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Abstract 

A review is presented on the present status of biological preservation of foods. Recent 
developments are discussed with respect to underlying mechanisms of inhibition by ‘protec- 
tive’ cultures, and special reference is made to lactic acid bacteria (LAB) and their 
‘food-grade’ safety. The role of bacteriocins, their limitations and potentiating role in 
biological systems, is also addressed. The use of enzymes (e.g. lysozyme) for food preserva- 
tion is mainly restricted by economic factors, their inactivation by endogenous food 
components and their limited activity spectrum. 

Practical applications of protective cultures refer to particular food commodities that 
either constitute novel systems with respect to packaging and/or composition, or represent 
special hygienic risks. It is concluded that biological preservation cannot substitute GMP; it, 
however, offers an additional (and acceptable) processing parameter for improving the 
safety and assuring the quality of a given food. 

Keywords: Protective cultures; Lactic acid bacteria; Bacteriocins; Enzymes; Food safety; 
Biological preservation 

Food biotechnology, as we know it today, is rooted in the development of 
fermented foods during 6000 to 12000 years of man’s cultural history. More than 
anything else, man has, by trial and error, devised methods of ‘controlled’ fermen- 
tation in order to counteract undesired ‘deterioration’ of products of plant and 
animal origin. By these empirical approaches beneficial microorganisms were 
favoured by selection parameters whilst spoilage and other deleterious microbes 
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Table 1 

Commercial significance of metabolic products of lactic acid bacteria 

Metabolite Beneficial Deleterious 

Lactic acid 

Acetic acid 

Diacetyl/acetoin 

CO, 

H,O, 

Biogenic amines 

Slime 

Methane thiol. H,S 

Growth factors 

Bacteriocins 

Wide-spectrum 

antimicrobials 

Preservation 

Sensory improvement 

Enhancement of: 

- digestion 
_ nutrient uptake 

Aroma 

Aroma (dairy products) 

Preservation 

Taste enhancement 

Preservation 

Stabilisation 

(e.g. yoghurt) 

Aroma 

Aroma 

Nutritional value 

Preservation 

(inhibition of closely 

related bacteria) 

Inhibition of pathogens 

and spoilage 

microorganisms 

Acidification 

Off-taste 

Off-taste (beer) 

Gas production 

(blowing/bloaters) 

Discolouration 

Greening 

Health (allergies) 

Sensory 

Sensory 

(off-taste and odour) 

Clostridia (gas) 

Yeasts 

Health? 

Inhibition of beneficial 

lactic acid bacteria 

Allergies? 

Resistance of intestinal 

microorganisms 

were inhibited. Following the earlier development of fermented beverages such as 
beer and wine, and also of fermented milk products (cheese, yoghurt, etc.), more 
‘recent’ developments include the fermentation of meat (by the 9th century BC) 
and vegetables (3rd century BC) (Pederson, 1971, pp. 66-172). In most developing 
countries, fermented foods are still produced by traditional means, and constitute 
up to 60% and more of the daily diet. Lacking modern refrigeration facilities, 
inhabitants of many tropical and subtropical regions rely on fermentation as a 
means of preserving and safeguarding their food, at the same time appreciating the 
typical sensory characteristics and increased commercial value thus achieved. In 
Europe around 25% of our diet is contributed by fermented foods, some of which 
(e.g. sauerkraut, sour dough bread, etc.), although modern technologies are ap- 
plied, are still produced without added commercial starter cultures. 

Our present understanding of food fermentations gained during this century, 
recognises a number of physiological attributes of desired strains involved, notably 
lactic acid bacteria (LAB) used as starter cultures. As shown in Table 1, metabolism 
of starter cultures may contribute in a number of ways to the control of pathogens, 
shelf life and sensory qualities. 

Looking back at recent progress in food biotechnology (cf. Holzapfel and 
Hammes, 19891, it is a fact that the problem of food safety and security still 
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remains to be solved. This will be the major challenge of the 90’s to the food 
industry, food and biological scientists and legislating authorities alike. In spite of 
the introduction of modern technologies and safety concepts (e.g. HACCP) the 
reported number of food-borne illnesses and intoxications is still increasing. On 
the other hand, an increasing number of consumers prefer minimally processed 
foods, prepared without chemical preservatives, as well as ‘mild’ and ‘light’ 
products characterised by a low acid, sugar or fat content. Many of these ‘ready-to- 
eat’ and novel food types in fact represent new food systems with respect to health 
risks and spoilage association. Against this background, and relying on improved 
understanding and knowledge of the complexity of microbial interactions and 
combined preservation factors present in food systems, recent approaches are 
increasingly directed towards possibilities offered by biological or ‘milder’ preser- 
vation approaches. This implies so-called ‘protective cultures’ or their metabolites, 
notably enzymes and bacteriocins. 

In general terms, starter cultures are applied to bring about beneficial metabolic 
and sensory changes of a food - generally accompanied by a preservation effect 
(Table 1). Modern approaches in biological preservation aim at the reduction of 
health risks without changing the sensory quality of the product. 

A distinction is sometimes made between starter cultures and protective cul- 
tures; in reality it may be the same culture applied for different purposes under 
different conditions. For a starter culture metabolic activity (e.g. acid production) 
has technological importance whilst antimicrobial action may constitute a sec- 
ondary-effect; for a protective culture the functional objectives are the inverse. 

In this presentation biological preservation will be discussed relative to the 
potential of protective cultures, bacteriocins and food-grade enzymes. 

1. Protective cultures 

Protective cultures should in the first instance be considered as additional safety 
factor, with the potential of improving the microbiological safety of food. Their 
implementation should support good manufacturing practices, thereby reducing 
risks of growth and survival of pathogens and spoilage organisms. In addition, 
under abuse conditions of temperature, handling, etc., their metabolic activities 
(e.g. acid or gas production) may serve as an indicator of microbial risk. 

The LAB, generally considered as ‘food-grade’ organisms, show special promise 
for selection and implementation as protective cultures. Involved in numerous food 
fermentations known to man for millennia, it is assumed that most representatives 
of this group do not pose any health risk to man, and some are designated as 
‘GRAS’ (‘generally recognised as safe’) organisms. Reports on the involvement of 
LAB in human infections (Aguirre and Collins, 1993) indicate that some species 
may act as opportunistic pathogens in rare cases. However, there is no indication 
of a health risk of LAB involved in food fermentations; and any definite conclu- 
sions presently are speculative. On the other hand, in a number of product groups, 
especially dairy products, the use of biological preservation may also contribute to 
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Table 2 
Desirable properties of protective cultures 

1. No health risks 
l No production of toxins 
l No biogenic amines or other metabolites detrimental to health 
l Non pathogenic 

2. Bring about beneficial effects in product 
l Adaptation to product/substrate 
l Reliability of consistent protective activity 
l Predictability of metabolic activity under given set of parameters (e.g. lactic acid production/ no 

gas) 
l Competitiveness against autochtonous organisms 
0 Specific enzymatic acitivities, e.g. for meat: 

_ nitrate reductase 
_ catalase 

3. No negative (sensory) effects on product under GMP (e.g. no production of acid, gas, slime, etc., 
depending on product type) 

4. Function as ‘indicator’ under abuse conditions 

the health benefits of a product, e.g. as for acidophilus milk. Such probiotic 
cultures are considered to provide substantial health benefits to man by means of 
stabilising or normalising the gastro-intestinal tract (Fernandes et al., 1992). Some 
LAB strains are even associated with anticarcinogenic action and tumour control 
(Adachi, 1992). These health traits may serve as important additional advantage 
for future selection and application of protective cultures. 

LAB have been studied intensively for their physiology and interactions in food 
during this century, and more recently significant progress in research into their 
molecular biology has been made. Present knowledge enables us to distinguish 
between their beneficial and deleterious activities in food - often related to 
product type, time and consumers’ expectations - and to understand the underly- 
ing mechanisms. This relationship is presented in Table 1, also suggesting the 
complexity of factors involved in preservative effects. ‘Ideal’ properties of a 
protective culture are summarised in Table 2. 

2.1. Mechanisms of antagonism of LAB 

Growth rate and competitiveness of a culture are determined by its adaptation 
to a substrate and by a number of intrinsic and extrinsic factors including redox 
potential (E,), water activity (a,), pH and temperature. Antagonism refers to the 
inhibition of other (e.g. undesired or pathogenic) microorganisms, caused by 
competition for nutrients, and by the production of antimicrobial metabolites. The 
use of large cell numbers as inoculum enables successful competition of a starter 
culture during fermentation of, e.g., milk or meat. Apart from its metabolic 
activity, the starter culture occupies vital nishes, thereby discouraging colonisation 
of undesired microorganisms. 
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Table 3 
Metabolic products of lactic acid bacteria with antimicrobial properties 

Product Main target organisms 

Organic acids 
- lactic acid 
- acetic acid 

Hydrogen peroxide 

Enzymes 
- lactoperoxidase system with H,O, 

_ lysozyme (by recomb. DNA-technology) 

Low-molecular metabolites 
- reuterin (3-OH-propionaldehyde) 
- diacetyl 
- fatty acids 

Bacteriocins 
- nisin 

_ other 

Putrefactive and Gram-negative bacteria, some fungi 
Putrefactive bacteria, clostridia, some yeasts and fungi 

Pathogens and spoilage organisms, 
especially in protein-rich foods 

Pathogens and spoilage bacteria 
(milk and dairy products) 
Undesired Gram-positive bacteria 

Wide spectrum of bacteria, moulds and yeasts 
Gram-negative bacteria 
Different bacteria 

Some LAB and Gram-positive bacteria, 
notably endospore-formers 
Gram-positive bacteria, inhibitory 
spectrum according to producer strain 
and bacteriocin type 

The production of one or more antimicrobially active metabolites is part of the 
complex mechanism by which a culture becomes established in the presence of 
other competing organisms. Understanding these mechanisms provides a valuable 
key towards ‘biological’ approaches in food preservation. 

In Table 3 the antimicrobial properties of a number of metabolites from LAB 
are summarised. Depending on the product and processing situation, one or more 
of these metabolites may constitute a basis for the selection of a protective culture. 

Organic acids. Lactic acid, the characteristic fermentation product of LAB may 
reduce pH to a level where putrefactive (e.g. clostridia and pseudomonads), 
pathogenic (e.g. salmonellae and Ltiteria spp.) and toxinogenic bacteria 
(Staphylococcus aureus, Bacillus cereus, Clostridium botulinurn) will either be 
inhibited or destroyed. Moreover the undissociated acid, on account of its fat 
solubility (Brown and Booth, 19911, will diffuse into the bacterial cell, thereby 
reducing the intracellular pH and slowing down metabolic activities. Growth of 
Escherichia coli (e.g.> is inhibited at pH 5.1 by lactic acid, as compared to pH 4.5 in 
presence of hydrochloric acid (Gudkow, 1987). The rapid reduction of pH below 
5.3 during raw sausage fermentation is sufficient to inhibit growth of salmonellae 
(Schillinger and Liicke, 1988) and Staphylococcus aureus (Hechelmann et al., 
1988). 

Because of its higher dissociation constant, acetic acid (pK, 4.75) shows 
stronger inhibition than lactic acid (pK, 3.1) at a given molar concentration and 
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pH. Produced by heterofermentative LAB (Leuconostoc spp. and some lacto- 
bacilli) in equimolar amounts with lactic acid from hexoses, acetic acid is usually 
present in small concentrations as result of LAB metabolism; it may, however, 
constitute a vital factor for the establishment of the initial LAB population 
(notably Leuconostoc spp.) during ‘spontaneous’ fermentation of sauerkraut, silage, 
etc. (Buckenhiiskes et al., 1990). Under specific conditions of hexose limitation 
and/or availability of oxygen, homofermentative LAB (e.g. pediococci, lactococci 
and most Lactobacillus spp.) may dissimilate lactic acid to acetic acid, formic acid 
and/or CO, (Kandler, 1983). 

In a number of fermented dairy products, the benzoic acid concentration 
significantly exceeds the naturally expected value, and ranges from ca. 7-11 mg/kg 
for Gouda cheese and up to 13-56 mg/kg for low fat yoghurt (Daeschel, 1989; 
Sieber et al., 1989). This is explained by the metabolism of hypuric acid by some 
LAB, e.g. L.casei, and constitutes an additional preservation factor in these dairy 
foods. 

Hydrogen peroxide. Hydrogen peroxide is produced by a number of LAB in the 
presence of molecular oxygen together with lactate, pyruvate and NADH by flavin 
enzymes (Kandler, 1983). Undesired bacteria such as Pseudomonas spp. (Price and 
Lee, 1970) and Staphylococcus aureus are 2 to 10 times more sensitive to H,O, 
than most LAB. The bacteriostatic concentration for staphylococci is around 6 
pg/ml as compared to 23-35 pg/ml for pseudomonads (Gudkow, 1987). In 
addition, H,O, may activate the lactoperoxidase system which is indigenous to 
fresh milk with the formation of hypothiocyanite and other antimicrobial products 
(Reiter and Harnulv, 1984). 

As for other metabolic products, the tolerable amount of H,O, is dependent on 
the product type and situation, and may be detrimental to sensory quality of e.g. 
processed meats. 

Enzymes. Relative to other metabolites, enzymes produced by food-grade bacteria 
and especially LAB, are of little direct consequence to food preservation. Lipolytic 
activity, important in ripening of cheese, may, however, affect the production of 
fatty acids with antimicrobial properties. 

Antimicrobial enzymes will be discussed below. Future prospects include using 
recombinant DNA technology for strain improvement, e.g. with respect to lysozyme 
production Wan de Guchte et al., 1992). 

Low-molecular weight metubolites. A number of primary metabolites of low molecu- 
lar weight is known for their relatively potent antimicrobial activities. 

Diacetyl is produced by some Lactococcus, Leuconostoc and Pediococcus spp., 
e.g. during degradation of citric acid. Due to its intensive aroma, diacetyl has little 
direct potential for the preservation of food. 

Carbon dioxide produced by heterofermenters from hexoses, contributes to a 
reduced E, and is directly toxic to a number of aerobic putrefactive bacteria but 
may promote the growth of others. 
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Reulerin, or 3-hydroqpropionaldehyde, is produced from glycerol, dependent of 
coenzyme B,, by Lactobacillus reuteri. It shows broad-spectrum antimicrobial 
activity, probably by inhibition of ribonucleotide reductase, and has been suggested 
for biopreservation of fish and meat, using L. reuteri (Daeschel, 1989; Lindgren 
and Dobrogosz, 1990). 

Bacteriocins. Bacteriocins can be defined as a group of potent antimicrobial 
peptides or proteins primarily active against closely related organisms. They are 
ribosomally produced as ‘secondary’ metabolites, and are probably inactivated by 
proteases in the gastro-intestinal tract. Most of them are small cationic molecules 
(30 - 60 amino acid residues) forming amphiphilic helices and being thermostable 
(lOo”C/lO min). 

Further aspects of bacteriocins will be discussed below. 

2.2. Applications 

Application of a protective culture for antimicrobial protection of food should 
be considered only as an additional measure to good manufacturing, processing, 
storage and distribution practices. Its eventual use will be determined by a number 
of factors, amongst which its (‘food-grade’) safety, and adaptation and suitability 
for a specific food system are the most important ones. 

The effectiveness of some bacteriocinogenic protective cultures has been stud- 
ied in several food systems (Table 4). 

Table 4 
Food systems in which effectiveness of bacteriocinogenic protective cultures against Listeria monocyto- 
genes was tested 

Food system Protective culture 

1. Meat,9 
- fresh meat Pediococcus acidilactici PAC 1.0 
- comminuted, cured raw pork Lactobacillus sake Lb 706 
- minced meat Lactobacillus sake Lb 706 

Pediococcus damnosus 
VT-T-E-760653 

- fermented sausages Pediococcus acidilactici JC l-23 
Pediococcus acidilactici PAC 1.0 
Pediococcus acidilactici 

H, PAC 1.0, P 02, JBL 1350 
vacuumpacked: 
- minimally heat-treated beef Lactobacillus bauaricus MN 
- frankfurters Pediococcus acidilactici JD l-23 
- wieners Pediococcus acidilactici JBL 1095 

2. Vegetables 
- ready-to-use salads Lactococcus lactis D 53 

Reference 

Nielsen et al. (1990) 
Schillinger et al. (1991) 
Schillinger et al. (1991) 
Skytta et al. (1991) 

Berry et al. (1990) 
Foegeding et al. (1992) 
Luchansky et al. (1992) 

Winkowski et al. (1993) 
Berry et al. (1991) 
Degnan et al. (1992) 

Lichter(l993) M.Sc. 
dissertation 
(unpublished results) 
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In most cases a strain of Pediococcus acidilactici was used. An inhibitory activity 
against Listeria monocytogenes could be demonstrated in various meats such as 
fermented sausages and vacuum-packaged products as well as in vegetable-type 

Table 5 

Potential application of protective cultures in different food systems 

(A) Milk and dairy products 

Product 

Mould-ripened cheese 

Hard and semi-hard cheeses 

Fresh cheese types (quarg, etc.) 

Yoghurt 

(especially with added fruit, nuts and cereals) 

(B) Meat, fish and poultry 

Product 

Soft-type raw sausage (e.g. Mettwurst) 

Target organism(s) 

Listeria monocytogenes 
Clostridia causing late-blowing 

Moulds and yeasts 

Yeasts and moulds 

Target organism(s) 

Staphylococcus aureus 
Listeria monocytogenes 

Mould-ripened fermented sausage 

Prepackaged fish and lightly preserved foods 

such as cold-smoked fish, brined shrimps 

Fresh meat 

Staphylococcus aureus 
Clostridium botulinurn types E. B and F 

Listeria monocyiogenes 
Pseudomonads 

Salmonellae 

Listerik monocyrogenes 
Enteropathogenic E. coli 

Self service packages of processed meat products 

Poultry 

Lisiteria monocyiogenes 
Salmonella spp. 

Camovlobacter SDD. 

CC) Vegetable type products 

Product 

Fermented products (general) 

Fermented products: 

- cucumbers 
_ sauerkraut 

Prepacked mixed salads 

(0) Delicatessen and novel type foods 

Product 

Different delicatessen type foods 
(refrigerated) 

Novel type foods 
_ ‘sous vides’ 

_ other cooked-chilled foods 

and ready-to-eat products 

Target Organism(s) 

Yeasts, moulds 

Gas producing LAB 

Slime producers (e.g. leuconostocs) 

Producers of off-flavours and 

of biogenic amines 

Enterobacteriaceae 

Salmonella spp. 

Other Gram-negative pathogens 

Listeria monocytogenes 

Target organisms 

Heterofermentative LAB 
Sraphylococcus aureus 
Yeasts 

Psychrotolerant Clostridia 
Listeria, Bacillus 

determined by (novel) ecological parameters 
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Table 6 
Effect of’ a protective culture, Lactobacillus sake Lb 706, on Listeria monocytogenes in vacuum-packaged 
sliced bologna (according to M. Kaya, U. Schmidt and L. Leistner, unpublished results/personal 
communication, 1990) 

Inoculum 
(103/g) 

Lb 706 
(bacteriocin-positive) 
Lb 706-B 
(bacteriocin-negative) 

Days (‘lag time’) to increase of Lbteria cfu from lo3 to 104/g at 

2°C 4°C 7°C 10°C 

> 49 > 42 > 21 7 

> 49 28 7 3 

foods. Table 5 gives an overview on food products in which protective cultures may 
be applied in the future. However, at present protective cultures are not available 
for all those purposes. 

The modern trend towards ‘healthy’ and fresh food can only be satisfied when 
additional, acceptable safety factors are applied, e.g. for transport, presentation in 
retail outlets and storage. Refrigeration is often marred by negligence and abuse; 
protective cultures may reduce the hygienic risk during e.g. interruption of the cold 
chain. An experimental example of successful application of a protective cultures 
against Listetiu is given in Table 6 for vacuum-packaged sliced bologna (M. Kaya, 
U. Schmidt and L. Leistner, unpublished results/personal communication, 1990). 

In this experiment, an antilisterial activity of Lactobacillus sake Lb 706 was 
observed in sliced bologna type sausages inoculated with Listeriu monocytogenes. 
When such sausages were stored under vacuum-packaging at 7”C, the protective 
culture was able to prevent Listeriu multiplication for more than 3 weeks, whereas 
viable numbers of Listeriu increased from lo3 to 104/g after only one week in 
sausages inoculated with a non-bacteriocin producing variant of Luctobucillus sake 
Lb 706 (Table 6). 

2. Bacteriocins 

Based on present knowledge, bacteriocins of LAB may be classified into four 
groups: 
- the lantibiotics, which are characterised by some unusual amino acids such as 

lanthionine or p-methyllanthionine; 
- peptide bacteriocins, which are small hydrophobic membrane-active peptides; 
- protein bacteriocins which are of a higher molecular mass; and 
- complex bacteriocins containing a glyco and/or lipid moiety essential for their 

activity (see Table 7). 

Mode of action. For most bacteriocins, the antimicrobial effect seems to be 
bactericidal (Schillinger, 1990, Schillinger and Liicke, 19891, with some exceptions, 
e.g. leuconocin S (Lewus et al., 1992) and leucocin A-UAL 187 (Hastings et al., 
1991) being bacteriostatic. 
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The site of bacteriocin action is the cytoplasmic membrane. Bacteriocins such as 
nisin (Ruhr and Sahl, 1985) and pediocin JD (Christensen and Hutkins, 1992) 
dissipate the membrane potential and cause a collapse of proton motive force 
(Bruno and Montville, 1993). 

Znhibitory spectrum. The activity spectrum of bacteriocins is, per definition, re- 
stricted to closely related organisms (Tagg et al., 1976). For LAB this fact implies 
two main disadvantages: (a> bacteriocins produced by protective cultures may 
inhibit other desired starter cultures and (b) are not active against Gram-negative 
pathogens and spoilage bacteria. 

A number of Gram-positive toxinogenic and pathogenic bacteria have, however, 
been found sensitive to bacteriocins of certain LAB (see Table 8). 

Gram-negative bacteria such as salmonellae are not sensitive to bacteriocins 
from lactic acid bacteria obviously because of their outer membrane protecting 
them by excluding the bacteriocins. However, chelating agents such as EDTA or 
citrate can be used to bind magnesium ions in the lipopolysaccharide layer of the 
outer membrane of Gram-negative bacteria and rendering these organisms suscep- 
tible to nisin and other bacteriocins (Stevens et al., 1992). 

Molecular biological attributes. Despite increasing research activities, information 
on the genes involved in bacteriocin synthesis, processing, secretion and regulation, 
is still limited. Bacteriocin production can be either chromosomally or plasmid 
mediated, and, for the few cases so far investigated, is encoded by multiple genes 
organized in operon-like structures. Genetic investigations of peptide bacteriocins 
(group 2, Table 7) have shown that the genes encoding transport, maturation and 
procession, and immunity are closely linked with the structural gene (Marugg et 
al., 1992). These bacteriocins are transcribed as precursor peptides, typically with 
an N-terminal leader peptide of about 18 to 20 amino acids. The leader sequences 
are apparently not typical Gram-positive secretion signals (Tichaczek et al., 1993). 

Akin. The bacteriocins of LAB are of special interest with regard to the health 
acceptability and potential use of this group in biopreservation. Nisin is the best 
studied factor; it is produced by strains of Lactococcus Zactis (Jarvis and Farr, 
1971; Hurst, 1981) and is the best studied representative of the Iantibiotics 
(Klaenhammer, 1988). It has found special application in the prevention of 
late-blowing of cheese by inhibiting the outgrowth of Clostridium spores (Daeschel, 
1989) and is used in selected pasteurized cheese spreads. Although not considered 
by all workers as a typical bacteriocin, but rather as a peptide antibiotic (Schiiller 
et al., 1989), its use as a food additive has been accepted by the Joint FAO/WHO 
Expert Committee in 1969 (Falbe and Regitz, 1991). Its antibacterial activity and 
possible use as biopreservative has been studied in a large number of food systems; 
application for the control of some pathogens and food spoilage organisms is 
approved in a number of countries, and is reviewed by Delves-Broughton (1990). 
In Europe, eight EC-countries have approved the use of nisin for preservation of 
processed cheese (Belgium, France, Ireland, Portugal and Spain), fresh cheese, 
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quarg, etc. (The Netherlands), processed vegetables (Italy), canned foods (United 
Kingdom), generally as part of ‘botulinurn-safe’ thermal processing (F, > 3.0). 

Considering the non-specific antagonistic effects resulting from other metabolic 
activities of LAB (see Table 31, bacteriocins may provide a valuable additional, 
controllable and specific tool for the inhibition of some deleterious food-associated 
microorganisms. The use of the pure substance as food additive may still be 
controversial; in addition, considerable ,consumer resistance can be expected. As 
for nisin and the dairy starter culture Lactococcus lactis, the benefits of bacteri- 
ocins may, however, be utilised by means of a ‘food-grade’ producer strain, for 
which special labelling is not necessary. Bacteriocinogeny may thus be considered 
as a most desirable and potentiating trait of a protective culture. Under special 
conditions, e.g. during fermentation, it may also increase the competitiveness of a 
starter culture. 

Limitations and future prospects of protective cultures and bacteriocins 
Present knowledge and experience indicate that protective cultures may be 

applied within certain limits, indicated above with relation to food systems, as 
additional safety factor. These limitations concern three main features of LAB and 
other bacterial cultures, viz. : 
l Adaptation 

- relative to product group 
- persistance and competition 
- sensitivity to processing parameters 

l Metabolic activity 
- essential in a food system (risk of inactivation) 
- possible deleterious sensory effects 

l Specific antibacterial factors such as bacteriocins 
- activity spectrum 
- inactivation (e.g. by product specific proteases) 
- limited diffusion in solid matrix 
- no influence on Gram-negative bacteria 
- inducible resistance 
- unspecific binding to food ingredients (e.g. inactivation by lipids). 
Recent advances and increased knowledge on the physiology and molecular 

biology of the LAB, in addition to progresses in selection and culture techniques, 
give rieason for optimism towards the development of improved, tailor-made 
protective cultures. The main research activities will probably be directed towards 
the following achievements: 
l Improved and targeted selection and screening methods 
l Optimisation (‘tailoring’) by recombinant DNA technology 

- transfer of bacteriocin genes within the LAB; construction of multibacterio- 
cinogenic strains 

- transfer of resistance genes 
- development of high potential multiple strain cultures 
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Table 9 

Examples of the genetic optimisation of protective cultures 

Desired trait Result Reference 

Expression of lysozyme 

gene in lactococci 

Expression of lysostaphin 

gene in Lactobacillus casei 
Expression of phage 

resistance genes 

Amplification of antagonism 

against clostridia and 

Gram-positive bacteria 

Increased inhibition of 

staphylococci 

Increased phage 

resistance/process safety 

Van de Guchte et al. (1992) 

Gaier et al. (1992) 

Harrington and Hill (1991) 

0 Extending of activity spectrum - in combination with food-grade additives or 
natural ingredients. 
Genetic optimisation of protective cultures is a valuable tool towards improving 

process security (e.g. phage resistance), improving efficiency (e.g. increased prote- 
olytic activity) and reducing health risks (increased antagonism). The genes of 
encoding for some antagonistic properties have already been successfully expressed 
in lactic acid bacteria (Table 9). 

- transfer of genes encoding for wide-spectrum antibacterial proteins (activity 
e.g. against Gram-negative pathogens) from other ‘GRAS’ organisms includ- 
ing yeasts and moulds. 

3. Enzymes 

The excretion of an antibacterial enzyme, such as lysozyme or lysostaphin, may 
improve the activity spectrum of protective cultures, and may render such a strain 
more suitable for application under versatile conditions. 

As for antimicrobial metabolites, a number of enzymes serve in nature to 
protect a biological system against invasion of certain microorganisms. Typical 
examples are lysozyme in egg albumen and lactoperoxidase in milk. Food systems 
which contain such antagonistic enzymes possess an intrinsic stability against 
microorganisms. On the other hand purified antagonistic enzymes can be used as 
biopreservatives for foods which do not contain such antagonistic systems, as for 
example the addition of lysozyme to cheese to prevent late blowing due to 
Clostridium tyrobutyricum (Bester and Lombard, 1990). 

Legally, enzymes are considered as food additives and require special approval 
of ‘food grade’ quality or ‘GRAS’ status. 

Enzymes with antagonistic activity are listed in Table 10. 
One of the most important enzymes is lysuzyme, which can be found in milk and 
eggs. It is a muraminidase that hydrolyses p-1,4 linkages between N-acetylmura- 
mic acid and N-acetylglucosamine of the peptidoglycan, leading to lysis of 
bacterial cells. Gram-negative bacteria posses an outer membrane, which may 
protect the cell wall against the action of lysozyme. After disruption (weakening) 
of the outer membrane by chelating membrane-stabilizing divalent cations with 
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Table 10 
Naturally occurring antagonistic enzyme systems in foods 

Enzyme Inhibited Mechanisms of action 
microorganisms 

Lysozyme 

Glucose oxidase 

Lactoperoxidase 

Lactoferrin 

Mainly 
Gram-positive 
Gram-positive 
Gram-negative 
Gram-positive 
Gram-negative 
Gram-positive 
Gram-negative 

Lysis 

H,O,?, pH? 

Oxidation 

Iron binding 

EDTA, also Gram-negative microorganisms become susceptible to the action of 
lysozyme. 
Lysozyme is especially active against the outgrowth of clostridial spores but it 
also shows activity against other pathogenic or toxinogenic bacteria such as 
Bacillus and Listeria . 
In recent years investigations have especially concerned with control of the 
growth of Listeria monocytogenes by the action of lysozyme (Hughey and 
Johnson, 1987; Carminati and Carini, 1989; Bester and Lombard, 1990). Lysozyme 
may control the growth of Listeria in culture broth systems (Hughey and 
Johnson, 1987) and in real food systems like milk (Carminati and Carini, 1989) 
and cheese (Bester and Lombard, 1990). In some food products lysozyme shows 
a remarkable stability. It is still active in Camembert cheese after 3-4 weeks 
(Hughey et al. 1989). 
Lactoperoxidase (LPS) is an enzyme system occurring naturally in milk. It 
represses the growth of Staphylococcus aureus and Listeria monocytogenes if 
activated in milk. The LPS system is activated by thiocyanate ions (SCN-) and 
H,O,.. In the presence of both substrates the LPS system oxidizes thiocyanate to 
hypothiocyanite (OSCN-1. This is a strong oxidizing agent which in turn can 
oxidize essential sulfhydryl groups in bacterial proteins but is harmless to host 
cells (Kamau et al., 1990). 
Thiocyanate ions are present in milk (Siragusa and Johnson, 1989) and H,O, 
can be: produced by accompanying lactic acid bacteria. 
Gluco.re oxidase oxidizes glucose to glucuronic acid in the presence of 0,. In 
addition hydrogen peroxide is produced. This system is already used in the food 
industry to remove 0, from various packaged or canned food products. It is in 
addition able to repress the growth of certain Gram-positive as well as Gram- 
negative microorganisms. The inhibitory effect depends on the concentration of 
the enzyme in the medium and on the concentration of glucose as substrate. 
Higher inhibitory activity can be observed at higher enzyme concentrations 
(Tiina and Sandholm, 1989). These experiments were done in broth culture. 
Jeong et al. (1992) demonstrated that glucose oxidase was not useful to inhibit 



358 W.H. Holzapfel et al. /International Journal of Food Micriobiology 24 (1995) 343-362 

the growth of Pseudomonas or Salmonella on chicken breast skin. Glucose 
oxidase might be more active in liquid food systems. 

l Lactoferrin is an iron binding protein in milk, with activity against Bacillus 
subtilis, B. stearothermophilus and Escherichia coli. The microorganisms are 
apparently inhibited due to the iron chelating capacity of this protein. Lacto- 
ferricin B is a proteolytic cleavage product of lactoferrin. It is a peptide of 25 
amino acids and has a much higher antagonistic activity than lactoferrin. 0.3 to 
150 Kg/ml of that peptide is enough to inhibit the following microorganisms 
completely: E. coli, Salmonella enteritidis, Yersinia enterocolitica, Campylobacter 
jejuni, Staphylococcus aureus, Listeria monocytogenes and Clostridium perftingens 
(Bellamy et al., 1992) 

4. Conclusions 

Biological preservation can only be considered as an additional processing 
parameter for improved safety and quality assurance of a food. It can never 
substitute GMP, and its implementation and acceptance will (amongst others) 
depend on careful selection and application of suitable protective cultures and 
probably certain enzymes for particular food systems. 
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