use of bacteriocins.

• 4) What results are suited for immediate use
Due to the fundamental character of the research at WAU.DFS, none of the results are suited for
immediate use.

5) What results urge for more research/development
The work on the physiology of pathogens (psychrothropics and mesothrophics) should be extended,
since still too little is known in order to fully optimalize mild techniques. Moreover, bacteriocinresistance is a research area which needs special attention, because this information will provide a
rational basis for their use in the food industry.
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6) Highlights of the project
Cold and salttolerance in L. monocytogenes can be invoked by betaine and L-carnitine. In order to
accumulate these compounds the pathogen possesses highly specific and separate uptake systems.
Both transportes have a high scavenge capacity for their substrates, however, betaine is preferential
ly accummulated when both osmolytes are supplied to the bacterium. The transporters are not
significantly activated by osmotic stress, whereas the final accumulation levels increase with
external osmolality.
L. monocytogenes is not able to use food proteins as a source of essential amino acids; the pathogen
profits from the proteolytic activity of other micro-organisms present in food. Small peptides are
transported via a di- and tripeptide transport system which was characterized in detail at WAU.DFS.
Work on the utilization of oligopeptides for growth of L. monocytogenes revealed that peptides
consisting of more than 8 residues most probably cannot be used as amino acid source. Based on the
absence of extracellular peptidase activity, it is likely that the pathogen is in the possession of a
second peptide transporter.
The addition of nisin-containing salad dressing to lettuce prevents outgrowth of epiphytic flora and
affects outgrowth of L. monocytogenes. The antimicrobial efficacy of nisin was enhanced by the low
pH of the dressing. Nisin-resistant mutants of L. monocytogenes can be easily isolated via training.
Using the monolayer technique, it was shown that nisin interacts more efficiently with lipids from
the wild-type strain than with those from the nisin-resistant strain. The fatty acid membrane
composition of these nisin-resistant mutants is not significantly different from that of the parent
strain, which indicates the involvement of other factors in the nisin-resistance mechanism in L.
monocytogenes.
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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 (INRA.AV)
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, Is' year - 10, 2nd year) - Ing. S. Lehesran (Quality and research
development)

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.
Testing mild preservation techniques on the products.

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 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.
Identification of microorganisms from salad leaves with antagonistic properties against L.
monocytogenes and characterization of this antagonisms.
Meeting #9, 19 + 20 December 1996

AIR1-CT92-0125
INRA.AV/FRUID-1-

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

Reducing microbial growth to reduce spoilage and improve safety, using mild preservation
techniques, in the light of the results obtained in the first part of the work.

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".
The use of coating to improve the microbial stability of the product will be investigated.

C - Overview of the work performed from 1-7-1996 to 31-12-1996.
The objectives of the work performed in this last term were to test the possibility of preventing
microbial growth on sensitive ingredients incorporated in mixed salads by using of edible coating to
create a barrier around the sensitive ingredient or to concentrate an antimicrobial compound on its
surface. The work was done in collaboration with CIRAD-SAR.

C-l- Material and methods
The approach used included several steps :
* Selecting a coating formulation on the basis of the continuity, homogeneity, resistance, stability and
aspect of the coating (achieved in the course of the previous term).
* Testing retention of the antimicrobial compound in a model system : antimicrobial effect of the
compound applied directly on an agar surface compared to the antimicrobial effect of the compound
applied in a film made of the coating formulation (achieved in the course of the previous term).
* Development of a coating technique (achieved in the course of the previous term).
* Testing the effect of coating on microbial growth on the food product.
* Testing retention of antimicrobial compounds on the surface of the coated product by comparing
the minimum inhibitoy concentration of the antimicrobial applied in the coating to the minimum
.inhibitory concentration of antimicrobial applied directly on the product.
The food product was cooked sweet corn because it is frequently incorporated in mixed salad with
raw vegetables, in which it increase potential growht of foodborne pathogens (from results obtaines
in previous terms of the project). Experiment were done with Listeria monocytogenes and sorbic acid
as antimicrobial compounds because it is active against Listeria monocytogenes and a wide range of
microorganisms, it is widely used in food industry ans has already successfully been incorporated in
edible films.
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C-2- Results
The coating formulation selected for cooked sweet corn among several proteins, lipids and mixed
formulations, was a solution of Zein (10%) in ethanol. Retention of sorbic acid by an isolated zein
film was shown in the model agar system.
The techniques which permitted a continuous and homogeneous coating consisted in a light spray of
the coating formulation, applied in 3 layers and dried under a laminar air flow. The Characteristics of
the coated sweet corn were :
•
aw = 0.97
•
Residual ethanol content = 1.2 to 1.7 %
•
pH = 7.0 to 7.3
•
Thickness = 5 |_im
Effect of coating on growth of Listeria monocytogenes on the surface of cooked sweet corn was
tested by comparing growth of L. monocytogenes on the coated food with that observed on the coated
foood gently mashed before inoculation with the bacterium (figure 1). This permitted comparison of
two products with exaclty the same chemical composition but with one product without the barrier of
the coating.

3

-I

1

1

b

0

2

4

6

Days at 10°C
Figure 1. Growth of Listeria monocytogenes on cooked sweet corn coated with zein (closed symbols) and on
coated sweet corn mashed before inoculation to break the coating (open symbols). Each value is the mean of
three replicate samples.
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A slight delay in growth at 10°C of L. monocytogenes on sweet corn was observed with the intact
coating, indicating a barrier effect of coating, limiting diffusion of nutrient and/or water for the
bacterium. This effect, although statistically significant, is too limited to present any pratical interest.
Sorbic acid was applied in the zein coating for some samples, and without coating on samples with
chemical composition similar to that of coated samples. A large range of concentratins of sorbic acid
were dissolved in the zein formulation and in ethanol alone. Both the zein formulation and the
ethanol were applied on the cooked sweet corn following the coating procedure. Samples were
inoculated with L. monocytogenes and incubated at 10°C for 8 days. Results are presented in Figure 2
as the growth recorded during this period. Without sorbic acid, growth on uncoated samples was
slightly higher than that on coated samples, which confirmed the results presented in Figure 1. The
inhibition of L. monocytogenes by sorbic acid was similar on coated and on not coated sweet corn,
indicating that zein did not delayed diffusion of the preservative in the product and did not
concentrate it on the surface. This is in contradiction with the results obtained with isolated zein films
on agar medium, but the coating had a thikness of 5 |im whereas the film had a thickness of 20 (im.

D - Progress highlights for 1-7-1996 to 31-12-96
• The work demonstrated that edible coating of foods with high moisture content is feasable and
respect the major sensory properties of the product.
• Edible coating did not increase the antimicrobial effect of sorbic acid, but it would be worth
testing preservatives with a higher affinity for zein.
• The slight effect of zein coating (without preservatives added) on growth of L. monocytogenes
indicate a barrier to the diffusion of water and nutrients. Sweet corn has a high content in nutrients
as compared to the requirements of microorganisms, and a slight delay of microbial growth may
nevertheless indicate a significant reduction in the diffusion of nutrients. These barrier properties
should be investigated further in high moisture foods, for applications other than antimicrobial
(retention of colouring agents, prevention of oxydations....).

E - Dissemination (papers only)
Bennik, M.H.J., H.W. Peppelenbos, C. Nguyenthe, F. Carlin, E.J. Smid, L.G.M. Gorris (1996). Microbiology of
minimally processed, modified atmosphere packaged chicory endive. PostHarvest Biology and Technology 9, 209221.

Carlin F., Nguyen-the C., Abreu da Silva A., Cochet C. (1996) Effects of carbon dioxide on the fate of Listeria
monocytogenes, of aerobic bacteriea and on the development of spoilage in minimally processed fresh endive.
Int. J. Food Microbiol., 32, 159-172.
Carlin F., Peck M. (1996) Growth and toxin production by non-proteolytic Clostridium botulinum in cooked
vegetables at refrigeration temperatures. Appl Environ. Microbiol, 62, 3069-3072.
Carlin F., Peck M. (1996) Metabiotic association between non-proteolytic Clostridium botulinum type B and
foodborne Bacillus species. Sei. Alim., 16, 545-551.
Nguyen-the C., Haina du Fretay B., Abreu da Silva A. (1996) The microbiology of mixed salad containing raw
and cooked ingredients without dressing. Int. J. Food Sei. Technol., 31 (sous presse)
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F - Overview of the project
F-l- Tasks and objectives
INRA was involved in two main tasks :
* Investigating the fate of foodborne pathogens in minimally processed foods
* Testing mild preservation techniques with respect to safety and quality

F-2- Approach, results and discussion
Fate of foodborne pathogens in minimally processed foods
* Fate of Listeria monocytogenes on minimally processed green salads
The effect of the following factors were tested: storage conditions (temperature, carbon dioxide), type
of inoculum (strain of L. monocytogenes , initial numbers of L. monocytogenes), effect of the leaf
substrate and of the saprophytic microflora.
The growth of Listeria monocytogenes versus spoilage development was described for temperatures
ranging from 3 to 20°C. It was shown that on unspoiled products L. monocytogenes would hardly
grow of more than 2 log units whatever the storage temperature, but that spoilage of the salad leaves
would permit a rapid multiplication. Low storage temperatures reduced growth of L. monocytogenes
more than that of the spoilage microflora and are therefore a factor improving safey. On the contrary,
carbon dioxide concentrations of 10-20% reduced spoilage development and growth of the spoilage
microflora and higher concentrations slightly increased growth of L. monocytogenes.
Most informations on the fate of foodborne pathogens in foods are obtained from inoculation with
high numbers of microorganisms, several log units higher than those found in foods naturally
contaminated. On minimally processed green endive, we showed that high inoculum concentrations
over-estimated the maximum growth of L. monocytogenes.
The epiphytic microflora of green endive leaves had a barrier effect against L. monocytogenes. A
practical implication of this result was that any reduction of this microflora (by a disinfection for
instance) would tend to increase the growth potential of L. monocytogenes. However, disinfection
would also have a positive effect in reducing the numbers of L. monocytogenes in case of a
contamination of raw material before processing. This barrier effect could be ascribed to
enterobacteria (presumably by a competition for essential nutrients), but not to pseudomonads.

* Effect of incorporating cooked sweet corn in raw green salads on safety and quality
A need for diversification of the range of minimally processed product led manufacturers to propose
mixed salad with raw and cooked vegetables, but without dressing (i.e. not acidified). INRA
investigated with « Fruidor Les Crudettes » the consequences of incorporating cooked ingredients on
the microbiology and safety of minimally processed fresh vegetables. A salad containing raw
shredded endive and cooked sweet corn was choosen for this study. The presence of sweet corn
dramatically increased the growth of Listeria monocytogenes and permitted development of the lactic
acid bacteria Leuconostoc mesenteroides.
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* Development of non-proteolytic Clostridium botulinum on cooked vegetables and effect of Bacillus
spp. (Work done at IFR by an INRA scientist)
Canned vegetables have been the cause of several cases of botulisms with proteolytic, nonpsychrotrophic CI. botulinum. However, cooked chilled vegetables foods are normally stored below
10°C and should not permitted growth of proteolytic botulinum. Spores of non proteolytic,
psychrotrophic botulinum should survive the mild heat treatment of these foods and their growht was
investigated in a wide range of vegetables at temperatures from 5 to 30°C. Cooked chilled foods are
not sterile and contained numerous spore formers that may influence botulinum. The influence of
Bacillus spp. isolated from vegetables on growth of non-proteolytic CI. botulinum was investigated.
Growth of non-proteolytic CI. botulinum was observed in all cooked vegetables tested with pH higher
than 5.0. Large variation in lag times were recorded among vegetables and temperatures whereas
growth rate were similar. The presence of Bacillus spp. permitted growth and toxin production by
non-proteolytique botulinum in media incubated in aerobic conditions.

Mild preservation techniques
* MAP of bean sprouts (With ATO-DLO)
Various microperforated (P-Plus films, Sidlaw Packaging, Avignon, France) and non-perforated films
were tested for the packaging of bean sprouts. Too impermeable films caused a fermentation of bean
sprouts but films creating atmosphere with 10 to 20% C02 improved quality. This was in agreement
with results obtained by ATO using controlled atmosphere cabinets. Bean sprouts carried a very high
numbers of Gram negative bacteria and of lactic acid bacteria. This microflora probably had a
significant role in gas exchanges and therefore increase spoilage by hastening anoxia and
fermentation.

* Testing glucose oxidase and LP system for disinfection of bean sprouts
This was not successful, presumably because glucose was not available on the bean sprout surface.

* Reducing foodborne pathogen development in mixed salads
Because the presence of cooked sweet corn increased the potential for growth of L. monocytogenes in
minimally processed fresh salads, methods that could limit development of L. monocytogenes on
sweet corn, without causing any modifications of the raw green salad, were investigated. Selective
acidification of sweet corn with citric acid was successfully tested and the minimum concentration to
reduce listeria growth to that observed in raw green salad alone was determined. Citric acid did not
damaged green salad leaves. Another approach was studied: coating sweet corn with edible
formulations to somehow isolate this ingredient from raw green salad (the potential source a
contamination). Zein produced an edible coating with good mechanical and sensory properties, but it
only slightly reduced growth of Listeria monocytogenes and did not improve the effect of sorbic acid.

Meeting #9, 19 + 20 December 1996

AIR1-CT92-0125
INRA.AV / FRUID -6-

5
4
O) o

IIB

€O)

£2
<o
(D

•

1

•

0

-1

0

0.1

0.2

0.3

0.4

0.5

0.6

Sorbic acid (%)

8

ï. 6

0

1

1

1

1

1

1

0.1

0.2

0.3

0.4

0.5

0.6

Sorbic acid (%)
igure 2 - Growth of listeria monocytogenes (log numbers after 8 days at 10°C - log initial numbers
and pH of sweet corn as a function of sorbic acid content.
Sorbic acid was applied on sweet corn directly (clear symbols) or in the coating
formulation (closed symbols).
Each value is the result of an independant experiment and is the mean of three
replicate samples.
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F-3- Results suited for immediate use
An evaluation of the growth of L. monocytogenes in minimally processed green salads, in relation
with storage conditions, shelf life and some processing steps as disinfection, is given. It can be
estimated that with an initial contamination lower than 1 L. monocytogenes per gramme, numbers of
L. monocytogenes should not exceed the tolerance limit of 100 per gramme over the shelf life (i.e.
before noticeable spoilage occur). This should be true whatever the storage temperature (because
spoilage development accelerates with temperature increasing) but lowering storage temperature
increase safety because L. monocytogenes growht is more reduced by refrigeration than spoilage
(Carlin et al. 1995).
The use of disinfectant to reduce microbial load of minimally processed fresh salads is permitted in
some UE members, but it is an object of debate. Our results show that after disinfection the surviving
microorganisms have an increase growth rate and rapidly reach the same level than on nondisinfected products. In addition, in the case of contamination with L. monocytogenes during
processing, disinfection of salad leaves would reduce the antagonism from epiphytic bacteria and
might increase growth of the foodborne pathogen. Therefore, the major interest of disinfectant may
be more to prevent build up of contaminations in washing water during processing rather than to
reduce microbioal load of raw salad leaves (Carlin et al 1996).
The consequences of new practices (mixed salad with raw and cooked ingredients without dressing)
on safety were identified and a simple, easy to use solution was found (Nguyen-the et al. 1996).
Among commercially available packaging films, those with permeabilities offering the best balance
between fermentation development (too low permeabilities) and browning development (too high
permeabilities) were determined (Varoquaux et al. 1996). However, shelf was in any cases limited by
the very high microbial load.

F-4- Results urging for more research
Cooked vegetables offer a favorable substrates for non-proteolytic CI. botulinum and the risk of
botulism in cooked chilled vegetables should be considered. In addition, the other spore formers
found in cooked chilled vegetables do not seem to act as antagonists of CI. botulinum but could rather
promote its growth whenever foods are not under strict anaerobic conditions. A complete quantitative
risk analysis procedure should be undertaken.

F-6- Highlights
Growth of L. monocytogenes on minimally processed fresh vegetables is limited by the availability of
nutrients on the leaf surface, by the competition of the epiphytic microflora and by the short shelf-life
of these products.
Growth and toxin production by non-proteolytic C I . b o t u l i n u m was observed at temperatures of
refrigeration (5°C and over) after incubation times wich varied with the vegetables, but which are
compatible with the shelf life of cooked chilled foods.
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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)

B)

Retention of antimicrobial agents in edible films and coatings
1.
Measurement of diffusion coefficients
2.
Microbiological tests
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 01-06-96 to 31-12-96.
MODIFIED ATMOSPHERE PACKAGING OF COMMON MUSHROOM WITH GLUTEN-BASED
FILMS
This part of the work has been done by C. Barron (ENSA M student) at INRA "Station de Technologie
des Produits Végétaux" (- Domaine St Paul - Site Agroparc 84914 Avignon Cedex 9) under the
direction of Dr. P. Varoquauxfor the experiments on mushrooms.
Modified atmosphere packaging is known to limit both moisture loss and respiration rate of most plant
tissues. Significant reduction in respiration rates of mushrooms at 10°C occured at low O2
concentrations. Mushroom respiration rate at 20°C is given to be constant between 21 and about 1 kPa
O2 either in presence of CO2. Varoquaux et al., (1997) reported that mushroom apparent respiration
rate was not michaelian towards O2 partial pressure and that CO2 did not inhibit its respiration up to
20kPa.
Nevertheless CO2 delays the development of the pileus and opening of the cap. Its effect was proved
to be proportional to CO2 concentration and not dependent upon O2 in the range from 2.5 to 20kPa.
CO2 concentration in prepacks of mushrooms is given to be responsible for a marked internal
browning and it is recommended to limit CO2 concentration to 2.5 kPa to prevent discolouration. The
optimal atmosphere composition that would optimize mushroom shelf life would contain less than 2.5
kPa CO2 and between 0.5 kPa and 2% O2. Such an atmosphere composition is impossible to generate
with films currently available. This steady state composition would require a film selectivity (ratio of
the permeability CO2 / permeability O2) of over 10. Moreover, if mushrooms are to be distributed at
room temperature the packaging film must display a high permeability to O2 and CO2 at 20°C in order
to prevent anoxia. These characteristics may be found in hydrophilic fillms. The hydrophilic films are
made of either biodegradable material of agricultural origin or synthetic polymers which are able to
hydrate depending upon RH and temperature. When these films hydrate their permeability to CO2 and
to O2, to a lesser extent, increase markedly . The aim of this research is to study the effect of the
gluten film developped previously in comparaison with a film made of synthetic hydrophilic polymer
(copolymer "polyether-block amide"), and with a microperforated film on atmospheric and quality
changes in MAP mushrooms.

Materials and Methods
Films with wheat gluten were obtained by casting as described in previous reports. The thickness of
the film averaged 60 microns. The films were hydrated at 100% RH prior to their use. These gluten
biofilm were tested along with an hydrophilic polyether film (Pebax® from Elf atochem) and with a
commercial microperforated film of unknown permeability to gases. In order to get a constant volume
of the containers we fixed the films on glass jars such as shown in figure 1.
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Fig. 1: Device to measure the effect of the film properties on the composition of modified atmospheres in airtight
containers.

X 25 mushrooms (200g per jar), second flush, stage 2 (closed veil) were used for experiments at 10°C
and the same strains but stage 3 (streched veil) and only 100g per jar in the 20°C experiments. Partial
pressures of O2 and CO2 (kPa) were measured on 4 replicated jars every other hours the first day then
twice a day for 5 days at 10°C and after 3, 6, 9, 22, 27 and 32 hours at 20°C. At the end of the
experiment, mushrooms were visually assessed for morphological attributes (using Burton's scale) and
for colour on an Hunterlab reflectometric spectrophotometer.
The mathematical model used (Varoquaux et al., 1997) to adjust atmosphere changes within the jars
was similar to that previously described by Kader et al. (1989) and Talasila et al. (1994) but CO2
inhibitory effect on apparent respiration rate was neglected. The model is based on the Michaelis and
Menten's equation for the O2 consumption by plant tissues and Fick's differential equation for gas
diffusion through the film. The model was computed by iteration using Excel 5 software.
Permeabilities to O2 and CO2 of the gluten film at 10°C and 92% relative humidity were extrapolated
to respectively 4160 and 65380 ml.m"2.24hr~l.atm~l from the previous experiments (see previous
report and Gontard et al., 1996. Diffusion surface of the film was 50.3 cm^, initial RRç>2 was 2
mmoles.kg~l.hr~l at 10°C and 6 mmoles.kg~*.hr~ 1at 20°C;

QJQ A 3 (Varoquaux et al., 1997).

Results & discussion
1) Storage Temperature = 10°C, Relative Humidity = 92%
Results are shown in figure 2.

Meeting #9, 19 + 20 December 1996

AIR1-CT92-0125
CIRAD/ENSAM -3-

Coop. Intn. Rech. Agron. DévelopVSpt. Syst. Agro-Aliment. Ruraux + ENSAM

25T
*—Gluten

A

Ie

Osmolux-••--Microporous

%
M

_ O
5

I S

I -g

0

20

40
60
80
100 120
Storage duration (hr)

14C

Fig. 2 :Changes in gas composition in the jars filled with 200g mushrooms as a function of time and type of film
at 10°C and over 92% RH.

Microporous films are not selective to gas diffusion (S = 1, S is the ratio diffusibility to CO2 to
diffusibility to O2). Therefore [O2] + [COj] ~ 22% (including 0.8% argon which was not separated
from oxygen by gas chromatography).
At steady state, Oj diffusion through the film balances O2 consumption by the plant tissue. Since we
demonstrated that C^respiration rate of mushroom is not affected by O2 concentration in the range 21
to 1%, we can measure the O2 permeance of the microperforated film
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* k02 = kC02 = 414 000 ml 02.m-2.24h-l.atm-l
Hydrophilic films behave differently, their permeability to O2 is much lower than that of the
microporous films. Data for gluten films ie about 4000 ml 02.m-2.24h-1.atm-1(See previous report) ,
and Pebax permeance to O2 was previously measured as 1700 ml 02.m-2.24h-l.atm-l, O2 kinetics for
both hydrophilic films look similar in spite of significantly different permeances to O2. CO2 changes
differ significantly for gluten and Pebax films. Carbon dioxide in Pebax films peaks at about 5 kPa
after 24 hours of storage (when O2 stabilizes at less than 1 kPa O2) then slightly decreases to reach a
steady state we could not determine. CO2 in gluten jars also peaks after one day of storage but at a
lower CO2 partial pressure (about lOkPa) then decreases sharply to stabilize at about 2.5 kPa after 120
hours of storage. The shape of the CO2 kinetics for hydrophilic films is due to their selectivity to
gases (Fishman et al., 1995) combined with a pseudo michaelian behaviour.
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Fig 3 : Modelling changes in gas composition in the jars at 10°C, over 92 RH,(Fishman's model)Parameters :
surface of the film; 0.0053 m2, respiration rate ;2.03 mmol/kg.hr, head space; 0.8 L, weight of plant tissue; 200 g,
km ;0.35 kPa, initial atmosphere in the jars; air, permeances of the gluten film; 12 000 (O2) and 200 000
ml/m2.24hr.atm„ the microporous film; 380 000 for both gases instead of 1 200 000ml/m2.24hr.atm. according to
the manufacturer and of osmolux 60 000 (O2 and 120 000 ml C02/m2.24hr.atm

Figure 3 shows that the proposed model, fits reasonably well to the experimental data. The model
accounts for the CO2 peak that occurs in gluten jars and confirms the high selectivity of this biofilm
(S= over 16). The model fitting proves that, under our experimental conditions, the selectivity of
Pebax film is moderate (S=2) despite high ambient relative humidity and that microporous film
behaves as expected except for its very low permeance compared to supplyer's values.

2) Storage Temperature = 10°C, Variable Relative Humidity
In this experiment the RH was fixed to 92% for 24 hours and was reduced to 75% thereafter. Results
are given in Figure 4.
It is noteworthy that, after the drop in RH, the microporous films turned slightly less permeable to
gases, compared to the previous experiment, but the film selectivity (about 1) remained unchanged.
Immediately after the decrease in RH, CO2 partial pressure in gluten jars, which was on its decreasing
phase, increased anew. Gluten films are very sensitive to humidity and very rapidly the film moisture
content on its external side equilibrated with external relative humidity. This phenomenon resulted in
a very fast decrease in CO2 permeability of the gluten film. The same relative dehydration occured, to
a much lesser extent, in the Pebax film.
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Fig. 4 : Changes in gas composition within the jars as a function of time and film type at 10°C and variable RH.

3) Storage Temperature = 20°C, Relative Humidity = 92%
Experimental results and modelling are presented respectivelly on figures 5 and 6. At 20°C the gas
partial pressures in the microporous film jars remained almost unchanged compared to 10°C. The
decreases in 02 concentration at 20°C in both Pebax and gluten jars are similar but are, as expected,
steeper than at 10°C. Surprisingly, CO2 partial pressure in the Pebax and gluten jars peaked at about
the same time and partial pressure at 20°C than at 10°C despite a 3 fold increase in respiration rate
proving that the film permeability to CO2 increased in the same proportion. In other words Q10 of the
permeance to CO2 of hydrophilic film is similar to Q10 of mushroom metabolism (about 3).
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Fig. 5 : Changes in gas composition as a function of time and type of film in the jars at 20°C.and over 92 RH.
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Fig. 6 : Modelling changes in gas composition in the jars at 20°C (Fishman's model). Parameters were identical to
those in Fig 11 except for the respiration rate that increased from 2.03 at 10°C to 6.01 mmoles/kg.hr. New film
permeances are given in the text.

The calculated values fit correctly the experimental data (reported in figure 5). The permeability of
microporous films increased from 380 000 at 10°C to 1 200 000 ml O2 or CO2 /m2.24hr.atm. This
dramatic increase in permeability is due to the condensation of water in the perforations. The tiny
holes through the film were obtained mechanically resulting in the lozenge shape of the perforations.
Water condenses in the sharp angles of the lozenge and the permeability of the film drops markedly.
Surprisingly, the permeances values for gluten film and Osmolux did not increase in the model as
expected. Oxygen concentration in the modelled 02 kinetics for Osmolux and gluten jars drop to very
low values in less than 15 hr whereas experimental kinetics stabilized between 1 and 2 kPa residual
o2.
Literature cited
Varoquaux, P., Gouble, B., Albagnac, G., and Barron, C. 1997. Determination of respiratory
paramaters of common mushroom. In preparation.
Kader, A.A; Zagory, D.; Kerbel, E.L. (1989). Modified atmosphere packaging of fruits and vegetables.
Crit. Rev. Food Sei. Nutr., 28 (1), pp 1-30
Talasila, P.C.; Cameron, A.C.;Joles, D.W. (1994). Frequency distribution of steady-state oxygen
partial pressures in modified atmosphere packages of cut broccoli. J. Amer. Soc. Hort. Sei., 119 (3),
pp 556-562.
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D: Progress Highlights for 1-7-96 to 31-12-96
Fresh vegetables storage required specific permeability properties wich are generally adjusted with
microperforations of synthetic films. The natural selectivity of the gluten film 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 gas permeability of
selected films.

E: Dissemination

Publications
- 1994 De Savoye, F., Dalle Ore, F, Gontard, N„ and Guilbert, S. 1994. Improvement of fresh fruits and vegetables
sehlf-life and quality: surface retention of preservative agents using edible films and coatings. Sciences et
Techniques du Froid. 283-300.
Gontard, N„ Duchez, C, Cuq, J.L., and Guilbert, S. 1994. Edible composite films of wheat gluten and lipids:
water vapour permeability and other physical properties. Int. J. Food Sei. Technol. 29(1): 39-50.
Gontard, N. and Guilbert, S. 1994. Bio-packaging: technology and properties of edible and/or biodegradable
material of agricultural origin. In Food packaeine and preservation. M. Mathlouthi (Ed.), p. 159-181, Blackie
Academic & Professional, Glasgow.
Guilbert, S. and Graille, J. 1994. Biomatériaux et molécules fonctionnelles. In Valorisations non-alimentaires des
grandes productions agricoles. Les colloques n°71, J. Gueguen (Ed.), p. 195-206, INRA Editions, Paris.
- 1995 Cuq, B., Gontard, N., and Guilbert, S. 1995b. Edible films and coatings as active layers. In Active food
packaeines. M.L. Rooney (Ed.), p. 111-142, Blackie Academic & Professional, Glasgow.
Guilbert, S. and Gontard, N. 1995. Edible and biodegradable food packaging. In Foods and Packaeine Materials
-.Chemical Interactions. P. Ackermann, M. Jägerstad, and T. Ohlsson (Ed.), p. 159-168. The Royal Society of
Chemistry, Cambridge.
Guilbert, S„ Gontard, N., and Cuq, B. 1995. Technology and applications of edible protective films. Packaging
Technol. Sei. 8: 339-346.
- 1996 Gontard, N. and Guilbert, S. 1996. Bioemballage: technologie et propriétés de matériaux d'origine agricole
comestibles et/ou biodégradables. In Emballage Alimentaire et Conservation. M. Mathlouti (Ed.), Polytechnica.
In press.
Gontard, N., Thibault, R., Cuq, B., and Guilbert, S. 1996. Influence of relative humidity and film composition on
oxygen and carbon dioxide permeabilities of edible films. J. Agric Food Chem. 44(4): 1064-1069.
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Guilbert, S., Cuq, B., and Gontard, N. 1996. Recent innovations in edible and/or biodegradable packagings. Food
Additives and Contaminants. In press.
Guilbert, S., Gontard, N., and Gorris L.G.M. 1996. Prolongation of the shelf-life of perishable food products
using biodegradable films and coatings. Lebens. Wiss. u-Technol. 29: 10-17.
Redl, A., Gontard, N., and Guilbert, S. 1996. Determination of sorbic acid diffusivity in edible wheat gluten and
lipid based films. J. Food Sei. 61: 116-120.
-- 1997 -Barron, C., Varoquaux, P., Guilbert, S., Gontard, N., and Gouble, B. 1996. Modified atmosphere packaging of
common mushroom with hydrophilic films, in preparation.
De Regt, H., Zakhia, N„ and Guilbert, S. 1997. Use of edible films containing antimicrobial agents for
preservation of fresh foods. In preparation for J. Food Process. Preserv. Submitted for publication.
Guilbert, S. and Cuq, B. 1997. Les films et enrobages comestibles. In L'emballaee des denrées alimentaires de
grande consommation. In press. Technique et Documentation, Lavoisier, Apria, Paris.

Conferences
- 1993 Guilbert, S. and Gontard, N. 1993. Technology and properties of agricultural biopolymers based packaging. 8th
World Conference on Packaging. IAPRI, 20-23 Juin, Sao Paulo.
- 1994 -De Savoye, F., Dalle Ore, F., Gontard, N., Guilbert, S. 1994. Surface retention of preservative agents using edible
films and coatings : improvement of fresh fruits and vegetables sehlf-life and quality. International Colloque on
the Refrigeration and the Quality of Fresh Vegetables. 7-9 Septembre, Brest.
Guilbert, S. and Gontard., N. 1994. Edible and biodegradable packages. France-Israël Symposium on
Enginnering Aspects of Food Quality. 23-24 Mai, Haifa.
Guilbert, S. and Gontard., N. 1994. Edible and biodegradable food packaging. International Symposium
Interaction: Food / Food Packaging Material. 8-10 Juin, Lund.
Zakhia, N., Gontard, N„ and Guilbert, S. 1994. Edible and biodegradable films to improve shelf life of minimally
processed fruits and vegetables. Flair-Flow EC Symposium on New Food Packaging. 16-19 Avril, Copenhague.
- 1995 -Guilbert, S. 1995. Biopackaging, tecnologia y propriedades de polymeros biodégradables. Seminario
Biopackaging. 25 avril, Buenos Aires.
Guilbert, S. 1995. Propriedades y applicaciones de edible films. Taller Polvmeros biodégradables. Avances v
perspectivas. 26-27 Avril, Buenos Aires.

Meeting #9, 19 + 20 December 1996

AIR1-CT92-0125
CIRAD / ENSAM -9-

Coop. Intn. Rech. Agron. Dévelop./Spt. Syst. Agro-Aliment. Ruraux + ENSAM

Guilbert, S. and Gontard., N. 1995. Technology and applications of edible protective films. International
symposium New Shelf Life Technologies and Safety Assessments. 18-19 mai, Helsinky.
Guilbert, S., Gontard, N. and Cuq, B. 1995. Technology and application of edible protective films: Application to
the protection of fresh or minimally processd fruits and vegetables. Seminaire CIRAD FLHOR Technologie et
Maitrise de la Qualité. 4-7 septembre, Montpellier.
- 1996 Cuq, B., Gontard, N. and Guilbert, S. 1996. Les emballages antimicrobiens. Séminaire ACIA Les emballages
actifs. 21 Mars, Paris.
Cuq, B. and Guilbert, S. 1996. Two day course on "Edible Films for Food Products" (29-30 avril 1996, The
Icelandic Fisheries Laboratories, Reykjavik).
Gontard, N. and Guilbert, S. 1996. Panorama des emballages actifs. Séminaire ACIA Les emballages actifs. 21
Mars, Paris.
Gontard, N. and Guilbert, S. 1996. Edible and/or biodegradable films and coatings: Study of wheat gluten Filmforming properties. 6th International Gluten Workshop , 1-6 september, Sydney.
Gontard, N. and Guilbert, S. 1996. Edible and/or biodegradable wheat gluten films and coatings. Conference on
Plant Proteins from European Crops. Food and Non-food Applications. 25-27 November, Nantes.
Guilbert, S. 1996. Recent innovations in food packaging and future prospects. International Symposium Food
Packaging. Ensuring the Safety and Quality of Foods. 11-13 September, Budapest.
Guilbert, S. and Gontard, N. 1996. Perméabilité à l'eau, aux gaz et aux solutés de films protéiques. Séminaire
Club Liberation Modifiée sur la Perméabilité membrannaire. 25 janvier, Paris.
Guilbert, S. and Gontard, N. 1996. Les bioemballages: barrières sélectives aux gaz. Séminaire ACIA Les
emballages actifs. 21 Mars, Paris.
Guilbert, S. and Gontard, N. 1996. Bio-packaging: Tecnology and properties of protein based materials. 3rd
European Symposium on Industrial Crops and Products. 22-24 April, Reims.
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F: OVERVIEW OF THE PROJECT
Task 7: Biodegradable films and coatings
Biodegradable films and coatings based on wheat gluten proteins and lipids derivatives have been
developped. Based materials were dispersed on ethanol/acid/water solvent. The films forming solution
then obtained was spread onto surface and then dried to obtain a 50|im transparent thin film. Films
were preformed independantly onto a levelled surface. Film-forming solution could be spread directly
onto the food surface to obtain a coating. Momolayer and bilayers films (protein film coated with a
thin layer of lipid) were developped. These films and coatings were developped to control gas (water
vapor, oxygen, carbon dioxide) transfert to create a modified atmosphere around vegetable based
model food product, thus retarding spoilage. After film-forming condition optimisation, the water
vapor, oxygen and carbon dioxide permeabilities were studied as a function of film composition,
relative humidity and temperature.
Control of water vapor transfer - Due to their relatively low water vapor barrier properties,
hydrocolloide-based films can only be used as protective barrier layers to limit moisture exchange for
short-term applications. Hydrocolloid-based films with very high water vapor permeability are of
considerable interest for numerous applications with modified atmosphere packaging of fresh foods
fruits and vegetables. Including lipidic compound into the film formulation reduce drastically wtaer
vapor permeability. Water is not very soluble or mobile in lipid-based films because of the low
polarity and dense, well-structured molecular matrixes that can be formed by these compounds. Wax
or lipid based materials are commercially applied to many fruits and vegetables to reduce dehydration
and improve consumer appeal.
For hydrophilic films at low aw, film water vapor permeability remains relatively low. Increasing aw
leads to an increase in film moisture content (non-linear sorption isotherms), in film plasticization due
to water absorption, and finally induced a decrease in water vapor barrier properties. A rise in
temperature causes also a decrease in water vapor barrier properties. These changes are often
characterized by Arrhenius-type representations.
The critical role of water as plasticizer of hydrophilic films appeared to be highly temperature
dependant. The structure/property relationships of hydrated biopolymers could be better understood
through theories of the glass transition used in Polymer Science. Glass transition is typically descibed
as a transition from a brittle glass to a highly viscous or rubbery solid. It is well established that
plasticization by water affects the glass transition temperature of amorphous hydrocolloids such as
proteins thus resulting in a drop in the glass transition temperature. The anomalous diffusion behavior
of glassy polymers may be directly related to the influence of the changing polymer structure on
solubility of water and diffusional mobility of water.
Control of gas exchange - There is a difference between water vapor and gas permeability (CO2 and
O2) of the same film. Gas diffusion is crucial for gas permeability whereas both sorption and diffusion
are essential for moisture transfer. Materials with suitable O2 barrier properties are required to protect
oxidizable foods (to reduce rancidity and vitamin loss), but some O2 and especially CO2
permeabilities are essential for fresh fruit and vegetable packagings. The O2 and CO2 permeabilities
of numerous biopolymer-based and synthetic films have been evaluated. Hydrocolloid-based
packagings have impressive gas barrier properties when they are not moist, especially against O2. For
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instance, O2 permeability of wheat gluten film was 800 times lower than low density polyethylene and
twice lower than polyamide 6, a well know high O2 barrier polymer. When moisture is present, the
macromolecule chains become more mobile which leads to a substantial increase in O2 and CO2
permeability. Lipids, which are very often used to delay water transfer also have significant effect on
O2 barrier properties.
The development of packaging or edible films with selective gas permeability could be very promising
for controlling respiratory exchange and improving the conservation of fresh or minimally processed
fruits and vegetables. For example, hydrocolloid-based films such as gluten films appear to have
suitable O2 barrier properties while remaining relatively permeable to CO2. Concerning O2 and CO2,
the relative solubility of CO2 in water explains its high permeability in hydrophilic materials. The
selectivity coefficient relative to these two gases is therefore dependent on film moisture content and
temperature. The combined effect of relative humidity and temperature on O2, CO2 permeability and
selectivity have been modelised using response surface methodology. Very high selectivity coefficient
were observed (till 28) if compared to traditionnal synthetic films used for fresh fruits and vegetables
(1 to 6). Highly selective films should permit to obtain specific modified atmophere packaging
conditions (specially with low carbon dioxide concentration) not possible with traditionnal synthetic
films. Experiments were conducted on real food: our selective gluten-based films have been shown to
lead to the creation of very original atmospheres when used to wrap fresh vegetables. Evolution of
atmosphere composition around fresh mushrooms placed in a glass jar covered with a conventionnal
microperforated film, a commercial selective polyether amide film (Pantek marketed as "Pebax" by
Atochem), or a gluten film have been evaluated and compared. With the gluten film, modified
atmosphere rise to an equilibrium composition of 2-3% CO2 and 2-3% O2 which is favourable to the
mushroom overall quality.

Task 8: Active edible coating: Modification of surface conditions and controlled release of
additives
Retention of specific additives in edible coatings can lead to a functional response generally confined
to the product surface and to modification and control of "surface conditions". Edible active films and
coatings could be applied on foods to modify and control surface conditions. The improvement of
food microbial stability can be obtained by using edible active layers as surface retention agents to
limit food additives diffusion in food core or in combination with treatments such as refrigeration and
controled atmosphere to improve the microbiological quality. Edible films and coatings can be used as
food preservative media (particularly for antioxygen and antifiingic agents) and as surface retention
agents to limit preservative diffusion in the food core. Maintening a local high effective concentration
of preservative may allow to a considerable extent reduction of its total amount for the same effect.
It is then important to be able to predict and control surface preservative migration. Preservative
diffusion through edible films is influenced by various parameters: film characteristics (type,
manufacturing procedure), food characteristics (pH, aw), storage conditions (temperature, time) and
solute characteristics (hydrophilic properties, molar mass). Diffusion mechanism of sorbic acid
incorporated in wheat gluten and lipid based films was investigated. Fickian diffusion was identified
as beeing the predominant mechanism of release and diffusion coefficient were determinated in
aqueous medium ranging from 7.5 10"^ to 2.4 10~16 m^/sec for wheat gluten and beeswax films
respectively. The mechanism of sorbic acid migration in model foods such as aqueous gels (1,5%
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agar) was studied. Modelised and predicted diffusion of sorbic acid (using a two compartments model
and an explicit numerical method with finite differences) were compared with experimental
diffusion.Theoretical and experimental results showed to be in closed agreement.
Microbiological analysis were conducted to confirme efficiency of preservative retention whithin
surface coatings that induces an increase in shelf-life of intermediate moisture foods. Preservative
additives retention properties of various coatings showed that pectin films, gluten films and
gluten/monoglyceride derivative composite films containing sorbic acid can delay the development of
Penicilium notatum on model food (0.97 aw and 30°C) respectively for more than 1, 2, or 4 days as
compared to a standard when sorbic acid is only deposited on food surface.
The studies presented here have demonstrated that a number of characteristics of biodegradable/
edible films and coatings make them suitable for fruits and vegetables preservation. The use of these
properties and their ability to be modified and controlled opens a new field of applications for these
biomaterials.
Due to their specificities (gas selectivity, high water vapor permeability, solute retention, eventually
edible, etc.), theses materials could provide a supplementary but essential means to control fruit and
vegetable spoilage which are relevant with the concept of "active packaging". This is expected by
controlling gas exchange with food product and by modifying and controlling food surface conditions.
Research and development are still required to adapt and produce such material to an industrial scale.
More experiments on real food need also to be performed.

Meeting #9, 19 + 20 December 1996

AIR 1-CT92-0125
CIRAD/ENSAM-13-

Institute of Technology of Agricultural Products

Participant 5:

National AGricultural REsearch Foundation (NAGREF)
Institute of Technology of Agricultural Products (ITAP)
Sof. Venizelou 1
Lycovrisi 14123
Athens
Greece

Project coordinator:
George-John E. Nychas, Assoc. Professor
Project participants '.
Mrs. Chrysoula Tassou, Junior Scientist (Ph.D.)
Mr. Kostas Koutsoumanis (B.Sc)
Resources
18man-months/year

PART A:
(Sub-)Project titles:
1. Development and evaluation of different model system (carrot and tomato juice) for the study
(growth, modeling) of food spoilage and pathogenic bacteria (Task 10)
2. Comparison of D-model and Modified Gompertz equation

PART B:
bl. Description of the research topic
It is well known that the lactic acid bacteria are the dominant organisms when carrots or tomatoes are
stored under vp/map conditions at different temperatures. Moreover it was established that among
lactic acid bacteria L. mesenteroides was the dominant organisms. At the same time the rate of
growth of S. enteritidis and L. monocytogenes was studied also. The rate of growth of these
organisms was evaluated in model food system (NZ- amine)
The modified Gompertz equation [logN=A+C*exp[-exp(BM-B*X)] and the D-model (Baranyi) were
used to fit the data obtained from Malthus 2000

b2. Goal of the research
To 'create' a medium relative equal to vegetables in order to investigate the growth (using an
impedance instrument) of specific spoilage and pathogenic bacteria
If the growth of pathogens (S. enteritidis and L. monocytogenes) as well as potential spoilage
organisms can be described with a mathematical equation this could be used to predict the self life of

Meeting #9, 19 + 20 December 1996

AIR1-CT92-0125
NARF. -1-

Institute of Technology of Agricultural Products

ready to eat vegetables. In the present study the D-model and the Gompertz equation have used to
described the maximum specific growth of S. enteritidis, L. monocytogenes and L. mesemteroides
under certain conditions.

b3. Short description of the approach
From the previous report it was evident that NZA was the best one among others for the study of
pathogens in Malthus Instrument (see Table 42.5)

PART C:
OVERVIEW OF THE WORK PERFORMED FROM 1-7-1996 to 31-12-1996
=>=> the growth of L. mesenteroides was modeled using the modified Gompertz and the logistic
procedure. The medium used it was NZAmine
=>=> The carrot juice was used for the modelling of S. enteritidis at different initial pH and
incubation temperature. In this case the modified Gompertz and the D-model (Baranyi) was
performed to evaluate the best fitting and the best prediction.
=>=» The evaluation of our data obtained form our research group during the last 3 years with the
D-model was not an easy task due to less than 10 sampling per experiment

Materials and Methods
Enumeration of pathogens and spoilage organisms
Salmonella enteritidis, L. monocytogenes and L. mesenteroides were enumerated with xylose lysine
decarboxylase agar, Listeria agar medium and MRS respectively. Incubation was at 37°C for
salmonella and 25°C for lactic acid bacteria and Listeria. Culture media and selective supplements
were supplied by Oxoid, UK.
Studies in food model system
Sterile and non sterile fresh carrot juice, NZA and other media were used for the growth of these
bacteria. It was decided to use the modified N-Z amine due to the best baseline taken from Malthus.
Inoculation with S. enteritidis, L. monocytogenes and L. mesenteroides was followed.
Bacterial Strain
Strains of Salmonella enteritidis PT4 and L. monocytogenes B4 were provided by Professor R.G.
Board (University of Bath, UK) while Leuconostoc mesenteroides was isolated from Greek carrots
All bacteria were maintained on slopes of nutrient agar (Oxoid, Hampshire, UK) at 4°C and
subcultured weekly to prepare an inoculum. An overnight culture was grown in 50 ml nutrient broth
(Oxoid) at 37° C, harvested by centrifugation, washed twice with saline and resuspended to give a
cell density of 109 cell/ml.
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Growth media
Fresh carrot juice (Vita mat, Rotor agch-3138, Vetendort, Swiss) non sterile or sterilized by
autoclaving was used in combination with NZA, SPYE, L-cysteine, L-lysine, arginine and glycerol to
obtained a good growth of Salnonella. Partion of the fresh juice was centrifuged also. The
supernatant was used either sterile or not in combination with the above mentioned constituents. This
experimentation was very basic and important in order to achieved a smooth and clear curve growth
of Salnonella.
Experimental procedure
Broths were dispensed (2.5ml final volume) into sterile closed glass reaction cells. The broths were
added to the Malthus (Radiometer International, Copenhagen, Denmark) reaction cells. Reaction cells
were pre-incubated at 37°C for 1 h before inoculation in order to reach the experimental temperature.
The cells were then inoculated with 0.1ml of an overnight culture of Salm. enteritidis at 37° C in the
growth media and incubated statically in the water bath of a Malthus 2000 system maintained at
37°C. Changes in the conductance of the medium during growth were monitored every six minutes by
the Malthus 2000.
In the case of Leuconostoc mesenteroides, it was also decided to use the modified N-Z amine due to
the best baseline taken from Malthus 2000. The following multifactorial experiment it was then
designed and performed. Three factors Temperature, (10 & 30°C), aw (concentration glycerol 0,
12.87 & 24.11%) and glucose ( 0, 0.5 & 1 %) were examined.
Growth monitoring
Bacterial growth was monitored by conductance measurements using the Malthus 2000 instrument,
this system detects changes in conductance caused by bacterial metabolism in the growth medium.
The analyzer monitors conductance changes every 6 min and records the data. Changes are expressed
in micro Siemens (mS) and shown graphically as conductance curves. The conductance detection
time (DT), expressed in hours, reflects microbial metabolism also. It is defined as the time interval
between the start of conductance monitoring and the beginning of the acceleration phase of the
signal.

Results. Discussion and Conclusions

Leuconostoc mesenteroides
The results obtained from the above multifactorial experiment are shown in Fig 48.1, 48.2 and 48.3
for 10° and 30°C respectively. Table 48.0 shows the wide range of media used to meet the requested
performance of base line. The data analysis with Gompertz and logistic are shown in Tables 48.1 and
48.2 respectively
In our previous report it was evident that in most cases the maximum specific growth of lactic acid
bacteria, at low temperature regardless the packaging system used, was greater than those of
pseudomonads. The results of maximum specific growth obtained with NZA were in fact
significant different compared with those obtained with the real food (carrots). Many factors could be
account for these differences. One could be consider that is due to the fact that the selected medium
do not simulate the existing conditions of the real food. It needs to be noted that there were no
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differences between the modified Gompertz equation and the logistic one. The different initial level,
the contribution of specific flora etc. count be also account for the these discrepancies. Moreover the
few data (5-7 points) obtained during storage conditions of real food (carrots & tomatoes) while in
the case of Mai thus 2000 more than 25 points were used to be fitted in the equations.

Salmonella enteritidis
The previous results (see previous report) revealed that the most appropriate medium for the study of
Salmonella enteritidis and Listeria monocytogenes is this that could contain either NZA and
cysteine. However having the experience of lactic acid bacteria and the significant differences
obtained between in situ, in vivo and in vitro, it was decided to use carrot juice supplement with
cysteine to increase the purity of base line and to sharp the signal of bacterial growth as expressed
with the Malthus Instrument.
The results of Salmonella are shown in Figures 48.4-48.7 and in Tables 48.3 - 48.4. In particular
Figures 48.4A-48.4D described the growth (in microsimens) of Salmonella enteritidis under different
incubation temperature in media having different initial pH when the data were fitted with the
modified Gompertz equation while in Figures 48.5A-D with Baranyi's D-model. It was evident, that
in both cases, the pH affected the rate of growth of this organism. This was also have shown with
the analysis of variance (Table 48.3C). In previous reports it was well established that there was a
significant differences between the initial pH of various vegetables and further more the pH of the
vegetables changes dramatically during storage. Thus relative acid vegetables do affect the rate of
growth of this pathogens and do control its growth in a greater extend than in vegetables with relative
higher pH. It was evident from Table 48.3 that the data were fitted better with modified Gompertz
equation than with Baranyi's D-model. It should be noted however that the D-model show
In Table 48.4A the observed and predicted rate is shown. It was evident that the quadratic equation [
y=a+bTemp+cpH+d(T*pH)+eT2+dpH2] has relative high r (0.940)
In Figure 48.6 a,b additional information are given as far as the data analysis with quandratic
equation. In particular it was evident that the residuals, of mean squares of maximum growth, related
with the Temperature are better described than these of pH values.
Finally in the Figures 48.7 and 48.8 the 3-d plot describes the predicted values of rate growth of
Salmonella as estimated from the observed values of Baranyi's equation.

Listeria monocytogenes
results are on progress but not finished

Dissemination
1. N, Kakiomenou, CC. Tassou and Nychas, G.J.E Storage of shredded carrots with modified
atmospheres:possible role of microbial metabolites as indicator(s) of spoilage {Inter. J. Food Sei. &
Technol. in press)
2. K. Kakiomenou , C. Tassou, and G-J.E Nychas Growth / survival of Salmonella enteritidis and
Listeria monocytogenes on salad vegetables (Food Microbiology, submitted)
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THE USE OF CONDUCTANCE IN MODELING
Table 42.5 The effect of different factors on the Detection Time of Salmonella enteritidis as study
with the Malthus 2000
medium

juice

amino acid

inoculum

detection
time (dt)

sterile
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+

-

-

-

-

-

5

-

+
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+

2.9

-

+

-

-

+

-

-

8.2

-

+

-

-

+

-

+
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+
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-

+

-

+

-

-

+
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+
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+
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-
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-

-

+

-

-

-

-
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-
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Table 48.0(42.5a). The influence of different media on the growth (base line) of L.
mesenteroid.es on Malthus 2000 instrument
go
od
SN

go
od
PN

7A

74

+

—

PO
or
ca
VT

excelle
nt
SPYE
+

excelle
nt
SNZA

good
SNZ

excelle
nt
SNZA

_L

A j-

+

_L

+

+

excelle
nt
MILK
M
+

excelle
nt
MILK
X

+

'

- = no growth (no detection time) + = growth (detection time)
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48.1. Growth of L. mesenteroides on NZAmine medium having different water activity (aw) and
glucose (g) concentration at 10° (A) and 30°C (B) [ aw0/g0; awl/gO, 9 aw2/g0]
(A)

TIME (h)

(B)

TIME (h)
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Figure 48.2. Growth of L. mesenteroides on NZAmine medium having different water activity (aw)
and glucose (g) concentration at 10° (A) and 30°C (B) [ awO/gl; awl/gl, 0 aw2/gl]

(A)

TIME (h)

(B)

TIME (h)
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Figure 48.3. Growth of L. mesenteroides on NZAmine medium having different water activity (aw)
and glucose (g) concentration at 10° (A) and 30°C (B) [ aw0/g2; awl/g2, 0 aw2/g2]

(A)

TIME (h)

(B)

TIME (h)
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Table 48.1 Analysis of the data presented in Figures 48.1-48.3 with modified Gompertz.
(generation time), and r2
MODIFIE

GT

GOMPERTZ
fOO

flO

B
A
rA2

70,9000
7,7030
0,0275
0,7220
0,9920

140,9010
-6,3904
-0,0222
6,7450
0,9950

|x(max)

0,07794

0,05220

0,01361

0,0777

0,0412

0,0799

0,0854 0,03876

0,0

GT

3,86296

5,76808

22,12333

3,8744

7,2938

3,7681

3,5237 7,76670

6,7

9,9520
5,8715
0,1497
2,1030
0,9900

14,5890
5,6290
0,1050
1,7230
0,9790

13,7720
1,1096
0,4824
2,0690
0,9540

7,2732 13,1485 35,4268 12,2775
4,8081 5,5331 2,9533 10,1620
0,2817 0,1425 0,0960 0,0834
2,5246 2,2396 2,3209 1,8657
0,9814 0,9820 0,8737 0,9930

|x(max)

0,32339

0,21746

0,19694

0,4983

0,2900

0,1043

GT

0,93098

1,38450
rank

1,52876

0,6041

1,0378

2,8862

ft o

foi

fU

ftl

J02

fl2

lOdeg
M
C

30deg
M
C
B
A
rA2

104,5825 51,5260 70,4120 35,7690 60,2970 81,3520
-1,3070 7,1112 7,3810 2,4210 5,8201
8,7800
-0,0283 0,0297 0,0152 0,0897 0,0399
0,0120
2,1042 0,6500 0,4390 0,7866 1,4671 0,3560
0,9727 0,9876 0,9500 0,9520 0,9500
0,9690

lOoC

*

F02
F21
F00
F01
F10
F22
Fll
F12
F20

0,08544
0,07990
0,07794
0,07771
0,05220
0,04442
0,04128
0,03876
0,01361

GT (h)

21,
1,
0,
2,:
0,:

0,3118 0,19352

o,o;

0,9655
rank
|i.(max)

3,52378
3,76813
3,86296
3,87448
5,76808
6,77746
7,29380
7,76670
22,12333

F01
F00
F02
Fll
F10
F20
F12
F21
F22

1,55573

0,49832
0,32339
0,31181
0,29009
0,21746
0,19694
0,19352
0,10431
0,08089

GT (h)
0,60416
0,93098
0,96553
1,03784
1,38450
1,52876
1,55573
2,88625
3,72207

y = A + C * exp{-exp (-B (X M ) }
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2,
0,
0,
0,

16,7990
5,9100
0,0890
2,1550
0,9920

30oC
|x(max)

33,

3,7:
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ible 48.2 Analysis of the data presented in Figures 48.1-48.3 with logistic equation, fx,^, GT (generation
ne), and r2

mc SIGMOI
D
po

flO

fl 0

ßl

ß1

f02

fl2

68,3400 93,2170 41,796
0,0596 0,0211 0,0880
7,7106 7,8900 2,9788
1,2300 0,1044 0,9235
0,9600 0,9720 0,7730

f22

80,9980 134,2536
0,0395
0,0293
7,4550
8,1389
0,5412
0,2664
0,9930
0,9960

88,4140 59,6080
0,0597
0,0432
1,9604
7,4430
0,6853 0,1446
0,9860 0,9890

83,0480
0,0235
7,2170
-0,0090
0,9530

40,7160
0,1235
3,2090
0,7111
0,9530

0,03950

0,02930

0,05970 0,04320

0,02350

0,12350

0,05960

11,7218
0,1954
7,9091
1,5584

14,3537
0,7571
3,1635
2,0550
0,9520

8,6035
0,3794
7,2906
2,3341
0,9870

15,1446
0,2234
7,4724
2,0336

41,2447
0,0580
6,0882

0,9910

16,2989
0,1263
7,3183
0,9229
0,9790

0,9860

1,5411
0,8614

13,3890 18,7969 25.410.
0,1265 0,1319 0,1835
10,9581 7,6483 4,1886
0,9178 1,7064 2,2663
0,9948 0,9920 0,8929

0,19540

0,12630

0,75710 0,37940

0,22340

0,05800

0,1319

0,1835

rank

rank
10°C

0,12650

0,0211 0,0880

30°C

H(max)
F21 0,12350
F22 0,08800
F20 0,05970
F02 0,05960
F01 0,04320
F00 0,03950
F10 0,02930
Fll 0,02350
0,02110
V12
IU
F12 U,U2i
IN + (MAX-MIN) / (1 +exp (-K (X-X50)))

F20
F01
Fll
F00
F22
F12
F02
F10
F21

|l(max)
0,75710
0,37940
0,22340
0,19540
0,18350
0,13190
0,12650
0,12630
0,05800
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Figure 48. 4 Growth of Salmonella enteritidis in carrot juice; data (changes in microsiemens)
results fitted with Baranyi equation [• : pH=6.5, A : pH=5.5, • : pH=4.5 A. :T=20 °C, B. :
T=25 °C, C. : T=30 °C, D. : T=35 °C ]
A.

B.
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D.
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Table 48.3 Maximum specific growth of Salmonella enteritidis in carrot juice estimated with
modified Gompertz (A) and Baranyi's D-model (B) and the effect of initial pH (5.5, 6.0, 6.5)
and incubation temperature on the final growth as expressed in microsiemens after 118 h at
different temperature (20,25, 30,25°C) (C)
(A)

TEMP PH
M 6.5
••5.5
••4.5
6.5
|H|5.5
|H||4.5
B|6.5
•HI 5.5
•H 4.5
•BHFL 6.5

mm

HH5-5
1MB 4.5

Y0
2.561314
1.729297
-11.6384
2.728904
9.544988
0.092875
-6.75735
11.19680
-3.84344
22.5800
19.2311
12.622

LAG
29.43214
21.8742
61.468
20.710
13.160
25.490
4.841
12.169
11.050
4.351
9.776
10.179

RATE
10.64590
7.391336
9.47100
11.02027
7.420097
6.067601
23.55068
16.30220
11.68557
24.75223
15.82365
12.66694

YEND
597.2624
486.3918
2145.267
618.2947
499.5000
499.7346
621.9052
457.6755
535.4336
591.5691
489.6031
439.1982

RA2_ST.->
0.996 .
0.997J
0.9861
0.998%
0.9951
0.9971
0.9981
0.998 *
0.9941
0.997
0.998 J
0.994J

SE(FIT)
12.685
8.322
11.357
9.780
10.970
7.195
9.288
6.140
9.816
10.260
7.268
10.446

(B)

TBMP PH

RATE

SE(RATE)

9.847405
5.987553
4.492467
9.689185
6.711136
5.429113
19.0282
14.76756
10.565!
20.0365:
14.39011
_10.7200<

0.298219
0.163854
0.205082
0.135615
0.198407
0.111904
0.442579
0.329413
0.259019
0.442956
0.378883
0.299738

YEND SE(FIT)

SE(LAG)
27.57527
16.46996
29.92693
18.64934
11.77232
22.85227
mÈÊÊÈf
11.20798
10.28233

0.964906
1.637101
2.017557
0.51137
1.298338
1.061878
0.388743
0.670817

MÊBÊT

8.990546

0.514408
0.831668

4.821142
4.002122
2.429024
7.611315
19.2094
6.575604
-43.8702
15.18353
i.486687
-14.1466
16.10821
15

508.9606 11.99929
15.18181
13.18999
546.8323 6.694428
442.6789 12.10433
8.820537
577.296 16.00996
411.9831 7.435667

10.61888
582.633 13.77596
440.4061 9.605671

(C)

ANALYSIS OF V ARIANCE
SOURCE SUM-OF-SQUARES
TEMP
PH.
TEMP*PH
ERROR

187.078
18.028
0.261

MEAN-SQUARE

DF

lIMHgMÊÊIÊÊÊÊSÈÊÊÈÊ^
MÊsÊsÊm

.0.022

12

F-RATIO
:

5853.223
4295.077 .
137.966

.

i \

0.000 1
0.000 F
Q.Q00 1
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Figure 48.5 Growth data of Salmonella enteritidis in carrot juice fitted with modified Gompertz
equation [• : pH=6.5, • : pH=5.5, • : pH=4.5 ; A:T=20 °C, B. : T=25 °C, C. : T=30 °C, D. :
T=35°C]
A.

time

(hours)

B.

time (hours)
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Table 48.4 Analysis of variance (A) of predicted growth rate with the y=a + bTemp + cpH+
d(T*pH) + eT2 + dpH2 model related with the observed data (B) of pH and Temperature
estimated with the D-model (Baranyi)
(A)

MMARY OUTPUT
degression Statistics
0.941152
0.885768
2.357832
12
Coefficien
ts
19.49906
-0.10674
-9.38183
0.160868
-0.00239
0.762016

sH

illlBiÄiMiii
WtÈtËÊÊÊÊtÊ

Stan.
t Stat
P-value
Error
52.49346 0.3714571
0.723061
1.711663 -0.06236
0.952303
0.588601
-0.5712
16.42463
0.322137
0.149122 1.078768
0.93291
0.027226 -0.08778|,
1.443871 0.527759
0.616605

Lower
95%
-108.9481
-4.29503
-49.5715
-0.20402
-0.06901
-2.77101

Upper
95%
147.94
4.081554
30.80782
0.525758
0.06423
4.295044

Lower
95.0%
-108.948
-4.29503
-49.5715
-0.20402
-0.06901
-2.77101

95.0%
147.946
4.081554
30.80782
0.525758
0.06423
4.295044

(B)
TEMP
; ;v20/.

j

•••j
25
"• £5
25
30
. 30

•••
• 35. '
35
. 35

j

I

PH
6.5
5.5
4.5
6.5
5.5
4.5
6.5
5.5
4.5
6.5
5.5
4.5

rate(observed)
9 847405

MÊÊÊÊÊÊTÊÊKÊÊÊBÊIBÊÊKÊÊÊÊÊK

10.72006

rute( predicted)
8.534571
5.554842
4.099145
12.6914
8.907333
6.647294
16.72875
12.14033
9.075951
20.6466
15.25384
11.38512
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Figure 48.6 Correlation of observed with Baranyi' equation and predicted with quadratic
values of specific rate of growth of Salmonella enteritidis (A) as well as the relationship of
residuals of mean square of maximum specific growth taken from quadratic equation for
temperature and pH (B)
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Figure 48.7 The three dimensional predicted maximum specific growth response surface
(inverse) of Salmonella enteritidis in carrot juice, as determined with a Malthus instrument as
function of different initial pH (4.5, 5.5 & 6.5) vs Temperature (20,25, 30, & 35°C)
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Figure 48.8 The three dimensional predicted maximum specific growth response surface
(quadratic) of Salmonella enteritidis in carrot juice, as determined with a Malthus instrument
as function of different initial pH (4.5, 5.5 & 6.5) vs Temperature (20,25,30, & 35°C)
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Participant 6:

Institute of Food Research, Norwich Laboratory,
Norwich Research Park,
Colney,
Norwich, NR4 7UA,
UK.
Telephone: (44)-1603-255000
FAX: (44)-1603-507723,
EMAIL: MIKE.PECK@BBSRC.AC.UK. or
SANDRA.STRINGER@BBSRC.AC.UK

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 (45 person-months)
June Plowman (3 person-months)
Nuzrul Haque. Sandwich student (6 person-months)
Bl- Description of the problem:
Non-proteolytic strains of CI. 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 CI. 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 heat-damaged and unheated
spores of non-proteolytic CI. 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 CI. botulinum will be determined in model foods.
A) The effect of gas atmosphere and other suitable mild preservative factors on growth from heatdamaged spores of non-proteolytic CI. botulinum will be determined in a model vegetable/eggcontaining food.
B) The effect of gas atmosphere and other mild preservative factors on growth of non-proteolytic CI.
botulinum will be determined in relation to the normal epiphytic flora of salad vegetables.

CI- Overview of research performed July 1996 to December 1996:
A. Growth from heat treated spores in sterile anaerobic vegetable iuice
Introduction
The heat resistance of spores depends on the composition of the heating and the recovery medium.
Foods are frequently complex materials so it is difficult to predict their influence on the thermal
death of spores and thus the influence of the matrix must be determined experimentally. Also, It has
been shown that vegetable juice can aid recovery of heat damaged non-proteolytic CI. botulinum
spores (see report Dec 95). In packs sealed before heating, lysozyme activity will only aid the
recovery of heat-damaged spores if the activity itself survives heating. In order to assess the thermal
destruction of, and subsequent growth from spores in vegetable products it was decided to observe
growth from spores heated in sterile anaerobic vegetable juice. A novel low temperature method (see
report Dec 95) was used to prepare oxygen-free vegetable juice and media to minimise loss of
lysozyme activity.
Method
Broth or vegetable juice (800ml) and resazurin (2ml) (a redox indicator) were poured into a steel jar,
preheated in a waterbath at 58°C. When the temperature of the liquid was 55°C the jar was evacuated
to a pressure of -0.8 bar and flushed with a gas mixture (10% hydrogen, 90% nitrogen) for four
cycles. The liquid was held under vacuum for 15 minutes and then vacuum and gas flushing cycles
were repeated four times. All subsequent procedures were performed in an oxygen free environment.
Once cooled, oxygen-free medium or juice was centrifuged (45 min, 30100g, 2°C) to remove
precipitate. The supernatant was sterile filtered and dispensed as 5 ml aliquots into 10 ml serum vials
containing Durham tubes. Seven different types of media were made: PYGS; PYGS + 10mg hen egg
white (HEW) lysozyme ml"1; turnip juice; spring green juice; helda bean juice; broccoli juice; and
potato juice. The vials were refrigerated at 2°C until required.
A serial dilution of spores of CI. botulinum 17B was prepared in deoxygenated water such that the
water contained between lxlO7 and 0.1 spore ml'1. Aliquots of the spore suspensions (1ml) were
inoculated into five replicate vials of each treatment. These vials were used to determine the MPN of
spores able to grow in each juice following each heat treatment. Three replicate vials of each
treatment and a vial containing 5 ml of Sorenson's phosphate buffer were also inoculated with 100ml
of the most concentrated suspension.
Inoculated vials either remained unheated or were submerged in a waterbath at 80°C for 2, 10 or 100
min. The heat treatment applied to the vials was monitored using temperature probes in vials
containing 5 ml GDW.
AIR1-CT92-0125
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Vials constituting the MPN series were incubated at 30°C for 16 weeks and checked for signs of
growth (gas formation or turbidity). From the number of vials in which growth occurred, the MPN of
spores able to survive the heat treatment and subsequently grow in each medium was calculated.
Three vials of each treatment inoculated with the most concentrated spore suspension were incubated
at 10°C and observed for growth. The presence or absence of growth in vials was confirmed after 16
weeks by testing for toxin production using an ELISA.
Spores heated in phosphate buffer were enumerated on PYGS agar and PYGS agar containing 10 mg
lysozyme ml"1 (PYGS+L) after incubation at 30°C for 1 week.
The lysozyme activity of fresh vegetable juice, deoxygenated juice and uninoculated heat treated
juice was measured using a Micrococcus lysodeikticus assay. Four hundred ml of a suspension
containing lyophilized cells of Micrococcus lysodeikticus ATCC 4698 (1 mg ml'1, in 0.05M Na
phosphate buffer, pH 6.2), 100-400 ml of sample or standard HEWL solution and sodium phosphate
buffer (0.05M, pH 6.2) to 1 ml and were added to a 1 ml cuvette, mixed, and the decrease in
absorbance at 600nm monitored over a 5 min period at 30°C. Lysozyme activity was quantified as the
weight of HEW lysozyme required to give the same activity. The pH of the vegetable juices was also
measured.
Results and discussion
The lysozyme activity of the raw juice and the average pH and lysozyme activity of the deoxygenated
media are shown in Table 1.
pH of deoxygenated
Lysozyme activity of
Lysozyme activity of
medium
fresh medium
deoxygenated medium
(mg HEWL ml"1)
(mg HEWL ml"1)
<0.2
<0.2
6.9
PYGS
7.0
PYGS+L
8.7
9.5
<0.2
<0.2
6.2
Helda bean
<0.2
<0.2
5.9
Potato
<0.2
5.8
Turnip
23.5
<0.2
5.5
Spring green
4.9
<0.2
6.1
Broccoli
0.2
:
Table 1. The average pH and lysozyme activity o the fresh juice and deoxygenated media.
Medium

The pH of the vegetable juices prepared under 10% hydrogen, 90% nitrogen were between 5.5 and
6.2. These values are not inhibitory to non-proteolytic CI. botulinum although pH values below 6.0
are suboptimal. Lysozyme activity was observed in fresh turnip, spring green and broccoli juice but
not in helda bean or potato juice. No measurable lysozyme activity remained in any juice after low
temperature deoxygenation. PYGS with added HEWL did retain its activity when deoxygenated
(heated at 55°C) but the activity was quickly destroyed during subsequent heating at 80°C. The
activity in deoxygenated medium and deoxygenated medium subsequently heated at 80°C for 2 or 10
min was 8.7,4.0 and <0.2 mg HEWL ml"1 respectively. We have previously shown that levels of
lysozyme activity to low to be detected by Micrococcus lysodeikticus assay can induce spore
germination. Thus, although lysozyme activity was not detected using the assay, sufficient lysozyme
to germinate non-proteolytic CI. botulinum spores could have remained in media or juice heated at
80°C for 10 min.
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The number of spores that survived heat treatment in phosphate buffer and were subsequently able to
form colonies on PYGS or PYGS+L agar is shown in Table 2.
Heating time at 80°C (min)

CFU on PYGS agar
(ml1)
6.9x106
7.3xl06
>1.0xl03
>1.0xl03

CFU on PYGS+L agar
(ml"1)
0
7.5xl06
2
7.0x106
10
3.6xl04
100
2.5xl03
Table 2. The number of spores that survived heat treatment in phosphate buffer and subsequently
formed colonies on PYGS or PYGS+L agar.
Heating spores in phosphate buffer at 80°C for 2 min did not reduce the number subsequently able to
form colonies on PYGS or PYGS+L agar. Heating spores at 80°C for 10 or 100 min did prevent
colony formation on PYGS agar but colonies were formed in the presence of lysozyme. Spores heated
at 80°C for 100 min remain viable in some of the conditions tested.
The most probable number (MPN) of spores leading to turbidity within 16 weeks is shown in Figure
1. In all the media except spring green the measurement of toxin using ELISA agreed with
observations of visible growth. In spring green juice, no toxin was detected using the ELISA despite
growth being noted in some vials. Further tests to establish if growth really occurred are in progress.
The number of spores leading to growth was greatest in the PYGS and PYGS+L media. A high
proportion of spores could also lead to growth in the bean and broccoli juices. Very few spores led to
growth in the potato, turnip or spring green juices. For all vegetables, more spores led to growth in
the juice heated at 80°C for 2 min than the unheated juice. This could result from the thermal
destruction of inhibitory compounds or be an effect of precipitate which formed in these juices when
heated. Heat treatment at 80°C for 10 min prevented growth from 7xl05 spores in potato or turnip
juice but not the other media. More spores could survive a heat treatment of 80°C for 10 min and
subsequently grow in bean and broccoli juice than in PYGS. This could either be due to a protective
effect of the juice during heating or the juice aiding recovery of heat damaged spores. More spores
led to growth in PYGS+L than PYGS despite there being no measurable lysozyme activity in
PYGS+L broth heated at 80°C for 10 min. It is probable that spore germination was aided by residual
lysozyme activity below the detection level of the assay.
The Advisory Committee on the Microbiological Safety of Foods in the UK and the European
Chilled Food Federation currently recommend that long life refrigerated products should be given a
heat treatment of 10 min at 90°C or a process of equivalent lethality. This is approximately equivalent
to a treatment of 100 min at 80°C. No growth was observed from up to 7xl05 spores when heated at
80°C for 100 min in, and subsequently incubated in, any of the vegetable juice or other media tested.
Viable spores were only observed when the spores were heated in buffer and subsequently incubated
on PYGS+L agar. Either thermal destruction is more rapid in broth or juice than in phosphate buffer
or, more likely, the absence of growth in the heated media compared with growth on unheated plates
results from thermal destruction of lysozyme activity.
The ability of 7x105 spores to survive heat treatment at 80°C and subsequently lead to growth within
16 weeks at 10°C is shown in Table 3.
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Growth at 10°C in after heat treatment at 80°C for stated time
2 min
10 min
100 min
Medium
0 min
+
+
+
PYGS
+
+
+
PYGS+L
+
+
Helda bean
Potato
Turnip
Spring green
Broccoli
Table 3. The ability of 7xl05 spores to lead to growth within 16 weeks when both heated at 80°C and
subsequently incubated at 10°C in one of eight media.
-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

The ability of vegetable juice to support growth from unheated or heated spores was much less at
10°C than at 30°C. Excluding PYGS and PYGS+L, growth was observed only in bean juice heated
for 2 min. This inhibition cannot be explained by pH alone. Toxin was detected in bean juice heated
for 10 min in the absence of visible growth. The raw vegetable juices tested, other than bean juice,
were not good substrates for growth at refrigeration temperatures.
Summary
Maximum recovery occurred when spores were heated in phosphate buffer and subsequently
recovered on unheated PYGS+L medium. PYGS and PYGS were the best media for growth of
unheated spores while the vegetable juices reduced the probability of growth from any one spore. The
probability of growth was greatly reduced by potato, spring green and turnip juice. For spores heated
at 80°C for 10 min and subsequently recovered in the heating medium, the number of spores able to
lead to growth in bean or broccoli juice was greater than that in PYGS but less than in PYGS+L.
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Log(MPN) spores resulting in growth

Potato 0
Potato 2
Potato 10

•

Potato 100

Turnip 0
Turnip 2
Turnip 10

Turnip 100

Spring green 0
Spring green 2
Spring green 10
Spring green 100

P

Figure 1. The effect heat treatment at 80°C on the number of spores of non-proteolytic CI. botulinum
leading to growth in vegetable juice. Spores were injected into vials containing deoxygenated juice
and remained unheated or were heated at 80°C for 2, 10 or 100 min and subsequently incubated for
16 weeks at 30°C in the same vials.
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B. Thermal destruction of lytic activity in veeetable juice
The thermal stability of endogenous lysozymes was measured at different temperatures in an attempt
to determine the thermal destruction kinetics of the enzymes in situ. In addition examined the thermal
stability of HEW lysozyme in potato juice was examined.
Method
Vegetable juice, prepared using a commercial juicer (Kenwood JE600) was centrifuged (45 min,
30100g, 2°C) and the supernatant was filter sterilised and stored frozen as 110 ml portions.
One hundred ml of thawed juice added to a preheated 250 ml conical flask in a shaking waterbath at
the desired temperature. Samples (3 ml) were taken at 0, 1, 2, 4, 6, 8, 10, 12, and 14 minutes, cooled
rapidly and centrifuged for 8 min in a microcentrifuge to remove precipitate. The lysozyme activity
of the supernatant was measured using the Micrococcus lysodeikticus assay as outlined in section A
above.
Results and Discussion
The lysozyme activity of cabbage, bean and potato juice was too low to be assayed and so their
thermal stabilities could not be determined. The endogenous lysozyme activity of the heated turnip or
spring green juice and the activity of HEW lysozyme in potato juice is shown in Table 4. Endogenous
activity in turnip or spring green juice was rapidly destroyed at temperatures of 60°C or above. To get
accurate thermal death curves at temperatures above 60°C would require multiple samples to be taken
per minute. If heat treatment is destroying lysozyme activity rather than simply removing activity
from the supernatant, then the heat treatments required to destroy spores of non-proteolytic CI.
botulinum (e.g. 90°C for 10 min) or even pasteurise food (e.g 70°C for 2 min) would be sufficient to
inactivate endogenous lysozyme activity. Without a more sensitive lysozyme assay information on
the thermal destruction of endogenous plant lysozymes is unlikely to contribute useful information
about thermal processes designed to destroy CI. botulinum spores.
Although HEW lysozyme was less thermostable in potato juice then would be expected in buffer,
some activity remained after 14 minutes at 70°C and so would survive pasteurisation processes.
Greater information on the thermal destruction of HEW lysozyme in different types of vegetable juice
may be useful when calculating thermal processing regimes.

C. Spore based assay for lytic activity
It has previously been show that lysozyme concentrations below those detectable by Micrococcus
lysodeikticus assay can induce germination in CI. botulinum spores. It was decided to develop an
assay based on the change in optical density that occurs as spores germinate. Spores of CI.
sporogenes were chosen as CI. sporogenes is physiological identical to proteolytic CI. botulinum and
it allows the assay to be performed on equipment outside containment facilities.
Method
Clostridium sporogenes spores were washed ten times by centrifiigation, thioglycolate treated to
remove their spore coats, separated from vegetative cell matter by differential centrifiigation and
resuspended in phosphate buffer. Spores suspension (100ml) was diluted in buffer or buffer
containing added lysozyme (100mg ml"1) and placed in the wells of a 96 well microtitration plate. At
time periods up to 24 hours the OD of the spore suspension was measured at 600nm and the
proportion of phase light to phase dark spores was determined microscopically.
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Heating
Time
(min)
Turnip
Juice

Spring
green juice

Potato juice +
100mg ml"1
lysozyme

Lysozyme activity at specified heating temperature
(mg ml'1)
50°C

55°C

60°C

65°C

70°C

0

20

23

21

22

1
2
4
6
8
10
12
14
0

14
16
15
19
13
12
11
15
2

16
12
8
1
1
<1
<1
<1
4

11
5
1
<1
<1
<1
<1
<1
5

<1
<1
<1
<1
<1
<1
<1
<1
2

1
2
4
6
8
10
12
14
0

2
2
2

2
1
<1
<1
<1
<1
<1
<1
124

<1
<1
<1
<1
<1
<1
<1
<1
131

<1
<1
<1
<1
<1
<1
<1
<1
125

2
2
2
128

117

99
62
10
116
102
1
10
110
98
90
55
2
91
45
9
4
111
93
109
79
40
8
6
88
76
38
8
8
103
83
75
35
7
10
103
75
70
33
7
96
73
12
66
6
98
69
30
14
Table 4. The effect of heat treatment on the natural lysozyme activity of turnip and spring green juice
and hen egg white lysozyme in potato juice.
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Results and discussion
The presence of lysozyme could be detected using OD measurements of a cleaned spore preparation
with the OD falling by up to 50% when 95% of spores germinated in the presence of 100mg ml"1
lysozyme. Unfortunately 107 spores per well were required to obtain a measurable OD. This
combined with the multistep preparation required to separate spores from vegetative cells meant
preparations for the assay were very time consuming. Microscopic counts of the proportion of phase
dark to phase bright spores required less spores and could detect lmg lysozyme ml"1. However
counting a statistically significant number of spores is time consuming and tiring. Such techniques
could make an effective assay when combined with image analysis.

D. The effect modified atmospheres on growth from unheated and heat-damaged spores.
The effect of modified atmospheres containing argon and carbon dioxide and nitrogen on growth
from spores of non-proteolytic CI. botulinum with 6 weeks were reported at the previous meeting
(June 96). This experiment was extended to observe growth within 16 weeks at 10°C followed by 4
weeks at 30°C. The spores were incubated both in the presence and absence of hen egg-white
lysozyme (HEWL) as heat-treatment will affect difference targets in these two situations.
Method
See report of 8th meeting, June 1996. Broths prepared under different atmospheres: 100% nitrogen;
100% carbon dioxide: 50% carbon dioxide & 50% nitrogen; 80% carbon dioxide & 20% nitrogen;
50% carbon dioxide & 50% argon; 100% argon. Broths without added lysozyme were inoculated
with unheated spores or spores heated at 75°C for 2, 5 or 10 min. Broths with added lysozyme (10mg
ml"1) were inoculated with unheated spores or spores heated at 90°C for 2, 5 or 10 min. Vials were
incubated at 10°C and periodically observed for growth as assessed by visible turbidity. From the
number of turbid vials the MPN of spores leading to turbidity within each period was calculated.
After 16 weeks, the presence or absence of toxin was confirmed using an ELISA and vials were
incubated for a further 4 weeks at 30°C.
Results and discussion
The MPN of spores leading to turbidity in broths prepared under the 6 different gases are shown in
Figures 2 and 3. Growth under all of the atmospheres was similar. None was more effective than
nitrogen at preventing growth from spores.
Summary
Although high levels of carbon dioxide and argon marginally increased the time for spores of nonproteolytic CI. botulinum to reach turbidity (see report June 96), these gasses did not decrease the
number of spores that resulted in turbidity during prolonged storage.
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Figure 2. The effect of heat treatment at 75°C on the number of spores able to lead to turbidity after
16 week at 10°C and 16 weeks at 10°C followed by 4 weeks at 30°C. The shaded bars show the
number of unheated spores (H=0) or spores heated at 75°C for 2 (H=2), 5 (H=5) or 10 (H=10) min
that resulted in turbidity when incubated at 10°C for 16 weeks in PYGS broth (without lysozyme)
under an atmospheres of 100% nitrogen (ION); 100% carbon dioxide (10C); 100% argon (10A); 50%
carbon dioxide & 50% nitrogen (5C5N); 80% carbon dioxide & 20% nitrogen (8C2N); 50% carbon
dioxide & 50% argon (5C5N). The unshaded areas show additional growth that occurred during
subsequent incubation at 30°C for four weeks.
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Figure 3. The effect of heat treatment at 90°C on the number of spores able to lead to turbidity after
16 week at 10°C and 16 weeks at 10°C followed by 4 weeks at 30°C. The shaded bars show the
number of unheated spores (H=0) or spores heated at 75°C for 2 (H=2), 5 (H=5) or 10 (H=10) min
that resulted in turbidity when incubated at 10°C for 16 weeks in PYGS broth containing 10mg
lysozyme ml"1 under an atmospheres of 100% nitrogen (ION); 100% carbon dioxide (10C); 100%
argon (10A); 50% carbon dioxide & 50% nitrogen (5C5N); 80% carbon dioxide & 20% nitrogen
(8C2N); 50% carbon dioxide & 50% argon (5C5N). The unshaded areas show additional growth that
occurred during subsequent incubation at 30°C for four weeks.
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D Progress highlights
The probability of growth from unheated spores of non-proteolytic CI. botulinum was slightly
reduced in bean and broccoli juice and greatly reduced in potato, spring green and turnip juice when
and compared to growth in standard culture media. However, a greater number of spores were able to
survive heat treatment at 80°C for 10 min and subsequently grow in bean or broccoli juice than in
PYGS medium.
Carbon dioxide and argon atmospheres marginally increased the time for spores of non-proteolytic
CI. botulinum to lead to turbidity but did not decrease the number of spores that resulted in turbidity
during prolonged storage.
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F OVERVIEW OF THE PROJECT 1993-1996
F1/F2/F3 TASKS. OBJECTIVES. APPROACH. RESULTS AND DISCUSSION
The objective of this project was to improve the safety and quality of minimally processed vegetable
products. The role of IFRN was to assess the potential risk of growth from, and toxin production by,
non-proteolytic CI. botulinum in vegetable based refrigerated, processed foods with extended
durability (REPFEDs). Specifically the objectives were:
(i) To determine the effect of preservative factors (low temp. pH. salt, acidulant) on growth from
heat-damaged spores of non-proteolvtic CI. botulinum (Task H
Combinations of mild preservative factors can be used to maintain product safety whilst maximising
product quality. Although the effect of individual factors such as incubation temperature, sodium
chloride concentration, pH and the addition of organic acids on growth of non-proteolytic CI.
botulinum have been studied in isolation, information on the effect of combinations is sparse. In
particular, the potential for growth of CI. botulinum and toxin production in REPFEDs will depend
upon the ability of the spores to survive thermal processing and subsequently germinate, outgrow and
produce toxin in the prevailing conditions. Growth from heated or unheated spores may differ.
Experiments at IFR quantified the combined inhibitory effect of heat treatment with subsequent
incubation in culture media at different incubation temperatures or with different NaCI
concentrations, pH values or organic acid additions. Experiments were performed both with and
without lysozyme in the recovery medium as lysozyme effects the measured heat resistance of spores
significantly.
The inhibition caused by combinations of heat treatment and preservative factors were quantified. It
was shown that additions of £3% NaCI or pH values 36.0 were not effective in preventing growth
from 106 non-proteolytic CI. 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% NaCI to the recovery medium, or a pH
value of 5.3 prevented growth from both heated and unheated spores of non-proteolytic CI. botulinum
17B when incubation was at 10°C. 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. NaCI concentration and pH interacted to
reduce the probability of growth and/or extend the period before growth was observed. For example,
growth from up to 1.4xl05 unheated spores was first observed after three weeks at 10°C in 4.0%
NaCI; growth from spores heated at 90°C for 15 min was observed after two weeks at 10°C in the
presence of 1.5% NaCI; these two treatments together (90°C for 15 min, 4.0% NaCI) prevented
growth in 17 weeks. Acetic or lactic acid at 0.01M were not effective in preventing growth from nonproteolytic CI. botulinum spores at 10°C, even after the spores had been heated at 80°C for 10
minutes. Potassium sorbate in broth at 10°C prevented spores leading to turbidity in all test
conditions but did not prevent toxin production. Citric acid at 0.01M increased time to turbidity from
unheated spores by 4 weeks and prevented turbidity occurring within 14 weeks from spores heated at
80°C for 10 minutes.
Although the first good quantitative data on the interaction of heat-treatment and inhibitory factors at
refrigeration temperatures has been produced, more data would be useful. In particular data for multiinhibitor systems and more complete models would be of interest.
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(ii) To determine the effect of eas atmosphere on growth from heat-damaged spores of CI. botulinum
(Task 3).
Food grade gasses that capable of reducing microbial growth would be a useful tool in a food
manufacturers armoury. The effect of gaseous atmosphere on growth from unheated and heated
spores of non-proteolytic CI. botulinum was assessed. The gasses tested were: 100% carbon dioxide;
100% nitrogen; 100% argon; 100% helium; 100% nitrous oxide; 10% hydrogen 90% nitrogen; 5%
carbon dioxide 10% hydrogen 85% nitrogen; 50% carbon dioxide 50% nitrogen; 2% oxygen 98%
nitrogen; 21% oxygen 1% carbon dioxide 78% nitrogen; 50% carbon dioxide 50% nitrogen; 80%
carbon dioxide 20% nitrogen; 50% carbon dioxide 50% argon.
With the exception of atmospheres containing oxygen, none of the gaseous atmosphere tested
significantly reduced the number of unheated or heated spores leading to turbidity during prolonged
storage. None of the gasses reduced the number of spores resulting in growth within 6 weeks at 10°C
by a factor of 106 even in combination with a 10 minute heat treatment at 80°C. High levels of carbon
dioxide and argon marginally increased the time for spores of non-proteolytic CI. botulinum to reach
turbidity but did not reduce the number of spores leading to turbidity within four weeks in medium at
constant pH. However, when the headspace above culture media was flushed with carbon dioxide
without maintaining the initial pH the time to turbidity was greatly extended and the number of
spores capable of growth was decreased. No growth was observed in medium containing 21%
oxygen. Growth occurred in broth prepared under 2% oxygen but the number of spores required to
initiate growth was increased.
Altering the anaerobic gaseous atmosphere has only a marginal effect in prolonging the shelf-life of a
product with respect to growth of non-proteolytic CI. botulinum.
(iii) To examine the effect of gas atmosphere, refrigeration and other preservative factors on growth
from spores of CI. botulinum in a model food (Task 1.3).
A. Growth and toxin production of Clostridium botulinum in a range of vegetables media.
It has often been assumed that only proteolytic CI. botulinum cause botulism associated with
vegetable. Many cooked vegetables were tested for their ability to support the growth of proteolytic
and non-proteolytic CI. botulinum at 30°C and 10°C. Growth and toxin production by non-proteolytic
CI. botulinum was detected in a many cooked vegetables incubated at 30°C when the pH values was
above 5.0. Growth and toxin production also occurred at 5 to 10°C.
B. Toxin production by Clostridium botulinum in a range of vegetable food products. Seven
commercially available vegetable based REPFEDs were tested for their ability to support growth of
non-proteolytic CI. botulinum. Four products short shelf-life were purchased from a retail outlet were
inoculated with spores of non-proteolytic CI. botulinum and incubated anaerobically for 8 weeks.
Although the pH and Aw were within the limits of growth for non-proteolytic CI. botulinum, toxin
was detected in only one of the products. This suggests that manufacturers are incorporating a
considerable safety margin into their products.
The effect of heat treatment on growth of non-proteolytic CI. botulinum in commercially vegetable
preparations was also tested. Three vacuum packaged vegetable products currently given a heat
treatment of 20 min at 80°C and with assigned shelf-lives of 10 days were tested. Packaged vegetable
products were obtained direct from the manufacturer, inoculated with 106 spores of CI. botulinum per
pack, left unheated or heated for 20 minutes at 75°C or 85°C and incubated at 10°C for up to 20 days.
Toxin was not detected in any of the samples tested. This again suggests that the safety margins in
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these types of vegetable products is much greater than would be predicted from studies in rich, meat
based media. However, until the interaction of food matrix components and growth is better
understood lower processing conditions cannot be generally recommended and such results can not
be extrapolated to other products.
C The importance natural lysozyme activity in vegetables
Lysozyme is known to increase the measured heat resistance of spores of non-proteolytic CI.
botulinum. In this project we have shown for the first time that adding some raw vegetable juices to
culture media increases the recovery of heat damaged spores. Additionally, heating these juices at
75°C for 10 min failed to destroy this effect. This implies the survival of non-proteolytic CI.
botulinum spores in pasteurised vegetable products would be greater than predicted from studies
where spores were recovered in the absence of lytic enzymes.
To examine the survival of spores both heated and subsequently incubated on vegetables, heat
treatments were performed on vials containing sterile anaerobic vegetable juice or culture media
inoculated with between 7xl06 and 0.1 spore ml"1. Maximum recovery occurred when spores were
heated in phosphate buffer and subsequently recovered on unheated PYGS+L medium. Vegetable
juices reduced the probability of growth from unheated spores compared to culture media. However,
for spores heated at 80°C for 10 min and subsequently recovered in the heating medium, the number
of spores able to lead to growth in bean or broccoli juice was greater than that in PYGS although less
than in PYGS+L. Further study is required to determine if this effect results from a protective effect
of the vegetable juice during heat treatment or improved recovery of heat damaged spores.
(iv) To study CI. botulinum growth in relation to epiphytic flora and gas atmosphere (task 2).
Studies have been conducted into the behaviour of non-proteolytic CI. botulinum in relation to
psychrotrophic Bacillus species (isolated by C. Nguyen-the, INRA) and gas atmosphere. Spores of
non-proteolytic CI. botulinum and Bacillus sp. were inoculated into aerobic and anaerobic PYGS
broth and incubated below 10°C. Aerobic PYGS did not support growth of CI. botulinum when
inoculated in isolation. However, toxin was produced when CI. botulinum was co-inoculated into
broth with Bacillus, showing that Bacillus could induced growth of non-proteolytic CI. botulinum.
This results illustrates that the initial presence of oxygen in sealed food packs may not be a guarantee
of preventing growth and toxin production by non-proteolytic CI. botulinum.
(v) Evaluate the safety of novel preservation systems developed by other proposers with respect to CI.
botulinum (Task 9)
Culture supernatants from bacteria (isolated from vegetables by Marjon Bennik, ATO.DLO) were
tested for their ability to inhibit proteolytic and non-proteolytic CI. botulinum. Non-proteolytic CI.
botulinum vegetative cells and spores were susceptible to many of the supernatants tested.
Encouraging the growth of bacteriocin producing bacteria on vegetables may help prevent growth by
this food poisoning organism.
(vi) Modelling (Task 11)
Growth curves for non-proteolytic CI. botulinum in cooked mushroom, potato and cauliflower were
fitted using the Baranyi equation. This enabled calculation of the maximum specific growth rate and
the lag time. The possibility of using advanced mathematical techniques to interpolate other data sets
on this project is being examined.
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F4/F5 APPLICATION OF RESULTS: IMMEDIATE USE AND FURTHER RESEARCH AND
DEVELOPMENT
Many of the results are suited for immediate use by companies and legislative bodies. For example:
i) the novel finding that non-proteolytic CI. botulinum will grow and produce toxin on vegetables at
abuse and refrigeration temperatures.
ii) the novel finding that different anaerobic gases had only a marginal effect in preventing growth
from spores of non-proteolytic CI. botulinum.
Dissemination routes will include IFR's participation in the European Chilled Food Federation's
working group on CI. botulinum and minimally processed foods, and a new EU concerted action
programme on minimally processed foods.
Other results are suited for use by companies and legislative bodies after further research and
development. These include:
i) The use of bacteriocins against CI. botulinum.
ii) Further understanding of combinations of preservative factors on growth from heated spores of
non-proteolytic CI. botulinum.
iii) Further understanding of lytic enzymes present in plant extracts.

F6 PROIECT HIGHLIGHTS
As part of this project many aspects of non-proteolytic CI. botulinum were demonstrated for the first
time. The ability of sub-lethally damaged spores to grow in suboptimal conditions (NaCl, pH, organic
acid, gaseous atmosphere) at refrigeration temperatures were characterised and the ability of many
cooked vegetables to support growth of non-proteolytic CI. botulinum was demonstrated for the first
time. Particularly interesting was the discovery that vegetable juice can aid the recovery of heat
damaged spores.
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Participant 7:

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

A. 1.

(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 Barry-Ryan, postgraduate student
Dr Jennifer Colford, postdoctoral research associate

Resources:
Year 1 18 man months
Year 2 20 man months
Year 3 16 man months
Year 4 6 man months
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(A)

ACCURACY OF OXYGEN MEASUREMENT

B.l. 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.
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 phases
Years 1 - 3
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.
Year 4
(a)
Accuracy and precision of non-GC based analytical procedures.
(b)
Further development of most productive aspects. 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 > 4oC. As a result, accurate measurement of oxygen levels close to zero is important
for development and safe use of packaging systems for (respiring) ready-to-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.
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
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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 1-7-96 to 31-12-96
This task has been successfully concluded.
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(B)

EFFECTS OF RAW MATERIALS AND PREPARATION

B.l. 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 and physiological age) and raw material preparation (cutting, peeling, washing/dipping and
storage) 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-to-eat
vegetables using shredded lettuce, grated carrots and carrot discs 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/peeling technology
- the effects of washing/dipping procedures
- the effects of important cultivars
- the effects of physiological age of intact raw materials
- the effect of packaging film and storage temperature
Opportunities to slow physiological ageing, microbial growth, loss of sensory quality, and nutritional
value will be identified.
4. Experimental approach in phases
Year 1 Investigation of effects of cutting, peeling and washing/dipping on the deterioration
(respiration, microbial growth and sensory aspects) of MAP processed vegetables (using
carrot discs as a model product). Development of optimum processing procedure.
Year 2 The effects of physiological age and processing procedures (cutting) on deterioration
(respiration rate, microbial growth and sensory aspects) of MAP carrot discs and shredded
lettuce. Further work on the washing/dipping of shredded lettuce.
Year 3 Further work on the effects of dipping in chlorine, cutting and physiological age on the
quality and storage life of the carrot discs was examined. Also the effects of cultivar type
and storage temperature on deterioration (respiration rate, microbial growth and sensory
aspects) were examined in an attempt to optimise raw material selection. Determination of
effects of minimal processing and storage on ascorbic acid levels in shredded lettuce was
monitored.
Year 4 Further examination of the effects of the peeling and cutting steps on quality deterioration, by
examination of products on a more fundamental level. Examination of the effects of storage
temperature and packaging film on the quality and storage life of MAP grated carrots.
Consolidation of work targeted for Years 1-3, and examination of these results using multivariate
statistical analysis (Principal Component Analysis).
Evaluation of quality aspects of products treated using coating technologies or in optimised MA
packages.
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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 100 ppm) 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-to-use 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.

C.
•
•
•

Overview of work performed from 1-7-96 to 31-12-96
In this period the effects of edible coatings on the quality and storage life of abrasion
peeled carrot discs were studied.
The effects of a number of packaging films on quality of commercial MA packaged
vegetable products were evaluated.
Data on microbiological spoilage were assembled and shared with other partners for
modelling.

Materials and Methods
Plant Materials, Gas Analysis, Microbial Enumeration and Sensory Evaluation as before.
Carrots were either hand peeled or coarse abrasion peeled. They were dipped in lOOppm chlorine
solution for 5 minutes, followed by a water rinse to remove excess chlorine. Carrots were then sliced
into 6mm thick discs using a Sammic CA300 food processor. Hand peeled discs were stored, without
further processing, in 90 gram lots sealed in OPP (35um) bags. Abrasion peeled discs were left
uncoated or coated in one of the following before packaging:
•
Commercial gluten coating (Opta glaze)
•
Commercial cellulose based coating (Nature Seal)
•
•

Commercially available Corn oil
Laboratory prepared Pectin solution (2%) with 0.5% ascorbic acid followed by
in a 1% solution of calcium chloride.

immersion
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Whiteness Index:

Colour measurements were made using a Minolta Chroma Colour Meter, holding the sensing head
directly on the surface to be measured. The L*, a* and b* readings were recorded and results were
expressed as the Whiteness Index (WI):
WI=100-[(100-L*)2+a*2+b*2]1/2
Packaging/Films:

Commercial packs were obtained from Natures Best and the effects of packaging film on quality and
storage life were monitored:
Product Packaging film used
Salad Bowl Mix
OPP, sealed in air
OPP, nitrogen flushed before sealing
PA60, sealed in air
PA60, nitrogen flushed before sealing
Dry Coleslaw Mix
PA120
OPP
Carrot Discs
PA120
PA60

Results and Discussion
1. Effects of coating treatment

From previous work it was shown that peeling method had significant effects on the quality and
storage-life of MA packaged ready-to-use carrot discs. The effects on quality appear to be caused
through surface damage, microbiological contamination and physiological response to damage
(respiration rate and lignification). Loss of visual quality occurred through surface drying and
suberisation of damaged tissue. The extent of microbial growth appears to be the major factor in the
decline of aroma scores. Hand peeling resulted in the highest sensory scores when compared with
commercial peeling methods.
In an attempt to compensate for the large loss in quality, drying out etc., caused by commercial coarse
abrasion peeling carrot discs were dipped in a range of 'edible coatings'.
Nature Seal, a commercially available coating, was applied to the coarse abrasion peeled discs. Initial
appearance scores were lower than the untreated discs, due mainly to the moist appearance of these
products. However, by the end of ten days storage the coated discs received significantly higher
appearance scores, due to less drying out and lignification, than either hand peeled or untreated
abrasion peeled carrots (Figure 1). The initial aroma scores were lower for the coated carrots, due to a
strong 'fruity' smell. However, by Day 7 there was no significant difference between hand peeled and
Nature Seal dipped carrot discs (Figure 2). Modified atmosphere development was not significantly
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affected by coating the carrot discs prior to packaging (Figure 3). This commercial preparation
caused a significant reduction in the whiteness index of the cut surface of the carrot discs (Figure 4 &
5). The whiteness index of the peeled surface was similar up to Day 7 for all products, after which the
benefits of coating in Nature Seal or hand peeling could be clearly seen (Figure 6). The microbial
loads were lowest on the hand peeled carrots, highest for the Nature Seal coated products and
untreated abrasion peeled discs were in between the two (Figure 7).
When Corn Oil was applied to the coarse abrasion peeled discs. Initial appearance scores were
significantly lower than the untreated discs, due to the oily appearance of these products (Fig. 8).The
appearance score these products received during storage did not fall and by Day 10 these products
received similar appearance scores to the untreated abrasion peeled carrots. The aroma scores were
lower for the oil coated carrots, due to the strong 'oily' smell, throughout storage(Figure 9). Modified
atmosphere development was not significantly affected by dipping the carrot discs in oil prior to
packaging (Figs. 10 & 11). Coating the discs in oil had no significant effects on the whiteness index
of the cut surface of the carrot discs (Fig. 12). The whiteness index of the peeled surface was similar
up to Day 7 for all products, after which the benefits of coating in oil or hand peeling could be seen
(Fig.13). The microbial loads were lowest on the hand peeled carrots and highest for the abrasion
peeled discs dipped in oil, undipped products were in between the two (Fig. 14).
Opta Glaze, a commercially available gluten coating, was applied to the coarse abrasion peeled discs.
The appearance scores were significantly lower than the untreated discs and totally unacceptable, due
to the very wet and brown appearance of these products, from Day 1 and throughout storage (Fig.
15). The aroma scores were significantly lower and unacceptable for the coated carrots, due to a
strong 'wheaty' smell, from Day 1 and continued to fall for the rest of storage (Fig. 16). Modified
atmosphere development was affected by coating the carrot discs in Opta Glaze prior to packaging.
Oxygen levels remained at approximately 12% (Figu. 17) and carbon dioxide levels did not increase
beyond 7% (Fig. 18). This commercial preparation caused an increase in the whiteness index of the
cut surface of the carrot discs up to Day 10 when compared to untreated and hand peeled discs
(Fig.19). The whiteness index of the peeled surface was also higher for the Opta Glaze coated discs
up to Day 7 (Fig. 20). The microbial loads were lowest on the hand peeled carrots and highest for the
Untreated abrasion peeled discs, Opta Glaze dipped products were in between the two (Fig. 21).
A 2% Pectin solution containing 0.5% ascorbic acid was applied to the coarse abrasion peeled discs
which were then dipped in a 1% calcium chloride solution. Initial appearance scores were similar to
those for the untreated discs, and did not fall significantly during storage. Therefore by Day 5 these
products had significantly higher appearance scores, due to less drying out and lignification, than
either hand peeled or untreated abrasion peeled carrots (Figure 22). The initial aroma scores were
lower for the coated carrots, due to a slight 'chemical' smell. However, by Day 7 the pectin coated
products were higher than the hand peeled and undipped carrot discs (Figure 23). Modified
atmosphere development was affected by coating the carrot discs in pectin prior to packaging, oxygen
levels were unaffected (Figure 24) but carbon dioxide levels were significantly higher in the packs
containing the coated carrot discs (Figure 25). This preparation caused a significant reduction in the
whiteness index of the cut surface of the carrot discs, significant from Day 7 onwards (Figure 26).
The whiteness index of the peeled surface was similar up to Day 7 for all products, after which the
benefits of coating in the pectin solution or hand peeling could be clearly seen (Figure 27). The
microbial loads were lowest on the hand peeled carrots and highest for the pectin coated abrasion
peeled discs, undipped products were in between the two (Figure 28).
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2.

Effects of packaging films

Commercial samples were received from Natures Best packaged in a range of films. Products were
then examined over storage to determine the effects of packaging film on quality.
Carrot discs were packaged in either PA120 or PA60. Sensory scores fell dramatically over storage
for these products. From Day 5 onwards carrot discs packaged in PA60 received higher appearance
scores than PA120 packaged discs (Figure 29). The aroma scores were the same for both products up
to Day 7, after which scores for PA60 packaged discs were slightly higher (Figure 30). Oxygen levels
were higher and carbon dioxide levels were lower in the packs made from PA60 compared with
PA120 packs (Figure 31). Microbial loads were lower from Day 1 and throughout storage for carrot
discs packaged in PA60 film (Figure 32).
Dry coleslaw mix was packaged in either PA120 or OPP. There was no significant effect of
packaging material on the appearance scores up to Day 7, after which coleslaw mix packaged in OPP
received lower scores due to moisture retention in the packs (Figure 33). The aroma scores were the
same for both products up to Day 3, after which scores for OPP packaged coleslaw mix were slightly
lower (Figure 34). This was due to an 'acidy'off-odour development in these packs. Carbon dioxide
were higher in the packs made from OPP compared with PA120 packs (Figure 35). Microbial loads
were higher from Day 1 and throughout storage for coleslaw mix packaged in the OPP film (Figure
36).
Salad bowl mix was packaged in either PA60 or OPP, packs were sealed in air or flushed with
nitrogen before sealing. From Day 1 and throughout storage 'salad bowl' samples packaged in OPP
and flushed with nitrogen were significantly more acceptable than any other packaging method, as
products retained their fresh appearance and green colour (Figure 37). There were no significant
effects of packaging method on the aroma scores for these products (Figure 38). Oxygen levels were
lowest throughout storage for salad bowl mix packaged in OPP and flushed with nitrogen. Highest
oxygen levels were recorded in packs prepared from PA60 and sealed in air (Figure 39). There was
no significant effect of packaging method on microbial loads isolated from salad bowl mix (Figure
40).
Conclusions
Coarse abrasion peeling caused significant reduction in the quality and storage-life of carrot discs
when compared with hand peeled products. Quality loss resulting from abrasion peeling could be
compensated for by the use of the commercially available edible coating 'Nature Seal'. A laboratory
prepared pectin coating containing ascorbic acid was even more successful in improving appearance
scores. The second commercial coating, Opta Glaze, a gluten containing edible coating, had
deleterious effects on these products. Corn oil reduced drying out and the development of white
discolouration but was found to give carrot discs an unacceptable 'oily' appearance and smell. A
method for thin layer application may overcome this problem.
Carrot discs were of higher quality when stored in PA60 as opposed to PA120. Commercially
prepared dry coleslaw mix was found to have higher quality when stored in PA120 compared with
OPP. Salad bowl mix packaged in OPP and flushed with nitrogen before sealing resulted in higher
product quality.
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Figure 2: Aroma scores for nature seal coated
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Figure 6: Whiteness Index of the peeled
surface of nature seal coated carrot discs.
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Figure 7: Total aerobic counts of nature seal coated carrot discs.
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Figure 9: Aroma scores for oil coated carrot
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containing oil coated carrot discs.
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Figure 13: Whiteness Index of the peeled
surface of oil coated carrot discs.
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Figure 14: Total aerobic counts of oil coated carrot discs.
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Figure 16: Aroma scores for opta glaze coated
carrot discs.
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containing opta glaze coated carrot discs.
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Figure 19: Whiteness Index of the cut surface
of opta glaze coated carrot discs.

Figure 20: Whiteness Index of the peeled
surface of opta glaze coated carrot discs.
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Figure 21: Total aerobic counts of opta glaze coated carrot discs.
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Figure 22: Appearance scores for pectin/CaCl2
coated carrot discs.
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Figure 23: Aroma scores for pectin/CaCl2
coated carrot discs.
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Figure 25: % Carbon dioxide in packs
containing pectin/CaCl2 coated carrot discs.
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Figure 26: Whiteness Index of the cut surface
of pectin/CaCl2 coated carrot discs.

Figure 27: Whiteness Index of the peeled
surface of pectin/CaCl2 coated carrot discs.
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Figure 28: Total aerobic counts of pectin/CaCl2 coated carrot discs.
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Figure 29: Appearance scores for carrot discs
packaged in PA 120 or PA60, stored at 4°C.
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Figure 31: Gas analysis of MA within
packages of carrot discs packaged in PA 120 or
PA60, stored at 4°C.
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Figure 30: Aroma scores for carrot discs
packaged in PA 120 or PA60, stored at 4°C.

Figure 32: Total aerobic counts on carrot discs
packaged in PA120 or PA60, stored at 4°C.
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Figure 33: Appearance scores for dry coleslaw
mix packaged in PA 120 or OPP, stored at 4°C.
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Figure 34: Aroma scores for dry coleslaw mix
packaged in PA 120 or OPP, stored at 4°C.
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Figure 35: Gas analysis of MA within
packages of dry coleslaw mix packaged in
PA120 or OPP stored at 4°C.
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Figure 36: Total aerobic counts on dry
coleslaw mix packaged in PA120 or OPP,
stored at 4°C.
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Salad Bowl Mix
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Figure 37: Appearance scores for salad bowl
mix packaged in PA60 or OPP, either sealed in
air or flushed with nitrogen and stored at 4°C.
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Figure 38: Aroma scores for salad bowl mix
packaged in PA60 or OPP, either sealed in air
or flushed with nitrogen and stored at 4°C.
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Figure 39: % Oxygen (a) and % carbon dioxide (b) within packages of salad bowl mix packaged
in PA60 or OPP, either sealed in air or flushed with nitrogen and stored at 4°C.
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Figure 40: Total aerobic counts on salad bowl mix packaged in PA60 or OPP, either sealed in air
or flushed with nitrogen and stored at 4°C.

D.

Progress Highlights for 1-7-96 to 31-12-96

The benefits of applying new technology/optimised technology were demonstrated: some coatings
improved the quality of abrasion peeled carrot discs; optimised packaging improved the quality of
commercial products.
E.

Dissemination

Conferences:
O'Beirne D. 1996. Modified atmosphere packaging of ready-to-use vegetables. Proceedings
"Modified Atmosphere Packaging - The Future" London, September.
Thesis:
Barry Ryan C. 1996. Factors in deterioration of vegetables processed using novel mild techniques.
University of Limerick, 158pp.
Popular Articles:
O'Beirne, D. 1996. Living foods crack the ageing process. The Irish Scientist Yearbook, 33.
Training Courses:
O'Beirne D. 1996. Modified atmosphere packaging of foods. Erasmus Food Packaging Course,
University of Ghent, September 1996.
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F.

Overview of Project

Tasks and objectives
1.
2.
3.
4.

To ensure accuracy/optimal measurement of low levels of oxygen in MA packages.
To investigate the effects of raw materials and methods of preparation on the quality and
storage life of ready-to-use vegetables.
To contribute to optimisation of product-package compatibility.
To evaluate the effects of optimised technology on quality of laboratory
prepared/commercial samples.

Approach and Results
1.

Accurate Oxygen measurement

Accurate oxygen measurement is important to ensure that MA packages are not anoxic and, more
generally, for reliable product-package compatibility data. Anoxic packs could result in off-flavour
development due to anaerobic respiration and, in extreme circumstances, to growth and toxin
production by Clostridium botulinum.
Most oxygen measurement by GC fails to separate argon from oxygen. As argon is present as 0.9%
of the atmosphere, these methods give an overestimation of about 1%. The significance of this is that
an anoxic package could appear to contain 1% oxygen. In this work, a custom made GC column
capable of separating argon from oxygen was located and applied to evaluate 'true' oxygen levels in
commercial packages. The work showed that apparently safe commercial packages were anoxic, and
that for unflushed packages an allowance of 0.9% should be made for interference by argon. In the
case of flushed packages, argon levels depended on storage time and package permeability. In
general, flushed packages contained about 0.1% argon and this level rose during storage to 0.9%.
The rate at which it increased depended on package permeability.
The ability of non-GC procedures to accurately measure oxygen levels was also investigated. These
were found to be accurate at low oxygen levels (more accurate than conventional GC measurements)
but somewhat less accurate and consistent at oxygen levels >10%.
%.

Effects of raw materials and preparation

The effects of raw material variables and of alternative methods of peeling, slicing, washing and
storage were investigated using MA packaged carrot discs and MA packaged shredded lettuce as
models. Deterioration was monitored using sensory evaluation scores, respiration rates and microbial
growth. Changes in texture, pH, cell permeability, enzymatic activity, weight loss, exudate and lignin
production were also determined. Microscopic observations were made of the changes in the
ultrastructure of cells from the processed tissue.
Both cultivar and physiological age affected quality and storage life. Cultivar effects were probably
related to intrinsic perishability properties and require further study. The poorer quality of products
prepared using physiologically older raw materials was due to higher microbial loads, higher levels of
exudate and higher cell permeability.

Meeting #9, 19 + 20 December 1996

AIR 1-CT92-0125
ULMK.DCLS -23-

Department of Life Sciences, University of Limerick

Commercial abrasion peeling with a coarse carborundum plate caused considerable cellular damage,
enhanced inoculation of product surface with spoilage organisms, induced stress response reactions
and resulted in high rates of dehydration. Use of a fine carbonindum plate considerably reduced
these effects and resulted in higher sensory scores for appearance and aroma.
Slicing of carrots by machine caused greater stress reactions, physical damage and higher follow-on
microbial growth rates than slicing with a razor blade. A sharp machine blade significantly reduced
physiological and physical damage compared with a blunt machine blade. Similar results were found
with shredded lettuce, and slicing with a blunt machine blade resulted in lowest levels of retention of
ascorbic acid.
Addition of chlorine (lOOppm) to the washing water reduced microbial loads and improved
acceptability scores. These beneficial effects were larger in shredded lettuce than for carrot discs.
Overall, however, these effects were small and were lost during storage at 8°C.
Of all the variables examined, storage temperature had the biggest effect on acceptability scores. A
reduction in temperature from 8°C to 3°C increased storage life of carrot discs by more than five
days.
3.

Product-package compatibility

Product-package compatibility problems were investigated in commercial packages in collaboration
with Nature's Best Ltd. There were broadly two types of incompatibility
(1)
Insufficient atmosphere modification due to low respiration rates; this occurred in "Salad
Bowl Mix" and allowed enzymatic browning and proceed in the absence of nitrogen
flushing.
(2)
Over modification of the atmosphere resulting in anoxic conditions and/or carbon
dioxide levels > 20%. This occurred in "Dry Coleslaw Mix" packaged in oriented
polypropylene.
When a range of P Plus films were evaluated, atmosphere modifications close to optimum could be
identified. For example, in the case of carrot discs, use of OPP film resulted in 'true oxygen' values
of zero/close to zero. Of the P Plus films evaluated, PA 120 and PA 200 were clearly too permeable
and PA 60 was closest to optimum. In the case of "Salad Bowl Mix" PA 60 was closest to optimum.
In the case of "Dry Coleslaw Mix" PA 90 and PA 160 both gave good results depending on the time
qf the season.
4.

Effects of coatings/packaging on quality

The effects to coating technology on quality were evaluated using carrot discs which had been
subjected to coarse abrasion peeling. Normally appearance scores decline rapidly for these products
due to dehydration and stress response reactions such as lignin synthesis. Use of the commercial
coating 'Nature Seal' or a laboratory prepared pectin-calcium chloride coating considerably improved
product appearance. Other coatings based on gluten (Opta Glaze) or oil coatings were not successful.
An evaluation of commercial samples (Natures Best Ltd) packaged using optimal packaging films
was carried out. Best quality was obtained with carrot discs in PA 60, with "Dry Coleslaw Mix" in
PA 120 and with "Salad Bowl Mix" packaged in OPP and flushed with nitrogen.
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Discussion (deliverables and relevance)
1.

Accurate oxygen measurement

The deliverables for this task were all met. The significance of inaccuracies in measurement of
oxygen by conventional GC methods were determined. The effects of technology variables (gas
flushing, package permeability, storage time) were quantified. Non GC procedures were found
accurate in the low oxygen range.
These results are of immediate relevance and of research relevance. The quantitative procedures
described can be adapted for routine true oxygen measurement by industry or regulators. The
procedures are of research relevance in studies where quantifying very low levels of oxygen is
important. For example, precisely controlled low levels of oxygen can be vital in packaging of cured
and some fresh meats.
2.

Effects of raw materials and preparation

The deliverables for this task were all met. Statistically significant and cumulatively highly
important effects on quality were found due to cultivar, physiological age, peeling, washing, slicing
and storage temperature.
These results are suitable for immediate use by companies particularly in relation to GMP. Some of
the findings such as those relating to cultivar effects and the effects of slicing and washing suggest
further research in order to understand them at a more fundamental level.
3.

Optimisation of product-package compatibility

The deliverables were met here - a contribution was made to optimising product-package
compatibility. The work is of immediate relevance to industry and can be applied at once in the
products studied. In relation to more long-term research, the work identified some difficult productpackage incompatibility problems. These are best solved by mathematical modelling of respiration
rates and package permeability.
4.

Effects of packaging/coating on quality

The deliverables here were met. Products were tested using new technology/optimised technology.
In the case of coatings (new technology) significant benefits were obtained with some products
notably "Natures Seal" and pectin-calcium chloride preparations. Commercial products packaged in
films resulting in improved product-package compatibility were of significantly better quality than
those in more conventional packaging.
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Project Highlights - Summary
1.

Inaccuracies in measurement of low levels of oxygen were identified and quantified;
methods for accurate measurement were developed and described.

2.

The effects of a wide range of raw material processing and storage variables were evaluated
in model products. Significant effects on quality were observed for all parameters. These
findings are immediately applicable to industry.

3.

The effects of processing packaging and storage conditions on losses of ascorbic
acid/conversion to dehydroascorbic acid were quantified. Guidelines to minimise the loss of
this vitamin are applicable in industry.

4.

Packaging materials are recommended for a range of commercial products which
considerably improve product-package compatibility compared with current commercial
practice.

5.

The benefits of applying new technology /optimised technology were demonstrated: coatings
improved the quality of abrasion peeled carrot discs; optimised packaging improved the
quality of commercial products.

AIR 1-CT92-0125

Meeting #9, 19 + 20 December 1996
ULMK.DCLS -26-

Nature's Best Ltd

Participant 9:

Nature's Best Limited
Carnes West
Duleek
Co Meath

A.l. (sub) - Project Title
Improvement of the safety and quality of refrigerated ready-to-eat foods using
novel mild preservation techniques.

2. Project Co-ordinator
Paddy Callaghan

3. Project participants and 4. Resources
Anne-Marie Kierans
Amanda Flynn
Lillian Twomey

B.l Description of Research Topic of Practical Problem
Providing production level microbiological analysis 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, through storage, processing and distribution to retail outlet.

2. Goal of the research
To build up a database of information and deduce optimum production methods, packaging materials
and codes of practice resulting in safer high quality products with extended shelf-life.
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3. Short description of approach
Samples of three products:Mixed Lettuce (Iceberg, Raddichio and Lolla Rossa mixed in the ratio of 70:15:15) packed in
PA60 and Standard OPP film with and without nitrogen gas flushing.
Dry Coleslaw Mix (shredded white cabbage and carrot mixed in the ratio of 65:35) packed in
PA 120 and Standard OPP film.
Carrot discs packed in PA60 and PA120 films.
Were taken from production lines and stored at 4°C.
Samples of Mixed Lettuce were also taken from supermarkets two days before the end of shelf-life
and returned to Nature's Best kept at the same temperature as the samples from the production line.
Analysis conducted over shelf-life is as outlined in Table 1.

Table 1 - Analysis Conducted Over Life

Microbiological
Sensory

Oxygen Level

Mixed Leltuce

Carrot Discs

Dr> Coleslaw
Beansprouts
Mix
1

P / P + l / P+5 &
P+6
P/P+2/P+5/
P+6 & P+7

P/P+l / &
P+6
P/P+l/P+4/
P+5/P+6&
P+7
P/P+l/P+4/
P+5/P+6 &
P+7

P/P+l/&P+6

P/P+3/P+7

P/P+l/P+4/
P+5 / P+6 &
P+7
P/P+l/P+4/
P+5/ P+6 &
P+7

P/P+3/P+7/
P+8/P+9/P+10
&P+14
P / P+3 / P+7 /
P+8 / P+9 / P+10
&P+14

P / P+2 / P+5 /
P+6 & P+7

• |

(Note: P = Day of Production, P + 1 = One day after production etc.)
*Mixed Lettuce produced by Nature's Best is washed using chlorine/pH controlled washing
equipment. According to this system an improved lettuce can be attained in terms of general
appearance, microbiological levels and consumer appeal. Product discoloration is retarded by
packing in nitrogen gas flushed packs, where an oxygen level < 3% is sought.

* Gas Flushing of beansprouts using 21% C02, 20% 02 and 59% N2 was also tried using PA120 &
Standard OPP films.
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4.

Technical data
Table 2: technical data for the films used.

Film Gauge
02 Permeability
(cc/m2/day/bar)

PA60
35 um

PA i:0
35 um

Standard ( )PP
35 um

7,200

17,000

1500

Table 3 - Dimensions of Packaging
Product
Mixed Lettuce (200g)
Carrot Discs (200g)
Dry Coleslaw Mix (300g)
Beansprouts (350g)

C.l

I'jek Size fcni)
20 x 20
14.5 x 20
14.5 x 20
19.5 x 20

Overview of Work Carried Out From 1.7.96 and 1.12.96

In the period from 1.7.96 to 30.11.96, Nature's Best have produced a variety of production level
microbiological, oxygen and sensory results from analysis on a range of prepared vegetable products.
These include products packaged in orientated OPP via an Ishida multi-head weigher and Ilapak
vertical form fill seal packaging machine.
Tables 4.1 to 4.4 and figures 1.1 to 1.4 show Oxygen levels obtained over life on selected products.
Tables 5.1 to 5.4 show sensory analysis results for selected lines during shelf life. Tables 6.1. to 6.4
and figures 2.1 to 2.4 show results for microbiological analysis conducted on selected products.

Table 4.1.
' Percentage Oxygen in Beansprouts Packed in PA 120 and Standard Opp films with and without Gas Flushing
% Oxygen Level
PA120GF
PA120NGF
Standard OPPGF
Standard OPPNGF
GF
NGF

=
=

P
20
20.2
20.0
20.2

P+3
15.6
14.0
12.0
10.6

P+7
13.2
10.3
4.9
2.2

P+8
13.6
6.7
6.2
1.2

P+9
7.3
3.9
0.7
0.5

P+8
7.9
3.9
2.9
1.5

P+9
1.5
1.6
1.7
1.3

Gas Flushed with 21% Co2, 20% 02 & 79% N2
Not Gas Flushed
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Table 4.2
Percentage Oxygen in Mixed Lettuce Packed in PA60 & Standard OPP
% Oxygen Level
PA60 GF
PA60 NGF
Standard OPP GF
Standard OPP NGF
Retail Packs
GF
NGF

=
=

P
2.6
20.2
2.8
20.2

P+l
4.9
18.6
2.1
19.5

P+2
5.2
18.8
1.9
18.7

-

-

-

P+5
9.4
15.6
1.7
13.3
1.9

P+6
4.3
12.8
1.1
13.7
1.7

P+7
9.5
15.7
0.9
17.3
-

Gas Flushed with N2
Not Gas Flushed

Table 4.3.
Percentage Oxygen in Canot Discs Packed in PA60 & PA120 P-plus Films
% Oxygen Level
PA60
PA120

P
20.2
20.2

P+l
20.1
19.3

P+4
3.6
13.5

P+5
4.7
9.3

P+6
8.3
13.2

P+7
5.7
11.6

Table 4.4
Percentage Oxygen in Dry Coleslaw Mix Packed in PA60 & Standard OPP P-plus.
% Oxygen Level
PA60
Standard OPP

P
20.2
20.2

P+l
11.2
13.6

P+4
4.7
9.4

AIR 1-CT92-0125

P+5
2.5
8.6

P+6
0.7
6.3

P+7
1.9
7.3
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Table 5.1
Sensory Results on Beansprouts Packed in PA 120 and Standard Opp with and without Gas Flushing

20GF
20NGF
idard
>GF
idard
} NGF

Visual
P+3
P

P+7

5.0
5.0
5.0

4.0
4.0
4.0

5.0

4.0

P+
9
2.5
2.0
2.5

P+1
0
1.5
1.5
2.0

P+1
4
1.0
1.0
1.0

Aroma
P+3
P

P+7

P+8

P+9

3.0
3.0
3.0

P+
8
2.0
2.5
3.0

5.0
5.0
5.0

4.0
4.0
4.0

4.0
1.0
3.0

3.0
1.0
2.0

3.0

3.0

3.0

2.0

1.0

5.0

4.0

3.5

3.0

1
5

=
=

Poor
Excellent

GF
NGF

=
=

Gas flushed with 21% C02, 20% 02, 59% N2
Not gas flushed

1.5
1.0
2.0

P+1
0
1.5
1.0
2.0

1.0
1.0
1.0

2.5

2.5

1.0

Table 5.2
Sensory Results on Mixed Lettuce Packed in PA60 & Standard OPP With & Without Gas Flushing.

Standard OPP GF
Standard OPP NGF
PA60 GF
PA60 NGF
Retail Packs

VISUAL
P+1
P
5.0
4.5
5.0
4.5
5.0
4.5
4.5
5.0

P+4
4.5
4.5
4.0
4.0

-

-

-

P+5
4.0
3.0
3.5
3.0
4.0

P+6
4.0
3.0
3.5
3.0
4.0

AROMA
P+1
P
5.0 5.0
5.0 5.0
5.0 5.0
5.0 5.0

P+4
4.5
4.5
4.5
4.5

-

-

-

P+5
4.5
4.5
4.5
4.5
4.5

P+6
4.0
3.5
3.5
3.0
4.0

Table 5.3
Sensory Results on Carrot Discs Packed in PA60 and PA 120 P-plus Films.
Visual
P+1
P
5.0 5.0
5.0 5.0

PA60
PA120

P+4
4.5
4.5

P+5
4.0
4.0

P+6
4.0
4.0

Aroma
P+1
P
5.0
5.0
5.0
5.0

P+4
4.0
4.0

P+5
4.0
4.0

P+6
4.0
4.0

Table 5.4
Sensory Results on Dry Coleslaw Mix Packed in PA 120 And Standard OPP Films

PA120
Standard OPP

Visual
P+1
P
5.0
5.0
5.0
5.0

P+4
4.0
4.0

P+5
4.0
4.0

P+6
4.0
4.0

AIR1-CT92-0125

Aroma
P
5.0
5.0

P+1
5.0
5.0

P+4
4.0
4.0

P+5
4.0
4.0

P+6
4.0
4.0
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Table 6.1
Microbiological Results of Beansprouts Packed in PA120 and Standard OPP with and without gas flushing
Day
P

TVC log cfu/g
Yeast & Mould
log cfu/g
TVC log cfu/g
Yeast & Mould
log cfu/g
TVC log cfu/g
Yeast & Mould
log cfu/g

P+3

P+7

GF
NGF

=
=

PA120GF
7.08
3.99

PA120NGF
7.08
3.99

Standard OPP GF
7.08
3.99

Standard OPP NGF
7.08
3.99

7.22
3.87

7.29
4.41

7.30
3.90

7.45
4.93

7.28
5.60

8.17
5.45

7.30
5.54

5.54
6.33

Gash Flushed with 21% Co2, 20% 02 & 59% N2
Not Gas Flushed

Table 6.2
Microbiological Results of Mixed Lettuce Packed in PA60 and Standard OPP with & without Gas Flushing
Day

P

P+.l

P+3

P+6

GF
NGF

PA60 GF

PA60 NGF

Standard
OPPGF

Standard
OPP NGF

Retail
Packs

TVC
log cfu/g
Yeast & Mould
log cfu/g

4.88

4.88

4.88

4.88

-

3.15

3.15

3.15

3.15

-

TVC
log cfu/g
Yeast & Mould
log cfu/g
TVC
log cfu/g
Yeast & Mould
log cfu/g
TVC
log cfu/g
Yeast & Mould
log cfu/g

6.09

5.90

5.58

5.61

-

3.23

4.24

3.41

3.16

-

6.98

6.57

6.65

6.28

5.09

4.00

4.28

3.54

3.84

3.00

8.31

7.00

7.41

7.54

5.39

4.43

4.77

4.77

4.66

3.25

=
=

Gas Flushed with Nitrogen
Not Gas Flushed
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Table 6.3.
Microbiological Results of Carrot Discs Packed in PA60 and PA 120 P-plus Films.

TVC log cfu/g
Yeast & Mould log cfu/g

PA60
P+l
P+4
4.69 6.06
3.60 3.50

P+6
6.64
4.38

PA120
P+l
P+4
4.66 6.10
3.66 4.00

P+6
7.02
4.75

Table 6.4
Microbiological Results of Dry Coleslaw Mix Packed in PA120 AND Standard OPP Films.

TVC log cfu/g
Yeast & Mould log cfu/g

PA120
P+l
P+4
5.33 6.23
4.06 4.34

P+6
6.54
4.55

Standard OPP
P+l
P+4
5.24 6.10
3.84 4.30

P+6
6.59
4.18

Fig. 1.1 Percentage Oxygen in Beansprouts Packed in PA120 &
Standard OPP Films with and without Gas Flushing

—PA120GF
—•— PA120NGF
ir Standard OPP GF
—X— Standard OPP NGF

P+3

P+7

P+8

P+9

P+10

P+14

Days Storage

GF
NGF

=
=

Gas Flushed with 21% C02, 20% 02 and 59% N2
Not Gas Flushed
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Fig 1.2PerœrtageCbygen in Mœd Lettuce fected in PA60&Standard CPP
Wthand Wthout Gas Hushing
•—P/SßOGF
•—RA60NGF
6

Standard CRP GF
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•s»
0s"

-*-Ratal ftcte
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Rt6

CfysStorage

Fig. 1.3 Percentage Oxygen in Carrot Discs
Packed in PABO & PA120

•PABO
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P+5
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Fig, 1.4 Percertage Cbcygert in Dry Cbfes/awM*
Pacted inPA60&Standard OPP

•PA60
-StardardCFP

p+i

P-+4

P+5

P*6

P+7

DBys Storage

Fig. 2.1 Microbiological Results of Beansprouts
Packed in PA 120 & Standard OPP with &
without Gas Flushing
I

— T V C P A 1 2 0 G F
—•—Y&M PA120GF

—A—TVC PA120 NGF
—H—Y&M PA120NGF

P+3

P+7

Days Storage
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=
=

—îK—TVC Standard
OPP GF
—•—Y&M Standard
OPP GF
—I—TVC Standard
OPP NGF
—•—Y&M Standard
OPP NGF

Gas Flushed with 20% 02, 21% C02 and 59% N2
No Gas Flushing
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Fig. 2.2(a) Microbiological Results of Mixed Lettuce
Packed in PA60 & Standard OPP with Gas Flushing

— T V C P A 6 0G F
—•— Y&M PA 60 GF
TVC Standard OPP GF
—X— Y&M Standard OPP GF
TVC Retail Packs
—•— Y&M Ratal Packs
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Days

GF

Gas Flushed with N->

Fig. 2.2(b) Microbiological Results of Mixed Lettuce Packed in
PA60 & Standard OPP without Gas Flushing
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*— Y&M PA60 NGF
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Y&M Standard OPP NGF
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Fg 23 Microbiological Results of Carrot Discs
Packed in PABO& PA120

P+1

P+4

P-4«

Days Storage

Fig 24 Mcrob'dogical ReaJts of Coleslaw Mx
Packed in PA120 & Standard (DPP
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Conclusions:

Mixed Lettuce:
Gas flushed Mixed Lettuce packed in Standard OPP held the nitrogen more effectively than PA60.
One day after production the oxygen level in the PA60 gas flushed packs was greater than the target
level of <3%. Correspondingly the unflushed PA60 packs lost oxygen at a faster rate than the
unflushed packs which corresponds with unflushed lettuce oxidising quicker than gas flushed.
Gas flushed Standard OPP packs had a slightly lower bacterial count at the end of shelf life than all
other film/gas combinations.
For these reasons Mixed Lettuce is packed in Standard OPP with gas flushing at an industrial level.

Carrot Discs:
The main problems encountered with Carrot Discs in industry is surface dehydration. This was not
experienced during these experiments and may be due to the time of year and variety of carrots used.
Sensory analysis results indicate both PA 120 and Pa60 films are suitable for this product.

Coleslaw Mix:
Results for the Coleslaw were good for sensory and microbiological analysis. Little difference can be
seen for the results obtained for PA120 and Standard OPP. This would therefore indicate that both
film types are suited to this product. However, at certain times of the year this product goes 'sour' in
a Standard OPP film possibly due to seasonal variations of the ingredients involved. In practice this
product is wrapped using stretch film which gives a better quality produce.

Beansprouts:
Beansprouts are currently in Standard OPP film which gives a good quality product at the end of 6-7
days. Results obtained on the gas flushing trial were unsatisfactory with Standard OPP not gas
flushed showing slightly better sensory results after 10 days. Due to the poor sensory results
obtained on day P+14 no micro analysis was conducted.

Industrial Benefits of Project:

Technical contacts
Product/Packaging compatibility
Increased product quality and shelf life
Awareness of new processes e.g. edible coatings
Awareness of difficulties encountered in gas analysis
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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

ATO.DLO

Wageningen, the Netherlands

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

*

4/5 - 1 - 1996

CIRAD.SAR

Montpellier, France

*

13/14-6-1996

INRA.AV

Le Muy, France

*

19/20 -12 -1996

ATO.DLO

Wageningen, the Netherlands

*

7/8 - 1 - 1993

*

17/18-6-1993

*
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Addresses & communication facilities

Acronym of institute / contactperson / address / communication facilities

ATO.DLO

Dr. Leon G.M. Gorris
Agrotechnological Research Institute
Bornsesteeg 59, NL-6708 PD
P.O. Box 17, NL-6700 AA
Wageningen
The Netherlands
Tel: +31-317-475000/-475029/-475108
Fax: +31-317-412260/475034
E-mail: l.g.m.gorris@ato.dlo.nl
or: m.h.j.bennik@ato.dlo.nl

CIRAD.SAR

Prof.Dr. Stéphane Guilbert
Ecole Nationale Supérieure Agronomique de Montpellier
Unité de Formation et de Recherche en Technologie des
Aliments et des Bioproduits
2 Place P. Viala
F-34060 Montpellier Cedex 01
Tel: +33-467-612831
Fax: +33-467-522094
E-mail: guilbert@ensam.inra.fr
or: jeanjean@cirad.fr (Natalie Gontard)

IFRN

Dr. Michael Peck
Institute of Food Research
Norwich Laboratory
Norwich Research Park
Colney
Norwich, Norfolk NR4 7UA
U.K.
Tel: +44-1603-255000
Fax: +44-1603-507723
E-mail: peckm@bbsrc.ac.uk
or: stringer@bbsrc.ac.uk

llSRA.AV

Dr. Christophe Nguyen-The
Inst. National Rech. Agronomique (INRA)
Domaine Saint Paul
Site AGROPARC
F-84914 Avignon Cedex 9
France
Tel: +33-490-316000/-316160
Fax: +33-490-316258
E-mail: nguyenth@avignon.inra.fr
or: frederic.carlin@avignon.inra.fr
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FRUID

Mdm. Sylvie Le Hesran
Les Crudettes
Fruidor S.A.
Avenue Che. Delaye
F-84300 Cavaillon, France
Tel: +33-490-783029
Fax: +33-490-713615

NARF

Prof.Dr. George J.E. Nychas
Athens Agricultural University
Laboratory of Microbiology & Biotechnology
Department of Agricultural Industries
Ira Odos 75, Votanikos
11855 Athens, Greece
Tel/Fax: +30-1-5294693
E-mail: "gjn@auadec.aua.ariadne-t.gr"

NBEST

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

ULMK.DCLS

Prof.Dr. David O'Beirne
Dept. Life Sciences
University of Limerick
Plassey Technology Park
Limerick, Ireland
Tel: +353-61-333644
Fax: +353-61-330316/331490
E-mail: obeirned@ul.ie

WAU.DFS

Prof.Dr.ir. Frans M. Rombouts/Dr. Tjakko Abee
Levensmiddelenchemie & -microbiologie
Gebouw Biotechnion LUW
Bomenweg 2, P.O. Box 8129
NL-6700 EV WAGENINGEN
The Netherlands
Tel: +31-317-482233
Fax: +31-317-484893
E-mail: tjakko.abee@algemeen.lenm.wau.nl
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