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Understanding Biofilms In Agriculture

In agriculture today, sanitation
technigue and protocol
implementation have
become more important than
ever before. An increased
awareness of health benefits
gained from a clean
environment has stimulated
a higher standard of cleaning expectations. Many
producers not only strive to remove organic matter
from surfaces, but also microbial buildup; more
accurately, biofilms.

By Jessica Dercks, B.S.

What are biofilms?

Biofilms are simply defined as thin, slimy films of
bacteria, protozoa and viruses adhered to a surface
in a resistant matrix of cellular materials. Biofilm
layers are found on many farm surfaces such as
feeding equipment, animal housing and milking
equipment. Roughly 90% of all bacteria on a farm
are found in a biofilm layer. These biofilm layers are
important because they are resistant to common
cleaning and disinfection agents. To truly clean

a surface, one must break down the biofilm layer
to achieve not only a visually clean surface, but a
surface that is also clean on a biological level.

Figure 1 Bacterial Biofilm Formation - 5 Stages:

How do biofilms form?

In the past decade many researchers have
investigated the process of biofilm formation. It has
been well established that there are five major steps
comprising the entire process: attachment, growth,
maturation, detachment, and re-development.
Figure 1 illustrates the cycle of biofilm formation.

Why are biofilms important?

Biofilms have potential to be detrimental in the
agriculture industry because of the opportunity for
cross-contamination. Equipment and pens that are
visually clean may not be biologically clean. Biofilms
limit the rate of cleaning and disinfecting agents to
the interior cells while providing conditions for those
same cells to thrive!. These cells can be disease-
causing bacteria that can spontaneously break free
from the biofilm and spread sickness to an animal.
One example would be placing a newborn calf in

a hutch that previously housed a weaned calf. Any

bacteria harbored by the older calf could be contained

in a biofilm and may not have been removed during
the hutch cleaning process. In this scenario, the
bacteria could break free from the biofilm and pose a
serious health challenge to the newborn calf.

ATTACHMENT GROWTH

MATURATION

DETACHMENT | RE-DEVELOPMENT

Bacteria attach to a
variety of surfaces,
from metal, to
plastic, to skin tissue,
using specialized
tail-like structures.

The cells grow and
divide, forming a
dense matrixed
structure, many layers
thick. At this stage the
biofilm is too thin to
be seen.

When there are
enough bacteria in
the developing biofilm
the bacteria secrete
a slimy extracellular
matrix of proteins
and polysaccarides.

As the colonies
mature, the structures
created weaken and
cast off bacteria that
look for new places to
grow and prosper.

The slime protects
the bacteria from the
harsh environments,
shielding them from

many chemicals,
antibiotics and
immune systems.
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Figure 2

COMPARISON ‘PeRoXDE | | ACID | HYPOCHLOROUS | \\pocyi oyre | CHLORINE BTSRRI QUARTERNARY | buenos | 1000PHOR
(H202) (POA) (NaClO) (C102)
E.COLI YES YES YES YES YES YES YES YES YES YES
GIARDIA YES NO NO NO NO NO YES NO NO NO
ggpmspommum YES NO NO NO NO NO YES NO NO NO
ROTAVIRUS YES YES YES YES YES YES YES YES YES YES
CORONAVIRUS YES YES YES YES YES YES YES NO NO NO
PEDv YES YES YES YES YES YES YES NO NO NO
BIOFILM REMOVAL YES VARIES VARIES NO NO NO YES NO NO NO
AFFECTED BY pH NO YES YES YES YES YES NO YES YES YES
CORROSIVE YES YES YES YES YES YES NO VARIES YES YES
g“;g;m‘gsm BY NO YES YES YES YES YES NO NO NO YES
N ER NO NO NO NO YES YES YES NO NO NO
55;3232?\3‘.'5.?5;; NO NO NO NO YES YES YES NO NO NO
gg?EDRV(\;IgSTS NO NO YES NO YES NO YES YES YES YES
PRODUCED ON-SITE YES RARELY RARELY RARELY NO NO YES NO NO NO

HOW are biofilms broken down? Chlorine dioxide is even effective against

Cryptosporidium, a tough protozoan responsible for
causing diarrhea in many different livestock, most
notably calves. According to the CDC, this organism
has an outer shell that allows it to survive without

a host for long periods of time and makes it very
tolerant to bleach disinfection.

There are very few products proven to be effective
against the tough buildup of biofilms. Figure 2
demonstrates the efficacy of various products on
biofilms, while comparing microbial diversity and
environmental considerations.

The clear standout agent is chlorine dioxide.
Chlorine dioxide has superior ability to break
down the toughest microorganisms and biofilms,
without corrosive action or negative impacts on
the environment. lts efficacy is not impacted by
the condition of the environment, most notably

in regards to pH levels and presence of organic
matter. Chlorine dioxide is effective against
bacteria, protozoa, viruses and fungi on inanimate
objects and is considered more effective against
microbes than other chlorine solutions?. Unlike other
cleaning products, chlorine dioxide starves and
kills microorganisms by disrupting the transport of
nutrients across their cell walls?.

(Continued on Page 8)
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(Continued from page 7)

Figure 3

DISINFECTANT EFFECTIVENESS ON CRYPTOSPORIDIUM PARVUM

DISINFECTANT

CONCENTRATION (PPM)

CONTACT TIME

Ammonia 50,000 18 hours

Benzalkonium chloride (1%) 10,000 Not Effective
Chlorhexidine (2%) 20,000 Not Effective
Chlorine dioxide (CIO,) 100 <1 minute
Cresylic acid (5%) 50,000 Not Effective
Hydrogen Peroxide (6%) 60,000 4 minutes

Isoporpanol (70%) 700,000 Not Effective
Peracetic Acid 3,500 5 minutes

Sodium hydroxide 200 Not Effective
Sodium hypocholrite (6%) 60,000 Not Effective

As demonstrated by the chart above, chlorine
dioxide is clearly the product of choice when
dealing with cryptosporidium. With less than

a minute of contact time, chlorine dioxide can
incapacitate the microorganism at a much lower
concentration compared to other products.

Why not use household bleach?

The efficacy of bleach is determined by the pH
of the mixed solution. When mixed with water,
bleach (sodium hypochlorite) breaks into two

compounds: hypochlorous acid and hypochlorite ion.

Hypochlorous acid has about 80 times the killing
power of hypochlorite ion and is minimally present
in solutions with a pH of 10 or greater. A 10% bleach
solution has a pH of 10-11 and therefore has a
greatly reduced ability to effectively perform as a
sanitizing agent.®

How can biofilm
awareness be raised?

One way to locate the unseen biofilms is to test
for them. An ATP meter can be used to identify
areas of high microbial activity and can also be
used to monitor and evaluate the effectiveness of a
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cleaning protocol. Swabs are taken from materials
that are cleaned, such as nipples, buckets, panels
or equipment. The ATP meter then provides a
numerical readout that will reveal the efficacy of the
cleaning protocol in place. If the meter readings
indicate unacceptable levels of microbial activity, it
is advised that the cleaning protocol be reevaluated.

Regardless of the operation (e.g., dairy, swine,
poultry) all livestock producers can benefit from
biofilm reduction. Reducing livestock exposure
to pathogens will decrease mortality and sickness
rates, thereby decreasing treatment costs and
increasing profitability. Biofilm buildup is a serious
issue that should be heavily considered when
selecting a sanitizing agent. For ways to prevent
biofilm buildup and to improve your cleaning
protocol, see Erik Brettingen’s article on page 12
for effective chlorine dioxide treatment options
and protocols.
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