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1. Introduction

Dairy starter cultures are prepared cultures of microorganism employed in the manufacture of a variety
of dairy products including butter, cheese, yoghurt and cultured milk. All dairy starter cultures
produce acids; the most important group of microorganisms are the lactic acid bacteria which are
included in almost all dairy starter cultures. All lactic acid bacteria have a fermentative saccharolytic
metabolism. They are primarily used because of their capability to ferment lactose resulting in
production of lactic acid, but also because of other metabolic activities, e.g. microbial production of
carbon dioxide gives rise to eye formation in cheese while polysaccharide formation contributes to
thicker consistency of fermented milks. Some genera are used only to produce aroma compounds, e.g.
diacetyl in butter.

When present in sufficient concentrations, antimicrobial substances may cause problems to the dairy
industry by inhibiting the activity of bacterial starter cultures. The largest single problem caused by
such compounds in fluid milk is slow or complete absence of acid production. Other problems may be
encountered in the ripening of cheese, in polysaccharide formation in fermented milk products where
deficient production gives rise to a decrease in viscosity, and in obtaining the correct flavour in
various products.

According to Volume VI of the Rules Governing Medicinal Products in the European Community the
safety evaluation carried out in connection with the establishment of maximum residue limits for
residues of veterinary medicinal products in foodstuffs of animal origin under Council Regulation
(EEC) No 2377/90 must include an assessment of the potential effects on microorganisms used for
industrial food processing, in particular as regards the manufacture of dairy products. Data to allow
such assessment therefore must be provided for substances whose residues may appear in inhibitive
concentrations in milk in connection with recommended treatment of the target species.

Until now no guideline has been available with respect to the documentation required for such
substances. Major diversities have therefore been present between the studies submitted in connection
with applications for different substances for establishment of maximum residue limits in milk.
Because the results from studies of different design may not always be comparable full consistency in
the assessment of different compounds is difficult to ensure. This guideline has been prepared in order
to achieve such consistency in the future.

2. Types of starter cultures used in the dairy industry

Bacterial species used in starter cultures are divided into mesophilic strains (optimum growth at about
30oC) and thermophilic strains (optimum growth at 40-50oC). Thermophilic strains are used in the
production of yoghurt  and certain types cheeses e.g. emmenthal and parmesan. Mesophilic strains are
widely used in cheese manufacturing, e.g. in the production of feta, cheddar, gouda, edam and
camembert. In yoghurt the main purpose of starters is lowering the pH, although metabolites such as
acetaldehyde contribute to the characteristic yoghurt flavour and polysaccharide formation increases
viscosity. In cheese manufacture starter organisms also contribute to the maturation by release of
proteolytic and lipolytic enzymes. Most species are facultative anaerobic, an important exception
being the strictly anaerobic Bifidobacterium spp.

Functional properties of dairy starter cultures, such as lactic acid production, gas production, aroma
and flavour production, proteolytic activity and viscosity are, to a large extent, dependent upon the
milk as growth medium and environmental factors such as temperature and pH. A characterisation of a
starter culture obtained under a specific set of conditions will therefore not necessarily be valid under
different circumstances.
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Lactic acid bacteria of importance for the dairy industry belong to the following genera: Streptococcus
(S; only Streptococcus thermophilus), Enterococcus (E), Lactococcus (Lc), Leuconostoc (Ln),
Pediococcus (P), Lactobacillus (Lb) and Bifidobacterium. Starter cultures may consist of a single
strain (monocultures), multiple strains belonging to a single species, or multiple strains belonging to
more than one species.

2.1 Mesophilic lactic acid bacteria used as starter cult ures

These starter cultures are employed at temperatures ranging from about 18oC to about 37oC. Examples
are Lc. lactis spp. lactis, Lc. lactis spp. cremoris, Lc. lactis spp. lactis biovar diacetylatis, Ln.
mesenteroides spp. cremoris, P. pentosaceus and Lb. casei. They are used as both as monocultures and
in combination with other starter organisms.

Cultures exclusively producing lactic acid (homofermentative cultures) are primarily used for cheddar
and feta type cheese production. They contain selected strains of Lc. lactis spp. lactis and cremoris.
Aromatic cultures are used for both cheese and fermented milk products, but in particular for acidified
butter and semi-hard cheese varieties with eyes. They are mixed cultures consisting of selected strains
of Ln. mesenteroides spp. cremoris, Lc. lactis spp. cremoris and Lc. lactis spp. lactis biovar
diacetylatis. These cultures are heterofermentative, characteristically producing lactic acid plus
diacetyl and/or carbon dioxide.

2.2 Thermophilic lactic acid bacteria used as starter cultures

These starter cultures are employed at temperatures ranging from about 30oC to about 45oC. Examples
are S. thermophilus, E. faecium, Lb. helveticus, Lb. delbrueckii spp. bulgaricus, Lb. delbrueckii spp.
lactis, Lb. acidophilus. They are used as both as monocultures and in combination with other starter
organisms.

S. thermophilus strains are used in yoghurt and certain cheeses, e.g. emmenthal. They can be used
either alone or in combination with other starter organisms, e.g. propionic acid bacteria are included in
cultures used for production of emmenthal. The same applies to Lb. delbrueckii spp. bulgaricus, an
organism being particularly important in flavor production. Lb. acidophilus cultures are relatively slow
growing. Some strains are of human origin. They are used in mixtures, especially together with
Bifidobacterium spp. for the production of yoghurt and probiotic milk products. Lb. helveticus cultures
are either used alone or in mixtures with other lactic acid bacteria. They are characterised by strong
acid formation and proteolysis.

3. Test organisms

The sensitivity of the bacteria in starter cultures to antimicrobial substances varies widely. Because
milk should, in principle, support growth of all the strains incorporated in starter cultures, the test
package must include an appropriate selection of starter culture bacteria currently used in the dairy
industry. And since the majority of starter cultures are mixed cultures rather than single strains the test
package should include an appropriate selection of both commercially available monocultures and
mixed cultures.
The applicant should select a range of commercially available cultures including suitable mono- and
mixed cultures comprising examples of mesophilic aromatic, mesophilic homofermentative and
thermophilic cultures. The applicant should justify the choice of cultures and any significant omissions
(see appendix for examples).
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4. Test endpoints

The concentration without effect for an antimicrobial substance on a starter culture can be set at the
maximum concentration of the substance in inoculated milk not giving rise to significant changes in
the final product in comparison with the product resulting from use of inoculated milk free of the
substance.

All starter cultures produce acids, mainly lactic acid; but most cultures exert additional metabolic
activities, e.g. proteolysis or aroma production. Because of this, the results of an overall evaluation of
the sensory quality properties of the final product (appearance, colour, flavour and texture) would
theoretically be the best arbitrator of inhibitory effects of antimicrobial substances. This approach is
not feasible, however, due to lack of standardised methodology. It therefore seems most appropriate to
adopt a testing strategy by which the influence on acid production is assessed.

The inhibitory effect of an antimicrobial substance is determined as the difference in acid production
in inoculated substrate containing the substance and inoculated control substrate. Initially, the pH-time
curve for inoculated control substrate is determined under standardised conditions. Subsequently, the
pH is determined in inoculated control substrate and in inoculated samples containing various
concentrations of the substance, following an incubation period which ensures a fall in pH in the
control sample equivalent to the total expected decrease in pH. The concentration without effect for
the antimicrobial substance is then defined as the highest concentration of the substance in the sample
containing the most sensitive starter culture organism giving rise to a pH not differing from the pH in
the control sample by more than 0.3 pH units.

As an alternative endpoint also the time to reach pH 5 can be accepted. In this case, the concentration
without effect is the highest concentration without statistically significant effect on the time to reach
pH 5 compared to the control.

5. Methodology

The selection of starter cultures for further examination must be fully justified by the applicant, and
should be based on data from preliminary studies. The methods of pre-selection should ensure
acceptable growth of all test strains in the blank substrate. Typical methods include, but are not limited
to, the following:

• Determination of relative MIC values for commercial starter cultures. The most sensitive
starter cultures would be candidates for further examination.

• A preliminary series of incubation runs in milk (or with and without milk) at several antibiotic
concentrations to monitor the effect on pH. Those starter cultures whose pH depletion
characteristics were the most affected would then be the candidates for further examination.

The determination should be made according to appropriate test guidelines, e.g. International Dairy
Foundation (IDF) procedures. The growth medium used in subsequent studies should be UHT
skimmed cow´s milk.
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Appendix

BACTERIAL STRAINS TO BE INCLUDED IN THE TESTING PROGRAMME

Mesophilic Aromatic Cultures
LD-cultures
Fermented milk products, lactic butter, hard
and semi-hard cheese varieties with eyes

LD-cultures contain selected strains of
Leuconostoc cremoris, Streptococcus
diacetylactis, Streptococcus cremoris and
Streptococcus lactis.  The LD-cultures
traditionally consist of several different strains
of each of the 4 species mentioned and possess
high phage resistance.  New LD-cultures will
consist of mixtures of well-defined single
strains standardized according to their product
related properties.  The production of diacetyl
and CO2 is characteristic for LD-cultures.

L-cultures
Fermented milk products, cottage cheese,
cream cheese and cheese varieties with few or
no eyes

L-cultures contain selected strains of
Leuconostoc cremoris, Streptococcus cremoris
and Streptococcus lactis.  L-cultures produce
diacetyl and CO2 but in smaller amounts than
LD-cultures.

D-cultures
Lactic butter

D-cultures contain selected, defined strains of
Streptococcus diacetylactis, Streptococcus
cremoris and Streptococcus lactis.  The D-
cultures are specially selected for the
production of the largest possible amount of
aroma.  D-cultures are primarily used in the
production of lactic butter produced after the
Indirect Biological Acidification method (IBA
butter).

Streptococcus diacetylactis
Lactic butter, fermented milk products and
cheeses

Defined multiple strain cultures of
Streptococcus diacetylactis.  Are primarily
used as addition to other dairy cultures in order
to adjust the properties of the culture applied.
Produce large amount of aroma and CO2.

Leuconostoc cremoris
Lactic butter, fermented milk products and
cheeses

Defined multiple strain cultures of Leuconostoc
cremoris.  Are solely used in combination with
other dairy cultures in order to adjust the
properties of these cultures.  Leuconostoc
cremoris cultures are heat sensitive and
produce aroma and CO2

Kefir
Fermented milk products

Kefir cultures contain different strains of
Streptococcus and Lactobacillus, as well as
different yeast species.



EMEA/CVMP/276/99-FINAL 6/7EMEA 2000

Mesophilic Homofermentative Cultures
O-cultures
Cheese variants of the Cheddar-type, Feta and
other cheese types with a closed texture

Each O-culture consists of selected defined
strains of Streptococcus cremoris and
Streptococcus lactis.  The cultures do not
produce CO2.

Streptococcus cremoris
Fermented milk products and cheese

Defined strains of Streptococcus cremoris.  The
cultures are low in proteolytic activity and are
primarily applied in mixtures with other lactic
acid bacteria.

Streptococcus lactis
Cheese

Defined strains of Streptococcus lactis.  Are
most often applied in mixtures with other lactic
acid bacteria.  The cultures are resistant to 4%
NaCl and grow at 40oC.

Thermophilic Cultures
Yoghurt cultures
Yoghurt and other fermented milk products

Yoghurt cultures consist of selected, mixed
strains of Streptococcus thermophilus and
Lactobacillus bulgaricus.

Streptococcus thermophilus
Yoghurt and Italian cheese types

Defined strains of Streptococcus thermophilus.
Are either applied alone or in mixtures with
other lactic acid bacteria.

Lactobacillus acidophilus
Fermented milk products

Defined strains of Lactobacillus acidophilus.
Relatively slow growing bacteria where several
strains are of human origin.  Are applied in
mixtures with especially Bifidobacterium
strains for the production of probiotic milk
products.

Lactobacillus bulgaricus
Yoghurt and Italian cheese types

Defined strains of Lactobacillus bulgaricus.
Are either applied alone or in mixtures with
other lactic acid bacteria.  L. bulgaricus
contributes with a pronounced aroma of
acetaldehyde.

Lactobacillus casei
Fermented milk products

Defined strains of Lactobacillus casei.  Some
strains are of human origin and applied in
probiotic milk products.

Lactobacillus helveticus
Emmentaler and Italian cheese types

Defined strains of Lactobacillus helveticus.
Are either applied alone or in mixtures with
other lactic acid bacteria.  Are characterized by
strong acid formation and strong proteolysis.

Lactobacillus lactis
Fermented milk products and Italian cheese
types

Defined strains of Lactobacillus lactis.
Produce low level of aroma and are often used
as a substitute for L.bulgaricus.

Thermophilic cheese cultures
Mozzarella, Grana, Provolone and other Italian
cheese types

Composed cultures of selected strains of
Streptococcus thermophilus, Lactobacillus
bulgaricus and Lactobacillus helveticus in
different combinations and mixtures.

Bifidobacterium
Fermented milk products

Cultures consisting of different strains
belonging to Bifidobacterium, eg B.bifidum and
B.longum. May be applied in combination with
Lactobacillus acidophilus or other cultures for
probiotic milk products.  Several of the strains
are of human origin.
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Propionibacterium
Cheese varieties of the Emmentaler type

Defined strains of Propionibacterium species
used primarily for their ability to form a
characteristic aroma and produce large eyes in
cheeses of the Emmentaler type.


