METABOLIC EFFECTS OF ZEOLITE AS NATURAL
FEED SUPPLEMENT FOR GROWER PIGS

Yonghong Wan
Department of Animal Science
McGill University, Montreal

May, 2005

A Thesis Submitted to
McGill University
in Partial Fulfillment of the Requirements

of the Degree of Master of Science

© Yonghong Wan, 2005



Bibliotheque et
Archives Canada

Library and
* Archives Canada
Direction du
Patrimoine de I'édition

Published Heritage
Branch

395 Wellington Street

395, rue Wellington
Ottawa ON K1A ON4

Ottawa ON K1A ON4

Canada Canada
Your file Votre référence
ISBN: 978-0-494-22777-0
Our file  Notre référence
ISBN: 978-0-494-22777-0
NOTICE: AVIS:

L'auteur a accordé une licence non exclusive
permettant a la Bibliothéque et Archives
Canada de reproduire, publier, archiver,
sauvegarder, conserver, transmettre au public
par télécommunication ou par I'Internet, préter,
distribuer et vendre des theses partout dans

le monde, a des fins commerciales ou autres,
sur support microforme, papier, électronique
et/ou autres formats.

The author has granted a non-
exclusive license allowing Library
and Archives Canada to reproduce,
publish, archive, preserve, conserve,
communicate to the public by
telecommunication or on the Internet,
loan, distribute and sell theses
worldwide, for commercial or non-
commercial purposes, in microform,
paper, electronic and/or any other
formats.

The author retains copyright
ownership and moral rights in
this thesis. Neither the thesis
nor substantial extracts from it
may be printed or otherwise
reproduced without the author's
permission.

L'auteur conserve la propriété du droit d'auteur
et des droits moraux qui protége cette these.
Ni la thése ni des extraits substantiels de
celle-ci ne doivent étre imprimés ou autrement
reproduits sans son autorisation.

In compliance with the Canadian Conformément a la loi canadienne

Privacy Act some supporting
forms may have been removed
from this thesis.

While these forms may be included
in the document page count,

their removal does not represent
any loss of content from the

thesis.

Canada

sur la protection de la vie privée,
quelques formulaires secondaires
ont été enlevés de cette thése.

Bien que ces formulaires
aient inclus dans la pagination,
il n'y aura aucun contenu manquant.



Yonghong Wan : Animal Science

M.Sc. Thesis

ABSTRACT

The rapid growth of Canadian pork industry has been challenged by its negative
impact on the environment. To find an economical and promising solution to the
environmental problems, 4% zeolite (90%+ clinoptilolite) were supplemeﬁted to a
regular (100% crude protein (CP) and energy) or low CP and energy (90% CP and 90%
energy or 90% CP and 85% energy) grower pig diets. Twenty male and twenty-four
female grower pigs were used in two feeding experiments respectively, followed by a
metabolic test with three batches of animals repeated to determine the metabolic effects
of zeolite supplementation. Pig performance (body weight gain, daily feed intake and
feed conversion ratio), and metabolic parameters (manure mass, feed intake, protein
and energy conversion, as well as dry feed and organic matter retention) were evaluated.
Zeolite supplementation at 4% to a regular diet for grower pigs had a positive but not
significant (P> 0.05) effect on all pig performance and metabolic parameters, compared
to the regular diet without zeolite. Among 4 rétions, pigs on a regular diet with 4%
zeolite performed consistently best throughout the entire trail, with decreased average
daily consumption and reduced amount of feces, increased feed and organic matter
retentioh in the gastrointestinal tract, improved feed as well as protein and energy
conversion, and enhanced body weight géin. Moreover, zcolite supplementation at 4%,
with 90% CP and 90% energy in grower pig diets, improved feed and pfotein and
energy conversion rate, and increased body weight.gain, when compared to those of
pigs fed a regular diet without zeolite. However, a diet of 90% of CP and 85% of energy
with 4% zeolite significantly (P < 0.05) increased feed consumption and the amount of
feces produced, and decreased feed and organic matter retention in the gastrointestinal
tract, thus reducing feed conversion rate. Therefore, 4% zeolite supplementation to the
regular or low CP and energy (90% CP and 90% eﬁergy) grower pig diets could be a
promising solution to the environmental problem challenging pork industry.

Key Words: Clinoptilolite, Pig, Pig Performance, Metabolic Parameter
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RESUME

Douze porcs males et -vingt quatre porcs femelles furent utilisés pour effectuer des
essais en cages métaboliques. Ces essafs furent réalisés en deux phasés et en trois
groupes, pour déterminer I’effet de I’inclusion dans la moulée de 4% de zéolite (90%+
de clinoptilolite). Quatre moulées furent utilisées : une témoin, sans zéolite (ration 1);
une contenant le méme niveau d’énergie et de protéine, mais avec 4% de zéolite (ration
2); une contenant 90% de la protéine et 90% de 1’énergie et avec 4% de zéolite (ration 3);
la derniére avec 90% de la protéine et 85% de I’énergie et 4% de zéolite (ration 4). On
observait les parametres suivants de performance des porcs pendant les essais : gain de
poids, consommation de moulée, et conversion alimentaires. On comparait aussi la
production de fumier, le taux de conversion de protéine et d’énergie, et la rétention

d’aliments et de matié¢re organique.

Sauf pour la ration 4, ’ajout de 4% de zéolite a la diéte des porcs avait un effet
positif mais non significatif (P <0.05) sur la performance alimentaire des porcs,
comparativement a la diéte sans zéolite. Pendant les trois essais, la ration avec zéolite
améliorait de facon non significative, les résultats . en diminuant le taux de
consommation de moulée et de production de féces, et en améliorant la rétention
d’aliments et la conservions de moulée ainsi que de protéine et d’énergie. De plus, la
ration 3 améliorait le taux de conversion de la moulée, de la protéine et de 1’énergie,
comparativement a la ration témoin. Par contre, la ration 4 augmentait significativement
(P <0.05) le taux de consommation de moulée et de production de fumier et diminuait
significativement (P <0.05) le taux de .rétention de des aliments et de la matiére

organique et le taux de conversion alimentaire.
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CHAPTER I

Introduction

1.1 General Introduction
The pork industry is one of the world’s most important agri-food industries. Pork

meat is the commodity most consumed in regions which have been experiencing rapid
economic growth, including Asia and Latin Americén. Pork is also the preferred meat
throughout most of Europe and North America. In Canada, the livestock industry
annual grosses are more than $15 billion (Barrington, 2001). Amongst livestock
industries, pig production is the third mdst important agricultural sector in Canada. It
provides more than $3 billion of economic activity annually. This industry has grown
rapidly over the last few years. The annual number of pigs in the market has
dramatically increased since 1995, from 17 million hogs marketed in Canada in 1995 to
more than 30 million heads in 2003. At present, there are more than 15,470 pork
producers in Canada. Quebec, Ontario énd Manitoba are major pork producers and
77.7% of all pigs marketed in 2003 came from these provinces (Statistics Canada, 2003).

Prior to 2002, Quebec was the largest pig producing province.

Although several factors such as high feed grain prices, poor margins and reduced
domestic consumption negatively affect the dorhestic pig market in Canada, the pork
industry is still the most promising among all agricultural sectors. Several provinces
have taken measures to expand their pig production in the past few years and have made
great progress. From 1995 to 2003, pig production has increased by 47.8 % in Quebec,
81.5 % in Ontario, 162.3 % in Manitoba, 73 % in Saskatchewan and 71.5 % overall in
Canada (Statistics Canada, 2003). This expansioh is partially due to increasing

international pork consumption demands.



Canadian pork is recognized internationally for its high quality, thereby allowing
Canada to export 30% of its annual pork production to more than 55 different countries,
with the greatest demand coming from the United States and Asia (Statistics Canada,
1996; Statistics Canada, 1997). The total amount of exported pork increased
dramatically from 350 million kg in 1995 to 923 million kg in 2003, which represents
an increase from $997 million (Canadian) in 1995 to $2.3 billion (Canadian) in 2003
(Statistics Canada, 2003). Furthermore, Canada exports live pigs to other countries,
with the US being the main importer, due to high quality genetics. Canadian pork
producers also directly supply weanling pigs to their US counterparts. The total export
of live pigs has been steadily increasing since 1994, from 0.9 million live pig heads in
1994 to more than 5 million in 2002. This represents an increase from $100 million
(Canadian) in 1994 to $487 million (Canadian) in 2002 (Statistics Canada, 2003).
Moreover, soﬁae Canadian operations have joint ventures in the US for feeding pigs
with further arrangeménts with US packers. In 2004, Canada was the second largest

pork exporter in the world.

1.2 Impact of Pork Industry
The rapid growth of the pork industry has brought a special challenge to pork

producers. Because of the impact of the pork industry on the environment, rural and
urban communities have opposed its development. The complaints pertain to serious air,
water and soil environmental pollution caused by the pig production despite the

public’s- liking for a variety of delicious pork products.

1.2.1 Present Situation of Pig Farms

In North America, the structure of the livestock industry has changed over the past
thirty years. The number of cattle and sheep has dropped by 17% while the number of
pigs and chickens has increased by 7.5% and 34%, respectively (Barrington, 2001).
Meanwhile, livestock producers have been gradually focusing on improving production
levels and expanding the size of their enterprise. The consequence is that net production

has greatly increased, especial‘ly for milk and eggs (20 and 30%, respectively). This

2



indicates that the yield per animal has increased significantly. Unfortunately, the
quantity of manure produced has increased exponentially due to increased use of higher
feed nutrient content and the low digestive capability of most livestock (Barrington,
2001). Furthermore,' intensive livestock operations have created regions of concentrated

animal wastes, imposing more stress on the local environment.

The structure of the Canadian pork industry has been changing toward fewer
numbers of production farms with a concomitant increase in herd size per farm. The
number of pig farms has decreased greatly since 1976. The reported number of pig
farms in Canada was 63 602 in 1976, 36 472 in 1986, 29 592 in 1991, 21 105 in 1996
and 15 472 in 2001 (Statistics Canada, 2001). Accordingly, the total number of
Canadian pig farms decreased by 26.7 % between 1996 and 2001. However, the number
of pigs in Canada increased by 26.4 % within the same period, from 11.04 million in
1996 to 13.96 million in 2001. As a consequence, the average number of pigs per farm
unit has increased tremendously (993.4 % from 1976 to 2001), from an average of 91
pigs per farm in 1976 to 995 pigs per farm in 2001 (Statistics Canada, 2001).
Furthermore, this trend is expected to continue as the proportion of large pig operations

in Canada increase while smaller operations disappear.

Ontario, Quebec and Manitoba are the three major pig producing provinces,
accounting for more than 75 % of pig production in Canada. Similar changes in pig
production have happened in these three provinces over the past years. The number of
pig farms has greatly decreased between 1976 and 2001 with a decline of 79.9 % in
Ontario, 73.2 % in Quebec and 79.4 % in Manitoba. Meanwhile, the number of pigs
sent to the market has increased, between 1991 and 2003, by 96.7% in Ontario, 64.3 %
in Quebec, 239.6 % in Manitoba (Statistics Canada, 2003). As a result, the average
number of pigs per farm unit has significantly increased by 703% in Ontario, 780% in
Quebec and 1449% in Manitoba from 1976 to 2003. The average number of pigs per

farm unit reached its highest level in 2001, with 827 pigs per farm in Ontario, 1567 in

3



Quebec and 1555 in Manitoba (Statistics Canada, 2001).

Despite the increase in animal production, the éverage livestock (Animal Unit =
AU) density is not particularly high in Canada due to the large land area. Counted
among the countries with the‘highest livestock densities are China, Denmark, The
Netherlands, and Japan (Barrington, 2001). In these countries, average livestock
densities exceed 1 AU per ha, whereas the total average density in Canadé is 0.19
AU/ha. Nevertheless, the average livestock density exceed or come close to exceeding
1 AU/ha in some Canadian regions, such as in the Southern Ontario, and in the
Lanaudiére (North East of Montréal), 1’Estrie (Eastern Townships) and the
Chaudiére-Appalaches (South of Québec. City) fegions of Québec (Barrington, 2001).
Actually, expansion of the pork industry in Ontario and Québec has been limited by the
availability of land for the spreading of manure. It is, therefore, reasonable to expect
that, in the future, most of the growth in the Canadian pork industry will occur in

Western Canada.

Most modern pig dpération generates huge quantities of manuré due to
intensification of the industry over the past years, in the world as well as in Canada.
Land spreading is still the most practical method of disposing of manures. Pig manure is
recognized as a valuable source of crop nutrients. Recently, it has also been recognized
as a significant source of alternative fuel such és methane. The proper use of manure
nutrients is an integral part of a sustainable pork operation. The exact amount of land
required for a pig production unit to fully utilizé the nutrients can be calculated based, in
a large part, on the crop to be grown and its nutrient needs as well as what the pigs are
fed and the amount and composition of the manure produced. Basically, a sustainable
pig farm requires about 0.25ha/sow for a farrow-to-finish unit. However, this changes
with the type of farm. For instahce, a farm will require about 1.1ha/sow if it raises only
pregnant sows, lactating soWs, nursing piglets, and nursery pigs. For a grower pig
operation, finishing pigs require, on average, 0.025ha/pig, since finishing pigs produce

4



more manure than other stages of production (John and Wilson, 2003).

Most importantly, manure should be applied to crop field based on the nutrient
requirements of crops. Manure management has not followed changes occurring in the
development of pig farms. The problem arising is that the average number of pigs per
farm unit has rapidly increased in Canada, especially in Ontario, Quebec and Manitoba,
and has resulted in heavier applications of pig manure on limited land acreage.
Accordingly, environrﬁent’al problems ensued. The potential for pig-related pollutioh

can be classified into two categories: contamination of soil and water or air pollution.

1.2.2 Soil and Water Pollution

Throughout the world, the general public. is conqefned with the environmental
pollution caused by the pork industry. Soil and water pollution result from feedlot

run-off, poor manure storage and heavy land applicaitons.

Basically, pig manure contains nutrients which are mainly composed of nitrogen
(N), phosphorus (P) and potassium (K). In Canada, livestock manure represents some
1 080, 675 and 1 120 million tons of N, P and K, respectively. Although some N is lost
through handling, all the P and K remain (Garcia Moreno, 1993). The N:P:K ratio in pig
manure is about 10:9:8. Different crops have a varied ability to absorb these nutrients.
For example, corn needs a ratio of 10:4:10 (John and Wilsdn, 2003). When a producer
applies the appropriate amount of pig manure to the cropland, usually, P will
accumulate on the cropland because the plants utilize N and K at higher rates than they
do P. Since P is considered the limiting factor in applying livestock manure to land for
years, P over-fertilization has occurred followed By soil P saturation and surface water
loading through soil erosion and some leaching. Simard et al. (1995) found that, several
times annually, the P levels in many large rivers of Québec exceed the surface water
limit of 0.03 mg/1 for potential eutrophication. When a producer applies much more pig

manure than that required by plants on a limited tilled land area, accumulation of
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excessive amounts of nutrients including N, P and K in this specific area of land will

happen.

Over fertilization of N has both a short and long-term effect on land. On a
short-term basis, excessive N is rapidly washed into rivers due to its high solubility. On
a long-term basis, soluble N can reach and contaminate underground waters or be lost
via denitrification (N;O). The latter situation has unfortunately happened in some
regions in Canada. High livestock densities in some regions such as Ontario, Quebec,
Manitoba, Alberta and British Columbia, have led to excess amounts of manure
nutrients over a limited arable land. These manure surpluses have been confirmed in the
B.C. Fraser Valley, the Lethbridge region in Alberta, Southern Ontario and the Québec

regions of St Hyacinthe, L'Assomption and Beauce (Barrington, 2001).

In fact, Quebec has the highest pig density per tilled surface in Canada: the average
number of pigs per farm unit was 1 567 heads in 2001, while the density was 200 pigs,
versus 33 pigs elsewhere in Canada, per 100ha of cultivated land fertilized with manure
in 1997 (Statistics Canada, 1997). In comparison, Saskatchewan produced about 1.1
million finishing pigs on an arable land base of 26.7 million ha, with the density of 4.2
pigs per 100ha of cultivated land. Nonetheless, Quebec’s situation is far less severe than
that of the Netherlands where there were 375 pigs per 100ha of rural land or than that bf
Denmark where almost 20 million pigs were produced on an arable land base of 2.5
million ha (Meyer, 1997; Carlton Trail Regional Hog Information, 2005). As a result of
high pig density, pork producers in some regions of Quebec do not have enough land to
apply the pig manure while staying within the range of the plant’s nutrient requirements.
In 1996, the Quebec Ministry of the Environment and Wildlife conducted a study to
check the capacity of agricultural land for receiving animal wastes (organic fertilizer)
from Quebec farms. Quebec’s nine largest river basins including Chaudiere, Yamaska,
L’ Assomption, Etchemin, Richelieu, Saint-Francois, Nicolet, Bayonne, and Boyer were

chosen due to their dense animal population. Furthermore, the agricultural lands in
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these basins were known to be over-fertilized in terms of P and N. This study reported
that manure applications over-fertilized P in the agricultural land of such basins by a
factor of 183%, except for that of Richelieu. In terms of N, 196% over fertilization
occurred in 4 (Chaudiere, Etchemin, Bayonne and Boyer) of the 9 basins. The
producers were found to apply manure to only 29% of the cultivated land. In addition,
farmers in these basins continue to apply a lot df mineral fertilizer, besides the manure,
thus resulting in over fertilization of P and N by 167% and 133%, respectively

(Ministere de I’Environnement et de la Faune du Quebec, 1996).

Heavy land applications of manure can lead to serious river and underground water
contamination. In Canada, it was estimated that 25 to 30% of the population depends on
underground water for drinking water supply. Water pollution éan kill fish and other
wildlife and can pollute drinking water to the point where it is not safe for drinking or
other uses (John and Wilson, 2003). Betcher et al. (1996) performed a study on 1300
domestic wells in rural regions of Ontario. One ér more water contaminants were found
in approximately 40% of thelwells, and the concentration of the contaminant exceeded
the acceptable limit for drinking water. More interestingly, a correlation was found
between the occurrence of bacteria in wells, specifically fecal coliforms, and the

proximity to a farm where manure was routinely applied.

1.2.3 Air Pollution and Manure Odor

The trend toward high-density confinements for pigs has increased tremendously in
recent years. Such practice has created concentrated sources of odor emissions and air

pollution. An increased frequency of odor-related complaints has been noted in areas

where pig production facilities are more intense. Pig manure releases more than 100
odorous compounds presénting a risk for air contamination. These substances are
divided into two groups: malodorous substances and toxic substances (Canadian Pig
Council, 1996). Toxic substances such as methane and hydrogen sulphide, which are

emitted during manure fermentation, are dangerous for humans and animals especially
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inside pig buildings or beside manure pits: They have beeﬁ known to have irritating and
sometimes asphyxiating effects causing many deaths (Schulte, 1997). Although these
substances are found in relatively high concentrations at certain sites on a pig operation,
such as around storage facilities, they are diluted in the atmosphere and do not cause a

direct health problem for nearby populations.

Odors produced result from the digestive process of microorganisms in pig manure
(Zhu, 2000). Generally, fresh manuré»releases a limited amount of odors. However, the
microbial activity that developes within the first 12h of storage of pig manure creates
significant amounts of odorous gases. The gases and odours in the building are
transferred by the ventilation system into the atmpsphere and cause pollution. Several
of the 300 or so gases emitted by manure are detectable at concentrations of one part per

billion (Barrington, 2001).

It is known that odors can impact the well-being of workers and animals
(Schiffman, 1998). High levels of odorous compounds have been reported to reduce
growth' performance and increase susceptibility to disease in confinement housing
(Roderick et al., 1998). Furthermore, odor can elicit a wide range of physiological
responses that range from irritation of the eyes, nose, and throat, to nausea, headache,
vomiting, and even disturbancé, annoyance, and depression (Roderick et al., 1998).
Importantly, pig manure-related odours can induce a psychological response and
sensory effects in human beings (Schiffman, 1998).' Actually, the psychological
response and sensory effects of human beings regarding manure odor depend on several
factors such as human emotion and memory, sociological aspects and the economic
dependence of the human on pig production. Perceptions of odors by neighbors and
government regulation of odor emissions can have serious economic consequences for
farmers. Odor, like noise, is a nuisance or disturbance and complaints are ﬁormally

handled by provincial or local authorities.



Some of the most important classes of odorous compounds commonly associated
with pig production are volatile fatty acids (VFAs), mercaptans, esters, carbonyls,
aldehydes, alcohols, ammonia, and amines (USDA, 2003). Among ail odorous
compounds, ammonia can create the strongest odor near manure storage or building
sites, not necessarily because it is very easily detected but because it is produced in
large quantities. In fact, ammonia produced by the pork industry represents a large
proportion of total ammonia emissions. Kay and Lee (1997) reported that the UK.’s
agricultural sector produces around 198 x 10° kg of NH;.per year, in which 23 x 10° kg
come from the pork industry. In Canada, NH; emissions from agriculture amount to 468
Gg (thousand tonnes) of N per year, about 90% of total NH3 emissions. Of this, 76 Gg
(thousand tonnes) comes from pork industry (Janzen et al., 2003). The ammonia
produced stays in the air for a short period of time and then falls to the ground or is
transformed into other pollutants such as ammonium nitrafe and ammonium sulfate.
Excessive ammonia emissions cause acid rain thereby disturbing different ecosystems,
damaging forests, acidifying fragile ecosystems and increasing the risk of river and lake
eutrophications (Roderick et al., 1998; Williams and Nigro, 1997). Importantly,
ammonia emissions can also be transformed into ammonium aerosol, which can be

harmful to human health when present in high concentrations.

In the past decades, the dietary supplementation of zeolite has been studied as one
way to attenuate the negative environmental impact of the pork industry while
increasing productivity and performance. Zeolite, as crystalline with large structural
cavities and a mineral collector, has special chemical and physical, aé well as biological
properties. Zeolite can lose and gain water reversibly without changes in crystal
structure, selectively adsorb and exchange extraframework cations, immobilize
microorganisms and improve the ammonia /ammonium ion equilibrium (Mumpton,
1999). Sevéral studies showed a positive effect of zeolite supplementation by
improving the production performance of animals and the digestibility of some feed
nutrients, reducing odor emissions in the manure of treated pigs. It is likely that zeolite
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supplementation to the pig diets could be an economically viable and potentially

promising solution to the environmental problems challenged by the pork industry.

1.3 Objectives

The main objectives of this research program were to study the effects on pig
performance and feed digestion, of adding 4% zeolite (90+% clinoptilolite) to the
ration of growing pigs. Based on results from previous laboratory studies, 4% zeolite
was supplemented to different rations. The rations used in this study were 100% CP &
100% energy without or with 4% zeolite; 90% CP& 90% energy with 4% zeolite, and
90% CP & 85% energy with 4% zeolite.

The research was divided into two phases to measure pig performance and

metabolic parameters.

The first phase consisted of observing the following parameters While the
experimental pigs were raised in growing/finishing pens: |
1.The average daily fe_ed intake (ADFI) of the pigs;
2.The average daily body weight gain (ADG) of the pigs;
3.The feed conversion rate (feed/gain, FCR) of the pigs;

The second phase consisted of monitoring the following parameters while the
experimental pigs were held in indivi-dual metabolism cages:

1.The total feed intake (TFI) of individual experimental pig;

2.The total manure excretion volume includihg feces and urine (TFE, TUE);

3.The total manuré retention (TFR) in the gastrointestinal tract (GIT);

4.The total dry feed retention (DFR) and organic matter retention (OMR) of
feeds;

5.The protein conversion rate (PCR) and energy conversion rate (ECR) of

feeds.
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CHAPTER II

Literature Review

To effectively reduce the environmental impact of pig manure, it is essential to
understand the characteristics and handling methods of pig manure. This chapter will
also review different solutions used by pork producers to decrease the impacts of this

manure on the environment,

2.1 Characteristics of Pig Manure
Upon ingestion of feed, pigs convert these foods into valuable products such as

meat, blood, and body tissues as well as into unavoidable and less desirable waste
products such as manure (Roderick et al., 1998). Manure is a combination of feces,
urine and added products such as water, wasted feed, hair, and bedding (John and
Wilson, 2003). Due to the unbalanced digestibility of certain nutrients in the feed, it is
unavoidable that some nutrients remain in the manure, especially in the feces and uriné.
According to John and Wilson (2003), manure is rich in carbon (C), nitrogen (N),
phosphorus (P) and potassium (K) as well as sulfur (S). The application of manure to
cropland can help to maintain soil organic matter leVels, improve soil tilth and
water-holding characteristics as well as control soil erosion. When the soil is tilled and

fields are sown, a portion of the organic matter is oxidized and lost from the field.

Manure carbon is primarily found in the form of partially digested plant materials

as a nutrient. C is utilized by direct spreading of solids or semi-solids or released into
the air in various froms such as carbon dioxide (COy) or rhethane (CHy4). Meanwhile, N,
at about 0.5 mg/kg of manure, is found in the forms of elemental nitrogen, ammonia,
ammonium and organic nitrogen such as urea and various metabolites of urea (John and

Wilson, 2003). Not all N is available to the crop during the first year of application.
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Ammonia is immediately available to the crop while organic N is slowly released to the
crop and can have a significant impact in the N-supplying power of the soil if allowed to
build up over several years of repeated manure applications. About 25 to 30% of the
organic N is mineralized and available to the crop in the first year and the remainder

becomes available over the next three years, at a decreasing rate.

Phosphorus is an essential element for plant growth and is required to maintain
profitable crop production. With the approximate concentration of 0.4 mg/kg of manure,
P exists in the form of phytate and in the plant-available form of P,Os. Approximately

50% of P in manure is immediately available for crop uptake (Liu et al., 1998).

Potasium, in the manure, exists in the available form of K;O. Usually, the addition
of K to soils through manure applications is of little benefit to crop production because
most soils, except for sandy ones, have naturally high levels of K. In contrast, S levels
are generally low in manure, usually between 0.1 to 0.4 kg/m>. The availability of the S
in manure is variable, so soil tests and fertility strip trials should be performed before

applying additional sulfur fertilizer with manure.

Of the five main elements present in pig manure, the two principal nutrients of
concern are N and P (Tamminga, 1996). Nitrogen is of concern because of its impact
both on the inside and outside barn environment. Pig production has been recognized as
a major source of ammonia emission, which is a noxious gas for humans and animals
and contributes to bad odor and acidification of the environment. The main component
of ammonia emission originates from urea in urine. Fecal N is less volatile than urinary
N, because fecal N is chemically bound within proteins or other compounds (NRC 1998;
Ruurd et al., 2001). Over-supplementation of diets with ﬁutrients to ensure maximum
pig performance results in excessive amounts of nutrients excreted in feces and urine.
Phosphorus is also excreted in urine and feces, and could have a major impact on the

environment and the economy if not managed properly (Cromwell et al., 1993).
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It is a common knowledge that pig feces, urine, and respiration and fermentation
gases are excreted in solid, liquid, and gaseous forms, respectively. After excretion,
manure can be handled as liquid slurry, a semi-solid, or a dry form. When the manure
contains 15% solids or less, it has characteristics of a liquid, whereas, it may have
characteristics of a solid when it contains more than 20% solids. The concentration of
nutrients in the manure varies, depending on the form of manure and the method of
storage and handling. For example, in liquid pits, N and P are present at approximately
4.23 g/L and 3.22 g/L, respectively, but in lagoons their concentration is only about 0.48
g/L and 0.29 g/L, respectively (John and Wilson, 2003). On the other hand, it is found
that dry manure poses a lower risk of environmental pollution than liquid manure, since
dry manure, when truly dry, has less of an odor than liciuid manure and is less likely to
flow toward a waterway than liquid manure. Therefore, ih the United States, pig farms
are not alioWed to discharge waste into waterways such as stream, lakes, or
underground aquifers. Unfortunately, due to economic reasons, most pig manure is
collected as slurry in channels beneath perfofated floors. Along with increasing
livestock density and its concomitant increase in manure production, manure is usually
diluted to a Water content exceeding 92% in order to facilitate its management. Typical
pig manure water levels, outside of the barn are 93 %, whereas when handled as a solid,
water content of this manure would be around 80% (Barrington, 2001). In addition,
when stored over the winter in an open outdoor pit, manure water content increases to

95 %.

2.2 Soil and Water Impact

2.2.1 Soil Pollution by Pig Manure

Pollution of soil and land occurs when large volumes of pig slurry are applied to the
land in excess of the fertilizer needs of the crop. Overapplication of manure to soil can
result in the buildup of plant nutrients, phosphate and potash, as well as of toxic metals

such as copper and zinc (Jongbloed and Lenis, 1998; Nielsen, 1987; Roderick et al.,
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1998). The build up of phosphate and potash over time in the soils of some.pig farms
has been confirmed by soil analyses. In addition, prolonged overapplication of manure
increases the risk of nitrate leaching, leading to an imbalance in soil chemistry and less
biodiversity, thus resulting in reduced crop yields. Furthermore, when manures and
slurries were heavily applied to land base, heaVy metals accumulated in the top layer,
raising potential risk for human and animal health (e.'g., copper intoxication of sheep)

and soil life (earthworms, microbiology) (Jongbloed and Lenis, 1998).

2.2.2 Water Pollution by Pig Manure
Water pollution by pig waste was thought to be responsible for 9% of the total

water pollution incidents attributable to agriculture (Nielsen, 198’7). Usually, slurry
storage is the most common source of pollutants entering waterwarp due to poor storage
management, such as overfilling stores and failing to turn off pumps in time when
filling slurry spreaders. Runoff from yards and washing water are the next most
important causes of water pollution, probably because 6f carelessness and failure to
separate clean rainwater from roofs and open areas from contaminated concrete areas.
The major concern for ground or surface water pollution, originating from land
application of excessive quantities of nutrients, has focused on N and P levels. Nitrate
leaching is considered a major N pollution concern on livestock farms. Ammonia
toxicity to fish and altered effectiveness of chlorination are additional concerns related
to N pollution (Roderick et al., 1998). According to Canadian Water Quality Guideline
(CWQG), the interim to protect freshwater life and marine life is 13 and 16 milligrams

of nitrate per litre of water respectively (Environment Canada, 2005).

Phosphorus entering surface waters from runoff of pig manure left on the soil
surface can cause and promote the process of water eutrophication (Smith et al., 2004;
Tabbara, 2003). Advanced or accelerated eutrophication of surface water leads to
problems for fisheries, recreation, industry, and even drinking, because P can stimulate
the growth of undesirable algae and aquatic plants and even promote their blooms.

Their subsequent senescence and decomposition result in an increased oxygen demand
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that interferes with the welfare of fish and wildlife (Daniel et al., 1998; Roderick et al.,

1998). These impairments can have serious effects on local or regional economics.

2.3 Characteristics of Pig Manure Odor

2.3.1 Odorous Compounds in Pig Manure

Understanding the odorous compounds and their sources in pig manure is
necessary for putting into place effective control measures in pig production. A
considerable amount of research has been conducted to determine odorous compounds
in pig manure (O’Neill and Phillips, 1992a; Roderick et al., 1998). In general, odorous
. compounds are produced and accumulated during collection, handling, storage, and
spreading of pig manure. The main source is anaerobic protein and carbohydrate
degradation. Microbial activities are normally considered to be responsible for malodor
generation from stored pig manure slurry (Zhu, 2000). In all, 168 chemical compounds
have been identified in pig odors (O’Neill and Phillips, 1992b). Over 30 of these
compounds have an odor detection threshold at a concentration under or equal to 0.001
mg/m3. These compounds can be classified into four different chemical classes: VFAs,
indoles and phenols, volatile sulfur—containing compounds and ammonia and volatile

amines.

Volatile fatty acids, produced from deamination of amino acids, mainly consist of
acetic, propionic, butyric, iso-butyric, valeric, iso-valeric, caproic, and capric acids. The
pH in the intestinal tract of pigs is normally maintained between pH 6-7, which is
suitable for deamination of amino acids resulting in production of VFAs, CO,, Hj, as
well as ammonia (Zhu, 2000). Furthermore, anaerobic microbial fermentation
contributes substantially to VFA produﬁtion. The fermentation gases (CO; and CHy), in
particular, come from structural carbohydrates in the feed. Methane is odorless, but it
significantly contributes to the greenhouse effect due to the large quantities produced.
In the United States, it is estimated that CH4 emissions from animal waste (50 % from

pig) are responsible for 15% of total CH, production from human activities (Roderick et
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al,, 1998).

Phenolic compounds are mainly produced from microbial degradation of tyrosine
and phenylalanine. When dietary protein concentration is increésed, a higher level of
amino acid fermentation occurs in the colon as indicated by urinary phenol excretion
and fecal ammonia concentrations. But when increasing the amount of fermentable

carbohydrate in the diet, this effect was largely reduced.

Sulfur-containing compounds are produced from reduction of sulfate and
metabolism of sulfur-containing amino acids. Odorous compounds with the lowest

detection threshold generally contain sulfur (O’Neill and Phillips, 1992b).

Ammonia volatilization is the main source of air polluﬁon eminating from pig
manure storages and is closely related to odor. Ammonia, a very pungent and irritating
gas, is emitted in large quantities and most likely results from the decarboxylation of
amino acids during the storage of fresh manure and from urea and nitrates as well as
amino acid deamination (Zhu, 2000). Ammonia' can also be incorporated into
polyamines, such as putresine and cadaverine, which are major components of the odor.
Generally, ammonia emissions start right after the manure is excreted and continue after

it is spread on land.

2.3.2 Factors Affecting Manure Odor

The extent of manure odor depends on the handling systems employed during
collection, storage and spreading (Miner, 1999; Zhu et al., 1997a). For example, it is
usually believed that manure odor is strongest with liquid handling. Liquid manure
systems can be anaerobic or aerobic. According to John and Wilson (2003), when a
manﬁrc pond is deeper than 0.6 m, especially deeper than 1.22 m, the lower portion of
the pond will be anaerobic. It is known that anaerobic and aerobic ponds have a

different odor. Basically, an aerobic pond has a more constant yet less intense odor
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year-round. In contrast, anaerobic ponds may have little odor at some times, and very

strong odor at other times, i.e., as seasons change.

Extended storage time has very important effects on pig manure odor production.
After excretion, solid and liquid animal waste is subjected to microbial conversions
(mainly anaerobic), which start within 24 hours and convert organic substrates into
microbial biomasses and soluble and gaseous end points (Roderick et al., 1998;
Schiffman, 1998). O’Neill and Phillips (1991) reportéd that the concentration of
malodorous compounds greatly increased upon anaerobic storage ovér a 24 hour period.
Phenol levels increased by 140%, while indoles and total sulphides increased by 160%
and 1350%, respectively. Interestingly, it was found that odor emission inside the
building was reduced by 50% when slurry was removed, in comparison with that of the

room with the slurry stored under slotted floor (Guingand et al., 1997).

Production of manure odor is obviously affected by the content of the feeds, such as
the particle size of the diet, dietary suppleméntal enzymes, dietary protein and
fermentable fibre, and dietary phosphorus content (Adeola et al., 1995; Jongbloed and
Leﬁis, 1992; Ruurd et al., 2001; Sutton €t al., 1999). Some of related research papers

will be discussed in the following section of control measures.

Furthermore, production of manure odor from slurries is affected by environmental
conditions, i.e., temperature, oxygen content, humidity, and air exchange rates and by

pH, buffering capacity, and dry matter content of the slurry (Sutton et al., 1999).

2.4 Control of Environmental Impact of Pork Industry

2.4.1 Control of Soil and Water Pollution

Improved feeding strategies or nutritional management can reduce soil and water
pollution from pig wastes. In order to control soil and water pollution, N, P and K

concentrations in pig manure have to be controlled and maintained within the range of
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crops’ requirements. The most effective approach is to reduce the total amount of
manure and/or to decrease its nutrient content. Dietary manipulation has been shown to
be an effective method of achieving these goals. These manipulations include the
formulation of diets on an ideal >protein basis, reduction of crude protein (CP) content of
diets, increasing the digestibility of the feedstuffs, and supplementation with feed

additives, etc (Kornegay and Verstegen, 2001; Lee and Kay, 1997).

Amino acid (AA) supplementation of low-CP diets decreases N excretion from
3.2% to 62%, depending on the size of the pig, level of dietary CP reduction, and initial
CP level in the control diet (Kerr et al., 1995). Carter et al. (1996) and Sutton et al. (1996)
reported that a reduction of 3% (from 13 to 10%) units in CP and a supplemeﬁtation of
the corn-soybean meal growing-finishing diets with AAs decreased total N excretion by
approximately 28 to 36% in fr_eshly excreted manure. When Sutton et al. (1997) fed
growing-finishing pigs a corn-soybean diet with 10% CP-supplemented with synthetic
cssehtial AAs and 5% cellulose, the excretion of N in urine, along with the total N and
ammonia in fresh manure (urine and feces) were reduced by 49 % and 33 %,
respectively. Meanwhile, dry matter content of the manure was increased by 50%
compared to a 13% CP control diet. vAmmonium and total N concentrations in stored
manure were reduced by 73 and 35%, respectively. Hobbs et al. (1996) showed that
reducing the CP from 21 to 14% in growing dieté and from 19 to 13 % in finishing diets,
alongside synthetic AAs sﬁpplementation, reduced N excretion by 40 % and reduced
concentrations of the majority of odorants in the slurry. In addition, the volume of slurry
and N content was reduced by 28 % and 40 %, respectively, when feeding a low CP
(16.5 %) diet supplemented with synthetic essential AAs instead of feeding a regular
commercial 22.5 % CP diet (Kay and Lee, 19§7). All these studies demonstrate that
synthetic AA supplements reduce manure N levels. However, supplementation of fiber
sources in pig diets may decrease growth performance, and the feeding of a reduced-CP,
AA-subplemented diet has been shown, in some cases, to be detrimental to growth

performance and carcass traits (Kerr et al., 1995; Tuitoek et al.,, 1997). Moreover, the
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cost of these synthetic AAs makes this option less attractive.

Increasing the digestibility of the feedstuff can also decrease the amount of
nutrients excreted in manure. According to Jongbloed and Lenis (1992), the P in cereal
grains has a low digestibility of 20 % to 40 %, indicating that 40 to 60% of the P is
undigested and excreted in the feces. In contrast, organic P in meat and bone meal and
inorganic P in monocalcium phosphate and dicalciurﬁ phosphate have a comparatively
higher digestibility of 70 to 80%. Furthermore, supplementation with enzymes such as
cellulase and phytase in the feed are confirmed to be effective methods for increasing
the digestibility of the feedstuffs. Valencia (1996) fed pigletsi with a phytase-
supplemented diet for 4 weeks and found that supplemental microbial phytase in a low
P corn-soybean meal diet released some minerals from the phytic acid complex,
improving animal performance, reducing need for inorganic P supplementation, aﬁd
reducing P excretion in the feces. Jongbloed et al. (1991) reported that in a
corn-soybean-wheat pig diet, phytase increased the P digestibility by 36%. Furthermore,
it was reported that phytase can not only reduce P content in manure by 5%, but it can
also decrease N content by 5 % in the manure. In this study, cellﬁlase addition was

showed to reduce N and P by 5 and 25-30 % respectively (Williams and Kelly, 1994).

As mineral supplementation, zeolite has been found to increase feed efficiency,
reduce ammonia volatilization and control odors (Mumpton, 1999). The applications of

zeolite in animal industry will be discussed in detail in the next section.

2.4.2 Control of Odor Pollution

Controlling ammonia emissions and odors from pig manure can be achieved in
different ways: by manipulating the pig’s diet, controlling the building environment,
applying different manure treatments, improving thé design of manure storage tanks
and finally, using less odorous spreading methods (Airoldi et al., 1993; Barrington,

1996; Burnett and Dundero, 1970). Different measures should be taken depending on

19



the characteristics of manure at the different stages of manure production and handling.

2.4.2.1 Control of Odor from Housing

Manure odor is released into the atmosphere by the ventilation system. In order to
control potential manure odor, three factors including the ventilation system, floor

design, and dust control have to be considered.

Generally, the major carriers of odors in the pig building are gases from manure,
dust, and water vapor. A well designed and managed ventilation system should be
adequate to prevent the buildup of all three carriers, as well as decrease the total bacteria.
For example, the application of sidewall ventilation is thought to be able to move large
volumes of air, dilute the concentration of particles inside the building as well as in the
air exhausted from the building (Pig Odor Task Force, 1995). Although, the application
of ventilation systems has been very effective in controlling the impact of pig manure
odors, these effects are mainly limited to the inside of the building for the pigs and

workers.

In order to control the environmental impact of manure odor, it is essential that the
air exhausted from the pig building is clean and odorless. In pig production, several
methods, such as a biofilter, a bioscrubber, a thermal incinerator, a catalytique
incineration, an absorption system and diffusion chimneys have been developed. For
the bioﬁlter (Young et al., 1997) and bioscrubber (Dong et al., 1997; Siemers and Van
den Weghe, 1997), when the odorous ai; from pig buildings passes through a filter, the
inside biological materials could breakdown volatile compounds into carbon dioxide,
water, mineral salts and other harmless products. Thus, 90% or more of the volatile
organic compounds can be removed; In addition, they create no secondary pollution,
and are efficient in treating low concentrations of odorants (less than 20 ppm) (Pig Odor
Task Force, 1995). However, the use of biofilters and bioscrubbers are not practical in

pig production since they increase production costs.
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Floor design can have a large impact on odors generated from a piggery. In general,
solid concrete floors with scrapers or small flush gutters are easy to increase the
production of odor compared to wet floors. In contrast, We‘_c, manure covered surfaces
emit more ammonia and other odorous compounds than slotted ﬂbors. Amongst all
types of slotted floors, a pit ventilation system is best for maximally controling dust and
air contaminants, since “pit ventilation” ensures that fresh air is available at the animal

level, and keeps the slats dry (Choiniere et al., 1997; Lavoie et al., 1997).

Dust is generated from feed, manure, and the animals themselves. It can carry gases
and adsorb odors from within the building (Carpenter, 1986). High dust concentrations
can also be a health risk for workers in pig facilities as well as the pigs (Hoff et al,,
1997). Reynolds et al. (1996) reported respiratory problems among pig workers after
they were exposed to ammonia and total dust levels of 7.5 ppm and 2.5 mg/m’. Lau et al.
(1996) observed that the pig’s body weight increased 0.04 kg/day while the incidence of
lung score decreased 35 to 40 % and snout score reduced 25 to 40 %, when the level of
dust was reduced by 20 to 52% with an electrostatic precipitator filter. Furthermore,
because dust can carry pathogenic microorganisms (Carpenter, 1986), it is a very
important medium for transmission of some diseases when it enters air currents.
Therefore, by controlling dust in the buildings, the quality and amount of odor carried
outside by the ventilation systems could be greatly reduced. Meanwhile, the
concentrations of some malodorous gases, i.e. ammonia and hydrogen sulphide, inside

pig facilities could also be decreased.

The first principle for controling dust inside the p.ig facility is to clean interior
building surfaces regularly. The “all-in, all-out” style of management is a commonly
used method for modern commercial pig production facilities to reduce dust levels. An
alternative way to control dust is to use oil in the feed and on the floor, as well as to
spray pigs with oil or water. In a -studyb conducted by Takai et al. (1993), spraying
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rapeseed oil at a concentration of S to 15 ml per pig daily on the floors of a piglet room
reduces respirable dust by 76%. In another study performed by Zhang et al. (1994), the
respirable and inhalable dust was reduced by 75% with a mineral oil on the floor of a
grower finishing unit. Perkins and Feddes (1996) also reported a reduction of dust, by
73%, during a 24 hour period following the weekly application of 24 ml/m> of mineral
oil on the floors of a pig farrowing unit. Addition of oil to dry pig rations can
significantly reduces the amount of dust in a building. When 5% soybean oil was
supplemented to a starter diet, the dust concentration was reduced by 45% (Gore et al.,
1986). When tallow was included into the pig’s ration at a level of 2.5 and 7.5%, aerial
dust was decreased by 21 to 53% (Chiba et al., 1985, 198’7).

2.4.2.2 Manure Treatment during Storage

In order to take appropriate measures to control the envirohmental impact of pig
manure storage, the length of time manure spends in storage must be taken into account
(Nicholson et al., 2002). These measures, which can be applied éither individually or in
combination, include using tank covers, composting, aeration, anaerobic digestion,

aerobic digestion, separation and pit additive applications.

Obviously, manure tank covers can reduce the emission of odor, ammonia and
hydrogen sulfide. The effect depends on the chéracteristics of covering materials
applied. Effective odor control of above-ground concrete and enamelled steel tanks
could be achieved using a variety of cheap covers. For example, more effective control
was obtained by erecting a light wooden/metal framework, which was used to support a

strong plastic sheet (Nielsen, 1987).

Aerobic digestion is a good method for reducing offensive odors (Al-Kanani et al.,
1992; Berg and Hornig, 1997; Burton, 1992). The basic principle of aeration is to
provide, by whatever means, enough dissolved oxygen to aerobic bacteria so that they

can actively decompose the odorous compounds into chemically stable materials, such
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as oxidizing carbohydrates to carbon dioxide and water, thereby reducing both
pathogens and odor (Williams et al., 1984; Williams et al., 1989; Sneath et al., 1992).
Some bacteria initially convert N compounds to ammonium and then to nitrites by
nitrification. Importantly, aerobic treatment of wastes does not produce VFAs and
various other compounds associated with very offensive odors. In a study conducted by
Sneath et al. (1992), odors could be reduced by 70% using a farm scale aerobic digester.
Once the solids are removed, slurries ﬁeated aerobically become more stable and
produce fewer odors when they are subsequently stored and applied to land than treated
before. Sneath et al. (1992) reported that a 1.5% DM slurry could remain stable and
odorless for up to 30 days following a 4-day aerobic treatment. The main disadvantage

of aerobic treatment is that it generally requires power to aerate the materials.

Anaerobic lagoons use anaerobic microorganisms to convert biodegradable organic
materials to odorless gases, such as methane and carbon dioxide, .and nonbiodegradable
solids (Zhu, 2000). In a laboratory scale batch, chemical oxygen demand (COD) of the
manure was reduced by 73% and the manure was relatively odorless when using a

psychrophilic anaerobic digestion (Masse et al., 1997).

Many pit manure additives are available for treating or preventing odors in animal
facilities, manure storage tanks, and lagoons (Zhu et al., 1997a). Most of these products
can be classified into 5 different categories: maskihg agents, counteractants, digestive
deodorants, adsorbents and chemical deodorahts. Masking agents aré mixtures of
aromatic oils used to cover ﬁp an objectionable odor with a more desirable one (Pig
Odor Task Force, 1995). According to the report by Ritter (1989), counteractants are
aromatic oils that cancel or neutralize an odor so that the intensity of the mixture is less
than that of its constituents. Both products are effective in short-term control of wastes
since they are quickly broken down by bacteria in lagoons and tanks. Digestive
deodorants contain bacteria and/or enzymes that eliminate odor and suppress gaseous

pollutants by their biochemical digestive processes, and are effective to break down
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solids, reduce the release of ammonia and conserve N when the added bacteria become
predominance in the manure. Adsorbents such as sphagnum peat moss, limestone and
zeolite have a large surface area to adsorb the odor-causing chemicals before they are
released into the environment. Chemical deodorants have two categories: one being
strong oxidizing agents such as hydrogen peroxide, potassium permanganate, and
ozone which can chemically oxidize odor-causing compounds, and the other being
germicides such as orthodichlorobenzene chlorine, formaldehyde, and
paraformaldehyde which can alter or eliminate bacterial action responsible for odor
production. Each of these groups has its strengths and limitations. But all these

chemicals are corrosive and harmful to the environment.

2.4.2.3 Odor Control during Spreading

The largest number of complaints concerning odor from pig manure by the public
come within the first 24 hrs after spreading and When slurry or solid manure remains on
the surface for several days. In fact, odor is most intense during the first few hours after
spreading and decreases exponentially with timé, with small daily fluctuations. The
complaints generally come from residents living within 900m downwind of the field on
which manure has been spread; however, under unusual weather conditions, the
complaints can come from as far away as 3000m downwind (Nielsen, 1987). In general,
70% of complaints about pig odor come from manure spreading, 10% from the pig
building and the remaining 20% from the storage facility (Pig Odor Task Force, 1995).
Obviously, spreading manure on top of the soil can cause high odors; however, odor can
be reduced if manure slurries or lagoon sludges are injected or incorporated into the soil

immediately after application. Therefore, to reduce odor emissions and ammonia

volatilization, manure should be spread as close as possible to the ground or, even better,
directly incorporated into the soil. In a study conducted by Morken and Sakshaug
(1997), manure could be injected into the soil to a depth of 5 to 10 cm by using a new
direct ground injector which pressurizes manure into a series of 13 mm nozzles placed

directly on the ground. The results showed that ammonia volatilization was reduced by
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up to 90% and all possible sources of run-off were removed. Unfortunately, injection is
not the universal answer, since it will not work either in soil with high water table or in
soil which is very dry, hard or stoney. The choice of system depends on the farm

situation and has to be set against the additional costs and risk of complaints.

Several countries have implemented regulations about the timing of manure-slurry
applications, the locations, methods, and rates of appliéation. The spreading of pig
manure is typically limited to spring and early summer when crops are growing rapidly.
In the Netherlands, manure has to be incorporated into the soil within 24 hours after
spreading by regulations. Most importantly, pig producers must analyze the amounts of
P and N contained in animal wastes and balance them with the estimated needs of the

crop that willl be sown on that particular field (Pig Odor Task Force, 1995).

2.4.2.4 Feed Manipulations

As mentioned above, primary odor-causing conipounds result from excess
degradable proteins and lack of specific fermentable carbohydrates during microbial
fermentation. The concentrations of odorous compounds in the manure vary, depending
on the variety of pigs and the diet fed. As a general rule, N is the key ingredient in
ammonia and many other odorous compounds. When the amount of protein in the diet
is poorly balanced or protein is fed in excess of what can be efficiently utilized, the
animal will excrete the excess in its feces and urine (Baidoo, 1996). The higher the N
content of pig manure the greater its potential odor. If N in the manure is reduced by 100
units, the odor level will be decreased by 75 units (Swine Odor Task Force, 1995).

Therefore, how to manipulate the diet to increase nutrient utilization and reduce

excretion products, and how to enhance microbial metabolism in the GIT to reduce
excrétion of odorous compounds in the manure have become hot topics and urgent
research areas for pig producers and scientists all over the world. There are several
approaches such as adding essential AAs and complex carbohydrates, increasing the

digestibility of proteins, changing feeding style and adding odor absorbers, enzyme and
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microbes.

By substituting synthetic AAs for traditional protein sources, N excretion by pigs
and odor production can be decreased significantly. Hobbs et al. (1996) reported that the
concentrations of a majority of odofants in the slurry were reduced when diets were
supplemented with synthetic AAs and CP was decreased from 21 to 14% in growing
diets and from 19 to 13 % in finishing diets. In an in vitro study, ammonia emissions
from manure was reduced by 79 % and 58 % in diets supplemented with synthetic AAs
and when CP was decreased from 16 t012% in growing diets and from 14 to 10% in
finshing diets, respectively (Turner et al., 1996). On average, synthetic AAs reduce
ammonia emissions by 40% and thus decreasing the odor emissions by 30% (Denis,

1999).

The addition of fermentable carbohydrates in the pig ration could also reduce odor
emission. The principle is to reduce N excretion in urine, as urea, and shift the N
excretion in feces to a form of bacterial protein, resulting in a change in the ratio of N
excretion in urine and feces and thus reducting ammonia volatilization (Sutton et al.,
1999). Complex carbohydrates such as pB-glucans, nonstarch polysaccharides (NSP),
and specific oligosaccharides were reported to influence endogenous N excretion at the
terminal ileum and microbial fermentation in the large colon, resulting in increased
bacterial protein production and altered VFA production (Canh et al., 1997; Sutton et al.,
1999). ‘

Supplementation of some enzymes, i.e., cellulases and phytases, in the feed has
been demonstrated to be effective to reduce the pig manure odor production (Cromwell
et al., 1993). For example, use of proteolytic enzymes in feed processing or as dietary
supplements in the diet has been reported to be able to improve protein digestibility and

subsequently reduce odor emission (Swine Odor Task Force, 1995).
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The change of feeding style affects the emission of some odorous compounds in pig
manure. It was found that odorous compounds including NHj, sulfides, VFA, phenols,
and indoles in pig slurry were modified by liquid feeding (Hobbs et al., 1997). Slurry
from weanling pigs fed a 4:1 or 3:1 water to feed ratio diet contained only 13% and 31%

odorous compounds, respectively, compared to the control dry feed.

Odor absorbents such as calcium bentonite, sagebrush and charcoal could be added
to the pig’s diet to absorb ammonia produced in the GIT of pig (Swine Odor Task Force,
1995). In addition, zeolite has been reported to be a potential odor absorbent to reduce
odor emissions from pig manure. Moreover, several reports have shown that zeolite

could be an effective diet additive to improve pig performance.

2.5 Zeolite
Since the discovery of Zeolite in 1756, it had been considered by geologists to be

fairly large crystals with vugs and cavities and as a mineral collector. In the late 1950s,
the natural zeolite was identified as crystalline, hydrated aluminosilicates containing
positively charged metallic alkali ions and alkaline earth elements (Pecover, 1987). The
crystals are characterized by SiOy tetrahedron where all. four corner oxygen ions are
shared with a central tetrahedral ion of silicon atoms (Si) or aluminum atoms (Al),
single or double rings and a larger symmetrical polyliedra which form an infinite, open,
three-dimensional framework. Because of its structure, zeolite has interconnecting
channels and large voids which are capable of trapping molecules of proper dimensions,
without significant structural deformation (Mumpton and Fishman 1977). With this in

mind, synthetic zeolites are also referred to as molecular sieves.

2.5.1 Characteristics of Zeolite

Because of its large structural cavities and entry channels, zeolite has special
chemical and physical properties, i.e., it can lose and gain water reversibly without
changes in the crystal structure. In addition, because some Si*" in the structure are

replaced by trivalent aluminum atoms (AI**), causing increasing deficiency in positive
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charge, zeolite can selectively adsorb and exchange ¢xtraframework cations. Normally,
the cation-exchange capacity (CEC) éf a zeolite is between 2 to 4 milliequivalentsyg
(meqyg), about twice the CEC of bentonite clay, depending on the amount of Al which
substitutes for Si in the tetrahedral framework (Mumpton é.nd Fishman, 1977). Usually,
naturally occurring zeolite has a relatively small CEC (2.25 meqyg). Since its cation
sélectivity is Cs">Rb">K"> NH,"> Ba®*> Sr*"> Na™> Ca**> Fe**"**> APP*> Mg*"> Li",
one expects a release of Na* or Ca** and uptake of K" and NH," in the GIT (Mumpton ,
1999).

In addition, zeolite minerals have been demonstrated to possess the biological
properties, such as high capacity for immobilization of microorganisms and for
improving the ammonia/ammonium ion equilibrium, that make zeolite capable to

reduce the ammonia and ammonium ions in solution.

There are over 45 different zeolites. Among them, sodium zeolite A (SZA) and
clinoptilolite (CLI) are often used (Céfali etal,, 1995). The characteristics of these two
zeolites are different, depending on the size of the openings between their lattice work.
SZA is produced synthetically with a CEC of 700 meq/100g (Cook et al., 1982). It is
rich in exchangeable Na (12.5%), but has the highest affinity for Ca. Thus, SZA has
generally been used to improve the adsorption of Ca and to exchange ions in order to
reduce the toxicity of excess salts, as can be found inipoultry feed (Fethiere et al., 1994;
Rolland et al., 1985) and in dairy cow diets (Enemark et al., 2003a,b; Thilsing-Hansen
et al., 2002a, b; Jorgensen et .al., 2001). For example, in chicks, SZA was able to
counteract the adverse affects of excess dietary Ca (Elliott and Edwards, 1991; Watkins
et al., 1989). In dairy cows, SZA can replace sodium bicarbonate supplementation to
improve the digestibility of feed without any nevgative effect on rumen function

(Johnson et al., 1988; Holthaus et al., 1996).
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In contrast, the CEC of CLI is 120 meq/100g. It releases Na* or Ca** to take up K.
Moreover, CLI has a special affinity for NH," and has been used to improve N
absorption in feed (Mumpton and Fishman, 1977). In general, CLI has been used in pig
feed.

2.5.2 Applications of Zeolite

2.5.2.1 General Applications

Since its discovery, zeolites have been used for a multitude of applications in
industry, agriculture, veterinary medicine, sanitation and environmental protection
because of their physicochemical properties. Based on their unique attractive
adsorption, related molecular sieving, cation-exchange, dehydration—rehydration, and
catalytic properties, natural zeolites, including those found in volcanic sedimentary
rocks, have been used as building dimension stone, lightweight aggregate and
pozzolans in cements and concretes, filler in paper, drying of acid-gases, separation of
oxygen from air, uptake of Cs and Sr from nuclear waste, mitigation of radioactive
fallout, energy exchangers in solar refrigerators, and deodorizing agents to remove
malodors from shoes, athletic footwear, as well as pet litter to absorb water and

odor-causing NH3 from animal urine (Bundy et al., 1997; Mumpton, 1999).

.According to Mumpton (1999), some zeolites are used for medical purpose. They
can be applied, for example, as antidiarrheal remedies, as effective filters tb remove
NH," from the dialysate of kidney patients during hemodialysis, as buffers to reduce
stomach acidity and to treat stomach ulcers in Cuba, as external powder to treat athlete’s

foot and to decrease the healing time of wounds and surgical incisions.

Since the late 1970s, natural zeolites have been used in large-scale cation-exchange
processes such as clinoptilolite cationexchange columns to reduce the ammonia content
in municipal wastewater and drinking water in many countries, such as Russia and

Ukraine (Liberti et al., 1995).
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Interestingly, natural zeolite is reported to have a high ability to improve the yield
of growing crops and vegetables in agronomy and hortiéulture. It can be used as soil
amendments to improve CEC and water absorption capacities, as soilless zeoponic
substrates for greenhouses and space missions, and as dusting agents to kill aphids
afflicting fruit trees (Mumpton, 1999). Furthermore, it has been found that natural
zeolite has important uses in aquaculture such as removal of ammonium from hatchery,
transport, and aquarium waters, generating oxygen for aeration systems in aquaria and

during transport, and supplementing fish rations.

2.5.2.2 Applications of Zeolite in Animal Production

Since 1965, a variety of zeolites have been used as diétary supplements for various
species in several countries. CLI, being a zeolite of the heulandite group and the most

abundant zeolite in nature, is the most widely used natural zeolite with animals.

2.5.2.2.1 Improving Animal Performance

Several studies have demonstrated that zeolite supplementation can improve the
production performance of animals and the digéstibility'of some nutrients in the feed
(Pond, 1984, 1989; Pond et al., 1989; Poulsen and Oksbjerg, 1995). Nestrov (1984)
extensively studied the effect of zeolite in the diets of beef cattle, sheep, pigs and
poultry, and found an improved weight gain with the inclusion of zeolite in the diets of
all animals studied. Furthermore, evaluation of the meat from these animals did not
show any detrimental effect of zeolite supplementation on quality. Sweeny et al. (1984)
demonstrated improved digestibility of N, organic matter (OM) and acid detergent fibre
with a § % CLI supplementation to the diet of growing steers and heifers. Mumpton and
Fishman (1977) showed improved body weight gain and efficiency of feed utilization
when natural zeolites were added to the feed of pig (Papaioannou et al., 2002) and
poultry (Olver, 1997). This is further supported by Vrzgula and Bartko (1984) who
studied the effects of feeding 5% supplemental CLI diet in pigs. The results showed an

increase in weight gain of 0.49 kg/week of pigs as compared to the control animals. In

30



addition, the pigs fed CLI produced less odoriferous feces and those with diarrhea
produced firmer feces within 24 hours of testing. Meanwhile, they did not detect any
unfavorable effects of CLI supplementation on the liver function of the test animals.
Barrington and EI Moueddeb (1995) also reported an improved feed conversion by 0.15
kg of feed per kg of body weight gain with 5 % zeolite (77 % CLI) in pig feed.

However, not all experiments show improved weight gain with the addition of
zeolite. Pond and Yen (1982) fed growing pigs with 5 % or 10 % CLI supplementation
and did not show positive effects on body weight gain and feed conversion rates. In
addition, some blood traits including Ca, Mg, P, alkaline, and protein concentration
remained unchanged. In contrast, the weight gain of broiler éhickens was slightly
decreased with a diet of 5 % CLI than those on the normal diet (Mumpton, 1984).
However, the apparent feed efficiency was increased and the mortality rate was
decreased due to the zeolite diet. It seems that the effect of zeolites depends on the
species and the geographical source of the involved zeolite, its purity and
physicochemical properties (i.e., CEC), as well as the supplemental level used in the
diets (Mumpton and Fishman, 1977; Pond et al., 1988). CLI with a CEC of 100 to 140
meq/100g and fed at levels ranging from 2 to 7.5% generally improve cattle and pig
performances. When less than 1 % is fed, CLI and natural SZA had no effect (Ward et
al., 1991). Different species of zeolites, along with their complexed physiological
processes determine their effects on an animal’s digestion and absorption of ingested

diet constituents.

CLI can also improve the reproduction of pregnant sows. Ma et al. (1979) reported
that providing a diet containing 5 % CLI to pregnant Landrace sows increased litter size
at birth. However, in another test, addition of 5% CLI did not show any significant
effect on embryo survival and total ovarian weight, 24 days after inseminating sows

(Ma et al., 1984).
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Kyriakis et al. (2002) added 2% CLI in sow diets throughout pregnancy and
lactation periods. From this experiment, it was found that the treated sows/gilts
produced larger litter sizes and higher mean piglet body weights at birth (increased by
13%) and at weaning (increased by 63%). In another study by the same author, addition
of 5% CLI to the rations of pregnant sows during 20-90 déy_s postmating also increased
litter size at birth by an average of 1.78 piglets. In contrast, when.feeding -crossbred
sows with 2.5% to 5% CLI diets from 2 to 3 weeks before mating, decreased ovulation
rates along with normal embryo-survival rates were observed. Moreover, the dietary use
of 4-7% zeolite (65% CLI) could increase litter size at both birth and weaning by 6%
and 13.7%, respectively. In the experiment by Kyriakis et al (2002), there wére no
confirmed adverse side effects from CLI supplementation in diets of pregnant and
lactation pigs and there were no alterations in the serum concentrations of certain

vitamins (Vitamin E and A) and mineral elements (inorganic P, K, Cu, Zn).

2.5.2.2.2 Taking Up Ammonia and Other Toxic Agents

The addition of zeolite to feed can not only improve the performance, but it can
also reduce odor emissions in the manure of treated animals and the accumulation of
toxic substances in tissues. Since some types of zeolite, especially CLIL, have a high
affinity for N and sulphur compounds, they can adsorb the harmful ammonia produced
by the intestinal bacteria and can probably slow down the passage of feed to the
intestinal tract. Barrington and EI Moueddeb (1995) fed growing finishing pigs 5 %
zeolite (77% CLI) and observed a 75% reduction of NH; volatilization on average.
Consequently, odor levels were decreased by 1 point on a scale of 0 to 5. In the study

conducted by Bartko et al. (1993), improved growth rate of animals along with reduced

manure NHj3 and odor emissions were also observed with the inclusion of 5% CLI in the

feed.

Ward et al. (1993) reported that zeolite prevented or minimized the number and

severity of intestinal diseases due to the uptake of NH,", produced by the deamination
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of dietary proteins during the digestive processes, via the intestinal wall (Pond et al.,
1988). Ammonia is a cell toxicant in animals, therefore maintaining its levels below
toxic levels could reduce epithelial turnover in the intestinal tract, spare energy and
promote better nutrient utilization. Furthermore, CLI can efficiently remove other toxic
agents from the GIT of pigs (Shurson et al., 1984), e.g., p-cresol, which is produced by
anaerobic degradation of tyrosine and is responsible for depressing effect. Milan et al
(2001) also demonstrated that zeolite reduced the concentration of NH3 and NH4" in
solution, and subsequently eliminated the inhibitory effect of these compounds. In an
experiment by Bernall and Lopez-Real (1993), both synthetic and natural zeolites were
introduced into the rumen of test animals to reduce the toxic effects of high NH," in
ruminal fluids, when animal diets were mixed with nonprotein-nitrogens, such as urea
and biuret. It was found that NHj', pfoduced by enzyme decomposition of the
nonprotein-N, could be transfered immediately to the zeolite and then held for several
hours until released by salivary Na* entering the rumen. This function allows rumen
microorganisms to efficiently synthesize cellular protein for absorption by the animals’

digestive systems.

In addition, an NH;'-containing zeolite may promote the growth of N-loving
bacteria which contribute to the health of the animals. When uséd in adequate levels,
CLI has a significant effect on adsorbtion of minerals and water in the GIT of animals,
therby maintaining the quality of the meat or product. Also, zeolite in the gut system
may adsorb deleterious heavy metals, and result in fewer or less severe stomach

ailments (Mumpton, 1999).

2.5.2.2.3 Preventing Diseases
CLI has the ability to absorb aflatoxins in contaminated animal feeds and further

Aprotect livestocks and poultry against the toxic effects of mycotoxins and their
carryover into animal products (Ortatatli and Oguz, 2001). Moreover, zeolite is efficient

in preventing hypocalcaemia in dairy cows around calving (Thilsing-Hansen et al.,
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2002a,b).

2.5.2.2.4 Animal-Waste Treatment

Natural zeolites could be used to reduce the malodor, increase N retention of
animal waste and purify the methane gas produced by the anaerobic digestion of
manure (Milan et al.,, 2001). Several million tons of zeolites have been used in

deodorizing animal litter and barns in some countries (Mumpton, 1999).

2.6 Conclusion

As mentioned above, some research projects show positive effects of zeolite
supplementation on the performance of grower pigs, while other research projects show
no effects. Few research projects have identified the mechanisms by which zeolite
improves feed digestion and reduces the environmental impact of pig production. The

objective of this project is to provide knowledge on some of these missing elements.
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CONNECTING STATEMENT

To find an economically, viable and promising solution to the environmental
problems challenging the pork industry, zeolite (90%+ clinoptilolite) has been tested as
a feed additive. Zeolite is known to improve the productivity of the animals while
reducing the nutrient content of their manure. Zeolite has the ability to exchangeably
adsorb ammonia while releasing minerals inside and slowing down the passage of feed
through the gastrointestinal tract of pigs. The result is an increasing of feed digestion
efficiency and a reduction in the environmental impact of manure. Chapter 3 presents a
test conducted to measure the effects of zeolite as a feed additive on pig growth

performance and metabolic processes.

Chapter 3 deals with a trial where zeolite (90%+ clinoptilolite) was uséd in the diet
of growing pigs at level of 4% and using three different combinations of protein and
energy levels. The effects on growth performance and metabolic parameters of pigs in

growing/finishing pens and metabolic cages were monitored and compared.

This paper will be submitted for publication in Journal of Animal Science. The
manuscript was authored by Yonghong Wan, Barrington, S.F. and Xin Zhao. The first
author carried out entire experir_nental work, collected and analyzed the data and drafted

the article. The second and third authors cosupervised the research and co-edited the

article.
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3.1 Abstract

Clinoptilolite (CLI), a type of zeolite, has been used as a feed additive to improve
feed digestion efficiency of pigs and reduce the. nutrient content of their manure. This
study was designed to determine the metabolic response of pigs fed zeolite (90%+ CLI)
supplemented rations. Twelve male and twenty four female growing pigs, with an
average initial body weight (IBW) of 50.18 +2.95 kg and 48.95 + 5.25 kg, respectively,
were randomly allocated into four different dietary treatments in growing/finishing
pens. Ration 1 was the control diet with no zeolite and 100% crude protein (CP) and
energy requirements; ration 2 contained 4% zeolite with 100% CP and energy
requirements; ration 3 contained 4% zeolite with 90% CP and energy requirements; and
ration 4 contained 4% zeolite with 90% CP and 85% energy requirements. The
metabolic test was carried out in 12 metabolic cages and repeated with three batchs of
animals. After being placed in growing/finishing pens for two (batchs 1 and 2) or three
(batch 3) weeks, three pigs under each treatment were randomly assigned into
individual metabolic cages and observed for an additional 8 days. Daily feed
consumption was measured. Feces and urines from each pig were daily collected and
measured after 3 days for adjustment. Feces and urine samples were also analyzed for
dry matter and organic matter content. All pigs were weighed before and -after the
metabolic cage period to calculate feed conversion and body weight gain. Our results
demonstrated that ration 2 had a consistently positive, but not significant (P > 0.05),
effect on pig performance and metabolic parameters, compared to ration 1. In addition,
ration 3 also improved feed as well as protein and energy conversion rate, and increased
body weight gain, when compared to ration 1. However, ration 4, significantly (P < 0.05)
increased feed consumption and the amount of feces produced, and decreased feed and

organic matter retention in gastrointestinal tract as well as feed conversion rate.
Accordingly, zeolite supplementation at 4% to grower pig diets could be a potential
promising method for pork producers to control the impact of pig manure on the

environment.
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3.2 Introduction
The Canadian pork industry has rapidly developed over the past decade. Since

1995, the annual number of pigs produced has dramatically increased by 71.5 %.
Furthermore, due to Canadian pork products being internationally recognized for its
high quality, the total mass of exported meat and live animals has stéadily increased by
164% and 456%, respectively, between 1995 and 2003 (Statistics Canada, 2003). Along
with increased production, the number of pig farms in Canada has decreased by 27%
between 1996 and 2001 (Statistics Canada, 2001). As a result, the average number of
pigs per farm unit has tremendously increased (994%) between 1976 and 2001
(Statistics Canada, 2001). The changes in pig prbduction structure ‘have resulted in a
smaller number of larger pig enterprises having a larger impact on environment. The
production and spreading of excessive dosage of manures on tillable land has resulted in
serious environmental problems involving soil, water and air resources. In reality,
environmental pollution has become a deévelopment bottleneck for the Canadian pork

industry.

Supplementation of zeolite in pig diets has been reported to reduce the
environmental impact of the manures. Zeolite is a crystalline, hydrated aluminosilicate
containing positively charged metallic ions and alkaline earth elements (Pecover, 1987).
The crystals are characterized by a SiO, tetrahedron where all four corner oxygen ions
are shared with a central tetrahedral ion of silicon atoms (Si) or aluminum atoms (Al),
and a larger symmetrical polyhedra which forms an infinite, open, three-dimensional
framework (Mumpton and Fishman 1977). Because of the large structural cavities and
the entry channels in the structure, zeolite has special chemical and physical properties.
Zeolite can lose and gain water reversibly without changes in crystal strﬁctufe. Since
some Si in the structure are replaced by trivalent aiuminum atoms (AI*) resulting in
positive charge deficiencies, zeolite can selectively adsorb and exchange
extraframework cations. Normélly, the cation-exchange capacity (CEC) of a zeolite is

between 2 to 4 milliequivalents/gram (meq/g), about twice the CEC of bentonite clay,
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depending on the amount of Al substituting for Si in the tetrahedral framework
(Mumpton and Fishman, 1977). In addition, zeolite, as a mineral collector, has
interesting biological properties, such as high capacity for immobilizing
microorganisms and for improving the ammonia/ammonium ion equilibrium. Thus,

zeolite is capable of reducing the ammonia and ammonium ions in solution (Mumpton,

1999).

There are over 45 different types of zeolites. Clinoptilolite (CLI), being the most
abundant zeolite in nature, is the most widely used natural zeolite in animal studies
because of its structural stability under acidic conditions. Zeolite supplementation can
improve the production performance of animals and‘the digestibility of some nutrients
in the feed. Nestrov (1984) extensively studied the effect of adding zeolite in the diets of
beef cattle, sheep, pigs and poultry, and reported improvement of weight gain.
Furthermore, there were no negative effects on the meat of these animals. Sweeny et al.
(1984) demonstrated that 5% CLI in the diet of growing steers and heifers improves the
digestibility of proteins, organic matter and acid detergenf fibre. Mumpton and Fishman
(1977) showed improved body weight gain and efficiency of feed utilization when
natural zeolites were added to the feed of pig and poultry. This is further supported by
Vrzgula and Bartko (1984) who studied the effects of supplementing pig diets with 5%
CLI and reported an increase in weight gain of 0.49 kg/week of pigs, as compared to the
control animals. In addition, the pigs fed CLI produced less odoriferéus feces and those
with diarrhea produced firmer feces within 24 hours of testing. Meanwhile, no
unfavorable effects of CLI supplementation were observed on the liver function of the
experimental animals. Barrington and El Moueddeb (1995) also reported an improved
feed conversion of 0.15kg of feed per kg of body weight gain with 5 % zeolite (77 %
CLI) in pig feed. |

Furthermore, the supplementation of zeolite to feed can reduce odor emissions in

the manure of treated animals and the accumulation of toxic substances in tissues. Since
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some types of zeolite, especially CLI, have a high affinity for nitrogen and sulphur
compounds, they can adsorb the harmful ammonia produced by the intestinal bacteria
and can probably slow down the passage of feed through the intestinal tract. Bérrington
and EI Moueddeb (1995) fed growing finishing pigs 5% zeolite (77% CLI) and
observed a 75% reduction of NH3; volatilization. Consequently, odor levels were
decreased by 1 point on a scale of 0 to 5. Bartko et al. (1993) observed an improvement
in growth rate of animals along with reduced ménure NH3; and odor emissions with the
diet inclusion of 5% CLI. Since NH; is a cell toxicant to animals, maintaining its levels
below toxic levels could reduce epithelial turnover in the intestinal tract, spare energy
and promote better nutrient utilization. Because of a reduction of odor emission
produced by the gastrointestinal track (GIT), zeolite can further prevent or minimize the
number and severity of intestinal diseases (Pond‘et al., 1988; Shurson et al., 1984; Ward

etal., 1993).

Moreover, CLI was shown to efficiently remove other toxic agents from GIT of
pigs (Shurson et al., 1984). In addition, an NH, -adsorbing zeolite may promote the
growth of N-loving bacteria which contribute to. the health of the animals. Also, CLI in
GIT may adsorb deleterious heavy metals, and result in fewer or less severe stomach
ailments (Mumpton, 1999). Furthermore, natural zeolites can revduce malodors, increase
N retention of animal waste and purify methane gas produced from the anaerobic
digestion of manure (Milan et al., 2001). In fact, several million tons of zeolites have

been used in deodorizing animal litter and barns in some countries.

It is plausible that addition of zeolite, especially CLI, to the pig diet could retard the
passage of feed and improve the digestibility of nutrients in the GIT. Consequently, the
total mass of excretions along with the nutrient content should be reduced. However,
very few studies have reported the metabolic effects of zeolife as a feed additive on pigs.
The objective of this study was to determine how pig performance and metabolism were

affected when pigs consumed a diet supplemented with 4% zeolite (90% CLI).
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3.3 Materials and Methods

3.3.1 The Experimental Piggery
The studies were performed at the experimental pig unit of the Macdonald Campus

of McGill University, in Ste-Anne-de-Bellevue (Montreal, Quebec) during the summer
of 2004. This piggery housed 50 sows, which provided the growing pigs used in this
study.

The experiment was run in a growing/finishing room and a metabolic room. The
growing/finishing room measured 14.75m by 3.80m and had a ceiling height of 3.05m.
There were four pens located along one wall in the growing/finishing room, each pen
measuring 3.00m in length by 1.84m in width. The ﬂoor of all pens was fully slatted and
pigs were allowed to have ad libitum access to standafd upright feeders located inside of
the pens and to the waterer with a nipple. Each pen held six animals at a density of
0.92m?/pig. Two fans ventilated the growing/finishing room, each measuring 300mm
and 400mm in diameter, and were controlled by a common thermostat. The ventilation

system produces a ventilation rate of 20.0L/s/pig with two fans in operation.

The metabolic room measured 16.25m by 7.6m, with a ceiling height of 3.05m.
Three fans, each measuring 300mm, 400mm and 600mm in diameter, controlled by a
common thermostat, were used to ventilate the room. During the experimental period,
four thermostats were placed in the four corners of the metabolic room to ensure a
balanced temperature throughout of 24°C. The ventilation syStem produces a
ventilation rate of 20.0 and 48 L/s/pig with the two smaller fans and all three fans
running, respectively. For the metabolic studies, subjects were housed in stainless steel

metabolic cages. Totally, there were twelve cages randomly placed in the room.
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3.3.2 Experimental Material

3.3.2.1 Experimental Zeolite
The experimental zeolite contains over 90% CLI and was supplied by the KMI

mine of Nevada, USA. It has a CEC of 1.6 to 2.1 meqg/gm. The CLI percentage of the
experimental zeolite was determined using X-Ray Diffraction (XRD) by core
Laboratories Canada Ltd. of Calgary, Canada (Table 3.1). The characteristics of this
zeolite including its chemical and physical proberties and heavy metal content are

presented in Table 3.2.

Table 3.1: Bulk composition of experimental zeolite

Element Formulate ‘ Weight (%)
Quartz SiO, Trace
Plagioclase NaAlSizOg - CaAl;SirOg Trace
Calcite CaCO;s 1

Dolomite [CaMg]CO; ' 1
Clinoptilolite KNayCay(SixnAly)07,:24H,0 98

Opal - . 8i05 .nHL0 ' 0
Muscovite/Illite KAIL[AlSi3040][OH]2 0

Determined using XR Diffraction by core Laboratories Canada Ltd. of Calgary, Canada
using a 95% pure reference sample.

3.3.2.2 Experimental Rations v
The experimental feed was manufactured by Agribrands Purina Canada Inc, of

St-Hubert, Québec. The basal diet was based on a standard pig ration of corn as the
main energy source and soybean meal as the méin protein source. Energy was also
supplemented using vegetable and animal fat. Four typeé of diets were used in the
experiment (Table 3.3). The first two rations (R1 and R2) wéré formulated to meet the
nutrient requirements of the National Research Council (NRC,1998) for grower pigs,
while the third (R3) offered 90% of the crude protein (CP) and the energy requirement,
and the fourth (R4) offered 90% of the CP and 85% of the energy requirements,
respectively. Zeolite (90%+ C'LI) was incorporated into rations R2, R3 and R4 at
inclusion rate of 4 %. |
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For each diet, three random feed samples were collected and analyzed for dry
matter, CP and organic matter. The CP was determined by quantifying ammonium after

digestion with sulphuric acid and hydrogen perioxide at 500°C.

Table 3.2: Characteristics of experimental zeolite

Property Unit Value

Properties

Silica/Alumina Ratio 5.8-6.4
Silica/Aluminum Ration : 5.1-5.6
Bulk Density (dry solid) kg/m® 1394
Bulk Density (dry, loose mat’l)  kg/m® 817-961
Hardness 5.1
Pore Size angstorms 4
Pore Volume % 15
Specific Surface Area m?/gm 40
Alkali Stability (pH) 7-13
Acid Stability (pH) _ 1-7
Thermal Stability °C 700

- Crushing Strength kgs/cm? 176
Wet Attrition (Avg.) % 6-7

Heavy Metal Content

As mg/kg 27
Al mg/kg 39 000
cd mg/kg 1.0
Cu mg/kg 46
Co mg/kg 4
Cr mg/kg 54
Fe mg/kg 4300
Mo mg/kg 10
Ni ‘ mg/kg 2
Pb mg/kg 64
Se mg/kg 1
St mg/kg 160
Zn mg/kg - 250
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Table 3.3. Composition of Pig Rations

Ration Ration1 Ration2 Ration3 Ration 4
Property Unit .

Crude Protein % 17.2 17.2 15.5 15.5
Crude Fat % 7 7 2 2
Crude Fiber % : 5 5 ' 5 5
Sodium (Na) % 0.2 0.2 0.2 0.2
Calcium (Ca) % 0.75 0.75 0.68 0.68
Phosphorus (P) % 0.65 0.65 0.58 0.58
Copper (Cu) mg/kg 125 125 125 125
Zinc (Zn) mg/kg 100 100 100 100
Vitamin A LU./kg 5400 5400 5400 5400
Vitamin D3 LUKg = 1200 1200 1200 1200
Vitamin E LU./kg 40 40 40 40
Selenium mg/kg 0.3 0.3 0.3 0.3
Zeolite % 0 4 4 4
Energy Kcal 3250 3250 2925 2760
Crude Protein % 100 100 90 90
Energy % 100 100 90 85

3.3.3 Methodology

3.3.3.1 Animals
The research protocol was approved by the Animal Care Committee of McGill

University in accordance with the Canadian Council on Animal Care Guidelines. Each

experimental pig was identified using an ear tag.

Two feeding experiments were performed. The first experiment was conducted

using male subjects while the second experiment was conducted using female subjects.
Three batches of the metabolic study were carried out. The first batch used pigs from

Expl, while the second and third batches used pigs from Exp 2.

Experiment 1. Twenty male crossbred (75% Landrace x 25% Yorkshire) growing

pigs with average initial weight of 50.18 + 2.95 kg were randomly divided into groups
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of four and each group was placed in an individual pén in the growing/finishing room of
the pig unit. Each group or pen was randomly assigned one of the four dietary
treatments. The pigs were fed their respective diet for two weeks, and then weighed.
Three pigs from each pen were randomly selected and immediately placed randomly
into individual metabolic cage in the metabolic room where they remained for 8days.

This trial was identified as Batch 1 (B1).

The average weight of the pigs at the onset of B1 was 66.53 + 2.70 kg. After the
8-day metabolic test period, pigs were removed from the metabolic cages, weighed and

returned to the previous pens in the growing/finishing room.

Experiment 2. Twenty-four female crossbred (75% Landrace x 25% Yorkshire)
growing pigs with an average initial weight of 48.95 + 5.25 kg were randomly assigned
to four pens in the growing/finishing room, witﬁ six pigs per pen. Each one of the same
fdur dietary treatments used for B1 was randomly assigned to a pen. The pigs were
weighed after being fed their respective diet for two weeks. After weighing, three pigs
from each pen were randomly selected and immediately placed randomly into
individual metabolic cage for 8 days (3 cages/ treatment). This test was identified as
Batch 2 (B2). The remaining pigs (three pigs per pen) continued to be housed in the

previous pens and fed their respective experimental diets.

The average weight of the subjects at the onset of B2 was 63.13 + 3.77 kg. After the
8-day metabolic experimental period, pigs in B2 were removed from the metabolic
cages, weighed and returned to their previous ﬁens in the growing/finishing room. The
pigs not used in B2 were weighed and immediately placed randomly into individual
metabolic cage (3 pigs/ treatment) to form Batch 3 (B3). The average weight of the pigs
at the start of B3 was 62.86 + 6.61 kg. After 8 days in the metabolic cages, all B3 pigs

were weighed and returned to the growing/finishing room.
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3.3.3.2 Management

3.3.3.2.1 Period of Pigs in Growing/finishing Pen

Pigs were allowed to have ad libitum access to feed and water for two to three
weeks spent in the growing/finishing pens. Every day, the feed placed into the feeders
was weighed. Pigs were weighed weekly, at which time the amount of feed left in the
feeders were weighed. Whole feed intakes per pen were calculated by subtracting the
leftover feeds from the initial amount of feed offered. Thus, average daily gain (ADG)
for each individual pig, and pen average daily feed intake (ADFI) and feed conversion

rate (FCR=Feed /Gain ratio) could be calculated.

3.3.3.2.2 Period of Pigs in Metabolic Cage
During each metabolic test period, pigs were housed in individual stainless steel

metabolic cage in a mechanically ventilated room with the temperature maintained
between 24 and 26°C. Each meiabolic cage measured 128.7cm x 43.7cm and contained
a nipple waterer, and a single feeder. Pigs were allowed a 3-day acclimation period to
adjust to the metabolic cages and dietary treatment. A bar inside and across the
metabolic cage was adjusted to prevent pigs from turning around and to properly collect
their feces and urine. Two clean independent trays were installed under each metabolic
cage. The top tray was used to éollect feces and perforated to allow for the drainage of

urine into the bottom tray.

To eliminate the potential variability betwen thé different bags of feed, four bags
each of 25kg from each type of experimental ration were mixed together and stored in
single containers, at the onset of the metabolic experiment. Three samples of feed were
rand’omly taken from each container and tested for dry matter, CP, and organic matter
content. During the adjustment and collection period_s, pigs were continuously fed their
respective experimental diet assigned once in the growing/finishing pen. The diets were
offered once daily at 10:00 am every morning in a feed trough at the front of the cage.

Before adding fresh and newly weighed feed, the feed not consumed from the previous
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day was removed, weighed, and recorded to compute the net feed consumption. Pigs
had ad libitum access to water throughout the trial, and the waterers were checked on a

daily basis to ensure that they were working properly.

3.3.3.3 Feces and Urine Collection

Before the collection period, the metabolic cages and collection trays were
thoroughly cleaned. Pigs were allowed 3 days (-2 d, -1 d, 0 d) to adjust to the metabolic
cages prior to the 5 days (1 d, 2 d, 3 d, 4 d, 5d) of feces and urine collection.

3.3.3.3.1 Feces Collection
The feces generated by each pig while in the metabolic cages over 5-day collection

period were collected daily following each feeding. The collected and weighed feces for
each pig in B1 and B3 were placed into labeled plastic containers with caps aﬁd stored
in -18°C until further analyzed. The feces collected ldaily in B2 were composited, and
stored in 12 labeled 20L containers atj -18°C. Prior to analysis, feces from each pig were
thawed and thoroughly mixed to ensure uniform consistency of samples. Three
subsamples for each pig in B2 or daily suBsamples for each pig in B1 and B3 were taken

for further analysis.

3.3.3.3.2 Urine Collection
Total urinary output was collected and recorded daily for each pig following feces

collection. Thirty ml of formaldehyde (10%) were added initially to the urine collection
trays in B2 and B3, at each collection, to prevent ammonia losses and limit microbial
growth during the collection and storage of urine (Adeola et al., 1995). The collected
urine were pooled by pig and stored in individual labeled capped container at -18°C.

Before analysis, all urine samples were completely thawed. Three subsamples of urine

of each pig were taken for subsequent analysis after thorough mixing.

3.3.3.4 Dry Matter and Organic Matter Analysis

The dry matter or total solid content of the samples was determined by drying in an
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oven at 103°C for 24h. Feces and feed were also tested for total organic matter content
by burning in a furnace at 500°C for 4 hours after drying at 103°C for 24h. (Lefcourt
and Meisinger, 2001; Thilsing-Hansen et al., 2002a).‘

3.4 Statistical Analysis

In both experiments, all data from individual batch were subjected to analysis of
variance using the GLM procedure of the SAS system (1999) for a completely
randomized design (CRD) model where pig was the experimental unit. This statistical
model included the effects of dietary treatment. The data in combination of B2 and 3
were analyzed by the Randomised Complete Block Model (RCB), which model
included the effects of dietary treatment and batéh. All comparisons were adjusted for
multiple comparisons by Bonferroni test and differences were considered significant if

the P-value was < 0.05.

3.5 Results and Discussion

3.5.1 Effects of Zeolite on Pig Performance

During the whole course of the study, only one pig showed signs of diarrhoea while
in the growing/finishing pen, and it recovered tﬁe’ second day after being placed in the
metabolic cage. No other pigs showed signs of disease or excessive stress or died. The
pigs appeared to be healthy and did not reject their diets throughout the entire collection

period.

The average initial weight of the experimental pigs when placed on their respective

diet in growing/finishing pens was 50.18+2.95 kg and 48.95 % 5.25 kg for Exp 1 and

Exp 2, respectively. The performance (ADG, ADFI and FCR) of the pigs is listed in
Tabie 3.4 and Table 3.5, for the two phases of the experiment, growing/finishing pen
phase and metabolic cage phase. The growing/finishing pen data was insufficient to be
statistically analysed since only one pen (experimental unit) for each dietary treatment.
In term of ADG the pigs fed the regular diet (R1) had the highest body weight gain in
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the first week among four treatments, in both of two tests. However, in the second week,
the pigs fed R3 (90 % CP and energy with 4 % zeolite) produced the highest body weight
gain compared to other three diets, with of 0.085 and 0.3 kg/d exceeding those of the pigs
fed the control diet for tesl and test 2, respectively. Meanwhile, the ADFI for the pigs fed
R3 was highest, whereas the ADFI for pigs fed R2 (100% CP and energy with 4% zeolite)
was the least, amongst the four treatments for both of male and female pigs. In addition,
the ADFI for the pigs fed R4 (90% CP and 85% energy with 4% zeolite) was slightly
higher than that of the pigs fed the control diet. These preliminary data indicates that
supplementation of zeolite to grower pigs’ diet can reduce the ADFI when compared to

the same CP and energy level diet.

49



Table3.4 Effects of dietary treatment on performances of experimental pigs in growing/finishing pens’.

Experiment 1 Experiment 2
Treatment IBW? Weekl Week2 Ave. IBW Weekl Week?2 Ave.
Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD

Average Daily Body Weight Gain (kg/day)

Rationl 50.04 3.26 1.231 0.09 1.103 0.15 1.167 48.90 4.88 0.819 0.11 0.931 0.51 0.875
Ration2 50.74 2.81 0.963 0.26 1.096 0.21 1.029 49.80 5.71 0.769 0.21 0.650 0.28 0.710
Ration3 50.06 2.93 1.163 0.13 1.188 0.15 1.176 48.87 5.19 0.514 0.09 1.231 0.23 0.873
Ration4 4990 2.78 1.189 0.13 1.074 0.18 1.132 48.25 5.23 0.726 0.11 1.024 0.23 0.875

Average Daily Feed Intake (kg/day)

Rationl 2.157 2.417 2.287 1.671 1.924 1.798
Ration2 1.911 2.031 1.971 1.707 1.535 1.621
Ration3 ' 2.457 2.791 2.624 1.757 2.526 ' 2.142
Ration4 2.360 2.746 2.553 1.785 2.319 2.052

Feed Conversion Rate (Feed/Gain)

Rationl : 1.760 0.14 2223 0.28  1.992 2.077 0.31 2.268 1.66 2.173
Ration2 2.140 0.72 1911 0.39 2.025 2.400 0.85 2.645 1.15 2.522
Ration3 2.136 0.25 2.380 0.30 2.258 4.066 0.93 2.12 0.43  3.093

Ration4 2.005 0.24 2.625 0.51 2.315 2.511 0.39 2.358 0.50 2.434

'Values are averaged within each pen. There is only one pen for each dietary treatment in each experiment.
There were five pigs in each pen in experiment 1 and six pigs per pen in experiment 2.
IBW means initial body weight of pigs, SD stands for standard deviation.
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When the experimental pigs were placed in the metabblic cages, all performance
parameters (ADFI, ADG FCR) were statistically analysed (Table 3.5) since individual
pigs became the experimental unit. Only two significant differences (P < 0.05) éppeared
and they pertained to the ADFI and FCR between R2 and R4 in B1, indicating the male
pigs significantly (P < 0.05) consumed higher amount of 4% zeolite diet daily (0.43
kg/d) when CP and energy concentration in diets was decreased from 100% to 90% and
85%, respectively. Consequently, the feed conversion rate of pigs fed R4 was
significantly lower (P < 0.05) by 1.63 kg of feed/kg of body weight gain, compared to
the pigs fed the 4% zeolite diet with 100% CP and énergy (R2). In term of ADFI, no
significant differences existed among R1, R2 and R3 in all three metabolic tests (P >
0.05). However, the ADFI of pigs receiving R2 (100% CP and energy with 4% zeolite)
was the lowest of all four rations, with 0.11 kg/d and 0.14 kg/d less. feed for male and
female pigs respectively, when compared to that of pigs receiving R1, as weil as 0.30
kg/d and 0.07 kg/d less feed for male and female pigs respectivély when compared to

that of pigs receiving R3.

Zeolite supplementation along with réduction of CP and enefgy in pig diets had no
significant effect (P > 0.05) on pig body weigﬁt gain. However, the ADG of pigs
receiving R2 é.nd R3 was larger than that of pigs fed R1 and R4, with the ADG of pigs
fed R2 being the highest and that fed R4 being the smallest (Table 3.5).

Diet supplementation of 4% zeolite had no significant (P > 0.05) effect on feed
conversion but obviously increased the feed utilization efficiency. Pigs fed R2 had the
best feed conversion rate, while pigs fed R4 had the lowest FCR out of all 4 rations. The
addition of 4% zeolite in R2 decreased the FCR by 0.71 and 0.8 kg feed/kg body weight
gain for male and female pigs respectively, compared to the control diet (R1), which
indicates that the feed utilization efficiency was improved 22% for male pig and 23%
for female pigs. Furthermore, the FCR of pigs fed R3 was also reduced by 0.07 and 0.19

kg feed/kg body weight gain for male and female pigs respectively, compared to that of
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pigs receiving R1. Thus, the feed digestibility efficiency was improved by 2.3% for
male and 5.5% for female pig, with zeolite supplementation, even if the protein and
energy concentration in the diet was decreased by 10%,. compared to NRC
recommendations. In contrast, the FCR of pigs fed R4 (90% CP and 85% energy with
4% zeolite) was increased significantly (P < 0.05), when compared to that of pigs fed
R2 (100% CP and energy with 4% zeolite) in B1. Therefore, the addition of 4% zeolite
along with the 10 and 15% lower diet CP and energy, respectively, significantly (P <
0.05) reduced the feed utilization efficiency for male pigs. When compared to R1, R4
increased the FCR by 0.92 and 0.7 kg of feed/kg of body weight gain, for male and
female pig respectively, suggesting that the feed utilization efficiency was decreased by
29% and 20% for male and female pigs, respectively. In conclusion, diets
supplementation with 4% zeolite allowed the pigs to utilize feed more efficiently for
growth, and the diet CP and energy content could bé decreased to 90% of that

recommended by NRC.

Similar conclusions can be reached by examining the protein and energy
conversion (Table 3.6). Zeolite supplementation did not show any significant effect on
protein and energy conversion rate (P> 0.05). However, pigs fed R2 had the best protein
and energy conversion rate, and those on R4 had tﬁe worst, amongst all four rations.
Zeolite supplement at 4% in R2 decreased the requirement by 23.45% and 22.67% for
CP and energy per kg body weight gain respectively, suggesting that R2 demanded on
the average 125g less protein and 2442 kcal less energy per kg of body weight gain,
compared to the control R1. Moreover, the protein énd enefgy conversion of pigs fed R3
was also improved by 14% (80g) and 13% (1450 kcal) respectively, compared to that of
pigs fed R1, regardless of 10% reduced protein and energy concentration. Mofe

research is required to verify that the weight gain for R2 is muscle or fat.

In contrast, when the diet CP and energy was decreased to 90% and 85%
respectively (R4), 11% (65g) more CP and 6% (620 kcal) more energy was required per

kg body weight gain as compared to feeding R1, even with 4% zeolite supplementation
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in R4.

Table 3.5 Influences of dietary treatment on performances of experimental pigs
in metabolism cages'.

2 .
Treatment™ Ration 1 Ration 2 Ration 3 Ration 4 SEM P-Values
LSM SD LSM SD _ LSM SD LSM SD

Average Initial Body Weight (kg)

Batch1 6593 3.85 65.13 235 68.76 3.49 66.30 0.20
Batch2 6273 5.20 63.60 5.53 63.20 = 3.65 6297 3.71
Batch3 67.10 5.85 58.77 17.04 63.60 5.69 61.97 9.60
Batch2 +3 64.92 5.50 61.18 6.25 63.40 4.28 62.47 6.53

Average Daily Feed Intake (kg/d )

Batch1 2.05° 009  1.94° 017  224®° o022 237° 005 012 0.03

Batch2 1.90 0.12 1.62 0.07 1.75  0.07 1.62 028 024 0.39
Batch3 220 0.18 220 023 221 015 237 037 024 0.55
Batch2+3 2.05 0.25 191 035 1.98 048 2.00 050 0.18 0.76

Average Daily Body Weight Gain (kg/d)

Batch1l 0.65 0.04 0.80 0.07 » 0.74 0.3 0.59 0.11 0.08 0.14

Batch2 0.67 0.26 0.69 0.18 0.56 0.06 037 020 0.19 0.27
.Batch3 0.60 0.04 0.78 0.09 0.70 037 059 0.15 0.21 0.43
Batch2 +3 0.54 0.31 074 0.14 0.63 031 048 020 0.15 0.25

Feed Conversion Rate (Feed Intake/Gain)

Batch1 3.17° 038 246" 041 3.0 0.57 409° 072 044 004

Batch2 331 1.85 247 0.74 3.15 032 403 113 1.02 0.47
Batch3 3.68 0.05 2.85 049 339 093 424 138 088 043

Batch2 +3 3.46 1.32 2,66 0.60 327 0.62 416 121 072 0.07

'Values are the least square mean of three replicates of pigs per treatment in each batch.
2All experimental pigs were placed in the metabolism cages for 8 days; Only male pigs in
B1 and female pigs in B2 and 3.
LSM represents least square means, SD stands for standard deviation, SEM being standard

error mean. P-values are equal to probability of differences between treatments, reported from
ANOVA tables. '

All data in each batch were analyzed by statistical CRD model, the data in combination of
B2 and 3 was analyzed by the statistical RCB model. All comparisons were adjusted for
multiple comparisons by Bonferroni test.
*“Values within rows with no common superscripts are significantly different (p< 0.05).
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Table 3.6 Effects of dietary treatment on protein and energy conversion of feeds
with experimental pigs in metabolism cages'.

2
Treatment™ Ration 1 Ration 2 Ration 3 Ration 4 SEM P-Values
LSM SD LSM SD LSM SD LSM SD

Feed Convérsion Rate (Feed Intake/Gain)

Batch1 3.17° 038 246" 041  3.10° 057  4.09° 072 044 0.04

Batch2 331 1.85 247 074 3.15 032 4.03 1.13  1.02 047
Batch 3 3.68 0.05 285 049 339 0.93 424 138 0.88 043
Batch2+3 3.46 132 2,66 0.60 327  0.62 4.16 121 072 0.07

Feed Crude Protein Conversion Protein / kg Gain

Batch1 055 0.07 042 007 048 0.09 - 0.63 0.11 0.07 0.08
Batch2  0.57 0.32 043 0.13 0.49 0.08 0.63 021 0.19 0.74
Batch 3 0.63 0.01 049 0.09 053 0.07 - 066 022 0.12 - 054
Batch2+3 0.60 0.08 046 0.09 0.51  0.09 0.65 021 0.10 0.27

Feed Energy Conversion (Kcal / kg Gain

Batch 1 10285.93 1273  7998.14 1344 9071.11 1650  11290.54 2007 1305 0.14
Batch 2 10768.55 6018  8031.65 2428  9213.75 1496  11122.80 2109 3646 0.79
Batch3 11950.41 #### 9259.03 1616 9915.75. 1655  11702.40 3829 2503 0.63
Batch2+3 11245.00 2813  8645.33 1792  9564.75 1561  11481.60 2411 1908 0.38

'Values are the least square mean of three replicates of pigs per treatment in each batch.
2All experimental pigs were placed in the metabolism cages for 8 days; Only male pigs in
B1 and female pigs in B2 and 3. .

LSM represents least square means, SD stands for standard deviation, SEM being standard
error mean. P-values are equal to probability of differences between treatments, reported from
ANOVA tables. '

All data in each batch were analyzed by statistical CRD model, the data in combination of
B2 and 3 was analyzed by the statistical RCB model. All comparisons were adjusted for
multiple comparisons by Bonferroni test.

#CValues within rows with no common superscripts are significantly different (p< 0.05).
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3.5.2 Effects of Zeolite on Pig Metabolic Parameters
All data including total feed intake (TFI), total feces excretion (TFE), total feed

retention (TFR), total dry feed retention (DFR), total organic matter retention (OMR)
and total urine excretion (TUE) were daily collected for five days and statistically
analyzed. Zeolite supplementation at 4% had no significant (P > 0.05) effect on all
parameters (Table 3.7, Table 3.8 and Table 3.9). However, there were some significant
differences (P < 0.05) when diet CP and energy was considered. Importantly, some

beneficial trend appeared with zeolite supplementation.

In all three batches, TFE was significantly different (P < 0.05) between R4 and the
other three diets only in B1, which demonstrate that the male pigs fed R4 produced
significant more (P <0.05) feces compared to other three treatments (Table 3.7). When
the B2 and B3 data was combined and analysed, TFE was significantly different (P <
0.05) for R4 as compared to R2 and R3. Thus, feeding R4 (90% CP and 85% energy
with 4% zeolite addition) had a significant negative impact on pig manure production,
more feces were produced. Table 3.7 indicates that, in all three batches, pigs fed R2
produced the least feces while pigs receiving R4 produced the most feces out of four
dietary treatments. Furthermore, the male and female pigs fed R2 produced 0.63 kg and
1.27 kg less feces within five days, respectively, than the pigs receiving R1, though this

difference was not statistically significant.

Correspondingly, the same trend was observed with TFR (Table 3.7) and OMR
(Table 3.8). Amongst the three mctaboiic tesfs, TRF and OMR were significantly
different (P < 0.05) for R4 as compared to R2 in B1, and for R4 as compared to R1 and
R2 in B2 and B2+B3. Thus, pigs fed R4 significantly (P < 0.05) retained less feed
(Table 3.7) and OM (Table 3.8) in the gastrointestial tract (GIT), compared to R2 for
male and R1 and R2 for female pigs. In fact, pigs receiving R4 retained the least feed
and OM in the GIT, amongest four dietary treatments. This observation explains why
the pigs fed R4 had the lowest feed conversion rate, and supports the conclusion that

feeding R4 had a significant negative impact on pig manure production. In addition,
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pigs fed R2 retained most feed and OM in GIT, amongst fouf diets, likely because

zeolite slows down the passage of feed in the GIT by adsorbing water.

Table 3.7 Effects of dietary treatment on feed digestion of experimental pigs

in metabolism cages’.

2
Treatment Ration 1 Ration 2 Ration 3 Ration4 SEM P-Value
LSM SD LSM SD LSM SD LSM SD

Total Feed Intake (kg / S days)

Batch 1 9.22 0.73 1003 1.27 1091 1.66 12.04 0.34 093 0.070
Batch 2 10.77 0.51 9.05 0.35 8.04 259 892 155 126 0.248
Batch 3 940 231 1032 1.74 10.01  0.69 11.34 1.64 139 0.591
Batech2+3 10.09 1.67 9.58 1.38 9.02 2.01 10.13 195 099 0.625

Total Feces Excretion (kg / § days)

Batch1  381° 078 3.8 059 476 113 731° 068 067 0.0l
Batch2 477 032 293 040 286 188 590 173 107 0.056

Batch 3 413 127 342 041 489 1.04 750 324 149 0.106

Batch2 +3 445 090  318° 045 387" 176 669" 248 091  0.006

Total Feed Retention (kg / 5 days)

Batch1  5.41° 051 686 071 615 087  473° 058 056 0.024

Batch 2 6.00° 054 613 0.65 5.18° 116 3.02° 120 077 0015
Batch 3 527 1.13 6.90 1.34 511 092 3.84 1.60 104 0.103

Batch2+3 564" 089  651° 1.08 515° 094  343° 134 064 0.001

1Values are the least square mean of three replicates of pigs per treatment in each batch.
2All experimental pigs were placed in the metabolism cages for 8 days; Only male pigs in
B1 and female pigs in B2 and 3.
LSM represents least square means, SD stands for standard deviation, SEM being standard

error mean. P-values are equal to probability of differences between treatments, reported from
ANOVA tables. :

All data in each batch were analyzed by statistical CRD model, the data in combination of

B2 and 3 was analyzed by the statistical RCB model. All comparisons were adjusted for
multiple comparisons by Bonferroni test.

#“Values within rows with no common superscripts are significantly different (p< 0.05).
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Table 3.8 Influences of dietary treatment on digestion of dry feed and organic matter
with experimental pigs in metabolism cages’.

2
Treatment Ration 1

~ Ration2 Ration 3 Ration4 SEM P-Value
ISM SD LSM SD ISM SD LSM SD
Total Feed Intake (kg / 5 days)

Batchl 922 073 1003 127 1091 165 1203 034 18 0070
Bath2 1077 051 905 035 804 250 892 155 126 0248
Batch 3 940 231 1032 174 1001 069 1134 164 139 0.591
Batch2+3 10.09 1.67 - 958 1.38 902 201 1013 195 099 0625

Total Dry Feed Retention (kg / 5 days)
Batch 2 796 041 647 036 504 169 591 1.06 084 0.120
Batch3 678 175 754 135 690 0.1 757 057 095 0.770
Batch2+3 737 131 701 1.06 642 123 674 1.19 069 0.580

Total Organic Matter Retention / Sda
Batchl  379% 048  521° 048  422® 065 276° 056 045 0.004
Batch2  412° 048 447 056  3.69° 08 . 165 106 063 0008
Batch 3 365 076 519 1.03 341 078 190 170 095 0051
Batch2+3 389 062 483% 08 - 35% 075 178° 131 053 <0.001

'Values are the least square mean of three replicates of pigs per treatment in each batch.
2All experimental pigs were placed in the metabolism cages for 8 days; Only male pigs in
B1 and female pigs in B2 and 3.
LSM represents least square means, SD stands for standard deviation, SEM being standard
error mean. P-values are equal to probability of differences between treatments, reported from

ANOVA tables.

All data in each batch were analyzed by statistical CRD model, the data in combination of

B2 and 3 was analyzed by the statistical RCB model. All comparisons were adjusted for
multiple comparisons by Bonferroni test.
#CValues within rows with no common superscripts are significantly different (p< 0.05).
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Male and female grower pigs fed R2 retained 290g and 174g of more feed daily
(Table 3.7), and 284g and 188g of more OM daily (Table 3.8), in the GIT, respectively,
as compared to the pigs fed the zeolite-free diet (R1). Pigs fed R3 showed inconsistent

results for TFE, TFR and OMR, probably due to the varibility of the subject.

However, 4% zeolite supplementation had no effect (P > 0.05) on TUE, but had a
significant (P < 0.05) effect on the urine total solid content between female pigs fed R1
and those fed R4 (Table 3.9). In general, the pigs fed R1 had the highest urine total solid

content while those fed R4 had the lowest, amongst all four dietary treatments.

Table 3.9 Influences of dietary treatment on urine excretion of experimental pigs
in metabolic cages

2
Treatment Ration 1 Ration 2 Ration 3 Ration 4 SEM P-Value
LSM SD LSM SD LSM SD LSM SD

Total Urine Excretion (L)

Batch2 1096 294 633 168 703 387 48 198 225 0115
Batch3 979 661 967 119 581 276 621 344 328 0500
Batch2+3 1038 462 800 224 642 308 55 262 {93 0.0%

Total Solid in Urine (G)

Batch2 26243 3293 19233 2000 19414 7173 179.57 19.82 34,21 0.140
Batch3 231.03 2834 23049 61.69 227.13 699 172.89 248 2965 0220

Batch2+3 246.73° 3242 21141 4604  21064™ 4903  17623° 2043 35 0.041

'Values are the least square mean of three replicates of pigs per treatment in B2 & 3.

LSM represents least square mean, SD stands for standard deviation, SEM being standrd
error mean. P-values are equal to probability of differences between treatments, reported from
ANOVA tables. '

All data in each batch were analyzed by statistical CRD model, the data in combination of B2
_and 3 was analyzed by the statistical RCB model. All comparisons were adjusted for multiple
comparisons by Bonferroni test.

®Values within rows with no common superscripts are significantly different (p< 0.05).
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3.6 Conclusions
While in the metabolic cages, the grower pigs fed a ration supplemented with 4%

zeolite did not perform significantly better than those on the control ration (P > 0.05).
However, consistant beneficial trends, some of which were signiﬁcéntly different (P <
0.05) occurred when the diet CP and energy concentration were changed along with the

supplementation of 4% zeolite.

Our results demonstrate that 4% zeolite supplementation to the diet of grower pigs
promotes better feed utilization when the ration CP and energy was decreased to 90% of

that recommended by NRC.
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CHAPTER IV

General Conclusion

The environmental impact of the pig production is closely related to the amount of
manure produced and its nutrient contents. Reducing the amount of manure produced
and its nutrient content can reduce the negative environmantal impact of the industry on
resources such as soil, water and air. The most logical solution to thié problem is to find
an economical and viable way of improving feed digestion. Zeolite, and especially
clinoptilolite, is said to improve the digestion of feed by adsorbing water and slowing
down the passage of food throught the GIT, and by temporarily adsorbing excess

nitrogen.

The present study demonstrated that 4% zeolite (90%+ | clinoptilolite)
supplementation in grower pig diets improved feed utilization efficiency. It was
observed that 4% zeolite added to the regular diet of grower pigs decreased the average
daily consumption of feed and the amount of feces produced, increased feed and
organic matter retention in the GIT, improved feed and protein as well as energy
conversion, and finally increased body weight gain, éompared to a regular diet without
zeolite and 4% zeolite diets with low CP and energy. Nevertheless, 4% zeolite
supplementation, combined with the 10% reduction in CP and energy, in grower pig
diets, also improved feed and protein as well as energy conversion, and increased body
weight gain, when compared to those pigs fed the regular diet. In general, 4% zeolite
supplementation to the regular diet, improved the feed utilization efficiency by 23% and
decreased the amount of feces produced (190g/day), thereby, reducing the
environmental impact of pig Iﬁanures. If the diet CP and energy concentrations are

reduced by 10%, along with addition of 4% zeolite, the negative impact of pig manure
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on environment can also be decreased to a lesser extent. The further study needs to look

at the quality of the carcasses to relate the weight gain to that of either muscle or fat.

However, reducing the diet CP and energy by 10% and 15% respectively, along
with 4% zeolite supplementaiton had significantly negative impacts on pig performance
and manure production. Such feed significantly (P < 0.05) increased feed consumption
and the amount of feces produced, and decreased feed and OM retention in the GIT as

well as feed conversion rate.

4.1 Research to be Continued
The present research has studied the effect of zeolite supplement on pig

performance and on part of the metabolic products. The potential to reduce the
environmental impact of pig manure was also examined. Nevertheless, further research

needs to certify this potential effect, such as:

1. The changes in mineral concentration in the collected samples such as feces,

urine and blood plasma.

2. The efffect of zeolite supplementation on the retention time of feed through the

GIT of pigs.

3. The impact of zeolite addition on the total feed digestibility and the apparent

digestibility of individual minerals in feed.

4. The effect of zeolite supplementation on the manure nitrogen volatilization

during storage and manure handling.
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.elle Barrington  Project coordinator On-fine AC. training done :
asha Lapointe = M.Sc. student Trained by D. Hatcher To take on-line course |~ L
nghong Wan M. Sc. student Being trained by D. Hatcher Took AC course given

_ for handling animals A\
1is Hatcher Animal Science /

o Coordinator .

Pika - Technician : ' ‘On-line AC. training done
X. Zhao Co-supervisor - On-line AC. training done

students working with the animals are applymg for the occupational health program.

idicate for each person, if parucipatmg in the Jocal Occupational Health & Safety Program, see wiww
nils. S

ducing the impact of manure on soil, air and water; improving the digestion efficiency of hogs; improving carcass quality and
at value with no side effect on food safety. Demonstrating the mechanism by which zeolite can improve feed digestion. .

:ablish optimum protein to energy ratio in feed supplement with 4% zeolite for lean carcasses demonstrate the potential for
slite supplemented feed to improve piggery air quality; measure the impact of zeolite on manure mass, nutrient content, N
sés and odour produced, as well as herd productivity. Demonstrate mechanism by which zeolite can improve feed digestion.

»m July 2003 to November 2003, 192 pigs were used to identify the level of zeolite inclusion in the feed and the feed protein
1 energy dilution value, to obtain the best feed conversion and carcass quality. The results showed at 4% was the best zeolite
tusion level and that the feed energy digestion was improved by 5%, as compared to 3% for the feed protein. The zeolite had
impact on muscles, live and kidneys heavy metal content, when fed up to a level of 6%. We now need to show over-alt

nefits of zeolite (gain, room air and carcass quality) by a trial using a different room for hogs fed with and without zeolite. We
o need to conduct test showing lower manure mineral content and less manure odours and zeolite digestion mechanisms (only
sabolic cages allow us to collect individual hog manure samples). We also need to refine protein to energy ratio in the ration

: lean carcasses.
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ite digestion mechanism, improved feed conversion, manure environmental impact.

Studies for medical purposes relating to human/animal diseases/disorders

.0

.[] Regulatory testing

['_'] Development of products/appliances for human/veterinary medicine

for Teaching, use the Animal Use Protoecol form for Teaching (www.mcgill.ca/rgo/animal )
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Will the project involve breeding animals? NOJ YES [] If breeding transgenics or knockouts, complete SOP#4

The expenment.ns desxgned to test the effect of feedmg zeolite on nutnent dlgestlon, carcass quahty, manure nutnent level,
| building air quality. The number of test hogs has been examined statistically, and is required to insure the significance of the
ults.
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:ded at one - 204hogs
. .| 1(metabolic)
er cage 6 (grower
room)
TAL# /YEAR | 408 hogs

show the global effect of zeolite in the feed, we need to grow one group of hogs in a separate room and compare their
formance to another group grown in another room. The treatment needs to be reversed per room, to show no room interaction.
ce each room holds 96hogs, then each test requires 192hogs, repeated twice for 384hogs. ‘

 the metabolic tests, we need to compare three feeds to test for C.P. (protein) to energy ratio along with the effect of 4%

lite in the feed. We need to test 8 hogs per treatement, to lower variance within treatments. The floor of the metabolic cages is
it of a plastic-covered wire mesh, which is more confortable than the .concrete slabs, used in the piggery grower rooms.

rrefore, foot lesion is not at risk. The animals will be kep in metabolic cages for 10 days, maximum: 3 to 5 days to get them

d to the cages (if a hog refuses to eat during this period, it is replaced) and 5 days on test.

4% ;eohte 4% zeoixté

96 grower | 12 grower-
hogs hogs

feed feed

2 2

NO ~ YES [T] ifyes, specify:

8 ¢) Indicate area(s) where animal use procedures will be conducted:
Building: Room:

Indicate area(s) all facilities where animals will be housed:
Building: Piggery  Room: Grower rooms and metabolic room

If animal housing and animal uSé are in different locations, briefly describe procedures for transporting animals:




od Collection UACC#1 (] | Collection of Amphibian Qocytes UACC#9 O
westhesia in rodents UACC#2 1 | Rodent Survival Surgery UACC#10 O
ilgesia in rodents UACCH3 [[] | Anaesthesia & Analgesia Neonatal Rodents UACC#11 =[]
eding transgenics/knockouts UACC#4 [] | Stereotaxic Survival Surgery in Rodents UACC#12 [
nsgenic Generation UACC#5 [ | Field Studies Form |
ockout/in Generation UACC#6 ] Phenotype Disclosure Form O
duction of Monoclonal Antibodies UACC#7  [[] | Other, specify: O
duction of Polyclonal Antibodies UACC#8 [ ] O

0 types of tests are planned: 1) a test in the two grower rooms of the pigegry were 3 feeds will be tested : with 4% zeolite and
o C.P. and energy; with 4% zeolite and 90% C.P. and 85% energy; and no zeolite with 100% C.P. and energy. The 100%

sls of C.P. and energy are those recommended for grower hogs (NRC), and will be adjusted as they grow. One grower room

. house 2 x 48 hogs, each two groups of 48 hogs being fed 4% zeolite and one of the two C.P./énergy ratio. The other 96 hogs
ised in the other room will be on the feed without zeolite and 100% C.P. and energy. The objective of this test is to compare
m air quality for animals on feed with and without zeolite; for those hogs on zeolite feed within the same room, the objective
> compare the effect of feed C.P. to energy ratio on carcass leaness. It was earlier found that zeolite is more efficient at
roving energy than C.P. digestion. The test will be repeated twice, to switch room treatment and eliminate room effect. For
 test, hog rate of weight gain, feed consumption and feed conversion will be compared among treatments. The room air

lity will be monitored and compared. The hogs will be supplied by Haybay genetics, the regular supplyer of the Macdonald
npus piggery, and these hogs will be grown from 25 to 105kg. The carcass quality of these hogs will be examined at slaughter
ise while cutting the carcasses.

1 test using metabolic cages where 3 feed treatments will be applied to 8 hogs each weighing 60kg (24 in total). Because there
only 12 cages, the metabolic procedure will be repeated twice, using 4 hogs per treatment, each time. The feeds to be tested

: without zeolite with 100% C.P. and energy; with 4% zeolite and 90% C.P. and energy; 4% zeolite with 90% C.P. and 85%
rgy. The 100% C.P. and energy levels are those recommended for 60kg grower hogs (NRC). For all three feeds, faeces and
1e will be collect for mineral mass balance and for manure odour emissions. The facces and urine will be collected separately
sompare the effect of zeolite on manure properties and feed digestion. Males will be used for this test, to eliminate the use of
heters to collect urines separatly from the feces, to impose less stress on the hogs. Blood samples will be collected three times
fore testing, on first day of testing and on last day of testing) to measure the effect of zeolite on blood mineral content and test
hypothesis that zeolite regulates protein digestion. The feed will contain 1% iron oxide and 0.5% chromium oxide to measure
d retention time and feed digestibility, respectively, to test for zeolite feed digestion mechanism. This is a standard procedure
d by scientists. Animals other than those on test (1) above will be used as not to disturb the statistical design of test (1).

3 blood samples will be taken through the ear vein (marginal vein) using a sterilized needle. Mr. Jan Pika will take the blood .
aples. Animals showing any sign of sickness are placed alone in a pen and treated as required. If not improving, the farm uses
hanasia with a dead bolt. Euthanasia is performed on animals that were injured accidently and cannot stand or has not been
ing for a few days or is unable to drink.

2 experimental hogs conducted in the grower rooms will be sent for slaughter at 105kg. Carcass quality is measured by
.lghter house when the carcass are bemg cut (fat level loin mass, etc.). The hogs used for the metabolic tests will be returned

. 1 O] a1ne




quency of monitoring: Zeolite is a benéﬁcial additive and does not cause any complications. The animals will be fed up to
ket weight and then sent to a commercial slaughter house.

me: Animal monitoring: Denis Hatcher and Natasha Phone #: 514-398-8644
ointe

o8 -,\\Px-.

.'Agél"ltA Dosage Total volume(ml). m“"l“l‘eqi'lency/Duraﬁon
(mg/kg) | per administration | : .

; _.- 2 LR S e W
Total volume(mf) Route Frequency/Duration

per admmrstratlon

Dosage
(mg/kg)

lite fed in feed at a level of 4%. The 2003 research data on carcass quality indicated no significant heavy metal accumulation
zeolite being fed up to 6%.

cify Species

[[] Anaesthetic overdose, list agent/dose/route:
O Exsanguinaﬁon with anaesthesia, list agent/dose/route:

[_] Decapitation without anaesthesia *
[_] Decapitation with anesthesia, list agent/dose/route (mcludmg CO»):

[C] Cervical dislocation without anaesthesia * .
[[] Cervical dislocation with anaesthesia, list agent/dose/route (including CO,):

{11 €O, chamber only
l:l Other, specify:
5 Not applicable, explain: animals wﬂl be sent to commercial slaughter house at 105kg.

r physicai method of euthanisia‘ without anaesthesia, please justifyﬁ

B[ T cO D [] E []

3yories of Invasiveness (from the CCAC Categories of Invasiveness in Animal Experiments). Please refer to this document for a

¢ detailed description of categories.

ory A: Studies or experiments on most invertebrates or no entire living material.

1gory B: Studies or experiments causing little or no discomfort or stress. These might include holding animals captive, injection,
utaneous blood sampling, accepted euthamma for tissue harvest, acute non-survival experiments in which the animals are completely
wthetized.

igory C: Studies or experiments involving minor stress or pain of short duration. These might include cannulation or

eterizations of blood vessels or body cavities under anaesthesia, minor surgery under anaesthesia, such as biopsy, short periods of
wing, overnight food and/or water depnvation which exceed periods of abstinence in nature; behavioural experiments on conscious
sals that involve short-term stressful restraint.

gory D; Studies or experiments that involve moderate to severe distress or discomfort, These might include major surgery under
isthesia with subsequent recovery, prolonged (several hours or more) periods of physical restraint; induction of behavioural stresses,
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rdance with University policy).
gory E: Procedures that involve inflicting severe pain, near, at or above the pain threshold of unanaesthetized, conscious animals.
sonfined to but may include exposure to noxious stimuli or agents whose effects are unknown; exposure to drugs or chemicals at levels

(may) markedly impair physiological systems and which cause death, severe pain or extreme dtstress or physical trauma on
1aesthetized animals. According to University policy, E level studies are not permitted.

wzardous materials will be used in this study:
) Indicate which of the following will be used in animals:

[JToxic chemicals [IRadioisotopes ~ [CcCarcinogens
[ JInfectious agents (mcludes vectors) ' - [OTransplantable tamours

) Complete the following table for each agent to be used (use additional page as required):

it name

ige

te of administration

juency of administration

ttion of administration

iber of animals involved

wal tlme after admmnstrahon
D

_] the animal care facility E] laboratory under supervision of laboratory personnel

Please note that cages imust be appropriately labeled at all times. - .
N % R R b i 5% HRRAN X z




)/16/03 THU 08:08 FAX 613 228 6614 CFIA - PPD @oo1

Canadian Food Agence canadiennt
l* inspection Agency  d'inspection des aliments
"Animal Health & Production Division
“Ottawn. Ontario
K1A0Y9
Fax: (613) 228-6614

- October 16, 2003 | ICG.SIF

Mr. J.C. Guilmain
J.C. Guilmain, Inc.
1034 Rang 20
Upton, Québec
JOH 2E0

e: Application for Tempor: 'eed istration
" Dear Mr. Guilmain:

This letter is to inform you that a temporary registration (Registration No. T990700) is being granted for
KMI zeolite (Registration No. T990700) to authorize the disposal of swine from this research trial that have
been fed diets containing 4% and 6% KM zeolite for slaughter, This temporary reglstratlon expires
on March 31, 2005 .

If you wish to register KMI zeolite in the future at levels grcater than 2% in livestock feed then the
following information will be required:

1. ‘Tissues from the current study should be held and analysed for heavy metals (arsenic, cadmiurn,
chromium and lead) for liver, kidney and muscle from three pigs fed diets containing 4% and 6%
KMI zeolite; and

2. Histopathology (as discussed previously) will be required for muscle, kidney and hiver for four
pigs at levels feds.

Please note that this ingredient has only been evaluated for safety and not for efficacy. Therefore, currently
KMI zeolite is only approved as a flowing/anti-caking agent not to exceed to 2% in finished feed.

Youhave been charged fees in the amount of CAN$304.95 for the consideration of this application and
this fee has been paid in full. If you ha.vc any questions, please do not hesitate to contact me
at (613) 2252342 ext. 4140.

Yourgsipoerely,

“Paul Loeven, Toxicologist, |
Feed Section.

ce.  Jacques Fafard, CFIA Québec Area Office
Catherine Italiano, CFIA Headquarters
\/]ﬁ. Suzelle Barrington, McGill University

P\Ngw (ngeadients\Zzolite Ova\emiporary reg for KMI zeolite 6% Oot, 16, 2003.wpd
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CORE LABORATORIES

lmmn SeTREATION

FAX COVER SHEET
JO:
COMPANY McGill University June 9, 2003
ATTN: Suzelle Barrington
FAX NO.: (514) 398-8387
FROM:
COMPANY: CORE LABORATORIES CANADA LTD.
NAME: Trevor Finlayson
PHONE #: (403) 250-4037
PAGE: 3 (Including this page)

Dear Ms. Barrington,

Please find attached the results of one X-ray diffraction analysis performed on the
submitted zeolite sample. This sample was analyzed for bulk mineralogy, and then
compared to the standard sample (also attached).

Thank you for the opportunity of providing this service. Should you have any further
questions or comments, please feel free to contact us.

Best Regards,
- S
’ '7"-—-',,—» P
Trevor Finlayson
Lab Coordinator
Core Laboratories Canada Ltd.

PLEASE CONTACT HONG SHI MESSAGE IS NOT CLEARLY RECEIVED
AT TEL: (403) 250-4005, FAX: (403) 250-4012 ’

OTICE: This fax Is Intended only for the use of the addresseé above named and may contai V '
nformation that is priviteged and confidentlal. If you are not the addressee or the person responsibl

[for delivering this fax to the addressee, you are hereby notifled that nay use of, or dissemination of, thi
ax Is strictly prohibited. If your have racelved this fax in error, please notify us Immediately by telephon
t the above nurmber. Thank you, Quality

-

Core Laboratorles Canada Ltd.
CTAT TOT AN ISAA000. Fax (403) 250-5120
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COMPANY: McGill University File #: 52135-03-3430
WELL/LOCATION:  Faculity of Agricultural and Environmental Sciences
SAMPLE: Zeolite Sample
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Due to inherent limitations in X-ray diffraction quantification, results must be considered semi-quantitative.

X-RAY DIFFRACTION ANALYSIS
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Section 2

ICP Analysis of KMI zeolite

KMI Total Heavy Metal Analysis -
Procedure: ICP by Bodycote, Essais de Matériaux Canada Inc. (an accredited laboratory).

Element KMI zeolite
mg/kg 4
Sample 1 2 3 - 4 5 Average
January** | February | Junme |July 23"
13th 17 | |
As. 11 29 36 33 - 27
' . (11)
Al ‘ 39000 39 000
Cd 1.0 1.0 1.0 <1.0 <1.0 1.0
Cu 45 110 24 4 5 46
(46)
Co <17 6 4 4.1 <1.0 4
_ ' 0.93)
Cr | | <2.0 54
| (0.68)
Fe, _ ' 4300 4300
Mo 22 6 6 4.7 5 10
| | 8.2)
Ni, _ <45 2 2 <2 <2.0 2
Pb. <10 90 120 35 30 64
_ : (50)
Se - 1 ' <0.5 - <05 1.5 1
St. 240 170 110 120 - 160
_ _ _ ' (59)
Zn . <58 270 - - 350 -390 180 250
(134)

* random composite samples taken from zeolite used in feed experimeht. _
** report analysis not included since you already have this report in your files, as well as those of
February 2003. :



ZEOLITE, INC.
 TECHNICAL DATA SHEET - 101
| (Cream-CoIOmd Zeolite) |

TOTAL CATION EXCHANGE CAPACITY (CEC)....... w1610 21 + meqlgm
(Total CEC determined for Ammonia. Values vary with Cation involved.)

Clinoptilolite Content (Based on XRD Resulb From The Mineral Lab, Inc.)....90% (+/- 5%)

Chemical Analysi - The Mineral Lab. Inc. Major Exchangeable Cations (USBM)

- (XRF (Nommalized (In order of selectivity for exchange)

Results) to 100%) Cs’>Rb*> K> Ca*?>NH,">Sr'>Na"> Li*
SiO, 66.5 76.7
ALO, 10.6 12.2. NH/>>Na" |
CaO 1.16 1.34 :
MgO 0.53 0.61 Heavy Metal C U
Na,0 3.12 3.60 (In order of selectivity for exchange)
K,0 . 386 - 445 Pb*%>K'>Ca'>NH,">Cd'>Cu*%>Co"%>
Fe,0, 092 1.06 Zn*%> Ni2>Hg*?
MnO 0.04 - 0.05 _ '
Primary Adsorbed Gases

NH, CO CO, SO, H,S H,0O N,
Freon, Formaldehyde, Mercaptans,
Benzene, Methanol

SihcalAlumma Ratio _ ‘ ' ,5.8-6.4

Silicon/Aluminum Ratio 51-56

Bulk Density (dry solid) .87 IbsAt® (1394 kg/m®)
Bulk Density (dry, loose mat’l) E 51-60 |bslft° (817 061 kglm“)
Mohs Hardness 51

Pore Size ' 4 angstroms

Pore Volume . 15%

Specific Surface Area " 1357 yd¥oz (40 m?/gm)
Alkali Stability (pH) - 7-13

Acid Stability (pH) 1-7

Thermal Stability 1292° F (700° C)

Crushing Strength 2500 Ibs/in? (176 kgsicm?)
Wet Attrition (Avg.) : 6-7%

information contained herein is accurate to the best of our knowledge. Information is provided without warranty or guarantee of results. it is the
responsibliity of the user to determine the suitabifiy of this material for the intended use. User assumes the final risk and Hability In connection
therewith. .



McGiall

University Animal Care Committee Comité universitaire de protection des animaux

McGill University Université McGill

James Administration Building Pavillon James de l'administration Tel.: (514) 398-2837

845 Sherbrooke Street West 845, rue Sherbrooke Ouest Fax: (514) 398-4853
Room 429 Bureau 429 www.mcgill.ca/rgo/animal
Montreal, Quebec, Canada Montréal, Québec, Canada

H3A 2T5 H3A 275

January 14, 2004

The McGill University Animal Care Committee certifies that

Yonghong Wan has successfully completed the

Advanced Level
of the

Theory Training Course on Animal Use for

Research and Teaching
on

January 14, 2004.

The training includes the following topics:
* Basic Level: Regulations & Procedures, Ethics, Basic Animal Care, Occupational
Health & Safety

* Advanced Level: Anesthesia, Analgesia, Euthanasia, Categories, Influencing
Factors and Environmental Enrichment

Please note that this certificate does NOT include practical training, which is obtained by successfully
completing an Animal Methodology Workshop where another certificate is issued.

Certification is valid for 5 years, starting on the date indicated above.
A

L -

Deanna Collin
Animal Care Training Coordinator, animalcare@mcgill.ca

(Confirmation of training can be obtained by request to the above email address)

Note: Trainee must keep this certificate as other institutions may request it as evidence
of training
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