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ABSTRACT
THE INFLUENCE OF CONTINUOUS RECYCLING DEHYDRATED
POULTRY ANAPHAGE TO LAYING HENS ON VARIOUS

HEAVY METALS IN TISSUES, EGGS
AND EXCRETA

By

Karingattil Sam Varghese

Several research reports have shown that animal
excreta has nutritional value. Therefore, utilizing animal
excreta as a feedstuff could provide an additional feed
ingredient plus a reduction of livestock pollution potential.

Dehydrated poultry waste (DPW or poultry anaphage) has
been successfully fed to ruminants and poultry. However, a
few research reports have indicated that possible health
hazards, such as diseases transfer, toxic metals and accumu-
lation of drug residues, may result from feeding animal
wastes. The purpose of this experiment was to determine the
effect of continuous recycling DPW in laying hen rations on
heavy metals in tissues, eggs and excreta.

Five hundred eighty~eight (588) pullets (20 weeks old)
were divided into three groups and were fed rations which
contained no DPW (Control), 12.5 percent DPW or 25 percent
DPW (replacing an equal amount of corn). All other ingredi-

ents were the same in all the rations fed. The birds were fed
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these rations for 33 cycles, each cycle comprised a period
of approximately 12 days. At the end of the 12 day period,
the fecal samples were collected, dehydrated and used in
preparation of the ration for the next cycle and fed to the
same birds at the levels mentioned above.

Samples of tissues (muscle, liver and kidney), eggs
or excreta were collected from bixds fed the respective
rations from the 25th cycle and thereafter at alternative
cycles until termination at the 33rd cycle. These samples
were then analysed for the heavy metals, mercury, copper
and zinc by standard techniques and statistically analysed.

The results indicated that there was no significant
difference found in the concentration of mercury in muscle,
liver or eggs due to the level of DPW fed in the ration
(0%, 12.5% or 25%). However, mercury concentration in the
excreta of birds fed the 3 rations were significantly dif-
ferent (P < .0005). Statistical analysis of the data for
the various tissues, eggs and the excreta showed that the
concentrations of mercury were significantly different due
to the recycling effect of DPW.

The results of the copper analysis in the various
tissues, eggs and excreta indicated that there was no sig-
nificant difference in the concentration of copper in any
of the samples analysed either due to the level of DPW fed

or due to the recycling of DPW.
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The results of zinc analysis for muscle indicated that
there was a significant reduction (P < .05) in the concen-
tration of zinc when compared to the concentration of zinc
in muscles of birds fed the control ration., No signifi-
cant differences were observed in any tissues, eggs or
excreta due to the effect of continuous recycling of dehy-
drated poultry waste for zinc concentration.

In this experiment it was observed that in general
continuous recycling of dehydrated poultry waste in a lay-
ing hen ration did not tend to cause an accumulation of
mercury, copper or zinc in muscle, liver, kidney, eggs or

excreta.



THE INFLUENCE OF CONTINUOUS RECYCLING DEHYDRATED
POULTRY ANAPHAGE TO LAYING HENS ON VARIOUS
HEAVY METALS IN TISSUES, EGGS

AND EXCRETA

By

Karingattil Sam Varghese

A DISSERTATION

Submitted to
Michigan State University
in partial fulfillment of the requirements
for the degree of

DOCTOR OF PHILOSOPHY

Department of Poultry Science
and
Institute of Nutrition

1974



DEDICATION

This Thesis is hereby dedicated to my
beloved parents, Mr. K. J. Varghese and the
late Mrs. Kunjamma Varghese for their
wonderful encouragement and for their many
sacrifices which led me to achieve this
honour of having a Doctoral degree.

Sam K. Varghese



ACKNOWLEDGEMENT

The author wishes to express his sincere appreciation
to Dr. C. J. Flegal for his guidance throughout this study
and especially for his guidance in a curriculum of study
in attainment of a Doctoral degree.

Appreciation is extended to Dr. H. C. Zindel, chair-
man of the Poultry Science Department, for the financial
assistance given during the course of this study. Further
appreciation is extended to Dr. T. H. Coleman, Dr. C. C.
Sheppard, Dr. J. T. Wolford and Dr. D. E. Ullrey for their
kind encouragement and guidance during the course of this
study.

The author wishes to express his appreciation to his
brother and sister-in-law Dr. K. Thomas Varghese and Mrs.,

M. Thomas for their many sacrifices and financial assistance
during the course of this study.

Finally, the author wishes to express his great appreci-
ation to his wife, Alice, for her patience, encouragement,

and assistance in his pursuit of a higher education.

iii




TABLE OF CONTENTS

Page
LIST OF TABLES L] L[] L] L] (] L] L] L] L] L] L] L] L] L] L] L3 L] L] V
INTRODUCTION L] L] L ] L] L] L] (] L] L] L] L] L] L] L] L] . L] L] L] l n
REVIEW OF LITERATURE 4 ¢ ¢ o 2 o o o o o o o o o o 4 ;
Feeding Ruminal Excreta in Ruminant Rations . . 7
Cattle Manure Fed In Rations Of Non-ruminants . 10
Chenmical Composition Of .Poultry Litter. . . . . 11
Feeding Poultry Excreta In Ruminant Rations . . 14
Sheep [ ] [ ] L] L[] L] L] L] L] L] L] L[] L] L] L] L] L] L[] L] L] L] 1 4
Beef Cattle L] L[] L] L] L] [ ] L] L] L] L] L] L] L] L] L] .o L] l 8
Dairy cows L] L] L] L] L] L] L[] L[] L] L] L] L] L] L] L] L] L] 2 o
Feeding Poultry Excreta In Poultry Rations. . . 21
Feeding Dried Animal Waste In Swine Rations . . 28
Drugs, Pesticide, and Metal Residues in Poultry
Excreta and Their Influence On Animals Fed
Rations Containing Excreta « o« o« « o ¢ o o o 30
Mercury In Feeds and Tissues of Animals . . . . 37
Copper In Feeds and Tissues of Animals. . . . . 44
Zinc in Feeds and Tissues of Animals. . « . . . 54
ExPERIMENTAL PROCEDURE L] L] [ ] L] L] L] L] L] L] L] L] L] L] L] 6 3
Digestion Procedure . .« ¢« o« ¢« o o o o s o o o o« 67
RESULTS AND DISCUSSION . o o o o o o o o o o o o o 68
Mercury [ ] L] L] [ ] L] . L] L] L] L] L] L] L] L] L] . . L] L] L] 6 8
COPPErs « o o o o o o o o o o o o o o o o o o o 80
z inc L] L] L] L] [ ] L] L] L[] L] . . .o L] L] L L] L] L] . L] L] L] 9 2

SUMMARY. [ . [ [ . . [} . . . ] . . . L] [ . . . . . 104

LITERATURE CITED o o o« o o o o o o o o o o a o o o 107

iv




LIST OF TABLES

TABLE Page

l. Composition of DietS. « o« o o« o o o o » o o & 64
2, Effect of Continuous Recycling DPW in Laying i
Hen Rations on Muscle Mercury . « « « o« o o o 69 :

3. Effect of Continuous Recycling DPW in Laying
Hen Rations on Liver Mercury. . « « o« o o o 71

4. Effect of Continuous Recycling DPW in Laying
Hen Rations on Kidney Mercury . « « « « o o 72

5. Effect of Continuous Recycling DPW in Laying
Hen Rations on Egg MErCUry. « « « o o o o o & 74

6. Effect of Continuous Recycling DPW in Laying
Hen Rations on Excreta Mercury. . . « o o o o 76

7. Effect of Continuous Recycling DPW in Laying
Hen Rations on Muscle COPPEr. o« « o o o o o o 81

8. Effect of Continuous Recycling DPW in Laying
Hen Rations on Liver COPPEr . « « o o o o o o 83

9. Effect of Continuous Recycling .DPW in Laying
Hen Rations on Kidney COpper. « « « o o« o o & 85

10. Effect of Continuous Recycling DPW in Laying
Hen Rations on EGg COPPEY 4« o o o o o o o o & 86

11l. Effect of Continuous Recycling DPW in Laying
Hen Rations on Excreta COPPEr « « o o« o o o o 88

12, Effect of Continuous Recycling DPW in Laying
Hen Rations on Muscle ZinC. « « o o o o o o & 93

13. Effect of Continuous Recycling DPW in Laying
Hen Rations on Liver 2inc . « « o o o o o o+ & 95

14. Effect of Continuous Recycling DPW in Laying
Hen Rations on Kidney ZinC. « « o+ o o o o o o 96




LIST OF TABLES-~-Continued
TABLE Page

15. Effect of Continuous Recycling DPW in Laying
Hen Rations on EGg ZinC. « o« o o o o o o o o 98

16. Effect of Continuous Recycling DPW in Laying
Hen Rations on Excreta Zinc, . . « « « o o o« 99

vi




INTRODUCTION

Historically, livestock and poultry farmers have dis-
posed of animal wastes by spreading it on agricultural land.
They thus accomplished two objectives--comparatively
sanitary disposal, plus, deriving the benefits of organic
fertilizer. Today, due to the "population explosion”", the
movement of people to suburban areas which were formerly
agricultural land has thus, limited available land for
spreading animal wastes. Therefore the disposal of animal
waste has become a severe problem for livestock and poultry
producers., In addition, the livestock and poultry indus-
tries have expanded all over the world and have become highly
characterized with large numbers of animals confined to
small acreages.

Several studies have been conducted to find an effi-
cient, acceptable and economical system of manure disposal
and/or utilization. It has been shown that animal wastes
have nutrient value. Nutritionists have, therefore, intro-
duced the concept of recycling animal waste via animal
rations in an effort to decrease pollution and further
utilize it as a feed ingredient.

If dehydrated poultry waste (DPW), also called anaphage,

can be used successfully and safely as a feed ingredient, it




may well become a partial substitute for protein in poultry
and animal rations. Thus, dehydrated poultry waste could
possibly be used extensively in animal rations in countries
where grains and protein sources are inadequate or unavail-
able.

The inclusion of excreta in animal rations may cause
certain apprehensions in the minds of both producers and
consumers of livestock and poultry products. Firstly, there
may be injurious effects to the well being of animals fed
such rations due to various pathogens and disease carrying
organisms which may be present in the excreta. This risk
may be reduced, however, by proper handling and steriliza-
tion. Currently, there are many feed additives used in most
commercial feeds and some of them may not be totally utilized
by the animals to which they are fed and may be found in
the excrement. Another concern is that in a system utilizing
continuous recycling of animal excreta, the substance goes
through the digestive tract of animals many times. Hence,
toxicological problems may be suspected. Lastly, meat, milk,
eggs and their resulting products for human consumption may
contain harmful residues due to refeeding excreta.

Dehydrated poultry waste has been sold under the trade
name Toplan in England and used as a feed ingredient in
animal rations. However, in the United States, its use is

not yet permitted by the Food and Drug Administration.



The purpose of this study was to evaluate the status
of the heavy metals, mercury, copper and zinc, in an
experiment where dehydrated poultry waste (DPW) was recycled
continuously in laying hen rations. The tissues studied

were muscle, liver and kidney, plus eggs and excreta.



REVIEW OF LITERATURE

Food ingested by an animal passes through the diges-
tive tract and undergoes many chemical and physical changes.
The digestive portion of food is absorbed and utilized.

That which escapes digestion passes out as excreta. The
digestibility and utilization of any food depends upon
several factors such as the type of food ingested, the size
of particles, the total intake, the rate of passage, the
digestion coefficient, the retention time, etc. Research
work in the past has shown that these factors are inter-
related. In ruminants, Shalk and Amaden (1928) studied the
effect of size and specific gravity of individual particles
in the reticulo-rumen. They concluded that low specific
gravity of hay and concentrates in the reticulo-rumen re-
sulted in the accumulation of the majority of the fibrous
digesta become saturated and partly decomposed, the specific
gravity of the particles increased and they tended to sink
in the ventral regions of the reticulo-rumen and this in-
creased their chances of passage to the omasum and abomasum,
King and Moore (1957) also reported such a relationship of
specific gravity of particles to rate of passage,

The relationship between voluntary intake and rate of

passage was studied by many workers in ruminants (Balch,



1950; Blaxter, 1955; Castle, 1956, etc.).

A relationship between the type of ration and rate of
passage has also been demonstrated. Balch (1950) indicated
that rate of passage of roughage and the concentrate frac-
tion of the ration was not the same. Rodrigue et al. (1960)
demonstrated that digestibility of forage affects rate of
passage; while Campling et al. (1961) pointed out that straw
has a slower rate of passage than does hay. Eng et al.
(1964) reported that as the amount of hay in the ration ip-
creased, the rate of passage increased. They also reported
that the movement of corn was hastened by an increase in
rate of the hay portion of the ration.

The digestion coefficient of various rations has also
been reported. Philipson (1942) studied the digestion pat-
tern of different types of carbohydrates in the rumen of
sheep. He observed that glucose, fructose, and cane sugar
underwent rapid fermentation while maltose, lactose and
galactose were fermented less rapidly. Bondi and Meyer (1943)
studied the chemical nature and digestibility of roughages
and reported that the digestibility for soluble pentosans
was from 64.0 to 66.2 percent while the insoluble hexosans
digestibility ranged from 74.0 to 76.5 percent.

Elam et al. (1962), in an investigation with sheep,
reported that the total digestibility of ground hay was 60
percent and that of barley was only 40 percent. They ob-

served a highly significant decrease in dry matter



digestibility with an increased plane of nutrition.

Cellulose digestion throughout the gastrointestinal
tract was studied by Philipson et al. (1942), Gray et al.
(1947), Hale et al. (1947), Gray et al. (1958), etc. in
ruminants. They have reported that 40 to 45 percent of the
cellulose present in fodder was digested in the rumen and
that some digestion also occurred in other sections of the
G. I. tract. Hale et al. (1947) reported that soluble
nutrients disappeared from the rumen predominantly during
the first 6 hours of a 12 hour period. Only a small amount
of cellulose was digested during this first phase of diges-
tion. A larger and more rapid digestion of cellulose
occurred during the second 6 hour period.

Scott, Nesheim and Young (1969) reported that the di-
gestion of protein in laying hens is only 55 percent effi-
.cient, while broilers are only 65 percent efficient in
protein utilization. They also have reported a sex differ-
ence .in the efficiency of utilizing various nutrients.

Absorption of nutrients, and their utilization in the
body, generally take place once food is digested. However,
certain nutrients are also excreted into the digestive tract
as food passes down the tract. This includes nutrients
from sources such as saliva, degeneration of epithelial
cells, microbial products, etc. and enhances level of

nutrients in the excreta (Yang, 1964).



Feeding Ruminal Excreta in Ruminant Rations

Total digestion coefficient studies in various species
have demonstrated clearly that a portion of the nutrients
present in the feed escapes utilization by the animals,
These may appear in the excreta and it may be possible that
the nutrients could be utilized by animals if fed a second
time. McAnally (1942) suspended oat straw and oat straw
fecal residues in silk bags in the rumen of sheep. He ob-
served 52 percent digestion of the original straw and an
additional 12 percent digestion of the fecal residues. 1In
this study, it was shown that apparently 6 percent of the
original straw fiber escaped digestion upon the initial pass
through sheep.

McAnally (1942) and Dehority and Johnson (1961) have
shown that the cellulose portion of a diet can be divided
into two categories; a potentially digestible portion and
an indigestible portion. The fecal cellulose contains both
of these portions and potentially digestible cellulose can
be well-utilized with ruminant by refeeding.

Anthony and Nix (1962) fed cattle manure back to cattle
(steers) in a trial (to minimize the wet fecal residues) at
about 40 percent of the weight of the concentrate mixture.
They reported excellent rate of gain (3 pounds per day) for
the yearling steers and indicated that cattle manure was

economically promising as a feed ingredient.



In 1967, Anthony tried a new venture by mixing cattle
manure with Coastal Bermuda grass hay to make a high dry
matter silage. He studied the nutritive value of this
product and compared it against the manure concentrate por-
tion. In feeding this silage to steers, he concluded that
dry matter, crude protein and cellulose digestion coeffi-
cients were essentially the same for the two rations that
were fed.

Anthony (1967, 1968) developed the "wastelag" concept
for using cattle manure with the potential of a feed. He
showed that wastelag represents a flexible system of remov-
ing manure daily, blending it with hay and storing it as
silage. Singh and Anthony (1968) suggested that yeast fer-
mentation of wastelag increases the nutritive value of this
product and claimed about 68 percent of manure dry matter
seems recoverable from the final product. Further, they
reported that while feeding this product they succeeded in
obtaining as good dadaily gain similar to those of the con-
trol group. In addition, they reported in this study that
the incidence of parakeratosis was reduced when manure was
incorporated in the ration.

Smith et al. (1969) studied the influence of chemical
treatments on digestibility of ruminant feces. In this
study, sheep consumed corn silage rations containing 25

percent of the total dry matter as either untreated or



3 percent sodium peroxide treated orchard grass cattle
feces. The addition of 3 percent sodium hydrogen peroxide
to feces increased the average digestibility of the dry
matter 29 percent, nitrogen 25 percent, cell wall 55 percent,
cellulose 41 percent and hemi-cellulose 90 percent when
compared to that of the untreated feces.

Anthony (1970) studied the effect of cooking on utili-
zation of manure in rations and concluded that there were
very little differences in the feeding value between the
cooked and the uncooked feces.

Anthony (1971) concluded that the advantage of using
cattle manure is twofold. . First of all, he indicated that
sanitation for confined cattle can be enhanced to the bene-
fit of man's environment and secondly he pointed out that
efficiency of producing beef for food can be improved by
utilizing cattle manure in their rations.

Tinnimit et al. (1972) studied the palatability and
nutritive value of different types of animal waste in four
different trials with sheep. They reported acceptability of
cattle manure for sheep was satisfactory. They used a range
of 20-80 percent cattle manure mixture in a mixed ration for
growing sheep and this furnished 40-90 percent of the nitro-
gen requirement. Cattle manure, they indicated, was satis-
factory in sheep trials and animals fed these rations were
all in positive nitrogen balance. They reported good utili-

zation of the manure in these sheep rations.
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Cattle Manure Fed In Rations Of Non=-ruminants

Hammond (1942) conducted a series of trials using cow
manure in the rations of growing chickens. He reported
that cattle manure has a marked beneficial effect on growth
in chicks if it is added to diets deficient in riboflavin.
He further observed a factor in cow manure which promoted
comb growth both in female and male chickens.

Bohstedt, Grummer and Ross (1943) fed cattle manure in
practical swine rations in which a vegetable protein source
was used. They reported that the results of this study
shed a new .light showing cattle manure was a good supple-
ment in such a ration. Rhode Island Red chickens were fed
cow manure and rumen dried contents as a partial substitute
for alfalfa meal in poultry ration by Hammond (1944). He
reported that rumen contents and cow manure dried at 21-
160°C and supplemented with vitamin A and riboflavin were
highly satisfactory. Palafox and Rosenberg (1951) fed cow
manure in laying rations and reported egg production was
satisfactory in birds that received manure in their rations.

Durham et al. (1966) used an air dried, all concentrate,
cattle feedlot manure in pullet and laying hen rations at
10, 25, and 40 percent replacempnt levels for milo in a
basal ration where milo comprised 70 percent of the ration.
In this study, they noticed that an increased level of manure

caused increased feed consumption. However, no significant
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differences were observed in mortality or egg production.
Cattle manure has been successfully used in feed for
catfish (Durham et al., 1966). High levels of feedlot
manure (50 percent) added to a basal diet were used in this
study and a good rate of gain of the catfish was reported.,
Care was taken not to deplete the oxygen supply in the pond

during the study.

Chemical Composition .0f Poultry Litter

Noland, Ford and Ray (1955) analyzed poultry litter
which was not heat treated and showed that of the total
nitrogen present, 19.2 percent was from uric acid.

Eno (1962) reported poultry droppings contained 63 to
87 percent uric acid nitrogen. He indicated that as the
moisture increases in manure, decomposition takes place
faster and a portion of the ammonia will be lost in this way.

In 1965, Chance analyzed poultry litter from broiler
and laying houses. The estimated crude protein nitrogen was
4.84 percent for the broiler litter and 1.51 percent for the
hen litter. The range of crude protein values was 24.44 to
32.66 percent for the broiler litter and 9.38 to 14.98
percent for the hen-house litter.

Bhattacharya and Fontenot (1966) analyzed peanut hull
and wood shaving broiler litter. The crude protein value for

the peanut hull litter was 32 percent and for the wood
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shaving litter was 30.2 percent. Calcium and phosphorous
levels were 2.77 percent and 2.86 percent, respectively,
for the peanut hull litter while the level in wood shaving
litter for these two minerals was 2.48 and 2.26 percent,
respectively. Analysis of these two litters for amino acid
composition demonstrated that of the amino acids, the
methionine .level was lowest in both type of litters.

Brugman.et al. (1968) reported sterilization of
poultry litter reduced its nutritive value. El-Sabban et .al.
(1969) reported the chemical composition of poultry litter.
They indicated factors, such as type of birds, bird density,
kind of litter base material, litter depth, ventilation,
insulation, .storing time, temperature at which litter was
dried, can influence the chemical composition of poultry
litter.

Michigan .investigators have done extensive studies with
dehydrated poultry manure and wet chicken manure. Benne
(1970) showed the crude protein value of poultry manure
(dried vs wet) ranged from 3 to 40 percent in analyses con-
ducted from 1966 to 1970. Robertson and Wolford (1970)
analyzed samples of chicken manure from Huron County,
Michigan, and reported that the values were in the range of
1,00 to 1.50 percent for nitrogen, 0.68 to 0.71 percent of
phosphorous, 0.70 to 0.74 percent for potassium, 2.79 to

3.01 percent calcium, 0,.00009 to 0.00011 percent for copper
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and 0.13 to 0.16 percent for zinc on an as received basis.

Flegal and Zindel (1970a) reported that the analysis
of DPW (dehydrated poultry waste) showed an average of 1.73
percent protein nitrogen and 2.14 percent non-protein
nitrogen. Average calcium and phosphorous levels were
reported as 7.78 percent and 2.56 percent, respectively.
The copper and zinc levels reported were 0.0051 percent and
0.0423 percent, respectively. The amino acid composition
of the DPW indicated that glutamic acid was highest and the
methionine was the lowest. The values were 14.09 percent
and 0.82 percent, respectively, on the basis of true protein.
Fontenot, Webb, Tucker, Harmon, and Moore (1971) used several
treatments to sterilize poultry litter and concluded that a
high heating temperature reduced the crude protein value of
the litter.

Sheppard, Flegal, Dorn, and Dale (1971) used five dif-
ferent temperatures ranging from 300 to 700°F and reported
that an inverse relationship existed between the heat and
the resulting total protein. However, the difference was
not statistically significant. Flegal, Sheppard, and Dorn
(1972) studied the storage effect of caged layer manure. an
crude protein content and concluded that crude protein was
considerably reduced by long term storing. In a period of
0-98 days, they observed that the crude protein value

decreased from 30.3 percent to 18.3 percent.
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Flegal et al. (1972) have also reported the effect of
continuous recycling dried poultry waste on its chemical
composition. When continuously recycling DPW in laying
rations, it was reported that the range of crude protein
varied from 18.3 percent to 39.5 percent.

Nesheim (1972) studied the amino acid composition of r1
the dried poultry manure. Methionine and lysine level in
the manure were the lowest, while glycine and glutamic acid

were found highest. The total amino acids present in the .

poultry waste (commercially dried sample) was 10.9 percent. :J
In this study he also reported that when dehydrated poultry
manure was included in a laying ration, the excreta obtained
contained more dry matter than birds fed the control ration.
Biely (1972) reported that crude protein value of DPW
obtained from caged layers was 31.08 percent, while the DPW
obtained from the growing birds showed the crude protein
value to be 20.1l1 percent. The zinc concentration of DPW
averaged 0.005 percent for the above two sources. Copper

level of DPW averaged 0.0026 percent.

Feeding -Poultry Excreta In Ruminant -Rations

SheeE

Noland .et al. (1955) used ground .chicken litter as a
source of nitrogen in rations for lactating ewes and lambs.

The two other sources of nitrogen used were soybean and
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- ammoniated molasses. These investigators obserwed that
litter~fed ewes maintained similar weights to those of
sheep fed soybean meal nitrogen. However, they reported
that sheep which were fed the ammoniated molasses did not
gain as rapidly as those fed the soybean ration. 1In this
study, the chicken litter used was not sterilized. Never-
theless, no digestive or nervous disorders were noticed

in ewes or lambs fed rations that contained poultry litter.

Bhattacharya and Fontenot (1965) determined the effi-
ciency of utilization of broiler litter nitrogen by sheep.
Four different levels of nitrogen were supplied by litter
to sheep in this study, and the autoclaved litter contained
a .crude protein value of 32.6 percent. In three metabolism
studies with yearling wethers, poultry litter nitrogen
replaced 0, 25, 50, and 100 percent of the nitrogen of a
purified ration that contained isolated soybean protein as
the nitrogen source. The results indicated that the appar-
ent digestibility of crude protein in the rations decreased
significantly with each increase in litter nitrogen level
above the 25 percent level.

Ammerman.et al. (1966) reported the feasibility of
using .poultry litter in ruminant rations. In a digestibility
study, of various nutrients in poultry litter (dried citrus
pulp was used as an absorbant in the poultry litter) and

citrus pulp fed to lambs, they reported that the results

-—
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showed poultry litter had a much higher digestion coeffi-
cient than that of the citrus pulp and the difference was
highly significant (P < 0.01).

Long, Bratzer, and Frear (1969) used lambs in an in-
vestigation of the nutritive value of hydrolysed and dried
poultry waste. They studied the effect of source of nitro-
gen upon energy and nitrogen utilization in this trial.

The experimental animals were fed semipurified diets which
were isocaloric and isonitrogenous. The sources of nitrogen
were from soybean oil meal, hydrolized poultry waste, and
cooked poultry waste. They reported that the apparent.
digestion coefficient for protein from .the hydrolized
poultry waste was the only significant difference noted for
the different treatments. |

El-Sabban et al. (1970) fed autoclaved and cooked
poultry litter to wethers as a nitrogen source. The control
animals were fed a ration containing soybean meal as the
source of nitrogen. They reported a highly significant
difference in the apparent digestibility of nitrogen from
soybean meal .as compared to that from the litter.

Thomas (1970) replaced 32 percent of a soy-corn basal
diet with dried poultry manure and these two rations were
fed to sheep. The dry matter digestibility of the manure
" gsubstituted ration was reported to be 58 percent and’ that of

the .soy-corn basal diet to be 62 percent.
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Lowman and Knight (1970) fed dried poultry manure to
sheep. They substituted dried poultry manure at the expense
of barley, as 25 percent poultry manure plus 75 percent
barley, 50 percent poultry manure plus 50 percent barley,

75 percent poultry manure plus 25 percent barley, and 100
percent poultry manure in different treatments. The dry
matter digestibility of the diets gradually fell from that
of barley to that of the dried poultry manure in a highly
significant straight line (P < 0.01). The group of sheep
fed 100 percent dried poultry manure, however, did dispose
of 57 percent of the dry matter. This study, thus, indi-
cated the .possibility of disposing of poultry manure by
feeding it to ruminants.

. .Fontenot .et al. (1971). .studied the effect of heat
treatment for sterilization of poultry litter and concluded
that heat treatment reduced the crude protein value of
poultry litter (chemical analysis). However, their work with
lambs showed that acidifying the litter before heating de-
creased nitrogen loss considerably and did not alter nitrogen
utilization,

Bucholtz .et al. (1971) fed .sheep rations that contained
20 to 44 percent dehydrated poultry excreta to study the
acceptability, digestibility, and utilization of nitrogen
of the rations. They reported that the acceptability of the

ration that contained the .dehydrated poultry waste was good.



18

When comparing rations for dry matter digestibility, the
soybean ration showed 65 to 70 percent dry matter digesti-
bility and dry matter digestibility of ration containing
DPW was 58 to .71 percent. Nitrogen digestibility of soybean
meal rations was greater than that of DPW diets while
nitrogen digestibility of diets containing DPW was greater
than that of the diets that contained dairy feces. All
sheep fed the rations were in positive nitrogen balance.
Tinnimit .et al.  (1972) used dehydrated caged layer
feces in growing sheep as 20 to 80 percent of a mixed ration.
They indicated that DPW was well accepted by sheep. They
also reported that regression analysis gave dry matter and
organic matter digestibility of 53 and 64 percent,

respectively, for dehydrated caged layer feces.

Beef .Cattle

Noland et al. (1955) reported air dried chicken manure
can be incorporated successfully in steer rations. Southwell
et al. (1958) demonstrated that 20 to 30 percent chicken
litter fed in rations for growing steers was quite satisfac-
tory.

Fontenot .et al. (1963) fed broiler litter that contained
peanut hull and wood shavings in fattening steer .rations at
the level of .25 percent each. There was little difference
in rate of gain between steers fed the ration that contained

peanut hull litter and the control ration. The feed
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efficiency was highest for steers fed the peanut hull
broiler litter. Further, they mentioned that inclusion of
broiler litter did not result in any adverse effect on the
flavor of the meat of animals that were fed rations that
contained litter. 1In another trial, these workers reported
that weanling steer calves fed poultry litter (which had
wood shavings as the base material) required an adjustmental
period of 5 to 7 days for good feed consumption. They ob-
served no difference thereafter in feed intake or average
daily gain between .animals fed the rations that contained
litter and a control fed group. Brugman et al. (1964) fed
poultry litter to beef cattle and reported a protein di-
gestibility of 77 percent for the litter used.

Drake, McClure, and Fontenot (1965) fed poultry litter
that contained peanut hull and wood shavings as the base
material to heavy steers. In the first trial, steers were
fed rations that contained .25 percent peanut hull litter
(lot 1), 25 percent wood shaving litter (lot 2), and a con=
trol protein supplement (lot 3). Feed efficiency was high-
est for the peanut hull litter fed steers and lowest for
the control fed group. They also reported no change in the
taste of meat obtained from steers which had been fed
rations that .contained litter.

Bucholtz .et al. (1971) fed dehydrated .poultry waste

(DPW) as the only source of protein, 1/2 DPW plus 1/2
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soybean meal, 1/2 DPW plus 1/2 urea, and compared them to
diets that contained either urea or soybean meal as the |
source of protein to yearling steers. Average daily gain
for the soy supplemented group was significantly greater
than for the groups supplemented with DPW (3.35 1lb. vs.
2,75 1b.), 1/2 DPW plus 1/2 urea (3.03 lb.), 1/2 DPW plus
1/2 soy (2.88 lb.), but was not significantly greater than
for the urea supplemented group -(3.1Q. 1lb.).

Harmon, Fontenot, and Webb (1972) demonstrated with
steers that 10 to 15 percent inclusion of molasses to high
levels of poultry litter (25 to 50 percent) considerably

increased the food intake.

Dairy .Cows

Bucholtz -et al. (1971) fed .dehydrated poultry waste to
lactating dairy cattle in a comparison to other sources of
nitrogen. They reported in a preliminary trial that dairy
cows did not consume a grain mixture containing 50 percent
DPW and, hence, they used 30 percent DPW in grain mixture
in this study. They reported total feed consumption varied
from 15 to 20 pounds per cow per day. Cows, however,
utilized the nitrogen from DPW well.

Thomas and Zindel (1971) conducted a trial with lac-
tating dairy cows to compare utilization of different nitro-
gen séurces. In this study, they reported that cows only

consumed diets that contained 15 percent DPW during the
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first week of the trial. However, the cows consumed 30
percent DPW in a ration thereafter.

In 1972, Thomas et al. used DPW to provide 23, 61,
and 90 percent of total dietary protein as well as 11, 25,
and 50 percent total dry matter intake, respectively, when
fed to lactating dairy cows. They reported that the cows
fed DPW .produced more milk than those fed an inadequate
protein level and amounts egqual.to .those produced by cows
fed usual .protein supplements.

Bull and Reid (1971) reported that three non=-lactating
Holstein cows, 6 to 7 months gestation, were offered .a
ration that contained air dried chicken manure (ADM) to
study the acceptability, intake and use of ADM by cows.

The studies with dairy cows .showed that ADM can be used as
a source .of supplemental nitrogen for cows fed low-protein
basal diets. They reported further that this study revealed
nitrogen, calcium and phosphorous in ADM were rapidly avail~

able and well-utilized by these animals.

Feeding Poultry.Excreta In Poultry Rations

Rubin, Bird, and Rotchild (1946) reported a growth
promoting factor in laying hen feces fed to chicks and indi-
cated that it was similar to the factor found in .cow manure.
Chicken feces collected void of urine showed a higher rate

of this growth factor for growing chickens than did feces
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containing urine.

Elam et al. (1954) fed chicks an autoclaved water
suspension of poultry litter in a corn-soybean meal basal
diet. They reported that growth was increased by the
addition of the litter preparation. Jacobs et al. (1954)
also confirmed a growth promoting factor in poultry litter
fed in chicken rations.

Fuller (1956) fed hydrolyzed poultry litter while
Wehunt et al. (1960) included hydrolyzed poultry litter and
poultry manure in chick rations. These workers further
confirmed an unidentified growth factor in poultry litter.
Wehunt et al. (1960) concluded that feed efficiency was
poor when poultry litter was used at high levels in chicken
rations.

Warden and Schaible (1961) and Yates and Schaible (1961)
reported inclusion of fresh, dried autoclaved caged layer
manure in chick rations. They demonstrated growth depression
of chicks when fresh manure was incorporated in the basal
diet. However, dried and autoclaved manure in chick and
turkey poult rations improved growth rates.

Durham et al. (1966) fed poultry manure in laying ra-
tions at 10, 25, and 40 percent levels. The feed efficiency
for the laying ration was reduced a8 the level of manure
increased in the diet. The pullets that received 10 percent

manure in the diet produced significantly more eggs than all
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other groups; but, feed consumption was increased in this
group when compared to the feed consumption of the control
fed group.

Howes (1968) and Quisenberry and Bradly (1968 and 1969)
reported the possibility of recycling poultry manure in
poultry .rations. Quisenberry and Bradly (1969) fed poultry
litter and caged layer manure at 10 and 20 percent levels
in layer .rations. The .results.indicated that with the
exception of one of these diets, the nutrient recycled
diets were equal to or .superior to the control .ration for
naintaining body weight, hen day egg production, feed
efficiency, and egg size.

Flegal and Zindel (1969) reported satisfactory usage
of dehydrated poultry waste in laying hen rations. Flegal
and Zindel (1970a) fed diets which contained 5, 10, and 20
percent of DPW to broiler chicks. The results indicated a
reduction in the body weight at four weeks of age for those
chicks that consumed the diets that contained 10 and 20
percent DPW. In Leghorn-type chicks, no influence of DPW
was seen on four week body weights when up to 20 percent
DPW was included in the .diet. . Feed efficiency was inversely
related to the level of DPW in the diet. However, these
investigators observed that four week weight .gains in
broiler chicks that were fed additiopal fat in .the .ration
which contained 20 percent DPW ware equal to .those of chicks

fed a control diet,
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Flegal and Zindel (1970b, 1970c, and 1971) fed DPW at
different levels in laying hen rations. In general, the
birds receiving diets containing 10 and 20 percent DPW
showed a better feed efficiency than hens that were fed a
control ration that contained no DPW. Flegal and Zindel
(1970c and 1971) studied the effect of feeding high levels
of DPW (10, 20, and 30 percent) with respect to feed con-
sumption, egg production and egg quality. They reported
that hens fed diets that contained DPW at the 10 percent
level had the highest egg production. Nevertheless, they
reported no significant differences (P > .05) were observed
in egg production between hens fed any of the diets that
contained DPW and those receiving a control ration. York
et al. (1970) studied the effect of DPW on quality changes
in shell eggs during storage. They concluded that includ-
ing 10, 20, or 30 percent DPW in ration of hens had no
significant deleterious effect on the quality of shell eggs
as measured by Haugh units, storage weight loss, color,
odor and/or microbial content.

Calvert (1970, 1971) used poultry manure in an indirect
way as a feed for chicks. He used the housefly for bio-
degradation of the chicken manure, harvested the pupae
(which were later dried and ground) and incorporated that
product in chicken rations. He indicated good weight gain

of chicks fed this protein source.
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Hodgetts (1971) determined the metabolizable energy
value of dried chicken manure in laying hen rations by two
different methods; namely, Bolton's available carbohydrate
metho<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>