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INTRODUCTION

Approximately two billion metric tons of wastes are produced
annually by farm animals in the United States. Much of this waste is
produced under intensive conditions which require disposal or
utilization. In the past, the wastes have been used mainly as fer-
tilizer, At least, under certain economic situations, the plant
nutrient value of the waste was not sufficient to cover the cost of
hauling and spreading. Furthermore, in some instances insufficient
land is available in close proximity to large concentrated livestock
and poultry enterprises.

Another alternative would be recycling by feeding to animals.
Within the past 10 to 15 yearé considerable interest and research has
been directed toward feeding animal waste.

Many domestic animal species practice coprophagy. Research was
conducted in the 1800's on the use of cattle waste by swine. It was
a common livestock practice, particularly in the Midwest, for swine
to voluntarily consume cattle feedlot waste which reduced the feed
necessary for pork production.

The ruminant animal is the most adapted species for utilizing
animal wastes. Recycling animal wastes through the ruminant provides
a method of reducing waste disposal needs as well as utilizing the
nutrients directly. Also, the energy of the waste would be of little

value for soil application, except to provide organic matter if



sufficient nitrogen is present.

Some apprehension exists concerning the feeding of animal wastes,
due to potential hazards of residues from drugs, toxins, minerals and
the possible transmission of disease organisms. Data are limited
concerning mineral levels in animal wastes and the concomitant tissue
levels when fed to the ruminant. With the increased use of animal
wastes in the ruminant diet and limited data available the major
thrust of the present study was to investigate mineral profiles in:
1) typical ruminant feedstuffs, 2) animal wastes, and 3) tissues
from cattle fed animal waste compared to standard rations. Ration
composition, performance, carcass characteristics and palatability

traits of cattle fed waste were also evaluated.



REVIEW OF LITERATURE

Broiler Litter as a Feed Ingredient

Broiler litter, which includes bedding, excreta, wasted feed and
feathers, has been used successfully as a feed for ruminants.

Composition and Nutritive Value. Crude protein content of 13

broiler litter samples taken in three major broiler producing areas
of Virginia averaged 30.0 + 2.6% (Fontenot et al., 1971a), similar
to the value of 31.3 + 2.9% reported by Bhattacharya and Taylor (1975).
Average crude protein content from a number of sources was 32.5%
(table 1). Considerable variation exists in crude protein values.
depending on bird density, amount and type of litter, feed composi-
tion, feed spillage and length of time from excretion to collection
(Forsht et al., 1974). This variation makes it necessary to analyze
broiler litter by lot prior to being incorporated into the ration.
Brugman et al. (1964) reported digestion coefficients of 77.8,
44.4, 91.0 and 59.27%, respectively, for crude protein, ether extract,
crude fiber, and gross energy for laying house litter fed to bulls.
Bhattacharya and Fontenot (1965) reported that protein nitrogen,
non-protein nitrogen (NPN), uric acid nitrogen and ammonia nitrogen,
expressed as a percentage of total nitrogen were, 44.4, 55.6, 28.8 and
15.47%, respectively, for woodshaving litter, and similar values for
peanut hull litter. Average values for digestible protein, digestible

energy, metabolizable energy and TDN for wood shaving and peanut hull
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litter fed at 25 and 50% of the diet were not significantly different

between kinds and levels of litter fed (Bhattacharya and Fontenot,
1966). The average values were 22.7%, 2440 kcal/kg, 2181 kcal/kg and
59.8, respectively.

Ensiling broiler litter at 15 and 30% of the total dry matter with
corn forage increased crude protein of the silage from 8.27% to 11.1%
and 15.0%, respectively, dry basis (Harmon et al., 1975a). Dry matter
digestibility was similar for all silages. Crude protein digestibility
increased with litter level. Mean daily dry matter intakes by sheep
were: control, 848 g; urea treated silage (752, wet basis), 925 g;
15% litter silage, 1445 g and 307 litter silage, 1464 g.

Digestibility of crude protein and nitrogen retention were sig-
nificantly higher for sheep supplemented with citrus-pulp-poultry
litter than a basal diet (Ammerman et al., 1966).

The ruminant can efficiently utilize the uric acid and NPN con-
tained in poultry broiler litter. Belasco (1954) showed uric acid
nitrogen supported rumen bacterial growth and in vitro cellulose
digestion. Oltjen et al, (1968) demonstrated more efficient utiliza-
tion with high levels of uric acid fed to cattle, compared to urea,
due to a slower breakdown of uric acid in the rumen. Looper and
Stallcup (1958) reported ammonia from the litter is a potential
source of nitrogen for ruminant. Bhattacharya and Fontenot (1965)
reported positive nitrogen balance in lambs fed semi-purified
diets in which 1007 of the dietary nitrogen was supplied by broiler

litter.



Fontenot et al. (197l1a) reported ash, calcium and phosphorus con-
tent of 13 unprocessed broiler litter samples taken in three major
broiler producing areas of Virginia to be 30.7 + 5.3%, 1.6 + .27 and
1.5 + 2%, respectively. The high ash content could limit the energy
value of the broiler litter.

Broiler litter is an excellent source of crude protein, calcium
and phosphorus for the ruminant and can compliment other feedstuffs
deficient in these nutrients, such as corn forage.

Ensiling of Corn Forage and Broiler Litter. Barnett (1954)

indicated that proper ensiling involves three phases: 1) respiration
until all oxygen is removed, resulting in the production of heat and
carbon dioxide; 2) organic acid production (principally lactic and
acetic acids) caused by a rapid growth of anaerobic bacteria which
are dependent on an available carbohydrate source; 3) cessation of
bacterial activity caused by the acids produced which results in
lowering the pH and inhibition of bacterial and enzymatic activity.
The silage is in a preserved stage after approximately 21 days.
Should the lactic acid level and pH not be optimal to stop bacterial
activity, the resulting butyric acid producing bacteria may attack
residual soluble carbohydrates, lactic acid and protein, resulting
in nutrient decomposition and spoilage of the silage.

Corn forage is the major silage crop in the United States.
According to the National Research Council (1976), well eared corn
silage contains 40.07% dry matter, 2.53 cal, metabolizable energy/

kg, 70.0%Z TDN, 8.1%Z crude protein, .27%Z calcium and .207 phos-



phorus, dry basis. For growing and finishing cattle, corn silage is
deficient in crude protein, calcium and phosphorus, making supplementa-
tion of these components necessary for optimum performance.

Harmon et al. (1975a) ensiled corn forage harvested at two stages
of maturity with broiler litter at 15 and 30% of the total dry matter
of the ensiled mixtures. All treatments underwent good fermentation.

The ensiling of broiler litter with corn forage appears to be a
good method of processing, which is economical in many areas.

Performance of Ruminants. Noland et al. (1955) reported that

gestating-lactating ewes fed a ration containing 23% ground chicken
litter performed similarly to ewes fed a control ration with soybean
meal. When energy intake was equalized, steers fed chicken litter
performed as well as the control group fed cottonseed meal. South-
well et al. (1958) reported gains in steers fed a ration containing
30% corn cob broiler litter were similar to those of steers on a
control ration. Fontenot et al. (1966) found that performance and
carcass quality was similar for steers fed a fattening mixture con-
taining 257 broiler litter as for those fed a conventional fattening
mixture, plus a low level of long hay. Feed efficiency was higher
for the litter ration resulting in 97 less feed per kilogram of gain.
Based on performance of cattle fed corn silage supplemented with
broiler litter, Stonestreet et al. (1966) concluded that 2.5 kg of
broiler litter were equivalent to 1.0 kg of soybean meal.

Acceptable performance of cattle fed 257 litter was reported

by Fontenot et al. (1971b), but rations containing 50% litter



depressed intake and lowered performance. Growing lambs had a higher
rate of gain and feed efficiency when fed 38, 58 or 687 rice hull
litter, compared to an alfalfa hay ration (Galmez et al., 1970).
Average daily gains for dairy heifers fed ensiled turkey litter at

0, 15, 30 and 45%, dry basis, in combination with ensiled corn forage
and concentrate were: .42, .58, .51 and .43 kg, respectively (Cross
and Jenny, 1976). When rations were corrected for ash content feed
efficiencies were similar for all treatments.

Webb et al. (1978) have successfully wintered beef cows on a
ration consisting of 80% broiler litter and 20% corn grain plus small
quantities of coarse roughage over a 5-year period. Average daily
gain, feed consumption, calving performance and calf weaning weight
indicate no adverse effects on wintering cows with litter and corn
grain compared to cows wintered on hay.

Fontenot et al. (1963, 1966, 1971b), Cullison et al. (1976) and
El-Sabban et al. (1970) reported the feeding of poultry wastes does
not adversely affect taste of the meat.

Broiler litter has been successfully ensiled or fed with other
feedstuffs. Feeding and digestibility studies indicate the ensiling
and feeding of broiler litter to be an energy conserving process
which compliments the nutritive value of the ensiled forage or feed-
stuff and improves the palatability of the litter.

Cattle Waste as a Feed Ingredient

Cattle waste is the major contributor to annual solid waste

production by domestic animals. Wadleigh (1968) estimates 887 of



the solid livestock waste produced is from cattle. According to

Van Dyne and Gilbertson (1978) over 80% of livestock waste is pro-
duced by cattle. However, due to lower intensification of cattle

in some of their production cycle, approximately 507 of the cattle
waste is collectible., With such a significant contribution of waste
from cattle, it would appear feasible to conduct studies on the
composition, nutritive value and performance of cattle waste to
optimize its use by refeeding.

Composition and Nutritive Value. Dowe et al. (1955) analyzed

feces from steers fed varying corn to hay ratios (1:1, 2:1, 3:1,
4:1 and 5:1). They concluded that as the ratio of corn to hay in
the diet of the steer increased, dry matter, crude protein and NFE
increased. Crude fiber decreased as the ratio of corn to hay
increased.

Lipstein and Bornstein (1973) reported chemical composition
values of cattle waste for crude protein, ether extract, crude fiber,
ash, NFE, and gross energy were: 13.1, 2.0, 24.2, 31.3, 29.5% and
3.27 kcal/gm, respectively, dry basis.

Lucas et al. (1975a) chemically analyzed waste collected from
steers fed a 507 roughage ration. The steer waste contained 13.2%
crude protein, 2.87% ether extract, 31.47 crude fiber, 5.47% ash,
47.2% NFE, dry basis.

Proximate and Van Soest analyses were conducted on waste from
cattle fed a low or high roughage ration (Braman, 1975). Waste from

cattle fed a low roughage ration was higher in dry matter, crude pro-
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tein, ether extract and NFE and lower in ash, crude fiber, acid
detergent fiber and neutral detergent fiber, compared to waste from
cattle fed a high roughage ration.

Dry matter and crude protein of '"wastelage', an ensiled mixture
of 57 parts wet cattle waste and 43 parts hay were 52.9 and 10.67,
dry basis, respectively (Anthony, 1971b).

| Anthony (1970) reported digestion coefficients for the following

rations: 1) basal-concentrate mixture, 2) 40 parts cooked manure and
60 parts basal, wet basis; 3) 40 parts washed manure 60 parts basal,
wet basis; 4) corn silage and ground ear corn supplemented with urea,
cottonseed meal, minerals and vitamin A, Respective apparent diges-
tion coefficients for dry matter, cellulose and crude protein were:
Ration 1 - 62.9, 29.1, 49.8; Ration 2 - 67.4, 51.5, 56.2; Ration 3 -
61.0, 37.6, 50.0; Ration 4 - 68.2, 34.8, 35.3%Z. In a second experi-
ment, dry matter digestibility was determined by the nylon bag tech-
nique. The dry matter digestibility values for rations consisting
of; 1) basal; 2) basal with 40% wet manure; and 3) basal with 407
wet manure-autoclaved were 40.4, 46.6 and 45.6%, respectively. Dry
matter digestion coefficients were higher for the rations containing
manure, compared to the basal.

Digestibility of dry matter, nitrogen, ash and organic matter and
TDN by sheep were significantly lower for a ration containing 31.57
dried dairy cattle feces, dry basis, compared to a control ration
(Tinnimit et al., 1972). Nitrogen retention was also lower for the

ration containing feces.
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Nutritive value and digestibility coefficients for a cattle waste

"cerola", a washed and fermented solid manure fraction,

product called
were reported by Ward et al. (1973). Cerola had dry matter, crude
protein, crude fiber, NFE and ash values of 54.0, 11.0, 14.0, 66.0
and 5.07%, respectively. Cerola was fed alone to six crossbred lambs
in a digestion trial. The apparent digestibilities for dry matter,
crude protein, crude fiber, NFE, crude fat were 76.0, 64.0, 50.0,
85.0 and 89.0%, respectively. The mean TDN value was 77.07%, dry
basis.

Lucas et al. (1975a) reported the following respective apparent
digestibility values, calculated by difference, of heat treated dried
steer feces for dry matter, organic matter, crude protein, ether
extract, crude fiber and NFE: 16.6, l4.4, 24.4, 26.9, 17.3, 16.9,
18.6%. The TDN value was 18.6% and digestible and metabolizable
energy values were 763 kcal/kg and 485 kcal/kg, dry basis. These
values are considerably lower than values previously reported which
may indicate the heat treatment (120 C) may have lowered the digestion
coefficients.

Processing of Cattle Waste. Cattle waste has been processed by

a variety of methods for use as a feed ingredient. Methods of prin-
ciple interest include dehydrating, ensiling, washing, cooking,
single cell protein production, chemical treatment and deep stacking.
Thomas et al. (1970), McClure et al. (1971), Bucholtz et al.
(1971), Smith et al. (1971), Tinnimit et al. (1972) and Lucas et al.

(1975a) have successfully dehydrated cattle waste by use of heat.
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Drying by heat, due to high energy input, may be of limited value
with the dramatic rise in energy costs. Methods which minimize
energy input are the principle focus of processing research.

Anthony (1966) ensiled a combination of manure from cattle fed
high energy rations with Coastal Bermuda grass hay. The ensiled
combination, termed 'wastelage', had a ratio of 57 parts cattle manure
and 43 parts hay, wet basis. Wastelage contained 207 waste and 80%
hay, dry basis. In two feeding trials with wastelage making up 63%
of the ration, feed intake and palatability were similar for waste-
lage and control rations.

Vetter and Burroughs (1974) ensiled 20 to 27% cattle excreta with
corn forage and corn grain and reported no differences in performance
and palatability compared to basal rations. Ward and Beede (1973)
and Ward et al. (1974) compared 'cereco" silage, a fermented-processed
waste from manure of finishing cattle consuming a 75 to 807% concen-
trate ration with corn silage. When fed at 25 and 507 of the ration,
cereco silage was as acceptable as corn silage. Harpster et al.
(1975) ensiled levels of 40 to 1007 fresh cattle waste with grass hay.
When 60% or less of cattle waste was ensiled, no differences were
observed in dry matter intake, feed efficiency and daily gain.

Newton et al. (1977) compared digestibility and performance by
cattle fed dehydrated and ensiled cattle waste. They found no dif-
ference in digestibility and performance. They concluded dehydrating
cattle waste was counterproductive due to the additional energy input

for drying.
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Anthony (1970) fed washed, untreated and cooked cattle waste
with concentrates to steers. Feeding trial data indicated cooking
or washing did not improve performance.

Singh and Anthony (1968) and Moore and Anthony (1970) acid
extracted the fiber portion of cattle waste and after neutralization,
added the extract to the soluble portion, and innoculated with yeast
cells. The innoculated waste contained 197 crude protein following
fermentation at 40 C for 48 hours, compared to 7.4% crude protein
for acid extracted residues.

Chemical treatment of cattle waste with sodium hydroxide (NaOH)
to increase the apparent digestibility of fiber components has been
investigated by Smith et al. (1969), Smith et al. (1970) and Lucas
et al. (1975b). These investigators concluded the digestibility of
fiber components was significantly improved by treating the waste
with an average of 3% NaOH, wet basis. This treatment is especially
promising for low quality roughages and animal wastes. The digestion
coefficients of the fiber components of waste from cattle fed a high
roughage ration were increased by a larger magnitude with NaOH treat-
ment than those of waste from cattle fed a low roughage ration
(Lucas, 1975b).

Lamm et al. (1978) ensiled 60% cattle waste, obtained from cattle
fed a 70% concentrate ration, with 40% hay, wet basis. The mixture
was treated with graduated levels of NaOH (0 to 12%, dry basis) prior
to ensiling. Lactic acid production and pH were optimum at 0 and 27

NaOH., Digestibility of dry matter, crude fiber, NFE, organic matter
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and nitrogen retention were enhanced with 4% NaOH (dry basis) treat-
ment.

Westing and Brandenburg (1974) and Albin and Sherrod (1975) collected
cattle waste from open-soil surfaced commercial feedlots located in
arid environments. Cattle waste was scraped from the pen surface and
stockpiled for at least 30 days prior to grinding and feeding.

Performance of Cattle. Cattle waste from steers fed a high con-

centrate ration was washed (Anthony and Nix, 1962). The washed solids
were fed at a level of 407 in a 54-day feeding trial. Average daily
gains were 1.5 kg/day. Anthony (1970) fed rations containing 407%
washed cattle waste solids either untreated or cooked, compared to a
basal ration. Average daily gain (kg) and feed efficiency (feed/

gain) for 1) basal, 2) basal with cooked manure, 3) basal with washed
manure were: 1) 1.24, 8.14; 2) 1.23, 8.48; 3) 1.08, 9.0, respectively.
Dry matter intake of manure containing rations>was higher than that

of basal, but intake of basal feed per unit gain was less for the
manure containing ratioms.

Cattle fed wastelage outgained corn silage fed cattle (Anthony,
1968). Anthony (1971@), in a feeding trial in excess of 100 days,
found that a mixture of 2 parts wastelage to 3 parts corn produced
gains similar to a high concentrate ration, and less concentrate was
needed for equivalent gain in cattle fed wastelage.

A feeding trial was conducted by Westing and Brandenburg (1974)
to compare rations consisting of: 1) 147 composted cattle waste and

2) control. Average daily gain, daily feed intake and feed effi-
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ciencies were: 1) 1.1 kg, 8.66 kg, 7.87; 2) 1.11 kg, 8.25 kg, 7.43,
respectively. More feed per kilogram of gain was required with the
waste containing ration, but less concentrate per kilogram of gain
was used in the waste ration. No differences were found in carcass
quality and taste of the meat between dietary regimes.

Daily gains of heifers fed a basal ration containing 807 con-
centrate was 1,34 kg compared to 1.27 kg for those fed an ensiled
combination of 60% basal and 407% wet cattle manure (Newton et al.,
1975). Feed efficiencies were 5.65 and 8.71 feed/kg gain, respec-
tively.

Schake et al. (1977) reconstituted sorghum grain with water or
cattle excrement. Excrement was more effective than water as a
reconstitution media if excrement to grain ratios did not exceed
1:1.6. The amount of grain dry matter required per kilogram of
gain for control (dry), water reconstituted, and excrement reconsti-
tuted were 4.99, 4.46, and 4.36 kg, respectively. Reconstitution
with excrement improved the utilization of sorghum grain by 12.6%
over the control group. Excrement fed cattle had higher dressing
percentages and more carcass fat than control cattle.

Regulatory Status of Animal Waste Feeding

The Food and Drug Administration (FDA) in a policy statement pub-
lished in the Federal Register on September 3, 1967 (32 FR 12714)
indicated the agency did not sanction the feeding of poultry litter to
animals (Kirk, 1967). This policy has since been expanded to include

wastes from other animal species (Taylor, 1971; and Taylor et al.,
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1974). The principle concerns from feeding animal wastes were the
potential residues of drugs, toxins, toxic minerals and the possible
transmission of pathogenic organisms.

The FDA has indicated regulatory action will not be taken against
the feeding of animal waste unless the waste is found in interstate
commerce and contains harmful residues or disease producing organisms
(Taylor and Geyer, 1977).

With the growing interest in animal waste feeding the FDA pub-
lished in the Federal Register a document entitled '"Recycled Animal
Waste" (Federal Register 42, 1977). This document requests informa-
tion and data from research already conducted, solicits ideas con-
cerning regulatory controls necessary and invites suggestions on
the identification of issues germane to waste feeding. These data
will be reviewed by the agency to decide if changes should be made
in its position on feeding animal waste.

Effects of Feeding Animal Waste on Health

Human Health. In a review of animal waste feeding research,

Fontenot and Webb (1975) reported no harmful effects in humans who
consumed animal products from animals fed animal wastes. As pre-
viously reported, organoleptic studies have conclusively shown
consumers could not differentiate between products from animals fed
animal wastes and products from animals fed standard rations.

Animal Health. Only one documented report has been published

in which harmful effects were shown when feeding animal waste (Fontenot

et al., 1971la). Rations containing 0, 25 and 50% broiler litter were
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fed to ewes with no effect on performance, health and carcass char-
acteristics of their lambs. The broiler litter contained 195 ppm
copper, dry basis, as a result of the broilers receiving elevated
levels of copper sulfate in their diet. One ewe fed 507 broiler
litter ration died of copper toxicity after 137 days on trial.

After 254 days on trial 647 of the ewes fed 257 broiler litter and
55% of the ewes fed 507 litter died of copper toxicity. Mean liver
copper levels of ewes fed 0, 25 and 507 broiler litter at death or
slaughter were 648, 1993 and 2671 ppm, dry basis, respectively.
Liver copper levels of lambs for the respective treatments were 572,
891 and 961 ppm, dry basis. Underwood (1977) reports sheep are much
more sensitive to high copper levels than cattle.

Webb et al. (1978) in a 6-year study has successfully fed beef
cows on a diet of 807 broiler litter and 207 corn grain, plus a small
amount of coarse roughage, with no deleterious effects. Mean copper
level for the broiler litter was 200 ppm, dry basis. Cows were put
on the following treatments in December and fed through April of each
year: 1) hay; 2) 80% litter and 207 corn grain; 3) 80% litter, 20%
corn grain and 160 ppm copper. Mean liver copper levels for the
three treatments in December and April were: 1) 19.8, 53.6; 2) 154.3,
1263.9; 3) 186.3, 1726.7 ppm, dry basis. Liver copper levels increased
in litter treatments over the wintering period but were reduced sub-
stantially during the grazing period in litter fed cows. No cases of
copper toxicity were reported. Feed intake, average daily gain,

calving percent, calf birth and weaning weights were not affected by
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elevated levels of dietary copper. Felsman et al. (1973) fed calves
rations containing over 900 ppm copper, dry basis, for 98 days with no
adverse effects on performance or signs of copper toxicity. In fact,
daily gain tended to be higher for the copper supplemented calves.

Abortion was reported in brood cows fed low levels of broiler
litter in a wintering ration and allowed to graze pastures that were
fertilized with broiler litter (Griel et al., 1969). Broilers reared
on the litter were fed dienestrol, a growth stimulant, and the litter
was found to contain estrogenic activity equivalent to 10 ug of
diethylstilbestrol (DES)/100 g litter. It was speculated that feeding
dienestrol caused hormonal imbalances resulting in abortion. The
authors did indicate DES had been fed at higher levels than the
estrogen level these cows had received without causing abortion.
Thus, the evidence is inconclusive in attributing abortions in cows
to broiler litter.

Anthony (1969), in feeding trials over several years, has not
shown any adverse effects on health and reproductive performance in
cattle and sheep from feeding ensiled cattle waste.

Potential Problems from Feeding Animal Wastes

Pathogenic Organisms and Molds. Standard feed ingredients con-

tain significant levels of pathogenic organisms and molds (Singh, 1974).
Chemical and/or heat treatment, properly used, can destroy and reduce
these organisms below an effective dose level (McCaskey and Anthony,
1975; Fontenot and Webb, 1975; Bhattacharya and Taylor, 1975).

A trend for lower coliform counts in corn-litter silages, compared



19

to control corn silage was reported by Harmon et al. (1975b). Litter
silage tested negative for coliforms, salmonella and staphylococcus
(Creger et al., 1973). Caswell et al. (1977) found lower coliform
counts in silage containing 1 part broiler litter with 2 parts high
moisture corn than in high'moisture corn ensiled alone. Temperature
and pH play a vital role in destroying salmonella in ensiled mixtures
(McCaskey and Anthony, 1975). They suggest a minimum temperature of
25 C and a pH of 4.5 or below to destroy salmonella. Knight et al.
(1977) reported destruction of coliforms in ensiled materials when
the pH was 4.7 or lower. These studies indicate potential pathogens
can be destroyed when the waste is properly processed.

Hormones. Estrogen is the hormone of principle interest in
feeding animal waste., Products having estrogenic activity are used
as growth stimulants in ruminants. At extremely high doses at least
some estrogens are carcinogenic.

Mellin and Erb (1966) reported feces and urine to be rich sources
of estrogens in cycling cows. Mathur and Common (1969) found that
laying hens produced higher levels of estrogen metabolites than non-
laying hens. Subcutaneous implants of 24 or 36 mg DES in growing
heifers caused a significant increase in estrogen excretion for 60
days (Callantine et al., 1961). Lambs fed DES orally at levels of
1 and 2 mg daily excreted 76 and 847 of the intake dose daily (Story
et al., 1957). Westing and Brandenburg (1974) reported no detectable
levels of DES in livers of steers fed a 147 cattle waste ration.

Aflatoxins. Aflatoxins are metabolites of fungi which normally
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grow readily on animal feeds that meet their nutritional require-
ments. Aflatoxins are considered to be very potent carcinogens
(CAST, 1978).

Hendrickson and Grant (1971) have shown aflatoxin formation to
be much higher in fresh cattle waste than stockpiled waste. Westing
and Brandenburg (1974) reported no aflatoxins in cattle waste which
had been composted and stockpiled for 60 days. Lovett (1972) reported
that mycotoxins in poultry litter are no more serious than in feed.

Medicinal Drugs. Elmund et al. (1971) indicated 75% of dietary

chlortetracycline was excreted by cattle fed 70 mg chlortetracycline
daily. Westing and Brandenburg (1974) assayed for antibiotic resi-
dues in cattle waste which was stockpiled for 60 days and found no
residue. Fontenot and Webb (1975) analyzed broiler litter samples
from several areas of Virginia and reported mean values of:
oxytetracycline, 10.9 ppm; chlortetracycline, 12.5 ppm; nicarbazin,
81.2 ppm; amprolium, 27.3 ppm; penicillin, 12.2 units/g; neomycin,

0 ppm; zinc bacitracin, 7.2 units/g.

Webb and Fontenot (1975) conducted two trials, feeding steers
rations containing 0, 25 and 50% broiler litter for 121 and 198
days. Broiler litter was withdrawn from the rations 5 days prior
to slaughter. Loin eye muscle, kidney fat and liver tissue samples
were assayed for levels of amprolium, nicarbazin and chlortetracy-
cline. Tissue deposition of amprolium and nicarbazin did not
occur. Chlortetracycline was detected at 34 to 41 ppb only in

the kidney fat of three steers fed litter. A ration consisting of
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147 cattle waste, dry basis, was fed to steers for 184 days and no
antibiotics were detected in kidney tissue (Westing and Brandenburg,
1974).

Pesticides. Pesticides are used extensively in livestock
production both on the animal and in the environment for the control
of insects and external parasites. EL Sabban et al. (1970) analyzed
external fat (12th rib) of steers fed caged poultry waste for 139
days. No significant differences were found in DDE, DDT, TDE and
Endrin between treatments. Fontenot et al. (197la) analyzed 13
broiler litter samples from three major broiler producing areas in
Virginia and reported mean DDT and DDT metabolite value of 0.095 ppm
+ 0.011. Liver and omental fat from yearling steers fed 25 and 507%
broiler litter for 121 days were assayed for pesticides (Fontenot
et al., 1971a). Feeding broiler litter at these levels did not affect
pesticide level. Messer et al. (1971) detected DDE in only two samples
of poultry litter at levels of .0l and .02 ppm in 10 samples evaluated.

Westing and Brandenburg (1974) reported total DDT levels in
kidney fat of steers fed a 14% cattle waste and a control ration were
.14 and .11 ppm, dry basis, respectively. Feeding Rabon (2-chloro-1
(2,4,5-trichlorophenyl) vinyl dimethyl phosphate), an orally
administered pesticide used to control internal parasites and fly
larvae in the feces, at levels up to 250 ppm did not affect dairy
cow performance, and the pesticide did not accumulate in the milk
(Miller and Gordon, 1973).

Mineral Elements. The Food and Drug Administration is concerned
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with the potential accumulation of toxic minerals in meat, milk and
eggs destined for human consumption (Anonymous, 1977). Due to their
toxic properties, arsenic, cadmium, lead, mercury and selenium are
minerals of primary concern (Anonymous, 1977). Mineral profiles

of animal wastes are related to the mineral content of feed ingredi-
ents consumed which in turn reflect the geological and environmental
conditions under which the feed was grown, processed and stored
(Church and Pond, 1975). Many minerals, such as cadmium, lead and
mercury, are poorly absorbed from the digestive tract (Underwood,
1977). Coupled with the relatively high digestibility of dietary
organic matter, some minerals are more concentrated in the excreta
than in the diet.

Minerals can readily be quantified by chemical analyses but
this is not necessarily a reliable indicator of mineral availability
(Underwood, 1977). Most minerals are not in elemental form and
mineral availability is dependent on chemical form, dietary level,
conditions of administration, productive state of the animal,
digestibility of carrier, mineral interactions, particle size,
source of mineral, presence of chelating agents and method of
processing the mineral source (Stake, 1977).

Required minerals can be toxic if fed in excessive amounts.

The margin between required and toxic levels is small for some
minerals. Caution must be practiced in feed formulation to meet
requirements but not exceed tolerance levels.

Potential mineral toxicity can arise when feeding animal wastes





























































































































































































































































































