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Summary
Development of a feed mill biosecurity plan 
can minimize risk of introduction of bio-
logic hazards and limit potential economic 
losses from animal or human pathogens 
such as Salmonella and porcine epidemic 
diarrhea virus. A biosecurity plan should be 
detailed and contain hazard controls at each 
step of the manufacturing process. Biologic 
hazards can cause illness or injury in humans 
or animals. These hazards can be introduced 

through a number of means, including ingre-
dients, manufacturing equipment, or people, 
so controls must aim to prevent or reduce 
their prevalence. The Food Safety Modern-
ization Act requires most feed mills to iden-
tify and control hazards. A biosecurity plan 
can serve as an effective prerequisite pro-
gram to reduce the likelihood of a biological 
hazard occurrence by identifying ingredient 
specifications, sampling methods, analytical 
procedures, receiving guidelines, equipment 
cleanout, production parameters, load-out, 

and sanitation procedures. The objective of 
this review is to describe biological hazards 
that may be present in swine feed, locations 
of their potential entry, and suggested prac-
tices for a successful biosecurity plan for feed 
mills manufacturing swine feed.
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Resumen - Planes de bioseguridad de los 
molinos de alimento: un acercamiento 
sistemático para prevenir los patógenos 
biológicos en alimento porcino 

El desarrollo de un plan de bioseguridad para 
la planta de alimento puede minimizar el 
riesgo de introducción de peligros biológicos 
y limitar pérdidas económicas potenciales de 
patógenos humanos o animales tales como la 
Salmonella y el virus de la diarrea epidémica 
porcina. Un plan de bioseguridad debe 
ser muy detallado y contener los controles 
de riesgos para cada paso del proceso de 
manufactura. Los riesgos  biológicos pueden 
causar enfermedad o lesión en humanos o 
animales. Estos riesgos pueden introducirse 
a través de varios vías, incluyendo los ingre-
dientes, equipo de manufactura, o gente, por 
lo que los controles deben buscar prevenir o 

reducir su prevalencia. La Ley de Modern-
ización de Seguridad de Alimento requiere 
que la mayoría de las plantas de alimento 
identifiquen y controlen los riesgos. Un 
plan de bioseguridad puede servir como un 
programa de prerrequisito efectivo para re-
ducir la posibilidad de que ocurra un riesgo 
biológico al identificar las especificaciones 
de los ingredientes, métodos de muestreo, 
procedimientos analíticos, normas de re-
cepción, limpieza de equipo, parámetros de 
producción, descarga,  y procedimientos de 
saneamiento. El objetivo de esta revisión es 
describir los riesgos biológicos que pueden 
presentarse en el alimento porcino, local-
ización de su potencial entrada, y prácticas 
sugeridas para un plan de bioseguridad exi-
toso para las plantas de alimento que manu-
facturan alimento porcino.

Résumé - Plans de biosécurité à la meunerie: 
une approche systématique afin de prévenir 
les agents pathogènes biologiques dans la 
nourriture des porcs

La mise au point d’un plan de biosécu-
rité à la meunerie peut minimiser le risque 
d’introduction de risques biologiques et mini-
miser le potentiel de pertes économiques dues 
à des agents pathogènes animal ou humain 
tel que Salmonella et le virus de la diarrhée 
épidémique porcine. Un plan de biosécurité 
devrait être détaillé et posséder des points de 
maitrise des risques à chaque étape du proces-
sus de fabrication. Les risques biologiques 
peuvent causer des maladies ou blessures 
chez les humains ou les animaux. Comme ces 
risques peuvent être introduits de plusieurs 
façons, incluant les ingrédients, l’équipement 
manufacturier, ou les personnes, les mesures 
de maitrise doivent viser à prévenir ou réduire 
leur prévalence. La règlementation du Food 
Safety Modernization Act exige que la ma-
jorité des meuneries identifie et maitrise les 
risques. Un plan de biosécurité peut agir 
comme un programme prérequis efficace pour 
réduire la possibilité d’apparition d’un risque 
biologique en identifiant les spécifications des 
ingrédients, les méthodes d’échantillonnage, 
les procédures analytiques, les directives pour 
la réception, le nettoyage de l’équipement, les 
paramètres de production, le chargement, et 
les procédures de désinfection. L’objectif de 
la présente revue est de décrire les risques bi-
ologiques qui peuvent être présents dans une 
meunerie d’alimentation porcine, la localisa-
tion de leur entrée possible, et suggérer des 
pratiques pour un plan de biosécurité réussi 
pour une meunerie produisant de la nourri-
ture pour les porcs.

mailto:dritz@vet.k-state.edu
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Feed mill biosecurity is important to 
the feed and animal-agriculture indus-
tries as a way to control the spread of 

feedborne diseases and other hazards. Re-
cent outbreaks of porcine epidemic diarrhea 
virus (PEDV) in the swine industry have 
increased awareness that biological hazards 
may be of concern in animal food manufac-
turing, which has stressed the importance 
of extending biosecurity procedures to the 
feed mill. According to the Food and Drug 
Administration (FDA), a hazard is “any bio-
logical, chemical (including radiological), or 
physical agent that has the potential to cause 
illness or injury in humans or animals.”1 Of 
course, implementing a biosecurity plan to 
mitigate biological hazards in a feed mill is 
challenging because of differences in facil-
ity design, manufacturing operations, and 
significant risk factors among feed mills.2 
Regardless of those differences, a trained 
individual should first identify the potential 
hazards for the feed mill, evaluate their risks, 
and devise control measures to prevent or 
reduce their presence or severity. For hazards 
that are biological in nature, it is also impor-
tant to consider methods to prevent cross-
contamination throughout manufacturing. 
If at any point a biological hazard does enter 
the feed mill, feed recall and facility decon-
tamination should be considered.

Most hazard analysis systems, including 
those required by the Food Safety Modern-
ization Act (FSMA), allow facilities to con-
sider prerequisite programs, such as a  
biosecurity plan, in their assessment of haz-
ard probability. A properly designed and 
implemented feed-mill biosecurity plan 
minimizes the risk of biological pathogens 
in animal feed, which protects herd health, 
minimizes economic losses, and ultimately 
helps ensure farm-to-fork food safety.3 The 
objective of this review is to identify and eval-
uate potential biological hazards that may be 
present in swine feed, locations of potential 
entry of these hazards, and suggested practices 
for a feed mill biosecurity plan.

Hazards analysis
Identify ingredients and process 
steps
The first step of hazard analysis is to identify 
ingredients and process steps, which is usu-
ally most easily accomplished by creating a 
block flow diagram to visualize the major 
manufacturing processes within the feed mill 
(Figure 1). This diagram, which will vary by 

feed mill, allows one to easily identify the 
major processing steps that should be consid-
ered in a biosecurity plan for both points of 
potential hazard entry and control. Common 
categories in the diagram include receiving, 
processing, storage, packaging, loading, and 
delivery.3 A more complex flow with con-
veying systems can help to identify areas of 
higher risk for cross-contamination, but may 
also overcomplicate the process. The key is to 
accurately identify and list all ingredients and 
major steps in feed manufacturing.

Hazard identification
Once the ingredients and process steps are 
identified, potential hazards associated with 
each should be determined. The comprehen-
siveness of this list can vary, but hazard iden-
tification is generally a brainstorming of all 
potential hazards that are known or reason-
ably foreseeable in the type of animal feed 
manufactured. That list of potential hazards 
is then evaluated for severity and probability 
to determine those that require control. Ac-
cording to FSMA, there are specific criteria 
that must be considered during hazard iden-
tification. These include the formulation, 
condition, function, and design of the facil-
ity and equipment, ingredients, transporta-
tion, processing procedures, packaging and 
labeling activities, storage and distribution, 
intended or reasonably foreseeable use of the 
feed, sanitation, and other relevant factors, 
as necessary.1 Resources are available to help 
individuals during this process, including 
scientific literature, FDA recalls,4 and FDA 
or other regulatory guidance.

Scientific literature demonstrating significant 
biological hazards in swine feed was limited 
prior to the introduction of PEDV to the 
United States in 2013. The virus causes diar-
rhea and vomiting in pigs of all life stages, but 
is most severe in suckling pigs, with mortality 
reaching close to 100% for 3 to 5 weeks and 
generating significant economic losses in 
North America.5 This coronavirus has also 
been found in Europe and Southeast Asia.6,7 
Porcine epidemic diarrhea virus is primarily 
transmitted by the fecal-oral route.8-12 While 
pig-to-pig transmission is by far the most 
likely method of transmission, epidemiologi-
cal evidence suggests that transport vehicles, 
fomites, feed, and aerosols may be involved in 
viral transmission due to cross-contamination 
with fecal material.9-11 Controlled research 
has confirmed that PEDV contamination in 
complete swine feed and ingredients can re-
sult in PEDV transmission.8-10 

While PEDV was the first substantial bio-
logical hazard of concern in swine feed, 
other potential biological hazards exist. For 
example, mammalian orthoreovirus has 
recently been shown to be present in blood 
meal and result in infectivity.13 The most 
prevalent biological hazard in all animal 
feeds is undoubtedly Salmonella. Surveil-
lance data from FDA cites that the contami-
nation rate of Salmonella in all categories of 
animal feed and ingredients surveyed from 
2002 to 2006 was 30.9%, but it dropped to 
19.4% from 2007 to 2009.14 Contamination 
rate in complete feeds was much lower; it 
was 9.4% from 2002 to 2006 and 5.6% from 
2007 to 2009.14 

Outside of scientific literature, other re-
sources, such as those from the FDA and 
other regulatory bodies, may be helpful dur-
ing hazard identification. The FDA main-
tains a database of recalls and withdrawals, as 
well as the Reportable Food Registry, which 
documents facilities that report when there 
is a “reasonable probability that the use of, 
or exposure to, an article of food will cause 
serious adverse health consequences or death 
to humans or animals.”4 These lists may be 
helpful to help individuals conducting the 
hazard identification to understand hazards 
previously associated with the type of ani-
mal feed being manufactured. The FDA is 
actively developing guidance on hazards as-
sociated with different types of animal feed, 
but that has not been published at the time 
of this publication. Previously, the FDA has 
released a “Draft list of potentially hazardous 
contaminants in animal feed and feed ingre-
dients” in 2006.15 While not comprehensive 
in nature, this list is a good resource for the 
hazard identification process, as it categoriz-
es hazards into those that are physical, chem-
ical, and biological in nature. The biological 
hazards are grouped into two categories: 
transmissible spongiform encephalopathies, 
including bovine spongiform encepha-
lopathy and chronic wasting disease, and 
biological contaminants, including Bacillus 
species, Clostridium species, Escherichia coli, 
Mycobacterium species, Pseudomonas species, 
Salmonella enterica serovars, and Staphy-
lococcus species.15 This list was established 
prior to the introduction of PEDV to the 
United States, and thus this potential hazard 
was not included on the list. Furthermore, 
many potential hazards included on the list 
are not known or reasonably foreseeable in 
swine feed. This emphasizes that multiple 
resources may be necessary for thorough 
hazard identification.
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Figure 1: Block flow diagram of a feed manufacturing process. Creating a flow diagram of a facility is an easy way to visualize 
which processes must be considered in the biosecurity plan. A more complex flow that includes conveying equipment may help 
isolate locations where cross-contamination is at higher risk to occur.
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Hazard evaluation
The second step of hazard analysis is to eval-
uate the hazard’s severity and probability of 
occurrence within a single facility.  As is the 
case with hazard identification, the determi-
nation of the severity and probability of each 
hazard is different for each facility because of 
multiple variables that change from one feed 
mill to another. The combination of sever-
ity and probability is used to set a threshold 
likely to require control. 

The severity determination according to 
FSMA must assess the severity of illness or 
injury if the hazard were to occur.1 This se-
verity assessment is flexible, but hazards that 
cause short-term injury or illness in a single 
animal would likely have a lower severity 
assessment than those that have the potential 
to cause widespread mortality. For example, 
the presence of metal in swine feed would 
likely have a lower severity than PEDV, 
because a metal bolt from a piece of manu-
facturing equipment is not likely consumed 

by an animal. If it is, the hazard is limited to 
a single animal and does not impact overall 
herd health. The presence of PEDV in swine 
feed would typically be evaluated as having 
greater severity than metal because of the 
likelihood for multiple deaths. Outside of 
the severity of the illness or injury and the 
potential number of animals affected, other 
factors can be considered in the overall se-
verity assessment of the hazard. Depending 
on the facility, these may include the value 
of the animal to the production system or a 
hazard’s potential impact on human health.

In addition to evaluating the severity of a haz-
ard, the individual conducting hazard analysis 
should also consider its probability of occur-
rence. This step is also required by FSMA, 
where individuals must “assess the probability 
that the hazard will occur in the absence of 
preventive controls.”1 Notably, the FDA has 
recognized that prerequisite programs, such 
as a biosecurity plan, can be considered dur-
ing this probability assessment. Individuals 
conducting the probability assessment may 

also need to utilize resources such as those 
from FDA recalls or the Reportable Food 
Registry, as well as their own facility history, 
to make this determination. As in the assess-
ment of severity, the probability of hazard 
occurrence is highly dependent upon the 
facility. For example, Salmonella contamina-
tion is a concern across animal feed in general, 
but its prevalence and severity in swine feed 
is lower than in many non-livestock species. 
This is demonstrated by the FDA Salmonella 
Compliance Policy Guide,16 which describes 
that pet food is considered adulterated when 
it is contaminated with Salmonella and will 
not subsequently undergo a commercial heat 
step or other commercial process that will de-
stroy the salmonellae. However, feed for other 
animals is considered to be adulterated only 
when it is contaminated with a Salmonella 
serotype that is considered to be pathogenic 
to the animal intended to consume the feed 
and the feed will not subsequently undergo 
a commercial heat step or other commercial 
process that will kill the salmonellae.16 The 
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only pathogenic Salmonella serotype that 
has been associated with salmonellosis is  
Salmonella enterica serovar Choleraesuis, 
which is rarely found in the environment 
outside of the pig, and the probability for 
this serotype transmission through feed and 
ingredients is negligible.16 Still, Salmonella 
may be a hazard of importance for individual 
feed mills that manufacture feed for other 
species if their prohibited serotypes are more 
probable to occur or if the mill exports feed 
to countries with more stringent standards, 
such as those in many European countries. 
Depending upon the serotype, the facility 
design, its ingredients, and its customers, 
assessment of the severity of Salmonella and 
other hazards will likely differ among feed 
mills.

Once hazards are identified and their sever-
ity and predictability are established, it must 
be determined if their combination requires 
specific controls. Preventive controls accord-
ing to FSMA require stringent management 
components, such as monitoring, validation, 
verification, corrective action, and a recall 
plan.1 While many of these control strategies 
are useful, most feed mills manufacturing 
solely swine feed will likely have no hazards 
with the combination of probability and 
severity that requires a preventive control. 
Instead, most facilities will likely choose to 
mitigate hazards by reducing their probabil-
ity with prerequisite programs, such as a  
biosecurity program. The following strate-
gies describe these potential biosecurity 
program components that may be used to 
reduce the probability of biological hazards 
such as PEDV in swine feed.

Hazard mitigation
Prevention of hazard entry during 
ingredient receiving
One of the most effective components of 
feed mill biosecurity is prevention of hazard 
entry during the receiving of ingredients.3 
There is incentive to prevent a hazard’s entry 
into a facility altogether, because the Eu-
ropean Food Safety Authority (EFSA) has 
shown that the introduction of a contami-
nated material into a feed mill can lead to 
the mill being contaminated for an extended 
period.17 The first step for hazard prevention 
during receiving is to develop a supplier pro-
gram that includes purchase specifications 
clearly communicating your expectations for 
the safety of inbound ingredients. This may 
also include verification of ingredient-sup-

plier protocols and on-site manufacturing 
facility reviews and assessments. Once those 
specifications are in place, it is important to 
communicate and enforce them. It should 
be noted that methods employed on hazards 
evaluated to not require a preventive control 
can be mitigated through a biosecurity plan. 
However, these same activities used to con-
trol a hazard that requires a preventive con-
trol would require a supply-chain program 
as a supply-chain-applied control, which 
requires a number of management compo-
nents and documentation under FSMA.1

Regardless of the hazard evaluation deter-
mination, prevention of a biological hazard 
typically includes a sampling and analyti-
cal schedule for its presence in high-risk 
ingredients. Sampling protocols should be 
constructed to identify sampling method, 
quantity needed to collect, sample label-
ing, retention procedures, and directions 
for analysis.3 The Association of American 
Feed Control Officials’ “Good Samples: 
Guidance” on obtaining defensible samples 
outlines aseptic sampling methods to obtain 
a high-quality representative sample from 
various types of ingredients.18,19 Aseptic 
sampling is required for biological patho-
gens, because there is a high potential for 
cross-contamination of samples during the 
collection process. The schedule should also 
include testing and holding procedures, as 
well as instructions for appropriate analysis. 
The sampling and analytical schedule will 
again be dependent upon each feed mill’s 
assessment of hazards, its potential risk in 
ingredients, and its available analytic capa-
bilities. If an ingredient is considered high 
risk, every lot should be analyzed separately. 
If it is lower risk, it may be more practical 
to collect samples and pool them for more 
intermittent analysis.

The receiving process is also an area where 
emphasis can be placed on requirements for 
inbound trucks. Instructions for appropriate 
security measures for truck drivers and visi-
tors should also be posted on proper signage 
(Figure 2).3 Ideally, drivers should stay inside 
their trucks at all times to minimize foot 
traffic. If the driver must exit the vehicle, 
he or she should wear disposable plastic 
boots or cover-ups to limit their potential 
for introducing hazards from their shoes.20 
Recommendations for feed mills producing 
feed for high-risk facilities, such as those 
supplying breeding-stock multipliers, have 
been established by PIC North America.20 
Their suggestions to maintain biosecurity are 

applicable to many swine feed mills trying to 
mitigate biological hazards through a bios-
ecurity plan. All trucks entering the feed mill 
should have mud and sludge removed from 
the trailer opening before the vehicle reaches 
the pit, and the pit should remain covered 
until the truck is ready to unload (Figure 3).20 

Appropriate documentation, such as receiv-
ing records that include the date, time, and 
lot number during unloading, should also be 
gathered in order to allow traceability of feed 
and ingredients. Documentation from in-
bound trucks regarding previous loads should 
also be collected. Regardless, if ingredients 
enter the feed mill in bagged, bulk, or liquid 
form, particular emphasis should be placed 
on sampling and hazard analysis of high-risk 
ingredients prior to unloading. This is partic-
ularly true for bulk ingredients that typically 
enter through a central pit and travel through 
bucket elevators, turn heads, and conveyors to 
storage bins. Ingredients may be contaminat-
ed prior to unloading, but they may also be 
contaminated during the unloading process 
due to mud or floor sweepings intermingling 
with ingredients in the pit. Cones and funnel-
ing devices (Figure 4) can also be used to limit 
the quantity of material that spills during 
unloading and prevent people from sweeping 
spilled ingredients into the pit.20 Floor sweep-
ings, including those from the unloading 
process, should be disposed of and not swept 
into the pit. Historically, there has been little 
emphasis on the unloading and sequencing of 
high-risk ingredients or the disposal of floor 
sweepings in other locations, but these prac-
tices should be considered to reduce the risk 
of undesirable microorganism contamination 
in inbound ingredients.17 This is particularly 
true because it is not practical to clean the 
receiving pit and the conveying equipment on 
a frequent basis, and they may have ingredient 
residue that can lead to ingredient-to-ingredi-
ent cross-contamination (figures 5 to 7).

Bagged ingredients are typically stored in 
their original bags within the warehouse 
until used, while liquids are unloaded into a 
storage tank that may or may not be heated. 
Segregation of bagged ingredients into 
heated storage areas with holding times have 
been implemented in some production sys-
tems to reduce the risk of hazard probability. 
For example, some feed mills hold high-risk 
ingredients for 2 weeks at room temperature 
prior to use to decrease their risk of contain-
ing PEDV.21 Bagged ingredients should also 
be checked to ensure that bags are intact and 
dry. Lot numbers should be recorded and 
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Figure 2: Example biosecurity sign with directions for truck drivers
bins should be emptied and documented 
when changing lots to improve traceability. 
Finally, liquid ingredient valves should be 
locked when not in use to reduce the risk of 
incorrect addition into a specific tank. If the 
ingredient is heated, steps should be taken to 
prevent microbial growth in the water frac-
tion of the liquid as necessary.

Prevention of hazard entry due to 
people
One of the most overlooked areas and great-
est risk of hazard entry is people. Those 
working in the feed mill and visitors such 
as guests, truck drivers, and subcontractors 
have the ability to introduce contaminants 
into a system. Some of the most common 
breaches in biosecurity occur when visitors 
such as subcontractors enter the facility. 
People may unknowingly carry fecal, dirt, or 
dust particles contaminated with undesir-
able microorganisms on the bottoms of their 
shoes or on clothing, and are at a particularly 
higher risk if they are coming from another 
farm or feed mill where the hazard is pres-
ent.22 People movement considerations for 
biosecurity on swine farms were refined to 
reduce the transmission of porcine repro-
duction and respiratory syndrome (PRRS) 
virus, but those procedures were not often 
extended to the feed mill because it was not 
a high risk factor for PRRS virus transmis-
sion.22,23 However, the research associated 
with that virus demonstrates how biosecurity 
programs help reduce transmission from 
viral particles on shoes, clothing, and the hu-
man body. 22,23 The concept of biosecurity 
protocols to reduce the risk of biological 
hazard transmission by restricting personnel 
movement is relevant to apply to the feed 
production system now that PEDV has been 
shown to be potentially transmitted through 
feed. These protocols can help reduce the 
risk of hazard introduction by truck drivers 
and other non-mill employees, as previously 
discussed, or by reducing the likelihood that 
a feed mill employee will track a potential 
hazard throughout the mill. To better under-
stand the magnitude of the potential risks 
of foot traffic, recent research with PEDV 
can be used as an example. No-walk zones 
or even hygienic zoning may be appropriate 
to include in biosecurity plans in feed mills 
that have a high probability of having PEDV 
because such a low concentration of the 
virus can result in widespread disease. On 
the basis of the known minimum infectious 
dose of PEDV, 1 gram of contaminated 

Figure 3: Example of potential contamination entering the dump pit by truck
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pig feces has enough viral particles to result 
in 500 tons of potentially infectious feed.24 

Thus, it is imperative to reduce the probabil-
ity of even a seemingly insignificant amount 
of feces, particularly at open locations such 
as receiving-pit grates or hand-add ports. 
Controlling foot traffic across these grates is a 
logical, low-cost method to reduce pathogen 
transmission risk.

When considering the control of individu-
als, it is also recommended that log books 
be available to document the entry and exit 
times of visitors.3 Procedures should outline 
that visitors must be accompanied at all times 
by a trained employee to help prevent bios-
ecurity breaches. Visitors should be provided 
clean footwear, plastic boots, or boot cover-
ups to limit the entry of outside hazards.3 
Finally, signage should be displayed in appro-
priate areas to communicate off-limit areas.3

Prevention of cross-contamination 
hazards during production
Along with their direct presence in the feed, 
a concern with biological hazards is poten-
tial for long-term cross-contamination in 
the feed mill. In one study,14 8.8% of ingre-
dients of animal origin collected from three 
feed mills were found to be contaminated 
with Salmonella, but dust samples had a 
contamination rate of 18.5%. If biosecurity 
measures fail and undesirable microorgan-
isms enter the facility, it is very difficult to 
remove those hazards from the system.14 
Any location where there is the propensity 
for residual organic matter to remain within 
equipment after processing can lead to cross-
contamination of subsequent batches or 
runs. Due to their designs, the highest risk 
for this to occur may be inside screw convey-
ers (Figure 5), inside coolers and storage bins 
(Figure 6), and in the boot pits of bucket 
elevators (Figure 7).

This type of carryover cross-contamination 
can be minimized by employing flushing 
and sequencing schedules as part of a  
biosecurity plan. By definition, flushing is 
“the process of running an ingredient, usu-
ally an abrasive-type material such as corn, 
soybean meal, peanut hulls, etc, through 
the manufacturing equipment and associ-
ated handling equipment after the produc-
tion of a batch of feed, for the purpose of 
cleaning out any drug residue.”25 Alterna-
tively, sequencing is “the preplanned order 
of production, storage, and distribution of 
different animal feeds designed to direct 

Figure 4: Funneling cone to limit spills at the receiving pit

Figure 5: Screw conveyor with potential contamination
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bound trucks is important to ensure feed 
safety. The exterior, top, and interior com-
partments of trucks may contain residual 
feed or ingredients that, if infectious, may 
lead to contamination of newly manufac-
tured feed during the loading and delivery 
process (Figure 8). It is suggested that docu-
mentation is maintained to improve traceabil-
ity, including the previous load hauled, ship-
ment lot number and location, and time of 
loading.3 Feed-truck delivery should be coor-
dinated so that feed is delivered to lower-risk 
farms prior to higher-risk farms, particularly 
if a single load must visit multiple locations.17 
Some facilities have effectively incorporated 
truck washes, thermo-assisted decontamina-
tion drying, and sanitation methods for feed 
trucks to minimize the risk of contamination 
of the feed mill, feed, and farms.20

A biosecurity plan should also include 
specific directions for driver behavior dur-
ing delivery. A contaminated environment 
around feed bins on farms can potentially re-
sult in the feed-truck driver transferring this 
contaminant to another location or back to 
the feed mill. Drivers should ideally stay in 
their vehicles during delivery, and an on-site 
worker should open bin lids.17 This is still 
relatively impractical for most sites, so driv-
ers exiting vehicles should wear clean shoe 
covers or boots when exiting the vehicle and 
remove the shoe covers and sanitize their 
hands prior to re-entering their truck.3,20 
Drivers that exit feed trucks should never 
directly enter barns or have direct contact 
with pigs or fecal material. Particular atten-
tion should be paid to avoiding areas around 
exhaust fans, dead-stock disposal areas, and 
livestock-contact areas where the driver may 
come in contact with infective fecal or other 
material, such as load-out chutes. Protocols 
for reporting and addressing feed spills 
should be in place.

Drivers should be aware that survival of 
most biological hazards is greatest dur-
ing cold conditions, so winter may require 
enhanced protocols. In addition, manure 
disposal periods may create particularly chal-
lenging times for preventing cross-contam-
ination during feed delivery. Large volumes 
of infectious fecal material may be present, 
and cross-traffic with manure-application 
equipment may be unavoidable, again re-
quiring enhanced sanitation protocols.

Finally, it is critical that farm personnel com-
municate herd-health status to feed-mill per-
sonnel. Pathogen shedding is greatest during 
the early stages of infections. This increased 

Figure 6: Surge bin with potential contamination

drug carryover into subsequent feeds which 
will not result in unsafe contamination.”26 
Flushing and sequencing protocols have 
been used for years to reduce the risk of 
batch-to-batch drug carryover, and the same 
concepts can be applied to mitigate biologi-
cal hazards. The flushing or sequencing pro-
tocol should consider all parts of the manu-
facturing process, from receiving through 
load-out. In specific high-risk instances, both 
flushing and sequencing, or multiple se-
quences, may be required. Preliminary data 
from our laboratory indicates that infective 
PEDV is still present in the second feed 
batch sequenced after the manufacturing of 
a contaminated batch (unpublished data). 
Thus, sequencing should be considered a 
risk-reduction procedure but not a risk-
elimination procedure.

In addition to sequencing and flushing, the 
maintenance of a housekeeping schedule 
can also help prevent cross-contamination 
of biological hazards.3,20 This schedule can 

include sweeping production areas such as 
the floors and hand-add areas on a regular 
basis and disposal of the sweepings into 
the trash, not into the next batch of feed. 
Particular emphasis on housekeeping should 
occur in high-traffic areas and locations with 
entry into feed-contact surfaces. An impor-
tant part of housekeeping is dust collection. 
Notably, many feed mills place dust from 
the air-collection systems and floor sweep-
ings directly back into the feed system to 
limit shrink. However, this dust should be 
considered high risk and discarded.17 Recent 
data27 evaluating the environmental contam-
ination when manufacturing PEDV-infected 
feed suggests that potentially infective dust 
particles can be widely dispersed throughout 
the feed manufacturing area.

Prevention of cross-contamination 
hazards during load-out and delivery
Reducing the risk of hazard introduction 
by potential cross-contamination from out-
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load of undesirable microorganisms can lead 
to elevated contamination of the environ-
ment around the farm, which may include 
the areas around feed bins. Knowing the 
status of a site is important for assessing risk 
and scheduling of deliveries to reduce risk 
of inadvertently contaminating other sites 
through subsequent deliveries. Another 
responsibility of farm personnel is to com-
municate to feed-mill staff the potential 
consequences of risk of infection to the site. 
On sites that are particularly sensitive due a 
high economic cost of infection or potential 
downstream implications, eg, boar studs or 
multiplier farms, protocols may be justified 
that might not be practical on many com-
mercial sites.

Proactive reduction of biological 
hazards
Beyond prevention of entry and cross-con-
tamination, proactive activities help reduce 
the risk of undesirable microorganisms. For 
example, thermal processing by pelleting has 
been demonstrated to mitigate the quantity 
of PEDV and Salmonella.24,28  While pellet-
ing does not result in complete eradication 
of most bacterial pathogens, it serves to 
significantly reduce most biological hazards. 
However, it must be recognized that pellet-
ing is a point-in-time mitigation step that 
does not prevent subsequent recontamina-
tion during the manufacturing or delivery 
process.24,28 For example, immediately after 
exiting the pellet mill, pellets are typically 
discharged into a cooler where the air used 
to bring pellets to ambient temperature has 
been drawn from inside the mill.

An option to reduce the likelihood of this 
cross-contamination after pelleting or in 
mash feeds or ingredients is to include a 
chemical additive. The chemicals, such as 
formaldehyde and medium-chain fatty acids, 
often carry residual activity that may reduce 
or prevent post-processing cross-contamina-
tion.29,30 Formaldehyde is an approved feed 
additive to prevent contamination of animal 
feed with Salmonella, but proper application 
requires appropriate equipment and a high 
level of training to prevent worker health 
and environmental dangers. Other chemical 
additives, such as medium-chain fatty acids, 
appear to be more user-friendly and have ef-
ficacies similar to that of formaldehyde, but 
current tested concentrations are uneconomi-
cal and impractical for implementation.29,30 

Further research is important to evaluate the 
value of more practical inclusion levels of 
these feed additives.

Figure 7: Bucket elevator with potential contamination

In summary, prevention of the biological haz-
ard entry is the first priority of a biosecurity 
plan. However, an effective plan should also 
address methods to reduce cross-contamina-
tion or to proactively mitigate the hazard if it 
enters the facility. A holistic approach to feed 
mill biosecurity is necessary to maximize risk 
reduction of microbial hazards.

Assessments
The final step of a biosecurity plan should 
be an assessment to evaluate the effective-
ness of the implementation plan and expose 
areas of risk that should be addressed.3,20 

It is helpful to design a self-assessment with 
simple “Yes” and “No” answers and space for 

further documentation. An example form is 
available at http://picgenus.com/health.

aspx (click on Feed Mill Assessment Form). 
We have found that a preprinted form is use-
ful in the field when performing assessments 
to ensure all areas of concern are covered 
and to provide a framework for developing 
ongoing improvement in protocols. The 
written assessment can be used as a basis for 
modifying behaviors to improve animal feed 
safety. Proactive assessments are most useful 
if conducted at 3- to 12-month intervals or 
prior to high-risk transmission seasons.20 
The assessor should first assess effectiveness 
of biosecurity plans, but also should identify 
opportunities for improvement of the efficacy 
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and feasibility of these plans. This assess-
ment may be performed by an employee 
directly from the mill, from someone in the 
company that is employed outside the mill, 
or by a third party. In addition to assess-
ments for biosecurity, several other certifica-
tion programs, such as Safe Feed/Safe Food 
and Hazard Analysis Critical Control Point 
(HACCP), that include concepts of a bios-
ecurity plan, may help reduce the probability 
of biological hazards.

Conclusions and future 
approaches
The emphasis on feed mill biosecurity has 
increased due to research demonstrating that 
feed can be a potential vector for biological 
hazards such as PEDV. A biosecurity plan 
requires identification and evaluation of haz-
ards, as well as methods to reduce the proba-
bility of occurrence of biological hazards that 
are known or reasonably foreseeable. A sum-
mary of suggested practices and key points is 
provided in Box 1, and an example assessment 
form is available at http://picgenus.com/

health.aspx (click on the Feed Mill  
Assessment Form). An assessment strategy 
may help facilities to evaluate effectiveness 
and identify gaps in their biosecurity plans.  
Future research is needed to continue to 
quantify the relative risk of pathogens in 

various feeds and ingredients to particular 
species, and to elucidate improved mitiga-
tion methods. Still, employing a biosecurity 
plan is a key method to extend biosecurity 
concepts from the farm to the feed mill, 
which may reduce the probability of biologi-
cal hazards in feed and therefore improve 
herd health, economic security, and farm-
to-fork food safety. It is important to note 
that implementation of these biosecurity 
measures will have certain costs associated 
with them, but strategic implementation of 
even some recommendations will reduce the 
level of risk.

It is important to point out that this review 
was written using a systematic approach to 
describe key concepts used in developing 
specific swine feed mill biosecurity plans. 
The listed recommendations should not be 
viewed as requirements unless noted. It is 
also important to understand that imple-
mentation of some of these recommenda-
tions may result in added costs to the feed 
mill and require additional employees and 
training. Not all these recommendations are 
appropriate for all facilities, but utilization 
of a biosecurity plan is a valuable tool to help 
improve animal feed safety.
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Box 1: Summary of suggested practices and key points for assessment of feed-mill biosecurity

1. Complete a hazard identification and evaluation process to understand key hazards that  
     require mitigation within a feed mill.
2. Dump pits, screw conveyors, and bucket elevators are difficult to clean once contaminated: preventing entry of  
    contaminated ingredients into the mill should be a high priority.

a. Develop purchase specifications with safety expectations of inbound ingredients and communicate those  
expectations to trusted suppliers.

b. Create ingredient and finished-feed delivery expectations, such as truck sanitation and delivery sequencing 
procedures, and specify required documentation, such as previous load tracking and confirmation of truck 
cleanliness.

c. Covers should remain over the dump pit until the truck is ready to unload, and care should be taken to  
prevent material (eg, sweepings) from entering the dump pit.

d. Use flushing and sequencing to reduce the probability of batch-to-batch cross-contamination.
3. Reduce the likelihood of cross-contamination by people.

a. Post signage to communicate zoning expectations for truck drivers and guests.
b. Providing clean footwear, plastic boots, or covers within feed mills or during delivery can reduce pathogen 

transfer.
c. Require farms to report sites with clinical disease outbreaks and appropriately sequence truck delivery to  

reduce the risk of biological-hazard transfer back to the feed mill.
d. Do not accept rejected feed previously in a bin on a farm.
e. If possible, require drivers to remain inside trucks during feed loading and delivery, or at least utilize  

segregated boots or boot covers and hand sanitation.
f. Prohibit feed-truck drivers from entering barns and request their avoidance of exhaust fans, dead-stock  

disposal, or cross-traffic with manure disposal equipment.
4. Reduce the probability of environmental cross-contamination.

a. Develop housekeeping schedules that require regular cleaning of equipment and sweeping floors.
b. Dust is capable of carrying high numbers of undesirable microorganisms; collected dust should not be placed 

into the manufacturing system.
5. Proactively mitigate biological hazards when appropriate.

a. Thermal processing significantly minimizes the presence of many biological hazards, but is a point-in-time  
mitigation step that does not prevent post-processing cross-contamination.

b. Chemical treatment of ingredients or feeds may provide residual ability to prevent cross-contamination, but 
many current chemical-additive options require specific equipment or specialized permits, or may not be 
economically feasible.

6. An assessment helps determine effectiveness of a biosecurity plan and identifies gaps.
a. A self-audit should be conducted every 3 to 12 months, depending upon the risks of the feed mill.
b. Second- and third-party audits and certification programs are helpful to more aggressively evaluate the  

biosecurity plan.
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