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Summary

Animal welfarc is often neglected by lvestock productionists when considering the utilization of
animal wastes for livestock [eeds.

The present review has been carried cul to cxamine the nutritive value of poultry wastes for
ruminants, the health risks involved with feeding it, the treatment and feeding methods and the
production responses of animals fed on it. 1t was found that mineral. crude protein, crude fibre and
metabolisable energy concentrations are influenced by the system of poultry production, the storage
of the waste and the treatment methcd. Heating at 60°C kills all pathogens apart frem Clostidiwm
botulinum whereas proper ensiling kills all. Apart from the kidney (at and the liver, animal tissues
have not shown residues of drugs or heavy metals [rom poultry wastes. Palatability is affected when
the moisture is more than 200 g/kg. Production responses are satisfactory when ponltry wastes replace

portions of concentrates.

11 was concluded that pouliry Biter generally has hipher metabohsable encrgy contents than poultry
manure, but research is needed to classily poultry litters on their cnergy values. The adverse eflecls
of’ toxic minerals and drug residues are negligible ‘n balanced poultry waste feeding systems.
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Intreduction

In many parts of the tropics foods thal are
available in the dry season for raminants are of
low quality and are deficient in crude protein.
Protein Ssupplenients are generally expensive and
non-protein nitrogen supplements are often difficult
to ohtain. Poultry litter and poultry manure are
good sources of non-protein mitrogen and they
arc cheap. Ruminant animals nermally recycle
urea in their sativa and the rumen microbes do
not require a source ol dietary protein. They can
utilise sources of nitrogen such as urca and the
use of poultry waste conforms to the natural use
of such nitrogen compounds by ruminant anjmals.

The use of poultry wastes as a fced for rumi-
nants has been widely practiced and studied.

'Address reprint requests o Dr. R, W. Matthewman,
Centre [or Tropical Veterinary Medicine, Universily of
Edinburgh. Easter Bush, Roslin, Midlothian, EH25
9RG, Scatland, U XK.

Received April |, 1992

Accepted lune 19, 1992

593

Noland et al. {1955) were some of the f{irst
anthors to describe the use of poultry litter as
a scurce ol nitrogen for rumijnants. Muller
{1982) has produced a manual for feeding animal
wastes which includes 134 different formulas of
rations containing poultry wastes.

As an animal waste product, poullry waste
has different nutritive fealures from other agro
by-products. Although it is a good source of
crude protein and minerals, the encrgy valucs
are very variable. Voluntary food intakes and
growth rates can either be depressed or increased
when poultry wastes are included in the diet
(Jakhmolaet al., 1988; Tagari, Levietal, 1976).
Feeding poultry wastes s of concern from the
animal welfare point of view and health aspects
are also considered.

The objectives of this review are to investigate
the nutritive value of poullry wastes and the
factors that influence it. Health aspects are exa-
imined 1ogether with treatment methods. Also the
ways of feeding poultry waste and production
responses of animals fed on it are reviewed.
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Types of Poultry Waste and
Chemical Composition

Poultry wastes appear in (wo different forms;
litter and maaure. Poultry litter is a mixture of
bedding material and excreta which is collected
from sheds where birds have been kept on deep
litter (Fontcnot and Jurubescu, 1980). Poultry
manure is pure excreta which is collected {rom
birds which are kept in cages. The composition
of the two forms are different.

The chemical composition and mineral contents
of poultry litter and poultry manure of various
sources are shown in table 1 and 2. The range
of crude portein content for pouliry manure is
between 20 and 28%. Poultry htter has a wider
range of 17 to 31%. The range of ash content
for poultry manure seems (0 be much higher than
that of poultry litter with values of 28 tc 335%

and 14 to 249 respectively.

There scems to be wmarked differences in
calcium (Ca) contents, Ca being higher in poultry
manure.

Factors that Influence the
Composition of Poultry Wastes

The Paaltry Production System

The type of poultry, the original food und
the bedding material all have major impacls on
the composition ol poultry wastes (Jakhmola et
al,, 1988). The more birds that are kept per m’
and the longer the hirds are kept on the litter,
the more droppings the litter will contain. This
will have an cffect on the nitrogen (N) content
of the litter. An example of the proportion of
droppings in litter is given in lable 3. The be-
dding material can be wood shavings, sawdust,

TABLE 1. CHEMICAL COMPOSITION OF PQULTRY WASTFS

Type of poultry

_ Percentage of DM

— = Sougce
wastc DM% CP iS4 CF ADF NDF -
Poultry litler
Broifer Iitter 84.7 33 {5.0 16.8 =2 —  RBhattacharya and
Taylor (197%)
Broiler litter sundried, {from — 16.2 [%.2 200 — Kishan et al.
rice husks, 10 weeks (1984)
matured
Broiler litter from Rhodes 86.5 19.5 13.1 144 — —  Kayongo and Irungu
hay {1986}
Broiler litter sundried, from — 17.9 12.7 — 38.0 —  QOdhuba et al.
wood shavings (1986a)
Poultry litter sundried — 17.1 24.1 237 - - Singh and Negi
(1986)
Poultry litter from sawdust 87.5 255" 156 17.7 — —  Flachowsky et al
(1985)
Poultry manure
Layer manure, dried 89.7 28.0 280 12.7 — —  Bhattacharya and
Taylor (1975)
Layer manure, sundried, 903 20.3 278 13.4 - —  Thukur et al.
autec.aved {1982)
Laycr manure — 25.2 - . 19.0 —  Odhuba el al.
{1986b)
Poultry manure, dried 91.5 22.0 352 — - 40.8 Trung ct al. (1987)

! Samples ranged from 21.0-30.2.
" Not available.
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TABLE 2. MINFRAL

CONTENT OF POULTRY WASTES

Typ]e of %, of DM me/kg an DM Busis

t s S

e Ash  Ca P Mg Na K Fe Cu Mn 2Zn ouree
waste ] -

Breiler 150 24 1.8 044 054 1.8 451 98 225 235 Bbhattacharya and
litter Taylor (1975)
Layer 280 88 25 067 09 233 02 150 406 463 Bhattacharya and
manure Taylor {197%)
Layer 278 42 1.9 ! - - - - - —  Thakur et al,
manure

(1982)

' Nat available.

chopped straw or husks of grains or groundnuts.
The type of matcrial affects the digestibifity,
mineral and protein content of the litter.

Good quality foods will produce manure which
is richer in protein and digestible energy than
with poorer foods. A high feeding level and high
rate of food spillage will result in better teeding
value of the waste. The high concentration of
calcium in food for layers is probably responsible
for the higher conmcentration of Ca their
manure cempared to litter of broilers,

n

TABLE 3. AVERAGE RATIO OF INGREDIENTS OF
POULTRY LITTER

. %, of PL
Ingredient (DM basis)
Droppirgs 62
Bedding matcrial 1
Spitled focd 3
Feathers 2
Forcign matters 2

Saurce: Muller (1982).

Storage and Treatment

Wet faccal waste is subect to high proteolytic
activity, which results in rapid loss of nitrogen
and organic matter and the subsequent increase
of mineral matter (Zindel and Flegal, 1970). An
increase in moisture content and length of storage
therefore decreases the nutritive value of poultry
wastes. A typical cxample of decomposition of
poultry litter containing 32% moisture is shown
in table 4.

Drying induces losses of the crude protein
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content of 7 1o 22% of the original depending
on the drying method (Muiler, 1980). Rapid
drying at temperatures up to 607 would minimize
nitrogen lesses.

Ensiling prevents crude protein losses to 1%
or less of the original quantity. In fact, ensiling
conver(s part of Lhe non-protein-nitrogen into
true protein (Muller, 1982). During ensiling,
soluble carbohydrates arc converted into volatile
fatty acids tike acetate, hntyrate and lactate.
Treatment with formalin reduces protein solubility.
This will result in a higher undegradable protein
content.

Health Risks and Treatment Methods

Organisms

Several pathogenic organisms have been iso-
lated from ponliry litter. The bacteria include
Clostridium  sp., Corvnebacterium sp., Salmonella
sp., Actinobacillus sp., Mycobacterium sp., Bacillus
sp., Staphylococcus sp. and  Streplococcus  sp.
(Alexander et al, 1968; Hall, 1985).

Clostridium botulinum can cause mass out
breaks of bovine botulism such as occurred in
Israel and Australia in 1990 {(Jones, 1991). These
were associated with the feeding of poultry wastes.

Treatment

Heating at 60 for onc hour kills alf organists
{Messer et al., 1971), but spores of C. hotulinum
can survive heating at 100°C for five hours (Hall,
1985). Autoclaving scems to be an efficient
method for killing microbes (Caswell et al, 19
75) but the equipment is expensive.

Lactic fermentation in silage eliminates pathogens
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TABLE 4. CHANCGES In UNPROCESSED POULTRY LITTER DURING 28 DAYS OF STORAGE

% of DM
Day 0 Day [4 Day 28
Crude protein 27.2 20.8 16.0
True protein 16.8 11.4 7.1
Ash 2.3 219 267

(Sourcc: Muiter, 1982),

if the pH is sufficicntly reduced (Walker, 1984).
It appears that ensiled materials should reach
a pH of less than five and a2 temperalure of
25 or higher in order to destroy salmonellae
(McCaskey and Anthony, 1975). € bofulinum
does not grow below pH 5 and the toxin is
destroyed below this ptl (Jones, 1991). Because
poultry waste contains relatively large amounts
of Ca, it has a big buffering capacity. 1t is there-
fore nccessary to add enough carbohydrate while
ensiling, in order to get encugh lactic acid
fermentation and subsequent reduction of the pH.

Stacking poultry litter of less than 35%
moisture at 1.5 m depth for six to eight weeks
renders (he material fairly sterile with no remai-
ning Coliforms, Salmonelle or Shigella {(Muller,
1982). The surface material however cannot b
considered sterile and would have to be disposed
of or heated apain.

Treatment with formalin kills bacteria, fungi
and larvae, All important pathogens are effectively
killed (Muller, 1982). Fresh poultry wastes can
be treated with 0.7%, formalin on dry matter
basis. Poultry litter should contain at least 359
moisture to enable enough contact with the
chemical, Since formalin has some adverse effect
on the palatibility, molasses is then often added
before feeding.

Sun drying is often practised in the tropics
for poultry fitter. Tt is an effective way to kill
Salmonella sp. and Actinobacitius sp., since thcse
bacteria are killed by desiccation and sunlight.
Poultry manure can be dried on slats underneath
the cages of the birds, but this is nat sufficient
to kill the pathogens.

Drug Residues in Poultry Wastes

Poultry waste can be contaminated with
inseciicides when  poultry have been sprayed
against ectoparasites. Tnsccticides are also fed to
poultry lo control the insects in the manure
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(Fontenot and Jurubescu, 1980) or the manure
is sprayed directly for this reason. Bowever,
feeding of poultry waste at 25-50%, inclusion levels
for beef cattle did net increase pesticrde residues
in  beef 1at (Fontenot and Jurubescu, J980).
Feeding insecticide at 200 parts per million did
not result in uvnusual accumulation in the milk
of dairy cows {Miller and Gordon, 1973). So far
pesticides in poultry waste have never caused
adverse hcalth effects (o ammals fed on it

Polycther ionaphores, used as coceidiostats,
are cardiotoxic and might cause cardiomyopathy
(Perl et al,, 1991). Fatal cases of primary car-
diomyopathy have been reported in beef herds
in Israel where some cutlle consumed more than
10 kg poultry litter per day as their sole diet
{Davidson et al., 1989). Further investigation in
this subject is being carried out (Perl et al.,
1991).

Webb and Fontenot {1975) carried out a study
on the effect of medicinal drugs in poultry wastes
on cattle, They found no residues of amprolium
or nicarbazin in animal tissues after a five day
withdrawal period. A low level of ¢chlortetracycline
(0.041 ppm) was found in the kidney fat of a
few animals.

Toxic Minerals

Heavy metals like arsenic, copper and sclentum
are somctimes added 1o poultry food {TFontenot
and Juruhescu, 1980). They are more concentrated
in the waste because of their low absorption in
the alimentary tract. They could form a hazard
to the animals consuming poultry wasles and 10
the public consuming the animals. Fonicnot and
Jurobescu (1980) found that none of these metals
have caused health problems for ruminants con-
suming poultry wastes. Arsenic and selenium had
no or negligible residues in the animal products
after seven days withdrawal of poultry wastes.
Liver copper levels increased in lambs and beef
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heifers when fed poultry wastes.

Methods of Feeding

Whole Food

Poultry litter seems to be palatable enough
to scrve as a whole feod. European beef cattle
in Iscael bave consumed considerable amounts
of dried poultry litter while grazing on poor
pastures (Perletal., 1991). Zebu cattle and indi-
genous  sheep in Ethiopta also showed good
intakes of fresh poultry litter when supplemented
to poor pasture grazing (Flachowsky et al,
1985). The cattie consumed only small amounts
of the litter when its dry matter content was
below 80%.

At a farm in Nigeria scavenging goats ate
the dry material] [rom the surface of stacked
poultry litter duving the dry scason and their
condition was much beller than that ot other
scavenging goats who did not have access to
poultey litter (personal observations).

In the experiment of Thankur et al. (1982)
one group of kids of three to four months old
was [ed ground dried caged layer manure as a
whole diet with jack leaves ad libitum. They lost
werght whick was probably due to insufficieni
metabolisable energy intake.

It can be concluded that poultry hitler serves
well as a whole dict as long as the moisture
content is not oo high. Whole foods of poultry
manure are not often used and scem to be less
suitable,

Silage

Poultry wastes can be ensiled together with
other agro by-products which are rich in energy
such as molasses. fruit and vepetable wastes,
ground grains and cassava peels. Alternatively
forages can be included. It is essential that
enough solubkle carbohydrites are available to
ensure a good fermentalion process (Muller, 19
82). The moisture content should be at lcast 40
%. It should not be higher than 757, otherwise
clostridial  growth is promoted (Jakhmola et
al.,, 1988). The silage can be fed after 21 days.
When an appropriate lactic termentation has taken
place the pll should be 3.8 to 5.2 (Muller, 1982;
Walker, 1984).

On small farms plastic bags, pit silos or large
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diameter concrete drain pipes erected on a simplc
brick foundation with an opcning al the base
can be vsed (Muller, 1982). A problem with silage
in the tropics is that once it is opened, aerobic
fermentation induced by high ambient tempera-
tures can spoil the whole silage. Small silos are
therefore preferable, because they are used quickly
once opened. Silos with a small opening at the
bottom would also scern appropriate for  the
tropics.

When the moisture content is belween 30 and
409, it 1s called a “dry silage” (Muller, 1982).
The material goes threugh a long initial aerobic
process. The high temperatures obtaived during
this process aften kill all pathogens. In well sealed
dry silages poultry wastes can be ensiled without
any other additives.

Mixing with Other FFoodstuffs

Poultry wastes can be mixed with other food-
stuifs when it is either fresh ordried. The food-
stuffs poultry wastes with should
be rich in energy as poultry wastes are deficient

to mix the
n cnergy.

Rations shounld contain enough crude fibre
to allow proper rumen functioning. Poultry
manure, ground poultry litter or poultry litter
based on saw dusl shouid be mixed or supple-
mented with appropriate  amounts of fibrous
foods. Non-legume forages are often fed ad Libi-
wm  for this purpose. Chopped straw, sprinkled
with a molasses solution ¢an also be mixed with
poultry wastes and other ingredients.

Moist mixtures should not ke left long before
feeding to prevent proteolysis,

Value to the Ruminant

Crude Pralcin

Between 40 to 609, of the crude protein in
poultry wastes is in the form of non-protein
nitrogen (Bhattacharva and Fontenol, 1966;
Bhattacharya and Taylor, 1975; Jayal and Misra,
1671, Smiuth et al, 1978). About 30 to 60% of
the total N is uric acid and 149, of the total
N is ammonia (Bhattacharya and Taylor, 1975
; Smith et al, 1978). Uric actd is well utilized
by rumen organisms and is a hetter source of
non protein nitrogen than urea bhecause ammonia
is released al a slower rate (Oftjen et al., 1968).



ROOTHAERT AND MATTHEWMAN

Energy and Digestibility

Enerpy values seem ta be higher for poultry
litter than for poultry manure. Bhattacharya and
Fontenot (1966) found that broiler litter with
peanut hulls and woodshavings as basc matcerials
had 9.4 MI digestible energy (DE) per kg DDM.
Poultry manure only contains an average of
7.9 MJ DE (Bhattacharya and Taylor, 1975). This
difference is probably a result of the higher ash
content of poultry manure. Some digestinlity and

melabolisable energy (ME) values are shown in
table 5. The reported ME value of 9.12 MJ/kp
dry matter (DM) is guite bhiph. With Jower
digestibility values of 0.54-0.63 as reported by
Flachowsky el al. (1985) and Muller {1982) the
ME will be lower as well. Odnri (1988) recommends
a value of 67 MJ ME/kg DM for poultry
wastes for ration formulation. McDonald et al.
(1981) suggested an average ME value of 7.5
MI/kg DM of poultry litler for practical use.

TABLE 5. DIGESTIBILITY AND ENERGY VALUES FOR POULTRY WASTES

Type of Digestibility
__poultry waste DM _OM
Brotler fitter 0.746 -1
Layer litter, 0.630 0.698

from sawdust
Layer manure 0.566 0.665

ME

TN MukgDmo S

0.744 9.12 Bhattacharya and
Taylor {197%5)

0.828 - Flachowsky et al.
{1985)

0.777 6.57 Lowman and

Knight (1970)

! Not available.

Minerals and Vitamins

Poultry wastes are good sources of Ca and
P (see table 2). The high Ca conient makes it
a good ingredient for diets of lactating animals.
Mg and Na contents are normal as far as general
dietary requirements are concerned.

There seems to ke no information on vitamin
contents of poultry wastes, but no cases of
avilaminosis have been reported of annmals fed
on poultry wastes (Flachowsky et al.. 1985; Arieli
et al,, 1991).

Palatahility and Adaptalion

The vaiue of feeding poultry wastes can ini-
tially be reduced hecause of poor palatability.
Muller (1982) reported that it normally takes three
to five days with a maximum of ten days for
ruminants to adapt to diets which contain 309
or less animal wastes on DM basis, Stall fed
ruminants would accept the new food more
quickly than grazing ones, probably because their
feeding is restricted. Poultry litter would increasc
the palatability of silage to an extent (hat sheep
would consume twice as much silage containing
poultry litter than silage without,
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In the wutrition trial of Okcke and i (1988)
West African dwarf bucks took ten days ta adapt
to silage containing 60% poultry manure on a
(resh basis while the maximum intake was reached
at 16 days. Stall fed heifers in an adaptation
study carried out by Arieli et al. (1991) took threc
to four weeks to reach maximum dry matier
intake of diets containing poultry manure.

Production Responses and Food Intake

In the experimenl conducled by Trung et al.,
(1987), Holstein Friesian-Red Sindhi cross heifers
were fed on straw blended with concentrates.
Dried poultry manure replaced ¢ to 22.5% of
the concentrates in different diets. There was no
difference in liveweight pain at the different inc-
lusion levels of poultry manure during the period
from yearling 10 breeding and from breeding to
calving. The difterent levels did not affect the
total milk production nor the fat corrected milk,
aver the whole lactation. The voluntary food
intake was depressed when poultry manure was
included in the concenirates at a level of 45%.

In the experiment of Kayongo and Irungu
(1986) grazing Friesian heilers received concen-
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trates with mclusion Jevels of poultry litter ranging
from 0 te 309%. The different levels did have no
effect on milk yteld or milk composition, Daily
Jiveweight pain was not affected.

In a growth trial of sheep on straw based
diets by Lal et al, {1986), liveweight tain over
six weeks was not affected when poultry litter
replaced 25 to 75%, of the concentrates. The daily
dry maller intake was similar for all diets.

Thakur et al. (1982) reported a decrease in
liveweight gain in kids fed jack lcaves ad ltbitum
when 309, dried poultry manure was included
th the concentrate mixture. However, dry matter
intake was not aflected.

In  the experiment of Flachowsky et al. {1985)
grazing Boran bulls and Ogaden sheep which were
fed poultry litter at night had a higher average
liveweight gain than the ones which did not
receive poultry litter. No statistical tests were uscd
though. During the dry period of the feeding
trial the grass was very deficient in protein
(6.5, CP on DM basis) and the beneficial effect
of poultry litter was probably in the supply of
extra crude protein.

Conclusion

The review has indicated that poultry wastes
can make an important contribution as an animal
teed, but that there are animal health and welfare
aspects which deserve the fullest attention. The
composition of poultry wastes depends largely
on the system of poullry farming, the length and
way of storage of the waste and the (reatment
method. Their energy values are low, but are
better for litter than for manure. In the tropics,
where bedding materials of a better digestihility
are usced, metabolisable encrgy contents of poultry
litter are probably highcr. More research is needed
to determine metabolisable energy values of
poultry litter from differcnt sources.

Although proper ensjling of poultry wastes
takes several wecks, its advantage is that it kills
all pathogens and reduces the adaptation period.
Heating at 60°C would be sufficient to kill most
pathogens apart from C. bolulinum. Sundrying
kills somc @mportant pathogens. When low heat
treatment or sundrying are practised as a safety
measure, it would be advisable to vaccinate the
animals which are fed on the pouliry waste,
against botulism.
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Toxic minerals or drug residues do not create
risks for the animals or consumers of their pro-
ducts, when sufficient roughage is fed to the
animals and when a withdrawal period of ane
week is observed. However, the liver and kidney
can have jncreased concentrations of cepper and
medicinal drugs.

Because ammonia is only slowly released rom
proultry wastes il provides a more continuous
ammonia pool in the rumen than other NPN
sources. This makes it a useful N supplement
for dicts based on low quality roughage which
is deficient in N. Live weight gains and milk
production are nol alfected when poultry manure
replaces up to 23% of the concentrates. Volunlary
food infake decreases when mare than 30% is
included. Poultry litter however can replace up
to 75%, of the concentrates withaut affecting
voluntary food intake or live weight gain. When
diels are dcficient in crude protein, supplementa-
tion of pouitry litter increases the live weight
gain.

The somctimes long adaptation period needed
by animals intreduced to poultry litter could canse
hesitations by farmers to use it. When poultry
wastes are replacing protein concentrates thevefore,
small amounts of poultry wastes should be
intrtoduced at a time, in order not to put the
animals off their lood.
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