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Introduction
The Food Safety Modernization Act (FSMA) was signed 
into law in January of 2011. FSMA attempts to shift the 
focus of food safety from reacting to foodborne outbreaks 
to preventing them from occurring. The law stipulates 
that complying facilities that manufacture, process, 
pack, or hold food (hereafter referred to as feed) or feed 
ingredients for animals must implement a Hazard Analysis 
and Risk-Based Preventive Controls feed safety plan 
(FDA 2017c; Scheffler and Carr 2016). A Hazard Analysis 
and Risk-Based Preventive Controls feed safety plan has 
similarities to the Hazard Analysis and Critical Control 
Points (HACCP) commonly used in foods for humans such 
as meat, seafood, and juice, but it may be unfamiliar to 
facilities producing feed for livestock. More information on 
compliance requirements and the general structure of an 
animal food safety plan can be found at http://edis.ifas.ufl.
edu/an330.

Many people are unaware that such measures are taken to 
prevent food safety hazards in animal feeds. The “Federal 
Food, Drug, and Cosmetic Act requires that all animal 
foods, like human foods, be safe to eat, produced under 
sanitary conditions, contain no harmful substances, and be 
truthfully labeled” (FDA 2016a). The animal and pet food 
industry is a multibillion-dollar industry that experiences 
recalls every year due to food safety hazards. It is estimated 
that the average cost of a recall to a food company is $10 

million. This includes losses directly associated with the 
affected food in addition to lost sales and brand damage 
(Grocery Manufacturers Association 2010). In some cases, 
the magnitude of the recall may be such a financial burden 
that companies do not recover from it. However, the 
implication of food safety hazards go beyond economics. 
Food safety hazards in animal feeds can also pose risks 
to humans. For example, animals consuming mycotoxin-
contaminated feeds can produce meat with toxic residues 
(Bennett and Klich 2003).

What is a hazard analysis?
The first step in writing a food safety plan is to conduct a 
hazard analysis. Hazards are defined as biological, chemical 
(including radiological), or physical agents that are known 
to be, or have the potential to be, associated with the 
facility or the animal food. A thorough hazard analysis 
should identify potential hazards and their frequencies and 
severities in order to determine methods of prevention. In 
many cases, hazards can be mitigated by following written 
Current Good Manufacturing Practices (CGMPs) and 
Standard Operating Procedures (SOPs). However, in some 
cases, hazards exist that require more robust controls called 
preventive controls. The determination of whether a hazard 
requires a preventive control depends on the frequency and 
severity, which can vary by facility and species being fed. 
This document discusses common biological, chemical, and 
physical hazards that may need preventive measures during 
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the manufacture of swine feeds; however, this is not a 
comprehensive list. A thorough hazard analysis is required 
to identify hazards for each facility.

What are common physical 
hazards to consider?
Physical hazards can include stones, glass, metal, wood, 
plastic, or any physical object that could enter the feed and 
cause harm. The swine diet is typically mash or pelleted; 
it consists of grains which require harvest and processing 
with machinery and equipment. These processes can 
unintentionally introduce physical hazards, such as screws 
or shards of metal, to feed ingredients. A poorly located and 
unprotected light bulb has a risk of shattering. Tools, cell 
phones, glasses, and other objects may be misplaced or fall 
into processing equipment and become physical hazards in 
the feed.

The frequency and severity of a physical hazard are 
dependent upon each facility and process. Generally, pigs 
are considered “sorters,” so the severity of many physical 
hazards would be considered low. However, a facility might 
choose to utilize a magnet or a screen to remove contami-
nants as part of its SOPs to reduce the frequency of the 
hazard. In addition, shatterproof bulbs can be strategically 
located to reduce the risk of glass contamination. Standard 
Operating Procedures for handling tools and personal items 
can mitigate the risk of those objects becoming physical 
hazards. Each facility should consider the source of feed 
ingredients, product flow, equipment, storage, packaging, 
and transport to determine points where physical hazards 
could enter the product and determine appropriate mea-
sures to prevent them.

What are common biological 
hazards to consider?
Ingredients, manufacturing equipment, or people can 
introduce biological hazards to feeds. Recent outbreaks 
have heightened concern for biosecurity because contami-
nated feeds are known to serve as vehicles for transmission 
of biological hazards (Cochrane et al. 2016; Dee et al. 2018).

Salmonella is considered the most prevalent biological haz-
ard targeted for prevention in all animal feeds (Cochrane et 
al. 2016). Salmonella can persist for long periods of time in 
feed, and it often requires multiple approaches for control 
within feed mills (Jones 2011). Salmonella can cause disease 
in both humans and animals. However, the FDA only 
considers livestock feed (non-pet food) to be adulterated 

when it is contaminated with a Salmonella serotype that is 
considered pathogenic to the animal intended to consume 
the feed (FDA 2009). The most troubling serotype in 
swine feeds is Salmonella Choleraesuis, one of the most 
common organisms associated with swine pneumonia and 
septicemia (FDA 2009; Ritter and Striegel 2010). However, 
Cochrane et al. (2016) state that the probability of transmis-
sion of Salmonella Choleraesuis through feed is negligible, 
and it is not one of the top 25 Salmonella serotypes found 
in livestock feed (Li et al. 2012). In addition, the risk that 
Salmonella in swine feeds and feed ingredients poses to 
humans is usually considered low due to limited human 
contact. However, each facility should assess the frequency 
and severity of an outbreak occurring by considering the 
Salmonella serotype, facility design, processes, and feed 
ingredients.

Viruses
Recently, outbreaks of porcine epidemic diarrhea virus 
(PEDV) and African swine fever (ASF) have brought 
about awareness within the animal food industry of 
the importance of biosecurity and risks of transmission 
through feeds. Viruses, especially PEDV, are particularly 
difficult to account for in a risk assessment because they can 
survive for long periods of time in key ingredients that are 
used to formulate swine feed rations, such as soybean meal, 
vitamin D, lysine hydrochloride, and choline chloride (Dee 
et al. 2018). The risks associated with transmitting viruses 
through feeds and feed ingredients highlight the impor-
tance of sourcing ingredients from reputable suppliers and 
implementing biosecurity measures.

What are common chemical 
hazards?
The list of chemical hazards affecting swine feeds is longer 
and more complex than physical and biological hazards. 
Chemical hazards in animal feeds fall into three categories: 
naturally occurring, unintentionally introduced, and 
intentionally introduced. This section attempts to highlight 
the major chemical hazards associated with swine feeds, 
but it is not a comprehensive review of all chemical hazards 
that may occur. It is important to recognize that chemical 
hazards with the potential to affect animal feeds vary widely 
and are often difficult to predict. Use of a stringent prereq-
uisite program and a thorough hazard analysis is important 
to predict and identify chemical hazards.

Naturally Occurring
Mycotoxins are the secondary metabolites produced by 
fungi, which are present in a variety of crops (Devreese, De 
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Backer, and Croubels 2013). While fungi are considered 
biological systems, the mycotoxins produced by certain 
molds are classified as chemical hazards. There are several 
different kinds of mycotoxins, and their severity is depen-
dent upon their concentration and the animal consuming 
the mycotoxin. Mycotoxin production is unavoidable 
and unpredictable due to the environmental factors that 
produce fungi. A thorough risk assessment is important for 
sourcing feed ingredients and managing storage conditions. 
Table 1 lists several mycotoxins to consider when producing 
and manufacturing swine feeds and their recommended 
maximum levels in feeds based on the intended animal 
consuming the feed product. More information about 
mycotoxins in swine feeds and problems associated with 
mycotoxin toxicity in swine can be found at https://vetmed.
iastate.edu/sites/default/files/vdl/MycotoxinInfo.pdf.

Aflatoxins are the type of mycotoxins that are most 
concerning due to their frequency and severity. Aflatoxins 
can pose severe risks to human health and cause different 
levels of illness in animals. They are particularly worrisome 
because they can be transmitted from animal feed to milk, 
meat, and eggs. In addition, only very low levels of aflatox-
ins are necessary to exceed the FDA action level (20 ppb) 
in food for human consumption. Aflatoxins are poisonous 
by-products of the fungi Aspergillus flavus, Aspergillus 
parasiticus, and Aspergillus nomius, which are found in 
crops used as feedstuffs for livestock such as corn, peanut, 
and cottonseed. Caution is also advised for any feeds grown 
under tropical and subtropical conditions that are not dried 
or processed immediately after harvesting (FAO and IFIF 
2010). Dry and hot climates result in corn prone to a much 
higher aflatoxin contamination risk (Medina, Rodriguez, 
and Magan 2014), so close attention should be paid to 
the source of corn and corn by-products. Monitoring the 
weather in the region where feedstuffs are being sourced 
can serve as a means to determine the likelihood of afla-
toxin contamination and the needed measures to prevent 
contamination. Furthermore, insect and rodent infestation 
may facilitate mold proliferation in stored feedstuffs.

Other mycotoxins, such as ergots, fumonisin, trichot-
hecene, zearalenone, deoxynivalenol, and T-2, are also 
common and are associated with disease in the pig (Iowa 
State University College of Veterinary Medicine 2018).

Antinutrients are common substances found in animal 
feeds and water. These substances (i.e., gossypol, gluco-
sinolates, erucic acids, alkaloids) may reduce availability 
of nutrients and impair production, reproduction, and 
immunity of animals. Since swine are typically offered a 
sole-source feed, there is limited ability to compensate for 

insufficient or toxic levels of dietary nutrients. Caution is 
advised when using new alternative feed ingredients or 
industrial by-products, which may contain higher levels of 
antinutrients than expected.

In human food, undeclared allergens are a leading cause of 
recalls (FDA 2016b). However, allergens are not considered 
a serious hazard in animal feed. Allergies may generally 
manifest themselves as dermatitis in animals rather than as 
severe allergic reactions observed in humans. No serious 
adverse health consequences of allergens in animal food 
have been reported to the Reportable Food Registry from 
2009 to 2014 (FDA 2016b).

Unintentionally Introduced
Unintentionally introduced chemical hazards in swine 
feeds are relatively infrequent, but their implications can be 
severe. Examples of unintentionally introduced chemical 
hazards include but are not limited to pesticides and other 
chemical residues, drug carryover, and nutrient deficien-
cies or toxicities.

Residues can occur because many crops used for animal 
feedstuffs are treated with pesticides and other chemicals 
to ensure acceptable or desired yields. In addition, the 
processes of harvesting and manufacturing expose 
feedstuffs to possible contamination by petroleum-based 
greases and other chemicals. These residues can pose risks 
to both animals and humans due to the accumulation of 
these products in fat tissues. The FDA Pesticide Monitoring 
Program suggests that very few animal feeds exceed permit-
ted levels (FDA 2012). More information about pesticide 
residues in animal feedstuffs can be found in the Compli-
ance Policy Guide Sec. 575.100 Pesticide Residues in Food 
and Feed (FDA 2017d). The likelihood of introduction of 
these chemicals to feedstuffs should be determined during a 
hazard analysis and appropriate prevention methods should 
be implemented.

Drug carryover is another important method of unin-
tentionally introducing chemical hazards. Drug carryover 
is particularly important in facilities that manufacture or 
process feeds for multiple species. Certain animal species 
are fatally sensitive to drug residues which are important 
components of medicated feeds for other species. Iono-
phores are a class of antibiotics that change the population 
of microbes in the stomachs of intended animals in order 
to prevent coccidial infections and promote intestinal 
health. These substances are safe and useful in the correct 
dosage for the intended animal species, but they can 
cause serious problems if administered improperly or 
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with other medications. Narasin is the only ionophore 
approved for use in swine diets and can be included in the 
diet at 15–30 ppm (Rovira and Sturos 2016). However, 
Narasin is toxic in excess and is also capable of interacting 
with other antibiotics such as tiamulin, a commonly 
used antibiotic for treatment of bacterial diarrhea in pigs 
(Carpenter, Charbonneau, and Josephson 2005). Monensin 
or monensin sodium, sometimes marketed under the 
trade name Rumensin® for cattle and Coban® for chickens, 
is a common ingredient used in many mixed-species feed 
mills. Monensin is toxic to pigs at rates of 10–20 mg/kg, 
and it is lethal at 30 mg/kg (Dilov, Dimitrov, Dzhurov, 
Nikolov, and Panchev 1981). It is important to understand 
the possible risks that drug carryovers pose to different 
species as well as ways to effectively prevent these impacts. 
A facility that produces, packs, or holds feed for multiple 
species is at greater risk than others. The risks associated 
with drug residues are specific to each facility’s ingredients 
and processes and should be controlled with appropriate 
prerequisite programs or preventive controls.

All medicated animal foods must be manufactured and 
distributed in accordance with the Current Good Manu-
facturing Requirements of Medicated Feeds (FDA 2017c). 
It is also important to note that feed additives containing 
medically important antimicrobials may fall under the Vet-
erinary Feed Directive (VFD). The VFD brings therapeutic 
uses of drugs under veterinary supervision and requires a 
prescription to use medically important drugs in feed or 
water of food-producing animals. For more information 
about which feed additives may fall under the Veterinary 
Feed Directive, refer to the FDA’s website on the Veterinary 
Feed Directive (FDA 2015b).

NUTRIENT TOXICITIES AND DEFICIENCIES
From a regulatory standpoint, nutrient toxicities and defi-
ciencies are considered chemical hazards. Pigs are typically 
offered a sole-source diet, which limits the ability to select 
other feed sources to compensate for errors in formulation. 
Recalls related to nutrient deficiencies and toxicities are 
less common in swine feeds compared to feeds for other 
species such as cats, dogs, and sheep. Swine generally have 
a wide tolerance for most nutrients; reduced performance is 
a likelier outcome than illness or death. For many species, 
the diet is formulated based on crude protein. However, 
swine have well-defined requirements for specific amino 
acids that comprise proteins, allowing for more precise and 
lower-cost diet formulations. There are ten essential amino 
acids important to the swine diet: lysine, leucine, threonine, 
tryptophan, methionine, isoleucine, histidine, valine, 
arginine, and phenylalanine (Kansas State University 2007). 

Cystine and tyrosine can be made from methionine and 
phenylalanine, respectively, but they can become limiting 
if levels of methionine and phenylalanine are insufficient. 
These amino acids, especially lysine, are important for 
muscle growth and efficiency provided there is adequate 
energy in the diet (Liao, Wang, and Regmi 2015). Vitamin 
E, zinc, and iodine deficiencies in swine are less common 
today; however, they still occur due to feed mixing errors or 
an unbalanced diet. When manufacturing feeds for swine, 
especially complete feeds, it is important to make sure that 
all necessary nutrients are present and batches of feeds are 
continually monitored to prevent deficiencies.

Swine can also tolerate mineral levels beyond their require-
ments. However, any mineral can be toxic if consumed 
in excess. Selenium is an essential trace mineral that is 
routinely added in trace-mineral premixes in the diet. 
However, toxicity can occur at levels only slightly above 
requirements (Mavromichalis 2014). The FDA limits 
additions of selenium in the complete swine diet to 0.3 ppm 
(FDA 2018a). Mineral toxicities are usually manifested by 
decreased animal performance, but extreme cases can result 
in chronic problems and death. In addition, many minerals 
have antagonistic properties and can interfere with normal 
absorption of other minerals. The mineral contents of 
by-product ingredients should also be monitored to prevent 
mineral toxicities, such as sulfur levels in distillers’ grains.

Facilities producing feed for multiple species should be 
aware of the possible toxicities affecting each species. 
It is recommended to consult resources such as the 
National Research Council Nutrient Requirements of Swine 
(National Research Council 2012) to ensure toxicities and 
deficiencies are avoided.

Intentionally Introduced
Intentionally introduced chemical hazards can be any of the 
aforementioned hazards that are introduced to feedstuffs 
for economic gain or sabotage. The most well-known 
example is melamine in pet foods (FDA 2018b). Intention-
ally introduced hazards are difficult to predict and should 
be considered when reviewing CGMPs and SOPs to attempt 
to mitigate the risks.

How do I prevent these hazards 
from occurring?
There are multiple ways of preventing hazards from 
occurring in swine feeds. Appropriate methods of preven-
tion usually depend on each hazard and its severity and 
likelihood of occurring. Robust CGMPs and SOPs are 
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usually already in practice in most facilities, and many 
already work to prevent hazards that may occur. The hazard 
analysis may inform changes to existing CGMPs and SOPs 
specifically to reduce the probability that a hazard might 
occur. However, there are certain hazards that may require 
more intense methods of prevention due to their severity or 
frequency.

Some facilities choose to implement preventive controls 
and their required components to control hazards. 
Preventive controls are additional actions taken to ensure 
the prevention of certain hazards (FDA 2017b). There 
are four forms of preventive controls: process controls, 
sanitation controls, supply-chain or supplier controls, 
and other controls (FDA 2017a). Process controls are the 
most common in a livestock feed facility and may include 
batching and sequencing procedures and daily reconcili-
ation of specific ingredient use (e.g., monensin and other 
antibiotics).

The decision to use CGMPs and SOPs or preventive 
controls to control hazards depends on each facility 
and hazard. Some facilities may have to make business 
decisions regarding the type of ingredients to purchase or 
feeds to produce based on their ability to manage the risks 
associated with those products. It is important to note that 
decisions require justification for methods of prevention. 
Justification should be based on facility experience, illness 
data, scientific reports, and FDA resources. In addition, 
justification should be documented and provide a thorough 
explanation of the decision.

Additional Resources
FDA (key requirements for preventive controls for animal 
feed): http://www.fda.gov/downloads/Food/GuidanceRegu-
lation/FSMA/UCM461884.pdf

FDA FSMA (animal feed overview): http://www.fda.
gov/AnimalVeterinary/Products/AnimalFoodFeeds/
ucm347941.htm

UF/IFAS Department of Animal Sciences (FSMA): http://
animal.ifas.ufl.edu/FSMA/index.shtml

Food Safety Preventive Controls Alliance (FSPCA): https://
www.ifsh.iit.edu/fspca

Southern Center for FSMA Training: http://sc.ifas.ufl.edu/
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Table 1. Mycotoxin Levels in Swine Feedsa

Fungus Toxins Intended Animal Feed Ingredient(s) Recommended 
Maximum Level

Reference

Aspergillus sp. Aflatoxins
(B1, B2, G1,G2)

Immature swine Corn, peanut products, 
and other animal feeds 
and ingredients, excluding 
cottonseed meal

20 ppb FDA/ORG CPG 7126.33, Sec 
683.100 
(FDA 2015a)

Breeding swine Corn and peanut products 100 ppb

Finishing swine ≥ 
100 lb

Corn and peanut products 200 ppb

All swine Cottonseed meal 300 ppb

Fusarium sp. Fumonisins 
(B1, B2, B3)

All swine White and yellow corn 20 ppm US FDA Final Guidance, Nov. 
9, 2001 
(FDA 2001)

Fusarium sp. Vomitoxin 
(Deoxynivalenol, 
DON)

All swine Corn, milo, wheat, rye, barley, 
and other cereal crops

5 ppm FDA Advisory 
(FDA 2010)

Fusarium sp. Zearalenone Prepubertal gilts Corn, wheat, barley, milo, oats < 1 ppm Toxicology, The National 
Veterinary Medical Series for 
Independent Study 
(Osweiler 1996)

Sexually mature and 
bred sows

< 3 ppm

Young boars < 20 ppm

Mature boars < 200 ppm
a Adapted from Iowa State University College of Veterinary Medicine (2018).


