
ABSTRACT 
 
Glennon, Heather Mary.  Effect of copper oxide needles on gastrointestinal parasites in 
grazing meat goats. (Under the direction of Jean-Marie Luginbuhl) 
 
 

Gastrointestinal (GI) parasitism may be the most challenging health problem 

associated with raising goats.  Two trials were conducted to evaluate the effects of copper 

(Cu) oxide needles (CuON) on trichostrongylid parasites in grazing Boer-cross yearling 

goats. In trial 1, 18 does and 18 wethers (40 kg BW) were stratified by fecal egg counts 

(FEC) and sex, and sorted into 6 groups of 6 animals in a randomized complete block 

design (RCBD) with 3 replications. On d 0, control (CTL) goats received a combined 

dose of fenbendazole (10 mg/kg BW) and levamisole (11 mg/kg BW) whereas treated 

goats received a 5 g CuON bolus. In trial 2, 45 wethers (48 kg BW) were stratified by 

FEC and randomly assigned to 1 of 9 groups of 5 animals each in a RCBD with 3 

replications. Treatments were 0 g (CTL), 5 g, or 10 g of a CuON bolus. In both trials, 

goats were rotationally grazed in separate bermudagrass/crabgrass plots. Fecal and blood 

samples were taken every 7 d. Liver samples and the abomasum (trial 2 only) were taken 

when animals were sacrificed on d 77 (trial 1) and d 59, 60 and 63 (trial 2). In trial 1, 

FEC were lower (P < .06) for CuON goats on d 31 (2,426 vs 4,115 eggs/g feces).  Packed 

cell volume was higher in CTL goats on d 67 (32.2 vs 27.7%, P < .02) and d 74 (28.8 vs 

24.6%, P < .03).  Total protein was also higher in CTL goats on d 53 (6.6 vs 6.0 g/dL, P < 

.03) and d 74 (6.4 vs 5.7 g/dL, P < .01).  Liver Cu concentrations were higher (P < .044) 

in CuON goats (395 vs 138 mg/kg DM). Liver lesions and plasma Cu concentrations did 

not differ. In trial 2, FEC were higher (P < .01) in CTL than 10g CuON goats on d 14 

(CTL: 4117; 5 g: 2795; 10 g: 1768 eggs/g feces). Goats on 10 g CuON had lower (P < 



.04) PCV on d 14 (CTL: 31.3; 5 g: 32.4; 10 g: 29.1%).  Liver Cu concentrations increased 

linearly (P < .01) (CTL: 92; 5 g: 296; 10 g: 386 mg/kg DM). Total protein, plasma Cu 

concentrations, liver lesions and number of Haemonchus  contortus or Trichostrongylus 

axei found in the abomasum were similar. Although CuON have the potential to become 

part of an integrated internal parasite program, additional research is needed before 

CuON can be recommended as a safe and effective anthelmintic. 
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CHAPTER 1 
 

LITERATURE REVIEW 
 

Introduction 

 Gastrointestinal parasites of goats can cause reduced growth rates, weight loss, 

decrease in feed utilization, unthriftiness, diarrhea, and death.  Parasites are considered 

the most severe health problem associated with raising goats in both temperate and 

tropical areas.  Goats are most affected by nematodes in the superfamily 

Trichostrongyloidea.    Helminths found in the abomasum include Haemonchus 

contortus, Teladorsagia circumcincta and Trichostrongylus axei (Benz, 1985). 

Trichostrongylus axei, T. columbriformis, T. vitrinus, Cooperia curticei, and 

Nematodirus spathiger reside in the small intestine. Goats with parasitic infections 

usually harbor a combination of these where one species may dominate.  

 H. contortus may be the most devastating species because the worms are avid 

blood suckers (both fourth stage larvae and adults) and prolific egg layers.  They are 

called the “barber-pole worm” because of the appearance of the female’s white egg filled 

uterus wrapped around the blood-filled gut (Georgi and Georgi, 1990).  Each adult 

female can grow up to 30 mm in length and can be responsible for a loss of 0.05 mL of 

blood per day (Smith and Sherman, 1994).  The worms attach to the abomasal mucosa 

surface, cause a small laceration with the lancet in their buccal cavity and secrete 

anticoagulant.  When the nematode dies or moves to a new feeding site, the anticoagulant 

allows the old site to continue hemorrhaging (Benz, 1985).   
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Up to 10,000 H. contortus adults can be found in the abomasum.  Each adult can 

lay up to 10,000 eggs per day and live several months (Zajac and Moore, 1993).  A high 

fecal egg count (FEC) of 10,000-100,000 is typical of haemonchosis (Georgi, 1985).   

Because H. contortus are voracious blood suckers, continued blood loss leads to anemia 

which can be seen in pale mucous membranes such as the eyelids and gums (Smith and 

Sherman, 1994).  A decrease in packed cell volume is also observed.  Packed cell volume 

(PCV) is the ratio of red blood cells in whole blood and averages from 25 to 35% 

(Greenwood, 1977).  Readings under 22% indicate anemia whereas PCV values under 

15% are usually accompanied by weakness and shortness of breath in the goats (Georgi 

and Georgi, 1990).   

Parasitism leads to a loss of endogenous blood proteins, plasma, mucin and 

sloughed GI cells.  Blood protein loss (hypoproteinemia) results in the clinical signs of 

intermandibular edema or “bottlejaw” (Smith and Sherman, 1994).  Plasma protein 

readings will also drop below the normal range of 6.5 to 7.8 g/dL (Greenwood, 1977).  

Unlike with other nematode infections, diarrhea is usually not seen in haemonchosis. 

The other detrimental abomasal nematode, Teladorsagia circumcincta (brown 

stomach worm), occupies the host’s gastric glands in order to molt into adulthood.  

Adults then live within the lumen and ingest abomasal contents. Infections lead to a 

reduction in the number of functional digestive glands and can also cause decreased 

voluntary feed intake, severe gastritis, an increase in abomasal pH, an increase in blood 

pepsinogen, and hypoproteinemia (Benz, 1985).  Pepsinogen in the abomasum is not 

converted to pepsin leading to inhibited protein digestibility (Smith and Sherman, 1994).  

Clinical signs can include profuse, watery diarrhea and anemia (Georgi, 1985). 
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Infestations of Trichostrongylus spp. (black scour worm) in the small intestine are 

often asymptomatic but when present in large numbers are capable of producing watery 

diarrhea (Georgi, 1985).   Other clinical signs include weakness, weight loss, 

hypoproteinemia and decreased appetite (Kauffman, 1996).  Trichostrongylus adults are 

smaller and lay fewer eggs than other GI nematodes (Georgi, 1985).  A FEC over 5,000 

is rarely seen with a predominant Trichostrongylus infection.  Trichostrongylus spp. will 

maintain larger adult populations in the host to compensate for the lower fecundity. These 

nematodes molt into adulthood in digestive glands and can cause damage to villi and 

reduce efficiency of nutrient absorption.  Adults live within the intestinal lumen and feed 

off digesta (Benz, 1985).   

 

Parasite Life Cycle and the Environment 

 All of the aforementioned trichostrongyloid nematodes have similar life cycles 

with the exception of N. spathiger.  The life cycle of H. contortus begins as an adult 

female worm inside the host produces ova, which pass to the outside in the feces.  The 

embryo in the ova will develop into a first stage larva (L1) after 24 hours if the 

temperature and humidity are favorable.  Optimum temperature and humidity for 

hatching are 22-26 C and 100%, respectively (Johnstone, 1998).  First stage larvae 

undergo two more molts to become infective larvae (L3).  Weather is the determining 

factor in larval development.  When temperatures rise above 40 C larvae may desiccate 

and die.  In temperatures below 20 C development slows but larvae do not necessarily 

die.    Under ideal environmental conditions, development from ovum to L3 takes 7-10 d.  

Infective L3s retain their outer sheath to protect them from environmental stress.  They 
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travel up the blades of grass in moisture beads usually in the early morning or evening 

and are ingested by the animal.  Haemonchus contortus L3s lose their sheath in the rumen 

prior to moving to the predilection site.  The unsheathed L3s then develop into L4 fourth 

stage larvae in 1-2 d in the abomasum.  Some L4s will continue developing into egg-

laying adults and others will enter the lining of the stomach tissue as inactive or arrested 

L4s.  The prepatent period from infection to egg laying adults is approximately 21 d with 

peak FEC occurring 2-3 weeks later (Benz, 1985). 

 Larvae have the ability to arrest their development during adverse environmental 

conditions.  Also called hypobiosis, this phenomenon usually occurs at the end of the 

summer or rainy season so larvae can survive the cold or dry periods.  Some unknown 

stimulus restarts their final development when environmental conditions become 

favorable (Smith and Sherman, 1994).  Some genera, especially Trichostrongylus and 

Teladorsagia, are very adept at overwintering on pasture.  During seasonal dry periods, a 

drought followed by a large rainfall usually causes clinical outbreaks of haemonchosis 

due to the large rise in L3 relocating themselves from feces to grass (Johnstone, 1998).   

Overcrowding within the host animal can also lead to hypobiosis.  Sometimes 

arrested L4s will resume development after the host has been treated with an anthelmintic 

that only kills adult larvae with the result that adult populations increase to their previous 

levels (Benz, 1985).     

   

Traditional Anthelmintics 

 Goats generally have a diminished parasitic immunity compared to sheep and 

cattle.  It has been suggested that selection pressure on goats to develop parasite 
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resistance has not been as intense because their natural browsing behavior did not 

demand it (Smith and Sherman, 1994).  This may be acceptable in extensive range 

situations, but with more goats currently being raised on improved temperate pastures, 

the risk is higher for GI parasite infections.  Presently, small ruminant producers rely 

heavily on chemical anthelmintics to control GI parasites in their animals.  Four of the 

popular main classes of broad-spectrum anthelmintics include benzimidazoles, 

imidazothiazoles, tetrahydropyrimidines and macrocyclic lactones.   

Benzimidazoles include thiabendazole, fenbendazole, oxfendazole and 

albendazole.  Their mode of action is interference with energy metabolism by inhibiting 

the polymerization of microtubules of the nematodes (Georgi and Georgi, 1990).  

Thiabendazole was the first anthelmintic to be approved for use in goats more than 30 

years ago and was used extensively because it was effective against several worm species 

and had a high margin of safety.  Recent work has shown that goats metabolize the 

benzimidazoles differently than sheep and may need twice the sheep dose (Zajac, 1995).  

There have also been safety concerns with administering oxfendazole and albendazole to 

pregnant animals because they can cause abortions (Zajac, 1995). 

 Levamisole, an imidazothiazole, paralyzes the worms by inducing continuous 

muscle contractions (Georgi and Georgi, 1990).  Goats have been shown to need a 1.5 x 

higher dose of this anthelmintic than sheep.  The current recommended dose for goats is 

11 mg/kg body weight (BW) (Zajac, 1995).  Levamisole has a narrow margin of safety 

and side effects such as salivation have been noted (Smith and Sherman, 1994).  It has 

not been approved for use in goats in the United States.   
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 Morantel is categorized in the tetrahydropyrimidine class.  It also paralyzes 

worms by inducing continuous muscle spasms (Georgi and Georgi, 1990).  Advantages 

of this anthelmintic include the ability to administer it in the feed and zero-day milk 

withdrawal period (Zajac, 1995).  Several pelleted dewormers containing morantel 

tartrate have been approved for goats within the past few years and are being marketed 

commercially in the United States. 

 Recent research has revolved around the macrocyclic lactones such as ivermectin 

and moxidectin.  These anthelmintics paralyze the nematodes by binding to glutamated 

chloride channels and inhibiting the transmission of signals between interneurons and 

excitatory motor neurons (Georgi and Georgi, 1990).  These anthelmintics can be 

injected, given orally or applied topically.  The oral dose seems to be more effective 

against the GI parasites and also has a shorter withdrawal period (Zajac, 1995).  

Moxidectin is the newest member of this family and is reportedly more potent due to its 

greater persistency in the host (Waller, 1997).  Neither ivermectin nor moxidectin has 

been approved for the use in goats in the United States. 

 Other products being researched include controlled-release capsules.  Ivermectin 

capsules have been studied in Australia (Tyrrell et al., 2002) and albendazole capsules 

have been studied in France (Chartier et al., 1996), but neither has been approved for the 

use in goats in the United States.  The capsule lays in the rumen and releases a small 

amount of anthelmintic over a period of time (approximately 100 d.). The drug is 

expelled in the feces of the animal and inhibits larval development of the eggs passed in 

the feces. Ivermectin residue in the feces of an animal treated with a bolus adversely 

affected the in-vitro viability and development of eggs and larvae of an ivermectin 
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resistant strain of H. contortus (Tyrell et al., 2002).  Nevertheless, there is growing 

concern about the environmental impact that excreted anthelmintics will have on 

beneficial insects, such as dung beetles, on the pasture ecosystem and the natural 

biodegradation process (Conder and Campbell, 1995).  

 

Resistance to Anthelmintics 

 Parasite resistance to broad-spectrum anthelmintics has become a major problem 

in all regions of the world where sheep and goats are raised.  Resistance has reached 

epidemic proportions in many tropical and sub-tropical areas with high summer rainfalls 

where H. contortus is endemic (Waller et al., 1995).   

Resistance is accelerated due in part to incorrect dosing of animals and frequent 

anthelmintic use.  It has been common practice for goat producers to administer the sheep 

anthelmintic dosage to their animals (Conder and Campbell, 1995).  Because of 

differences in metabolism, goats most likely require a higher dosage than sheep to 

produce similar results against trichostrongyles (Coles, 1997). 

 The first case of resistance to modern anthelmintics was reported in 1968 on three 

sheep farms in Australia.  Haemonchus contortus had become resistant to the very 

popular anthelmintic thiabendazole (Smeal, 1968).  During the 1970’s, resistance to 

benzimidazoles and the resulting increase in haemonchosis became widespread in 

Australia.  Producers then began to heavily use levamisole and morantel, which 

ultimately led to resistant strains of Teladorsagia and Trichostrongylus species (Waller, 

1986).  By 1993, 80% of farms in the rainy region of Australia were experiencing 

resistance to both of these dewormers (Waller et al., 1995).  
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 A strain of H. contortus (CAVR) isolated in Australia was found to be resistant to 

ivermectin (0.4 mg/kg BW). Resistance to moxidectin (0.1 mg/kg BW) was also seen in 

this strain in 15% of worms tested ( LeJambre et al., 1994). 

 South Africa has also been experiencing severe anthelmintic resistance for many 

years.  In 1995 van Wyk et al. surveyed 60 small ruminant farms and found 90% had 

parasite strains resistant to at least one compound from one anthelmintic class and 40% of 

farms had resistance in at least three classes.  Some farmers have stopped raising sheep 

because they cannot control the parasites with chemicals (van Wyk, 1990). 

 Resistance to anthelmintics in the United States has been most reported in the 

south-central and southeastern states.  Ivermectin resistance by H. contortus was first 

reported in a herd of Angora goats in Texas (Craig and Miller, 1990).  More recent work 

in the same herd also showed resistance to levamisole and fenbendazole (Miller and 

Craig, 1996).  A 30-month trial in Virginia on 286 goats revealed resistance to 

ivermectin, levamisole, and benzimidazole drugs (Zajac and Gipson, 2000).  In the same 

study, when fenbendazole was given in two doses 12 h apart, efficacy was improved over 

the single dose but resistance was still apparent.  Haemonchus  contortus was reported 

resistant to all anthelmintics tested.  In a study conducted on 186 goats in Georgia, 

resistance was observed to all of the following anthelmintics: albendazole (20 mg/kg 

BW), fenbendazole (20 mg/kg BW), ivermectin (0.4 mg/kg BW), doramectin (0.4 mg/kg 

BW), levamisole (12 mg/kg BW) and morantel tartrate (10 mg/kg BW) (Terrill et al., 

2001).   To combat resistant parasites, dosing animals with a combination of 

anthelmintics can be more effective than using a single product.  In a 2001 study by 

Terrill et al., a combination dose of ivermectin and albendazole resulted in an 88% 
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reduction in fecal egg count.  Moxidectin was 100% effective against GI parasites.  

Larval development assays identified the dominant resistant species to be H. contortus 

and Trichostrongylus spp. 

 

Alternatives to Anthelmintics 

 Due to widespread anthelmintic resistance, producers are desperately looking for 

other ways of controlling GI parasites in sheep and goats.  There are many alternatives 

that can be incorporated into an integrated control program to reduce the use of chemical 

anthelmintics, thereby preserving their effectiveness. 

 Several pasture management practices can be employed to reduce dependence on 

anthelmintics.  Alternating grazing host species such as cattle and small ruminants on a 

pasture is ideal, because they do not share many common GI parasite species (Barger, 

1999).  Each species will prepare clean pastures for the other by ingesting the infective 

larvae.  The larvae will not be able to complete its life cycle in the alien host and will not 

be able to produce eggs to reinfect the pasture.  If a producer chooses to graze these hosts 

together at the same time, the animals will benefit by ingesting less of their own infective 

larvae than had they grazed it alone.  Because goats and sheep can become infected with 

the same nematodes, they alone cannot be considered part of an alternating host control 

program (Zajac and Moore, 1993).   

 Rotationally grazing pastures to control parasites is more successful in tropical 

areas than temperate areas.  In tropical areas larval survival times are short (usually 1-2 

months) due to the very hot weather.  Haemonchus contortus larvae are most active in 

this type of environment and their energy stores deplete quicker than other species 
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(Soulsby, 1965).   Barger (1994) grazed goats on 10 paddocks for 3.5 d each.  Each 

paddock had a 31.5 d rest period.  Fecal egg counts from the rotationally grazed goats 

were less than half of the adjacent set stocked goats.  Rotationally grazed goats also 

needed 3.5 times less anthelmintics than the control goats.  In temperate climates, 

rotational grazing is ineffective, because it may take three to nine mo for the level of 

infectivity to decline (Barger, 1999).  Another rotational strategy involves grazing a 

pasture one year and harvesting hay or silage from it the next.  Infective larvae will not 

survive in the pasture mat for this length of time (Anderson et al., 1987).   

 Applying liquid nitrogen fertilizer (LNF) to pastures has been shown to reduce 

parasitism in addition to increasing forage yield and quality.  Fecal egg counts from goats 

grazing pasture that had received 56 kg LNF/ha were 60% lower compared to goats 

grazing untreated plots (Conrad, 1996).  The number of viable larvae was also reduced 

after pastures were sprayed with LNF (Goode et al., 1977).   

 Biological parasite control using the nematode destroying fungus Duddingtonia 

flagrans is being heavily researched.  Duddingtonia flagrans is able to trap and destroy 

free-living stages of most of the trichostrongylid larvae that affect small ruminants 

(Larsen, 1999).  The fungus exists as a natural part of the soil microflora and is able to 

survive passage through the GI tract of an animal. Once excreted in the feces with the 

parasite eggs, the fungal spores will germinate, grow, trap and destroy the nematode 

larvae.  Producers may be able to include it in animal feed or mineral blocks in the future.  

 In any group of similarly-treated grazing animals, there are a few individuals that 

tend to have unusually high worm burdens while the majority of the animals have 

moderate to low numbers of worms (Waller, 1999).  These few, highly infected animals 
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contribute substantially to pasture contamination.  If only those individuals who carried 

high worm loads were treated with anthelmintic, resistance to dewormers could be 

slowed considerably.  Accordingly, producers in South Africa have been using the 

“FAMACHA” system to manage H. contortus infections in individual sheep and goats 

based on clinical signs of anemia in the eyelid.  In a study by Malan and Van Wyk 

(1992), only 22% of the flock required anthelmintic treatment during a four mo period 

using this system.  Producers were also able to identify and cull repeatedly-susceptible 

animals.  Fecal egg count has been shown to be heritable and could be included as a 

selection trait for small ruminants (Waller, 1999).  Fecal egg counts indicate that Virginia 

brush goats were more resistant to GI parasites than the Spanish or Nubian breeds (Lovin 

and Gipson, 1996). 

Condensed tannins (CT) have been linked to decreased GI parasites in livestock.  

Tannins are found in the greatest concentrations in legumes and woody plants such as 

Sericea Lespedeza (Lespedeza cuneata), Sulla (Hedysarum coronarium), Birdsfoot trefoil 

(Lotus corniculatus), and Black Locust (Robinia spp).  Condensed tannins can indirectly 

alleviate parasitism by increasing the digestible protein supply to the animal thus making 

them more resistant and resilient to infections.  The tannins form a complex with proteins 

in the rumen allowing them to escape microbial degradation.  The tannin-protein complex 

then dissociates in the low pH environment of the small intestine and the protein becomes 

readily available to the animal.  Tannins could also have a direct affect on nematode 

viability once surface contact is made in the GI tract (Kahn and Diaz-Hernandez, 1999).  

 Researchers have been working to develop an irradiated larval vaccine to control 

small ruminant GI parasites, but commercial availability is still years away (Bain 1999).  
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Preliminary studies using a H. contortus vaccine led to the protection of sheep over 7 mo 

of age but not the younger, more susceptible stock (Benitez-Usher et al., 1977). 

 

Nutrition 

 Nutrition is an important factor in improving the resilience and resistance of an 

animal against GI parasites.  Resilience is defined as the ability of the animal to maintain 

a reasonable level of production when challenged with a parasite burden (Albers et al., 

1987).  Resistance is the ability of the host to prevent establishment and/or development 

of parasitic infection (van Houtert and Sykes, 1996).  Increasing the metabolizable 

protein supply can enhance the resilience of an animal against GI parasites.  This is 

especially evident in young and periparturient animals. A high protein diet does not lead 

to low initial establishment of worms but can increase immunity acquisition and 

resistance to reinfection due to enhanced cellular immune response in the GI mucosa 

(Coop and Holmes, 1996).  On a high plane of nutrition, animals do not have to 

repartition protein from productive functions such as muscle, bone and wool growth 

towards repair functions of the GI tract, plasma and blood replacement (Coop and 

Holmes, 1996).   

 Research has shown that parasites and micronutrients such as minerals are related.  

Heavy parasitism has been shown to aggravate existing mineral deficiencies and lead to 

liver copper (Cu) depletion in sheep (Bang et al., 1990b).  This could be due to decreased 

feed intake and/or increased pH in abomasal and intestinal contents thereby decreasing 

nutrient availability and absorption.  Copper plays a significant role in the immune 

defense system against bacterial infections (Suttle and Jones, 1986).  In Cu deficient 
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sheep and cattle, there are reports of impaired leucocyte and lymphocyte responses to in 

vitro challenges possibly due to the reduced levels of superoxide dismutase activity in 

leucocytes (Suttle and Jones, 1989).  Inorganic forms of Cu vary in their availability to an 

animal when administered in the diet.  Chapman and Bell (1963) ranked these forms in 

order of decreasing availability: CuCO3, Cu(NO3)2, CuSO4, CuCl2, Cu2O, CuO (powder), 

CuO (needles).    

 Due to the lack of research studies, the optimal amount of Cu in a goat’s diet has 

not been well established.  Because the NRC for goats (1981) does not even give a 

recommendation for Cu, mineral data has been extrapolated from NRC requirements of 

sheep (1985), beef (2000) and dairy cattle (2001).  Current recommendations average 8-

10 ppm (Haenlein, 1992).  Reports have shown that goats are less susceptible to Cu 

toxicity than sheep but their tolerance level is not known (Soli and Nafstad, 1978).  

Luginbuhl et al. (2000) fed yearling goats diets containing 0, 10 and 30 ppm 

supplemental copper in the form of Cu sulfate.  Feed intake, average daily gain, feed 

efficiency, carcass grades, and carcass yield were not affected by supplemental Cu.  At 

the end of the trial, liver Cu concentrations (87.4, 252.0, 472.0 ppm) showed a linear 

increase due to diet.  The liver Cu concentration of the animals eating the basal diet (6.2 

ppm) had decreased 30% over the 3-mo period.  Diet had no effect on incidence of liver 

lesions indicative of toxicity.  

 

Copper Sulfate as an Anthelmintic 

The efficacy of copper sulfate as an anthelmintic has not been consistent.  Hall 

and Foster (1918) documented the anthelmintic property of Cu sulfate on stomach worms 
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in sheep using a 1% solution.  When given to lambs (50 mL) and to adults (100 mL), the 

solution yielded a 93% efficacy.  Copper sulfate given in a capsule failed to work.  

Clunies Ross and Gordon (1934) demonstrated that a 2% Cu sulfate solution was 

effective at killing 70-95% of adult H. contortus nematodes when the dose bypassed the 

rumen and entered the abomasum directly.  Gordon (1939) found no effect of Cu sulfate 

on immature worms but when given to sheep 40 d after larval infection, the dose was 

effective. Whitlock (1940) suggested that simple inorganic Cu compounds are only lethal 

to parasites in acid environments and effectiveness is based on the amount of soluble Cu 

present. Copper sulfate treatments were unsuccessful when given 10 d and 15 d after 

lambs were artificially infected with L3 H. contortus (Gordon, 1939).  Due to its rapid 

absorption in the GI tract, the Cu sulfate might not have been allowed to increase the Cu 

concentration in the abomasum.   

Feeding diets supplemented with Cu sulfate lead to increased Cu concentration in 

the abomasum but not the small intestine of calves (Bremner 1961).  This increased 

environmental Cu concentration was correlated to higher Cu concentrations in certain 

abomasal nematodes such as Haemonchus placei in cattle.  Bremner (1961) suggests that 

soluble Cu can be absorbed through the cuticles of nematodes and that species differ in 

their ability to regulate the accumulation of Cu in their tissues.   

 

Copper Oxide Needles 

Studies have shown orally administered cupric oxide is very unavailable in pigs 

and cattle (Baker and Ammerman, 1995).  Within the past 25 years, considerable research 

has been conducted using Cu oxide needles (CuON) to prevent Cu deficiency in grazing 
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ruminants (Judson et al., 1982).  The Cu oxide needles are placed in a gelatin bolus and 

administered orally to the animal.  The bolus dissolves in the rumen and the particles (due 

to their specific gravity) are transferred to the abomasum and remain lodged in the 

mucosal folds.  In the acid environment of the abomasum, soluble ionic Cu is released 

over a period of time (Waller, 1999).  Liver Cu stores become elevated for several mo 

thus preventing deficiency.  Judson et al. (1983) showed that sheep given 10 g of Cu 

oxide wire particles (COWP) had elevated liver stores for up to seven mo post-treatment.  

In a separate study sheep given 3 g (COWP) had elevated liver stores for up to 80 wk 

compared to control animals (Judson et al., 1984). 

Sheep producers in New Zealand and Australia were finding that this low-dose 

stored delivery was also providing their animals with some protection against GI 

parasites (Waller, 1999).  Bang et al. (1990a) used 10-week old lambs to investigate the 

effect copper oxide needles had on the establishment of three major GI parasites.  Lambs 

were given 5 g CuON and then artificially infected 5 d later with H. contortus, T. 

circumcincta or T. colubriformis infective larvae.  Three weeks later, results showed a 

96% reduction in the establishment of H. contortus and a 56% reduction in the 

establishment of O. circumcincta.  No reduction was seen in the establishment of T. 

colubriformis in the intestine.  The soluble Cu concentration in the abomasal digesta was 

four times higher in treated animals than in control animals.  It is unknown how this 

elevated level of Cu kills abomasal parasites.  Bang et al. (1990a) speculated that the Cu 

concentration in the proximal duodenum digesta would also be elevated, but that T. 

colubriformis has been shown to be tolerant of Cu levels 100 times greater than those 

found in the abomasum in the present study.   
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When given before infection, 2.5 g COWP reduced total worm burdens by 37% in 

yearling sheep (Knox, 2002).  When administered after infection, both 2.5 g and 5.0 g 

COWP reduced FEC by 85%.  In grazing lambs given 2.5 g COWP, both FEC and worm 

burdens were reduced by 90% and 54%, respectively, after 6 wk.  The FEC stayed under 

3,500 and no clinical signs of haemonchosis had arisen after 10 wk in lambs given 

COWP. 

Copper oxide needles have been shown to have both curative and preventative 

anthelmintic activity in goats.  Chartier et al. (2000) infected goats with T. colubriformis, 

H. contortus and Teladorsagia circumcincta infective larvae.  Twenty-eight days later, 

animals in the treatment group received 2 g or 4 g CuON.  Twenty-eight days after 

infection the CuON treated animals had a FEC 85% lower than control animals.  There 

was also a 75% reduction in the burden of H. contortus in the abomasum.  No difference 

was seen with the other two nematodes.  In two other CuON trials, an efficacy of 40% 

was reported in preventing H. contortus worm burdens in artificially infected goats, but 

there was no effect on natural infections of T. colubriformis or T. circumcincta.  The 

difference in Cu susceptibility has been attributed to species differences rather than 

locations or feeding habits (Chartier et al., 2000). 

 

Retention time 

The length of time Cu oxide particles can remain in the GI tract of a goat is 

unknown.  Even within the large number of sheep and cattle studies there are some 

discrepancies. Dewey (1977) dosed adult Merino sheep with 10 g CuO.  Particle recovery 

in the rumen and abomasum at 4, 8, 16, 32 d post treatment were 22% and 63%; 14% and 
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63%; 13% and 23%; 9% and 4% respectively.  No particles were detected in the GI tract 

after 64 d.   Judson et al. (1982) dosed weanling sheep with 2.5, 5, 10 or 20 g CuON.  

Approximately half of the particles were recovered from the forestomach and abomasum 

at wk 4 regardless of treatment level.  Suttle (1987) calculated retention times in sheep 

for 2.5, 5 and 10 g of CuON to be 130, 104 and 154 d, respectively, based on fecal copper 

excretion.   

A nematode infection in the abomasum will cause a rise in pH inhibiting the 

dissolution of the Cu oxide needles (Bang et al., 1990b).  In vitro studies have shown that 

at pH levels higher than 3.4, Cu was not released from CuON . 

 

Copper Toxicity in Goats 

Solubilized ionic Cu is absorbed from the GI tract, transported to the liver and 

stored.  Too much Cu can accumulate in the liver of ruminants and lead to toxicity.  

Goats seem to be less susceptible to Cu toxicity than sheep.  Metabolic differences in 

absorption, liver storage and clearance of Cu appear to be the reason (Pouliquen and 

Douart, 1998).  

Adult goats given 4 g CuON showed a significant increase in liver Cu 

concentration 10 wk after treatment over control animals (337 ppm vs. 164 ppm).  There 

was no increase in plasma Cu levels (Chartier et al, 2000).  The normal range for liver Cu 

concentration on a dry matter basis is 100-400 ppm, whereas the average plasma Cu 

range is 0.8-1.2 mg/L (Underwood, 1981).    

Four grams of CuON administered to adult goats in late pregnancy to prevent 

swayback temporarily increased blood Cu at wk 3, 4 and 5 post-treatment (up to 15.75 
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µmol/l) but no difference was seen in viscera Cu when animals were sacrificed after 15 

wk (Inglis et al., 1996).  
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CHAPTER 2 
 

EFFECT OF COPPER OXIDE NEEDLES ON GASTROINTESTINAL 
PARASITES IN GRAZING MEAT GOATS 

 

Introduction 
 

Gastrointestinal parasites are plaguing sheep and goat producers world wide.  

Heavy burdens of trichostrongylid nematodes can lead to decreased appetite, reduced 

growth, unthriftiness and death of small ruminants.  Haemonchus contortus is considered 

the most prevalent and economically devastating species thriving in warm, humid areas. 

Under ideal environmental and host conditions, a H. contortus egg can mature and 

reproduce in as little as 3-4 weeks.  Several thousand adult females can be found in the 

abomasum of a small ruminant and each one could lay up to 10,000 eggs per day (Zajac 

and Moore, 1993).  Producers continue to rely heavily on chemical anthelmintics to 

control parasite infections.  Unfortunately, resistance of GI nematodes to all major classes 

of anthelmintics has been documented in many areas of the world including Australia 

(Waller et al., 1995), South Africa (van Wyk et al., 1995) and the United States (Miller 

and Craig, 1996).  Alternatives being researched include applying liquid nitrogen 

fertilizer to pastures, incorporating condensed tannins into animal diets and using the 

nematode destroying fungus Duddingtonia flagrans.  These alternatives can be 

incorporated into an integrated parasite control program involving selective anthelmintic 

use and better grazing management.   

Copper oxide needles (CuON) given before animals become infected have proven 

successful at reducing the establishment of H. contortus and Teladorsagia circumcincta 

in lambs (Bang et al., 1990a).  CuON have also been shown to reduce fecal egg count 
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(FEC) for up to 6 wk when administered to adult sheep having an existing parasite 

burden (Knox, 2002).  A significant decrease in FEC and reduction in H. contortus 

burden in dairy goats was seen after animals were given 4 g CuON (Chartier et al., 2000).  

The objective of these two studies was to determine the effectiveness of a CuON bolus in 

controlling GI parasites when administered to grazing meat goats in the southeastern 

United States during the summer months.  CuON has the potential to be used in an 

integrated parasite control program. 
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MATERIALS AND METHODS 

Trial 1: 

Contamination of Experimental Field with Trichostrongyle Eggs 

A 0.73 ha bermudagrass (Cynodon dactylon) field overseeded with ryegrass 

(Lolium perenne) that had never been grazed before was divided into six equal plots 

measuring 1,231 m2 each. The fencing system consisted of electronetting (Premier 

Fencing Systems, Washington, IA) charged by a solar energizer (Gallagher Power Fence, 

San Antonio, TX).  Each of the six plots was then divided in half (615.5 m2) with three 

strands of polytape (Premier Fencing Systems, Washington, IA) and five tread-in poles 

(Gallagher Power Fence, San Antonio, TX).  The field was fertilized on June 4 with 56 

kg ha-1 nitrogen (34% Ammonium Nitrate, Southern States Cooperative, Richmond, VA). 

  Sixty-three Boer-cross goats (20 wethers and 43 does) born in February 2000 

were used to contaminate the field with trichostrongyle eggs in Spring 2001.  The goats 

were born and raised at the North Carolina State University (NCSU) Small Ruminant 

Educational Unit in compliance with the NCSU Institutional Animal Care and Use 

Committee (IACUC) regulations.  Experimental practices were also approved by the 

NCSU IACUC.  The goats had an average body weight (BW) of 40 kg (range 34.1 - 49.5 

kg).  Fecal samples were taken on June 5 from a subset of goats to determine the average 

fecal egg count (FEC).  The average was 533 eggs per gram of feces (EPG).  The goats 

were grazed together beginning on June 7.  They were moved to a new half-plot (615.5 

m2) every 24 h from June 7 until June 19.  Goats were removed from the field on June 19.    

 



 22

Experimentation 

After the contamination period, the goats were weighed and fecal samples were 

taken on June 22 to determine FEC.  Animals were then housed together on a fescue 

(Festuca arundinacea) pasture.  The goats were stratified by FEC and sex and sorted into 

six groups of six animals (three wethers and three does).  Each group was randomly 

assigned to one of two treatments with three repetitions in a randomized complete block 

design (RCBD).  The average FEC and BW of the treatment groups were 823 EPG (range 

400 – 1,575) and 40 kg (range 32 - 49).  The 27 animals not used in the trial had FEC 

outside these values. 

Copper oxide needle (CuON) boluses weighing 25 g and manufactured for cattle 

(Copasure 25; Butler Co., Columbus, OH) were opened and divided into 5 g segments.  

These 5 g segments were repackaged into 3.2 mL gelatin capsules (Torpac Lock Ring 

Gelatin Capsule, Torpac, Inc., Fairfield, NJ).  Each bolus contained 80% Cu.   

On June 29, fecal and blood samples were taken from the jugular vein of 

experimental goats.  Fecal samples were taken to determine FEC.  Blood was collected to 

determine packed cell volume (PCV), total plasma protein (TP) and plasma Cu levels.  

Animals were also weighed and treatment was administered.  Animals in the positive 

control (CTL) group (n = 18) were drenched with levamisole hydrochloride (Levasole 

Soluble Drench Powder; Schering – Plough Animal Health, Union, NJ, 11 mg/kg BW) 

and fenbendazole (Panacur; DPT Laboratories, San Antonio, TX, 10 mg/kg BW).  

Anthelmintics were administered in compliance with the extra-label drug use law under 

the supervision of a licensed veterinarian.  Animals in the copper treatment group (n = 

18) received a 5 g CuON bolus via balling gun.  Researchers made sure all goats had 
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swallowed their bolus before releasing them.  At d 0, animals in the CTL group had an 

average initial BW of 41 kg and average FEC of 1,638 EPG.  Animals in the 5 g CuON 

group had an average initial BW of 39 kg and average FEC of 2,207 EPG.  Fecal egg 

count was not significantly different between treatments. 

All goats were then housed together in a dry lot barn and fed hay for 3 d so they 

did not reinfect themselves with parasites.  On July 2 feces were collected and goats were 

put back on the contaminated field, which was now predominantly Coastal 

Bermudagrass.  Each of the six plots was further divided into eight paddocks measuring 

154 m2.  Animals were moved to a new paddock every 3 to-4 d depending on forage 

availability.  Due to the exceptional growing conditions, only seven of the eight paddocks 

were needed for grazing. Animals were rotated through their respective plots three times 

during the experiment. 

Because FEC rose above 4,000 EPG in late July, animals were treated again on d 

38.  Control animals received moxidectin (Cydectin; Fort Dodge Animal Health, Fort 

Dodge, IA, 0.5 mg/kg BW) and Cu treated animals received another 5 g CuON bolus via 

balling gun.  Animals were taken off the field on September 11.  Sixteen wethers were 

sacrificed on d 77 at Chaudhry Halal Meats in Siler City, NC.  Appropriate withdrawal 

periods were observed.  One CTL wether was euthanized on d 53 because of urinary 

calculi and one CuON wether was treated with moxidectin on d 62 and taken off of the 

trial.   

Three times each week, a pan with 200 g of loose minerals containing no Cu was 

offered to the animals and left in each paddock (SSC-317803; Southern States 
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Cooperative, Inc., Richmond, VA).  Animals had ad libitum access to water.  Animals 

were weighed on d 0, d 38 and d 74. 

 

Fecal Egg Counts 

 Composite fecal samples were taken from a subset of goats before the 

contamination period and analyzed for FEC.  Fecal samples were taken directly from the 

rectum of each goat and analyzed individually for FEC after the contamination period, on 

d 0, d 3 and then every 7 d for 74 d.  Fecal samples (approximately 10 pellets) were 

collected in a 4 oz plastic specimen cup with a lid and refrigerated at 8° C for no more 

than 5 d before FEC was determined. 

 A fecal flotation solution was made by dissolving 1150 g of NaNO3 (Champion 

Bulldog Soda, Nitrate of Soda, 16-0-0, Chilean Nitrate Corp, Norfolk, VA) in 3 L 

distilled water on a stir plate.  The salt solution was covered and left undisturbed for 3 d 

to let the solids settle to the bottom.  When the solution was clear, it was suctioned off 

into a glass beaker.  Distilled water, concentrated NaNO3 and a hydrometer were used to 

adjust the specific gravity of the solution to 1.2. 

 The fecal samples were analyzed using a modified McMaster technique 

(Paracount-EPGTM, 1984).  First, 26 mL of salt solution were poured into a 35 mL 

cylinder (ht = 80 mm, internal diameter = 25 mm).  Approximately 4 g of feces were 

added to the cylinder until the mixture reached a marked line representing a total volume 

of 30 mL.  The mixture was then transferred to a plastic cup, crushed with a wooden 

tongue depressor and strained through a 1 mm sieve into a clean cup.  While the filtrate 

was being stirred, it was aspirated into a 2 mL glass pipette and then transferred into one 
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side of a McMaster slide-counting chamber.  The filtrate was mixed again and the 

procedure repeated to fill up the second chamber. 

 Once the slide was filled, it was allowed to stand for 15 min to allow the eggs to 

rise to the top of the slide.  A binocular microscope 100x power (Standard 20, Fisher 

Scientific, Raleigh, NC) was used to count the number of trichostrongyle type eggs inside 

the grids of the slide.  Each chamber was counted, the number of eggs added together and 

then multiplied by 25.    

 

Packed Cell Volume and Total Protein  

 Blood was collected for the determination of packed cell volume (PCV) and total 

plasma protein (TP) at d 0, d 10 and then every 7 d for 74 d.  Blood was collected by 

jugular venipuncture using 20 gauge, 2.54 cm long needles (Becton Dickson Vacutainer 

Systems, Franklin Lakes, NJ) and aspirated into 2 mL glass blood collection tubes 

containing 3.6 mg K2 EDTA as an anti-coagulant (Becton Dickson Vacutainer Systems, 

Franklin Lakes, NJ).  Samples were kept on ice until they reached the laboratory and then 

refrigerated at 8° C for no more than 24 h before they were analyzed.  Blood tubes were 

placed on a shaker (Labquake, Barnstead/Thermolyne) for at least five min to mix the 

samples.  Blood was then transferred to a micro-hematocrit capillary tube (Fisher 

Scientific; Raleigh, NC) and sealed at one end (Seal-Ease; Becton Dickson, Franklin 

Lakes, NJ).  Capillary tubes were then placed in a centrifuge (IEC Micro-HB Centrifuge; 

Fisher Scientific, Raleigh, NC) and spun at 14,000 rpm for four min.  PCV was read 

using a micro-capillary reader (Fisher Scientific, Raleigh, NC).  To determine TP, 
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capillary tubes were broken and one drop of plasma was placed on a refractometer 

(Fisher Scientific, Raleigh, NC). 

 

Plasma and Liver Copper Values 

Blood was collected at d 0, d 24 and d 74 for the determination of plasma Cu values.  

Blood was collected by jugular venipuncture using 20 gauge, 2.54 cm long needles 

(Becton Dickson Vacutainer Systems, Franklin Lakes, NJ) and aspirated into 7 mL glass 

blood collection tubes containing sodium heparin as an anti-coagulant (Becton Dickson 

Vacutainer Systems, Franklin Lakes, NJ).  Samples were kept on ice while being 

transported to the laboratory and processed on the same day.  Tubes were spun in a 

centrifuge (IEC Centra-8R; Damon, Needham Heights, MA) at 2,300 rpm for 20 min.  

Approximately 2 - 3 mL of plasma were transferred by pipette into an acid washed 4 mL 

plastic test tube and capped.  Plasma samples were kept frozen at - 23° C until they were 

analyzed. 

 For Cu analysis, plasma samples were first thawed at room temperature for 

several hours.  One mL of plasma was diluted with 3 mL of 5% nitric acid and 

centrifuged at 2,300 rpm for 20 min.  Samples were then analyzed by an atomic 

absorption spectrophotometer (AA-6701F; Shimadzu Corp., Columbia, MD). 

 Liver samples collected for Cu analysis were taken from 16 wethers at sacrifice 

on d 77.  An 8 cm x 8 cm segment of liver was cut from the same lobe of each animal.  

Samples were placed in individual plastic bags and kept on ice until they reached the 

laboratory.  They were kept frozen at - 23° C until analyzed.   
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 For Cu analysis, liver samples were first thawed at room temperature for several 

hours then dried at 60° C for 48 h.  Ten mL of 50% nitric acid were then added to a 0.5 g 

sample of dried liver.  Then samples were ashed in a microwave (Mars 5; CEM Corp., 

Matthews, NC).  Two mL of 30% hydrogen peroxide were added to the ashed sample, the 

sample brought up to a volume of 25 mL with deionized water and then stored in a 30 mL 

plastic bottle.  One mL of this ashed liver solution was diluted with 2 mL of 50% nitric 

acid and then analyzed by an atomic absorption spectrophotometer (AA-6701F; 

Shimadzu Corp., Columbia, MD). 

 

Liver Lesions 

 Liver samples were collected to quantify and classify lesions possibly due to Cu 

toxicity.  Samples were taken from 16 wethers at sacrifice on d 77.  A 4 cm x 4 cm piece 

of liver (0.5 cm thick) was cut from the same lobe from each goat and placed in 

individual 4 oz plastic cups containing 3 oz. of 10% buffered formalin (Richard-Allan 

Scientific, Kalamazoo, MI).  The samples were then analyzed for lymphatic hepatitis, 

lymphatic pericholangitis, perivenular hepatitis, hepatic cord cell atrophy and 

hepatocellular vacuolation (Dr. Talmage Brown, North Carolina State University College 

of Veterinary Medicine, North Carolina State University, Raleigh).  

 

Forage Sampling 

 Grab samples that mimicked what the goats were eating were taken before the 

animals started each grazing rotation through their plots on d 21, d 32, d 60 and d 73.  

Samples were taken from each of the six plots and then combined for quality 
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determination.  After samples were collected, they were dried in an oven at 55° C for 48 

h.  In the laboratory, the samples were analyzed for dry matter (DM), crude protein (CP), 

neutral detergent fiber (NDF), acid detergent fiber (ADF), lignin, ash, in-vitro true DM 

digestibility (IVTDMD) and Cu content. 

 Forage heights were taken before and after animals grazed each paddock with a 

falling plate disk meter (area = 0.22 m2, weight = 1.1 kg).  Ten plate height readings per 

paddock were used to estimate herbage mass based on regression analysis.  Twice during 

the trial at d 14 and d 40, herbage within six frames (0.25 m2 ) were cut from the entire 

field (2 short, 2 medium and 2 tall heights).  Before cutting, compressed bulk height was 

measured inside the frame.  Forage was cut leaving a stubble height of 7.5 cm, dried at 

55° C for 48 h and then weighed.  Dry matter intake was calculated by subtracting the 

after grazing forage mass from the before grazing forage mass and dividing by the 

number of goats and the number of days spent in the paddock. 

 

Statistical Analysis  

The experimental design was a RCBD with two treatments (CTL and 5 g CuON), 

three replicates and weekly collection dates.  Fecal egg count (12 weekly collections), 

PCV and TP (11 weekly collections each) and plasma copper (3 collections) were 

analyzed as a repeated measure variable in the Proc Mixed Procedure of SAS (2001).  

The FEC were analyzed after log 10 (eggs + 10) conversion.  Liver Cu and liver lesion 

data were analyzed using Proc GLM procedure.  The model used was Y = u + replicate + 

treatment + replicate x treatment + treatment x date + residual.  The interaction replicate 
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x treatment was used as error term to test for treatment effects. Unless otherwise 

indicated, significant differences were declared when P < .05. 

 

Trial 2: 

Contamination of Experimental Field with Trichostrongyle Eggs 

A 0.67 ha bermudagrass/ryegrass field (field A) was divided into nine equal plots 

measuring 744 m2 each. The fencing system consisted of electronetting (Premier Fencing 

Systems, Washington, IA) charged by two solar energizers (Gallagher Power Fence, San 

Antonio, TX).  Each of the nine plots was then divided into six paddocks (124 m2) with 

electronetting to ensure the animals stayed in the correct paddock. 

Forty-five Boer-cross wether goats born in February 2001 were used to 

contaminate the field with trichostrongyle eggs in Spring 2002.  The animals had just 

been taken off another parasitology trial and FEC taken May 13 showed the goats had an 

average of 7,350 EPG (range 0-11,550).  The goats were stratified by FEC and randomly 

assigned to plots.  Five goats per plot were put onto the field on May 20 to begin 

contaminating the field with trichostrongyle eggs.  The animals were moved to a new 

paddock (124 m2) every 2 to -3 d from May 20 until June 6. Goats were removed from 

the field on June 6.  The field was hand fertilized on June 10 with 56 kg ha-1 nitrogen 

(34% Ammonium Nitrate, Southern States Cooperative, Richmond, VA).  

After the contamination period, the goats were weighed and orally treated with 

moxidectin (Cydectin; Fort Dodge Animal Health, Fort Dodge, IA, 0.5 mg/kg BW) on 

June 10.  Anthelmintics were administered in compliance with the extra-label drug use 

law under the supervision of a licensed veterinarian.  Animals were then housed together 
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on a fescue/bermudagrass pasture from June 6 until June 13 and then moved to a wooded 

field from June 14 until July 7 while the bermudagrass on experimental field A grew 

back.  

All animals were then treated with moxidectin one additional time on July 1.  

Four days later on July 5, fecal samples were taken to ensure FEC were at zero.  Blood 

was also collected from the jugular vein to determine PCV and TP.  The goats were 

stratified by FEC and sorted into nine groups of five animals.  The average FEC and BW 

of the treatment groups were 77 (range 0 - 1,500 ) and 48 kg (range 41 - 55 kg).  Animals 

were put onto the field on July 8. Animals were moved to a new paddock every 3 to 4 d 

depending on forage availability from July 8 until August 19.  Fecal samples were taken 

every week to determine FEC.  Once mean FEC reached 500 EPG each group would be 

randomly assigned to one of three treatments with three repetitions in a RCBD.  This 

limit was set to assure that the goats carried a significant parasite burden before treatment 

in order to determine the length of effectiveness of the bolus. 

Due to the drought conditions, grass regrowth was slow and FEC did not rise.  

Animals were taken off the plots on August 19 and moved to a fescue field that had 

previously been contaminated with trichostrongyle type eggs by 100 Boer-cross does.  

The goats stayed there from August 19 until August 26. 

Experimental field B (0.54 ha) was set up on a second bermudagrass pasture.  The 

field was divided into nine plots (each measuring 580 m2) by electrically charged 

electronetting.  Each plot was then split into five paddocks measuring 116 m2 with 

electronetting.  The goats were sorted into their previous nine groups of five animals and 

put onto the field on August 26 to contaminate it with trichostrongyle type eggs for future 
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grazing.  Animals were moved to a new paddock every 1 to 2 d from August 26 until 

September 5. 

 

Experimentation 

Copper oxide needle (CuON) boluses were prepared as in Trial 1.  The FEC 

determined after fecal sampling on August 26 averaged 394 EPG (range 25 -1500).  Each 

of the nine groups of goats was randomly assigned to one of three treatments with three 

repetitions in a RCBD.  On September 2, fecal and blood samples were taken from each 

goat.  Fecal samples were taken to determine initial FEC.  Blood was collected to 

determine packed cell volume (PCV), total protein (TP) and plasma Cu levels.  Animals 

were also weighed and treatment was administered on September 2.  Treatments included 

0 g, 5 g, and 10 g of CuON administered as a bolus via balling gun.  Animals in the 10 g 

group received two 5 g boluses.  Researchers made sure all goats had swallowed their 

bolus before releasing them.  On d 0 animals in the CTL group (n = 15) had an average 

initial BW of 49 kg and average FEC of 808 EPG.  Animals in the 5 g CuON group (n = 

15) had an average initial BW of 48 kg and average FEC of 728 EPG.  Animals in the 10 

g CuON group (n = 15) had an average initial BW of 47 kg and average FEC of 1,135 

EPG.  Fecal egg count was not significantly different between the groups. 

Goats were put back on experimental field A on September 5 in their original 

groups of five animals per plot.  The goats were moved to a new paddock every 3 d.  

When the grass stopped growing for the season, animals were removed on October 1 and 

placed on experimental field B.  The goats were moved to a new paddock every 3 to 4 d.   

The goats were removed from field B on October 31.  Goats were sacrificed at Chaudhry 
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Halal Meats in Siler City, NC on d 59 (14 animals), d 60 (13 animals) and d 63 (17 

animals).  Appropriate anthelmintic withdrawal periods were observed.   

Three times each week, a pan with 150 g of loose minerals containing no Cu was 

offered to the animals and left in each paddock (SSC-317803; Southern States 

Cooperative, Inc., Richmond, VA).  Animals had ad libitum access to water.  Animals 

were weighed on d 0 and d 56. 

 

Fecal Egg Counts  

 Individual fecal samples were taken directly from the rectum of the goats and 

analyzed individually for FEC.  Samples were taken every 7 d during the extended 

contamination phase (July 5 – September 1).  During the treatment phase, samples were 

collected on d 0 and then every 7 d for 56 d.  Fecal samples (approximately 10 pellets) 

were collected in a four oz plastic specimen cup with a lid and refrigerated at 8° C for no 

more than 5 d before they were analyzed.  Sample preparation and EPG were determined 

as described in Trial 1 (Paracount-EPGTM, 1984).  

 

Packed Cell Volume and Total Protein  

 Blood was collected for determination of packed cell volume (PCV) and total 

plasma protein (TP) at d 0 and then every 7 d for 49 d.  The blood was collected and 

analyzed as in Trial 1.   

 

Plasma and Liver Copper Values 

 Blood was collected at d 0, d 21 and d 49 for determination of plasma Cu values.   
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Liver samples collected for Cu analysis were taken when animals were sacrificed on d 

59, d 60 and d 63.  Blood and liver samples were collected and analyzed as in Trial 1.     

 

Liver Lesions 

 Liver samples were collected to quantify and classify lesions possibly due to Cu 

toxicity.  Samples were taken when animals were sacrificed on d 59 and d 60 from 27 

randomly selected goats (3 per plot; 9 per treatment).  Samples were collected and 

analyzed as in Trial 1.   

 

Forage Sampling 

 Grab samples were taken from each of the nine plots on d 7, d 23 (Field A) and d 

32 (Field B).  They were collected and analyzed for quality as in Trial 1.  Forage heights 

were also taken before and after animals grazed each paddock with a falling plate disk 

meter (area = 0.22m2, weight = 1.1 kg).  During contamination and on d 23, six frames 

were cut from the entire field (2 short, 2 medium and 2 tall heights).  Herbage was cut, 

dried and calculated as in Trial 1.  Dry matter intake was also calculated as in Trial 1.  

 

Collection of Digesta from the Abomasum and Small Intestine 

The abomasum and small intestine were collected from 27 randomly selected 

goats (three per plot; nine per treatment) to determine quantity and species of adult 

gastro-intestinal parasites.  Fourteen animals (1 to 2 per plot) were sacrificed on October 

31 and thirteen animals (1 to 2 per plot) were sacrificed on November 1.  Following 

slaughter, double ligatures were tied at the omasal and pyloric ends of the abomasum and 



 34

at the ileocecal junction.  Excess fat and mesentery were then separated from the 

abomasum and small intestine.  The abomasum and small intestine were then placed in 

individual plastic bags and kept on ice until they reached the laboratory.  Digesta from 

the abomasum and small intestine was collected using a modified technique from Wood 

et al. (1995).  The abomasum was cut open long-wise using a scalpel.  The abomasal 

folds were rinsed with tap water from a squeeze bottle.  The amount of water used was 

recorded and did not exceed 1500 mL.  The digesta and water were collected in a plastic 

bucket.  After the mixture was measured in a 2 L graduated cylinder, it was poured back 

into the bucket.  While a ladle was stirring the mixture, two 5% aliquots were taken and 

placed in separate 250 mL plastic bottles (Nalgene, Rochester, NY).  An aliquot (equal to 

twice the amount of digesta) of 10% buffered formalin (Richard-Allan Scientific, 

Kalamazoo, MI) was added to each plastic bottle.  The bottles were capped and stored at 

room temperature until analyzed.   

 The small intestines were flushed 3 to 4 times using a squeeze bottle containing 

tap water.  The amount of water used was recorded and did not exceed 1,500 mL.  The 

digesta and water were collected in a plastic bucket.  After measuring the volume of the 

mixture in a 2 L graduated cylinder, it was poured back into the bucket.  While a ladle 

was stirring the mixture, two 5% aliquots were taken and placed in separate 250 mL 

plastic bottles (Nalgene, Rochester, NY).  An aliquot (equal to twice the amount of 

digesta) of 10% buffered formalin (Richard-Allan Scientific, Kalamazoo, MI) was added 

to each plastic bottle.  The bottles were capped and stored at room temperature until 

analyzed.   
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To begin the worm identification process, most of the formalin was pipetted out 

of the sample. Approximately 2 mL of abomasal sample were transferred to a petri dish 

(100 mm x 10 mm; Fisher Scientific, Raleigh, NC).  Deionized water and 4 drops of 

Lugol’s Iodine (LabChem Inc.; Pittsburgh, PA) were mixed in with the abomasal 

contents.  The petri dish was searched twice under a stereo microscope at 8 x (Stemi 

DV4; Zeiss, Thornwood, NY) for the presence of adult and larval parasites.  Worms were 

removed from the dish with curved forceps and placed on a microscope slide (7.5 cm x 

2.5 cm; Fisher Scientific, Raleigh, NC) and covered with a cover slip (22 mm x 22mm – 

1.5 mm thick; Fisher Scientific, Raleigh, NC).  Sex and species of each worm was 

identified with a binocular microscope (Standard 20, Fisher Scientific, Raleigh, NC) at 

100 x.  The procedure was repeated until the entire sample had been analyzed. 

 

Statistical Analysis 

The experimental design was a RCBD with three treatments (0 g, 5 g, 10 g 

CuON), three replicates and 9 weekly collection dates.  Fecal egg count (9 weekly 

collections), packed cell volume and total protein (8 weekly collections each) and plasma 

copper (3 collections) were analyzed as a repeated measure variable in the Proc Mixed 

Procedure of SAS (2001).  The FEC were analyzed after log 10 (eggs +10) conversion.  

Liver Cu, liver lesion and abomasal worm data were analyzed using the Proc GLM 

procedure.  The model used was Y = u + replicate + treatment + replicate x treatment + 

treatment x date + residual.  The interaction replicate x treatment was used as error term 

to test for treatment effects. Unless otherwise indicated, significant differences were 

declared when P < .05. 
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RESULTS 

Trial 1: 

Live weights. Initial body weight (BW) for control (CTL) and 5 g CuON goats were 40.8 

kg and 39.1 kg, respectively, whereas BW at the end of the trial were 40.8 kg and 38.2 kg 

(data not shown).  Although not significantly different, the CTL goats maintained their 

weight, whereas the CuON treated goats lost 0.9 kg.     

 

Fecal egg counts (FEC).  FEC was analyzed for treatment x day interactions.  The FEC 

was lower (P < .06) for CuON goats than CTL goats on d 31 (Figure 1; Appendix 1) 

(CTL: 2,426; CuON: 4,115 EPG).  The FEC was lower (P < .01) for CTL goats on d 45, 

d 53, d 60, d 67 and d 74 due to the dosing of moxidectin on d 38.  There were no 

differences on any other dates.   

 
Packed cell volume and total protein.  From d 0 to d 38, PCV averaged 27.8% (Figure 2; 

Appendix 2) and TP averaged 6.1 g/dL (Figure 3; Appendix 3).  Neither PCV nor TP 

differed between treatment groups during this time.  When analyzed for treatment x day 

interaction, packed cell volume was greater in CTL than CuON goats on d 67 (CTL: 

32.2; CuON: 27.7%; P < .02) and d 74 (CTL: 28.7; CuON: 24.6%; P < .03).  Similarly, 

higher TP was observed in CTL than CuON goats on d 53 (CTL: 6.6; CuON: 6.0 g/dL; P 

< .03) and on d 74 (CTL: 6.4; CuON: 5.7 g/dL; P < .01).  These differences likely 

resulted from the dosing of CTL goats with moxidectin on d 38.  

 

Plasma and liver copper.  Plasma Cu concentration was analyzed for treatment x day 

interaction, but no difference was observed between treatments on d 0, d 24, or d 74 



 37

(Figure 4).  On d 74, plasma Cu concentration of CTL animals showed a tendency to be 

higher than CuON goats (CTL: 1.13; CuON: 1.02 mg/L, P < .10).  All values were 

considered normal and treatment averages ranged from 1.0 to 1.15 mg/L.   

Differences (P < .044) in liver Cu concentrations (Figure 5) were observed 

between the two treatments when goats were sacrificed on d 77 (CTL: 138; CuON: 395 

mg/kg DM).   

  

Liver lesions.  No differences were observed in liver lesions (Figure 6; Appendix 4) 

between the two treatments.  The averages for lymphatic hepatitis, lymphatic 

pericholangitis, perivenular hepatitis and heptacellular vacuolation ranged between 1 

(negative) and 2 (minimal).  The exception was the hepatic cord cell atrophy that 

averaged 2 (minimal) to- 4 (moderate) for both treatment groups.  This is likely due to a 

metabolic disturbance, but no definite cause was given.   

 

Forage sampling. Average forage availability throughout the trial was 2,180 kg DM/ha 

(Appendix 13).  Estimated daily dry matter (DM) intake per goat was 0.8 kg (2.0% of 

BW).  The nutritional values of the bermudagrass/crabgrass pasture samples were: 14.0% 

crude protein (CP), 68.8% neutral detergent fiber (NDF), 32.3% acid detergent fiber 

(ADF), 28.0% cellulose, 4.0% lignin, 0.4% ash, 71.1% in-vitro true dry matter 

digestibility (IVTDMD) and 8.0 mg Cu/kg (Appendix 9).  Botanical composition 

sampling on d 40 determined the field was 68% bermudagrass and 32% crabgrass. 
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Weather data. From June 29 through September 11 the average minimum and maximum 

daily temperatures were 19.2° C and 31.2 ° C, respectively.  Total rainfall was 25.5 cm.  

Averages for this time of year are 19.2° C, 30.4° C, and 24.4 cm respectively (data not 

shown). 

 

Trial 2: 

Live weights.  Initial BW for CTL, 5g CuON and 10 g CuON treated goats were 49.2 kg, 

48.5 kg, and 47.2 kg respectively (data not shown).  Body weights at the end of the trial 

were 45.2 kg, 44.4 kg, and 43.9 kg, respectively.  Experimental goats lost 4.0, 4.1 and 3.3 

kg respectively during the trial but weight loss was not significantly different among 

treatments.   

 

Fecal egg counts (FEC).  The FEC of CTL animals was higher than 10 g CuON goats on 

d 14 (CTL: 4117; 5 g: 2795; 10 g: 1768 EPG) (Figure 7; Appendix 5).  Orthogonal 

contrasts from d 14 were: 0 g vs 5 g, P < .07; 0 g vs 10 g, P < .01; 5 g vs 10 g, P < .21.  

There were no differences on any other dates.  However, the average FEC for Cu treated 

animals was 45% lower than for the CTL animals for the first 28 d of the trial.   

 

Packed cell volume and total protein.  Packed cell volume (Figure 8; Appendix 6) was 

higher on d 14 between the 5 g CuON and 10 g CuON groups (CTL: 31.3; 5 g: 32.4; 10 

g: 29.1%).  Orthogonal contrasts from d 14 were: 0 g vs 5 g, P < .22; 0 g vs 10 g, P < .06; 

5 g vs 10 g, P < .02).  When PCV for all the dates were correlated to d 0, no difference 

was seen throughout the trial.  All treatment averages ranged from 26 to 33%. Total 
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protein values ranged from 6.2 to- 6.8 g/dL and showed no differences throughout the 

trial (Figure 9; Appendix 7). 

 

Plasma and liver copper. No differences were seen in plasma Cu concentrations among 

treatments on d 0, d 21, or d 49 (Figure 10).  All values were considered normal and 

treatment averages ranged from 1.0 to 1.23 mg/L.  Liver Cu concentration (Figure 11) 

increased linearly (P < .01) (CTL: 92; 5 g: 296; 10 g: 386 mg/kg DM) at sacrifice on d 

59, 60 and 63. 

 

Liver lesions. No differences were observed among treatments when livers were analyzed 

for lesions (Figure 12; Appendix 8).  The averages for lymphatic hepatitis, lymphatic 

pericholangitis and hepatic cord cell atrophy ranged between 1 (negative) and 2 

(minimal).   

 
Forage sampling. Average forage availability throughout the trial was 1,469 kg DM/ha 

(Appendix 14).  Estimated daily dry matter (DM) intake per goat was 0.8 kg (1.7% of 

BW).  The nutritional values of the bermudagrass/crabgrass pasture samples were: 12.7% 

CP, 69.6% NDF, 34.6% ADF, 29.0% cellulose, 4.9% lignin, 0.7% ash, 66.8% 

(IVTDMD) and 14.5 mg Cu/kg (Appendix 10).   

 

Abomasal worm counts.  The number of Haemonchus contortus worms (Figure 13) 

found in the abomasum was similar among treatments(CTL: 1196; 5 g: 993; 10 g: 982).  

Counts revealed 53% of the worms were female and 45% were in the adult stage 

regardless of treatment.  Similarly, there was no difference in the number of 
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Trichostrongylus axei found in the abomasum (CTL: 702; 5 g: 360; 10 g: 367).  All 

worms were in the adult stage.  No other nematode species were identified. 

 

Weather data.  From September 2 through October 28 the average minimum and 

maximum daily temperatures were 15.3° C and 24.1° C (data not shown).  Total rainfall 

was 24.2 cm.  Averages for this time of year are 12.6° C, 24.7° C and 19.1 cm 

respectively. 
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DISCUSSION 

In both trials FEC rose from the time the animals were treated until the end of 

each trial indicating that the animals were continually reinfecting themselves while 

grazing.  Weather conditions during both experimental periods were ideal for parasite 

growth.  In trial 1 the CuON treated animals had a lower FEC only on d 31.  The FEC for 

CTL animals only decreased 41 % after being initially treated with fenbendazole and 

levamisole and then returned to pre-treatment levels after 10 d.  This small decrease 

indicates that the gastrointestinal parasites present at the NCSU Small Ruminant 

Educational Unit were resistant to these two anthelmintics.  In trial 1, when CTL FEC 

surpassed 4,000 EPG on d 31 and several animals began showing clinical signs of 

haemonchosis, all CTL animals were treated with moxidectin and CuON animals 

received another 5 g CuON bolus. The moxidectin treatment on d 38 had a 100% 

efficacy. 

In trial 1, FEC for CuON goats remained fairly constant from d 0 to d 60 before 

increasing.  Since we gave CuON boluses on d 0 and d 38, we may be able to speculate 

that a 5 g bolus stays in the gastrointestinal tract and has some anthelmintic effect for 

approximately 30 d.  No long-term goat studies have been published establishing the 

length of time a CuON could continue to dissolve in the abomasum.  When trial 1 started 

the average FEC was 1,922 EPG.  At high parasite burdens, the pH in the abomasum has 

been reported to increase resulting in decreased solubility of CuON (Bang et al., 1990b).   

The strategy for trial 2 was to administer the CuON bolus when the parasite load 

was moderate, around 500 EPG. This would be presumably low enough for the bolus to 

dissolve but high enough to have a treatment effect.  Trial 2 was scheduled to start in 
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May and run through the summer months similar to Trial 1.  Unfortunately, a severe 

drought in May and June delayed the beginning of the trial.  Fecal egg counts were 

performed every week on the goats after they grazed the contaminated field in May.  

These FEC stayed low until late August when rainfall increased.  It is unclear whether the 

hot, dry conditions prohibited the eggs from hatching, killed the eggs or caused the L4s to 

go into hypobiosis because of the unfavorable external environment.   

In trial 2, the FEC for the 10 g CuON was lower on d 14 than for CTL goats while 

the 5g CuON animals did not differ from either.  FEC means for the 5 g and 10 g CuON 

goats were only numerically lower than CTL goats on d 7, d 21 and d 28. Average FEC 

for the Cu treated animals was 45% lower for the first 28 d of the trial.  After all the goats 

were moved to pasture B on d 28, the average FEC for all of the groups became the same 

and increased at approximately the same rate until the end of the trial. 

 The number of recovered H. contortus and Trichostrongylus spp worms in the 

abomasum did not differ between treatments in Trial 2.  Because FEC was similar 

between treatments it seems logical that the number of adult worms would also be 

similar.  Previous studies have documented a decrease in the number of H. contortus in 

the abomasum attributed to CuON treatments (Bang et al., 1990a; Chartier et al., 2000; 

Knox 2002).  

In trial 1, packed cell volumes and total protein values of CTL goats were higher 

on several dates than for the CuON goats.  These dates corresponded to decreased FEC in 

CTL goats after they were drenched with moxidectin on d 38. All measured values were 

within normal range for those determined normal for goats: PCV should average 25 to 

35% and TP can range from 6.5 to 7.8 g/dL (Greenwood, 1977).  The experimental 
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animals used were yearling goats in good body condition and on a high plane of nutrition 

that likely increased their resilience to the gastrointestinal parasite burden (Coop and 

Holmes, 1996). Goats were grazing forage with CP values higher than required to meet 

their nutritional requirements.  These yearlings were in a maintenance physiological stage 

of their life.  Therefore, these factors could explain why PCV and TP were not more 

negatively affected even as FEC approached 4,000 EPG.  Also, the number of H. 

contortus worms found in the animals was not extremely high, so the animals were not as 

anemic as they could have been.  Results may have been different if young, growing kids 

had been used. 

There was no difference in plasma Cu concentration in either trial. Copper is very 

tightly regulated in the blood and differences are usually only seen in severe toxicosis or 

deficiencies.  Liver Cu concentrations of CTL goats were lower in both trials than CuON 

treated goats.  Liver copper values of the treated goats were on the high side of the 

normal range 100 to 400 mg/kg DM (Underwood, 1981).  After animals received two 5 g 

CuON boluses (Trial 1), their liver Cu concentrations were 395 mg/kg on d 74.  

Similarly, after one 10 g dose, liver Cu concentrations were 386 mg/kg on d 59, 60 and 

63 (Trial 2).  No long-term studies have determined the amount of time Cu liver stores 

will stay elevated after administration of CuON bolus.  Ten weeks after goats received a 

4 g CuON bolus their liver Cu concentrations averaged 337 mg/kg (Chartier et al., 2000).  

For possible toxicity reasons, administration of a 5 g or 10 g bolus may have to be limited 

to once or twice per year.  There was no difference in the incidence of liver lesions in 

either trial to indicate Cu toxicity.  Although the Cu requirements of goats have not been 
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firmly established, administration of a CuON bolus appears to meet animal needs and 

could help the animal’s overall health. 

In trial 1, the estimated dry matter intake (2 % BW) was expected for a 

maintenance stage mature goat.  In trial 2, intake was lower at 1.7 % BW.  Intake was 

restricted slightly due to the lower forage availability.  Because of the summer drought, 

the start of the trial was delayed and conducted in September and October when the 

growth of the warm season grasses was slowing down.  This reduced forage availability 

and a higher parasite burden during the last 30 d of the trial may have also attributed to 

the weight loss.  Droughty weather preceding the trial could explain the higher forage Cu 

concentration in Trial 2 compared to the Trial 1.  It is doubtful that the increased Cu 

concentration of the forage was caused by the residual effect of the previous year’s Cu 

bolus trial.  A forage sample from Field B (that had not been used in Trial 1) also had 

elevated Cu concentrations. 

Additional research needs to be conducted before CuON boluses could be safely 

and effectively used in an integrated parasite control program for goats.  Studies to 

determine the mode of action of a CuON bolus on the parasites as well as longevity in the 

abomasum would be helpful.  Determining the optimal amount of CuON needed and their 

effect on Cu liver stores would also be supportive.   

Meanwhile small ruminant producers should follow some of the following 

recommended management practices for controlling GI parasites in their goats: 

performing routine FEC and deworming (or culling) only animals with repeatedly high 

counts (Waller, 1997), getting accurate animals weight and deworming at higher doses 

than recommended for sheep, and rotating classes of anthelmintics every year. 
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Deworming animals shortly before kidding, during the winter to kill dormant larvae or 

before animals are put onto “clean pastures” can also help decrease parasite load.  

Grazing strategies include co-grazing pastures with cattle or horses and haying pastures 

or resting pastures for a year before re-grazing. 
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 Figure 2. Trial 1.  Weekly mean packed cell volume (PCV) from goat

  treated with 0 g or 5 g Copper Oxide Needles (CuON)  
  (n = 18 per treatment) SEM = 1.72 
 

* d 67, P < .02; d 74, P < .03 
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Figure 3.  Trial 1.  Weekly mean total plasma protein from goats treated 
  with 0 g or 5 g Copper Oxide Needles (CuON)  
  (n = 18 per treatment) SEM = .18   
 

* d 53, P < .03; d 74, P < .01 
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Figure 6.  Trial 1.  Liver lesion score from goats treated with  
 0 g or  5 g Copper Oxide Needles (CuON).  

Numeric score – 1 (negative); 2 (minimal); 3 (mild); 
4 (moderate) (n = 18 per treatment)  
 

LH = lymphatic hepatitis; LP = lymphatic pericholangitis, PH = perivenular hepatitis;            
HC = hepatic cord cell atrophy; HV = heptacellular vacuolatio 
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 Figure 9.  Trial 2.  Weekly mean total plasma protein from goats treated 

with 0 g, 5 g or 10 g Copper Oxide Needles (CuON).   
(n = 15/treatment) SEM = .13 
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 Figure 10.  Trial 2.  Plasma Cu concentrations from goats treated    

   with 0 g, 5 g, or 10 g Copper Oxide Needles (CuON).    
   (n = 15/treatment) SEM = 0.06 
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mphatic hepatitis; LP = lymphatic pericholangitis; HC = hepatic cord cell atrophy 
 

57
L

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figu

LH = ly

 
 
 
 
 
 
 

 



0

250

500

750

1000

1250

# of 
worms

Haemonchus
contortus

Trichostrongylus
axei

0 g CuON

5 g CuON

10 g CuON

  

  367360

702 

982993

1196 

 
 
 
 
 
                                
 

 

58

Figure 13.  Trial 2. Abomasal worm count from goats treated with
0 g, 5 g, or 10 g Copper Oxide Needles (CuON).   
H. contortus: SEM = 198; T. axei: SEM = 281 
(n = 15/treatment) 
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APPENDIX 
 
 

Appendix 1. Trial 1. Mean weekly fecal egg counts (egg/g feces) 
from goats treated with 0 g or 5 g CuON  

(n = 18 per treatment) 
 
 
 

Day 0 g CuON 5 g CuON SEa P <  
   0 1653 1758 443 .38 
   3 982 2137 443 .26 
   10 1607 1719 443 .48 
   17 1578 1585 443 .29 
   24 3111 2732 443 .41 
   31 4115 2426 443 .06 
   38 2965 2357 443 .56 
   45  154 1964 443 .01 
   53  1.7 2233 447 .01 
   60 4.4 1636 452 .01 
   67 474 2719 452 .01 
   74  1101 3711 452 .01 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

a Standard error derived from the statistical model 
   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 66

 
Appendix 2. Trial 1. Mean weekly packed cell volume (%) 

from goats treated with 0 g or 5 g CuON  
(n = 18 per treatment) 

 
 
 Day 0 g CuON 5 g CuON SEa P <  

0 26.4 27.0 1.71 .77 
10 28.2 27.6 1.71 .74 
17 29.1 27.8 1.71 .48 
24 26.4 26.8 1.71 .83 
31 28.8 30.6 1.71 .33 
38 26.3 27.3 1.71 .57 
45 28.1 28.6 1.71 .76 
53 30.4 28.0 1.72 .20 
60 29.6 28.1 1.72 .40 
67  32.2 27.7 1.73 .02 
74  28.8 24.6 1.73 .03 

 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 

a Standard error derived from the statistical model 
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Appendix 3. Trial 1. Mean weekly total plasma protein (g/dL) 
from goats treated with 0 g or 5 g CuON  

(n = 18 per treatment) 
 
 
 
 Day 0 g CuON 5 g CuON SEa P <  

0 6.0 6.0 0.18 .90 
10 6.2 6.2 0.18 1.0 
17 6.2 6.2 0.18 .88 
24 5.9 6.2 0.18 .36 
31 6.3 6.3 0.18 .92 
38 6.1 5.9 0.18 .45 
45 6.3 5.8 0.18 .06 
53  6.6 6.0 0.18 .03 
60 6.4 6.0 0.19 .12 
67 6.7 6.2 0.19 .06 
74  6.4 5.7 0.19 .01 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

      a Standard error derived from the statistical model 
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Appendix 4. Trial 1. Mean liver lesions score a from goats treated 
with 0 g or 5 g CuON (n = 18 per treatment) 

 
 

 

Lesion type 0g CuON 5 g CuON SEb P <  
Lymphatic hepatitis 1.6 1.6 0.10 .74 

Lymphatic pericholangitis 1.0 1.4 0.15 .21 
Perivenular hepatitis 1.0 1.0 0 0 

Hepatic cord cell atrophy 2.6 3.4 0.18 .09 
Hepatocellular vacuolation 1.0 1.4 0.20 .27 

 
  
       
       a Numeric score – 1 (negative); 2 (minimal); 3 (mild); 4 (moderate) 
            b Standard error derived from the statistical model 
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Appendix 5. Trial 2. Mean weekly fecal egg counts (eggs/g feces) from 
goats treated with 0 g, 5 g or 10 g CuON (n = 15 per treatment) 

 
 

Day 0 g CuON 5 g CuON 10 g CuON SEa P <  
0 808 728 1135 571 .54 
7 2647 1317 1460 571 .14 

14b 4117 2795  1768 571 .05 
21 3288 2522 2052 571 .60 
28 3760 2113 1807 571 .19 
35 2030 1908 2158 571 .92 
42 2913 2106 3216 571 .47 
49 3318 2525 2563 571 .66 
56 3000 3480 3433 571 .85 

 
 
 a  Standard error derived from statistical model 
    b Day 14 differences: 
            0 g vs 5 g, p < .07;  
   0 g vs 10 g, p < .01; 
   5 g vs 10 g, p < .21 
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Appendix 6. Trial 2. Mean weekly packed cell volume (%) 

from goats treated with 0 g, 5 g or 10 g CuON  
(n = 15 per treatment) 

 
  

Day 0 g CuON 5 g CuON 10 g CuON SEa P <  
7 30.9 30.2 28.1 0.85 .20 

14b 31.3 32.4 29.1 0.85 .04 
21 27.3 28.5 26.3 0.85 .39 
28 27.9 30.5 27.9 0.85 .16 
35 27.1 29.0 27.8 0.85 .66 
42 30.3 31.9 30.0 0.85 .76 
49 28.1 28.7 28.3 0.85 .94 

 
 
 
 
 
 
 
 
 
 
 

 

a Standard error derived from statistical model 
               b day 14 differences:  
            0 g vs 5 g, p < ; 
                    0 g vs 10 g, p < ; 
    5 g vs 10 g, p <  
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Appendix 7. Trial 2. Mean weekly total plasma protein (g/dL) 
from goats treated with 0 g, 5 g or 10g CuON 

 (n = 15 per treatment) 
 

 
 
 
 
 
 
 
 
 
 
 
 

Day 0 g CuON 5 g CuON 10 g CuON SEa p <  
0 6.2 6.2 6.3 .13 .78 
7 6.4 6.3 6.3 .13 .83 

14 6.4 6.4 6.4 .13 .98 
21 6.3 6.4 6.4 .13 .90 
28 6.3 6.6 6.5 .13 .39 
35 6.3 6.3 6.4 .13 .82 
42 6.7 6.7 6.7 .13 .97 
49 6.4 6.3 6.4 .13 .65 

 
 
 
 
       a Standard error derived from statistical model 
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Appendix 8. Trial 2. Mean liver lesion scorea from goats treated 

with 0 g, 5 g or 10 g CuON (n = 15 per treatment) 
 
 
 
 

 

Lesion type 0 g CuON 5 g CuON 10 g CuON Seb P < 
Lymphatic hepatitis 1.9 1.3 1.7 0.30 .49 

Lymphatic 
pericholangitis 1.2 1.2 

 
1.3 0.13

 
.79 

Hepatic cord cell 
atrophy 1.1 1.0 

 
1.0 0.06

 
.45 

 
 a Numeric score – 1 (negative); 2 (minimal); 3 (mild); 4 (moderate) 
 b Standard error derived from statistical model 
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Appendix 9. Trial 1.  Bermudagrass/crabgrass forage quality (DM basis) 
 
 
 
 

 

Date Rotation % 
CP 

% 
IVTDMD 

% 
NDF 

% 
ADF 

% 
Cellulose 

% 
Lignin

Cu, 
mg/kg

7/23/2001 1st 13.17 70.60 69.19 30.27 21.73 3.57 6.7 
8/3/2001 2nd 16.03 76.63 71.71 31.17 27.04 3.81 9.1 
8/31/2001 3rd 13.83 74.44 72.07 34.00 29.27 4.09 8.6 
9/18/2001 Trial end 11.36 70.41 66.79 34.14 24.52 4.50 7.8 

 
 
 
 
 
 
 
 

Appendix 10. Trial 2.  Bermudagrass/crabgrass forage quality (DM basis) 
 
 

Date Field % CP % 
IVTDMD

% 
NDF 

% 
ADF 

% 
Cellulose 

% 
Lignin 

Cu, 
mg/kg 

9/11/2002 A 15.74 68.16 69.14 33.27 24.24 4.16 14.6 
9/25/2002 A 11.72 67.25 67.87 36.14 24.93 5.39 16.1 
10/4/2002 B 12.68 64.84 71.72 34.46 24.77 5.07 14.5 
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Appendix 11. Trial 1. Quadrat heights and calculated forage availability 
 
 

 
Date Plate Height, cm kg DM/ha 

7/13/01 11 792 
7/13/01 14 312 
7/13/01 16 1357 
7/13/01 18 1524 
7/13/01 31.5 3146 
7/13/01 21 2217 
8/8/01 8 953 
8/8/01 9 1196 
8/8/01 14.5 2282 
8/8/01 14 2040 
8/8/01 20 3662 
8/8/01 24 2826 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Trial 1 - Forage Availability
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Appendix 12.  Trial 2. Quadrat heights and calculated forage availability 
 
 
 
 Plate Height, cm kg DM/ha 

12.5 360 
12.5 679 
14 479 

16.5 679 
18 799 
18 999 
19 999 
19 959 
21 1319 
21 1638 

21.5 1798 
23 2078 
23 2317 

23.5 1798 
23.5 1279 
24 1598 
28 1678 
32 1958 

 
 
 
 

Trial 2 - Forage Availability

y = 95.974x - 669.75
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Appendix 13.  Trial 1.  Estimated dry matter intake 

 
 
 

Rotation 
Date 

kg DM/ha before 
grazing 

kg DM/ha 
after grazing 

DMI    
kg/goat/d 

7/13-7/17 1922 952 0.79 
7/18-7/20 1908 994 0.99 
7/21-7/25 2379 1171 0.78 
7/26-7/30 2819 1600 0.79 
7/31-8/3 1871 1100 0.62 

  Average 0.79 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Appendix 14.  Trial 2.  Estimated dry matter intake 

Rotation 
Date 

kg DM/ha before 
grazing 

kg DM/ha 
after grazing 

DMI    
kg/goat/d 

9/8 – 9/10 1509 396 .90 
9/11 – 9/13 1429 406 .83 

  Average .86 
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	Forage sampling. Average forage availability throughout the trial was 2,180 kg DM/ha (Appendix 13).  Estimated daily dry matter (DM) intake per goat was 0.8 kg (2.0% of BW).  The nutritional values of the bermudagrass/crabgrass pasture samples were
	Trial 2:
	Live weights.  Initial BW for CTL, 5g CuON and 10 g CuON treated goats were 49.2 kg, 48.5 kg, and 47.2 kg respectively (data not shown).  Body weights at the end of the trial were 45.2 kg, 44.4 kg, and 43.9 kg, respectively.  Experimental goats lost 4.
	Fecal egg counts (FEC).  The FEC of CTL animals was higher than 10 g CuON goats on d 14 (CTL: 4117; 5 g: 2795; 10 g: 1768 EPG) (Figure 7; Appendix 5).  Orthogonal contrasts from d 14 were: 0 g vs 5 g, P < .07; 0 g vs 10 g, P < .01; 5 g vs 10 g, P <
	Packed cell volume and total protein.  Packed cell volume (Figure 8; Appendix 6) was higher on d 14 between the 5 g CuON and 10 g CuON groups (CTL: 31.3; 5 g: 32.4; 10 g: 29.1%).  Orthogonal contrasts from d 14 were: 0 g vs 5 g, P < .22; 0 g vs 10 g,
	Plasma and liver copper. No differences were seen in plasma Cu concentrations among treatments on d 0, d 21, or d 49 (Figure 10).  All values were considered normal and treatment averages ranged from 1.0 to 1.23 mg/L.  Liver Cu concentration (Figure 1
	Liver lesions. No differences were observed among treatments when livers were analyzed for lesions (Figure 12; Appendix 8).  The averages for lymphatic hepatitis, lymphatic pericholangitis and hepatic cord cell atrophy ranged between 1 (negative) and
	Forage sampling. Average forage availability throughout the trial was 1,469 kg DM/ha (Appendix 14).  Estimated daily dry matter (DM) intake per goat was 0.8 kg (1.7% of BW).  The nutritional values of the bermudagrass/crabgrass pasture samples were
	Abomasal worm counts.  The number of Haemonchus contortus worms (Figure 13) found in the abomasum was similar among treatments(CTL: 1196; 5 g: 993; 10 g: 982).  Counts revealed 53% of the worms were female and 45% were in the adult stage regardless o
	In trial 1, the estimated dry matter intake (2 % BW) was expected for a maintenance stage mature goat.  In trial 2, intake was lower at 1.7 % BW.  Intake was restricted slightly due to the lower forage availability.  Because of the summer drought, the 
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