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beneficial. Under these conditions, up to 30% of the supplemental salt can 
be substituted with sodium bicarbonate without loss in performance. Birds 
fed such diets often produce drier manure. For substitutions of sodium 
bicarbonate for sodium chloride above 30%, care must be taken to balance 
dietary chloride levels, since under commercial conditions it is often 
difficult to add economical sources of chloride other than with salt. 

There is a trade-off when substituting sodium bicarbonate for sodium 
chloride under heat-stress conditions. Birds will drink less when 
bicarbonate is used, and this is the reason for substitution. However, we 
have to question this scenario, since higher levels of water intake are 
correlated with survival under extreme heat stress conditions. Calcium, 
phosphorus and salt ingredients are described in Table 4.

Micro-Minerals
The trace minerals, or micro-minerals added to diets are usually 

copper, iron, manganese, zinc, iodine and selenium. 

Copper
Copper oxide, sulphate and carbonate are used by the feed 

industry. Copper oxide can be of very low biological availability, 
especially with poor quality samples that contain significant amounts 
of metallic copper. Good quality copper oxide can be considered as 
available as copper sulphate.

Iron
Ferrous salts should be used in feed manufacture. As with copper, 

the major contaminant can be the metal itself, which has a very low 
biological availability. Ferrous carbonate and ferrous sulphate are the 
preferred forms of iron. Ferrous salts are prone to chemical change 
during storage, such that 10–20% of ferric salts can be produced from 
original ferrous forms after 3–6 months storage at around 25ºC.

Manganese
The major source of manganese used in the feed industry is 

manganese oxide. Sulphate and carbonate sources both have higher 
biological availability, yet they are usually uneconomical to use. 
Manganese oxide has a biological availability of 50–70%, yet this can 
be greatly influenced by its major contaminant, namely manganese 
dioxide. Manganese dioxide is only 50% as bioavailable as is the 
oxide, and so an appreciable content of dioxide can lead to a marked 
reduction in the effectiveness of manganese oxide. Oxides should not 
contain more than 10% dioxides. The range of availability quoted in 
research findings is usually a reflection of dioxide contamination.
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Zinc
Zinc oxide and zinc sulphate are the most common forms of 

zinc used in the feed industry. Zinc is often used as a catalyst in 
various industrial processes, and unfortunately catalysts, which are 
of low biological availability, sometimes find their way into the feed 
industry. Zinc sources can be contaminated with aluminum, lead 
and cadmium. If good quality sources are considered, then zinc 
oxide and zinc sulphate appear to be of comparable biological 
availability.

Selenium
Selenium is most often added to feeds as sodium selenite or 

sodium selenate. The most common naturally occurring form of 
selenium is selenomethionine, and this seems to have a much lower 
potency than either of the salt forms. There seems to be a greater 
availability of selenium within low protein diets, although this may 
be related to the fact that when birds are growing at a slower rate 
their absolute selenium requirement is reduced. Selenium 
availability, from whatever source, is improved when diets contain 
antioxidants. 

Table 4 Calcium, phosphorus and sodium sources
Ingredient % Ca % P

Limestone 38.0 -

Oyster shell 38.0 -

Calcium carbonate 40.0 -

Bone meal 26.0 13.0

Monocalcium phosphate 17.0 25.0

Dicalcium phosphate 21.0 20.0

Tricalcium phosphate 23.0 19.0

Defluorinated rock phosphate 34.0 19.0

Curaco phosphate 35.0 16.0

Phosphoric acid (75%) - 25.0

Ingredient % Na % Cl

Plain salt 39.0 60.0

Iodized salt 39.0 60.0 (I, 70 mg/kg)

Cobalt iodized salt 39.0 60.0 (I, 70 mg/kg; Co, 40 mg/

kg)

Sodium bicarbonate 27.0 -
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Selenite is more readily reduced to elemental selenium, and for 
this reason selenate is some times preferred. Selenium metal is less 
available and can form insoluble complexes with other minerals. 
Whichever form of selenium is used, the final diet inclusions are 
extremely low in relation to the other minerals, and so some degree 
of premixing is essential prior to incorporation in diets or premixes.

Iodine
If iodine is added to a mineral premix rather than supplied 

with salt, potassium iodide and calcium iodate are the preferred 
sources. Potassium iodide is very unstable and deteriorates rapidly 
with moderate exposure to heat, light and/or moisture. Calcium 
iodate is the most common source of supplemental iodine.

Organic Minerals
Organic minerals are mixtures of inorganic mineral elements 

bonded to some type of carrier such as an amino acid or polysaccharide. 
They are usually much more expensive than inorganic minerals, and so 
one expects improved bird performance through either enhanced 
absorption or better utilization.

Inorganic minerals are likely to contain trace quantities of heavy 
metals such as arsenic, lead and cadmium. Such levels of heavy metals 
are not problematic to poultry, although the EEC has recently imposed 
limits of these metals in mineral premixes and complete feeds. While it 
is challenging to consistently achieve minimum levels using convention 
mineral salts, most organic minerals are very pure and usually contain 
no heavy metals.

Ultimately, the choice of using inorganic versus organic minerals is 
one of economics. Results may vary depending upon the levels and 
spectrum of trace minerals used and the bioavailability to be expected 
from inorganic sources that are available.

Ultimately, the choice of using 
inorganic versus organic minerals is 
one of economics. Results may 
vary depending upon the levels 
and spectrum of trace minerals 
used and the bioavailability to be 
expected from inorganic sources 
that are available.
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Feed Additives

A number of additives are often used in poultry diets and most of 
these do not contribute any nutrients for the bird. Most additives are 
used to improve physical diet characteristics, feed acceptability or bird 
health. The following discussion is not intended to emphasize the 
effectiveness of or need for the various products but rather to highlight 
various implications of their use in terms of diet formulation, ingredient 
compatibility and/or general feeding management.

Pellet Binders
When pellet quality is of concern, a pellet durability index is often 

ascribed to ingredients and this is considered during formulation. This 
index may range from 55–60 for corn soy diets that are notoriously 
difficult to pellet, to 90–95 for wheat-based diets. With corn-based 
diets, it is often necessary to use synthetic pellet binders in order to 
achieve desirable pellet quality. In most instances, the need for a good 
pellet is necessary to placate the purchaser of the feed, because the bird 
is often tolerant of a range of quality in terms of growth rate and feed 
efficiency. The turkey poult is perhaps the most sensitive to pellet or 
crumble quality: growth rate can be markedly influenced by both pellet 
size and the proportion of fines. 

When wheat or wheat by-products are used at less than 10% of the 
diet, a binder will often be necessary if high pellet durability is desired, 
which is often the case for broilers and turkeys. The two major types of 
binders have lignosulfonate or colloidal clays as the base product, with 
inclusion levels of around 5–12 kg/tonne. The colloidal-clay products 
may also aid in reducing apparent moisture content of the manure and 
more recently, some forms of clay have been shown to have activity in 
binding some mycotoxins. The lignosulfonate pellet binders often 
contain 20–30% sugars, and so contribute to diet energy level. 

Anticoccidials
Anticoccidials are used in diets for broilers and turkeys and young 

breeding stock that are reared on litter floors. Over the past 20 years, the 
so-called ionophore anticoccidials have predominated and they have 
proved most efficacious in controlling clinical signs of coccidiosis. From 
a nutritional viewpoint, some care must be taken in selection of these 
products as they can influence metabolism of the bird under certain 
situations.

Monensin has been a very successful anticoccidial, and works well 
with both broiler chickens and turkeys. Monensin, like most ionophores, 

When wheat or wheat by-products 
are used at less than 10% of the 
diet, a binder will often be 
necessary if high pellet durability is 
desired, which is often the case for 
broilers and turkeys.
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has an affinity to bind certain minerals such as sodium and potassium. 
Lasalocid also binds metals, although its major affinity is for potassium 
and, secondly, sodium. Ionophores have been shown to alter mineral 
availability, although this should not be of concern under commercial 
conditions where most minerals are present in excess of requirements

Ionophores, and monensin in particular, have an adverse effect 
when used in conjunction with very low protein (methionine) diets for 
young birds (20% less than normal). When low protein diets or feed 
restriction are employed for birds less than 21 days of age, alternatives to 
ionophores should be considered to alleviate potential growth 
depression, loss of uniformity and poor feathering. However, with 
normal diet protein levels, the ionophores do not have a measurable 
effect on amino acid needs. Ionophores and monensin in particular 
cause some growth depression in young birds, although this seems to be 
completely overcome with compensatory growth during the withdrawal 
or finisher period. For monensin, a 5–7 day withdrawal is optimum for 
compensatory gain, assuming that no major coccidiosis challenge will 
occur during this time. With minimal challenge, a non-medicated 
withdrawal diet is recommended, while in situations of high challenge, 
an alternative anticoccidial may be necessary.

There has also been some controversy on the relationship between 
wet litter and certain ionophore products. Lasalocid, in particular, has 
been associated with wet litter, and as such, recommendations are often 
given for reducing diet sodium levels when this anticoccidial is used. 
Under such conditions adjustment of chloride levels is often ignored, 
and, as a consequence, performance is sub-optimal. The relationship 
between ionophores and water intake has not been fully resolved other 
than the fact that birds fed monensin do seem to produce drier manure.

Non-ionophore anticoccidials are not used exclusively in chicken 
broiler production, although their use is often recommended in shuttle 
programs. Nicarbazin is an anticoccidial that works well in such shuttle 
programs, although again there are some potential problems with this 
product. Nicarbazin seems to accentuate the undesirable effects of heat 
stress, and, if inadvertently added to layer or breeder diets at normal 
anticoccidial levels, can cause loss in reproductive performance. 
Nicarbazin fed to brown egg birds turns their eggshells white within 48 
hours although this is completely reversible when the product is 
withdrawn from the feed. Even low levels of nicarbazin can cause some 
loss in shell colour, and mottling of egg yolks, and loss in fertility and 
hatchability of breeders.

Nicarbazin seems to accentuate the 
undesirable effects of heat stress, 
and, if inadvertently added to layer 
or breeder diets at normal 
anticoccidial levels, can cause loss 
in reproductive performance.
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Amprolium is used in diets for growing breeder pullets because, 
unlike the ionophores, it allows some build-up of immunity. Amprolium 
induces a thiamin deficiency in the developing oocysts, and as such, has 
been queried with respect to thiamin status of the bird. In most 
instances thiamin deficiency will not occur in birds.

Coccidial vaccines are now used commonly in breeders, and their 
use will likely increase for broilers. There has been some discussion 
about diet manipulation so as to improve the immune response. Oocysts 
start to cycle when birds are 10 days of age, and if the litter is 
exceptionally dry this important cycling is less effective. Under such 
extreme conditions, it may be advisable to temporarily increase diet or 
water sodium levels, so as to stimulate water intake.

Antibiotics, Growth Promoters
There has been a gradual reduction in the use of antibiotics, 

although growth promoting agents are still used extensively for meat 
birds. The mode of action of growth promoting agents is comparable to 
that of antibiotics in terms of beneficial modification of gut microflora. 
In this context, the type of dietary ingredients used may influence the 
efficacy of these products because microbial activity is influenced by 
digesta composition. It is unlikely that growth promoters result in 
increased digestibility of feed; rather improvements in feed efficiency are 
a consequence of increased growth rate and hence reduced days to 
market. 

Over the past few years, there has been criticism about the use of 
antibiotics in poultry feeds, especially with respect to the potential for 
build-up of microorganisms resistant to a specific antibiotic, and 
subsequent transfer of this resistance to known pathogens. In this 
context, the use of antibiotics such as penicillin, that are also used in 
human medicine, come under very close scrutiny.

It is very difficult to grow broilers without the use of growth 
promoters, since clostridial organisms often proliferate and clinical 
necrotic enteritis develops. While some countries have a ban on sub-
therapeutic growth promoters in the feed, their use is escalating as water 
additives. Without the use of such ‘antibiotics’, there will undoubtedly 
be greater risk of bacterial overgrowth in the bird’s digestive tract and 
especially when poorly digested ingredients are used since these provide 
substrates for microbial fermentation in the lower gut. Such enhanced 
microbial growth can have various consequences for the bird. If the 
microbes are pathogens, disease can occur. With proliferation of non-
pathogens there can still be effective loss of nutrients to the bird and 

The mode of action of growth 
promoting agents is comparable to 
that of antibiotics in terms of 
beneficial modification of gut 
microflora.
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undoubtedly such conditions contribute to feed passage where feed 
particles can be seen in the excreta. 

There will undoubtedly be future interest in developing nutritional 
strategies aimed at reducing our reliance on sub-therapeutic 
antimicrobials. In general, such strategies revolve around limiting the 
nutrient supply to the intestinal microbes, altering the gut environment 
so as to hinder microbial growth and/or priming or improving the bird’s 
immune response (Table 5). 

If diets are made more digestible, then theoretically, there should be 
fewer substrates available for microbial growth. The greatest success in 
this area will likely occur from developments in feed processing and 
greater application of exogenous feed enzymes. There seems great 
potential for modifying gut pH, either with use of feed or water source 
acids, or simply by stimulating gizzard activity. Many organic acids are 
bactericidal, and while some are corrosive, there are few limitations in 
adding them to diets in terms of stability of most other nutrients. While 
such acids may not have a dramatic effect on pH of the small intestine, 
products such as lactic acid are bactericidal over quite a range of pH.

Laying hens and especially broiler chickens today have very 
rudimentary gizzards. With increased gizzard activity, there will be 
greater acid production in the stomach and this is obviously bactericidal. 
Stimulating gizzard growth and actively may therefore become more 
important, and contribute to health management of the birds. There are 
often reports of higher digestibility of broiler.

Table 5: Nutritional strategies to reduce reliance on sub-therapeutic growth promoters

Areas of study Examples

1. Limit microbial growth by limiting their 

nutrient supply

Use more digestible ingredients Corn vs small grains

Feed processing Pelleting, expansion etc.

Use of feed enzymes NSP, lipase?

4. Reduce diet nitrogen Increased use synthetic AA’s

2. Limit microbial growth by manipulating 

digesta pH

1. Feed/water acids Phosphoric, propionic, lactic acids

2. Stimulate gizzard activity Feed whole grain or large feed particles.

3. Improve immunity to infection 1. Vaccines Coccidiosis

Prime the immune 

system

Fatty acids, Vitamin E

4. Interfering with sites of bacterial attachment 1. sugars Mannanoligosaccharides (MOS)
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There are often reports of higher digestibility of broiler feeds when 
particle size of feed is reduced. However, in most of these trials, the 
young broilers likely have a rudimentary gizzard. For birds that have 
previously been fed larger size particles and/or more fibre, such that 
gizzard activity is increased, there is greater digestibility of feed with a 
larger particle size. Gizzard function is generally a factor of fibre content 
of the feed together with consideration of feed particle size.

Another potential substitute for antibiotics is mananoligosaccharides 
(MOS) (Table 5). Gram-negative bacteria have mannose specific 
fimbriae that are used for attachment to the gut wall. Mannan derivates 
from the cell wall of yeast offer the bacterial fimbriae an alternative 
binding site, and consequently are excreted along with the undigested 
mananoligosaccarhride. Adding 1–3 kg of MOS per tonne of feed 
depending on bird age will likely be part of future strategies for growing 
birds on antibiotic-free diets.

The other issue involving use of antibiotics and growth promoters 
in poultry feeds is the potential for tissue or egg accumulation of these 
compounds. Adherence to regulated withdrawal periods eliminates these 
problems, as does scheduling of mixing non-medicated and medicated 
feeds in the mill. Most countries are now establishing GMP and 
HACCP programs at feed mills so as to eliminate any potential for 
antibiotic residues in poultry products.

Antifungal Agents
In many regions of the world, molds and associated mycotoxins are 

major problems, affecting both growth and reproductive performance. 
Mycotoxins produced by both aerobic field molds and anaerobic storage 
molds can accumulate, often undetected, in a range of ingredients. A 
number of antifungal agents are available, most of which are based on 
organic acids. Mold growth may be controlled by altering the pH of the 
feed. However, any mycotoxin already present in feed will not be 
destroyed by these antifungal agents. Apart from their cost, these organic 
acids can accelerate the corrosion of metal feeders. 

In recent years, there has been some interest in use of 
aluminosiliacates (zeolites) as an adsorbent of toxins. Unfortunately, 
relatively high levels of aluminosilicates must be used and these provide 
no other nutrients and may act as adverse binding agents for some 
essential minerals. However, where aflatoxin contamination is common, 
adding up to 15 kg aluminosilicates per tonne of feed may be necessary 
in order to minimize the effect of this mycotoxin.

In addition to, or as an alternative to using such antifungal agents, 
there is a potential for minimizing mold growth through formulation, 
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diet preparation and feeding management. The feed surface area is directly 
related to fungal activity since the greater the surface area of feed exposed 
to the atmosphere, the greater the possibility of fungal spore colonization. 
This fact is the most likely cause for the increase in mold growth seen with 
feed as it travels from the mill to the feed trough because particle size is 
invariably reduced. Up to a 50% increase in fines can occur with high-fat 
pelleted broiler diets between the time of pelleting and consumption by 
the bird. At the same time, there is a 100% increase in the potential (and 
most often the occurrence) of fungal activity. In areas of potential 
mycotoxin contamination, there is an advantage to maintaining as large a 
pellet or crumble size as possible. The heat generated during pelleting has 
been shown to sterilize feed, to some extent, because fresh pellets have low 
fungal counts. However, pelleting will not destroy mycotoxins already 
formed prior to pelleting, and warm moist pellets are an ideal medium for 
fungal growth. Research has shown increased fungal activity in feed taken 
from trough as opposed to tube feeders with the former having more feed 
exposed to the atmosphere.

With toxins such as aflatoxin, there is a benefit to increasing the 
protein content of the diet, and, in particular, sulphur amino acids. It is 
possible that sulphates may also be beneficial in helping to spare sulphur 
amino acids that are catabolized during aflatoxicosis. Due to the specific 
enzyme system involved with aflatoxicosis, selenium at up to 0.4 ppm may 
be beneficial in overcoming major adverse effects of this mycotoxin. There 
have also been reports of niacin increasing the catabolism of aflatoxin B1, 
and thus decreasing overall toxicity.

Diet modification and feed management can be manipulated to 
minimize chances of mycotoxicosis. However, such measures will not likely 
be 100% effective, and fungal growth can be reduced if moisture content 
of grains and feeds is kept below 14–15%. 

Probiotics and Prebiotics
Probiotics, unlike antibiotics, imply the use of live microorganisms 

rather than specific products of their metabolism. Since they are not 
specific molecules they are difficult to quantitate and even more difficult 
to describe in terms of modes of action. Probiotics can be classified into 
two major types – viable microbial cultures and microbial fermentation 
products. Most research has centred on Lactobacilli species, Bacillus subtilis 
and some Streptococcus species. Similar to the situation with antibiotics, the 
mode of action is still unclear although the following have been suggested: 

• beneficial change in gut flora with reduction in population of E. 
coli; 

• lactate production with subsequent change in intestinal pH; 
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• production of antibiotic-like substances; 
• reduction of toxin release (suppression of E. coli). 
With these varied potential routes of activity, it is perhaps not too 

surprising that research results are inconsistent. In most instances, the 
feeding of live cultures modifies the gut microflora of birds usually with 
increases in number of Lactobacilli at the expense of coliforms. A healthy 
animal has a preponderance of lactic acid producing bacteria, and so it is 
only under situations of stress, when coliforms often increase in numbers, 
that probiotics will be of measurable benefit. In this context there is 
interest in the use of live cultures administered (orally) to day-old poultry 
as a means of preventing harmful bacteria such as salmonella from 
colonizing the gut.

The term competitive exclusion is often used synonymously with 
probiotics. It is assumed that the probiotic will have a competitive 
advantage over any inherent pathogen and either replace it or prevent its 
colonization. Bacterial antagonism may arise due to synthesis of inhibitors 
by the probiotic organism. Lactic acid from Lactobacilli and other species 
is an example of such a product. Probiotic organisms may also stimulate 
mucosal immunity. While undefined mixtures of bacteria, usually derived 
from cecal contents of healthy adult birds, seem to be effective probiotics, 
regulatory agencies are often concerned about dosing animals with 
unknown organisms. Defined synthetic mixtures of bacteria seem less 
efficacious at this time, possibly because we have only scant knowledge of 
the normal (beneficial) microbial population within a healthy bird. 
However, this approach to developing a probiotic probably has the best 
long-term chance of success. With potential instability in most feeds for 
many Lactobacillus species, there has been recent interest in probiotics 
based on Bacillus subtilis species, because they possess a viable spore that 
has greater stability than do most lactic acid producing cultures. 

Regardless of somewhat inconclusive results, probiotic use is 
increasing, and the animal industry looks to such products as the 
substitutes for conventional antibiotics. These products seem ideal 
candidates for genetic manipulation. By using genetic engineering, some 
researchers suggest that bacteria can be reformed to carry more desirable 
gene characteristics, including the production of digestive enzymes and 
antimicrobial substances.

Prebiotics are aimed at supplying probiotics with an advantageous 
source of nutrients, implying that their needs are different from those of 
the host and/or different from those of potential pathogens. Certain 
oligosaccharides, which resist endogenous enzyme degradation, seem to 
promote a more favourable microflora in the lower small intestine and 

Regardless of somewhat 
inconclusive results, probiotic use is 
increasing, and the animal industry 
looks to such products as the 
substitutes for conventional 
antibiotics.
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also the large intestine. However, certain pathogenic bacteria, such as 
Clostridium perfringens are also able to ferment some of the 
oligosaccharides. There is some preliminary work with pigs suggesting 
synergism for certain combinations of prebiotics and probiotics, which is 
expected if both are efficacious.

Yeasts
Yeast, or single-celled fungi have been used in animal feed and the 

human food industry for many years. Brewer’s yeast was a common feed 
ingredient in diets for monogastric animals prior to the identification of 
all the B-vitamins. Today, some nutritionists still incorporate these 
inactivated microbes as a source of so-called unidentified growth factor. 
More recently there has been an interest in the use of live yeast cultures. 
These cultures most often contain the yeast themselves and the medium 
upon which they have been grown. Yeast cultures are usually derived 
from Saccharomyces species, in particular, Saccharomyces cerevisiae. As 
with probiotics, their mode of action in enhancing animal performance 
is not fully understood. 

Yeasts may beneficially alter the inherent gut microflora, possibly 
through controlling pH. The presence of living yeast cells may also act 
as a reservoir for free oxygen, which could enhance growth of other 
anaerobes. At the present time, there does not seem to be any move to 
manipulate yeast for specific purposes related to animal nutrition. To 
some extent, this relates to scant knowledge on mode of action, and so 
should more facts be uncovered in this area so-called designer yeast may 
be considered.

Enzymes
Enzymes have been added to poultry diets every since workers at 

Washington State University showed improvement in digestibility of 
barley and rye-based diets when various enzymes were used. More 
recently, corn and wheat diets have predominated; these were assumed 
to be highly digestible and so there was little interest in feed enzyme 
application. Over the past few years, this area of nutrition has gained 
interest and activity due to the economics of small grain use and also 
because of a better understanding of mode of action and availability of 
various enzymes. Enzymes are now being manufactured specifically for 
feed use, and can be broadly categorized as carbohydrases and 
proteinases and those for digesting plant phosphorus. Increasing the 
digestibility of various carbohydrate fractions of cereals and plant 
proteins has received most attention, although there is growing interest 
in the potential for improving digestibility of both plant and animal 

Enzymes are now being 
manufactured specifically for feed 
use, and can be broadly 
categorized as carbohydrases and 
proteinases and those for digesting 
plant phosphorus. Increasing the 
digestibility of various carbohydrate 
fractions of cereals and plant 
proteins has received most 
attention, although there is growing 
interest in the potential for 
improving digestibility of both plant 
and animal proteins.
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proteins. Currently, enzymes are used most commonly to aid digestion 
of diets containing wheat, barley and rye where improvements are seen 
in dry matter digestibility and also in consistency of the excreta. There is 
also current interest in enzymes designed specifically to improve soybean 
meal digestibility. 

The term non-starch polysaccharides (NSP) is now frequently used 
to describe what in the past has been referred to as fibre. Birds have a 
very limited ability to digest fibre because they lack the enzymes 
necessary to cleave these large and complex molecules. In animals such 
as the pig, and in ruminants, it is the resident microbial populations that 
synthesize cellulase type enzymes that allow for varying degrees of fibre 
digestion. If we can improve digestion of the complex carbohydrates, we 
not only increase potential energy utilization, but also remove any 
negative impact that these products may have on gut lumen activity and 
excreta consistency.

The NSP content of cereals and other by-product feeds is usually 
inversely proportional to their conventional energy level. These NSP 
components are most often associated with the hull and underlying 
aleurone layers. In order for normal endogenous enzymes to contact the 
starch endosperm, these outer layers must be disrupted or chemically 
degraded. Although many compounds fit into the category of NSPs, 
there are three main types of importance in poultry nutrition. These are 
the β-glucans in barley, the arabinoxylans in wheat and the raffinose 
group of oligosaccharides in soybeans. 

Most cell wall NSPs exist either alone or as structural material often 
complexed with protein and indigestible lignin. Solubility of NSPs 
usually relates to the degree of binding to lignin and other insoluble 
carbohydrates. In water, most NSPs produce a very viscous solution, 
which has a predictably negative effect on digesta flow in the gut. Any 
increase in digesta viscosity causes reduced digestion and absorption. 
The increased gut digesta viscosity also influences the gut microflora and 
there is an indication that their overgrowth may add to the overall 
deleterious effects. To the poultry producer, the most notable effect of 
NSPs will be wetter, more sticky and viscous excreta. 

Table 6 shows levels of NSPs commonly found in cereals and 
soybean meal. Oligosaccharides as found in soybean meal are perhaps 
the most complex structures within the NSPs and have proven difficult 
to digest with exogenous enzymes.

Addition of feed enzymes could therefore improve NSP availability, 
and, just as important, reduce the negative impact that these undigested 
residues have on digesta viscosity and manure consistency. Normal 

Addition of feed enzymes could 
therefore improve NSP availability, 
and, just as important, reduce the 
negative impact that these 
undigested residues have on 
digesta viscosity and manure 
consistency.
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digestion requires unimpeded 
movement of enzyme, substrate and 
digestion products throughout the 
digesta and especially close to the 
absorptive gut wall. As the viscosity 
of the digesta increases, the rate of 
diffusion decreases, which causes 
reduced digestibility of all substrates. 
The undigested viscous digesta 
subsequently translates to very sticky 
excreta which causes problems of 

litter management. Reduction in digesta viscosity is therefore highly 
correlated with efficacy of enzymes that can digest substrates such as 
β-glucans. In oats and barley the bulk of the NSPs are β-glucans, 
whereas in wheat and rye arabinoxylans predominate. Enzymes tailored 
for barley therefore contain β-glucanase enzymes, while those designed 
to improve wheat digestibility should contain xylanase and 
arabinoxylanase enzymes. 

The most widely used feed enzyme is phytase. Phytase cleaves the 
phytic acid in soybean meal and cereals to release phosphorus and 
calcium. Phytic acid, a complex structure that binds phosphorus tightly, 
is the main storage source of phosphorus in plant material. Few animals 
produce the phytase enzyme necessary to digest the molecule and so 
phytic acid is largely undigested. Interest in the phytase enzyme arose 
because phosphorus has become an expensive nutrient, and undigested 
phytic acid adds greatly to manure loading of phosphorus. Phytate also 
binds other trace minerals and may conjugate with proteins and 
carbohydrates. Digestion of the molecule, therefore, can potentially 
release trace minerals, amino acids and energy, as well as calcium and 
phosphorus.

There are variable results reported for efficacy of phytase in 
commercial diets. Diet calcium level is perhaps the major factor in such 
variance, since high levels of calcium seem to reduce the effectiveness of 
phytase enzyme. However, if this is true, one wonders why phytase 
enzymes seem so efficacious in layer diets that contain from 4–4.5% 
calcium. 

Each 500 units of phytase activity are equivalent to about 1 g of 
phosphorus as provided by sources such as di-calcium phosphate. Using 
500 FTU of phytase/kg feed therefore provides the equivalent of 0.1% 
phosphorus in the diet.

Table 6: Non-starch polysaccharides in selected ingredients (%)

Ingredient Cellulose Arabinoxylan Pectin β-glucans

Corn 2.5 5.0 0.1 -

Wheat 2.5 6.0 0.1 1.0

Barley 4.8 7.0 0.2 4.0–5.0

Soybean meal 5.01 0.5 12.0 –

1 depending on hull fraction returned
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Pigments
The yellow to orange color in 

avian fatty tissue is caused by various 
carotenoid pigments. These 
pigments control the colour of the 
egg yolk, the shanks and beaks of 
layers, and the skin colour that may 
be important in meat birds. The 
xanthophylls are the most important 
carotenoids in poultry nutrition; 
natural ingredients rich in these 
compounds are alfalfa meal, corn gluten meal and marigold petal (Table 
7).

Corn contains much more xanthophylls than do other cereals, 
although high levels of pigmentation can only be achieved from natural 
ingredients by including other products such as alfalfa and corn gluten 
meal.

The various xanthophylls differ in their effect on skin and yolk 
pigmentation. β-carotene has little pigmenting value, although pigments 
such as zeaxanthin, as found in corn, is more easily deposited, while 
there is a very high incorporation rate of synthetic products such as 
β−apo-8-carotenoic ethyl ester. The zeaxanthin in corn tends to impart 
the darker orange-red colors, whereas the luteins, as found in alfalfa, 
cause a more yellow colour. Pigments are destroyed by oxidation, and so 
addition of antioxidants to feed, and general feed management applied 
to fat protection also apply to preservation of pigments. 

Coccidiosis, malabsorption and certain mycotoxins will all reduce 
pigment absorption. Pigmentation in the young meat bird is directly 
proportional to pigments fed throughout growth. For the laying hen, 
however, yolk colour is a consequence of pigments consumed in the 
layer feed and the transfer of pigments accumulated in the skin and 
shanks when the bird was immature. This transfer of pigments to the 
ovary occurs regardless of diet pigments, and is responsible for the 
bleaching effect of the shanks and beak of yellow-skinned birds over 
time.

Because many of the naturally carotenoid-rich ingredients are low 
in energy, it is difficult to achieve high levels of pigmentation of meat 
birds without using various synthetic sources. Canthaxanthin, 
astaxanthin and β-apo-8-carotenoic acid (where allowable in poultry 
diets) can be used to impart the spectrum from yellow to orange/red 
colouration in either skin or egg yolk. As described more fully in 

Table 7 Xanthophyll content of selected ingredients (mg/kg)
Ingredient Xanthophyll

Corn 20

Wheat 4

Milo 1

Alfalfa meal 175

Corn gluten meal 275

Marigold petal 7,000
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Chapter 4, there is now interest in enriching eggs with lutein, since this 
carotenoid is known to be important in maintenance of eye health in 
humans. Future designer eggs may well contain concentrated levels of 
lutein.

Flavouring agents
The chicken is not usually considered to have the ability to select 

feed based on flavour, or taste/smell. The chicken has only about 24 
taste buds in comparison to 9,000 in humans and 25,000 in cattle. 
Relatively few studies have been conducted with flavouring agents for 
poultry, and for this reason, care must be taken in extrapolating data 
from other species. For example, sucrose octaacetate solution is reported 
to be readily accepted by birds, but universally rejected by humans. 
There seems little scope for use of flavouring agents with broiler 
chickens and turkeys that already seem to be eating at near physical 
capacity. However, there may be some potential with breeders for 
identification of agents that are distasteful to birds, as an aid in limiting 
their feed intake. 

Flavour agents may be beneficial in masking any unpalatable 
ingredients and for maintaining a constant feed flavour during 
formulation changes. Flavours may also be useful tools in masking any 
undesirable changes in drinking water during medication. Use of a single 
flavour agent in both feed and medicated water may prevent some of the 
refusals seen with medicated water, especially for turkey poults.

Worming compounds
Most floor grown birds are exposed to infection from various 

species of worms. In many instances such challenge can be prevented or 
minimized with the use of anthelmintic agents. Products based on 
piperazine and hygromycin have been used most commonly over the last 
15–20 years. Piperazine used in diets for laying birds has been shown to 
result in discoloration of the yolk. One report indicated about 4% 
incidence of discoloured yolks which appeared as irregular areas of olive 
to brownish discolouration when piperazine was administered at 28-day 
intervals. 

Such yolk discolouration is most pronounced in summer months 
especially after prolonged storage at regular egg cooler temperatures. The 
mottling of yolks seen with another commercial product has been 
compared to the mottling seen with calcium-deficient birds, suggesting a 
similar mode of action. However, we are unaware of any published 
reports relating worming compounds to calcium deficiency and 
problems with shell quality.
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Odour control
Various extracts of the yucca plant are claimed to reduce ammonia 

levels in poultry houses. A soluble component of the yucca plant seems 
able to bind ammonia, preventing its release from manure, which is 
especially important in confinement housing systems. Most poultry will 
react adversely to 50 ppm ammonia; this is in contrast to the level of 
20–30 ppm which is the usual detection range for humans. Various 
commercial products have been shown to reduce environmental 
ammonia levels by 20–30%, and this has been associated with improved 
growth rate and reduced mortality.

Review Questions

1. Is water quality a problem on your farm? If so, which minerals are 
over the limits suggested in Table 3 in this chapter?

2. Which nutrients affect levels of immunity?
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3. Can one safely feed higher levels of minerals and vitamins than a 
bird requires?

4. What causes rickets in humans?

5. Which mineral can, if present in adequate amounts, help overcome 
the effects of a mycotoxin?
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Control of Internal Parasites
Intestinal worms and coccidia are commonly diagnosed during 

necropsy of pullets, cockerels and occasionally broilers and turkeys. A 
preventative deworming program is suggested in rearing breeders to 
reduce the incidence and severity of intestinal worms. Severe intestinal 
worm infestations can cause diarrhea, poor absorption of nutrients, and 
enteritis. Clinical signs commonly seen with intestinal worm infestations 
include rough feathering, retarded growth, pasty vents and pale birds. 
Worms can be carriers of infectious diseases, including Blackhead, which 
is caused by Histomonas meleagridis, in turkeys. 

The only approved anthelmintic for deworming poultry in Canada 
is for administration in water or feed (Piperazine 34 and Piperazine 52, 
Vétoquinol; Piperazine Dihydrochloride, Dominion; Co-op® Wormer 
52%, IPCO; Super Pip-Zine 34, Dominion) to eliminate roundworms 
(Ascaridia galli). Piperazine is commonly used in both preventative and 
treatment programs. Due to its widespread use, poultry producers and 
veterinarians suspect roundworms are building some resistance against 
this drug, possibly resulting in more intestinal worm outbreaks. 

Currently, there are no approved drugs in Canada for treatment of 
Capillaria spp. (hairworms), Heterakis gallinarum (cecal worms), 
Syngamus (gape worm) or tapeworms in poultry. As a result, poultry 
veterinarians may need to prescribe the extralabel use of dewormers such 
as albendazole (Valbazen®, Pfizer); fenbendazole (Safe-Guard®, 
Intervet) and ivermectin (Ivomec®, Merial). Veterinarians should 
contact the Canadian gFARAD (www.cgfarad.usask.ca) regarding extra-
label use and withdrawal periods if these products are prescribed.

Coccidia are the most important parasites of poultry, both in terms 
of distribution, frequency, and economic losses. On-farm control of 
coccidiosis is a fine balancing act between ideal exposure to stimulate 
immunity and infection at a level that causes production losses or overt 
clinical disease. 

Anthelmintics and Parasiticides for Poultry8

Dr. T. Dowling
Western Canadian Veterinary College

University of Saskatchewan
Saskatoon, Saskatchewan
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After natural infection, birds develop species-specific immunity to 
coccidia; the degree of immunity depends on the extent of infection and 
the number of re-infections the bird experiences. If an anticoccidial 
medication is too effective it can prevent natural immunity from 
developing, leaving the birds more susceptible to clinical disease if 
medications are discontinued. Yet, if not effective enough, losses from 
decreased weight gain and feed efficiency are extremely costly to the 
poultry producer. 

Subclinical coccidiosis increases the susceptibility of birds to other 
disease agents, including Clostridium, E. coli, Salmonella, Marek’s disease 
virus, infectious bursal disease virus, infectious bronchitis virus, and 
mycotoxins. Therefore, current control strategies involve reducing 
challenge from infectious oocysts, encouraging natural immunity in the 
birds, and preventing outbreaks of clinical and subclinical disease. 

Medications are labeled either for therapy of clinical disease 
(therapeutic medications) or for prevention of clinical disease 
(coccidiostats). Preventative drug use is more important than therapeutic 
drug use because most of the damage occurs before clinical signs are 
apparent in affected birds. When clinical disease is present, water 
medications are preferred over feed medications for therapeutic 
treatment. Antimicrobials and supplementation with vitamins A and K 
may be included in the feed ration to improve recovery rate and prevent 
secondary infections. 

Continuous use of anticoccidial drugs promotes the emergence of 
drug-resistant strains. Poultry veterinarians may recommend that 
producers use one anti-coccidial continuously through succeeding flocks, 
rotate anticoccidials used on a farm every 4-6 months, or treat a group 
of birds sequentially with different drugs (a shuttle program). Changing 
drug classes may be beneficial when resistance is detected on a farm. 
“Shuttle programs” are common practice in many countries, and offer 
some benefit in reducing emergence of drug resistance. 

To limit the problems associated with drug resistance and 
continuous drug treatments, and to help ensure uniform and target 
weight birds, live vaccines are available that can be administered by spray 
in the hatchery or by feed or water application the first few days in the 
brooder house. 

All treatment and vaccination strategies must be supported with 
effective biosecurity. The use of disinfectants with efficacy against 
coccidia oocysts reduces challenge pressure, which is important in 
reducing sub-clinical infection and clinical disease outbreaks while still 
allowing immunity to develop in the birds.

Preventative drug use is more 
important than therapeutic drug 
use because most of the damage 
occurs before clinical signs are 
apparent in affected birds.
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Therapy of Clinical Coccidiosis
Only sulfonamide antimicrobials and amprolium are useful for 

treatment of clinical coccidiosis in poultry. 
Amprolium (Amprol® 9.6% Solution, Amprol® 25% Feed Mix, 

Merial) is an analogue of thiamine (Vitamin B
12

) approved for the 
control of coccidiosis in poultry. The solution formulation is labeled for 
the treatment of clinical caecal coccidiosis in growing chickens and 
laying birds. The feed mix is labeled for chickens and turkeys (but not 
laying birds in production) for the prevention of coccidiosis. Coccidia 
are 50 times more sensitive to the affects of thiamine deficiency than 
poultry and mammals, so amprolium has a wide safety margin. 
Amprolium is more effective as a preventative than as a treatment for 
clinical coccidiosis. When the amprolium products are used according to 
label recommendations, no meat withdrawal time is needed.

Sulfonamide antimicrobials are approved for the treatment and 
prevention of coccidiosis in chickens and turkeys. These are the most 
effective treatments for outbreaks of clinical coccidiosis. Sulfamethazine 
(Sulfa “25”, PVL; Sulfa 25% Solution, Bimeda-MTC; Sodium 
Sulfamethazine Solution 12.5% and 25%, Dominion) and 
sulfaquinoxaline are approved for use in poultry. Sulfaquinoxaline is 
used, either alone (Sulfaquinoxaline 19.2% Liquid Concentrate, 
Dominion) or in combination with pyrimethamine (Sulfaquinoxaline-S, 
Medprodex; Quinnoxine-S, Vetoquinol). 

Para-aminobenzoic acid (PABA) is a precursor of folic acid, which 
must be acquired by bacteria and coccidia from their environment in 
order to synthesize nucleic acids. The cells of mammals and poultry 
utilize dietary folate for synthesis of folic acid and do not require PABA. 
Sulfonamides are PABA analogues, so when they are taken up instead of 
PABA, coccidia are unable to complete normal nucleic acid synthesis. 
Pyrimethamine inhibits an enzyme in the next step of the folic acid 
pathway for nucleic acid synthesis, so the combination of 
pyrimethamine with a sulfonamide is extremely synergistic.

Producers need to be careful to follow label directions for use and 
ensure that sulphonamide drug withdrawal times are followed to avoid 
violative residues in poultry products. A hemorrhagic syndrome has been 
reported in poultry and dogs treated with sulfonamides. It is most often 
reported with the use of sulfaquinoxaline in chickens for coccidiosis and 
in dogs given the products labelled for poultry. 

Sulfaquinoxaline is a vitamin K antagonist that causes an effect 
similar to that of warfarin (the anticoagulant found in rat poison). 
Sulfaquinoxaline may have additional adverse effects on coagulation; this 

Producers need to be careful to 
follow label directions for use and 
ensure that sulphonamide drug 
withdrawal times are followed to 
avoid violative residues in poultry 
products.
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may explain why supplementation of feed with vitamin K does not 
always prevent the syndrome in chickens. Rapid discontinuation of 
medication and initiation of therapy with vitamin K may reverse the 
effects.

Prevention of Coccidiosis
Coccidiostatic drugs are administered in poultry feed to prevent 

disease and the production losses associated with subclinical infection. 
Ionophore antibiotics are Streptomyces fermentation products used 

in agriculture primarily for feed efficiency and anticoccidial activity. 
They alter the function of the cell membrane and cause the coccidia to 
rupture. Although ionophore antibiotics are used for growth promotion 
in cattle and pigs, they do not promote growth in chickens and may 
reduced rate of growth if administered to chickens not exposed to 
coccidiosis. 

The prophylactic use of all antimicrobials as growth promotants in 
food animals has fallen under greater scrutiny due to fears of the spread 
of antibiotic resistance. Because of the complexity and high degree of 
specificity of ionophore resistance, it appears that ionophores do not 
contribute to the development of antimicrobial resistance to important 
human drugs and they should not be eliminated from use in animal 
feeds. However, some ionophores are now completely ineffective against 
avian coccidia.

The relative toxicities of the ionophores from lowest to highest are 
salinomycin < lasalocid < or = narasin < or = monensin (but lasalocid < 
monensin) < maduramicin. Ionophore toxicity causes cellular electrolyte 
imbalances, elevating extracellular potassium and intracellular calcium, 
resulting in severe cellular damage and death. 

The dose necessary to cause toxicity is variable among species, with 
horses being the most sensitive and turkeys being more sensitive than 
chickens. Skeletal and cardiac muscle cells are generally the most severely 
affected; however, the specific tissues affected and resulting clinical signs 
vary from species to species. Skeletal muscle is primarily affected in dogs, 
ostriches, sheep and turkeys. Cardiac muscles are affected in cattle, and 
both myocardium and skeletal muscles are damaged in horses. 

Age-related differences in ionophore sensitivity occur in poultry, 
with adult birds more sensitive to the toxic effects of ionophores than 
young birds. Ionophore toxicity occurs from dose errors in mixing with 
feed, accidental ingestion of treated feed by sensitive species, ingestion 
by cattle and sheep of poultry litter from maduramycin-treated flocks, 
concurrent administration with a medication that potentiates toxicosis, 
or accidental feed mill contamination of presumably untreated feed. 

Ionophore toxicity occurs from dose 
errors in mixing with feed, 
accidental ingestion of treated feed 
by sensitive species, ingestion by 
cattle and sheep of poultry litter 
from maduramycin-treated flocks, 
concurrent administration with a 
medication that potentiates 
toxicosis, or accidental feed mill 
contamination of presumably 
untreated feed.
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Heat stress and water deprivation exacerbate toxicity in chickens 
when lasalocid is administered at one to two times the recommended 
dose. 

Ionophore antibiotics may adversely affect the hatchability of eggs. 
Lasalocid, maduramicin, monensin, and salinomycin are not labeled for 
use in replacement or laying chickens. Maduramicin, lasalocid and 
monensin are not labeled for use in replacement or breeding turkeys. 
When used according to label directions there are no meat withdrawal 
times for most of these products. With extra-label use (for laying birds, 
for example) prescribing veterinarians should consult the Canadian 
gFARAD for extralabel withdrawal information.

Monensin (Coban® Premix, Elanco; Monensin Premix, Bio Agri 
Mix) is a fermentation product of Streptomyces cinnamonensis. It is active 
against coccidia and Toxoplasma. Do not feed concurrently with tiamulin 
or severe growth depression may occur. 

Lasalocid (Avatec® Medicated Premix; Alpharma) is a similar 
ionophore to monensin. It is extremely toxic to horses. 

Salinomycin (Bio-Cox® 120 G, Alpharma; Coxistac® 6% Premix 
and 12% Premix, Phibro; Sacox® 120; Huvepharma AD; Salinomycin 
60 Premix, Bio Agri Mix) is toxic to turkeys and causes excessive 
mortality at the label dose for chickens. Like monensin, it should not be 
fed concurrently with tiamulin. 

Maduramicin (Cygro® 1% Premix, Alpharma) is approved for 
broilers and turkeys and has a 5 day meat withdrawal time when used 
according to label directions. Reduced rate of growth and no 
improvement in feed efficiency occurs if feed concentrations of 6 parts 
per million are administered to chickens not suffering from coccidiosis. 

Narasin is available alone (Monteban® 70, Elanco) or in 
combination with nicarbazin (Maxiban®, Elanco). Narasin is approved 
for use in broilers and has a four-day meat withdrawal time when used 
according to label directions. It is toxic to turkeys, dogs and horses. 

Nicarbazin (Nicarb®, Merial) was the first product to have truly 
broad-spectrum activity that is still in common use. Nicarbazin is an 
equimolecular complex of two synthetic chemicals, DNC 
(4,4-dinitrocarbanilide) and HDP (2-hydroxy-4,6-dimethylpyridine). 
Nicarbazin is toxic for layers, and a 4-day withdrawal period is required 
in for the combination product with narasin. Medicated birds are at 
increased risk of heat stress in hot weather.

Clopidol (Coyden®; Hyvepharma AD) is a coccidiostat approved 
for use in broilers and replacements for caged layers up to 16 weeks of 
age. When used as directed, there is no meat withdrawal time necessary. 
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Decoquinate (Deccox® 6 Premix, Alpharma) is a quinolone 
coccidiostat that arrests the coccidia in an early stage of development. It 
is approved for use in broilers with no meat withdrawal time when used 
according to label directions.

Diclazuril (Clinicox® 0.5% Premix, Schering-Plough) is a 
benzeneacetonitrile derivative anticoccidial used in broiler chickens and 
turkeys. Diclazuril is often effective against ionophore-resistant coccidia 
and strains resistant to various other drugs such as amprolium, clopidol, 
robenidine, and zoalene. When used as directed, there is no meat 
withdrawal time necessary. 

Robenidine (Robenz®, Alpharma) is labeled for use in broiler and 
turkeys. It is a guanidine compound that allows initial intracellular 
development of coccidia but prevents formation of mature schizonts, 
thereby preventing reproduction. Drug resistance may develop during 
use. A six-day withdrawal period is needed to eliminate unpleasant flavor 
caused by residues in poultry meat.

Zoalene (Zoamix®, Huvepharma AD) is a nitrobenzamide 
coccidiostat approved for use in broilers, replacement chickens and 
turkeys. When used as directed, there is no meat withdrawal time 
necessary.

The major groups of insecticides 
include botanicals, pyrethrins, 
synthetic pyrethroids, 
organophosphates, and 
carbamates.



Anthelmintics and Parasiticides for Poultry    . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   143

Control of External Parasites
There are many insecticides available to help control external poultry 

parasites. Follow all manufacturers’ recommendations when using all 
insecticides. Insecticides are not drugs and their control falls under the 
Pest Control Products Act. Therefore, it is illegal to use these products in 
an extra-label manner, and poultry veterinarians cannot authorize extra-
label use even by prescription. The major groups of insecticides include 
botanicals, pyrethrins, synthetic pyrethroids, organophosphates, and 
carbamates.

Rotenone (Co-op® Louse Powder, IPCO; Dri-Kil™ Louse Powder, 
Engage) is an extract of the derris root. It inhibits the target insect’s 
respiratory systems. Rotenone is more toxic to birds and mammals than 
the pyrethrins and pyrethroids, but is still safe for general use.

Pyrethrins and Permethrin (Disvap®, Vétoquinol; Ectiban® 25 
Fly Killer, Engage): The pyrethrins are a collection of six natural 
insecticidal esters derived from Chrysanthemum plants, which appeals 
those who want a “natural” product. They have excellent knockdown 
activity and very low avian and mammalian toxicity. But they are easily 
decomposed by UV light, so have poor residual activity. Their activity can 
be prolonged by microencapsulation or by addition of stabilizers. 

Pyrethrins are almost always combined with piperonyl butoxide, a 
synergist that helps prevent pyrethrin breakdown. Permethrin is a 
synthetic analog of pyrethrin that has been altered to a more stable 
molecule with longer residual activity, thus making it ideal for treating 
facilities and equipment. At reduced concentrations it can be applied 
directly to the birds. 

Malathion (Malathion 50, Vétoquinol) is an organophosphate 
approved for topical use on poultry and for premise spraying. It is one of 
the safest organophosphate compounds. The organophosphates bind to 
and inhibit the enzyme acetylcholinesterase, causing paralysis and death 
of the insects.

Carbaryl (Dusting Powder, Dominion; Sevin®, Vétoquinol) is a 
carbamate insecticide. The carbamates also inhibit acetylcholinesterase, 
but differently than the organophosphates. Carbamates compete for 
enzyme active sites utilizing a process known as carbamylation, a reaction 
which blocks the action of the enzyme without changing it structurally. 
Carbaryl is also a very safe insecticide. 
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Review Questions

1. What is the most important parasite in poultry in terms of both 
economic loss and prevalence? Why is it so difficult to control?

2. Why should a particular drug never be fed on a continual basis?
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3. Only two types of medications can be used to treat coccidiosis.  
What are they?

4. What are ionophores?

5. What does the term “extra label” mean?
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6. Why won’t your veterinarian prescribe an insecticide for extra label 

use?
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What is a pest? It is a general term for organisms (rodents, insects, 
etc.) which may cause illness or damage or consume food crops and 
other materials important to humans an organism that is considered a 
nuisance to man. In this chapter we will cover basic pest control and 
management using various means, including pesticide types, uses, 
storage and safety. 

In today’s world of food health safety and economic pressures, one 
cannot just throw anything at a problem: a systematic educated 
approach is necessary for success. We have to understand the pest’s 
breeding, feeding habits and development cycles, because simply killing 
the pests, instead of solving the pest problem, leads to routine and repeat 
use of pesticides and the pests need to be killed over and over. It is often 
more economical to control the breeding and development cycle or use 
the habits to target the organism, than to actually kill the pest. This 
chapter will describe some of the life cycles of some common pests, and 
methods to control them.

Pesticides (liquids, solids and gases) are categorized as fungicides, 
herbicides, insecticides, and rodenticides. This chapter will deal with 
insecticides and rodenticide. All of these products need to be absorbed 
or consumed by the organism to cause damage or death. Because the 
products kill by absorption, and some organisms need multiple doses of 
certain products to become toxic, the survivors become the breeders and 
pass on the resistance to their progeny. The progeny then become more 
resistant to that product and the killing effect is diminished. To help 
combat this problem a regular change in pesticide active ingredients as 
indicated by the label, is imperative.  

Handle these products with care and use protective equipment as 
described on the label.

Pest Control and Management9

David Van Walleghem
Bio-Vantage Agri-Consultants

Sanford, Manitoba
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Insects

There are many different types of insects that are pests to the 
poultry industry. Regardless of the type or form, learning the lifecycle 
and habits of the organism will increase our chances of control. 
Insecticides come in many forms.

Solutions
• active ingredient dissolved in liquid: water or organic solvent 

(oily)

Emulsions
• oily solutions dissolved in water and emulsifier

Wettable Powders
• mixed with water which make suspensions that need agitation

Powders
• ready to use

Granules
• make active ingredient distribution easier

Logo Text Oral LD50* (mg/kg)

Octagon Danger

Poison

0 –500

Diamond Warning

Poison

500–1000

Triangle Caution

Poison

1000–2500

LD50* (mg/kg) Classification Approximative Dose

0–50 Extremely toxic < 1 teaspoon

50–500 Very toxic 1 ounce

500–2500 Moderately toxic 10 ounces

> 2500 Slightly toxic 20 ounces

*LD50 is the median lethal dose, the dose required to kill half the members of a tested population.
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Safety is extremely important. Take note of Warning Symbols and 
amounts needed for toxic results. Remember that these products work 
from the inside and can be readily absorbed into the body; with 
prolonged or repeated exposure they can accumulate to toxic levels in 
your system. We also need to also be aware of the environment these 
levels can build up in. It could cause harm to other species. Follow the 
instructions on the label and use all the recommended protective 
equipment as indicated. Safe work involves everyone; no one is exempt.

The following are some common insect pests and strategies to 
controlling them.

Darkling Beetle
These beetles are a large problem in the poultry industry. They can 

carry diseases which will cause death to birds. They are considered a 
nuisance to the human population. The darkling has a simple life cycle, 
from egg to larva (sometimes called a meal worm) to adult. This could 
take anywhere from 42–97 days to complete depending on the 
temperature. A single beetle can live up to one yeare and can lay 
upwards to 800 eggs at a time. They feed on poultry feed and grain that 
is molding. They live in the chaff on the floors, and in the walls of the 
buildings. They cannot transport food, and thus must come from the 
walls to feed. They do not need water to survive; they are able to get 
enough moisture from the food they consume.

Control
The pupa does not eat; the larva or meal worm consumes enough 

to last though the transformation to adulthood. Since they are growing 
and eating in the same area as the production birds, there are no 

Life Cycle of the Mealworm
(Darkling Beetle)

Egg

Larva (mealworm)

Pupa

Adult (beetle)
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insecticides safe enough to use for control during production. This leads 
us to a small window between batches. They need heat to survive and 
move to the walls when the barn floor is cooler. Current products are 
contact poisons for underneath the chaff so that the beetle walks 
through the poison which attaches and ultimately absorbs into the body 
to toxic levels. To increase our chances for the beetle to be in contact 
with the product we should make a path between the wall and the chaff 
after the animals leave and before we cool the barn. 

We can spray the product in that area, and up the walls where they 
will climb, then cool the barn, allowing the beetles to naturally move to 
the walls and contact the product on their way. Then clean the barn, 
spray again, lay the chaff and re-warm the barn for the next flock. This 
will result in the beetles coming down from the walls to feed and those 
that did not die from the initial contact, being exposed again. 
Remember: always follow the instructions on the label.

Flies
House flies always seem to be around no matter where we are. 

These are flying insects and can move long distances. Flies can also carry 
diseases, and are considered pests. They can lay up to 1,000 eggs in a 
lifetime and can go from egg to adult in as little as five days, depending 
on temperature. There are several methods for controlling flies. 

Eggs

Pupa

Third-instar larva

Second-instar larva

First-instar larva

Adult

Life Cycle of the Fly
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Space Sprays  
These products are used for a flash kill, and are effective in 

controlling adult flying organisms. These products will dissipate in 
the air and have a short target time. Be aware that if used in the 
presence of production animals or humans continuous use can result 
in toxic levels being absorbed by non-target animals, and cause 
damage to them. These products are only effective against adult flies 
that happen to be in target range. There is also a possibility of built-
up resistance to a specific product with continuous use.

Wall Spray
Wall sprays normally have longer active periods. These products 

have to be applied out of the birds’ reach, to avoid ingesting or 
absorbing the product. The most economical process is to observe 
sitting habits before applying and apply on those areas if possible. 
Again, these are made for contact to the adult population. Dust and 
other attractants will be adsorbed and make the product less potent 
and available. Resistance with continuous overuse is possible. 

Granular Bait
These products contain attractants to draw the fly to them. 

They  must be kept out of the non-target animal’s way. Moisture can 
be a problem considering that sugar is normally an attractant 
medium. This focuses on the adult population and can build 
resistance with continuous use.

Alternative Measures
These are normally sticky tape, wires or glue traps. The fly lands 

on the strip and cannot get off. These are non-chemical means and 
are good for the environment. To get efficient placement, watch the 
patterns and apply them in high pest traffic areas. These products are 
for the adult flying population and are very good for population 
estimation. 

All of these methods are good for control in different situations. 
However they all still lead to the possibility of a new generation being 
hatched and re-infesting the control area. The final area for control is the 
breeding area. Flies are born in organic matter and live their first stages in 
it. If there is a way to remove this organic matter or make the 
development area less favourable, the livability of the new generation 
would be greatly reduced. This would result in fewer adults to kill and 
thus less product to use. 
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Mosquitoes
Many products come in the same form as the fly products, and the 

results are similar. The difference is in the life cycle.
A mosquito develops in stagnant water, even as little as 1 cm deep. 

Therefore, if we want to control the breeding area, movement of water 
or removal of stagnant water will decrease hatching and thus decrease 
the adult population.

Learning the habits or life cycles of insects can result in less use of 
insecticides and result in a healthier environment, and lower the costs.

Rodenticide
Rodents can cause disease transfer and also can cause extensive 

damage. The two main organisms are mice and rats. The breeding cycles 
of the two are similar, but the number of development days differ. 
However, the habits are different and one has to tailor practices to 
increase success. Left untouched in ideal conditions a single pair of mice 
can reproduce over 500 progeny in one year; 500 mice can consume 
upward to 500 kg of feed. The main source of killing the rodent is 
through rodenticides. These are consumed and kill from toxic level build 
ups. Rodents have the ability to communicate and warn others of danger 
and because of this most bait has a delay kill on them. This delay will 
make them think the bait is okay and not warn others of it. This will 
allow others to consume it also. 

Adult

Eggs

Larva

Pupa

Life Cycle of the Mosquito

Left untouched in ideal conditions 
a single pair of mice can reproduce 
over 500 progeny in one year; 500 
mice can consume upward to 500 
kg of feed.
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Mice
Mice like to hide and not be seen. They normally only seen at quiet 

times. If one is seen in a busy time, it is normally scurrying from hiding 
spot to hiding spot. Mice also do not need water to live; they can get 
enough to live from the feed it consumes. Mice continuously urinate 
when walking, thus leaving a scent trail to be followed by others in the 
future. All of these factors are important in station placements for better 
effectiveness.  

Before considering station placement and rodenticide uses, 
discourage breeding areas and make it more difficult for animals to enter 
a building. Mice need an area to burrow in and hide; thus, cleaning up 
debris in and around the barn would be beneficial. 

To discourage barn entry, a two-foot barrier (at least) of gravel that 
is kept clean will help; mice have a fear of being caught by birds and try 
to avoid open areas. Next, any holes bigger than the size of a pinky 
finger should be sealed. Remember to look up as well as down, as mice 
are very good climbers. To seal a hole, the best practice is to spray it 
with 10% bleach solution to break the previous mouse scent trail then 
stuff the hole with coarse steel wool and seal with non-permeable 
material. The bleach will discourage new mice from finding past trails 
and holes; the steel wool is a substance that mice can not chew through. 

Bait stations are excellent tools in controlling mice. The stations are 
a great place to hide and while they are there they can chew on the bait. 
These stations are made for to hold block baits. Mice are proficient 
hoarders, and they tend to hide a large portion of their food for rainy 
days. This could be a problem, because non-target animals could 
consume the bait. This is why blocks are important to use in the 
stations: blocks force them to eat right at the site, because in the stations 
the blocks are secured. 

There are other forms of the bait such as pellets and mash. These 
are good for areas that are protected and non-active (attics, for example). 
The mice will feel more comfortable to sit and eat and not take the food 
away. Here is another area in which we can be more efficient. Mice 
move near the edge of the walls, and like to hide. Thus, stations, 
whether for live traps or bait stations, would have a better chance in 
their path. 

Rats
Rats are somewhat different from mice. Rats need a source of water 

in order to survive; therefore, you will never find them further than a 
couple hundred feet from water. They have a social hierarchy and only 
the top Alphas and some of the Betas do the breeding. The lower 

Rats are somewhat different from 
mice. Rats need a source of water 
in order to survive; therefore, you 
will never find them further than a 
couple hundred feet from water.
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hierarchy Omegas are usually kicked out of the burrows and sent to find 
and test food. Rats are larger and can only fit through holes at least as big 
as your thumb. They  also have similar fears of overhead prey and 
therefore do not like being in the open.

Non-rodenticide procedures are the same as for mice. Place gravel 
barriers around the barn, seal holes, and clean up debris, thus making it 
uncomfortable for them to move and breed.

Blocks secured in stations are important, because these animals are 
bigger and could carry a block. The stations are good for the animals that 
are running around, mostly Omega rats. A more efficient way to control 
the population is to find the burrows and put bait down the holes; this 
ensures that it gets close to the Alpha rats. When the Alpha rats consume 
the bait and die, breeding is halted for a while until new Alphas are 
established. The Beta and Omega rats will fight to the death to become 
Alphas. To add to the breeding delay, once action ceases at the burrow, 
break the hole down or fill it in. They will have to make another before 
continuing. The more you increase the delay, the fewer rats there are to 
get rid of.

Rodenticides are poison and can leave residues on your hands when 
handling. Make sure you use protective equipment when handling the 
bait. Also, rodents do not like the smell or taste of the oils from your 
hands and the bait will not be as attractive to them. A final warning: wear 
personal protective equipment when removing dead rodents. They still 
can carry diseases after they die, diseases which are transferable to 
humans. Remove the dead rodents because they are another source of 
food for other. 

Pests can come in many forms, and controlling them is an important 
part of health and biosecurity measures in the barn. With all the 
advancements in poisons, control is easier. However, it is important to 
note that the lifecycle and habits of the organisms are just as important. 
This information helps us be more efficient with the poison we use and 
also helps us use less poison. We need to work smarter, safer and be more 
environmentally sound to compete in the market place.   

Wear personal protective 
equipment when removing dead 
rodents. They still can carry 
diseases after they die, diseases 
which are transferable to humans.
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There may be a time when even through your best efforts in 
biosecurity, you still need to medicate. One of the most efficient ways to 
medicate is through the water. In the face of a disease, birds may have 
suppressed appetites, but they always drink. This chapter deals with how 
to water medicate properly and economically. 

There are two main types of medicators, one which is mechanical 
and one which has electrical moving parts. The electrical moving part 
medicator is similar to what you see in a hospital where a tube is 
inserted into a mechanism that squeezes out the product. You do not 
normally see these in a barn situation due to the moving parts and the 
need for constant replacement of the injector hoses. The more common 
one is the water-powered mechanical medicator (see diagram 1).

Medicators – Use and Calibration10

Diagram 1

David Van Walleghem
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In this medicator the water fills a chamber which is attached to a 
pump. As the chamber rises with the increased water, it pulls the piston 
in the pump which pulls into it a portion of medication from a stock 
solution. Once the chamber fills to its maximum amount a valve is 
triggered, the water in the chamber is released and the chamber falls. 
The valve is reset and the process continues. This is a pulse type system 
where measured amounts of stock are released every time the chamber 
empties, giving large concentrated stock into the lines. However, because 
the water takes time to reach the birds, the medication has time to 
dissipate into the line making the water the right concentration for 
drinking. 

Medicators are proportional systems as described above and the unit 
to measure the proportional amounts is called a ratio. Most medicators 
work on a 1:128 ratio: this means that 1 part comes from the stock and 
127 parts come from the water source, which, when combined, equals 
128. The reason that this became popular is because there are 128 oz in 
a gallon and when the medicators were developed the Imperial system 
was the most popular measurement system. This means 1 oz to 128 oz, 
or 1 gallon of final volume. 

Another common ratio is 1:256 which in the Imperial system is 
½ oz per gallon. The beauty of working with a ratio is that it does not 
matter what system you work in: the principle is the same. For example, 
in the Metric system, 1:128 would mean 1 millilitres:128 millilitres, 
since normally we work in full litres and 1000 millilitres (ml) = 1 litre, 
the conversion would be approximately 8ml:1 litre or in the case of 
1:256 is approximately 4ml:1 litre. The only thing you have to 
remember is that you have to use the same unit of measurement on both 
sides of the ratio. One advantage of using the metric system is that you 
can go between a solid to a liquid easily because 1 ml is equal to 1 gram. 
This works well because we measure the drinking water as a liquid, but 
most of the medications we use are powders. Most over-the-shelf 
products and veterinarian-recommended medications have the stock 
solution concentration worked out for the producers for a particular 
stage of production.

The beauty of working with a ratio 
is that it does not matter what 
system you work in: the principle is 
the same.
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Example: 2 grams of active ingredients in a litre of water for 5 days.
Think of a big tank theory – use a chart and determine how much 

water your birds will drink in the five days.
1.  For example, 1000 broilers in week 2. 

They will drink 67 ml/bird/day.
2.  Therefore 67 x 1000 = 67000 ml or 67 liters/day. 
3.  We need enough for 5 days so… 67 x 5 = 335 litres.
4.  We need 2 grams/litre of drinking water (final water): 

335 x 2 grams = 670 grams or 0.67 kg in total.
5.  Now apply the ratio of the medicator – say 1:128 or 1 litre of 

stock to 127 litres of extra water to make up 128 litres of 
drinking water.

 Total water consumed is 335 litres
 335/128 = 2.6 litres of total stock needed.

Remember: the final stock volume needs to be 2.6 litres. Therefore:
• A solid will dissolve, thus one needs 670 grams of medication 

and 2.6 litres of water.
• A liquid will use part of the stock volume; therefore we would 

need 670 ml of medication and 1.93 litres of water, which will 
together make 2.6 litres of stock. 

These calculations are only as accurate as the information we have 
and give to the veterinarian or whoever is figuring out the stock. We 
need to make sure the numbers are accurate by checking if the 
medicators are working correctly. The medicators should be checked at 
least a couple of times per year. If we don’t check and we indicated that 
the medicator was working at 1:128 and if it was really working at 
1:100, we would be overdosing the birds and could kill them or result in 
a longer withdrawal: or if it were 1:200 we are under-dosing the birds 
and the medication may not have the same effect and again can change 
the withdrawal. 

To test the medicators put a known stock volume (1 litre is a good 
measurement) and fill a tank from the outgoing water until the stock 
(litre) is gone. Measure the final volume in the same units as the stock 
(litres). This final number is the ratio because you started with 1 unit in 
your stock and ended up with the final volume. 

Some medicators can be adjusted to what is wanted; otherwise you 
need to inform whomever is mixing the stock to adjust accordingly. It 
would be a good practice to perform this test before a new batch in case 
there is need to use it in that batch. 
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The next important number is the consumption. If there is no chart 
available you can determine it yourself. Presumably, you checked your 
ratio at the beginning of the batch and recorded it. All that is left to do 
is to make a stock of water that is big enough to last a 24 hour period. 
Measure the stock before starting the test, and again at the end of the 24 
hours. The missing amount, times the ratio, will give you the total 
amount of water consumption in a day. This is the most accurate way to 
determine proper consumption for the production birds in your poultry 
house, and to give the most accurate dosing of any medication. 

Your flock may drink a different amount than the chart. This could 
be because of climate, growth rate, genetics, or many other factors. This 
gives validity to dry runs (running the medicator while the batch is on 
with just plain water as the stock). This gives us an accurate 
consumption of the flock at the time in the conditions present. These 
dry runs also are useful just before a standard medication (pulse 
medication) is planned in the flock to make sure the medicator is 
working properly.  If it is not, it gives you time to fix it before the 
planned pulse medication needs to be administered.

An example: 
1. Start with 1 x 20 litre pail (5 gallons). 
2. After a 24 hour period 15 litres are left. Therefore 20 – 15 = 5 

litres.
3. The ratio is working at a 1:256 ratio with 10,000 birds.

5 x 256 = 1280 litres total consumption/10,000 birds = 
0.128 liters or 128 ml per bird.

Cleaning the medicator is important. Medications don’t all get 
along; some react with others and may cause precipitation of product 
which will gum up the line and affect the ratio, but, more seriously, 
might alter the medication and make it useless. Also, some medications 
left sitting in the apparatus could damage seals or injector tubes, which 
will result in them needing replacing. It is a good practice to run some 
clean water stock through the medicator right after a medication run. 
This will help clean out any residues that might be lingering and have it 
ready for the next run.   

The public is watching food producers very closely so when you are 
using any medications you must be accurate. Accuracy is important for 
withdrawals and ultimately food safety. This helps sell the final product. 

A bonus in being accurate is economics, because the pharmaceutical 
companies have done numerous tests to prove effectiveness of their 
products and the best rate and time to utilize them. This information 
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can help you, your veterinarian, and/or whoever helps develop a plan for 
a flock to develop the best path to use for your advantage.  The simple 
tests in this chapter will help you benefit from the advantages in your 
plan to increase the health and growth in your flock.

Review Questions

1. You do a dry run to insure your medicator is working properly. You 
fill up a 20 liter (5 gallon) pail with the out put from the medicator. 
In that time you use 156 ml of stock. What is your medicator ratio 
set at?
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2.     You need to find out how much product you need to medicate your 
birds for 5 days. You know your medicator is running at 1:128 
ratio. You do a dry run and find they use 12 liters in a 24 hour 
period. The package says to use 2 grams per liter of drinking water 
for the 5 days. How much product do you need? What 
concentration is the stock?
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This chapter deals with calculations necessary in daily operations.

Reading Labels
Trying to read a label today can be very confusing. We deal in two 

main types of measuring systems – Imperial and Metric. Which one 
does the label use? Let’s start with some basic math. 

 1 US gal = 128 oz

1 L = 1000 ml

  1 US gal = 3.79 L (or ≈ 4 L)

  1% = 0.01 = 1/100 = 1 part in 100***

  1 part ⇒ 1 g, 1 kg, 1 ml, 1 L, 1 oz, 1 gal,…

  1 ml H2O = 1 g H2O (= 1 cm3 H2O)

  1 % = 1 g/100 ml (= 10 g/L)

  1 oz/US gal ≡ 1/128 (≈ 8 ml/L)

  1/2 oz/gal ≡ 1/256 (≈ 4 ml/L)

 

Food Producer Calculations Made EasyA1

 David Van Walleghem
Bio-Vantage Agri-Consultants
Sanford, Manitoba
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Using Distributing Systems
There are two main types of distributing systems: the Medicator 

(Dosatron) and the Venturi pump. Both of these systems work on ratios. 
A ratio means the amount of product drawn from the stock solution by 
the apparatus compared to the amount of water drawn from the main 
source. For example, a 1:128 means 1 ounce is drawn from the stock 
and 127 ounces from the main water system to make up 128 ounces of 
drinking water. 

The Medicator (Dosatron) works with no electrical parts, just water 
pressure. The water enters a chamber, and the chamber lifts. The 
chamber is attached to a pump which draws some of the stock solution 
into it. Once the chamber is filled, a valve triggers the camber and the 
entire product released into the line. This system has a high ratio and is 
great for water medications, which will have time to dissipate in the 
lines, but it is not as good for extremely fast movement demands as 
washing. 

In the Venturi pump system the high pressure water is forced into a 
funnel-type apparatus, then immediately in an inverted funnel. This 
action causes a suction effect, and if there is a hole at the exchange place, 
the product will be sucked up and mixed in the turbulent area. Orifices 
of various sizes are used: the smaller the orifice, the less product uptake. 
This procedure normally has a low ratio and is great for the washing and 
cleaning process.
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Cleaning with Detergents
 Why bother using detergent? Some people say, “I have high 

pressure and extremely hot water. And I disinfect anyway.” That method 
does not work very well and actually costs more money. 

When using detergents properly the washing time is cut by 
30–50%, a huge bacterial load is washed away and the surface is more 
prepared for the disinfectant to perform efficiently. Bacteria and viruses 
are able to make themselves a protective coat called biofilm. This biofilm 
is very sticky and holds very well to surfaces, even in high pressure 
washes. This film is also very hard to penetrate by the disinfectant. 
Detergents, however, unstick the biofilm, allowing the washing 
procedure to wash it away. One can reduce the bacteria/virus load 
85–90% with this alone.  

There are two main types of biofilms, one that is slimy and greasy, 
for which you need an alkaline detergent (Biosolve, Chlor-a-Foam) to 
remove, and one that is a mineral (scale) for which one needs an acidic 
detergent (Biofoam, Acid-a-Foam). 

Warm water definitely helps the workability of the detergents. 
However, water which is too hot (above 60°C) bakes the protein onto 
the surface and makes it extremely hard to take off.  

Now that we understand the process we can prepare the surface by 
physically removing excessive organic material. Next, apply the detergent 
on the surface in an amount that is similar to that which you would use 
if you were painting a surface. How much paint (detergent) do you 
need? First measure all the surfaces you want to wash. 

length x width = surface area

Remember that you have four walls, a ceiling, a floor, and equipment. 
Below is a calculation for a simple room of 100 x 50 x 10 feet tall.

Floor 100 x 50 = 5,000

Ceiling 100 x 50 = 5,000

Walls side 100 x 10 = 1,000 x 2 = 2,000

Walls end 50 x 10 = 500 x 2 = 1,000

Total                             13,000 sq ft

Equipment 10% more surfaces

13,000 x 10% (or 0.1) = 1,300 sq ft extra

Total 13,000 + 1,300 = 14,300 sq ft total
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Next, determine how much product you need. A rule of thumb is 
250–300 ml/ square metre to soak a room (paint the walls). 

10 sq ft = 1 sq m

14300/10 = 1430 sq m

250 ml/1 sq m to soak a room

250 x 1430 = 357,500 ml or 357.5 litres (paint to do the whole room)

Now determine how much pure product is needed according to the 
label. 

Product label says 1:100 or 1 part in 100 or 1%

We need 358 litres total and 1% has to be 

product so, 1% x 358 litres = 3.58 litres of product (the rest is water)

If you put the entire 358 litres with the 3.58 litres in it in a large tank 
you can just draw from that and you can paint and apply the detergent 
to the entire room. However, most people do not have a 400 litre tank, 
or need a lot more than that and thus use a distributing system. 

One of the most efficient methods of distribution is through a 
Venturi pump type system. These systems come in many forms from 
foam guns to back packs to inline injectors, all of which will work well. 
The only thing you need to know is what the ratio is for your specific 
apparatus – in other words, how much is drawn from the stock in 
comparison to the final outcome. The easiest way to measure is to take 1 
litre in the stock and see how much water is produced out of the gun 
when the litre is used up. Once we know the ratio, we can determine the 
stock concentration as below.

Example

A Venturi pump works at a 15:1 ratio (for every 15 litres of final solution, 1 litre comes from stock 

and 14 come from the water supply

If the final is 358 litres 

 358 /15= 24 litres of stock needed; in that stock we need 3.58 litres of pure product.

Remember the final stock volume msut be 24 litres. Thus, it will include 3.58 litres of pure 

product and 20.4 litres of water.

A solid will dissolve; therefore, one could use 3.58 kg and 24 litres of water.
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Review
1. Measure and add surface areas
2. Determine the amount of water needed to wet all surfaces 
3. Find the working dilution rate of the degreaser
4. Find the amount of product needed
5. If using a distribution system, divide by the ratio

Let the detergent sit for a minimum of ten minutes to do its work. 
Detergents work best when they are rinsed off (power washed) before they 
dry on. However, if they do dry on before rinsing off, simply rehydrate 
them with a mist of water. If you mist them, you are diluting the detergent 
and making them less effective. 

One last point on detergents: cheaper is not always cheaper. Cheaper 
detergents require more product in more challenging areas (such as a farm 
production facility), while a more expensive one will have a set working 
concentration no matter how great the challenge. More expensive 
detergents are cheaper to use per square metre than cheaper products.    

Once the surface dries, it is ready for the disinfectant. The choice and 
amount are both equally important. Bacteria/viruses come in different 
forms, enveloped and non-enveloped. The difference is the outer layer; the 
enveloped has a fat layer. This makes it soft and easier to penetrate. The 
less fat and more protein, the harder it is to penetrate, and thus the 
organism is harder to kill. 

Some of the products are a lot more expensive than the others. 
However, they kill more effectively and, therefore, you get what you pay 
for. The extra cost for the higher end disinfectants is minimal compared to 
the increase is production, or the decrease in medications, not to mention 
the decrease in labor to detect, calcuulate and administer the medications. 
To keep costs down let’s be as accurate at painting on the disinfectant as 
we were with the soap. 
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Let’s use a different room with multiple floors for this calculation.

Floor 200 x 100 = 20,000

Ceiling 200 x 100 = 20,000

Walls side 200 x 10 = 2,000 x 2 = 4000

Walls end 100 x 10 = 1,000 x 2 = 2,000

Total 46,000 sq ft         

Equipment 15% more surfaces

46,000 x 15% (or 0.15) = 6,900 sq ft extra

6,900 + 46,000 = 52,900 total 

How many houses?   3

52,900 x 3 = 158,700 sq ft

10 sq ft = 1 sq m

158,700 /10 = 15,700 sqm

250 ml/1 m2 to soak a room

250 x 15,700 = 3,967,500 ml 

           or 3967.5 litres

    Product label says  1:250 or 1 part in 250 or 0.4%

     

      

We need 3,968 litres total and 

0.4% has to be product

0.4% x 3,968 litres = 15.87 litres of product

Now let’s use a different Venturi ratio. A Venturi pump works at a 
12:1 ratio (for every 12 litres final solution, 1 litre comes from stock and 
11 from the water supply).

If the final amount is 3,968 litres 

3,968/12 = 330.6 litres of stock needed, and in that stock we need 15.87 litres of pure product.

Remember the final stock volume needs to be 330.6 litres therefore liquid 15.87 litres of pure 

product and 314.72 litres of water

Use 15.87 kg of stock and 330.6 litres of water.
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Rules
• Do not apply on very wet surfaces (possible further dilution of 

product)
• Apply evenly and softly (like painting)
• Wet all surfaces to just almost (normally 250ml/10 sq ft)
• Let all products sit for a minimum of 10 minutes after 

application before proceeding to the next step. (Let it do its 
work.)

• Do not use water temperatures in excess of 140°F.
There may be a time when, in spite of your best efforts in cleaning, 

you still need to medicate. Most off-the-shelf products and medications 
recommended by veterinarians, the stock solution concentration will be 
calculated for you, but I thought it would be good to go through an 
example of how this is done.

Example: 2 grams of active product in a litre of water for 5 days.

Think of a big tank theory – use a chart and figure out how much total volume of water your 

birds will drink in the 5 days.

Assume that have 1,000 broilers in week 2. They will drink 67 ml/bird/day.

Therefore, 67 x 1000 = 67000ml or 67 litres/day and we need enough for 5 days so 

 67 x 5 = 335 litres

We need 2 grams/litre of drinking water (final water) 

 335 x 2 grams = 670 grams or 0.67 kg in total.

Now apply the ratio of your medicator – say 1:128 or 1 litre of stock to 127 litres of extra water to 

make up 128 litres of drinking water.

Total water consumed is 335 litres

335/128 = 2.6 litres of total stock needed

Remember the final stock volume needs to be 2.6 litres.

Use 670 grams of solid and 2.6 litres of water.

Be certain that your medicators are working correctly. They should 
be checked a couple of times a year. If they are a 1:100 instead of 1:128, 
you are overdosing the birds and could kill them, or thus could result in 
a longer withdraw: or if it is 1:200 you are under-dosing them and the 
medication may not have the same effect. All one needs to do is to put a 
known stock volume (1 litre is a good measurement) and fill a tank from 
the outgoing water until the litre is gone. Measure the final volume and 
you have the ratio. Some medicators can be adjusted to what is wanted; 
for others you should inform your veterinarian of the difference so they 
can adjust the stock accordingly. It would be a good practice to perform 
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this test before a new batch in case there is need to use it in that batch. 
Also if you ever need to determine how much the birds are drinking you 
have the ratio and can see the disappearance of the stock over a period 
of time and. Do the math to figure out how much is consumed.

Food producers we are, and now mathematicians! We need to 
understand and apply products to their most effective and safest state to 
get the most out of our dollar. 
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After determining the correct volume of water to be treated, use this 
formula to calculate the correct amount of material to use:

Amount of material needed = 
volume x conversion factor x ppm desired x (100/% active 
ingredient) 

Volume =  volume of water to be treated. Can be any volumetric 
units of measurement – cubic feet, litres, gallons, acre-feet.

Conversion factor = 
the weight of material that must be added to one unit 
volume of water to give one part per million (ppm). See 
below for conversion factors.

ppm desired = the treatment rate desired in parts per million (ppm)

% active ingredient = 
the percent ingredient of the material to be used. Most 
materials used in treating fish diseases or aquatic weeds are 
100% active or are considered to be 100% active for 
treatment purposes.

Common ConversionsA2
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Weight of chemical that must be added to one unit volume of water to 
give one part per million (ppm)

2.72 pounds per acre-foot = 1 ppm

1,233 grams per acre-foot = 1 ppm

1.233 kilograms per acre-foot = 1 ppm

0.0283 grams per cubic foot = 1 ppm

0.0000624 pounds per cubic foot = 1 ppm

0.0038 grams per US gallon = 1 ppm

0.058419 grains per US gallon = 1 ppm

0.07016 grains per Imperial gallon = 1 ppm

1 milligram per litre = 1 ppm

1 microlitre ( µL ) per litre = 1 ppm

0.001 gram per litre = 1 ppm

8.345 pounds per million gallons of water = 1 ppm

NOTE: The metric prefix ‘ milli ‘ does NOT mean a millionth, it stands for a thousandth. A prefix table 

can be acceessed from http://www.simetric.co.uk/siprefix.htm

Some associated conversion factors*

1 acre-foot = 43,560 cubic feet

1 acre-foot = 325,850 gallons

1 acre-foot of water = 2,718,144 pounds

1 cubic foot of water = 62.4 pounds

1 cubic foot of water = 6.24 Imperial gallons

1 US gallon of water = 8.34 pounds

1 Imperial gallon of water = 10 pounds

1 US gallon of water = 3,785 grams or 3.785 kg

1 litre of water = 1,000 grams = 1 kg (approx)

1 litre of water = 1,000 cubic centimetres (cc)

1 cubic metre = 1,000 litre

1 cubic metre = 1 metric tonne of water (appx.)

1 US fluid ounce = 29.57 grams

1 US fluid ounce = 1.043 ounces (av)

*See www.onlineconversion.com
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Definition of PPM
This is a way of expressing very dilute concentrations of substances. 

Just as per cent means out of a hundred, so parts per million or ppm 
means out of a million. Usually describes the concentration of something 
in water or soil. One ppm is equivalent to 1 milligram of something per 
liter of water (mg/l) or 1 milligram of something per kilogram soil (mg/
kg).

Ppm (parts per million) to % (parts per hundred) 
Example
1 ppm = 1/1,000,000 = 0.000001 = 0.0001% 

10 ppm = 10/1,000,000 = 0.00001 = 0.001% 

100 ppm = 100/1,000,000 = 0.0001 = 0.01% 

200 ppn = 200/1,000,000 = 0.0002 = 0.02% 

5000 ppm = 5000/1,000,000 = 0.005 = 0.5% 

10,000 ppm = 10000/1,000,000 = 0.01 = 1.0% 

20,000 ppm = 20000/1,000,000 = 0.02 = 2.0%

The metric system is the most convenient way to express this since 
metric units go by steps of ten, hundred and thousand. For example, a 
milligram is a thousandth of a gram and a gram is a thousandth of a 
kilogram. Thus, a milligram is a thousandth of a thousandth, or a 
millionth of a kilogram. A milligram is one part per million of a 
kilogram thus, one part per million (ppm) by mass is the same as one 
milligram per The kilogram. Just as part per million is abbreviated as 
ppm, a milligram per kilogram has its own symbolic form – mg/kg, 
which unlike ppm is unambiguous.
• By mass: 

– one milligram in a kilogram is 1 ppm by mass. 
– one milligram in a metric tonne is 1 ppb by mass. 

• By volume: 
– one millilitre (or cubic centimetre) in a cubic metre (or 

kilolitre) is 1 ppm by volume. For most gases (those 
behaving much like an ideal gas) this is numerically 
equivalent to µmol/mol on the basis of molecules (not 
atoms). See Avogadro’s law. 

• By mass/volume ratio for dilute aqueous solutions 
(ppm w/v or ppm m/v): 

– 1 litre (L) of water has mass of approximately 1 kg, so 1 
milligram per litre (mg/L) or 1 microgram per millilitre (µg/
ml) is, loosely speaking, 1 ppm, and 1 microgram per litre 
(µg/L) is 1 ppb, for small concentrations in a water 
solution. 
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– ppm (or ppmm) is also sometimes used to describe small 
concentrations in water, in which case 1 ppm is equivalent 
to 1 mg/l because a liter of water weighs approximately a 
1000 g. This use of ppm tends to be phased out in favour 
of mg/l.

Parts Per Million – Some Interesting Comparisons
• One part per million is one second in 12 days of your life.
• One part per billion is one second in 32 years of your life. 
• One part per million is one penny out of $10,000.
• One part per billion is one penny out of $10,000,000.
• One part per million is one pinch of salt on 20 pounds of potato 

chips.
• One part per billion is one pinch of salt on 10 tons of potato chips. 
• One part per million is one inch out of a journey of 16 miles. 
• One part per billion is one inch out of a journey of 16,000 miles.
• One part per trillion is a six inch leap on a journey to the sun. 
• One part per billion is one square foot in 36 square miles. 
• One part per trillion is a postage stamp on an area the size of Texas. 
• One part per million is approximately one bogey in 3,500 golf 

matches. 
• One part per billion is approximately one bogey in 3,500,000 golf 

matches. 
• One part per million is approximately one bad apple in 2,000 

barrels. 
• One part per billion is approximately one bad apple in 2,000,000 

barrels. 
• One part per million is approximately one lob in 1,200 tennis 

matches. 
• One part per trillion is approximately one error among all the words 

of all the front page stories in all the issues of more than 2,000 daily 
newspapers in the United States if their publication had started with 
the invention of moveable type for the printing press. 
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Randy Carriere, Intervet Canada
Randy Carriere was born and raised in Winnipeg Manitoba. He 

received a Bachelor of Agricultural Sciences (Animal Science) from the 
University of Manitoba in 1997. He has worked in the agricultural 
industry since 1989, holding positions with Feed Rite(Ridley), 
Landmark Feeds(Maple Leaf ), Elite Swine Inc.(Maple Leaf ) and Intervet 
Canada.

He has worked primarily in feed sales for poultry  and vaccine sales.
Randy has served as technical sales representative with Intervet 

Canada for the poultry industry in Western Canada for the past five 
years. He shares his knowledge and experience with producers through 
seminars and tradeshows, as well as by providing educational materials 
and participating in the Poultry Serviceperson Industry Workshop 
planning committee since 2004.

Dr. Patricia Dowling
Dr. Patricia Dowling is a Professor of Veterinary Clinical 

Pharmacology at the Western College of  Veterinary Medicine at the 
University of Saskatchewan in Saskatoon, Saskatchewan. She is a 
graduate of Texas A&M University (BSc in Animal Science and DVM) 
and of Auburn University (MS in Large Animal Medicine and Surgery). 
She is also a Diplomate in The American College of Veterinary Internal 
Medicine and The American College of Veterinary Clinical 
Pharmacology.

Dr. Dowling received the University of Saskatchewan’s Student 
Union’s Teaching Excellence Award in 2005 and the Norden 
Distinguished Teacher Award in 1995.

She is one of the editors of Antimicrobial Therapy in Beterinary 
Medicine, published by Iowa State University Press and Handbook of 
Veterinary Drugs (Lippincott, Williams and Wilkins). She was a 

Biographies of our AuthorsA3
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contributing editor for the Cattle Medicine Course published by Alberta 
Agriculture in 2005.

Dr. Dowling has extensive experience working with animal health 
and food safety including research dealing with oxytocin residues, the 
use of antimicrobials in food animals, and BST. 

Dr. Tom Inglis
Dr. Tom Inglis works for Poultry Health Services Ltd. providing 

diagnostic and flock health consulting for Alberta poultry producers.  
He works out of the Airdrie Agricultre Centre building and contributes 
data generated from diagnostic and field investigations to the passive 
disease surveillance database for the Agrifood Systems Branch.  

Tom was born in Saskatoon and raised in Vermilion and Edmonton 
where he attended the U of A, completing a BSc. in Agriculture. Tom’s 
career working in the poultry industry started with the Alberta Poultry 
Research Centre and poultry program at the U of A where he worked 
with Dr. Frank Robinson and Dr. Doug Korver.  He is a graduate of the 
Western Canadian Veterinary College in Saskatoon.  

He trained under Dr. Jim Hanson and Dr. Detlef Onderka in 
addition to working at the Aviagen diagnostic lab in Newton, Scotland.  
Tom also completed an externship at the University of Georgia’s Poultry 
Diagnostic and Research Center.  

His primary areas of interest are preventative medicine, diagnostics 
and production management. 

Tom is an avid fly fisherman and also enjoys hunting, hiking, 
camping, skiing, playing guitar and cooking.    
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Dr. Steve Leeson
Dr. Steve Leeson is the Chair of the Department of Animal and 

Poultry Science at the University of Guelph. He is a prolific researcher, 
with 325 papers in refereed journals, 500 papers for scientific and 
industry meetings and six books on various aspects of poultry nutrition 
and management.

Dr. Leeson received a Diploma in Poultry Technology at Harper 
Adams College in England, a Master of Philosophy at the University of 
Nottingham, and a Doctor of Philosophy at the University of 
Nottingham. His area of research at the University of Nottingham was 
poultry nutrition.

He has received numerous awards during his career, including the 
American Feed Manufacturers Nutrition Research Award, the Ontario 
Agricultural College Distinguished Research Award, the Canadian 
Society of Animal Science Industry Extension Award and the Canadian 
Society of Animal Science Lifetime Achievement Fellowship.

Dr. Leeson’s research interests include feeding programs for laying 
hens and broilers and nutrient enhancement of eggs and meat.

David Van Walleghem 
David Van Walleghem obtained his BSA, specializing in Animal 

Science, at the University of Manitoba. He has extensive experience in 
livestock mangement, including managing an 80 cow dairy herd for Van 
Crown Dairy Inc. and managing a 10,000 animal finisher operation for 
Triland Inc..

David has also worked in the Health Division of Elite Swine Inc. 
(Maple Leaf Agra Division) where he also co-ordinated the Genetics 
program.

He is currently with Sheridan, Heuser, Provis where he is involved 
in biosecurity, production animal health testing, and production animal 
trials.

He also owns and runs Bio-Vantage Agri-Consultants where he 
consults on biosecurity issues. Vétoquinol is one of the companies for 
which he consults.
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Dr. Craig Wilkinson
Dr. Craig Wilkinson is the Director of Animal Care in the Faculty 

of Agricultural, Life and Environmental Sciences at the University of 
Alberta. This Faculty encompasses research using a wide variety of 
species, including agricultural species, traditional laboratory animals, and 
wildlife. Craig is responsible for ensuring that high standards of animal 
care and use are practised in compliance within the guidelines of the 
Canadian Council on Animal Care and provides consultative services to 
researchers with respect to technical procedures and animal health issues. 
He also teaches undergraduate courses in Animal Behaviour and 
Welfare, and Animal Health to animal science and pre-vet students, 
regularly lectures in other courses, and develops and provides training 
for users of poultry, swine and cattle in research.  

Craig earned a B.Sc.(Honors) in Zoology at the University of 
Alberta (1986) and a DVM from the Western College of Veterinary 
Medicine in Saskatoon (1990). In 1990 and 1991, Craig worked in 
mixed animal veterinary practice and then became a founding partner in 
a companion animal practice in Edmonton, where he spent five years. In 
1996 he left full-time private practice and took on the role of 
Operations Manager and Veterinarian at the Edmonton Humane 
Society Animal Shelter. He joined the University of Alberta in his 
current position in the summer of 2001. Craig also continues to practice 
companion animal medicine part-time at several clinics in the 
Edmonton area. He has served as a board member of the Alberta Farm 
Animal Care Association since 2003, and is currently Chair of the 
Animal Welfare Committee for the Alberta Veterinary Medical 
Association.

Dr. Wilkinson was named Alberta SPCA Veterinarian of the Year in 
1998, and received the Alberta Veterinary Medical Association 
Communication Award the same year. He received the Louis D. 
Hyndman Sr. Award in 2004 for contributions to improving the welfare 
of animals used in research at the University of Alberta.
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Links 
Alberta Veterinary Medical Association – www.avma.ab.ca
Canadian Veterinary Medical Association – 

www.canadianveterinarians.net
Saskatchewan Veterinary Medical Association – www.svma.sk.ca
British Columbia Veterinary Association – www.bcvma.org
Western College of Veterinary Medicine – www.usask.ca/wcvm
Health Canada – www.hc-sc.gc.ca
University of  Alberta – www.ualberta.ca
University of Saskatchewan – www.usask.ca
University of British Columbia – www.ubc.ca
Agriculture Canada – www.agr.ca
Canadian Food Inspection Agency – www.inspection.gc.ca
Compendium of   Medicating Ingredient Brochures – 

www.inspection.gc.ca/english/anima/feebet/mib/cmibe.shtml
Alberta Agriculture Food and Rural Deveopment – www.agric.gov.ab.ca

Boards and Associations
Alberta Egg Producers

#101, 90 Freeport Boulevard NE, Calgary, Alberta T3J 5J9
 Toll Free: 1-877-302-2344
 Bus: 403-250-1197
 Fax: 403-291-9216
 www.eggs.ab.ca

Alberta Turkey Producers
 4828 – 89 St., Edmonton, Alberta T6E 5K1
 Bus: 780-465-5755
 Fax: 780-465-5528
 www.albertaturkey.com
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Alberta Chicken Producers
 #111, 4208 – 97 St., Edmonton, Alberta T6E 5Z9
 Bus: 780-488-2125
 Fax: 780-488-3570
 www.chicken.ab.ca

Alberta Hatching Egg Producers 
 #203, 9605 – 41 St., Edmonton, Alberta, T6E 5X7
 Bus: 780-434-8414
 Fax: 780-434-9552
 ahemb@telusplanet.net

Canadian Egg Marketing Agency
 112 Kent Street, Suite 1501, Ottawa, Ontario K1P 5P2
 Bus: 613-238-2514
 Fax: 613-238-1967
 www.canadaegg.ca

Canadian Turkey Marketing Agency
 7145 West Credit Avenue, Building 1, Suite 202, 
 Mississauga, Ontario  L5N 6J7
 Bus: 905.812.3140
 Fax: 905.812.9326 
     www.canadianturkey.ca

Alberta Livestock Industry Development Fund
 Suite 100, Greystone IV, 4207 – 98 St., Edmonton, Alberta T6E 5R7
 Bus: 780-442-3300
 Fax: 780-436-7329
 www.alidf.ca

 Chicken Farmers of Canada
 350 Sparks Street, Suite 1007, Ottawa, Ontario K1R 7S8
 Bus: 613-241-2800
 Fax: 613-240-5999
 www.chicken.ca




