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ABSTRACT 

    The intensification of swine farming in recent year has resulted in 

excessive manure applications in some areas affecting both the terrestrial and 

aquatic ecosystems. The source reduction of manure nutrients by using zeolite 

(clinoptilolite) as a feed additive in the ration of hogs is envisaged as one of 

the possible solutions to reduce the excessive applications of manure nutrients 

in land. In this context, an experimental feed trial was performed to test the 

effect on the manure physico-chemical properties and the growth performance 

of hogs of supplementing grower hog rations with a 4% zeolite (90%+ 

clinoptilolite).  

    The zeolite ration tested, namely R2, R3 and R4, contained 4% zeolite 

(90%+ clinoptilolite) and either 100, 90 or 90% crude protein (CP) and 100, 

90 or 85 % energy, respectively. These rations were tested against a control 

ration, R1, with no zeolite and 100% CP and energy. 

    The first experiment consisted in feeding each ration to three hogs and 

collecting their manure to analyze the physico-chemical characteristics. Also, 

2% and 4% zeolite was added to fresh manure, to measure its viscosity. The 

zeolite rations did increase the total solids (TS) content of the manure. Rations 

R3 and R4 produced manures which flowed better and emitted less odours 

after aging for 67 days, as compared to the control ration R1. Ration R2 

produced less odours than the control ration R1, although the results were not 

significantly different (P>0.05). Thus, supplementing hog rations with zeolite 

can have some positive impact on the physico-chemical properties of the 

manure.  

The second experiment consisted in testing the effect on hog 

performance of adding 4% zeolite (90%+ clinoptilolite) to their ration, while 

also lowering the ration crude protein and energy content. A batch of 192 hogs 

were split into two groups, one housed in a room and fed the control ration 

R1, and the second in another identical room and fed two of the zeolite 
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rations, namely rations R2 and R3. The experiment was repeated while 

changing the treatment assignment per room, and using rations R3 and R4. 

Although the zeolite and all of its crude protein (CP) and energy levels had no 

significant impact on hog performance, some differences were observed with 

ration R3 during the 12 week growth period. This indicates that more research 

is needed to adjust the ration with hog growth stage. The heavy metal content 

of the carcasses was not significantly affected (P>0.05) by zeolite 

supplementation.  
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RESUMÉ 

    Depuis 20ans, on observe l’intensification des entreprises porcines et 

la concentration régionale de la production de fumier.  Cette concentration a 

engendré des problèmes de qualité d’eau et de sol, ainsi que de contamination 

de l’air par les odeurs. Comme solution, la zéolite pourrait être ajoutée à la 

ration des porcs pour améliorer l’ingestion des nutriments et réduire l’effet de 

concentration des fumiers. Dans ce contexte, deux essais furent réalisés pour 

mesurer l’impact d’ajouter de la zéolite dans les rations pour porcs à 

l’engraissement : le premier visait les propriétés physico-chimiques des 

fumiers, et ; le second visait la productivité porcine. La zéolite expérimentale 

contenait plus de 90% de clinoptilolite et fut utilisée à un taux de 4%.  

    Les rations testées, R2, R3 and R4, contenaient 4% de zeolite (90%+ 

clinoptilolite) et soit 100%, 90% ou 90% de protéine brute et 100%, 90% or 

85% d’énergie respectivement. Ces rations furent testées conjointement avec 

une ration témoin contenant 100% de protéine brute et d’énergie mais sans 

zéolite. 

    Pendant le premier essai, on alimentait chaque ration à trois porcs et on 

prélevait leurs fumiers pour analyser leurs propriétés physico-chimiques.  

Aussi, 2% et 4% de zeolite était ajouté à du fumier frais pour mesurer la 

viscosité du fumier. L’alimentation de la zéolite a augmenté le taux de siccité 

des fumiers, sans toute fois avoir un impact sur leur viscosité. Les rations R3 

et R4 ont produit des fumiers qui coulaient mieux et qui dégageaient moins 

d’odeur après 67 jours de stockage, comparativement à la ration témoin R1. 

La ration R2 a produit un fumier dégageant moins d’odeur que la ration R1, 

mais sans toute fois donner des résultats significatifs (P>0.05). Donc, l’ajout 

de zéolite dans les rations pour porcs à l’engraissement peut avoir un impact 

positif sur les propriétés physico-chimiques des fumiers produits.   

Le second essai consistait à ajouter de la zéolite dans la ration pour 

porcs à l’engraissement et à mesurer l’impact sur leur performance animale.  
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Un groupe de 192 porcs fut divisé en deux, dont un fut logé dans une salle et 

alimenté de deux rations avec zéolite, soit R2 et R3, et l’autre fut logé dans 

une autre salle et alimenté de la ration témoin. L’essai fut répété mais en 

renversant le traitement par salle et en utilisant les rations avec zéolite R3 et 

R4. Quoique la zéolite et les différents taux de protéine brute et d’énergie 

n’aient pas eu d’effet significatif sur la productivité animale, quelques 

différences intéressantes furent observées avec la ration R3, au cours des 12 

semaines d’alimentation. Par conséquent, il est recommandé de continuer la 

recherche et de mieux ajuster le taux de protéine brute et d’énergie en fonction 

du stade de croissance des porcs. Le taux de métaux lourds des carcasses n’a 

pas été affecté de façon significative, par l’ajout de zéolite dans la ration 

(P>0.05).  
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CHAPTER ONE 

GENERAL INTRODUCTION 

 

1.1 Problem statement 

      The swine industry is a growing sector in Canadian agriculture. In 

recent years, due to intensification of farming systems, the number of swine 

farms has decreased from 16,780 in 2000 to 12,560 in 2006. However, the 

average number of swine per farm has increased from 790 to 1,160 over the 

same period (Statistics Canada, 2007). The Canadian Census of Agriculture 

reported about 14 million heads of swine in 2001, 37% more than that were 

reported in 1991; however, the cattle heads were increased by 20% during the 

same period (Beaulieu and Bedard, 2001). A similar scenario was reported in 

European Union (EU) countries where the intensive swine farming rate has 

been reported to be greater than the cattle farming since 1980 (Burton and 

Turner, 2003; Vidal, 2000) resulting in a greater number of swine at specific 

locations.  

      From 1991 to 2001, Canadian livestock increased from 1.2 to 1.4 

animal units (AU)/km2 including an increase in swine from 0.7 to 0.74 

AU/km2 (Beaulieu and Bedard, 2001). A 40% increase in swine manure in 20 

years resulted in a 15 million tons of manure production in 2001 (Hofmann 

and Beaulieu, 2001). The contribution of swine manure to a total livestock 

manure production was relatively low (about 10%) (Hofmann and Beaulieu, 

2001); however, the concentration of nutrient-rich manure in a localized area 

resulted in a negative effect to the natural ecosystems. In the past, manure has 

been used as a fertilizer to sustain crop production so that the livestock 

farming and crop productions were sustainable and the nutrients were in 

balance (Leung, 2004). However, due to the recent trends of intensive 

livestock farming, the manure production has exceeded the crop’s nutrient 

requirement at farm level and in some cases, at the regional level (Leung, 

2004).  
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    Due to greater livestock density at specific locations, more land base is 

required for environmentally safe disposal of excess manure (Beaulieu et al., 

2001). The regions with greater livestock densities included the Frazer Valley 

and Greater Vancouver Regional Districts in British Columbia with 365 and 

183 AU/km2 respectively; Lethbridge and Ponoka Counties in Alberta with 

143 and 72 AU/km2 respectively; Waterloo Regional Municipality, Perth, 

Wellington and Oxford Counties in Ontario with 125, 87, 84 and 78 AU/km2 

respectively; and Desjardins, Le Haute-Yamaska and Acton Counties in 

Quebec with 118, 94 and 92 AU/km2 respectively (Beaulieu and Bedard, 

2001; Chambers et al., 2001). The problem started due to the excessive land 

application of manure for nitrogen (N) supplement with N loss allowance, 

resulting in a tendency to accumulate phosphorus (P), potassium (K) and other 

elements not subjected to losses by volatilization. This caused a nutrient 

imbalance in the soil (Lindley et al., 1988) and ultimately accelerated the 

pollution of surface, subsurface and ground water bodies.  

    Excessive application of manure in specific regions of different 

provinces in the country increased soil nutrient concentrations such as P and 

N, resulting in the contamination of downstream water bodies (AAFC, 1998). 

There has been growing concern in Quebec over agricultural effluents due to 

high levels of nutrients they bear. For example, P levels were reported as 

ranging from 0.01 to 1.17 mg/l in agricultural land drainage waters (Jamieson 

et al., 2003), exceeding the Quebec river water quality standard of 0.03 mg/l 

(Beauchemin et al., 1998). Agricultural activities, such as intensive livestock 

farming, are at least in part, responsible for excess nutrients in freshwater 

bodies (Bolinder et al., 2000). These excess nutrients result in substantial 

additional aquatic plant growth, including a sudden rapid growth (bloom) of 

cyanobacteria, which upon decomposition deplete the water's oxygen supply, 

leading to fish kills and other adverse environmental consequences (Falconer 

and Humpage, 2005).  

      This issue can be addressed in one of the following options:  
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• a manure solid-liquid separation, reduces the odour and volume, and 

makes it easier to handle and transport to the manure-deficitary 

(intensive cropping) regions of the country (Møller et al., 2000; Zhang 

and Lei, 1998). This process removes the organic solid from liquid 

manure or slurry, and offers a potential benefit of nutrient-rich organic 

solid production, odour reduction in subsequent liquid manure storage 

tanks (or pits) and anaerobic lagoons; and ultimately reduces liquid 

manure treatment processes and costs (Møller et al., 2000; Zhang and 

Westerman, 1997). During the separation process, removal of manure 

particles (<0.25mm diameter) helps to reduce the N and P content of 

liquid manure and effectively control odour generation (Møller et al., 

2000; Zhang and Lei, 1998) due to the presence of organic nutrients (N 

and P) and odour-producing compounds (carbohydrate, protein and 

fat) in the fine particles (Møller et al., 2000; Zhang and Westerman, 

1997). 

• improvement of a nutrient (N, P, and K) digestibility through a diet 

manipulation so that the manure nutrients are reduced at the 

production source (Honeyman, 1993; Sutton et al., 1999). Because the 

growing swine uses only 30 to 35% of the N and P they ingest, the 

remainder goes to waste in manure (Jongbloed and Lenis, 1998). Diet 

manipulation has the potential to reduce both the excess N and P in 

swine manure, and the negative effects of odour and other gaseous 

emissions, from the swine waste (Cromwell et al., 1998; Sutton et al., 

1999; Jongbloed and Lenis, 1998). Sutton et al. (1999) also 

commented upon the potential for odorous compound reductions in 

swine manure through a diet modification and reported on ammonia 

(NH3) emission reductions of 28 to 79%.  

    Source reduction of manure nutrients due to feed additives in swine 

diets is expected to change a manure characteristic so that the environmental 

impact due to excessive manure application could be minimized. Manure 

physical characteristics influence the handling, transportation, pumping and 
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application of manure in the field (Landry et al., 2004). Manure odour, 

generated from swine production facility, is another issue that causes a 

nuisance and air pollution to the surrounding environments (Lin, 2006). 

Intensification of a swine farming results in a larger quantity of manure 

accumulation into a relatively small geographical pocket area that increases 

the intensity and duration of odour release (Lin, 2006). 

      However, with the diet modification process, the swine performance 

and meat quality needs to be improved so that farmers would easily adopt this 

technology for an excess manure nutrient management. In this study, zeolite 

was tested as a possible additive to traditional feed and analyzed for its impact 

on swine performance, carcass quality, heavy metal concentrations and 

manure characteristics. 

  

1.2 Objectives 

   The overall objective of this research was to investigate zeolite as a 

swine feed additive and also, as a possible technology to reduce adverse 

environmental effects resulting from excess nutrients present in the manure. 

The specific objectives of the study were to: 

(i) observe the effect of clinoptilolite, as a grower hog feed additive, 

on manure quality {total solids (TS), total nitrogen (TN), total 

phosphorus (TP), total potassium (TK), total carbon (TC), viscosity 

and odour}; 

(ii)      conduct an experimental feed trial to test the effect of clinoptilolite 

as a feed additive coupled with lower crude protein (CP) and 

energy, on a grower hog feed conversion, weight gain and carcass 

quality. 

 

1.3 Scope 

   The experimental feed trial was conducted on 24 female hogs, with an 

average initial body weight of 30 (± 2) kg, randomly assigned to one of the 

four groups housed in a single pen inside the grower room. When the hogs 
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reached a mean weight of 60 (± 5) kg, 12 hogs were randomly selected and 

transferred into individual stainless steel metabolic cages for 8 days, with the 

data collected for 5 days after 3 days of acclimatization. The second test was 

conducted on 192 crossbred hogs (½ Duroc, ¼ Landrace and ¼ Yorkshire) 

with an average body weight of 23.9 (± 1.0) kg and tested for 14 weeks. The 

zeolite used in the feed trial was supplied by KMI, a mine in Nevada, USA. 

Both the tests were conducted at the swine complex of Macdonald Campus, 

McGill University. 

 

1.4 Thesis layout 

      Chapter 1 presents general introduction, including a problem 

statement, objectives of the study, scope and thesis layout. Chapter 2 presents 

a general literature review covering the topics of swine manure production; 

manure nutrients and environmental issues; feed additives; effect of zeolite 

(clinoptilolite) on swine performance (i.e., feed intake and feed conversion, 

and body weight gain), carcass quality and manure characteristics; and 

conclusion. Chapter 3 is a paper presenting the effect on manure 

characteristics of supplementing grower hog rations with clinoptilolite. 

Chapter 4 is a second paper presenting the effect of clinoptilolite diet 

supplementation and lower CP and energy levels on grower hog performance. 

Chapter 5 presents a general conclusion, and appendices are attached at the 

end of the thesis. Figures and tables are presented in a sequence at the end of 

each chapter. The literature cited for a given chapter is presented at the end of 

each chapter.  
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CHAPTER TWO 

LITERATURE REVIEW 

 

2.1 Swine manure production 

   The swine industry is a growing and dynamic sector in Canadian 

agriculture. Due to intensification of swine farming in recent years, the 

number of swine farms reported in the Canadian Census of Agriculture, 

decreased from 16,780 in 2000 to 12,560 in 2006. However, the average 

number of swine per farm increased from 790 to 1,160 in the same period 

(Statistics Canada, 2007). A similar scenario was reported in the European 

Union (EU) countries, where the intensive swine farming rate was found to 

be higher than cattle farming since 1980 (Burton and Turner, 2003; Vidal, 

2000).  

    Canadian livestock produced an estimated 178 million tons of manure 

in 2001 to which swine contributed about 10% (Hofmann and Beaulieu, 

2001). Due to intensification of farming systems, the higher livestock density 

regions in Canada, for example, Frazer Valley and Greater Vancouver 

Regional Districts in British Columbia; Lethbridge and Ponoka Counties in 

Alberta; Waterloo Regional Municipality, Perth, Wellington and Oxford 

Counties in Ontario; and Desjardins, Le Haute-Yamaska and Acton counties 

in Quebec do not have an adequate land base to use all the manure in an 

environmentally acceptable manner (AAFC, 1998; Beaulieu and Bedard, 

2001; Chambers et al., 2001).  

 

2.2 Manure nutrients and environmental issues 

    The amount of nutrients in animal manure mainly depended on the feed 

ration (protein and fiber content) and its digestibility (Lindley et al., 1988). 

According to Smith et al. (2000), the quality and quantity of excreta produced 

by hogs depended on animal size, feed type, water inputs, and housing 

environment. Repeated excessive land application of manure for nitrogen (N) 
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supplement with N loss allowance, tends to accumulate phosphorus (P), 

potassium (K) and other elements not subjected to loss by volatilization, 

causing nutrient imbalance in the soil (Lindley et al., 1988).  

     Nutrient loss from agricultural land, especially P, has been a growing 

concern in Quebec (Jamieson et al., 2003) where total phosphorus (TP) 

concentrations ranged from 0.01 to 1.17 mg/l (Beauchemin et al., 1998). 

Many sites, in Quebec, exceeded the Quebec river water quality standard of 

0.03 mg/l TP in 1994-95 (Beauchemin et al., 1998; AAFC, 1998). A manure 

nutrient application rate greater than crop nutrient uptake rate results in 

accumulation of nutrients in the soil. The excess nutrients in soil ultimately 

reach lakes, rivers and ground water through surface runoff, subsurface 

drainage or leakage, resulting in an additional aquatic plant growth, which on 

decomposition depletes water’s oxygen supply and causes the death of fish 

(Falconer and Humpage, 2005). Intensive livestock farming (Bolinder et al., 

2000) and repeated excess N-based fertilizer application accelerates the 

increase of nutrient concentrations in Quebec waterways. 

     Problems associated with livestock waste depend on the nature of the 

waste, concerns of the farmer, distance to neighbours, vulnerability of the 

surrounding environment and current legislation (McCrory and Hobbs, 2001). 

According to Woestyne and Verstraete (1995), the practice of proven methods 

such as biogas (methane) production, anaerobic and/or aerobic purification, 

and solid separation is limited due to the higher cost and expertise 

requirements to operate the systems effectively. According to McCrory and 

Hobbs (2001), intensive swine farming has intensified the release of offensive 

odours and ammonia (NH3) volatilization.  

The use of feed additives has a positive impact on manure handling, and 

also, has the potential to reduce the leakage of manure nutrients and the spread 

of pathogenic bacteria to watercourses (McCrory and Hobbs, 2001). 
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2.3 Feed additives 

     The use of feed additives for diet manipulation reduces N and P 

content in swine manure and minimized the negative effects of odour and 

other gaseous emissions from swine waste (Cromwell et al., 1998; Sutton et 

al., 1999; Jongbloed and Lenis, 1998). Literature reviews suggest that one of 

the reasons for excess nutrient accumulation in swine manure is poor N, P and 

K digestibility of typical swine diets. Grower hogs use only 30 to 35% of 

ingested N and P (present in the natural feed) and the remaining portion goes 

to waste in the manure (Jongbloed and Lenis, 1998). Sutton et al. (1999) 

reported 28 to 79% NH3 emissions reduction in swine manure through diet 

modification. Phytase, zeolite (clinoptilolite), yucca extract, modified 

carbohydrates (inulin) are the commonly used feed additives for diet 

manipulation to reduce nutrients in swine manure (Cromwell et al., 1998).  

 

2.3.1 Phytase  

      Phytase, a specialized enzyme often present in feed components of 

plant origin acts as a catalyst to break down the undigestible phytic acid 

(phytate) in grains and oil seeds, thus liberating digestible P and calcium (Ca) 

for the swine. Adding phytase to hogs diets increased availability of phytate P 

in a corn-soy diet by 15 to 45%, and increased trace mineral absorption and 

amino acid digestibility, thus reducing P in the diet, which ultimately reduced 

P in the manure (McMullen and Holden, 2001). The amount of reduction in P 

depended on diet type, inclusion rate of phytase, degree of replacement of 

inorganic P, and dietary P relative to animal needs (McMullen and Holden, 

2001). Genetically altered hog produced phytase for better feed digestion and 

excreted 60% less P in their manure (Forsberg et al., 2003).  

 

2.3.2 Zeolite  

            Zeolites are crystalline, hydrated aluminosilicates of alkali and alkaline 

earth cations that posses three-dimensional structures with interconnecting 
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channels and large pores, capable of trapping molecules of proper dimensions 

(Mumpton, 2006). Each zeolite has its own unique chemical composition, 

crystalline structure (similar to honeycomb) and therefore, possesses its own 

set of adsorption properties. Water moves freely in and out of the pores, 

however the zeolite framework remains rigid. Exchangeable cations maintain 

electrical neutrality within the structure. Depending on the crystalline 

structure and chemical composition, zeolite has many applications such as 

assisting plant growth and acting as an excellent filtration media (ZeoponiX, 

2000). Physical and chemical properties of zeolite, such as ion exchange 

capacity (IEC), catalysis and adsorption provide a wide application in 

industrial and agricultural sectors (Mumpton, 2006).  

 

 

 

 

Fig 2.1: Molecular sieve of zeolite Type A & Type X (Mumpton and 

Fishman, 1977).  

 

Structure and properties of zeolite 

      Zeolite consists of SiO2 (68.3%), Al2O3 (12.3%), Fe2O3 (0.1%), CaO 

(4.3%), MgO (1.1%), K2O (1.0%) and Na2O (0.3%). Zeolite has well-defined 

structures containing aluminum (Al), silicon (Si), and oxygen (O2) in their 

regular framework and possesses voids with cations (+ ions) and water 

(Emfema, 2005). The Si and Al atoms are tetrahedrally coordinated with each 

other through the shared oxygen atoms and these tetrahedrons are basic 

building blocks for various zeolite structures, such as zeolites Type A and 

Type X (Fig 2.1). Zeolites, due to the presence of alumina, exhibit a 
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negatively charged framework counter-balanced by positive cations, resulting 

in a strong electrostatic field on the internal surface. These cations can be 

exchanged to fine-tune the pore size or the adsorption characteristics. For 

example, sodium (Na) form of zeolite A has a pore opening of 0.4 nm, but if 

Na+ is exchanged with the larger K+ then the pore opening is reduced to 0.3 

nm (0.3 nm molecular sieve). On ion exchange with calcium (Ca), one Ca++ 

replaces two Na+. Thus, the pore opening increases to approximately 0.5 nm 

(Mumpton, 2006). General physical properties of zeolites are presented in 

Table 2.1.  

      As a feed additive zeolite has demonstrated a potential to reduce N and 

P in manure and minimize the negative effects of odour and other gaseous 

emissions such as NH3, and hydrogen sulphide (H2S) (Cromwell et al., 1998). 

As a manure treatment additive, it is efficient in controlling NH3 and effective 

in adsorbing volatile organic compounds (VOCs) and odour (Cai et al., 

2007). Zeolite increases flowability of feed and it has the ability to retain 

ammonium ions (NH4
+) and NH3 gas in the digestive system. According to 

Emfema (2005), zeolite allowed better performance of intestinal microflora, 

eliminated NH3 odour and contributed to a healthier environment for animals 

and humans. It also improved feces consistency, and reduced diarrhea, and 

bound mycotoxins and aflatoxins, in feed and digestive system (Emfema, 

2005). Depending on the physical and chemical properties, there are many 

types of zeolites available.  

 

Types of zeolite  

 There are about fifty naturally occurring zeolite species recognized, 

each with a unique structure (Mumpton, 2006). The pore size in 

commercially available zeolite ranges from approximately 0.3-0.8 nm 

(ZeoponiX, 2000). Clinoptilolite is a most widely used natural zeolite in 

animal studies due to its structural stability under high temperatures and 

acidic conditions.  
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Clinoptilolite  

Clinoptilolite, a species of zeolite, has widespread applications in 

agriculture due to its high affinity for NH4
+ and K+ ions. It has wide 

geographic distribution and abundance in nature with high grade and large 

size deposits (Sheppard, 1984). It is the most commonly occurring natural 

zeolite in volcanic minerals (Sheppard, 1984; Bernal and Lopez-Real, 1993), 

and is made of hydrated alumino-silicate, with infinite three-dimensional 

framework of silicon-oxygen (SiO4) tetrahedra (Emfema, 2005). Clinoptilolite 

has a relatively open structure with a total pore volume of approximately 35% 

(Godelitsas and Armbruster, 2003), and chemical formula (Na4K4) 

(Al8Si4O96).24H2O (Mumpton, 2006). It has been further characterized by 

having a Si/Al ratio greater than 4 (Perraki and Ourfanoudaki, 2004). 

According to Mumpton (2006), the unit-cell formula of clinoptilolite is 

reported as (Na, K)2.Al2O3.10SiO2.6H2O and the cations (Na+ and K+) in 

parenthesis are the exchangeable cations, which vary depending on the 

immediate environment. Exchangeable cations maintain electrical neutrality 

within the structure. 

Clinoptilolite can be used as a feed additive due to its stable behaviour 

at high temperature and low pH (Shurson et al., 1984). The strong relationship 

between NH3 emission and pH of manure resulted in a decrease of NH3 

emissions at low pH (Cromwell et al., 1998). Clinoptilolite can be used as a 

natural feed additive to reduce manure nutrient content because of its 

molecular sieving properties, high cation exchange capacity (CEC), 

adsorption and high affinity for NH4
+ and potassium (K+) ions (Mumpton, 

2006).  

 

2.4 Effect of zeolite (clinoptilolite) on swine performance 

2.4.1 Effect on feed intake and feed conversion 

Zeolite (clinoptilolite) in swine diet improved feeding efficiency (Pond 

et al., 1988; Coffey and Pilkington, 1989; and Yannakopoulos et al., 2000) as 

well as digestibility of crude protein (CP) and nitrogen-free extracts (Han et 
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al., 1976). Feed use efficiency in hogs depended on age, weight and feeding 

conditions (Vrzgula and Bartko, 1984; Nestorov, 1984). In case of laying 

hens, dietary use of zeolite resulted in a better-feed efficiency and egg 

productivity in comparison to the use of control feed (Elliot and Edwards, 

1991; Olver, 1997). Mumpton (2006) compared dietary use of natural zeolite 

with control diets for poultry, swine and ruminants; and suggested that 

efficient use of nutrients in animal production could be due to the integral 

mechanism of ion-exchange and adsorption properties of the zeolite used. 

Zeolite (clinoptilolite) at 2% supplement level by weight in a hog diet 

increased daily feed intake (Pond et al., 1988; Coffey and Pilkington, 1989; 

Yannakopoulos et al., 2000); however, it also reduced the number of piglets 

with splay-legs, and with swelling and reddening of vulva (Papaioannou et al., 

2002). Supplementation of 3-5% clinoptilolite-rich tuff into the diets of young 

chickens, hogs and beef cattle decreased feed consumption (Tsitsishvili et al., 

1977). According to Pond and Lee (1984), zeolite (60% clinoptilolite) at 5% 

level in weanling hog’s diet controlled diarrhea; however, when it was mixed 

with ammonium carbonate at 4% by weight and fed to the hogs, it decreased 

weight gain. Also, zeolite (40 to 60% clinoptilolite) at a 5% level in a grower 

hog’s diet corrected the diarrhea and produced firmer feces after 6 hours of 

treatment, and treated hogs gained weight twice as fast as compared to non 

treated hogs (Nestorov, 1984; Vrzgula and Bartko, 1984). Zeolite (85% 

clinoptilolite) at 0.5% level in hog’s diet improved metabolic energy use; 

however, it did not affect weight gain to feed intake ratio (Shurson et al., 

1984). Zeolite (85% clinoptilolite) at 2.5%, 5% and 7.5% levels in hog’s diet 

reduced odourous p-cresol in feces; however, this increased in urine, and also 

there was low energy absorption due to the increase in urinary energy loss 

(Shurson et al., 1984). Zeolite A (95% clinoptilolite) at 2.5%, 5% and 7.5% 

levels by weight in diet showed linear decrease of mineral (Ca, Fe, Mg, Na 

and P) retention in the hog’s stomach; and resulted in the increase of N, and of 

urinary and fecal excretion of Ca, Fe, K, Mg, Na and P. Zeolite (77% 

clinoptilolite) at a 5% level in hog’s diet showed feed conversion of 0.15 
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kg/kg of body weight gain (Barrington and El Moueddeb, 1995); however, 

clinoptilolite (85%) at same supplement level showed no effect on hog 

performance and metabolic energy utilization (Shurson et al., 1984). Castro 

and Elias (1978) reported a 12% increase in feed efficiency of hogs fed with 

7.5% zeolite supplemented diet in comparison to control diets. Among the 

treatment levels of 0%, 5% and 10% zeolite (95% clinoptilolite), the 10% 

level showed better feed conversion (Cool and Willard, 1982) (Table 2.2).  

Zeolite (clinoptilolite) added to the diet of hogs at lower CP and 

energy levels resulted in better results when compared to higher CP and 

energy levels for feed intake and feed conversion. A 15.2% CP in the hog’s 

diet resulted in better feed intake rates (Pond et al., 1988); however, a 16% CP 

didn’t show any such effects (Pond and Yen, 1982). Similarly, Nestorov 

(1984) reported an increase in weight gain to feed conversion ratio in hogs 

with a CP of 14.6% and 2.9 Mcal/kg energy in diets in comparison to higher 

CP and energy levels (Table 2.2).   

Thus the literature tends to suggest that use of clinoptilolite as a feed 

additive in hog’s diet results in positive effects on feed intake and feed 

conversion rate; however, there are reports of negative results depending on 

the % clinoptilolite in zeolite, supplemental level of clinoptilolite by weight in 

rations as well as CP and energy levels in the feed.  

 

2.4.2 Effect on body weight gain 

Zeolite (clinoptilolite), as feed additives in hog’s diet, increased body 

weight and weight gain rate due to its ion exchange capacity (IEC), adsorption 

and related molecular sieving properties (Pond et al., 1988; Coffey and 

Pilkington, 1989; Yannakopoulos et al., 2000), and showed positive results on 

fat or muscle in comparison to the control diet (Pond et al., 1988; Hagedorn et 

al., 1990; Kovar et al., 1990). The effectiveness of zeolite in hog’s growth 

increase depended on zeolite species, properties and supplement level (% 

zeolite by weight) used in the diet (Mumpton, 2006). 
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Clinoptilolite at a 2% supplement level by weight in diet increased 

litter size, gave higher piglet weight at a birth and higher piglet weight gain 

during lactation (Kyriakis et al., 2002; Papaioannou et al., 2002); however, it 

decreased liver and kidney weights (Pond et al., 1988). Pond and Lee (1984) 

reported increases in weight gain due to addition of clinoptilolite (70%) at a 

3% level in young growing hog’s diet however, the research report of Poulsen 

and Oksbjerg (1995) showed the increase of N excretion in feces, higher feed 

intake to body weight gain ratio, and decrease of daily weight gain at the same 

supplement level. Clinoptilolite (85% or 92%) at 5% level in hog’s diet 

showed no toxic effects on grower hogs; however, it showed a decrease in 

daily weight gain in comparison to other compositions of clinoptilolite with 

traditional feed (Pond and Yen, 1982; Pond and Lee, 1984). In comparison to 

a regular diet, the clinoptilolite at 5% and 10% levels by weight in hog’s diet 

resulted in a weight gain of 27% (Kondo and Wagai, 1968) and 8% (Nestorov, 

1984) respectively; however, Pond and Yen (1982) at the same clinoptilolite 

levels found no effect on body weight gain, feed intake, and weight gain to 

feed intake ratio. According to Ma et al. (1984), a 5% clinoptilolite level 

resulted in less weight gain in comparison to 0% and 2.5% levels in sow’s diet 

and also, the supplementation of 2.5% and 5% clinoptilolite in pregnant sow’s 

diet decreased ovulation rate by 1.0 and 2.2 ova, respectively; however it did 

not affect embryo-survival rate significantly (Table 2.2). 

Tests of clinoptilolite (60%) and synthetic zeolite A at 3% supplement 

level by weight in male lamb’s diet resulted in weight increase due to addition 

of clinoptilolite, but a decrease with zeolite A (Pond and Lee, 1984). 

According to Pond and Lee (1984), clinoptilolite (60% and 72%) at 3% and 

5% levels in female rats’ diets had no effect on body weight gain during 

gestation or lactation or on the number and size of pups. Clinoptilolite (60%) 

at 5% and ammonium carbonate at 4% levels by weight reduced the weight 

loss of dam after lactation; however, it reduced the weight gain of female rats 

due to dilution effect on the feed (Pond and Lee, 1984). Nestorov (1984) 

reported 17% and 3.6% greater weight gain in young beef cattle (steer) and 
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chickens (broilers) when clinoptilolite at 4.3% and, 0.5%, 1% and 1.5% by 

weight was added to cattle’s and chickens’ regular diet respectively (Table 

2.2).  

A zeolite (clinoptilolite) added diet in hogs at lower CP and energy 

level reported better results in body weight gain to feed intake ratio. A 

clinoptilolite-added diet in hogs with 16.5% CP and 3.1 Mcal/kg energy 

resulted in greater litter size, greater piglet weight at birth and greater piglet 

weight gain during lactation (Kyriakis et al., 2002) and also, 18.2% CP and 

3.2 Mcal/kg energy showed similar impact on body weight gain; however, it 

reduced the number of piglets with splay-legs and with swelling and 

reddening of vulva (Papaioannou et al., 2002). CP at 15.2% levels in hog’s 

diet resulted in improved daily body weight gain (Pond et al., 1988); however, 

16% CP resulted in no effect on body weight gain to feed intake ratio (Pond 

and Yen, 1982). Similarly, Nestorov (1984) found increase in body weight 

gain and correction of diarrhea in hogs due to 14.6% of CP and 2.9 Mcal/kg 

energy in diets (Table 2.2).   

So, the literature shows that the use of clinoptilolite has both positive 

and negative impacts on hog’s body weight and body weight gain rate, and 

greater % clinoptilolite at lower supplement rates by weight in diet with lower 

CP and energy levels give better results on hog’s body weight gain.  

 

2.5 Effect of zeolite (clinoptilolite) on carcass quality and heavy metal 

concentration 

Zeolite (clinoptilolite) has no effect on carcass quality, heavy metal 

concentrations in kidney, liver and muscle tissues; or their market values. The 

toxic cation absorption capacity of zeolite prevented adverse effect on 

metabolic functions in hogs (Pond et al., 1993) resulting in no effect on meat 

quality. It had no adverse effect on edible parts of muscles, liver, heart and 

kidneys (carcass) (Nestorov, 1984; Fokas et al., 2004) due to their absorption 

capacity on lead (Pb), arsenic (As) and cadmium (Cd) (Pond et al., 1993). 

According to Nestorov (1984), histochemical studies on intestinal tracts of 
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hogs fed with 10% clinoptilolite showed no adverse effects on tissues and 

organoleptic evaluation of meat. Pond and Yen (1983) found no effect of 

zeolite A on plasma potassium (K), sodium (Na) and magnesium (Mg) levels 

in hogs. Clinoptilolite (85%) at 2.5%, 5% and 7.5% levels by weight in hog’s 

diet reduced blood plasma NH3 levels; however, zeolite A (95% clinoptilolite) 

at 1%, 2% and 3% by weight showed no adverse effect on blood plasma NH3 

level (Shurson et al., 1984). Tests on male castrated hogs by adding 

clinoptilolites (60% and 72%) at 5% level of supplement resulted in no effect 

on blood haemoglobin, haematocrit, plasma urea-N, serum protein, albumin, 

alkaline phosphate, Ca and P; however clinoptilolite reduced the increase of 

liver Cd due to the addition of Cd in feed (Pond and Lee, 1984). According to 

Vrzgula and Bartko (1984) there were no substantial differences in liver 

function, serum blood counts or in metabolic concentrations between the 

zeolite and control groups. Similarly, dietary use of zeolite showed no 

influence on performance and carcass quality of growing and fattening hogs 

(Pearson et al., 1985). Therefore, zeolite species (with different % 

clinoptilolite) at different supplement levels with traditional feed could play a 

vital role in achieving the goal of manure nutrient reduction and maintain the 

quality and quantity of meat.  

 

2.6 Effect of diet manipulation on manure characteristics 

Very few scientific articles reported on the rheological properties of 

manure products and most of such efforts focused on liquid manure or manure 

slurry (Landry et al., 2004). Kumar et al. (1972) found that the viscosity of 

dairy cattle slurry decreased with the increase of sample dilution and 

temperature. The rheological properties of livestock slurry depended on 

manure moisture content or total solid (TS) content, particle size and 

viscosity; and the TS of manure slurries showed directly proportional 

relationships with viscosity (Chen and Shetler, 1983; Landry et al., 2004; and 

Keener, 2005). The feces with finer particles in zeolite fed hogs possess lower 

TS and carbon (C), and hence lower viscosity. Keener (2005) reported a 
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viscosity increase of 10 to 80-fold going from 0% TS (liquid) to 5% and 10% 

TS. Manure slurry, below 5% TS content, showed Newtonian flow properties 

and above 5% it showed non-Newtonian (pseudo plastic) flow properties and 

behaved like real plastic materials due to the dependence of its viscosity on 

applied shear rate (El-Mashad et al., 2005 and Kumar et al., 1972).  

Zeolite in swine diet showed positive impacts on viscosity which is 

reported to reduce crust formation during storage and, required less energy 

and cost for pumping, transportation and land spreading (Backhurst and 

Harker, 1974; Chen, 1986). The clinoptilolite at 5% level in hog’s diet 

resulted in firmer, better-formed and less odoriferous feces (Vrzgula and 

Bartko, 1984). Supplementation of synthetic amino acids with reduced intact 

protein levels in hog’s diet significantly reduced N excretion and odour 

production (Sutton et al., 1999). Reduction of manure odour due to dietary 

manipulation with clinoptilolite (Le et al., 2007) indicated more thorough 

digestive process resulting in finer particle size of feces (Mumpton, 2006). 

Manure characteristics are considered as predominant parameters for affecting 

the cost at the local level for manure pre-treatment, handling, transportation 

and field application; as well as to address the environmental adversities due 

to intensive swine farming. Therefore, this study was conducted to examine 

the physical and chemical properties of manure obtained from clinoptilolite 

fed hogs, and also, to test the effect of clinoptilolite on quality and quantity of 

meat production. 

 

2.7 Conclusion 

Research in recent days has been directed towards the source reduction 

of manure nutrients through diet manipulation by adding natural feed 

additives such as zeolite (clinoptilolite). A review of literature revealed that 

clinoptilolite has both positive and negative impacts on hog performance and 

manure characteristics such as nutrient content (N, P and K), odour, TS, 

viscosity; and maintenance of meat quality. The effectiveness of zeolite 

however, depends on its species, properties, supplement level of clinoptilolite 
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by weight, %CP and energy levels used in diets as well as the age, weight and 

feeding conditions of experimental hogs. Besides positive impacts, there are 

reports of negative results such as decrease of ovulation rate of young sows, 

reduction of number of piglets with splay-legs, decrease of nitrogen ingestion 

efficiency and increase of N excretion in feces, decrease of liver and kidney 

weight in grower hogs, reduction of energy absorption efficiency due to 

clinoptilolite in hog’s diet at different supplement levels by weight and 

production of feces with higher TS content. 

Most of the research work on zeolite has been reported at supplement 

levels of 2%, 2.5%, 5%, 7.5% and 10% by weight; and it has resulted in better 

feed conversion, higher body weight gain at lower supplemental levels in diet. 

Also, previous studies focused on feed conversion, body weight gain, and 

manure nutrient reduction (to some extent) due to clinoptilolite supplement in 

hog’s diet, however, its effect on manure characteristics is another important 

part of the studies. More research needs to be done on the effect of zeolite on 

manure physical and chemical characteristics. Therefore, the present study 

was designed to test the effect of clinoptilolite at 4% level with higher CP and 

energy percentage in diets, on manure characteristics such as nutrient content 

(N, P and K), odour, TS, TC, viscosity, shear stress and shear rate (Chapter 

III); and on hog performance, carcass quality and quantity (Chapter IV).  
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Table 2.1: General physical properties of zeolite1. 

Properties Unit Descriptions 

Specific density Kg/m3 2.16 

Bulk density Kg/m3 0.85 – 1.1 

Hardness Mohs scale 3.5 – 4  

Alkaly stability pH 7 – 11  

Acid stability pH 2 – 7  

Moisture content %  7 – 9 

Absorbing gases - NH3, H2S 

Color - Greenish, Ivory 
1 Emfema (2005). 
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Table 2.2: Zeolite (clinoptilolite) tests as feed additives at different supplement levels in swine, cattle, chicken, lamb, and rat's mice and rat's 
diets. 

Animal  Animal  Zeolite Clinoptilolite Impacts 
Zeolite origin/Feed 

composition References 
types age used %  % in  Beneficial Adverse   

  (weeks) 
(by 

weight) zeolite         
Swine               

Cross 
bred 
sows 

-  

  

    

  

2 85 

Higher litter size & 
higher piglet wt. at birth, 
& higher piglet wt. gain 
during lactation 

Reduction of no. of piglets with 
splay-legs, & with swelling and 
reddening of vulva 

Zeolite originated from 
North eastern Greece, 
21.6% crude protein (CP) 
& 3.4 MJ/kg metabolic 
energy included in diets 

Papaioannou 
et al., 2002 

Cross 
bred 
gilts & 
sows 

- 2 77 

Higher litter size & 
higher piglet wt. at birth, 
& higher piglet wt. gain  
during lactation 

No adverse or side effects 

Zeolite originated from 
North eastern Greece, 
13% crude protein (CP) & 
13.8 MJ/kg metabolic 
energy included in diets 

Kyriakis et 
al., 2002 

Grower 
hogs - 3 70 -

Klinofeed resulted in lower wt. 
gain due to its dilution effect on 
feed value, increased N 
excretion in feces however, it 
decreased in urine, & did not 
significantly improved protein 
retention 

0 & 3% Klinofeed with 
17% CP & 3.5 Mcal/kg 
included in diet as feed 
additives 

Poulsen & 
Oksbjerg, 
1995 

Grower 
hogs - 2 90 Improved daily body wt. 

gain & feed intake 

Clinoptilolite decreased liver & 
kidney wt., liver K also 
decreased 

Female weanling pigs 
were used for the test, 
clinoptilolite was fine 
powder of <34 mesh with 
15.4% CP and 3.4 
Mcal/kg energy 

Pond et al., 
1988 

Grower 
hogs - 4 & 8 - - 

Clinoptilolite had no significant 
effects on growth rate,  feed 
conversion rate, & carcass 
quality due to  same CP & 
energy levels supplemented to 
all pigs 

Zeolite originated from 
Japan, all the hogs 
received same levels of 
CP & energy in diets 

Pearson et 
al., 1985 
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Table 2.2: Zeolite (clinoptilolite) tests as feed additives at different supplement levels in swine, cattle, chicken, lamb, and rat's mice and rat's 
diets (contd.). 

Animal  Animal  Zeolite Clinoptilolite Impacts Zeolite origin/Feed composition References 
types Age used % % in  Beneficial Adverse   

  (weeks) 
(by 

weight) zeolite         

Grower 
hogs 7  0.5 85 

Metabolic energy 
utilization improved due 
to clinoptilolite & zeolite 
A 

No effect on body wt. 
gain, feed intake & 
gain/feed ratio 

15.6% of CP & 3.2 Kcal/kg of 
energy present in diet with 95% 
zeolite A at 0.3% by weight 

Shurson et 
al., 1984 

Grower 
hogs 13  

    

  

5 85 

No effect on hog 
performance & also, no 
effect on metabolic 
energy utilization 

- 
13.5% of CP & 3.2 Kcal/kg of 
energy present in diet with 95% 
zeolite A at 1.0% by weight 

Shurson et 
al., 1984 

Grower 
hogs 1 2.5, 5 

& 7.5  85 
Clinoptilolite reduced 
odourous p-cresol in 
feces 

Zeolite A showed 
linear decrease of 
mineral retention in 
hogs stomach (Ca, Fe, 
Mg, Na & P) 

13.5% of CP & 3.2 Kcal/kg of 
energy present in diet with 95% 
zeolite A at 0, 1, 2 & 3% by 
weight 

Shurson et 
al., 1984 

Grower 
hogs 2 2.5, 5 

& 7.5   85 Clinoptilolite reduced 
blood plasma NH3 level 

Zeolite A showed no 
adverse effect on blood 
plasma NH3 level 

Zeolite A (95% clinoptilolite) at 
0, 1, 2 & 3% by weight were 
mixed with diets 

Shurson et 
al., 1984 

Castrated 
hogs 
(male) 

5 5 60 & 72 -

No effect on blood 
hemoglobin, 
hematocrit, plasma 
urea-N, serum protein, 
albumin, alkaline 
phosphate, Ca & P; 
decrease of wt. gains 
were observed in both 
cases however, New 
Mexico zeolite showed 
lower gain rate than 
other 

Zeolite possess 60% (New 
Mexico, <50 mesh) & 72% 
(Idaho, <16 or 50 mesh) 
clinoptilolite at 17% CP & 3.5 
Mcal/kg energy level 

Pond and 
Lee, 1984 

Weanling 
pigs 10 5 60 

Feed conversion rate was 
not affected, clinoptilolite 
solved diarrheal problem 

Lowering of wt. gain 
reported in both cases  

5% clinoptilolite & 4% 
ammonium carbonate with 15% 
CP & 3.4 Mcal/kg energy mixed 
in diets separately 

Pond and 
Lee, 1984 
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Table 2.2: Zeolite (clinoptilolite) tests as feed additives at different supplement levels in swine, cattle, chicken, lamb, and rat's mice and rat's 
diets (contd.). 

Animal  Animal  Zeolite Clinoptilolite Impacts 
Zeolite origin/Feed 

composition References 
types age Used % % in  Beneficial Adverse   

  (weeks) 
(by 
weight) zeolite         

Grower 
hogs 4 to 5  3 60 

No trt. effects were noticed except 
clinoptilolite slightly increased wt. 
gain, liver Cd increased with 
addition of Cd in feed however, the 
increase was less with clinoptilolite

- 

Clinoptilolite with 
granular or <50 mesh 
from New Mexico & 
synthetic zeolite A 
with or without 
92ppm Cd were used 
as feed additives 

Pond and 
Lee, 1984 

Hogs - 3 & 5 95 Decrease of urinary P  

Increase of urinary energy 
loss due to tyrosine, 
reduction of energy 
absorption efficiency of 
hogs due to zeolite A; 
increase of N excretion & 
fecal excretion of Ca, Fe, K, 
Na & P; & also increase of 
urinary Ca, Fe, Mg &  Na; 
lower N ingestion efficiency 
caused increase of urine p-
cresol 

Zeolite A with or 
without 3% tyrosine 
at 4.0 Mcal/kg energy 
level was included as 
feed additives in diet 

Shurson et 
al., 1984 

Sows 72 to 
108 2.5 & 5 - 

Due to dilution effect of 
clinoptilolite on feed energy & CP 
levels the wt. gains were 
significantly less with 5% 
clinoptilolite in comparison to 0 & 
2.5%, feeding of 2.5 & 5% 
clinoptilolite decreases ovulation 
rate by 1 & 2.2 ova respectively 
however didn't significantly affect 
the embryo survival rate 

- 

Zeolite originated 
from Taipei, Taiwan; 
& fed as powder 
(<120 mesh) after 
drying at 4000C with 
15.9% CP & 3.1 
Mcal/kg energy in 
diets 

Ma et al., 
1984 
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Table 2.2: Zeolite (clinoptilolite) tests as feed additives at different supplement levels in swine, cattle, chicken, lamb, and rat's mice and rat's 
diets (contd.). 

Animal  Animal  Zeolite Clinoptilolite Impacts 
Zeolite origin/Feed 

composition References 
types age Used % % in  Beneficial Adverse   

  (week) 
(by 
weight) zeolite         

Grower 
hogs 12 5  40 to 60 

Daily wt. gain increased by17%, 
serum blood characteristics not 
affected by clinoptilolite however 
increase of blood serum Ca, Mg, 
P, Na, K, Co & Fe; Se & Mn 
levels dropped; liver function was 
not affected by clinoptilolite; 
decrease of Se& Mn levels noticed 

- 
Zeolite originated from 
Nizmy Hrabovec, 
Czechoslovakia 

Vrzgula and 
Bartko, 
1984 

Grower 
hogs 12   

   

5 40 to 60 

Wt. gain increased by 20%, 
diarrhetic hogs with clinoptilolite 
produce firmer feces after 6 hrs& 
treated hogs gained wt. twice as 
fast as compared to non treated 
hogs 

Reduction in daily wt. 
gain at first 30 days 
however after 30 days 
there was no such 
problem noticed 

Zeolite originated from 
Nizmy Hrabovec, 
Czechoslovakia 

Vrzgula and 
Bartko, 
1984 

Grower 
hogs - 5 40 to 60 

Wt. gain/feed conversion increased 
from 0.44 to 0.54 kg body wt./kg 
feed; clinoptilolite corrected the 
diarrhea, & significant wt. gain 
observed 

No difference noticed in 
clinical observations 

Zeolite originated from 
Nizmy Hrabovec, 
Czechoslovakia; CP of 
15.3% & digestible 
energy of 2.9 Kcal/kg 
were included in diets 

Nestorov, 
1984 

Grower 
hogs - 5 & 10 95 

Clinoptilolite at 10% produced 
higher wt. gain & better feed 
conversion, the larger particle size 
f clinoptilolite resulted in better 
stomach stability and improved 
performance, clinoptilolite 
produced hogs with 24% less body 
fat but with more muscle mass 

Feces contained more 
solids, more Ca ingestion 
through bone deposition 
however same K 
ingestion & clinoptilolite 
produced more NH3 in 
jejunum 

Zeolite (particle size 2.4 
to 3.4 mm) from Ash 
Meadows, California; 
18.5% CP & 3.3 
Kcal/kg energy 
included in diets as feed 
additives 

Cool and 
Willard, 
1982  
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Table 2.2: Zeolite (clinoptilolite) tests as feed additives at different supplement levels in swine, cattle, chicken, lamb, and rat's mice and 
rat's diets (contd.). 

Animal  Animal  Zeolite Clinoptilolite Impacts 
Zeolite origin/Feed 

composition  References
types age Used % % in  Beneficial Adverse   

  (week) 
(by 
weight) zeolite         

Grower 
hogs 5  10 85 

No effect on body wt. 
gain, feed intake & 
gain/feed ratio 

No effect on blood traits 
(Ca, Mg,  alkaline 
phosphatase, hemoglobin, 
hematocrit, protein) 

Zeolite (New Mexico) with 
particle size < 50 mesh & 19% 
CP & 3.4 Mcal/kg energy 
included in diets. 

Pond & Yen, 
1982 

Grower 
hogs 5  

   

5 85 
No effect on body wt. 
gain, feed intake & 
gain/feed ratio 

- 
Zeolites (New Mexico) with 
particle size < 50 mesh. 14% 
CP & 3.2 Mcal/kg 

Pond & Yen, 
1982 

Grower 
hogs 5 5 85 & 92 

Lowest wt. gain with 
92% clinoptilolite & 
slower daily wt. gain 
with 85% clinoptilolite 
in diets 

No toxic effects 

Clinoptilolite content of 
zeolite from New Mexico 
(size <50 mesh) & Idaho 
(<16) were 85 & 92% 
respectively 

Pond & Yen,  
1982 

Grower 
hogs - 

2.5, 5, 
7.5 & 

10  
- 

Clinoptilolite at 5% and 
7.5% produced higher 
but not significant wt. 
gain & better feed 
conversion 

Clinoptilolite produced 
dry feces with higher total 
solid content  

Feed of molasses, soybeans & 
yeast with 16% CP & 3.8 
Kcal/kg energy included in 
diets; zeolites from Cuba 

Castro and 
Elias, 1978 

Cattle      

   

  

Steers - 4.3 - 

Mean daily wt. gain of 
clinoptilolite fed steers 
were 17% higher than 
regular diets fed steers 

- 

Granulated urea-clinoptilolite 
mixture (called Carbazin) was 
tested in young beef cattle. 
Carbazin contained 
clinoptilolite ground to 
<0.1mm, urea, dicalcium 
phosphate, a mineral nutrition 
mixture, & a binding agent 

Nestorov, 
1984 
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Table 2.2: Zeolite (clinoptilolite) tests as feed additives at different supplement levels in swine, cattle, chicken, lamb, and rat's mice and 
rat's diets (contd.). 

Animal  Animal  Zeolite Clinoptilolite Impacts 
Zeolite origin/Feed 

composition  References
types age used % % in  Beneficial Adverse   

  (week) 
(by 
weight) zeolite         

Chicken        

Broilers 

Pre-
starting, 
starting 

& 
finishing 

periods 

0.5, 
1.0& 

1.5  
- 

Zeolite fed bird's body wt. 
gain was 3.6% higher than the 
regular diet fed birds 

- 

Clinoptilolite from 
Kurdzali, Bulgaria. The 
natural CLI-rich ore ground 
to <0.1mm & pretreated to 
Ca > K & K > Ca forms, 
contained 67-72% SiO2, 10-
13%Al2O3, <1.5% Fe2O3, 
≤0.25% TiO2, 1.5-3.5% 
CaO, 0.3-0.8% MgO, 2.5-
5.0% K2O 

Nestorov, 1984 

Lambs       

  

   

 

Male 
lambs - 3 60 

Clinoptilolite improved wt. 
gain when fed with corn, 
soybean & urea both 
improved wt. gain when 
added to diet of corn alone 

Zeolite A 
decreased 
the weight 
gain 

Zeolite originated from New 
Mexico, granular or <50 
mesh in size, synthetic 
zeolite A was also tested as 
feed additives to regular 
feed (corn & urea) 

Pond and Lee, 1984 

Lambs - 5 - 

Mean daily wt. gain of 
clinoptilolite fed lambs were 
5% higher than regular diets 
fed lambs 

- 

Clinoptilolite from 
Kurdzali, Bulgaria. The 
natural CLI-rich ore ground 
to <0.1mm & pretreated to 
Ca > K & K > Ca forms, 
contained 67-72% SiO2, 10-
13%Al2O3, <1.5% Fe2O3, 
≤0.25% TiO2, 1.5-3.5% 
CaO, 0.3-0.8% MgO, 2.5-
5.0% K2O 

Nestorov, 1984 
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Table 2.2: Zeolite (clinoptilolite) tests as feed additives at different supplement levels in swine, cattle, chicken, lamb, and rat's mice and rat's 
diets (contd.). 

Animal  Animal  Zeolite Clinoptilolite Impacts 
Zeolite origin/Feed 

composition References 
types age used % % in  Beneficial Adverse   

  (week) 
(by 
weight) zeolite         

Mice 
Mice 
and rats

       

Female 
mice 12 12.5, 

25& 50  85 

In serum, clinoptilolite 
increased K by 20%, but not 
Na & Cl; & for the mice 
with tumours, clinoptilolite 
improved declined Na& Cl 
in the blood serum 

- 

Fine powdered zeolite 
(particle size< 4.3 µm) 
originated from Southern 
Serbia, fed to the mice with 
implanted tumour cells 

Martin-Kleiner 
et al., 2001 

Growing 
rats 
(adult) 

-  

  

20 60 

Clinoptilolite absorbed less 
N than its full binding 
capacity due to its less 
purity (60%) 

Higher pH at lower 
stomach releases 
some N from 
clinoptilolite 

Sampling was done after 30 
minutes of stomach injection 
with 20% Clinoptilolite or 
ammonium carbonate solution,  
zeolite originated from New 
Mexico which was <50 mesh 
in size 

Pond and Lee, 
1984 

Weanling 
rats - 5 60 

No effect on wt. gain due to 
clinoptilolite or ammonium 
carbonate   

Addition of both 
lowered wt. gain due 
to their diluting effect 
on feed 

Clinoptilolite (5%) & 
ammonium carbonate (4%) 
with 15% CP & 3.4 Mcal/kg 
digestible energy used as feed 
additives, zeolite originated 
from New Mexico (<50 mesh 
in size) 

Pond and Lee, 
1984 
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Table 2.2: Zeolite (clinoptilolite) tests as feed additives at different supplement levels in swine, cattle, chicken, lamb, and rat's mice and rat's 
diets (contd.). 

Animal  Animal  Zeolite Clinoptilolite Impacts 
Zeolite origin/Feed 

composition References 
types age used % % in  Beneficial Adverse   

  (week) 
(by 
weight) zeolite         

Female 
rats  
(adult) 

-  5 60 

Addition of both 
clinoptilolite &/ or 
ammonium carbonate 
had no effect on wt. gain 
of pups, clinoptilolite 
when used with 
ammonium carbonate 
reduced the wt. loss of 
dam after lactation 

Ammonium 
carbonate reduced the 
dam wt. after 
lactation  

Clinoptilolite (5%) & 
ammonium carbonate (4%) 
with 15% CP & 3.4 Mcal/kg 
digestible energy used as feed 
additives, zeolite originated 
from New Mexico (<50 mesh 
in size) 

Pond and Lee, 
1984 

Female 
rats -   

   

5 60 & 72 

No effect on body wt. 
gain during gestation or  
lactation or number & 
size of pups 

- 

New Mexico (granular or < 50 
mesh size) & Idaho (<16 & 50 
mesh size) used as feed 
additives in diets with17% CP 
& 3.5 Mcal/kg digestible 
energy & also with or without 
antimicrobial agent replacing 
zeolite 

Pond and Lee, 
1984 

Female 
rats - 3 60 & 72 Treatment had no effect 

on body weight gain - 

New Mexico (granular or < 50 
mesh size) & Idaho (<16 & 50 
mesh size) used as feed 
additives in diets with17% CP 
& 3.5 Mcal/kg digestible 
energy & also with or without 
antimicrobial agent replacing 
zeolite 

Pond and Lee, 
1984 
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CONNECTING STATEMENT TO CHAPTER THREE 

 

Intensification of swine farming results in an excess nutrient 

accumulation in soil and water bodies, affecting both terrestrial and aquatic 

ecosystems. Zeolite as a swine feed additive is expected to lower the manure 

nutrient content so that the negative impact due to the excessive application 

can be reduced. Zeolite application in swine manure is expected to have a 

positive impact on shear viscous properties (shear stress and shear rate), and 

its application as a swine feed additive is expected to change the physical 

characteristics (friction coefficient and velocity) of manure at the production 

source. This change in manure properties is expected to reduce handling, 

pumping and transportation costs that could encourage swine farmers to shift 

their excess manure to regions with a deficit; and minimize the nutrient 

overloading problems in fresh water bodies. Therefore, the following chapter 

investigates the effect of zeolite (90%+ clinoptilolite) as a feed additive on 

manure characteristics such as total solids (TS), total carbon (TC) and nutrient 

(TN, TP and TK) content; manure viscosity, shear stress and shear rate; and 

manure odour.  
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CHAPTER THREE 

EFFECT ON MANURE CHARACTERISTICS OF SUPPLEMENTING 

GROWER HOG RATION WITH CLINOPTILOLITE 

 

ABSTRACT 

Diet manipulation, such as zeolite (clinoptilolite) supplementation, can 

reduce manure nutrient content but such a practice may negatively impact on 

manure handling properties. Therefore, the objective of the present study was 

to measure the impact on manure physico-chemical properties of 

supplementing grower hog rations with 4% zeolite (90%+ clinoptilolite). The 

manure was produced in triplicate by feeding one of four experimental rations, 

each to three hogs for 4 weeks. During the last week, the hogs were placed in 

metabolic cages to individually collect, measure and characterize their 

manure. The four rations consisted of a control with 100% crude protein (CP) 

and energy requirements (R1), and a three 4% zeolite added rations with a CP 

and energy of 100% and 100%; 90% and 90% and; 90% and 85% (R2, R3 and 

R4), respectively. Ration R2 gave the best results in terms of lower manure 

nutrient content, but had a higher level of urine as compared to the control 

ration R1. The rations R3 and R4 produced manure mostly with a higher total 

solid (TS) level. The addition of zeolite to the ration improved the flow 

characteristics of the manure, especially for rations R3 and R4. Zeolite 

manually added to manure had no effect on its viscosity even if it increased 

the manure TS (%). Rations R3 and R4 emitted less odours after an aging 

period of 67 days, as compared to ration R1; ration R2 produced less odours 

than ration R1, although not statistically significant (P>0.05). Thus, swine 

diets supplemented with a zeolite (clinoptilolite) can lower the manure 

nutrient content without altering its physical properties. Further research is 

required with rations containing different levels of CP and energy.  

Keywords: Clinoptilolite, grower hogs, viscosity, odour, manure physical 

characteristics.   
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3.1 Introduction 

       In many regions of North America and Europe, the intensification of 

livestock farms has resulted in the land application of manure nutrients in 

excess of that required by crops (Burton and Turner, 2003; Statistics Canada, 

2007). As a result, agricultural soils have become overloaded with nutrients, 

such as nitrogen (N) and phosphorous (P), and their drainage and erosion has 

enriched downstream lakes and rivers. The resulting aquatic plant growth, 

including the rapid algae bloom, has increased the incidents of oxygen (O2) 

depletion in water bodies leading to fish kills and drinking water deterioration 

(Falconer and Humpage, 2005).  

       Because livestock manures are generally rich in N, especially in the 

form of ammonium, its management has contributed to over 50% of the total 

atmospheric ammonia (NH3) emissions in Europe (ECETOC, 1994; Jarvis and 

Pain, 1990; Klaasen, 1994; Summer and Hutchings, 2001). In Canada, 

livestock manure produced 70% of all atmospheric NH3, and the application 

of chemical fertilizer increased this percentage to 90% (Kurvits and Marta, 

1998). As a result, N is being deposited on land and water surfaces at rates 

exceeding 20 kg/ha, which is affecting sensitive ecosystems such as wetlands 

and the Mediterranean Sea (Asman et al., 1998; Asman and van Jaarsveld, 

1991). 

        Reducing the nutrient load of livestock manures can help to mitigate 

the problems associated with soil, water and air contamination. According to 

Jongbloed and Lenis (1998), only a 30 to 35% of minerals such as N and P, 

are absorbed by the digestive track of hogs, as opposed to 70% for 

carbohydrates. Therefore, any feed additive which improves mineral digestion 

can have a major impact on manure nutrient load and soil enrichment in areas 

with a high livestock density.  

       Clinoptilolite is a specific type of zeolite, which when used as swine 

feed additive, can potentially improve nutrient digestion and lower odour 

emissions from urine and feces (Sutton et al., 1999). Furthermore, Sutton et al. 
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(1999) reported a reduction in manure NH3 emissions of 28 to 79%, as a result 

of zeolite diet supplementation. The primary odour-producing compound in 

swine manure evolves from the poor digestion of specific carbohydrates and 

the excessive feeding of proteins. Zeolite supplementation in a grower hog 

ration resulted in a lower manure N and P levels (Cromwell et al., 1998; 

Sutton et al., 1999; Jongbloed and Lenis, 1998). Zeolite improved the 

digestibility of crude protein (CP) and nitrogen-free extracts (Han et al., 

1976), and reduced the dietary CP requirements while minimizing the manure 

NH3 emissions (Otto et al., 2003). 

       If a zeolite can have a positive impact on manure nutrient digestion at 

inclusion rates of 2 to 10%, it can also change the properties of manure, a 

topic which has not been intensively researched. Because zeolite does not 

break down within the digestive track of livestock (Leung et al., 2006), it can 

potentially increase the total solids (TS) content of manures. For example, 

when included in a ration at a rate of 4% by weight, a zeolite can increase the 

manure TS from 5 to 6%, assuming that 70% of the feed carbohydrates are 

digested. Accordingly, the supplementation with zeolite of livestock ration can 

increase the kinematic viscosity of manure which in turn, can require a more 

handling and pumping energy. 

       The kinematic viscosity of manure was found to increase with TS 

(Chen and Shetler, 1983; Chen, 1986; Landry et al., 2004). Keener (2005) 

reported a 10 to 80 fold increase in kinematic viscosity for a TS going from 0 

to 5 and 10%, respectively. Manure slurries are known to be Newtonian fluids 

for TS under 5% (Kumar et al., 1972) and non-Newtonian pseudoplastic fluids 

above 5% (Landry et al., 2004). Hashimoto and Chen (1976) suggested the 

use of a rheological consistency coefficient (K), and a rheological behaviour 

index (n), to express the variation in manure viscosity with its TS. For a shear 

rate of 10 s-1, Landry et al. (2004) used a similar expression to predict the 

apparent viscosity of swine manure as a function of TS:  

  ηapp = 4 × 10-6 TS 4.6432       (3.1) 
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Where,   

TS is total solids of the manure in % and ηapp is the apparent viscosity in Pa-s.  

       Therefore, the objective of this paper was to observe the effect of 

zeolite (90%+ clinoptilolite), as grower hog feed additive, on the 

characteristics of manure produced, namely: mass, TS, mineral content, total 

carbon (TC), loss of N during storage, flow characteristics and odour 

emissions. The evolution of TS, TN and TC was measured during an aging 

period of 67 days at a 24 °C, whereas the flow characteristics, viscosity and 

odour emissions were measured at the end of this period. In a second 

experiment designed to observe the effect of zeolite on manure viscosity, 

without the effect of fat in the ration, 0%, 2% and 4% zeolites were added to 

the fresh swine manure to measure its viscosity.  

 

3.2 Methods and materials 

3.2.1 Experimental materials 

      The experimental manures were produced with grower hogs housed at 

the swine unit of the Macdonald Campus Experimental Farm, of McGill 

University, Montreal, Canada. All hogs were cross-bred (½ Duroque, ¼ 

Landrace and ¼ Yorkshire).  

      These hogs were raised in a grower room measuring 14.75 m × 7.20 m 

and 3.05 m in height, with 16 pens of 3.00 m × 1.84 m, offering 0.92 m2/hog. 

A central alleyway serviced the two lateral rows of 8 pens with a fully slatted 

floor. The feeders were placed against the alleyway and hogs were offered 

feed ad libitum. The grower room was ventilated at a rate ranging from 5 to 48 

L/s/hog, using a central air inlet with baffles pivoting against weights and a 

fan bank in one corner of the end wall.  

      The stainless steel metabolic cages used in this experiment were 

housed in a laboratory measuring 16.25 m × 7.6 m and 3.05 m in height, 

ventilated at a rate of 5 to 48 L/s/hog and maintained at 24 °C. The metabolic 

 43



cages measured 0.60 m in width by 1.8 m in length and the bars inside the 

cage could be adjusted to restrain the hog in a position close to the feeder, 

while still allowing the animal to lie down and get up. Under the plastic mesh 

flooring of each cages, two trays were used to collect the urine and feces; the 

top tray was perforated to allow the urine to drain into the second non-

perforated tray. Females were used for this experiment to facilitate the 

collection of the feces and urines in the trays at the back of the cages.  

      The four experimental rations (control or R1, and the 4% zeolite added 

rations, R2, R3 and R4) were prepared from corn and soybeans by Agri-

brands Purina Canada Inc, St-Hubert, Quebec (Table 3.1). The rations R1 and 

R2 were formulated to meet the nutrient requirements for finishing grower 

hogs (NRC, 1998) while rations R3 and R4 offered 90% of the crude protein 

(CP) and 90 or 85% of the energy requirements, respectively.  

      Supplied by KMI mines of Nevada, USA, a zeolite (90%+ 

clinoptilolite) at the rate of 4% was incorporated into the rations R2, R3 and 

R4. Its clinoptilolite content was determined by Core Laboratories Inc. of 

Calgary, Canada, using XR diffraction and by comparing the fingerprint to 

that of a pure sample (Table 3.2).  

 

3.2.2 Methods  

      Twenty four female hogs weighing 30 (± 2) kg were randomly 

assigned to one of four groups where each group was housed in a single pen 

inside the grower room.  Each pen was randomly assigned to one of the four 

diets fed ad libitum until the hogs weighed 60 (± 5) kg, a process which took 

three weeks. Three hogs from each pen were then randomly selected and 

transferred into individual metabolic cages where they continued to receive 

the same ration.  

      In the metabolic cages, the hogs were offered feed and water ad 

libitum. From the third to the seventh day (over four days), the feces and urine 

produced by each hog were collected separately, weighed at the end of the 
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period, mixed together and analyzed for TS, TC and nutrients (TN, TP and 

TK). This manure was used to determine the effect of zeolite supplementation 

on manure characteristics. Thus for each one of the four experimental rations, 

three manure samples (one per experimental hog) were collected, aged and 

tested for various parameters.  

      The research protocol, including the care and feeding of the animals, 

was approved by the Animal Care Committee of McGill University in 

accordance with the Canadian Council on Animal Care Guidelines 

(Appendix). 

      The twelve large manure samples were aged in a room maintained at 

24 °C for 67 days, in 20 litre (L) containers with a depth of 0.4 m. During this 

period, water was added to the manure at a rate of 1L per month, to prevent 

from drying out. The aging of manure at 24 °C for slightly over two months 

was presumed to represent a normal Canadian storage period of 6 months at 

10 °C, as microbial activity doubles with every 10 °C of temperature. The 

effect of supplementing hog rations with a zeolite (90%+ clinoptilolite) was 

measured by sampling all manures at the beginning and end of this 67 days 

period, and analyzing these samples for TS, TC, TN, TP and TK; and by 

measuring their odour emission and flow rate at various TS under an hydraulic 

head of 1.8 m. 

For each ration, triplicate manure samples were analyzed for odour 

emission by uniformly spreading over a sand surface inside an air tunnel 

where the air was blown at a rate of 3 m/s. Air was sampled at the inlet and 

outlet of the tunnel to determine its threshold dilution using six panellists and 

a forced-choice dynamic olfactometer (CEN, 2006; Choinière and Barrington, 

1998).  

      The Brookfield rotary viscometer could not be used to measure the 

viscosity of the manure samples collected from the metabolic cages because of 

its limitations to values above 10-2 Pa-s (10 centipoises). Therefore, a 

laboratory apparatus was set-up to compare the flow rate of each manure 

sample exposed to a hydraulic head of 1.8 m (Fig. 3.1). This apparatus 
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consisted of a long funnel feeding manure into a 9 mm inside diameter (D) 

rubber tube emptying into a bucket, under a pressure head of 1.8 m. The time 

required to feed 6 L of well mixed manure into this apparatus measured its 

flow rate, ν, and therefore the resulting friction factor, f, according to Daily 

and Harleman (1966): 

ν = V/t /(π D2/4)                                               (3.2)        

f = 2ghL/(L/D)/ ν2                                             (3.3) 

Where, 

ν is the velocity of manure flowing through the rubber tubing, m/s; V is the 

volume of manure fed through the rubber tubing, 0.006 m3; t is the time 

required to feed V through the apparatus, s; D is the inside diameter of the 

rubber tubing, 0.009 m; f = friction factor; g is the gravitational constant, 9.81 

m/s2; hL is the hydraulic manure head, 1.8 m; and L is the length of the rubber 

tubing and funnel neck, 1.6 m.  

      Before each flow test, the apparatus was filled with part of the well 

mixed manure sample, and immediately after, 6 L of this same manure was 

poured into the funnel while keeping its level constant. The time required to 

have a 6 L sample flow through the apparatus was measured using a stop 

watch. Because the manure sample was well mixed before hand and the entire 

process took less than 2 minutes, the manure solids had little time to settle. 

Each one of the twelve manure samples collected from the metabolic cages 

were used at its original TS and then at two other dilutions, except for the 

manures from ration R2 which were already quite dilute, as compared to the 

others.  

      To further understand the impact of zeolite on manure viscosity, 

zeolite was added to fresh manure from the same large sample to measure the 

resulting viscosity. The first test consisted in comparing manure flow 

properties using once more the funnel apparatus, but with a hydraulic head of 

0.3 m. The second test consisted in measuring the manure viscosity with a 

standard Brookfield rotary viscometer (Model LVDVE 115, Serial No. E8216, 

Middleboro, MA) equipped with 4 different spindles (S61, S62, S63 and S64). 
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A large fresh manure samples with an initial TS content of 10% was split into 

triplicate sets of sub-samples where the first set was placed aside as control, 

while the second and third received 2% and 4% zeolite, respectively. The 

viscosity of each set of sub-sample was measured with the Brookfield rotary 

viscometer first with its original 10% TS, and then once diluted to 8%, 6%, 

4% and 2%. The dynamic viscosity of each manure treatment was measured 

using a 500 ml volume of each manure sample.  

 

3.2.3 Analytical method 

      Total solids (TS) were determined in triplicate by drying 100 g 

samples at 103 0C for 24 h (VWR, Sheldon Manufacturing Inc., Model No. 

1327F, Serial No. 09020405, USA). The TS values were calculated as:  

100)}/(){((%) ×−−= ABACTS                                           (3.4) 

Where, 

A  is the weight of the container; B  is the weight of the container with the wet 

sample, and; C is the weight of the container with the dry sample.  

      Total carbon (TC) was determined by incinerating dried samples at 

500 °C, calculating the volatile fraction from the ash content, and dividing the 

volatile fraction by 1.83 to obtain the TC content. The total nitrogen (TN) was 

assumed equal to the Total Kjeldahl Nitrogen (TKN) since very little nitrate-

nitrite was found in the manure samples. All TN, total phosphorous (TP) and 

total potassium (TK) analysis were obtained from a sample digested at 500 °C 

using sulphuric acid (H2SO4) and hydrogen peroxide (H2O2). TN was 

quantified from this digested sample using an ammonia sensitive probe 

connected to a pH meter (Corning Model 450, NY, USA) after adjusting the 

pH to 13, and TP and TK were quantified colorimetrically using a 

spectrophotometer (Hach DR 2800, Type LPG, Loveland, CO, USA) after 

adjusting the pH to 7.0. All pH adjustments were done with 1 and 5 M NaOH 

solutions and 1 M solution of HCl.   
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3.2.4 Statistical analysis 

      The effect of different rations on the properties of manure was 

analyzed using ANOVA (SAS, 2004) for a completely randomized design 

(CRD). The standard deviation for the various parameters reported was 

calculated using Excel (Microsoft, 2003).  

 

3.3 Results and discussion 

3.3.1 Effect of zeolite on nutrient content 

      Table 3.3 presents the quantity and quality of manure produced by the 

hogs fed one of the four rations in triplicate. This table also reports the 

changes in manure TS, TN and TC over the 67 days period. The quantity of 

manure produced was not statistically different (P>0.05) except for that 

produced by ration R3 where hogs on ration R3 produced more manure than 

those on rations R1 and R4. The TS (%) differed among the manures 

produced from the different rations, but the mass of total solids (kg) did not. 

The manure produced by the hogs on ration R4 had the most TS (%), followed 

by rations R3 and R1 with an intermediate level, and ration R2 with the lowest 

TS (%). Rations R1 and R2 produced the least total mass of TS (P>0.05), 

followed by ration R4 and then ration R3. The mass of TS was greater in 

ration R3 than ration R4 (P<0.05), and ration R4 produced a greater TS mass 

than rations R1 and R2 (P<0.05). Accordingly, supplementing the ration of 

hogs with a zeolite can have an impact on manure mass and TS (%). Based on 

other metabolic studies conducted with the same ration and zeolite (Wan, 

2005), the energy and crude protein (CP) level of the ration along with the 

addition of zeolite, for a given hog growth stage, can have an impact on the 

final TS (%) level of the ration.  

      In terms of total nitrogen (TN), no ration produced manure with a 

statistically different quantity (P>0.05), especially because of the large 

variation in results. Nevertheless, ration R2 produced the least TN, while 

rations R3 and R4 produced the highest levels. Ration R2 produced manure 

with statistically less total phosphorous (TP), followed by that of ration R1, 
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and then by that of rations R3 and R4 with the most. Rations R1 and R2 

produced significantly less total potassium (TK) than that of rations R3 and 

R4. Thus, zeolite supplementation had a positive effect on lowering the TP 

content of the manure; it may also have a positive effect on lowering that of 

TN, if the experiment was repeated using more subjects.  

      Over the period of 67 days, only the manure TN content changed 

significantly (P<0.05). The TKN analyses are said to represent the TN content 

of the manure because of their low nitrite/nitrate levels. The ration R2 lost the 

most nitrogen (18%), followed by the R3 and R4 rations with 9% and 8% loss 

respectively; and then the R1 (control) ration with 4% loss. Therefore, the 

supplementation of zeolite in the ration did not reduce the volatilization of 

NH3 from the manure in storage. This loss of N during storage was neither 

related to initial N nor initial TS content. These results are different from 

those observed by Sutton et al. (1999), likely because of the high storage 

temperature which enhances ammonia volatilization.  

 

3.3.2 Effect of zeolite on manure flow and viscosity 

      Fig 3.2a illustrates the velocity resulting from having each of 12 

manure samples, flow through a 9 mm inside diameter rubber tube under a 

hydraulic head of 1.8m. The regression analysis of the data indicated that the 

resulting velocity was linearly related to manure TS: 

  νR1= 4.1684 -0.3826 TS  R2 = 0.98  (3.5) 

νR2= 6.3857 -0.6857 TS  R2 = 0.65  (3.6) 

νR3= 7.4654 -0.6749 TS  R2 = 0.64  (3.7) 

νR4 = 10.987 -0.7406 TS  R2 = 0.64  (3.8) 

Where, 

ν is the velocity of manure flowing through the rubber tubing, m/s, and its 

suffix indicates the ration tested, and TS is the total solids of the manure in %. 

For the same TS (%), rations R1 produced manure with a statistically lower 

velocity, followed by the manure from rations R2 and R3, and then manure 

from ration R4.  
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 The resulting velocity was used to compute the friction coefficient, and 

the following power regression equations: 

fR1= 1.49 ×10-7 × TS 6.7408  R2 = 0.93   (3.9) 

fR2= 1.034 ×10-14 × TS 14.90 R2 = 0.67   (3.10) 

fR3= 6.79 ×10-8 × TS 6.6225  R2 = 0.72   (3.11) 

fR4= 1.42 ×10-6 × TS 4.059  R2 = 0.58   (3.12) 

Where, 

f is the friction coefficient obtained from Eq. (3.3) for manure flowing through 

the rubber tubing, dimensionless, and its suffix indicates the ration tested, and 

TS is the total solids of the manure in %. 

      In terms of friction coefficient, all rations demonstrated the same 

friction coefficient below a 7% TS, but for the higher TS values, the friction 

coefficient changed significantly with rations, ration R1 giving the highest 

value followed by the rations R2, R3 and R4; in decreasing order of 

significance (P<0.05). The greater difference between rations R1 and R2, 

versus rations R3 and R4, likely resulted from the higher ration fat level. 

Rations R1 and R2 were formulated with a 7% fat whereas rations R3 and R4 

were formulated with a 2% fat.  

 Interestingly enough, the flow apparatus (Fig 3.1) was initially tested 

using water (results not shown). As compared to the flow rate obtained with 

water at the same temperature, the manure from rations R3 and R4 

demonstrated higher flow rate for TS under 7.5% and 9%, respectively.  

Manures from ration R2 demonstrated the same flow rate as water for TS 

content under 7.5%, and manure from ration R1 demonstrated lower flow 

rates as compared to water for TS down to 6.5%. The behaviour of the manure 

produced from ration R1 is typical of that reported by Loerh (1984) which 

indicates that below 4% TS, the manure behaves like water. But, for the 

manure produced from a diet supplemented with zeolite, the swine manure 

could show lower viscosity values, thus reducing the energy required for 

pumping, as compared to water and highly diluted manures.  
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      To further verify the effect of zeolite on manure viscosity, more tests 

were conducted in the laboratory whereby zeolite was directly added to 

manure samples (Figs. 3.3a, 3.3b, 3.3c and 3.3d). Adding 2% and 4% zeolite 

to manure with 4%, 6%, 8% and 10% TS, did not significantly change its 

viscosity (P>0.05), despite the fact that the zeolite did increase the TS of the 

manure. The relationship between manure TS (excluding the addition of solids 

from zeolite) and the resulting apparent viscosity (Pa-s), at a shear rate of 10 s-

1 (as used by Landry et al., 2004) gave the following regression equation: 

ηapp = 4.62 × 10-4 TS 2.552  R2 = 0.93   (3.13) 

Where, 

TS is total solids of the manure in % and ηapp is the apparent viscosity in Pa-s. 

This equation differs from that obtained by Landry et al. (2004) (Eq. 3.1) 

likely because of the ration formulations. Nevertheless for a 4% manure TS, 

Eq. (3.13) gives an apparent viscosity of 1.6 × 10-3 Pa-s, which is close to the 

observed 1.0 × 10-3 Pa-s value reported by Loerh (1984).  

 

3.3.3 Odour  

      The odour emissions obtained inside the wind tunnels for the manure 

produced from the control ration R1 and the zeolite rations R2, R3 and R4 are 

illustrated in Table 3.4. The manure obtained from rations R3 and R4 released 

significantly less odours than that from the rations R1 and R2. The ration R1 

produced the most odorous manures without being statistically different from 

that of ration R2.  

      It appears that the rations with zeolite can have a positive effect on 

reducing manure odour emissions, especially when the CP and energy content 

is reduced. Zeolite inclusion in the ration may have a secondary effect on 

odour emission by increasing the manure TS content, and slowing down the 

aging process. This was also observed by Hobbs (1996).  
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3.4 Conclusions 

      For 60 (± 5) kg grower hogs fed a normal finishing ration with 100% 

of the CP and energy requirements, 4% zeolite (90%+ clinoptilolite) as feed 

additive was found to reduce manure TS (%), TC and TP; to have an 

insignificant but lowering effect on manure TN (concentration and mass), and 

to have no effect on manure mass and TK. For the same hogs fed 4% zeolite 

added to a ration with 85% to 90% of the CP and energy, the manure 

produced had a higher mass and TS but more or less the same nutrient mass.  

      Once the manure was aged, zeolite added in the ration was found to 

have little effect on manure flow characteristics, as compared to the manure 

produced by animals on the same ration, but without zeolite (ration R2 

compared to ration R1). When a zeolite was added to a ration with less fat, CP 

and energy, the resulting manure demonstrated a higher flow rate for the same 

hydraulic head, as compared to a manure produced using a control ration. 

These comparisons are made on the same TS basis.  

      When considering both the chemical and flow characteristics of the 

manures produced and the same normal barn dilution, ration R2 (4% zeolite 

and 100% energy and CP) would give a slightly more diluted manure as 

compared to the control R1, but much easier to handle. Furthermore, the 

rations R3 and R4 would produce manure with higher TS but just as easy to 

handle as that produced with the control ration.  

When zeolite was manually added to fresh swine manure, it was found 

to have no significant effect on manure viscosity, despite the fact that the 

addition of zeolite increased the TS. Thus, adding zeolite to the ration of 

grower hogs is likely not to affect the flow properties of the manure, despite 

the increase in TS (%).  

Finally, the rations with 4% zeolite and a lower CP and energy level 

produced manures with less odour emissions after a 67 days of aging period at 

24 °C. The manure produced from 4% zeolite added ration, with full CP and 

energy level, did emit fewer odours but not at a statistically different level as 

compared to that produced using the control ration.  
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Therefore, zeolite supplemented rations warrant further investigations, 

as they can reduce manure nutrient content while not affecting its handling 

properties. 
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Fig 3.1: Experimental set-up to compare hog manure flow characteristics. 
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Fig 3.2a: Velocity as a function of manure total solids (TS) obtained with manures 

from the four experimental rations, exposed to a 1.8m hydraulic head flowing 

though a 9mm inside diameter rubber tube. 
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Fig 3.2b: Friction coefficient as a function of manure total solids (TS) for the 

samples obtained from each four rations, and flowing through a 9mm inside 

diameter rubber tube exposed to a 1.8m hydraulic head.  
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Fig 3.3a: Effect of manure zeolite content (0%, 2% and 4%) and TS (10%) on 

shear viscous properties.  

 

 

b) 8%  TS manure
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Fig 3.3b: Effect of manure zeolite content (0%, 2% and 4%) and TS (8%) on 

shear viscous properties.  
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c) 6%  TS manure
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Fig 3.3c: Effect of manure zeolite content (0%, 2% and 4%) and TS (6%) on shear 

viscous properties.   

 

d) 4%  TS manure
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Fig 3.3d: Effect of manure zeolite content (0%, 2% and 4%) and TS (4%) on 

shear viscous properties. 
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Table 3.1: Composition of feed supplied to swine during the test. 

Property R1 R2 R3 R4 

Crude protein (%) 17.2 17.2 15.5 15.5 

Crude fat (%) 7 7 2 2 

Crude fiber (%) 5 5 5 5 

Na (%) 0.2 0.2 0.2 0.2 

Ca (%) 0.75 0.75 0.75 0.75 

P (%) 0.65 0.65 0.65 0.65 

Cu (mg/kg) 125 125 125 125 

Zn (mg/kg) 100 100 100 100 

Vitamin A (I.U./kg1) 5400 5400 5400 5400 

Vitamin D3 (I.U./kg) 1200 1200 1200 1200 

Vitamin E (I.U./kg) 40 40 40 40 

Selenium (mg/kg) 0.3 0.3 0.3 0.3 

Zeolite (%) 0 4 4 4 

Energy (Kcal) 3250 3250 2925 2760 

Crude Protein (%) 100 100 90 90 

Energy (%) 100 100 90 85 

Note : R1 - control ration with 100% CP and 100% energy; R2- 4% zeolite ration 

with 100% CP and 100% energy; R3 – 4% zeolite ration with 90% CP and 90% 

energy; R4 – 4% zeolite ration with 90% CP and 85% energy in diets;1 

international units per kilogram. 
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Table 3.2: Bulk compositiona of experimental zeolite by percent weight. 

Elements Chemical symbol Weight (%) 

Quartz  SiO2 Trace to1 

Plagioclase  NaAlSi3O8 - CaAl2Si2O8 Trace to1 

Calcite  CaCO3 1 

Dolomite [CaMg]CO3 Trace to1 

Clinoptilolite  KNa2Ca2(Si28Al7)O72·24H2O 97 to 98 

Opal  SiO2.nH20 0 

Muscovite/Illite  KAl2[AlSi3O10][OH]2 0 

NH4
+-N adsorption capacity at pH =2 

and T = 39oC (Cmol+/kg of zeolite)b   

122.68 

a Bulk composition analysis of the experimental zeolite was carried out by Core 

Laboratories Inc. (AB); b Leung et al. (2006). 
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Table 3.3: Characteristics of the raw and aged manure. 

Rations 

R1 R2 R3 R4 

Characteristics 

I F I F I F I F 
Mass, kg 7.05a 

(2.08) 
8.39 

(2.08) 
8.85a,b 
(2.34) 

11.22 
(3.03) 

10.07a,b 

(2.52) 
  12.1 
(1.43) 

6.38b 

(1.47) 
7.78 

(1.23) 
 

TS, % 17.2b

(2.3) 
14.6 
(1.7) 

11.6a

(0.87) 
7.8 

(0.30) 
17.0b

(3.3) 
14.5 
(2.7) 

23.0c

(0.4) 
19.1 
(0.4) 

 
TS, kg 1.21a

(0.40) 
1.21 

(0.23) 
1.03a

(0.31) 
 

0.88 
(0.25) 

1.71c

(0.05) 
1.73 

(0.17) 
 

1.47b 

(0.18) 
1.49 

(0.27) 

TC, % dm 38.4c

(0.76) 
38.7 

(0.76) 
30.8a

(1.92) 
29.2 

(0.24) 
32.5a,b

(3.91) 
35.0 

(0.14) 
37.0b,c

(3.05) 
34.0 

(0.33) 
 

TC, kg 0.46b

(0.01) 
0.47 

(0.01) 
0.32a

(0.02) 
0.26 

(0.03) 
0.56c

(0.07) 
0.61 

(0.02) 
0.54b,c

(0.04) 
0.51 

(0.05) 
 

TKN, mg/l 6450 
(1380) 

 

5220 
(520) 

4320 
(265) 

2780 
(640) 

5520 
(890) 

4190 
(450) 

8290 
(2130) 

6230 
(160) 

TKN, g 45.5 
(9.4) 

43.8 
(4.36) 

38.2 
(11.2) 

31.2 
(7.2) 

55.6 
(9.0) 

50.7 
(5.5) 

52.9 
(13.6) 

48.5 
(5.3) 

 
TP, mg/l 4054c

(430) 
- 2058a

(141) 
- 2861b

(981) 
- 7217d

(630) 
- 

TP, g 28.9a 

(9.3) 
- 20.3a

(6.6) 
- 30.5a

(7.8) 
- 46.8d

(7.2) 
 

- 

TK, mg/l 7749b

(3360) 
- 4493a

(3850) 
- 13 670c

(4 200) 
 

- 13 822c

(3 400) 
- 

TK, g 50.2a

(10.4) 
- 36.6a

(18.2) 
- 143.2b

(44.0) 
- 129.56b

(31.9) 
- 

Note: The value in parenthesis is the standard deviation; R1 - control ration with 100% 

CP and 100% energy; R2- 4% zeolite ration with 100% CP and 100% energy; R3 – 4% 

zeolite ration with 90% CP and 90% energy; R4 – 4% zeolite ration with 90% CP and 

85% energy in diets; I - initial value (day 0); F - final value after aging (day 67); TC is 

expressed in terms of % dry matter (dm); the values with a different letter as superscript 

differ significantly (P<0.05).  
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Table 3.4: Manure odour level at different feed rations. 

Rations Average odour level (odour unit/m3) 

R1 503 (24) 

R2 371 (116) 

R3 232 (46) 

R4 320 (92) 

Note: The value in parenthesis is the standard deviation; R1 - control ration with 

100% CP and 100% energy; R2- 4% zeolite ration with 100% CP and 100% 

energy; R3 – 4% zeolite ration with 90% CP and 90% energy; R4 – 4% zeolite 

ration with 90% CP and 85% energy in diets. 
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CONNECTING STATEMENT TO CHAPTER FOUR 

 

The previous chapter (i.e., Chapter III) showed that zeolite 

(clinoptilolite), as a feed additive at different supplemented level in hog’s 

diet can lower manure nutrient content without altering its physical 

properties. So, zeolite (clinoptilolite) has potential to reduce the 

environmental adversities resulting from the intensive hog farming practice. 

Further, the impacts due to the addition of zeolite on hog performance, 

carcass quality and quantity need to be investigated. Therefore, the 

following chapter investigates the effect of zeolite (clinoptilolite) as feed 

additives on grower hog’s feed intake, feed conversion, body weight, body 

weight gain, carcass quality and heavy metal concentrations in kidney, liver 

and muscle tissues. 
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CHAPTER FOUR 

EFFECT OF CLINOPTILOLITE DIET SUPPLEMENTATION AND 

LOWER CRUDE PROTEIN AND ENERGY LEVELS ON GROWER HOG 

PERFORMANCE 

 ABSTRACT 

     Clinoptilolite is a zeolite which has been used as feed additive to 

improve nutrient digestion and lower manure nutrient content, but without 

consistently producing positive results. For rations containing 4% zeolite 

(90%+ clinoptilolite), the present study verified the effect on grower hog 

performance of varying the level of crude protein (CP) and energy. A total of 

192 grower hogs were randomly assigned to one of two rooms, where those in 

room one received feed supplemented with zeolite while the others received a 

control diet. The experiment was repeated while reversing the treatment per 

room. Three levels of CP and energy were used for the zeolite supplemented 

ration. Initially, the hogs weighed 23.9 (± 1.0) kg and were fed ad libitum up 

to a live body weight of 100 (± 5.0) kg. At every two weeks and for 12 weeks, 

feed intake and feed conversion were averaged for each 6 hog per pen while 

body weight, weight gain and carcass qualities were measured on individual 

hog. At slaughter, kidney, liver and muscle samples were obtained and 

analyzed for heavy metal content. Although no significant differences were 

found, ration R3 (4% zeolite, 90% CP and 90% energy) gave better results 

during 6 out of 12 weeks of monitoring, as compared to the control ration. 

This indicates that more research is needed to adjust the ration with hog 

growth stage. No significant results were observed in terms of feed 

conversion; nevertheless, hogs on ration R2 and R3 had a better CP 

conversion and those on ration R3 had a better energy conversion. Hogs on 

ration R3 produced leaner carcasses, leading to a better market price. The 

heavy metal content of the carcasses was not significantly affected (P>0.05) 

by zeolite supplementation.  

Keywords: Clinoptilolite, swine performance, carcass quality, heavy metal 

concentration.
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4.1 Introduction 

From 2000 to 2006, the number of hogs per farm in Canada increased 

from 790 to 1,160 while the number of farms dropped from 16,780 to 12,560 

(Statistics Canada, 2007), still resulting in a 10% increase in hog numbers. 

Similar intensification trends were reported for the European Union and the 

United States, and have resulted in the concentration of manure production in 

localized regions (Burton and Turner, 2003). As a result and for these regions, 

manure land nutrient applications exceed crop nutrient requirements, resulting 

in soil enrichment. Manure odour nuisance and water body eutrophication are 

other issues resulting from this intensification (Jongbloed and Lenis, 1998).  

      This manure management issue can be resolved either by dewatering 

or transporting further to better disperse the mass of nutrients, or by 

manipulating the diet to lower the manure nutrient content. Clinoptilolite is a 

zeolite which has been tested as a natural feed additive to improve feed 

digestion and swine performance (feed intake, feed conversion, body weight 

and weight gain) while also lowering manure nutrient content.   

     Zeolite (clinoptilolite) in the diet of hogs was found to improve feed 

efficiency (Pond et al., 1988; Coffey and Pilkington, 1989; and 

Yannakopoulos et al., 2000) as well as the digestibility of crude protein (CP) 

and nitrogen-free extracts (Han et al., 1976). However, feed use efficiency in 

hogs depended on age, weight and feeding conditions (Vrzgula and Bartko, 

1984; Nestorov, 1984). Sows fed a diet supplemented with 2% clinoptilolite 

produced more numerous litters, greater piglet weight at birth and greater 

piglet weight gain during lactation (Papaioannou et al., 2002). Also 

supplemented at 2% level, clinoptilolite reduced p-cresol in the feces of hogs 

while increasing that of the urine along with its energy loss due to low energy 

absorption (Shurson et al., 1984). Using 5% zeolite (77% clinoptilolite) in the 

diet of hogs, Barrington and El Moueddeb (1995) observed a feed conversion 

improved by 0.15 kg/kg of body weight gain. Castro and Elias (1978) reported 

a 12% increase in feed efficiency of hogs fed a 7.5% zeolite in their diet in 
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comparison to the control diet. Among the treatment levels of 0%, 5% and 

10%, zeolite (95% clinoptilolite) at 10% level showed better feed conversion 

(Cool and Willard, 1982).  

     Poulsen and Oksberg (1995) reported feces with a higher nitrogen (N) 

content, a higher feed conversion and a lower daily weight gain for young 

hogs fed clinoptilolite (70%) at 3%. Clinoptilolite at 5% supplementation in 

the diet of hogs lowered the daily weight gain (Pond and Yen, 1982; Pond and 

Lee, 1984). In comparison to regular diet, clinoptilolite at 5% and 10% levels 

in the diet resulted in a weight gain of 27% (Kondo and Wagai, 1968) and 8% 

(Nestorov, 1984), respectively. According to Ma et al. (1984), clinoptilolite at 

5% level resulted in less weight gain in comparison to 0% and 2.5% levels in 

hog’s diet. However, the effectiveness of zeolite on growth increase depended 

on zeolite species and supplement level (Mumpton, 2006). Clinoptilolite 

added to the diet of hogs with 16.5% CP and 3.1 Mcal/kg energy resulted in a 

larger litter, greater piglet weight at birth and greater piglet weight gain during 

lactation (Kyriakis et al., 2002) whereas, 18.2% CP and 3.2 Mcal/kg energy 

had a similar impacts on body weight gain (Papaioannou et al., 2002). With 

15.2% CP in the diet of hogs, there are reports of improved daily body weight 

gain (Pond et al., 1988); however, 16% CP resulted in no effect on body 

weight gain to feed ratio (Pond and Yen, 1982). Nestorov (1984) found a 

higher weight gain and the correction of diarrhea in hogs fed a diet containing 

14.6% CP and 2.9 Mcal/kg energy.  

    Similarly, zeolite has a positive impact on carcass quality and its 

market values. The toxic cation absorption capacity of zeolite prevented the 

adverse effect on metabolic function in hogs (Pond et al., 1993). Zeolite had 

no adverse effect on the quality of muscle, liver, heart and kidneys tissues 

(Nestorov, 1984; Fokas et al., 2004) due to its absorption capacity for lead 

(Pb), arsenic (As) and cadmium (Cd) (Pond et al., 1993). According to 

Nestorov (1984), histochemical studies on the intestinal tract of hogs fed 10% 

clinoptilolite showed no evidence of adverse effects on the tissues and 

organoleptic evaluation of meat. Pond and Yen (1983) found no effect of 
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zeolite A on plasma potassium (K), sodium (Na) and magnesium (Mg) levels 

in hogs.  

    From the literature review, zeolite (clinoptilolite) at low levels of 

supplementation increase the feed efficiency and weight gain of hogs while 

showing no negative impact on carcass quality. The clinoptilolite added to hog 

diets at lower CP and energy levels reported better results in body weight gain 

to feed ratio. The present study was designed to test the effect of 

supplementing grower hog diets with zeolite (clinoptilolite) while reducing the 

level of CP and energy. The effects measured were feed intake and feed 

conversion, body weight and body weight gain, carcass quality and heavy 

metal concentrations in kidney, liver and muscle tissues. 

 

4.2 Materials and methods  

      4.2.1 Experimental ration 

      Four experimental rations were tested. The control ration, R1, 

contained no zeolite and offered 100% of the crude protein (CP) and energy 

requirements (Table 4.1). The rations R2, R3 and R4 all contained 4% zeolite 

(90%+ clinoptilolite) but 100%, 90% and 90% of the CP with 100%, 90% and 

85% of the energy required, respectively (NRC, 1998). The feed was prepared 

from corn and soybean, by Agri-brands Purina Canada Inc, St-Hubert, 

Quebec. The experimental zeolite (90%+ clinoptilolite) was supplied by the 

KMI mine, Nevada, USA (Table 4.2).  

 

4.2.2 The experimental hogs  

            This trial used two groups of 192 crossbred female hogs (½ Duroc, ¼ 

Landrace and ¼ Yorkshire) with an initial average body weight of 23.9 (±1.0) 

kg. The groups were tested one at the time.  Within each group, the hogs were 

randomly assigned to one of three rations, either the control or one of two 

zeolite rations. During the first feed trial, the hogs in room 1 were fed the 

control diet, R1, while the hogs in room 2 were fed the zeolite rations R3 and 
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R4. During the second trial, the hogs in room 1 were fed the zeolite rations R2 

and R4 while the hogs in room 2 were fed the control diet R1.   

 

4.2.3 The experimental rooms 

      The experiment was conducted at the piggery unit of Macdonald 

Campus, McGill University, Ste-Anne-de-Bellevue, Montreal, Canada.  

These hogs were raised in a grower room measuring 14.75 m × 7.20 m 

and 3.05 m in height, with 16 pens of 3.00 m × 1.84 m, offering 0.92 m2/hog. 

A central alleyway serviced the two lateral rows of 8 pens with a fully slatted 

floor. The feeders were placed against the alleyway and offered feed ad 

libitum. The grower room was ventilated at a rate ranging from 5 to 48 

L/s/hog, using a central air inlet with baffles pivoting against weights and a fan 

bank in one corner of the end wall.  

      The research protocol, including the care and feeding of the animals 

was approved by the Animal Care Committee of McGill University in 

accordance with the Canadian Council on Animal Care Guidelines 

(Appendix).  

 

4.2.4 Methodology 

            The first group of 192 hogs was tested in the fall of 2004 while the 

second group was tested during the winter of 2005. For each group and after 

each hog was randomly assigned to a pen of six, all subjects were weighed 

and each pen was randomly assigned one of the two experimental rations in 

the zeolite room. All feeders were weighed empty.  

      Throughout the trial, all feed placed in the feeder was weighed daily. 

At every two week interval and for a period of 13 to 14 weeks, all subjects 

were weighed along with the feeders to calculate feed intake and feed 

conversion. All hogs were measured using an electronic scale (Sensteck 

Manufacturing Company, Model No. 2500, Serial No. 542014, Saskatoon, 
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Canada). The initial ration was a starter with a high level of CP. At week 6, 

the starter ration was replaced by a grower ration, and on week 10, the finisher 

ration was introduced (Table 4.1).  

      At a live weight of 110.9 (± 9.0) kg, the hogs were sent to slaughter. 

For the last group only and at the slaughtering house, the kidney, part of the 

liver and a muscle sample were collected from 15 hogs fed each one of the 

three rations.    

      All kidney, liver and muscle tissues were digested with nitric acid 

(HNO3) before being analyzed for heavy metals. The heavy metals were 

quantified by Inductively Coupled Plasma (ICP) analysis (Varian, VISTA-

MPX, CCD Simultaneous: ICP-OES, Australia Pvt. Ltd).  

  

4.2.5 Statistical analysis 

      For feed intake and feed conversion, each pen was considered to be an 

experimental unit. Body weight, body weight gains, carcass quality and heavy 

metal concentrations were measured on individual hog. The trial was repeated 

by switching rooms to eliminate room effect.  

      All data were analyzed using the GLM procedure of SAS (2004) with 

completely randomized design (CRD) methods. Feed intake, feed conversion, 

body weight and body weight gains were analyzed by ANOVA with mixed 

model procedure in SAS (2004) using repeated measures.  

The model for feed intake and feed conversion was: 

    yijk = µ + rati + weekj+ rat.weekij + eijk ……………………………..(4.1) 

Where,  

yijk = dependent variable; µ = overall mean; rati = fixed effect of ith ration (i = 

1, 2, 3, 4) on feed intake and feed conversion; weekj = fixed effect of jth week 

(j = 2, 4, ……., 12) on feed intake and feed conversion rate; and eijk = residual 

errors.  

The model for body weight and body weight gain was: 

   yijkl = µ + rati + pigj + weekk+ rat.weekik + eijkl  …………………….(4.2) 
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Where,  

yijkl = dependent variable; µ = overall mean; rati = fixed effect of ith ration (i = 

1, 2, 3, 4) on body weight and body weight gains; pigj = random effect of jth 

pig (1, 2, 3,……..) on body weight and body weight gains; weekk = fixed 

effect of kth week (k = 2, 4, ……., 12) on body weight and body weight gains; 

and eijkl = residual errors.  

The model for carcass quality and heavy metal concentrations was: 

   yij = µ + rati + eij  …………………………………………………….(4.3) 

Where,  

yij  = dependent variable; µ = overall mean; rati = fixed effect of ith ration (i = 

1, 2, 3, 4) on carcass quality and heavy metal concentrations; and eij = residual 

errors. 

 

4.3 Results and discussion 

4.3.1 Body weight and body weight gain  

      The control ration gave the best body weight and body weight gain at 

the end of the trial (Tables 4.3a and 4.3b). The effect of supplementing zeolite 

was not statistically different (P>0.05) as compared to the control ration R1. 

However, ration R3 produced a weight gain which was as good and even 

better during the weeks 0-2, 2-4 and 6-8, as compared to the control ration R1. 

During weeks 10-12, ration R4 produced a better weight gain than that of the 

control. As for ration R2, it did not perform better than the control ration R1, 

for all weeks.  

       Therefore, zeolite may be able to improve weight gain, but the CP and 

energy levels of the ration likely need to be adjusted with animal age. Because 

the zeolite ration R3 contains less CP, it can lead to the production of manure 

with less nitrogen (N).   

 

4.3.2 Feed intake and feed conversion 

 The zeolite rations lead to feed intake and feed conversion which were 

not significantly different (P>0.05) as compared to that of the control ration 
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R1. Nevertheless, after 12 weeks, rations R2, R3 and R4 lead to the 

consumption of slightly more feed in comparison to control ration R1 (Table 

4.3c).  Feed consumption increased with lower ration energy values.  

     When CP and energy conversions are calculated, rather than the feed 

conversion, the rations R2 and R3 performed better in terms of CP, and ration 

R3 performed better in terms of energy, as compared to ration R1. Even 

though these results are not significant (P>0.05), zeolite may have the 

potential to improve the conversion of some nutrients, but more research is 

needed to determine the right CP and energy adjustment, when zeolite is 

supplemented. This adjustment likely needs to be adjusted with hog’s growth 

stage.  

     

4.3.3 Carcass quality and heavy metal contamination 

      Inclusion of 4% zeolite in the ration of hogs had a significant effect on 

the fat percentage (P<0.01) of the carcass but no significant effect (P>0.05) on 

the muscle percentage in comparison to the control ration (Table 4.4). Carcass 

index was significantly affected by the addition of zeolite in the ration 

(P<0.01). This positive impact results from the use of less energy, leading to 

the production of leaner carcasses.  

      For all heavy metals analyzed, the tissues from hogs fed rations R2, R3 

and R4 did not contain significantly more elements than that of the hogs on 

the control ration R1 (Tables 4.5a, 4.5b and 4.5c). Zeolite added to the rations 

had a particle size distribution ranging from 0.05 to 0.50 mm. Furthermore, 

clinoptilolite is known to resist degradation under conditions of low pH and 

moderate temperatures as found in the stomach of hogs (Leung et al., 2006). 

Therefore, zeolite releases a very small amount of heavy metals in the 

stomach of animals which does not lead to tissue contamination.   

 

      4.4 Conclusions 

    Rations containing 4% zeolite (90%+ clinoptilolite) and various levels 

of crude protein (CP) and energy were fed to hogs, along with a control ration, 
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to observe the effect on body weight and body weight gain, feed intake and 

feed conversion, and carcass quality. Although no significant differences were 

found, ration R3 (4% zeolite, 90% CP and 90% energy) gave better results 

during 6 out of 12 weeks of monitoring as compared to the control ration. This 

indicates that more research is needed to adjust the ration with hog growth 

stage. No significant results were observed in terms of feed conversion; 

nevertheless, hogs on rations R2 and R3 had a better CP conversion and those 

on ration R3 had a better energy conversion. Hogs on ration R3 produced 

leaner carcasses, leading to a better market price. The heavy metal content of 

the carcasses was not significantly affected y zeolite supplementation.  
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Table 4.1: Experimental feed composition for 100% crude protein and energy. 

Property Starter Grower Finisher 

Crude protein (%) 17.2 15.5 14.0 

Crude fat (%) 7 7 2 

Crude fiber (%) 5 5 5 

Na (%) 0.2 0.2 0.2 

Ca (%) 0.75 0.75 0.75 

P (%) 0.65 0.65 0.65 

Cu (mg/kg) 125 125 125 

Zn (mg/kg) 100 100 100 

Vitamin A (I.U./kg1) 5400 5400 5400 

Vitamin D3 (I.U./kg) 1200 1200 1200 

Vitamin E (I.U./kg) 40 40 40 

Selenium (mg/kg) 0.3 0.3 0.3 

Zeolite (%) 0 4 4 

Energy (Kcal) 3250 3250 2925 
1 International units per kilogram. 
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Table 4.2: Bulk compositiona of experimental zeolite by percent weight. 

Elements Chemical symbol Weight 

(%) 

Quartz  SiO2 Trace to1 

Plagioclase  NaAlSi3O8 - CaAl2Si2O8 Trace to1 

Calcite  CaCO3 1 

Dolomite [CaMg]CO3 Trace to1 

Clinoptilolite  KNa2Ca2(Si28Al7)O72·24H2O 97 to 98 

Opal  SiO2.nH20 0 

Muscovite/Illite  KAl2[AlSi3O10][OH]2 0 

NH4
+-N adsorption capacity at pH =2 

and T = 39oC (Cmol+/kg of zeolite)b   

122.68 

a The bulk composition analysis of the experimental zeolite was carried out by Core 

Laboratories Inc. (AB); b Leung et al. (2006). 
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Table 4.3a: Least square mean (LSM) values for body weight.  
 Weeks 
Rations        0 2 4 6 8 10 12

R1 23.4 (0.16) 35.1 (0.26) 46.7 (0.30) 60.0 (0.33)  72.9 (0.42) 87.0 (0.56) 100.8 (0.60) 
R2 22.9 (0.23) 33.8 (0.36) 45.9 (0.43) 59.2 (0.46) 71.9 (0.59) 85.4 (0.79) 98.6 (0.85) 
R3 23.0 (0.39) 34.6 (0.56) 47.2 (0.64) 59.8 (0.69) 73.3 (0.87) 85.7 (1.14) 98.1 (1.22) 
R4 23.4 (0.39) 35.2 (0.56) 47.4 (0.64) 58.8 (0.69) 72.0 (0.87) 84.9 (1.14) 98.7 (1.22) 

Note: The values inside the parenthesis are standard errors (SE); R1 - control ration with 100% CP and 100% energy; 

R2- 4% zeolite ration with 100% CP and 100% energy; R3 – 4% zeolite ration with 90% CP and 90% energy; R4 – 4% 

zeolite ration with 90% CP and 85% energy in diets; the values with a different letter as superscript differ significantly 

(P<0.05) within the ration groups. 
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Table 4.3b: Least square mean (LSM) values for body weight gain. 
 Weeks 
Rations      2 4 6 8 10 12

R1 11.8 (0.14) 11.6 (0.18) 13.3 (0.18) 12.9 (0.21) 14.2 (0.28) 13.7 (0.26) 
R2 10.9 (0.20) 12.1 (0.26) 13.3 (0.25) 12.7 (0.30) 13.5 (0.39) 13.1 (0.37) 
R3 11.7 (0.31) 12.8 (0.39) 12.8 (0.38) 13.6 (0.45) 12.5 (0.57) 12.6 (0.53) 
R4 11.7 (0.31) 12.2 (0.39) 11.3 (0.38) 13.1 (0.45) 12.8 (0.57) 13.7 (0.53) 

Note: The values inside the parenthesis are standard errors (SE); R1 - control ration with 100% CP and 100% energy; 

R2- 4% zeolite ration with 100% CP and 100% energy; R3 – 4% zeolite ration with 90% CP and 90% energy; R4 – 4% 

zeolite ration with 90% CP and 85% energy in diets; the values with a different letter as superscript differ significantly 

(P<0.05) within the ration groups. 
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Table 4.3c: Least square mean (LSM) values for feed intake. 
 Weeks 
Rations      2 4 6 8 10 12

R1 131.4 (1.47) 137.7 (1.97) 139.8 (4.67) 216.5 (7.48) 186.9 (4.46) 222.7 (3.94) 
R2 132.8 (2.17) 150.4 (2.89) 145.7 (6.76) 229.2 (10.79) 200.6 (6.46) 231.5 (5.71) 
R3 132.5 (3.36) 154.6 (4.25) 128.0 (9.37) 207.6 (14.84) 224.2 (8.98) 245.5 (7.97) 
R4 150.4 (3.44) 158.1 (4.38) 190.3 (9.68) 301.8 (15.33) 215.1 (9.27) 259.1 (8.22) 

Note: The values inside the parenthesis are standard errors (SE); R1 - control ration with 100% CP and 100% energy; 

R2- 4% zeolite ration with 100% CP and 100% energy; R3 – 4% zeolite ration with 90% CP and 90% energy; R4 – 4% 

zeolite ration with 90% CP and 85% energy in diets; the values with a different letter as superscript differ significantly 

(P<0.05) within the ration groups. 
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Table 4.3d: Least square mean (LSM) values for feed conversion. 
 Weeks 
Rations       2 4 6 8 10 12

R1 1.9 (0.03) 2.0 (0.03) 1.8a (0.07) 2.8 (0.11) 2.3 (0.06) 2.8 (0.07) 
R2 2.1 (0.04) 2.1 (0.05) 1.9ab (0.10) 3.1 (0.15) 2.5 (0.08) 3.0 (0.10) 
R3 1.9 (0.06) 2.0 (0.07) 1.7ab (0.14) 2.6 (0.21) 3.0 (0.12) 3.3 (0.14) 
R4 2.2 (0.06) 2.2 (0.07) 2.8b (0.14) 3.9 (0.21) 2.9 (0.12) 3.2 (0.14) 

Note: The values inside the parenthesis are standard errors (SE); R1 - control ration with 100% CP and 100% energy; 

R2- 4% zeolite ration with 100% CP and 100% energy; R3 – 4% zeolite ration with 90% CP and 90% energy; R4 – 4% 

zeolite ration with 90% CP and 85% energy in diets; the values with a different letter as superscript differ significantly 

(P<0.05) within the ration groups. 
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Table 4.4: Effect of control and zeolite rations on carcass quality. 

Items R1 R2 R3 R4 
Weight of the 
carcass, kg 

91.2 90.9 90 90 

Fat, % 21.1 21.5 20.5 20.1 
Muscle, % 60.2 61.5 60.8 62.7 

Index 54.9 108 3.4 57.2 
Value,$/hog  152.1 155 149.7 153.1 

Variation, 
$/hog 

0 -0.37 0.96 1 

Note: R1 - control ration with 100% CP and 100% energy; R2- 4% zeolite ration 

with 100% CP and 100% energy; R3 – 4% zeolite ration with 90% CP and 90% 

energy; R4 – 4% zeolite ration with 90% CP and 85% energy in diets. 
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Table 4.5a: Effect of control and zeolite rations on heavy metals concentration in the hog 

liver tissue. 

Concentration (wet basis) Heavy metals 

R1 R2 R4 

Al, mg/kg 13.5 (26.5) 18.2 (9.00) 8.1 (10.3)

Fe, mg/kg 81.9 (52.2) 76.8 (61.8) 88.3 (44.3)

K, mg/kg 69.6 (43.9) 53.4 (13.1) 73.3 (34.4)

Zn, g/kg 53.0 (38.0) 89.0 (42.0) 87.0 (40.0)

Cr, mg/kg 2.90 (5.30) 0.40 (1.10) 0.20 (0.50)

Cu, mg/kg 7.70 (13.9) 7.80 (4.00) 14.50 (8.9)

Ni, mg/kg 1.80 (0.70) 0.40 (0.90) 0.00 (0.20)

Ca, mg/kg 384.0 (480) 779.0 (555) 401.0 (397)

Mg, mg/kg 241.0 (77.0) 227.0 (36.0) 256.0 (54.0)

Na, mg/kg 416.0 (96.0) 400.0 (66.0) 406.0 (76.0)

P, mg/kg 1344.0 (541) 1376.0 (260) 1620.0 (370)

S, mg/kg 889.0 (354) 1793 (1046) 902.0 (221)

Note: The value in parenthesis is the standard deviation; R1 - control ration with 100% 

CP and 100% energy; R2- 4% zeolite ration with 100% CP and 100% energy; R4 – 4% 

zeolite ration with 90% CP and 85% energy in diets. 
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Table 4.5b: Effect of control and zeolite rations on heavy metal concentration in hog 

kidney tissue. 

Concentration (wet basis) Heavy metals 

R1 R2 R4 

Al, mg/kg 15.5 (14.3) 34.8 (20.5) 9.5 (14.4)

Fe, mg/kg 39.5 (24.9) 24.6 (43.5) 27.5 (14.1)

K, mg/kg 40.9 (30.4) 60.6 (30.8) 58.9 (41.0)

Zn, g/kg14 4.00 (5.30) 6.80 (8.80) 0.00 (0.00)

Cr, mg/kg 1.60 (1.70) 3.70 (3.50) 2.80 (2.20)

Cu, mg/kg 3.00 (3.20) 4.70 (0.60) 0.10 (0.20)

Ni, mg/kg 366.0 (477) 440.0 (385) 248.0 (379)

Ca, mg/kg 285.0 (101) 252.0 (90) 202.0 (42)

Mg, mg/kg 241.0 (77) 227.0 (36) 256.0 (54)

Na, mg/kg 740.0 (179) 661.0 (220) 636.0 (137)

P, mg/kg 1406 (560) 1402 (673) 1069 (257)

S, mg/kg 1018 (382) 943.0 (297) 700.0 (176)

Note: The value in parenthesis is the standard deviation; R1 - control ration with 100% 

CP and 100% energy; R2- 4% zeolite ration with 100% CP and 100% energy; R4 – 4% 

zeolite ration with 90% CP and 85% energy in diets. 
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Table 4.5c: Effect of control and zeolite rations on heavy metal concentration in hog 

muscle tissue. 

Concentration (wet basis) Heavy metals 

R1 R2 R4 

Al, mg/kg 13.3 (9.90) 57.7 (93.4) 9.30 (8.20)

Fe, mg/kg 27.7 (33.9) 20.1 (44.6) 14.5 (10.1)

K, mg/kg 2.30 (6.30) 26.8 (82.5) 0.10 (0.40)

Zn, g/kg 1.70 (4.50) 2.40 (5.50) 0.10 (0.40)

Cr, mg/kg 795.0 (814) 427.0 (344) 501.0 (684)

Cu, mg/kg 247.0 (45) 303.0 (98.0) 235.0 (47.0)

Ni, mg/kg 581.0 (26) 897.0 (61.0) 65.0 (39.0)

Ca, mg/kg 336.0 (73) 307.0 (96.0) 318.0 (77.0)

Mg, mg/kg 752.0 (139) 884.0 (348) 701.0 (140)

Na, mg/kg 713.0 (139) 1063.0 (571) 711.0 (120)

P, mg/kg 105.0 (76.0) 56.0 (32.0) 72.0 (56.0)

S, mg/kg VSD 1.50 (5.40) 0.20 (0.70)

Note: The value in parenthesis is the standard deviation; R1 - control ration with 100% 

CP and 100% energy; R2- 4% zeolite ration with 100% CP and 100% energy; R4 – 4% 

zeolite ration with 90% CP and 85% energy in diets; VSD – very small to detect.
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CHAPTER FIVE 

GENERAL CONCLUSION 

  

     Zeolite (90%+ clinoptilolite) shows potential as a swine feed additive to 

reduce nutrient excretion and odour generation. High cation exchange capacity, 

molecular sieving properties and stability under high temperatures and acidic 

conditions, existing inside a hog’s stomach; facilitate the reduction of nutrients in 

swine manure. Therefore, zeolite (90%+ clinoptilolite) could reduce nutrient 

overloading problems associated with intensive swine operations. Their wide 

geographic distribution, natural occurrence, and abundance of large, high grade 

deposits all over the world make zeolite’s application economically feasible. In this 

context, the experiments were carried out to test the effect of clinoptilolite as a 

grower hog feed additive on manure physico-chemical properties, feed conversion, 

and weight gain and carcass quality.  

     This study showed that zeolite (90%+ clinoptilolite) can be used as a swine 

feed additive to reduce manure nutrient content without altering its physical 

properties. Swine diets supplemented with zeolite (90%+ clinoptilolite) also lowered 

manure odour, which helped in reducing nuisance factor and promoting easy handling 

and field application. The odour reduction also encourages the farmers to shift their 

excess manure to intensive cropping regions of the country so that nutrient 

accumulation and leakage problems due to the excessive manure application in and 

around the intensive swine farming regions can be reduced. Similarly, source 

reduction of manure nutrients (TN, TP and TK) and odours, reduces its adverse 

environmental effects; and also improves the public's general perception of the swine 

industry.   

     The addition of 4% zeolite (90%+ clinoptilolite) as a swine feed additive 

resulted in no significant changes (P>0.05) in feed intake, feed conversion rate, body 

weight and body weight gain. Also, the analysis of heavy metal concentrations (Al, 

Ca, Cd, Co, Cr, Cu, Fe, K, Mg, Mn, Na, Ni, P, Pb and Zn) on samples of kidney, liver 

and muscle tissues showed no significant difference (P>0.05) between hogs fed with 

zeolite vs. traditional feed . Overall, the effect of 4% zeolite (90%+ clinoptilolite) 
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supplemented feed with a 100% CP and energy level showed better swine 

performance with lowered manure nutrient (TN, TP and TK) content and odours, 

without any change in physical properties or carcass quality.  

       The experimental test results obtained from this study can be used as a basis 

for future research into: 

1. the impact of zeolite at different % levels of clinoptilolite with different 

    supplement levels in hog's diet; 

2. the impact of zeolite (clinoptilolite) application with rations containing different 

    levels of crude protein (CP) and energy; 

3. the rheological properties of manure products at different levels of temperature; 

4. the adjustment of different rations with hog’s growth stage; 

      5. an economic study of using zeolite as feed additives. 
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