
General Dairy Bacteriology

Definition - Bacteria

Bacteria are single-celled organisms that
can only be seen with a microscope. All
processes needed for life occur within the
cell. Most bacteria are prokaryotes.
Bacteria can be found wherever life exists
and are categorized as:

• Beneficial: bacteria including those
that are responsible for food
fermentations (e.g. cheese)

• Pathogenic: bacteria that cause
disease

• Spoilage: bacteria that cause food
products to break down; this is the
main area of concern in the dairy
industry

Individual bacteria are named by Genus
and species (e.g. Bacillus cereus), as are all
living organisms. They are classified
according to their appearance and
structure by specific characteristics of
their metabolism and growth.

Appearance – Size and 
Shape
As previously mentioned, a microscope,
generally one with a magnification of
1,000X, is required to see bacteria.
Bacteria are measured in microns (1
micron = 1/1,000 mm = 1/25,000 inch).
Bacteria are normally stained to make
them easier to see under a microscope.
Bacteria can be seen in milk by staining a
dried milk smear on a microscope slide
with a specific “milk-stain” (e.g. Levowitz-
Weber stain). Bacteria exist in a variety of
shapes, sizes, and arrangements, which
can be defining characteristics. Typical of
what might be seen in milk and dairy
products are:

• Cocci: spherical cells, 0.4-1.5 microns;
occur as single cells, pairs, chains, or
clusters

• Bacilli: rod shaped, 0.5-30 microns;
occur as single cells, pairs, or chains

• Other: spiral, helical, or club shaped
rods of varied sizes; generally are not
very common in milk



Gram Stain

Most bacteria are classified as either
“Gram-positive” or “Gram-negative.” This
is typically determined by the Gram stain
procedure, which is used to view and
differentiate bacteria under a microscope.
Depending on the characteristics of the
bacteria, they will stain blue, red, or
grainy with blue and red shades:

• Gram-positive (blue): e.g. Bacillus;
Streptococcus; Staphylococcus

• Gram-negative (red): e.g. Pseudomonas;
E.coli & other coliform bacteria

• Gram-variable: stains blue or red
(grainy appearance) depending on
conditions; most are Gram-positives

There are a few generalizations based on
the Gram-stain reaction that can be made
of microorganisms common to dairy
products. For example, Gram-negative
bacteria do not survive pasteurization;
bacteria that do survive pasteurization are
Gram-positive; certain Gram-negative
bacteria, if present, will spoil milk faster
under refrigeration compared to Gram-
positive spoilage organisms.

Above: Gram-positive rods and cocci in chains
and clusters; Gram-negative rods.

Endospore (Spore) 
Formation
Endospores, or bacterial “spores”, are
protective, dormant structures that allow
an organism to survive under adverse
conditions. When conditions become
unfavorable (e.g., lack of nutrients),
vegetative growth (“multiplication”) stops
and “spores” begin to form within the
cell. Spores forming inside a cell may be
seen as swollen, possibly clear, areas or
may not be apparent at all. Bacterial
spores released from the cell have
increased resistance to conditions that
would normally kill the vegetative,
actively growing cell such as:

• Heat

• Drying

• Nutrient deprivation

• Presence of chemicals or sanitizers

Spores can remain dormant for extended
periods of time (e.g., for years). When
conditions become favorable again, a
spore can “germinate” and return to an
actively growing state. Spores are
produced by only a few select groups of
bacteria. Spore-forming bacteria
important to dairy are commonly Gram-
positive rods although some strains of
spore-formers stain Gram-variable.
Spores are commonly found in soil,
manure, and other environmental
sources.

Want more information on bacteriology and the MQIP? Contact Nicole 
Martin (Nicole.martin@cornell.edu) in the Milk Quality Improvement 

Program or visit our website 
https://foodsafety.foodscience.cornell.edu/mqip/

Fluid milk quality research in the Milk Quality Improvement Program has been funded by the 
National Dairy Council and the New York State Dairy Promotion Advisory Board, dairy farmers 

dedicated to the production, manufacture and distribution of quality dairy products.  
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