
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 ofMaster of Science 

© Yonghong Wan, 2005 



1+1 Library and 
Archives Canada 

Bibliothèque et 
Archives Canada 

Published Heritage 
Branch 

Direction du 
Patrimoine de l'édition 

395 Wellington Street 
Ottawa ON K1A ON4 
Canada 

395, rue Wellington 
Ottawa ON K1A ON4 
Canada 

NOTICE: 
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. 

ln compliance with the Canadian 
Privacy Act some supporting 
forms may have been removed 
from this thesis. 

While these forms may be included 
in the document page cou nt, 
their removal does not represent 
any loss of content from the 
thesis. 

• •• 
Canada 

AVIS: 

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

L'auteur a accordé une licence non exclusive 
permettant à la Bibliothèque et Archives 
Canada de reproduire, publier, archiver, 
sauvegarder, conserver, transmettre au public 
par télécommunication ou par l'Internet, prêter, 
distribuer et vendre des thèses partout dans 
le monde, à des fins commerciales ou autres, 
sur support microforme, papier, électronique 
et/ou autres formats. 

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

Conformément à la loi canadienne 
sur la protection de la vie privée, 
quelques formulaires secondaires 
ont été enlevés de cette thèse. 

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



Yonghong Wan 

M.Sc. Thesis 

ABSTRACT 

Animal Science 

The rapid growth of Canadian pork industry has been chaIlenged by its negative 

impact on the environment. To find an economical andpromising solution to the 

environmental problems, 4% zeolite (90%+ clinoptilolite) were supplemented to a 

regular (100% crude prote in (CP) andenergy) 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, foIlowed by a 

metabolic test with three batches of animaIs repeatedto 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, prote in 

and energy conversion, as weIl 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 aIl pig performance and metabolic parameters, compared 

to the regular diet without zeolite. Among 4 rations, 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 

retention in the gastrointestinal tract, improved feed as weIl as protein and energy 

conversion, and enhanced body weight gain. Moreover, zeolite supplementation at 4%, 

with 90% CP and 90% energy in grower pig diets, improved feed and prote in and 

energy conversion rate, and increased body weight gain, when compared to those of 

pigs fed a regular diet without zeolite. However, a diet of90% 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% energy) grower pig diets cou Id be a 

promising solution to the environmental problem chaIlenging pork industry. 

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

Zootechnie 

Douze porcs males et ·vingt quatre porcs femelles furent utilisés pour effectuer des 

essais en cages métaboliques. Ces essais furent réalisés en deux phases et en trois 

groupes, pour déterminer l'effet de l'inclusion dans la moulée de 4% de zéolite (90%+ 

de clinoptilolite). Quatre moulées furent utilisées: une témoin, sans zéolite (ration 1); 

une contenant le même niveau d'énergie et de protéine, mais avec 4% de zéolite (ration 

2); une contenant 90% de la protéine et90% de l'énergie et avec 4% de zéolite (ration 3); 

la dernière avec 90% de la protéine et 85% de l'énergie et 4% de zéolite (ration 4). On 

observait les paramètres 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 matière organique. 

Sauf pour la ration 4, l'ajout de 4% de zéolite à la diète des porcs avait un effet 

positif mais non significatif (P <0.05) sur la performance alimentaire des porcs, 

comparativement à la diète sans zéolite. Pendant les trois essais, la ration avec zéolite 

améliorait de façon non significative, les résultats. en diminuant le taux de 

consommation de moulée et de production de fèces, 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 l'énergie, 

comparativement à 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 matière 

organique et le taux de conversion alimentaire . 

. ii 
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CHAPTER 1 

Introduction 

1.1 General Introduction 

The pork industry is one of the world's most important agri-food industries. Pork 

meat is the commodity mast consumed in regions which have been experiencing rapid 

economic growth, including Asia and Latin American. Pork is also the preferred meat 

throughout most of Europe and North America. In Canada, the live stock industry 

annual grosses are more than $15 billion (Barrington, 2001). Amongst livestock 

industries, pig production is the third most important agricultural sector in Canada. It 

provides more than $3 billion of economic activity annuaIly. 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 and Manitoba are major pork producers and 

77.7% ofall pigs marketed in 2003 came from these provinces (Statistics Canada, 2003). 

Prior to 2002, Quebec was the largestpig producing province. 

Although several factors such as high feed grain priees, poor margins and reduced 

domestic consumption negatively affect the domestic pig market in Canada, the pork 

industry is still the most promising among aIl 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 expansion is partially due to increasing 

international pork consumption demands. 



Canadian pork is recognized intemationally for its high quality, thereby allowing 

Canada to export 30% ofits 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, sorne Canadian operations have joint ventures in the US for feeding pigs 

with further arrangements with US packers. In 2004, Canada was the second large st 

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 oftheir enterprise. The consequence is that net production 

has greatly increased, especially for milk and eggs (20 and 30%, respectively). This 
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indicates that the yield per animal has increased significantly. Unfortunately, the 

quantity ofmanure produced has increased exponentially due to increased use ofhigher 

feed nutrient content and the low digestive capability of most live stock (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, 36472 in 1986,29592 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 ofpigs 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 ofpigs per 

farm unit reached its highest level in 2001, with 827 pigs per farm in Ontario, 1567 in 
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Quebec and 1555 in Manitoba (Statistics Canada, 2001). 

Despite the increase in animal production, the average live stock (Animal Unit = 

AU) density is not particularly high in Canada due to the large land area. Counted 

among the countries with the highest live stock densities are China, Denmark, The 

Netherlands, and Japan (Barrington, 2001). In the se countries, average live stock 

densities exceed 1 AU per ha, whereas the total average density in Canada is 0.19 

AU/ha. Nevertheless, the average live stock density exceed or come close to exceeding 

1 AU/ha in sorne Canadian regions, such as in the Southern Ontario, and in the 

Lanaudière (North East of Montréal), l'Estrie (Eastern Townships) and the 

Chaudière-Appalaches (South of Québec City) regions 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 modem pig operation generates huge quantities of manure due to 

intensification of the industry over the past years, in the world as weIl as in Canada. 

Land spreading is still the most practical method of disposing of manures. Pig man ure is 

recognized as a valuable source of crop nutrients. Recently, it has also been recognized 

as a significant source of alternative fuel such as methane. The proper use of man ure 

nutrients is an integral part of a sustainable pork operation. The exact amount of land 

required for a pig production unit to fully utilize the nutrients can be ca1culated based, in 

a large part, on the crop to be grown and its nutrient needs as weIl 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 offarm. For instance, afarm will require about 1.lha/sow ifit 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 
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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, environmental problems ensued. The potential for pig-related pollution 

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 concerned with the environmental 

pollution caused by the pork industry. Soil and water pollution result from feedlot 

mn-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 sorne 

1 080, 675 and 1 120 million tons of N, P and K, respectively. Although sorne N is lost 

through handling, aIl 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 Wilson, 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 live stock manure to land for 

years, P over-fertilization has occurred followed hy soil P saturation and surface water 

loading through soil erosion and sorne 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 mgll 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 (N20). The latter situation has urifortunately happened in sorne 

regions in Canada. High live stock densities in sorne 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, Southem 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 ofpigs per farm unit was 1 567 heads in 2001, while the density was 200 pigs, 

versus 33 pigs elsewhere in Canada, per 100ha ofcultivated 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 of 

Denmark where almost 20 million pigs were produced on an arable land base of 2.5 

million ha (Meyer, 1997; Carlton Trait Regional Hog Information, 2005). As a result of 

high pig density, pork producers in sorne regions of Quebec do not have enough land to 

apply the pig manure white staying within the range of the plant's nutrient requirements. 

In 1996, the Quebec Ministry of the Environment and WildIife conducted a study to 

check the capacity of agriculturalland for receiving animal wastes (organic fertilizer) 

from Quebec farms. Quebec's nine large st 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 ofP and N. This study reported 

that manure applications over-fertilized P in the agriculturalland 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 of mineraI fertilizer, besides the man ure, 

thus resulting in over fertilization of P and N by 167% and 133%, respectively 

(Ministere de l'Environnement et de la Faune du Quebec, 1996). 

Heavy land applications ofmanure 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 can 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 or more water contaminants were found 

in approximately 40% of the wells, 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 

recentyears. 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 presenting 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 animaIs especially 
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inside pig buildings or beside manure pits~ They have been 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 manure 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 atmosphere and cause pollution. Several 

ofthe 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 animaIs 

(Schiffinan, 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 disturbance, annoyance, and depression (Roderick et al., 1998). 

Importantly, pig manure-related odours can induce a psychological response and 

sens ory effects in human beings (Schiffinan, 1998). Actually, the psychological 

response and sensory effects ofhuman 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 hàve serious economic consequences for 

farmers. Odor, like noise, is a nuisance or disturbance and complaints are normally 

handled by provincial or local authorities. 
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Sorne 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 all 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 U.K.'s 

agricultural sector produces around 198 x 106 kg ofNH3per year, in which 23 x 106 kg 

come from the pork industry. In Canada, NH3 emissions from agriculture amount to 468 

Gg (thousand tonnes) ofN per year, about 90% of total NH3 emissions. Ofthis, 76 Gg 

(thousand tonnes) cornes from pork industry (Janzen et al., 2003). The ammonia 

produced stays in the air for a short period of time and ihen falls to the ground or is 

transformed into other pollutants such as ammonium nitrate 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 etàl., 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 mineraI collector, has special chemical and physical, as weIl 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 lammonium ion equilibrium (Mumpton, 

1999). Several studies showed a positive effect of zeolite supplementation by 

improving the production performance of animais and the digestibility of sorne feed 

nutrients, reducing odor emissions in the manure oftreated 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 lOO% CP & 

lOO% energy without or with 4% zeolite; 90% GP& 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: 

l.The average daily feed intake (ADFI) of the pigs; 

2.The average daily body weight gain (ADG) of the pigs; 

3.The feed conversion rate (feedlgain, FCR) of the pigs; 

The second phase consisted of monitoring the following parameters while the 

experimental pigs were held in individual metabolism cages: 

I.The total feed intake (TF1) of individual experimental pig; 

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

3.The total manure 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 TI 

Literature Review 

To effectively reduce the environmental impact of pig man ure, it is essential to 

understand the characteristics and handIing 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 ofPig Manure 

Upon ingestion of feed, pigs convert these foods into valuable products such as 

meat, blood, and body tissues as weIl 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 sorne nutrients remain in the manure, especially in the feces and urine. 

According to John and Wilson (2003), manure is rich in carbon (C), nitrogen (N), 

phosphorus (P) and potassium (K) as weIl 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 weIl as control soil erosion. When the soiI is tiIled 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 (C02) or methane (C~). 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 ofurea (John and 

Wilson, 2003). Not aIl N is available to the crop during the first year of application. 
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Ammonia is immediatelyavailable 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 ofmanure, 

P exists in the form of phytate and in the plant-available form of P20S. Approximately 

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

Potasium, in the manure, exists in the available form ofK20. 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/m3
• The availability ofthe 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 hum ans and animaIs 

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 nutrients to ensure maximum 

pig performance results in excessive amounts of nutrients excreted in feces and urine. 

Phosphorus is also excreted in urine and feces, andcould have a major impact on the 

environment and the economy ifnot 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 gIL and 3.22 glL, respectively, but in lagoons their concentration is only about 0.48 

glL and 0.29 gIL, 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 liquid manure and is less likely to 

flow toward a waterway than liquid manure. Therefore, in the United States, pig farms 

are not allowed 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 perforated floors. Along with increasing 

live stock 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, manurè water content increases to 

95 %. 

2.2 Soil and Water Impact 

2.2.1 Soil Pollution by Pig Mamire 

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. Overapplieation of manure to soil can 

result in the buildup of plant nutrients, phosphate and potash, as weIl as of toxie 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 sorne 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 soillife (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 incidentsattributable to agriculture (Nielsen, 1987). Usually, slurry 

storage is the most common source of pollutants entering waterwarp due to poor storage 

management, such as overfilling stores and failing to tum 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 of carelessness and failure to 

separate clean rainwater from roofs and open areas from contaminated concrete areas. 

The major concem 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 concem on live stock farms. Ammonia 

toxicity to fish and altered effectiveness of chlorination are additional concems related 

to N pollution (Roderick et al., 1998). According to Canadian Water Quality Guideline 

(CWQG), the interim to prote ct freshwater life and marine life is 13 and 16 milligrams 

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

Phosphorus entering surface waters from runoff of pig manure left on the soil 

surface can cause and promote the process ofwater 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 aIl, 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 andammonia 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, C02, H2, as 

well as ammonia (Zhu, 2000). Furthermore, anaerobic microbial fermentation 

contributes substantially to VFA production. The fermentation gases (C02 and CI-4), 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 CRt emissions from animal waste (50 % from 

pig) are responsible for 15% oftotal CRt 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 increased, 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 pollution 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 weIl as 

amino acid deamination (Zhu, 2000). Ammonia can also be incorporated into 

polyamines, such as putresine and cadaverine, which are major components ofthe odor. 

GeneraIly, 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 Iiquid handIing. Liquid man ure 

systems can be anaerobic or aerobic. According to John and Wilson (2003), when a 

manure 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. BasicaIly, 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 sorne times, and very 

strong odor at other times, Le., as seasons change. 

Extended storage time has very important etIects 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; 

Schiffinan, 1998). O'Neill and Phillips (1991) reported that the concentration of 

malodorous compounds greatly increased upon anaerobic storage over a 24 hour period. 

Phenollevels increased by 140%, white 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, incomparison with that of the 

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

Production ofmanure odor is obviously atIected by the content of the feeds, such as 

the particle size of the diet, dietary supplemental enzymes, dietary prote in and 

fermentable fibre, and dietary phosphorus content (Adeola et al., 1995; Jongbloed and 

Lenis, 1992; Ruurd et al., 2001; Sutton et al., 1999). Sorne of related research papers 

will be discussed in the following section of control measures. 

Furthermore, production of manure odor from slurries is atIected by environmental 

conditions, Le., temperature, oxygen content, humidity, and air exchange rates and by 

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

2.4 Control of Environmentallmpact 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 (Komegay 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 supplementation of 

the com-soybean meal growing-finishing diets with AAs decreased total N excretion by 

approximately 28 to 36% in freshly excreted manure. When Sutton et al. (1997) fed 

growing-finishing pigs a com-soybean diet with 10% CPsupplemented with synthetic 

essential AAs and 5% cellulose, the excretion ofN 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. Ammonium 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 diets and from 19 to 13 % in finishing diets, 

alongside synthetic AAs supplementation, reduced N excretion by 40 % and reduced 

concentrations ofthe 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, 1997). AH the se 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-supplemented diet has been shown, in sorne 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 dicalcium 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 piglets with a phytase­

supplemented diet for 4 weeks and foundthat supplemental microbial phytase in a low 

P com-soybean meal diet released sorne mineraIs from the phytic acid complex, 

improving animal performance, reducing need for inorganic P supplementation, and 

reducing P excretion in the feces. Jongbloed et al. (1991) reported that in a 

com-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, cellulase addition was 

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

As mineraI 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 the design of manure storage tanks 

and finally, using less odorous spreading methods (Airoldi et al., 1993; Barrington, 

1996; Bumett and Dundero, 1970). Different measures should be taken depending on 
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the characteristics of manure at the different stages of manure production and handIing. 

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 air from pig buildings passes through a filter, the 

inside biological materials could breakdown volatile compounds into carbon dioxide, 

water, mineraI 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 ofbiofilters 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, wet, manure covered surfaces 

emit more ammonia and other odorous compounds than slotted floors. Amongst aIl 

types of slotted floors, a pit ventilation system is best for maximaUy 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 animaIs 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 weU 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 of7.5 ppm and 2.5 mg/m3
• 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 tilter. Furthermore, 

because dust can carry pathogenic microorganisms (Carpenter, 1986), it is a very 

important medium for transmission of sorne 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 sorne malodorous gases, Le. ammonia and hydrogen sulphide, inside 

pig facilities could also be decreased. 

The first principle for controling dust inside the pig facility is to c1ean interior 

building surfaces regularly. The "aU-in, aU-out" style of management is a commonly 

used method for modem 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 weU as to 

spray pigs with oil or water. In a study conducted by Takai et al. (1993) .. spraying 
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rapeseed oil at a concentration of 5 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 mineraI 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 of24 mVm3 of minerai 

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 of2.5 and 7.5%, aerial 

dust was decreased by 21 to 53% (Chiba et al., 1985, 1987). 

2.4.2.2 Manure Treatment during Storage 

In order to take appropriate measures to control the environmental impact of pig 

manure storage, the length oftime manure spends in storage must be taken into account 

(Nicholson et al., 2002). These measures, which can be applied either individually or in 

combination, include using tank covers, composting, aeration, anaerobic digestion, 

aerobic digestion, separation and pit additive applic~tions. 

Obviously, manure tank covers can reduce the emission of odor, ammonia and 

hydrogen sulfide. The effect depends on the characteristics 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 woodenlmetal framework, which was used to support a 

strong plastic sheet (Niel sen, 1987). 

Aerobic digestion is agood method for reducing offensive odors (AI-Kanani et al., 

1992; Berg and Homig, 1997; Burton, 1992). The basic principle of aeration is to 

pro vide, 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). 

Sorne 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 treated 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 ofthese products 

can be classified into 5 different categories: masking agents, counteractants, digestive 

deodorants, adsorbents and chemical deodorants. Masking agents are mixtures of 

aromatic oils used to cover up 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, lime stone 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 aIl these 

chemicals are corrosive and harmful to the environment. 

2.4.2.3. Odor Control during Spreading 

The largest number of complaints conceming odor from pig manure by the public 

come within the first 24 hrs after spreading and when slurry or solid l11anure remains on 

the surface for several days. In fact, odor is most intense during the first few hours after 

spreading and decreases exponentially with time, 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 ofthe soil can cause high odors; however, odor can 

be reduced ifmanure 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 aIl possible sources ofrun-offwere 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 application. The spreading of pig 

manure is typically limited to spring and early summer when crops are growing rapidly. 

ln 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 compounds result from excess 

degradable proteins and lack of specifie 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 prote in in the diet 

is poorly balanced or prote in 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. IfN 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 metab()lism in the OIT to reduce 

excretion of odorous compounds in the manure have become hot topics and urgent 

research areas for pig producers and scientists aIl 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 odorants 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 to 12% 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 prote in, 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 l3-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 sorne 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 ofproteolytic enzymes in feed processing or as dietary 

supplements in the diet has been reported to be able to improve prote in digestibility and 

subsequently reduce odor emission (Swine Odor Task Force, 1995). 
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The change offeeding style affects the emission of sorne odorous compounds in pig 

manure. It was found that odorous compounds including NH3, 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 OIT ofpig (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 mineraI 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 Si04 tetrahedron where aIl 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 polyhedra which form an infinite, open, 

three-dimensional framework. Because of its structure, zeolite has interconnecting 

channels and large voids which are capable oftrapping 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, Le., it can lose and gain water reversibly without 

changes in the crystal structure. In addition, because sorne Si4+ in the structure are 

replaced by trivalent aluminum atoms (Ael, causing increasing deficiency in positive 
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charge, zeolite can selectively adsorb and exchange extraframework cations. Normally, 

the cation-exchange capacity (CEC) of 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 and Fishman, 1977). Usually, 

naturally occurring zeolite has a relatively small CEC (2.25 meqyg). Since its cation 

selectivity is Cs+> Rb+> K+> NH/> Ba2+> S~+> Na+> Ca2+> Fe2+/3+> Ae+> Mg2+> Lt, 

one expects a release of Na + or Ca2+ and uptake of K+ and NRt + in the GIT (Mumpton , 

1999). 

In addition, zeolite mineraIs have been demonstrated to possess the biological 

properties, such as high capacity for immobilization of microorganisms and for 

improving the ammonialammonium 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 (Cefali et al., 1995). The characteristics ofthese 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/l00g (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 in poultry feed (F ethiere 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 negative effect on rumen function 

(Johnson et al., 1988; Holthaus et al., 1996). 
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Incontrast, the CEC of CL! is 120 meq/lOOg.1t releases Na+ or Ca2+ to take up K+. 

Moreover, CL! has a special affinity for Nf4 + and has been used to improve N 

absorption in feed (Mumpton and Fishman, 1977). In general, CL! 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, inc1uding those found in volcanic sedimentary 

rocks, have been used as building dimension stone, lightweight aggregate and 

pozzolans in cements and concretes, flUer 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 rem ove 

malodors from shoes, athletic footwear, as weIl as pet litter to absorb water and 

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

According to Mumpton (1999), sorne zeolites are used for medical purpose. They 

can be applied, for example, as antidiarrheal remedies, as effective filters to rem ove 

Nf4 + 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 horticulture. 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 

affiicting 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 dietary supplements for various 

species in several countries. CU, being a zeolite of the heulandite group and ,the most 

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

2.5.2.2.1 Improving Animal Performance 

Several studies have demonstrated that zeolite supplementation can improve the 

production performance of animaIs and the digestibilityof 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 

aIl animaIs studied. Furthermore, evaluation of the meat from the se animaIs 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 5 % CU 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 CU diet in pigs. The results showed an 

increase in weight gain of 0.49 kg/week of pigs as compared to the control animaIs. In 
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addition, the pigs fed CL! 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 CL! supplementation on the liver function of the test animais. 

Barrington and El Moueddeb (1995) also reported an improved feed conversion by 0.15 

kg of feed per kg of body weight gain with 5 % zeolite (77 % CL!) in pig feed. 

However, not aIl experiments show improved weight gain with the addition of 

zeolite. Pond and Yen (1982) fed growing pigs with 5 % or 10 % CL! supplementation 

and did not show positive effects on body weight gain and feed conversion rates. In 

addition, sorne blood traits incIuding Ca, Mg, P, alkaline, and prote in concentration 

remained unchanged. In contrast, the weight gain of broiler chickens was slightly 

decreased with a diet of 5 % CL! 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 weIl as the supplemental level used in the 

diets (Mumpton and Fisbman, 1977; Pond et al., 1988). CL! with a CEC of 100 to 140 

meq/IOOg and fed at leveis ranging from 2 to 7.5% genèrally improve cattle and pig 

performances. When less than 1 % is fed, CL! 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'sdigestion and absorption of ingested 

diet constituents. 

CL! can aiso improve the reproduction of pregnant sows. Ma et al. (1979) reported 

that providing a diet containing 5 % CL! to pregnant Landrace sows increased Iitter size 

at birth. However, in another test, addition of 5% CL! 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% CU 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% CU to the rations of pregnant sows during 20-90 days postmating also increased 

litter size at birth by an average of 1.78 piglets. In contrast, when feedingcrossbred 

sows with 2.5% to 5% CU 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% CU) coùld increase litter size at both birth and weaning by 6% 

and 13.7%, respectively. In the experiment by Kyriakis et al (2002), there were no 

confirmed adverse side effects from CU supplementation in diets of pregnant and 

lactation pigs and there were no alterations in the serum concentrations of certain 

vitamins (Vitam in E and A) and mineraI elements (inorganic P, K, Cu, Zn). 

2.5.2.2.2 Taking Up Ammonia and Other Toxie 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 animaIs and the accumulation of 

toxic substances in tissues. Since sorne types of zeolite, especially CU, 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 El Moueddeb (1995) fed growing finishing pigs 5 % 

zeolite (77% CU) and observed a 75% reduction of NH3 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 animaIs along with reduced 

manure NH3 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 ofNH'/, 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 animaIs, therefore maintaining its levels below 

toxic levels could reduce epithelial turnover in the intestinal tract, spare energy and 

promote better nutrient utilization. Furthermore, CU can efficiently remove other toxic 

agents from the GIT ofpigs (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 ofNH3 and NH/ in 

solution, and subsequently eliminated the inhibitory effect of the se compounds. In an 

experiment by Bernall and Lopez-Real (1993), both synthetic and natural zeolites were 

introduced into the rumen of test animaIs to reduce the toxic effects of high NH4 + in 

ruminaI fluids, when animal diets were mixed with nonprotein-nitrogens, such as urea 

and biuret. It was found that NH/, produced by enzyme decomposition of the 

nonprotein-N, cou Id be transfered immediately to the zeolite and then held for several 

hours until released by sali vary Na + entering the rumen. This function allows rumen 

microorganisms to efficiently synthesize cellular prote in for absorption by the animaIs' 

digestive systems. 

In addition, an ~ + -containing zeolite may promote the growth of N-Ioving 

bacteria which contribute to the health of the animaIs. When used in adequate levels, 

CU has a significant effect on adsorption of mineraIs and water in the GIT of animaIs, 

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 

CU has the ability to absorb aflatoxins in contaminated animal feeds and further 

protect live stocks 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 retenti on 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 animallitter and barns in sorne countries (Mumpton, 1999). 

2.6 Conclusion 

As mentioned above, sorne 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 ofthis project is to provide knowledge on sorne ofthese missing elements. 
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CONNECTING STATEMENT 

To find an economically, viable and promising solution to the environmentai 

problems challenging the pork industry, zeolite (90%+ clinoptilolite) has been tested as 

a feed additive. Zeolite is known to improve the productivity of the animais while 

reducing the nutrient content of their manure. Zeolite has the ability to exchangeably 

adsorb ammonia while releasing mineraIs 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 used in the di et 

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 experimental 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 (CU), 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 ofpigs fed zeolite (90%+ CU) 

supplemented rations. Twelve male and twenty four female growing pigs, with an 

average initial body weight (IBW) of50.18 ± 2.95 kg and 48.95 ± 5.25 kg, respectively, 

were randomly aUocated 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 

animaIs. After being placed in growing/finishing pens for two (batchs 1 and 2) or three 

(batch 3) weeks, three pigs under each treatment were randomIy assigned into 

individuai metabolic cages and observed for an additionai 8 days. Daily feed 

consumption was measured. Feces and urines from each pig were daily coUected and 

measured after 3 days for adjustment. Feces and urine samples were also analyzed for 

dry matter and organic matter content. AU pigs were weighed before andafter 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 weU 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 gastrointestinai tract as weU as feed conversion rate. 

Accordingly, zeolite supplementation at 4% to grower pig diets couid he a potentiai 

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 animaIs has steadily increased by 

164% and 456%, respectively, between 1995 and 2003 (StatisticsCanada, 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 production 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 dévelopment bottleneck for the Canadian pork 

industry. 

Supplementation of zeolite in pig diets has been reported to reduce the 

environmental impact ofthe manures. Zeolite is a crystalline, hydrated aluminosilicate 

containing positively charged metallic ions and alkaline earth elements (Pecover, 1987). 

The crystals are characterized by a Si04 tetrahedron where aIl 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 structure. Since 

sorne Si in the structure are replaced by trivalent aluminum atoms (Ae+) resulting in 

positive charge deficiencies, zeolite can selectively adsorb and exchange 

extraframework cations. Normally, 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 mineraI collector, has 

interesting biological properties, such as high capacity for immobilizing 

microorganisms and for improving the ammoniaJammonium ion equilibrium. Thus, 

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

1999). 

There are over 45 different types of zeolites. Clinoptilolite (CU), 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 animais and the digestibility of sorne nutrients 

in the feed. Nestrov (1984) extensively studied the effect ofadding 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 the se animaIs. Sweeny et al. 

(1984) demonstrated that 5% CU in the diet of growing steers and heifers improves the 

digestibility of proteins, organic matter and acid detergent 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% 

CU and reported an increase in weight gain of 0.49 kglweek ofpigs, as compared to the 

control animais. In addition, the pigs fed CU produced less odoriferous feces and those 

with diarrhea produced firmer feces within 24 hours of testing. Meanwhile, no 

unfavorable effects of CU supplementation were observed on the liver function of the 

experimental animais. Barrington and El Moueddeb (1995) also reported an improved 

feed conversion of O.15kg of feed per kg of body weight gain with 5 % zeolite (77 % 

CU) in pig feed. 

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

the manure oftreated animaIs and the accumulation oftoxic substances in tissues. Since 
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sorne types of zeolite, especially CU, 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 offeed through the intestinal tract. Barrington 

and El Moueddeb (1995) fed growing finishing pigs 5% zeolite (77% CU) 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 animaIs along with reduced manure NH3 and odor emissions with the 

diet inclusion of 5% CU. Since NH3 is a cell toxicant to animaIs, 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 

et al., 1993). 

Moreover, CU was shown to efficiently rem ove other toxic agents from GIT of 

pigs (Shurson et al., 1984). In addition, an NH/-adsorbing zeolite may promote the 

growth ofN-loving bacteria which contribute to the health ofthe animaIs. AIso, CU in 

GIT may adsorb deleterious heavy metals, and result in fewer or less severe stomach 

ailments (Mumpton, 1999). Furthermore, natural zeolites can reduce 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 animallitter and barns in sorne countries. 

It is plausible that addition of zeolite, especially CU, to the pig diet could retard the 

passage offeed and improve the digestibility ofnutrients 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 ofzeolite as a feed additive on pigs. 

The objective ofthis study was to determine how pig performance and metabolism were 

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

3.3.1 The Experimental Piggery 

The studies were performed at the experimental pig unit ofthe 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 growinglfinishing room and a metabolic room. The 

growing/finishing room measured 14.75m by 3.80m and had a ceiling height of3.05m. 

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 ofall pens was fully slatted and 

pigs were allowed to have ad libitum access to standard upright feeders locatedinside of 

the pens and to the waterer with a nipple. Bach pen held six animaIs at a density of 

0.92m2/pig. Two fans ventilated the growinglfinishing room, each measuring 300mm 

and 400mm in diameter, and were controlled by a common thermostat. The ventilation 

system produces a ventilation rate of 20.0Lls/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 Lls/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% CU and was supplied by the KMI 

mine of Nevada, USA. It has a CEC of 1.6 to 2.1 meq/gm. The CU 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 properties and heavy metal content are 

presented in Table 3.2. 

Table 3.1: Bulk composition of experimental zeolite 

Element Formulate Weight (%) 
Quartz Si02 Trace 
Plagioclase NaAIShOs - CaAhShOs Trace 
Calcite CaC03 1 
Dolomite [CaMg]C03 1 
Clinoptilolite KNa2Ca2(Sh9Ah )072;24H20 98 
Opal Si02.nH20 0 
Muscovite/Illite 1CJ\12[AISi301o] [OH]2 0 

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

3.3.2.2 Experimental Rations 

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 main protein source. Energy was also 

supplemented using vegetable· and animal fat. Four types of diets were used in the 

experiment (Table 3.3). The first two rations (RI and R2) were formulat<;;d to meet the 

nutrient requirements of the National Research Council (NRC,1998) for grower pigs, 

while the third (R3) offered 90% of the crude prote in (CP) and the energy requirement, 

and the fourth (R4) offered 90% of the CP and 85% of the energy requirements, 

respectively. Zeolite (90%+ CU) 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 coUected 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/m3 1394 
Bulk Density (dry, loose mat'l) kg/m3 817-961 

Hardness 5.1 
Pore Size angstorms 4 
Pore Volume % 15 
Specific Surface Area m2/gm 40 

Alkali Stability (pH) 7-13 

Acid Stability (pH) 1-7 

Thermal Stability oC 700 
. Crushing Strength kgs/cm2 176 

WetAttrition (Avg.) % 6-7 

Heavy Metal Content 
As mg/kg 27 

Al mg/kg 39000 

Cd mg/kg 1.0 

Cu mg/kg 46 

Co mg/kg 4 
Cr mg/kg 5.4 

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 mglkg 250 
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Table 3.3. Composition ofPig Rations 

Ration Ration 1 Ration 2 Ration 3 Ration 4 

Property Unit 

Crude Prote in % 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) % O. 75 O. 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 I.U./kg 5400 5400 5400 5400 
Vitamin D3 I.U./kg 1200 1200 1200 1200 
Vitam in E I.U./kg 40 40 40 40 
Selenium mg/kg o.a 0.3 0.3 0.3 
Zeolite % 0 4 4 4 
Energy Kcal 3250 3250 2925 2760 
Crude Prote in % 100 100 90 90 
Energy % 100 100 90 85 

3.3.3 Methodology 

3.3.3.1 Animais 

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 

Exp!, 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 pen in the growinglfinishing 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 (B 1). 

The average weight of the pigs at the onset of BIwas 66.53 ± 2.70 kg. After the 

8-day metabolic test period, pigs were removed from the metabolic cages, weighed and 

retumed to the previous pens in the growinglfinishing 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 growinglfinishing room, with six pigs per pen. Each one ofthe same 

four dietary treatments used for Biwas 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 ofthe subjects at the onset ofB2 was 63.13 ± 3.77 kg. After the 

8-day metabolic experimental period, pigs in B2 were removed from the metabolic 

cages, weighed and retumed to their. previous pens 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 ofthe pigs 

at the start ofB3 was 62.86 ± 6.61 kg. After 8 days in the metabolic cages, all B3 pigs 

were weighed and retumed to the growinglfinishing room. 

45 



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 IGain 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 metabolic cage measured 128.7cm x 43.7cm and contained 

a nipple waterer. and a single feeder. Pigs wereallowed 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 tuming 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 collect feces and perforated to allow for the drainage of 

urine into the bottom tray. 

To eliminate the potential variability betwen the different bags of feed. four bags 

each of 25kg from each type ofexperimental ration were mixed together and stored in 

single containers. at the onset of the metabolic experiment. Three samples of feed were 

randomly taken from each container and tested for dry matter. CP. and organic matter 

content. During the adjustment and collection periods. 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 moming in a feed trough at the front of the cage. 

Before adding fresh and newly weighed feed. the feednot 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 c1eaned. 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,3d, 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 BI and B3 were placed into labeled plastic containers with caps and stored 

in -lSoC until further analyzed. The feces collected daily in B2 were composited, and 

stored in 12labeled 20L containers at -lSoC. 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 B land 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 offormaldehyde (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 -ISoC. 

Before analysis, aH 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°e for 24h. Feces and feed were also tested for total organic matter content 

by burning in a furnace at 5000 e for 4 hours after drying at 103°e for 24h. (Lefcourt 

and Meisinger, 2001; Thilsing-Hansen et al., 2002a). 

3.4 Statistical Analysis 

In both experiments, aIl 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 batch. AIl 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 ofthe study, only one pig showed signs of diarrhoea while 

in the growing/finishing pen, and it recovered the 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 ofthe 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 FeR) of the pigs is listed in 

Table 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 (RI) 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. 
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Table3.4 Effects of dietary treatment on performances of experimental pigs in growing/finishing pens 1
• 

EXl!eriment 1 EXl!eriment 2 

Treatment IBW 2 
Week1 Week2 Ave. IBW Week1 Week2 Ave. 

Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD 

Average Dail~ Bod~ W eight Gain ~kg/da~~ 
Ration1 50.04 3.26 1.231 0.09 1.103 0.15 l.l67 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 l.l63 0.13 1.188 0.15 1.176 48.87 5.19 0.514 0.09 l.231 0.23 0.873 
Ration4 49.90 2.78 l.l89 0.13 1.074 0.18 l.l32 48.25 5.23 0.726 0.11 l.024 0.23 0.875 

Average Dail~ Feed Intake {kg/da~~ 
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 )57 2.526 2.142 
Ration4 2.360 2.746 2.553 1.785 2.319 2.052 

Feed Conversion Rate {Feed/Gain~ 
Ration1 1.760 0.14 2.223 0.28 1.992 2.077 0.31 2.268 1.66 2.173 
Ration2 2.140 0.72 1.911 0.39 2.025 2.400 0.85 2.645 1.15 2.522 
Ration3 2.l36 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 

IValues 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. 
2m W means initial body weight of pigs, sn stands for standard deviation. 
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When the experimental pigs were placed in the metabolic cages, all performance 

parameters (ADFI, ADQ FCR) were statistically analysed (Table 3.5) since individual 

pigs became the experimental unit. Only two significant differences (P < 0.05) appeared 

and they pertained to the ADFI and FCR between R2 and R4 in BI, indicating the male 

pigs significantly (P < 0.05) consumed higher amount of 4% zeolite diet daity (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 offeed/kg of body weight gain, compared to 

the pigs fed the 4% zeolite diet with 100% CP and energy (R2). In term of ADFI, no 

significant differences existed among RI, R2 and R3 in all three metabolic tests (P > 

0.05). However, the ADFI ofpigs receiving R2 (100% CP and energy with 4% zeolite) 

was the lowest of aIl four rations, with 0.11 kg/d and 0.14 kg/d less feed for male and 

female pigs respectively, when compared to that ofpigs receiving RI, as well as 0.30 

kg/d and 0.07 kg/d less feed for male and female pigs respectively when compared to 

that of pigs receiving R3. 

Zeolite supplementation along with reduction of CP and energy in pig diets had no 

significant effect (P > 0.05) on pig body weight gain. However, the ADG of pigs 

receiving R2 and R3 was larger than that of pigs fed RI 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, white pigs fed R4 had the lowest FCR out of all4 rations. The 

addition of 4% zeolite in R2 decreased the FeR by 0.71 and 0.8 kg feed/kg body weight 

gain for male and female pigs respectively, compared to the control diet (RI), which 

indicates that the feed Utilization efficiency was improved 22% for male pig and 23% 

for female pigs. Furthermore, the FCRofpigs fedR3was 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 RI. Thus, the feed digestibility efficiency was improved by 2.3% for 

male and 5.5% for female pig, with zeolite supplementation, even if the prote in 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 BI. 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 RI, R4 

increased the FCR by 0.92 and 0.7 kg of feedlkg 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 aUowed the pigs to utilize feed more efficiently for 

growth, and the diet CP and energy content could be decreased to 90% of that 

recommended by NRC. 

Similar conclusions can be reached by examining the prote in and energy 

conversion (Table 3.6). Zeolite supplementation did not show any significant effect on 

prote in and energy conversion rate (P> 0.05). However, pigs fed R2 had the best protein 

and energy conversion rate, and those on R4 had the worst, amongst aU 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 kcalless energy per kg of body weight gain, 

compared to the control RI. Moreover, the prote in and energy conversion of pigs fed R3 

was also improved by 14% (80g) and 13% (1450 kcal) respectively, compared to that of 

pigs fed RI, regardless of 10% reduced prote in and energy concentration. More 

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), Il % (65g) more CP and 6% (620 kcal) more energy was required per 

kg body weight gain as compared to feeding RI, even with 4% zeolite supplementation 

52 



in R4. 

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

. 

Treatment2 
Ration 1 Ration 2 Ration 3 Ration 4 SEM P-Values 

LSM SD LSM SD LSM SD LSM SD 

Average Initial Body Weight (kg) 

Batcb 1 65.93 3.85 65.13 2.35 68.76 3.49 66.30 0.20 
Batcb 2 62.73 5.20 63.60 5.53 63.20 3.65 62.97 3.71 
Batcb 3 67.10 5.85 58.77 7.04 63.60 5.69 61.97 9.60 

Batcb2 +3 64.92 5.50 61.18 6.25 63.40 4.28 62.47 6.53 

Average Daily Feed Intake (kgId) 

Batcb 1 2.05
ab 

0.09 1.94
a 

0.17 2.24
ab 

0.22 2.37
b 

0.05 0.12 0.03 

Batcb 2 1.90 0.12 1.62 0.07 1.75 0.07 1.62 0.28 0.24 0.39 

Batcb 3 2.20 0.18 2.20 0.23 2.21 0.15 2.37 0.37 0.24 0.55 
Batcb2 +3 2.05 0.25 1.91 0.35 1.98 0.48 2.00 0.50 0.18 0.76 

Average Daily Body Weight Gain (kg/d) 

Batcb 1 0.65 0.04 0.80 0.07 0.74 0;l3 0.59 0.11 0.08 0.14 

Batcb 2 0.67 0.26 0.69 0.18 0.56 0.06 0.37 0.20 0.19 0.27 

Batcb3 0.60 0.04 0.78 0.09 0.70 0.37 0.59 0.15 0.21 0.43 

Batcb2 +3 0.54 0.31 0.74 0.14 0.63 0.31 0.48 0.20 0.15 0.25 

Feed Conversion Rate <Feed Intake/Gain} 

Batcb 1 3.17
ab 

0.38 2.46
a 

0.41 3.10
ab 

0.57 4.09
b 

0.72 0.44 0.04 

Batcb 2 3.31 1.85 2.47 0.74 3.15 0.32 4.03 1.l3 1.02 0.47 
Batcb 3 3.68 0.05 2.85 0.49 3.39 0.93 4.24 1.38 0.88 0.43 

Batcb2 +3 3.46 1.32 2.66 0.60 3.27 0.62 4.16 1.21 0.72 0.07 

lYalues are the least square mean ofthree replicates ofpigs per treatment in each batch. 

2 AlI experimental pigs were placed in the metabolism cages for 8 days; Only male pigs in 

BI 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. 

AlI 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. AlI comparisons were adjusted for 

multiple comparisons by Bonferroni test. 

a-cYalues 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 l
• 

2 
Treatment Ration 1 Ration 2 Ration 3 Ration 4 SEM P-Values 

LSM SD LSM SD LSM SD LSM SD 

Feed Conversion Rate (Feed Intake/Gain) 

Batch 1 3.17
ab 

0.38 2.46
a 

0.41 3.lO
ab 

0.57 4.09
b 

0.72 0.44 0.04 

Batch 2 3.31 1.85 2.47 0.74 3.15 0.32 4.03 1.13 1.02 0.47 

Batch 3 3.68 0.05 2.85 0.49 3.39 0.93 4.24 1.38 0.88 0.43 
Batch2+3 3.46 1.32 2.66 0.60 3.27 0.62 4.16 1.21 0.72 0.07 

Feed Crude Protein Conversion (kg Protein / kg Gain) 

Batch 1 0.55 0.07 0.42 0.07 0.48 0.09 0.63 0.11 0.07 0.08 

Batch 2 0.57 0.32 0.43 0.13 0.49 0.08 0.63 0.21 0.19 0.74 

Batch 3 0.63 0.01 0.49 0.09 0.53 0.07 0.66 0.22 0.12 . 0.54 

Batch2+3 0.60 0.08 0.46 0.09 0.51 0.09 0.65 0.21 0.10 0.27 

Feed Energy Conversion (Keal / kg Gain) 

Batch 1 10285.93 1273 7998.14 1344 9071.11 1690 11290.54 2007 1305 0.14 

Batch2 10768.55 6018 8031.65 2428 9213.75 1496 11122.80 2109 3646 0.79 

Batch 3 11950.41 #### 9259.03 1616 9915.75 1655 11702.40 3829 2503 0.63 

Batch2+3 11245.002813 8645.33 1792 9564.75 1561 11481.60 2411 1908 0.38 

1 Values are the least square mean of three replicates of pigs per treatment in each batch. 

2 AlI experimental pigs were placed in the metabolism cages for 8 days; Only male pigs in 

BI 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 difIerences between treatments, reported from 

ANOVA tables. 

AlI 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. AlI comparisons were adjusted for 

multiple comparisons by Bonferroni test. 

a-cValues within rows with no common superscripts are significantly difIerent (p< 0.05). 

54 



3.5.2 Effects of Zeolite on Pig Metabolic Parameters 

AIl data including total feed intake (TF1), 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 aH 

parameters (Table 3.7, Table 3.8 and Table 3.9). However, there were sorne significant 

differences (P < 0.05) when diet CP and energy was considered. Importantly, sorne 

beneficial trend appeared with zeolite supplementation. 

ln aH three batches, TFE was significantly different (P < 0.05) between R4 and the 

other three diets only in BI, 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 aIl 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 RI, though this 

difference was not statistically signif1cant. 

Correspondingly, the same trend was observed with TFR (Table 3.7) and OMR 

(Table 3.8). Amongst the three metabolic tests, TRF and OMR were significantly 

different (P < 0.05) for R4 as compared to R2 in BI, and for R4 as compared to RI 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 RI 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 four 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 cagesl
. 

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

LSM SD LSM SD LSM SD LSM SD 

Total Feed Intake (kg /5 days) 

Batch 1 9.22 0.73 10.03 1.27 10.91 1.66 12.04 0.34 0.93 0.070 
Batch 2 10.77 0.51 9.05 0.35 8.04 2.59 8.92 1.55 1.26 0.248 
Batch 3 9.40 2.31 10.32 1.74 10.01 0.69 11.34 1.64 1.39 0.591 

Batch2 + 3 10.09 1.67 9.58 1.38 9.02 2.01 10.13 1.95 0.99 0.625 

Total Feces Excretion (kg /5 days) 

Batch 1 3.81a 
0.78 3.18

a 
0.59 4.76a 1.13 7.31

h 
0.68 0.67 0.001 

Batch 2 4.77 0.32 2.93 0.40 2.86 1.88 5.90 1.73 1.07 0.056 
Batch 3 4.13 1.27 3.42 0.41 4.89 1.04 7.50 3.24 1.49 0.106 

Batch2 + 3 4.45ab 0.90 3.18a 0.45 3.8i 1.76 6.69b 2.48 0.91 0.006 

Total Feed Retention (Iœ /5 days) 

Batch 1 5.41ab 0.51 6.86a 0.71 6.15ab 
0.87 4.73b 

0.58 0.56 0.024 

Batch 2 6.00a 0.54 6.13a 0.65 5.18ab 1.16 3.02b 1.20 0.77 0.D15 
Batch 3 5.27 1.13 6.90 1.34 5.11 0.92 3.84 1.60 1.04 0.103 

Batch2 + 3 5.64
a 

0.89 6.51
a 

1.08 5.15
ab 

0.94 3.43
b 

1.34 0.64 0.001 

IValues are the least square mean ofthree replicates ofpigs per treatment in each batch. 
2 AlI experimental pigs were placed in the metabolism cages for 8 days; Only male pigs in 

BI 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. 

AlI 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. AlI comparisons were adjusted for 
multiple comparisons by Bonferroni test. 

a-cValues within rows with no common superscripts are significantly different (p< 0.05). 
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Table 3.8 Influences of dietmy treatment on digestion of dry feed and organic matter 

with experimental pigs in metabolism cagesl. 

Treatrœnt? Ration 1 Ration 1 Ration 3 Ration 4 SEM P-Yalue 
LSM SD LSM SD LSM SD LSM SD 

Total Feed Intalœ (kg / 5 days) 

Batchl 9.22 0.73 10.03 1.27 10.91 1.65 12.03 0.34 1.83 0.070 
Batch2 10.77 0.51 9.05 0.35 8.04 2.59 8.92 1.55 1.26 0.248 
Batch3 9.40 2.31 10.32 1.74 10.01 0.69 11.34 1.64 1.39 0.591 

Batch2+3 10.09 1.67 9.58 1.38 9.02 2.01 10.13 1.95 0.99 0.625 

Total Dry Feed Retention (kg / 5 days) 

Batch2 7.96 0.41 6.47 0.36 5.94 1.69 5.91 1.06 0.84 0.120 
Batch3 6.78 1.75 7.54 1.35 6.90 0.51 7.57 0.57 0.95 0.770 

Batch2+3 7.37 1.31 7.01 1.06 6.42 1.23 6.74 1.19 0.69 0.580 

Total Organic Matter Retention (kg / Sdays) 

Batchl 3.7rJh 0.48 5.21a 0.48 4.22ab 0.65 2.76b 0.56 0.45 0.004 

Batch2 4.12a 0.48 4.4r 0.56 3.6rJh 0.86 1.65b 1.06 0.63 0.008 
Batch3 3.65 0.76 5.19 1.03 3.41 0.78 1.90 1.70 0.95 0.051 

Batch2+3 18~ 0.62 4.83a 0.84 155ab 0.75 1.78b 1.31 0.53 <0.001 

lYalues are the least square mean ofthree replicates ofpigs per treatment in each batch. 
2 AIl experimental pigs were placed in the metabolism cages for 8 days; Only male pigs in 

BI 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 beiween treatrnents, reported from 

ANOYA tables. 
AIl data in each batch were analyzed by statistical CRD model, the data in combination of 

B2 and 3 was analyzed by the statistical RCB mode!. AlI comparisons were adjusted for 

multiple comparisons by Bonferroni test. 
a-cYalues 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 I74g of more feed daily 

(Table 3.7), and 284g and I88g of more OM daily (Table 3.8), in the GIT, respectively, 

as compared to the pigs fed the zeolite-free diet (RI). 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 RI 

and those fed R4 (Table 3.9). In general, the pigs fed RI had the highest urine total solid 

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

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

2 
Treattrent Ration 1 Ration 1 Ration 3 Ration 4 SEM P-Value 

LSM SD LSM SD LSM SD LSM SD 

Total Urine Excretion (L) 

Batch2 10.96 2.94 6.33 1.68 7.03 3.87 4.82 1.98 2.25 0.115 
Batch3 9.79 6.61 9.67 1.19 5.81 2.76 6.21 3.44 3.28 0.500 

Batch2+3 10.38 4.62 8.00 2.24 6.42 3.08 5.52 2.62 1.93 0.096 

Total Solid in Urine (G) 

Batch2 262.43 32.93 192.33 20.00 194.14 71.73 179.57 19.82 34.21 0.140 
Batch3 231.03 28.34 230.49 61.69 227.13 6.99 172.89 24.83 29.65 0.220 

Batch2+3 246.73
8 

32.42 211.41
8b 

46.04 210.648b 49.03 176.23b 20.43 22.35 0.041 

lYalues are the least square mean ofthree replicates ofpigs 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 
ANOYA tables. 

AH data in each batch were analyzed by statistical CRD model, the data in combination ofB2 
and 3 was analyzed by the statistical RCB model. AH comparisons were adjusted for multiple 
comparisons by Bonferroni test. 

abYalues 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, sorne of which were significantly 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 N 

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 ofthe industry on 

resources such as soil, water and air. The most logical solution to this 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 weIl as energy 

conversion, and finally increased body weight gain, compared 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 prote in as weIl 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 manures. 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 ofthe 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 

weIl 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 minerai concentration in the collected samples such as feces, 

urine and blood plasma. 

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

GIT ofpigs. 

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

digestibility of individual minerais in feed. 

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

during storage and manure handling. 
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.. 

tablish optimum protein to energy ratio in feed supplement with 4% zeolite for lean carcasses~ demonstrate the potential for 
)lite supplemented' feed to improve piggery air quàlity; measure the impact of zeolite on m.anure mass, nutrient content, N 
ses and odour produced, as well as herd productivity. DemoilStrate mechanism by which zeolite can improve feed digestion. 

>m Ju1y 2003 to November 2003, 192 pigs were used to identify the level of zeolite inclusion in the feed and the feed protein 
i energy dilution value, to obtain the best feed conversion and carcass quality. The results showed at 4% was the best zeolite 
fusion 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-a1l 
tlefits of zeolite (gain, room air and carcass quallty) 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 
!tabolic cages a1low us to collect individual hog manure samples). We also need to retine protein to energy ratio in the ration 
'lean carcasses. 



ite digestion mechanism, improved feed conversion, manure environmental impact. 

Ci aL Purpose of Animal Use (Check most appropriate one): 
l. 181 Studies of a fundamental naturelbasic researeh 
2. 0 Studies for medical purposes relating to humanlanhnal diseases/disorders 
3. 0 Reglliatory testing 
4.0 Deveiopmeilt ofproducts/appliances for human/veterinary Medicine 
S. Iffor Teaching, use the Animal Use Protocol rorm for Teaching (www.mcgiD.ea/rgo/animai ) 

6 b) Will field studies be conducted? NO 181 YES 0 Ifyes, complete "Field Study Form" 
Will the projett involve the genetieaUy altering animals? NO 181 YES 0 Ifyes, complete SOP #5 or #6 
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Will the projett involve breeding animais? NOI8I YES 0 Ifbreeding transgenics or knockouts, complete SOP#4 

pplier/Souree 

"Bin 

~ both 

:eIWt 2S-105kg 

ro be purchased 408hogs 

»rodueed in-



eded at one· 

~eage 

-/ 

204hogs 

l(metabolic) 
6 (grower 
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show the global effect of zeolite in the feed, we need to grow one group ofhogs in a separa te room and compare their 
formance to anotber group grown in: another roorn.. The treatmènt needs to he 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 alons with the effect of 4% 
>lite in the feed. We need to test 8 hogs pee treatement, to lower variance within treatments. The floor of the metabolic cages is 
lt ofa plastic-covered wire mesh, which is more confortable than the.concrete slabs, used in the piggery grower rooms. 
nfore, foot lesion is not at risk. The animais 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. 

NO~ YES 0 if yes, speclfy: 

8 c) Indicate area(s) where animal use procedures will be conducted: 

Buildmg: Room: 

Indieate area(s) aU facilities wbere animais will be housed: 

Building: Piggery Room: Grower rooms and metabolic room 

If animal bousing and animal use are in dift'erent locations, brlefly descnbe procedures for transporting animais: 
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,u·h·nIl1Hin Generation UACC#6 

o types of tests are planned: 1) a test in tbe two grower rooms of the pigegty were 3 feeds will be tested : witb 4% zeolite and 
'0 C.P. and energy; with 4% zeolite and 90010 C.P. and 85% energy; and no zeolite witb 100% C.P. and energy. The 100% 
~ls ofC.P. and energy are those recommended for grower bogs (NRC), and will be adjusted as they grow. One grower room 
. bouse 2 x 48 hogs, each two groups of 48 bogs being fed 4% zeolite and one of the two C.p./energy ratio. The other 96 bogs 
ISed in the other room will be on tbe feed without zeolite and 100% C.P. and energy. The objective ofthis test is to compare 
m air quality for animals on feedwith and without zeolite; for those hogs on zeolitefeed within the same room, the objective 
) compare the effect offeed C.P. to energy ratio on carcass leaness. It was earlier found that zeolite is more efficient at 
Iroving energy than C.P. digestion. The test will be repeated twice, to switcb room treatment and eliminate room effect. For 
: test, hog rate ofweight gain, feed consumption and feed conversion will be compared among treatments. The room air 
llity will be monitored and compared. Tbe hogs will he supplied by Haybay genetics, tbe regular supplyer of the Macdonald 
npus piggery, and these hogs will be grown from 25 to 105kg. The carcass quality ofthese bogs will be examined at slaughter 
Ise while cutting the carcasses. 

l test using metabolic cages where 3 feed treatments will be applied to 8 hogs eacb weighing 60kg(24 in total). Because there 
only 12 cages, the metabolic procedure will be repeated twice, using 4 hogs per treatment, eacb time. The feeds to be tested 
: without zeolite with 100% C.P. and energy; with 4% zeolite and 90010 C.P. and energy; 4% ieolite 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 
le will be collect for mineral mass balance and for manure odour emissions. The faeces and urine will be collected separately 
x>mpare the effect of zeolite on manure properties and feed digestion. Males will be used for this test, to eliminate the use of 
b.eters to collect urines separatly from the feces, to impose less stress on the bogs. Blood samples will be collected three times 
fore testing, on fust day of testing and on last day of testing) to measure the effect of zeolite on blood minera! content and test 
bypotbesis that zeolite regulates protein digestion. The feed will contain 1% iron oxide and 0.5% clp-omium 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 otber tban tbose on test (1) above will be used as not to disturb the statistical design of test (1). 

~ blood samples will he taken through the ear vein (marginal vein) using a sterilized needle. Mr. Jan Pika will take the blood . 
lples. Animals sbowing any sign of sickness are placed alone in a pen and treated as required. If not improving, the farm uses 
banasia witb a dead boit. Euthanasia is performed on animais that were injured accidently and cannot stand or has not been 
ing for a few days or is unable to drink. 

", "., ." ..... 

~ experimental bogs conducted in the grower rooms will be sent for slaughter at 105kg. Carcass quality is measured by 
19hter bouse wben the carcass are being cut (fat level, loin mass, etc.). Tbe bogs used for the metabolic tests will be returned 
,1· • 1 r-. f, " t .... • ,1 ,,~1 



quency of monitoring: Zeolite is a beneficial additive and does not caQse any complications. The animais will be fed up to 
ket weight and then sent to a commercial slaughter house. 
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lite fed in feed at a level of 4%. The 2003 research data on carcass quality indicated nosignificant heavy metal accumulation 
rectite being fed up to 6%. 

o Anaesthetic overdose, list agent/dose/route: 

o with anaesthesia, list agent/dose/route: 

o Decapitation without anaesthesia * . o Decapitation with anesthesia, Iist agent/dose/route(including COl): 

o Cervical dislocation without anaesthesia * , o Cervical dislocation with anaesthesia, list agent/dose/route (including COz): 

o COz only 

o Other, speclfy: 

181 Not applicable, explain: animais will be sent to commercial slaughter house at 105kg, 

)r physical method of euthanasia without anaesthesia, please justitY.: 

ED 
!lones Invasiveness the Please reJer to a 
e detailed description of categories. 
agory Ai Studies or experiments on most invertebrates or no entire Hving material. 
:goty Bi Studies or 'experiments causing liUIe or no ~scomfort Or stress. These mlght include holding animais captive, injection, 
'UtaneoU6 blood sampling, accepted euthanasûz lor tissue horvest, acute non.survivall!X/ierlments in which the animais are completely 
~hetketL ' 
:1!9U C: Studies or experiments involving lninor stress or pain of short duration. These mlght include cannulatÙJn ,or 
derha/ions 01 blood vesaels or body cavities under anaesthesia, minor surgery under anaeathesia, such as biopsy; short periods 01 
'flint, overnight lood and/or WIller deprivation which exceed periods 01 abstinence in nature; behavioural experiments on conscious 
I/IJls that in'VoI'Ve short-term stresslr" restraint. . 
ury Di Studies or experiments that involve moderate to severe distress or discomfor1::. These mlght inc1ude major surgery under 
'.Bthesia with subsequent recovery, prolonged (sI'Verai houra or mqre) p~ods olphysical restraint; induction olbehavioural strasu, ..f f... .. . _ •••• . •• of II' • ,... .. ••• " , .. of ~ • • ~ 
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rdance with University policy). 
gory Ej Proeedures that involve inflicting severe pain, near; at or above the pain tbresJtold of unanaesthetized, eonseious animaJs. 
':tJnflned to but 1IUlJ1mclude txposure to noxious stimuli or agents whose ef/ects are unknownj exposure to drugs or chemicals al ievels 
(1IUIJI) markedly impo'" physiologicalsystems and which cause death, severe pain or extreme distress or physical trauma on 
Jaesthetiz.e4 animais. Aeeordin to Univers' oHe, E level studiesare not rmitted. 

lazardous materials will be used in this study: ~ 

) Indicate whiclt of the following will be used in animais: 

DToxic cltemicaJs DRadioisotopes 
DInfectious agents (includes vectors) 

DCareinogens 
DTransplantable tumours 

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



~/161M TRU 08: 09 FAX 613 228 6614 

1"'1 Canadian Food Agence oanadlennc 
..".... Inspection Ageoçy d'inspection des aliments 
····AiùMalIHealth & Production Division 

-~:*r:~14 
October 16, 2003 

Mr. J.e. Guilmain 
J .C. GuiJmain, Ine. 
1034 Rang 20 
Upton. Québec 
JOH2EO 

CFIA - PPD 

Re: Application for Temporarv Feed Reaistration 

Dear MT. Guilmain: 

This letter is to informyou that a temporaryregistmtion (Registration No. T990700) is being granted for 
KM1 zeolite (Registration No. T9~0700) to authorizethe disposai of swme from tbis research trial thathave 
been fed diets containing 4% and 6% KMI zeolite for slaughter. This temporary registration expires .... 
OD ~arcb 31, 2005. 

Ifyou wish to register KM! zeolite in the future at levels greater than 2% in livestock feed. then the 
fOllowing înfonnation will be r~quirèd; 

1. Tissues from the current studyshould be held andanalysed for heavymetals (arsenic, cadmium. 
chromiwn and Iead) for liver, kidney and muscle from three p;gs fed diets containing 4% and 6% 
KMI zeolite; and '. 

2. Histopathology(as discussed previously) will he required formuscle, kidney and liver for four 
pigs at levels fed$. 

Pleasenote that thls ingredienthas onlybeen evaluated for safety and not for efficacy. Therefore, curtently 
KM! zeolite is onlyapproved as a flowinglanti-caking agent not to exceed to 2% in tinished feed. 

You have heen charged. fees in the amount ofCAN$304.95 for the consideration ofthis application and 
thls fee has been paid in full. If you have any questions, please do not hesitate to contact me 
at (613) 225~2342 ext. 4140. 

Your~cerely, 

-PaUl Loeven, Toxicologist. 
Feed Section. 

c.e. Jacques Pafard. CFJA Québec Area Offioe 
gatherine Italiano. CFIA Headquarters 

}/Ur. Suzelle Barrington, McGill University 

P;INIIIN 11I1I""lIlenl$\ùollte o...\lmllpatll'y teS for KMI 10011111 6% Oot 16. lOOJ. Wpd 

l4J 001 
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toreLab CORE LABORATORIES 
------------.-------------lmualllftllUlAtWl 

Ta: -COMPANY 
ATIN: 
FM NO.: 

FROM: 
COMPANY: 
NAME: 
PHONE#: 
PAGE: 

FAX COVER SHEET 

McGiIJ University 
SuzeUe Barrington 
(514) 398-8387 

CORE LABORATORIES CANADA L TD. 
Trevor Finlayson 
(403) 250-4037 
3 (Including this page) 

Oear Ms. Barrington, 

June 9,2003 

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

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

Best Regards, 
AI' / 

-~-----,,- ,--
Trevor Finlayson 
lab Coordinator 
Core Laboratories Canada Ltd. 

PLEAsE CONTACT HONG SHI MESSAGE IS NOT CLEARLY RECEIVED 
AT TEL: (403) 2504005, FAX: (403) 250-4012 

INOTICE: This fax Is Inleoded only for the use of the addresseé above name<! and may contair 
nfonnatlon that 15 prtVfleged and confidentlal. If Vou are not the addressee or the persan responslblE 
or dellvertng thls fax to the addressee. VOu are hereby notifled tha! nay use of. or dlssemlnatfon of, thl~ 
ax Is slrlctty prohibited. If Vou have reoelved thls fax in error. please notlfy us Immedlatelv by lelephonE 
~t the above number. Thank vou. 

Core laboratorlesCanada Ltd. 
0__ . -~~ 'Tn"7 fAn"" 'le;n_llOOO Fax (403) 250.5120 

Quality 
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COMP~: 

\lVELLI LOCATION: 
SAMPLE: 
DEPTH: 

t<lRf LABS CALGARY 

McGiII University 
Faculity of Agrlcultural and Envlronmental Sciences 
Zeolite Sample 

, 'NO, 0492 p,' 2 

FIIetf.:52135-03~ 

BULK COMPOsmON 

(WEIGHT%) 

ôtlt~4 .. ;:. ", . <:-:'; ..... 'm'~"1'Î: :, .' .'. .' . ";' ": L.<.~;:; Etfi'amii: 
,~ ,1IjI1 'éi .• .~~~Ii.I., , ---"'--'--"-" ''--'--'-' '"-.. -..;:.'t'!i'\_~.....,...... 

·.Br~.ra.' .' '; .. ', :.( .. ~~is,Oa· .. '.e.aAJ~~~_, __ ,__ if:tJ.~: 
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Galclt$; .... . '. . . . .(CJG~) l' 
·Dc;to~të:· .~.' : . : ...... :.(tèiiMg]~):·.· " .~. ..--:------.--~~'-~..-.~~. 1 . ...-· . ....-.:-....-c--

~i~~rh~ . .-·.::~:~.:- ··,)~~i~~isi~Ît.J.~?g~.fiijQf . :., ; .. .-:'~~~~~.:_ .. ~' .. " .. , _~,à·· 
Siderite (FeC03) ______ ._ .. ____ . _______ ._ _0 __ 

Pyrite (FeS2) ____________ . ____ ' .. ___ . ,_0 __ 

Anhydrite (CaS04) . _____ , __ , __________ . 0 __ 
Bàrite (BaS04) ____________ 0 

Muscovite !lUite * (KA/2[AISi301oJ[OH]2) . ________ ... _. ___ .. _____ 0_' ____ _ 

Kaolinite 1 Chlonte .. (AI2Si20s[OH]4) 0 --- -------_ .. _-----------------
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Due to Inherent limitations in X-ray diffraction quantification, results must be consldered semi-quantltative, 

X-RAY DIFFRACTtON ANAL YSIS 
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Section 2 

lep Analysis ofKMI zeolite 

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

Element KMIzeolite 
m~~ 

Sample 1 2 3 4 5 Average 
January** February June July 23rd* 

13th 17** 
As . 11 29 36 33 - 27 

(11) 
AI- 39000 39000 
C<i 1.0 1.0 1.0 <1.0 <1.0 1.0 
Cu 45 110 24 4 5 46 

(46) 
(0 <17 6 4 4.1 <1.0 4 

(0.93) 
Cr. <2.0 5.4 

(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 <0.5 1.5 1 
Sc 240 170 110 120 - 160 

(59) 
Zn· <58 270 _. - 350 390 180 250 

(134) 

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



ZE.OlITE, INC. 

TECHNICAL DA.TASHEET - 101' 
(Cream-Colored Zeolite) 

TOTAL CATION EXCHANGE CAPACITY (CEC) •.•••.••••.• 1.6 to 2.1 + meq/gm 
(Total CEe determined for Ammonia. Values vary with cation involved.) 

Cllnoptilolite Content (Based ~n XRD Results From The Minerai Lab, Inc.) ..•. 90% (+1-5%) 

Chemical Analyais (%J • The Mineral Labo Inc. Major Exchangeable Cations (USBM) 
(XRF (Norrnalized 
Results) to 100%) 

(In order of se/ectivity for 6xchange) 
Cs+>Rb+> K+> Ca+2>NH/>Sr+>Na·> li+ 

SiOz 
AI20 a 
CaO 
MgO 
NazO 
~O 
Fe20 s 

66.5 76.7 
10.6 12.2. 
1.16 1.34 
0.53 0.61 
3.12 3.60 
3.86 . 4A5 
0.92 1.06 

NH/»Na+ 

MnO 0.04 O~05 

Primary Adaorbtd GaSlS 
NH3 CO COz SO .. H2S H20 N2 

Freon, Fonnaldehyde, Mercaptans, 
Benzene, Methanol 

Anaconda Research Lab And The MInerai Lab. Inc. Test Result Summary . 
SllicalAJumina Ratio 5.8 - 6.4 . 
SlIioonlAluminum Ratio 5.1 ~ 5.6 
Bulk Density (dry soIid) .. 87 Ibs1ft3 (1394 kgJm') 
Bulk Density (dry, toose mafO . 51 - 60 Ibslff (817 .. 961 kg/m3

) 

Mohs Hardness 5.1 
Pore Size 4 angstroms 
Pore Volume 15% 
Specifie Surface Area 1357 yd2/oz (40 m2/gm) 
Alkali Stability (pH) 7 - 13 
Acid Stability (pH) 1 - 7 
Thermal Stability 12~ F (7000 C) 
Crushing Strength 2500 Ibslin2 (176 kgs/cm~ 
WetAttrition (Avg.) 6 -7% 

Infmmation contàlned hereln la accurale to the best of our knowledge. Information la provfded wlthout wananty or guaranlee of results. Ilis the 
re.sponsIblllty 01 the user to deIem1Ine the sultabllity of this materialfor the intended use. User Issumes the final rtsk and Habllity ln connectlon 
~~. . 



• McGill 
University Animal Care Committee 

McGi11 University 
James Administration Building 
845 Sherbrooke Street West 
Room 429 
Montreal, Ouebec, Canada 
H3A 2T5 

January 14,2004 

Comité universitaire de protection des animaux 

Université McGili 
Pavillon James de l'administration 
845, rue Sherbrooke Ouest 
Bureau 429 
Montréal, Ouébec, Canada 
H3A 2T5 

Tel.: (514) 398-2837 
Fax: (514) 398-4853 
www.mcgill.ca/rgo/animal 

The McGill University Animal Care Committee certifies that 

y onghong 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 Levet: Anesthesia, Analgesia, Euthanasia, Categories, Influencing 

Factors and Environmental Enrichment 

Please note that this certificate does NOT inc/ude 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. 

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 
ojtraining 




