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ANIMALS AS WASTE CONVERTERS

S. Boer Iwema

Agricultural University,

With the slogan "Animals as waste
converters we understand during this
symposium by the word animals the farm-
livestock and neoewadays also inland
fishes. The definition of waste or
offals is much more complicated; in
any case with waste is meant a large
number of quite different products
having more or less feeding value for
animals. Partly it were - and still
are -byproducts from the harvest on
the farms and used there (f£f.i. straw,
chaff, beettops and -leaves a.s.o.) .,
Alsc byproducts from the food- or sti-
mulantsindustry of plant origin are
offals or waste. 0ffals frcocm slaugh-
terhouses, some byproducts from the
dairy industry (cheesewhey a.=.0.) and
also the products of dead animals are
seen as animal feeds, Nowadays quite
other products ¢ome in the picture,
f.i. litter and manure. Besides that,
there are new developments to upgrade
well known products like straw and
chaff, sawdust a.s.o.

During this symposium there will be
spoken about the improvement of those
products and also about products till
now not used for feeding purposes at
all. To the first group belongs straw,
to the other f.i. litter. It is hand-
ling arcund amelioraticn or around ac-
ceptability by the animals.

There are some aspects we have to
keep in mind. Firstly the acceptabili-
ty and digestibility by the animals,
secondly the safety for the animal
health, thirdly the acceptability, di-
gestibility and safety for the consu-
mers of the animai endproducts, like
milk, meat and eggs.

Already many centuries waste precducts
or offals like straw, chaff, bran,
beetpulp, molasses, oilcakes a.s.o.
are used and worldwide accepted as
normal feedstuffs for the farmlive-
stock. The utilisation of those pro-
ducts means an important influence on
the costprices of the main products,
like bread, sugar, oils and fats.
These byproducts are nowadays normal
ingredients in the feeding of our ani-
mals. Nobody will call them waste or
waste products, mostly they are cnlled
ocffals or still better byproducts. But
that may alter, that is to say ‘the
former byproducts called above will
stay in animal nutrition, but quite new

Department cf Animal Nutrition,

Wagenindgen

products may come.

There are two reascns for these al-
terations: the world shortage in ani-
mal feeds (mostly in developing coun-
tries) and a surplus of products, maore
and more seen as a real waste (mostly
in industrialised countries). Scmetimes
the products have to be converted in
acceptable form (f.i. chemical or
physical treatments), in other cases
these products have to be handled and
treated toc get a guite new feedstuff

(treatment of manure, litter, slaugh-
teroffals a.s.o0.).
A new development 1s coming: the

utilisation of products, not usakle for
warm blocded animals, but converted by
microbes, flies, worms a.s.o. to get
gquite new products from animal origin
usable - as such or may be partly -

for our farmlivestock (f.i. products
made from yeast, flies a.s.0.). The
start for these new products is given
by environmental pollution in the soil,
the water and in the air. The aim is

to get rid of those unwanted products
and to geft products usable in the so-
ciety.

With these new developments I come
tc the real aim of the symposium: the
possibility to ceonvert bad or unac-
ceptable products inte products not
dangerous toe but usable for farmani-
mals, inclusive fishes.

A part of these problems we can find
in the develoning zountries {(f.i. to
convert straw chaff from rice and other
preducts) , an other part we find in
industrialised countries where some
products (like litter and manure) might
give problems if there takes no place
an converslon to acceptable products.

Of course one has to be aware that
one and another must be done on econ-
omical scale and that the new waste-
rroducts (byproducts frcom the new,
unknown feedstuffs) are acceptabel for
environmental polluticns. With the
increasing world population and the
demand for animal endprecducts the need
for feedstuffs is increasing consider-
able; the production of mecre, better
and new strains of grasses, grains,
pulses a.s.0. can not solve all prob-
lems because there is a shertage of
soil. The till now produced primary
feedstuffs will in the near Tuture
decrease pro animal. Our generation
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has to give a solution of this problem
and the organizing committee hopes
that this symposium will give us the
idea where we are and also an idea
abcocut possible sclutions in new prod-

-ucts that have to be solved in the

near future. The world population is
waiting for solutions to get more and
better animal products in the diet of
everybody. In the same time it 1is
hoped that the environmental pollution
will decrease.

With these wcocrds of welcome and of
reflection I declare cpen the second-
symposium of " Zodiac ".
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BYPRODUCTS AND WASTES IN ANIMAL HUSBANDRY

F. de Boer

Institute for Livestock feeding and Nutrition research (IVV0}, Lelystad, Metherlands

Summary

Byproducts and wastes -that part of by-
products which is not consumed by animals-
go always together with any production
process. So in vegetable food-production
50% of dm in food crops appears to be by-
products and wastes.

Animals readily eat a substantial part of
all byproducts and produce about 1/3 of
food protein and abcut 1/6 of food energy
for global population.

In that particular food production process
large quantities of solid and 1iquid wastes
are produced: In the Netherlands about 107
tons dm yearly,

Although pigs and poultry produce only a
share of 20-25% of that amount their waste
causes most problems {over-fertilization,
bad odours, pollution) because of massive
concentrations of large units in a few
regions.

Amongst various sclutions to alleviate
these problems consumption of some pouliry
waste by ruminants may play a modest role.
However consumers' acceptability of that
procedure appears to be low. $ti11 copro-
phagia is a wellknown phenomenon in the
animal worid. Therefore cutting down part
of the criticisms may be very well justi-
fied.

General introduction

Any production process provides the main
products, which it is applied for, and one
or more byproducts. So agriculture -and we
are all involved in it in this Symposium-
produces food and many byproducts.

Even primary food production -vegetable
origin- in general produces about 50% of

its dry matter in bypreducts. Some of these
are wastas, that is to say the group of by-
products not being consumed by animals.
Byproducts are eaten readily and thus ap-
plied abundantly in Tivestock husbandry.

So Tivestock is a primary food producer also
as far as utilizing materials not or not at
all applicable for direct human consumption.
In this country and in this time of the
year people always try to say things in
"would-be-poetry", such as:

What humans do not Tike to eat
Becomes through animals milk and meat.
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Animals aupply in this world nreariy 1/3 of
food protein and over 1/6 of food energy.
Ruminants provide nearly ona half of the
protein and some 60% of the energy
(Winrock, 1978).

In producing a1l that food animals eat
feed as well as food, digest it, resorb
nutrients and excrete waste; large quanti-
ties of solid and Tiguid waste.

Table 1. Average production of excreta by
Dutch livestock.

g dm-day_‘| kg dm-year_1 10% tons
per year
fae- urine faeces +
,/ ces urine (1982)
dairy cow 5200 &00 2117 5
fattening *
pigs 400 50 164
ldying 1.3
hens 35 - 13

* 3 pigs fattened per year, in average

Adding the estimated waste production of
other classes of livestock such as calves,

.heifers, bulls, sheep, sows and broilers
" the yearly production of animal wastes in

the Netferlands is estimated to be about

10 x 109 tons dm,

The Targer share of it (75-80%) is ruminant
waste. As cattlie husbandry basically stili
is area-bound cattle waste accumulation on
small spots seldom occcurs in the Netherlands.
That is much more true still for any area in
the world with cattle husbandry except in
some regions with feed lot enterprises.
Although pig- and poultry farms produce only
20-25% of all animal excreta in the Nether-
lands the problems they meet are large.

That also is valid for other countries.
Massive populations of pigs and poultry in
farms with very Timited acreage and, on top
of that, heavy regional concentrations of
many such enterprises cause ever more fre-
quently unbearable accumulation of wastes.
Bad odours for neighbouring villages and
overfertilization of soil evoke ever more
complaints in society. In a small, densely
nopulated country as the Netherlands -with
smaller distance between noses of people and
concentrations of pigs or poultry than in



countries with Tots of space- that causas
much concern. Elsewhere, even in much
larger countries, these problems are met
also in specific regions.

Various solutions to overcome the in-
cohvenience have been conceived and tried
out in research. So, methane production
from wastes atfracted and still attracts
much attention, but economic and reliable
systems appear to be very scarce. Moreover
it solves only the stench problem, not the
bulk probTem.

Feeding wastes to 1ivestock is another try
to solve part of the problem. That is
nothing new. Accepted feedstuffs, byproducts
now, were formerly wastes: feathermeal,
tankage and condensed molasses solubles are
a few examples. There is no apposition any
more against their application as animal
feedstuff.

Some wastes, especially litter and manure,
appear to be hardly acceptable, if at all
as a feedstuff. The idea of animals consu-
ming excreta from others evokes opposition
in society.

However coprophagia is a known phenomenon
in the animal world. So, why -on second
thought- not consider seriously possibili-
ties to solve part of a problem in society
in this way, when animals are able tc cope
with it and produce good and safe food at
that. And, by the way, some consumers, ob-
jecting to this kind of feeding animals,
ought again to relativate a hit, remem-
bering that swallow's nests, complete
snails and frog's legs seem to be very much
appreciated food.

References

Winreck International. 1978, The role of
ruminants in suppert of man.
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UTTILIZATION OF ANIMAL WASTES BY FEEDING - SPECIAL EMPHASIS ONF UNITED STATES OF AMERICA

J. P. Fontenot

Virginia Polytechnic Institute and State University, Blacksburg, Virginia 24061, U.5.A.

Summary

Animal wastes have nutritional wvalue, es-
pecilally for ruminants. It appears that the
poultry wastes have the highest nutritional
value, followed by swine waste and cattle
waste. The level of waaste fed will depend
somawhat on price of the waste, relative to
the price of cther ingredients, aud the Ilev-
el of production in the animals fed the
waste. The waste can be rendered free of
pathogenic organisms by heat itreatment, a
combination of chemical and heat treatments,
deep stacking or ensiling. The only docu-
mented harmful effect on animal health from
feeding of animal waste has been copper tox-—
icity in sheep fed broiler litter containing
high levels of copper. It does not appear
that this would be a problem in cattle,
sinee they are not as sensitive to high cop-
per levels. Pesticide residues in animal
wastes have not been shown to be a serious
problem. The medicinal drug residue problem
in meat producing animals fed waste such as
broiler litter and swine waste does not ap-
pear to be serious, but adequate withdrawal
periods should be used. Heavy metals do not
present a serlious problem in feeding animal
waste. Sizeable amounts of animal wastes
are fed to animals in the U.S.A., Wastes have
more monetary value as socurces of feed than
for fertilizer or methane generation.

Inkroduction

Animal wastes are valuable resources 1f
managed properly. Approximately 123 milllon
tons of waste, dry basis, are produced an-
nually in the United States (USA), of which
57 million tons may be recovered economically
(Van Dyne & Gilbertsom, 1978). The distri-
bution of amounts by class of animals is
shown in table 1. A large portion of the
wastes is from animals managed under inten-
sive systems, frequently close to municipali-
ties, lakes and streams. The wastes may be
sources of contamination to water supplies
and a risk to human health and comfort, un—
less they are handled judiciously. However,
the wastes contain nutrients which may be
utilized by plants and animals.

In the past animal wastes have been used
mainly as fertilizer, but at least under
some economic conditions the plant nutrient
value of the wastes is not high enough to

- justify the cost of hauling and spreading

(Wadleigh, 1968). Furthermore, land dis-
posal or use as fertilizer may be difficulr,
if not impossible, for large concentrated
animal production systems.
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Since wastes have nutritional value for
certaln phases of animal production, feeding
should be a more economically feasible ap-
proach than disposal or use as fertilizer.
The relative walue of the nitrogen in animal
waste is higher i1f used as feed than ferti-
lizer (Fontenot and Jurubescu, 198Q0). Fur-
thermore, some of the energy iIn the wastes
ig available to animals and is of essentially
no value to plants. Generally, animal wastes
are high In fiber and some are high in non-
protein nitrogen (NPN) indicating they are
most efficiently utilized for feeding rumi-
nants. Several reviews are available con-~
cerning utilizacion of animal wastes by
feeding, including those by Anthony (1971),
Smith (1973), Bhattacharya & Tayvlor (1975),
Smith & Wheeler (1979), Fontenot & Jurubescu
(1980}, Fontenot & Ross (1980), Fontenot et
al. (19§3) and ¥RC (1983).

¥
Nutrirional Value of Animal Wastes

The relative nutritional values of broiler
litter, caged layer waste, swine waste and
cattle waste are shown in table 2. The
poultry wastes are the most nutritious.

Table 1. Livestock and poultry waste pro-
duction in the United States in 19748
{1000 tonsz of dry matter)

.
Class of animal
L J

production Coliectable

Beef cattle (range) 57,331 2,089
Feeder cattle 18,093 17,621
Dairy cattle 27,764 22,421
Hogs 14,714 6,099
Sheep 4,181 1,872
Laying hens 3,716 3,589
Turkeys 1,378 1,08%)
Broilers 2,297 2,681
Total 122,866 57,455

2yan Dyne and Gilbertson (1978).
Includes litrer.

Cartle Waste

These wastes are usually lower in protein
than poultry wastes. Average values, dry
basis (table 2), are 20% for steer and 13%
for dairy cow waste. {rude fiber is higher
and nitrogen is lower for cattle than poul-
try waste, Dry matter digestibilities of 22
to 27% were reported for dairy cattle waste




Adapted from Bhattacharya and Taylor (1875).

“From Kornegay et al. (1977).

by Smith et al. (1971). Dry matter digesti-
bility of dried fecal waste from beef cattle
fed a ration containing 507% roughage was
approximately 15% (Lucas et al., 1975a).
Evidence was obtained that drying the cattle
waste at high temperatures may have adversely
affected digestibility. Undoubtedly, the
roughage In the ration fed the cattle pro-
ducing the waste would affect composition
and digestibility of the waste. TLucas et
al. (1975b) found that dry matter digesti-
bilicy by sheep, calculated by difference,
was 24% for waste from cattle fed a ration
containing 50% roughage and 53% for waste
from cattle fed a ration containing 10%
roughage. Crude fiber contents were 19.6
and 6.7%, dry basis, for the two respective
wastes.

Smith & Wheeler (1679) summarized the rel-
ative performance of catile fed cattle
waste and a control ration. The cattle fed
the waste were fed an average of 12% cattle
excreta, dry basis. Dally gains were 1.16
kg for rhe control cattle and 1.14 kg for
those fed cattle waste. Feed intake was
similar. The cattle fed the waste required
approximately 5% more dry matter per unit of
gain than the control animals.

Swine Waste

Kornegay et al. (1977) reported that swine
waste contalned 23.5% crude protein, 2.72%

Table 2. Nutritiomal value? of animal wastes
Kind of waste
dehydrated

broiler caged layer steer cow swine
Item litter waste waste wasteb waste®
Crude protein, % 31.3 - 28 20.3 12.7 23.5
True protein, ¥ le.7 11.3 12.5 15.6
Digestible protein, % 23.3 14.4 4.7 3.2
Crude fiber, % 16.8 12.7 14,8
Ether extract, % 3.3 2 2.5 8.0
NFE, % a 29.5 28.7 29.5 38.3
Dig. energy , kcal/g 2440 1884
Metgb. energy”, keal/g 2181
TDN", % 59.8 52.3 48 45
ash, % 15.0 28 11.5 16.1 15.3
Caleium, % 2.4 8.8 0.87 2,72
Phosphorus, % 1.8 2.5 1.60 2.13
Magnesium, % 0.44 0.67 0.40 0.93
Sodium, % 0.54 0.94
Potassium, % 1.78 2.33 0.50 1.34
Iron, ppm 451 0.2 1340
Copper, ppm 98 150 31 63
‘Manganese, ppm 225 406 147
Zine, ppm 235 463 242 . 530
ap d .
b ry hasis. Ruminants.

caleium and 2.13% phosphorus, dry basis.
Digestibility of dry matter and crude pro-
tein, in swine waste, calculated by differ-
ence, was 48% and 60%, respectively. Sheep
and cattle were fed various levels of dried
swine waste with hay in Australia (Pearce,
1975). TIn the cattle trial 0 to 45% of the
hay in a pelleted diet was replaced by dried
swine manure. TLarge depressions in dry
matter digestibility resulted from including
15 or 30% dried swine waste in the raticn.
Calculations indicated that dry matter di-
gestibility of the waste was about 29%.
Similar results were obtained from sheep.
The acid detergent fiber and the ash con-
tents were high in the wastes used in Aus-
tralia, compared to waste from swine fed a
conventional corn-soy growing-finishing
ration in the USA,

Poultry Litter

The waste may be collected from broiler or
turkey houses. Broiler litter is usually
high in nitrogen (crude protein), averaging
31% crude protein, dry basis {(Bhattacharya
& Taylor, 1975), but varies considerably in
this component. Approximately 40 to 50% of
the nitrogen in litter is in the form of
protein (Bhattacharya & Fontenot, 1965, 1966}.
The main non-protein constituent in broiler
litter, uric acid, is utilized efficiently
by rumen microorganisms. Uric acid has been
shown to be more efficlently utilized by
ruminants than urea (0ltjen et al., 1968).
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Broiler litter can be an important source
of energy for ruminants., Average
digestibility by sheep of energy im broiler
litter with peanut hulls and wood shavings
as base materials, calculated by difference,
was 64% {(Bhattacharya & Fontenot, 1966).

The litter contained 60% TDN and 2240 kcal
of digestible energy and 2181 kcal of metab-
olizable energy per kilogram of dry matter
for ruminants, calculated by difference.
These values compare favorably with those of
high quality roughage such as alfalfa.

As shown in table 2 the litter Is rich in
caleium and phosphorus and alsc contains
substantial levels of at least some trace
minerals.

Limited data are avallable concerning the
nutrient content of turkey litter. Cross &
Jenny (1976) reported that turkey litter cou-
tained 18.2% crude protein, 34.5Z neutral
detergent fiber and 36.6% ash, dry basis.
Based on the fiber and ash contents the
avallable energy value would likely be lower
than for broiler litter.

Performance of animals fed poultry litter
has been satisfactory, especially 1if the lev-
el of waste has been limited te that needed
for supplementary protein. Performance of
pestating-lactating ewes fed a ration con-—
taining chicken litter was similar to that
of ewes fed a ratlon containing soybean meal
(Noland et al., 1955}. Rate of gain was sim—
ilar for fattening steers fed chicken litter
as for those fed cottonseed meal, If energy
intakes were equalized. As shown in table 3
rate of gain of steers fed a fattening mix-
ture containing 25% peanut hull or wood-
shaving broller litter plus 1 kg of long hay
per day was similar toc that of steers fed a
control mixture and long hay {Fontenot et
al., 1966). Feed efficiency was in favor of
the litter-fed cattle. Broiler litter has
been used successfully to feed growing cattle
and beef cows. Smith & Wheeler (1979) sum-
marized performance data for cattle fed
poultry litter. Mean data from 93 control
and 179 experimental cattle in wirich poultry
litter comprised an average of 24% of the
dietary dry matter were respectively: aver-

.age daily gain, .99 vs. .94 kg; dry matter
intake, 10.0 ws. 10.3 kg: feed to gain ratio,
10.46 vs. 11.4,

Caged Laver Waste

Caged layer waste has been shown to con-
tain an average of 28% crude protein, dry
basis {Bhattacharya & Taylor, 1975). Pro-
tein nitropen makes up about 40% of the
Eotal nitrogen in the caged layer waste, Nu-
‘trient compositlion of the exereta iz wvari-
able which may be due to the plane of nu-
trition of the hens and waste management
systems (Evans et al., 1978). Nitrogen and
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ash in excreta were higher from hens fed
high protein and energy diets than for those
fed lower protein and energy diets. Alsc,
accumulation of wastes under cages resulted
in nitrogen losses.

The TDN content of dried caged laver waste
appears to be somewhat lower than for broiler
litter {table 2). Digestible energy values
were 1875 kecal/kg in sheep and 1911 kecal/ig
in cattle, dry basis. The high ash content
of caged layer waste will lower the energy
value. Evans et al. (1978) reported a 14%
decrease in gross enrgy and a 33% increase
in ash content in caged layer waste composted
for 252 days.

Caleium and phosphorus are high in caged
layer waste, especially calcium, resulting
in a high caleium to phesphorus ratio
(Bhattacharya & Taylor, 1975). The waste is
over three times as high in calcium as
broiler litter and a little higher in phos-
thorus,

Data concerning the performence of cattle
fed DPW gompared to those fed conventional
proteinfsupplements were summarized by Smith
& Wheeler (1979). Data from 120 cattle in
each group showed that rate of gain of cattle
supplemented with DPW was similar to that of
cat{le fed traditiomal supplements. TFeed
intzke values were 6.34 vs. 6.61 kg per day
and feed to gain ratios were 6.49 vs. 7.25,
respectively. From a summary of 100 dairy
cows fed DPW as a supplement and 100 cows
fed a control supplement the mean milk pro-
duction of the cows fed diets supplemented
with DPW was 40.0, compared to 40.5 kg for
contrel cows (Smith and Wheeler, 1979).
Milk fat was not affected.

The refétive prerformance of breilers and
layers fed diets containing dehydrated caged
layer waste and control diets were summar-
ized by NRC (1983). Daily gain of broilers
was not markedly altered but feed/gain was
increased by 10%Z. Egg production or feed/
dozen eggs was not affected by feeding the
layer waste.

Processing of Animal Wastes

Processing is important for destruction of
pathogens, improvement of storage and hand-
ling characteristics and maintenance or im-
provement of palatability.

Considerable research has been conducted
with dehydrated cattle waste (Smith et al.,
19713 Lucas et al., 1575a), poultry litter
(Harmon et al., 1974; Cullison et al., 1976,
caged layer waste (Smith and Calvert, 1976:
Tinnimit et al., 1972} and swine waste
(Pearce, 1975; Kornegay et al., 1977),
Harmon et al. (1974) reported that dehydra-
tion of broiler litter resulted in a sub-



stantial loss in nitrogen which could be
reduced by acidifying the litter prior to
dehydration. Due to the high cost of fossil
fuel considerable interest has developed in
methods of processing which require minimal
levels of fossil fuel energy.

Ensiling Cattle Waste

Feasibility of mixing cattle waste with
grass hay and ensiling the mixture was ex-
plered by Anthony {(1971). The mizture con-
sisted of 37 parts manure and 43 parts of
grass hay and the ensiled material was
termed 'wastelage”. Feeding a ration formu-
lated to contain 40% wastelage and corn to
steers preoduced rate and efficiency of gain
similar to feeding conventionally formulated
high-concentrate rations. Daily gain of
1,27 kg was reported for heifers fed waste-
lage made with 40 parts of cattle waste and
60 parts of a high-comncentrate ration, com—
pared to 1.34 kg for heifers fed the control
ration (Newton et al., 1977). Feed effici-
ency values indicated 0.77 kg of waste dry
matter substituted for 0.39 kg of control
raticen. Grain dry matter per unit of gain
was decreased by 10.67% when grain was re—
constituted with water and 12.6% when 1t was
reconstituted with cattle waste collected
from shallow pits (Schake et al., 1977}.

Good ensiling with final pH values below

5 was reported with 70:30 to 30:70 mixtures
of cattle waste and rye straw (Cornman et
al., 1981). The low pH was rveached after

1 wk of ensiling. Apparent digestibility
was higher for waste-straw silages than for
straw ensiled alone. Mixtures of 60:40
cattle waste and ground rye straw ensiled
. similarly with dry matter levels of 30, 40
or 50% (Aines, 1982). When sodium hydroxide
was added the pH was 5.1 for silages made
with waste from cattle fed a high-concentrate
ration and /.6 if the waste was from cattle
fed a high-roughage ration. Addition of the
alkali increased in wvitro and in vivo dry
macter digestibility. Satisfactory en—
siling was achieved with mixtures of 60%
cattle waste and 40% corn stover (Shorter

et al., 1981}, Dry wmatter digestibility was
higher for ensiled mixtures than for corn
stover ensiled alone.

Ward et al. (1975) reported that a high
fiber silage produced by fractionization of
feedlot manure, adding dry molasses and fer-
menting had a TDN value of 60.2%, compared
to 65.2%, dry basis, for corn silage, when
fed to cattle., This material contained 9%
crude protein and 27.5% crude fiber, dry
basis.

Ensiling Swine Waste
Good ensiling was observed with miztures

of 30:70 to 70:30 swine waste and orchard-
grass hay, wet basis (Berger et al., 198la).

L o

Table 3. TFeedlot performance and carcass
quality of steers fed breiler litter
(123 days)®

Broiler litter rations

peanut
wood sgav. hull b control
litter litter ration
kg kg kg
Initial wt. 379 376 391
Final wt. 536 524 551
Gain 157 148 160
Daily gain 1.28 1.20 1.30
Daily feed®
mixture 11.9 11.9 13.5
long hay 1.0 1.0 1.0
Feed/gain
mixture 9.34 9.91 10.40
long hay 0.79 0.84 0.78
total 10.13 10.75 11.18

8adapted from Fontenot et al. (1966).

25% litter in fattening/mixture.

€Salt and a mineral mixture cf 3 parts de-
fluorinated phosphate, 1 part limestone and
1 part salt were provided, in addition.

Digestibility wvalues obtained with sheep
indicated that the ensiled waste was digested
to a greater extent than orchardgrass hay
{Berger et al., 1981b}. Dry matter consump-
tin by sheep of the wmixtures which were res-
ted (40 or 60% waste) was comparable to that
of orchardgrass hay. The smell of these two
silages was similar to that of good hay-crop
silage with no swine fecal odor remaining.
Mixtures of swine waste and ground corm grain
containing 30 to 70% swine waste, wet basis,
were also ensiled (Berger et al., 1981a).
Satisfactory ensiling oceurred as measured
by pl values and high lactic acid levels but
the smell of these silages was much more
disagreeable than those made with mixtures
of swine waste and orchardgrass hay. Diges-
tion trials indicate that this material was
utilized well with sheep but palatability
trials with silages containing 40 or 607%
swine waste indicated that these mixtures
were not very palatable to sheep. Feeding
25% of the ensiled 40:60 or 60:40 swine
waste-ground corn mixtures, dry basis, teo
swine did not markedly affect digestibility
(Berger et al,, 1981c). However, including
of 50% silage in the diet reduced digesti-
bility of dry matter and crude protein. The
dry matter intake was not markedly reduced by
including up to 50% of the ensiled mixtures
of swine waste and corn in swine diets but
incorporating of 25 or 50% of swine waste-
archardgrass silage resulted in a marked
decrease in feed intake.
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Ensiling Poultry Litter

Goed ensiling occurred with mixtures of
broiler litter and whole plant corn silage
at levels of 45% of litter, dry basis, with
oH less than 5 and lactic acid levels simi-
lar to those in regular corn silage (Harmon
at al., 1975a). Protein content of the si-
lage was Increased up to 18%, dry basis, by
incorporating 45% broller 1litter imto corn
silage. Voluntary intake of silage with 30%
litter, dry basis, by sheep was about 75%
greater than that of plain corn silage, and
nitrogen was efficlently utilized (Harmon et
al., 1975b). 1In a subsequent finishing ex-
periment. similar performance was obtained 1n
heifers fed a corn-broiler litter silage con-—
taining 30% litter, dry basis, as for heif-
ers fed corn silage supplemented with soy-
bean meal (McClure et al., 1978). Total coo-
centrate intake was 1% of bodyweight.

Ensiling breiler litter containing 19%
moisture with high moisture corn grain con-
taining 2Z6% moisture in 1:2 ratioc produced a
feed with 20% crude protein, dry basis
{(Caswell et al., 1677). When included in a
finishing ration for cattle there was a trend
for higher consumption of the ratiom contain-
ing this silage, compared to cne containing
soybean meal as the protein supplement.

Broiler litter can be ensiled alone. How-
ever, in order to obtain good fermentation
the moisture level should be about 40Z
(Caswell et al., 1978). Digestibility of
proximate components and nitrogen utilization
by sheep fed a ration containing litter en-
siled with 40% moisture was similar as for
sheep fed a soybean meal supplemented ration.

Adding whey to increase the moisture content *

of ensiled litter was beneficial in lowering
the pH 1f the litter had been deep stacked
previously, but was of no benefit when the
litter was removed from the house and en-
siled immedlately (Duque et al,, 1978). Sat-
isfactory performance was obtained in heifer
calves fed broller litter silage ad libitum,
supplemented with 3.6 kg of supplement
{(Creger et al., 1973). Substituting ensiled
broiler litter for corn silage did not lower
the performance of steers until the level of
litter exceeded 30% of the dry matter {Cross
et al,, 1978). 1In fact, rate and efficiency
of gain were higher for cattle fed 307 broi-
ler litter silage than for those fed no
litter. Finishing cattle fed corn silage
supplemented with ensiled broiler litter at
a lewvel of 307 of the dry marter nerformed
similarly to those supplemented with soy-
bean meal (Chester-Jones et al., 1981), In
cattle fed hay-concentrate rations perfor-
mance was not lowered by substituting up to
40% of the ration, dry basis, with ensiled
broiler litter. There was a dramatic depres-

sion in-performance when the level of litter
was Increased to 60%, dry basis. Cross &

Jenny (1976) reported that substitution of
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15 or 30% turkey litter silage for corn si-
lage increased rate of gain in growing dairy
heifers. Increasing the level of silage to
45% resulted in similar performance as for
those fed the basal ration.

Ensiling Caged Laver Waste

Saylor and Long (1974} reported maximum
acidity, lactic acid concentration, crude
protein content and in vitro dry matter di-
gestibility with an ensiled mizture of 60
parts of caged layer waste and 40 parts of
hay. High levels of butyric acid were re-
ported in mixtures containing more than 60%
waste. Caged layer waste and sugarcane bag—
asse were ensiled in different proportions
by Samuels et al. {1980). The pB of the en-
siled mixtures, generally below 6, and lactic
acid levels (4 to 8%, dry basis) indicated
good engiling had ocecurred. In metabolism
trials with ensiled mixtures containing 40,
50 and €0% caged layer waste, dry basis, it
was found that apparent digestibility of dry
matter, organic matter and crude proteln were
highegt for sheep fed the diet containing 60%
caged,waste. Dry matter digestibility of the
waste, calculated by difference, averaged 65%.
Among the waste-coniaining silages dry matter
intake tended to be highest for the 60:40 si-
lage. Caged layer waste and corn stover in
proportions of 60:40 and 40:60 were ensiled
alone and with 10% dry molasses (Moriba et
al., 1982). The pH and lactic acid levels
generally indicated good ensiling for all
mixtures. Addition of molasses resulted in
dramatic increases in lactic acid. Dry
matter digestibility of the caged layer waste
in the ensiled mixtures, calculated by differ-
ence, averaged 77%. Undoubtedly, this is
higher than actual, due to the low digesti-
bility® of corn stover enciled alone. 1In a
palatability study dry matter intake was
higher for the ensiled waste-corn stover si-
lages than corn stover ensiled alone but was
considerably lower than for a basal ration.

Canadian workers ensiled a mixture of caged
layer waste, chopped alfalfa hay, carn, mo-
lasses, minerals and vitamins alone and with
tannic acld or paraformaldehyde in small
glass jars equipped with a gas release valve
(Flipot et al., 1975). After a 42 day fer-
mentation period the pH was 5 and lactic acid
was over 6% for the control mixture. The pH
values for the tannic acid and paraformalde-
hyde treated silages were 4.9 and 5.4, re-
spectively. There was a decrease in lactic
acid for these two silages. Goering and
Smith (1977) ensiled corn ferage alone or
with the addition of dehydrated poultry ex-—
creta or liquid from cattle excreta. The pH
was 4.26 and 3.83, respectively, for the si-
lages treated with dry poultry excreta and
liquid from cattle manure. Lactic acid lev-
els also indlcated good ensiling had occurred
with the addition of excreta to the silage.



Caged layer waste was ensiled with whele
plant corn and sorghum forages by Richter &
Kalmbacher (1980). The waste comprised 33
and 42% of the dry matter for the corn- and
sorghum-waste silages, respectively. The pH
varied between 3.60 and 4.85 and lactic acid
was about 4%, dry basis, for the silages.
Addition of caged layer waste did not affect
digestibility but resulted in a lowér dry
matter intake. Poultry litter, caged layer
waste, corn, dry molasses and water were en-
siled with and without enrichment with L,
acidophilus culture (Vezey and Dobbins, 1975].
Good ensiling was cobtained as indicated by
pH of less than 5. Addition of the organism
did not appear to be helpful in ensiling,

Chemical treatment

Treatment of cattle waste with certaln
chemicals has been shown to be bemeficial In
improving digestibility of cattle waste.
Smith et al. (1971) found that treating dairy
cattle waste with sodium hydroxide, calcium
hypochlorite and sodium chlorite increased
dry matter digestibility of the waste. Lucas
et al. (1975b) showed that treating waste
from cattle which had heen fed a 50% rcughage
ration with 3% sodium hydroxide increased dry
matter digestibility from 24% for the control
manure to 53% for treated manure. An improve-
ment in digestibility of waste from cattle
fed a 10% roughage ration was also observed.

Deep stacking

Deep stacking of broiler litter produces
congiderable heat and has been shown to des-
troy coliforms {Hovatter et al., 1979). Max-
imum temperature was reached at 4 to 8 d,
then the temperature plateauved and tended to
equilibrate with atmospheric temperature.
Litter enslled at 40% moisture or deep stack-
ad produced simllar performance in cattle,
when incorporated at levels up to 60%Z of the
dry matter of the ration (Hovatter et al.,
1979; Chester-Jones et al,, 1980). Deep
stacking should be in a covered shed with
ample air circulation to avoid spontaneous
combustion. This type of processing can be
used only with waste which has a low-moisture
level.

Quality of Animal Products

Feeding animal waste has not affected taste
of the meat, milk or eggs (Fontenot and
Jurubescu, 1980).

Safety Considerations

The only disease problem which has been
shown to be caused by feeding animal waste
has been copper toxicity in sheep fed broil-
er litter with high copper levels (Fontenot
and Webb, 1975). The problem would not be
severe in cattle since they are not as sen-

sitive to high dietary copper. Beef females

have been fed diets containing high levels of
broiler litter with high copper levels, alone
and in combination with supplementary copper

to add the equivalent of 200 ppm to the lit-

ter during the winter period for 7 wyr with no
deleterious effects (Webb et al., 1979).

Pathogenic Bacteria and Parasltes

Animal wastes contain certain pathogens.
A number of different specles of pathogenic
organisms were isclated from 44 samples of
poultry litter by Alexander et al. (1968).
Heat processing destroys potential patho-
gens (Fontenot and Webb, 1975). Proper en-
8iling of animal wastes also appears to be
effective in destroying pathogens (McCaskey
& Anthony, 1979). Tt appears that a pH of
4 to 4.5 and a temperature of over 25° ¢ are
important for destruction of salmonella. En-
siling feedlot cattle manyre and grass hay
was effective in eliminating parasites
(McCaskey & Anthony, 1979). Apparently due
to the ammonia and minerals in poultry waste
it is rather difficult to reach a pH of less
than 5 without additional materials. such as
whole plant corn forage. However, ensiling
of broiler litter with added water has been
shown to destroy coliforms even when the pH
did not go below 5.4 (Caswell et al., 1978).
The potential risks of clostridium in ensil-
ed waste containing rations was suggested by
the alleged botulism outbreak in cattle fed
poultry waste dn Israel (Egyed et al., 1978).
The botulism organism (Type D) appears to be
endemic in Israel as oytbreaks have béen re-
ported in animals fed other types of feeds
(Tagari, 1978; Gordin, 1978). No botulism
has been reported in animals fed waste con-
taining rations in the U.5.A. The survival
of Clostridium sporagens as a model for C.
botulinum was studied by immoculating in'a
bovine waste-blended ration and in corn for-
age which were.ensiled for 60 d {McCaskey &
Anthony, 1978). A decline in numbers of
organisms occurred in both silages.

Residues in Animal Products

Indications are that the mycotoxin problem
is no greater in poultry litter than in feed
(Lovett, 1972). No evidence of pesticide
accumulation in waste or In animal tissue
from animals fed waste has been reported
{(Fontenot and Webb, 1975}.

Three heavy metals, arsenic, copper and se-
lenlum, are added to livestock and poultry
rations and three, cadium, lead and mercury,
are not added but occur in feedstuffs. Feed-
ing of arsenicals has been shown to result in
increased liver arsenic in cattle after a 5-
d withdrawal but the levels were muck lower
than the accepted safe levels (Webb &
Fontenot, 1975). The other heavy metals have
not been found to be sufficiently high to
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s,

present a problem in cattle waste and poultry
licter (Westing et al., 1980). Liver copper
is inecreased by feeding waste with high cop-
per levels {Webb & Fontenot, 1975).

Medicinal drug residues were present in
broiler litter in variable amounts if the
drugs had bezen included in the broiler diet,
but the levels were quite variable (Webb &
Tontenct, 1975). However, residues of the
three drugs that were in litter, chloratet-
racycline, nicarbazin and amprolium, did
not accumulate in animal tissue of finish-
ing beef cattle after a 5~d withdrawal.
Thus, 1t appears that with a modest with-
drawal period there 1s no serious tissue
regsidue problem from feeding broiler litter,
However, it should not be fed to cows pro-
ducing milk or hens producing eggs for hu-
man consumption since insufficilent data are
available on these aspects.

Regulation of Feeding Animal Waste in the
U.S.A.

The Food and Drug Administration (FDA)
published z policy (21 CFR 500.4) in the
September 2, 1967 Federal Register unot
sanctioning the use of poultry litter as
animal feed (Kirk, 1%67). Broad interpre-
tation subsequently extended this peclicy to
includs all animal wastes used as ingredi-
ents in animal feeds. FDA took this posi-
tion because the amount of information then
available was not believed adequate to con-
clude that animal waste was safe when used
as a feed ingredient. A request to submit
data, information and views published in the
Federal Register of December 27, 1977 re-
sulted in 72 comments (Taylor & Hansard,
1980). TFDA (1980) revoked 21 CFR 500.4 on
the use of poultry litter as an animal feed
ingredient on December 30, 1980 (45 FR
86272) and is leaving the regulation of ani-
mal waste to the individual states. In many
states regulation is through an officially
adopted model regulation for processed ani-
mal waste (AAFCO, 1982).

The salient peints of the AAFCO regula-
tion are: 1) the waste must be processed
so it will be free of pathogenic organisms,
2) if it can be documented by records that
animals producing the waste have not been
fed drugs no withdrawal period is required
and the waste can be fed to any class of
animal, 3) if it cannot be documented by
racords that the animals preducing the waste
were not fed drugs a '5-d withdrawal is
required prior to slaughtering animals or
prior to using milk or eggs for human con-
sumption. Some of the individual states
also have regulations.

Utilization of Animal Waste for Feeding Ani-
mals

Extent of Feeding Waste
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Sizable amounts of animal wastes are fed
in the U.S.A., but no rellable estimate is
available ceoncerning the actual amounts
used. Interest in feeding animal waste
rises with teed prices. Tt appears that more
broiler litter is fed than the other wastes.
The main reascns can probably be attributed
to its high nutritional value, ease and flex-—
ibility in use due to low moisture content
and a varilety of processing methods which
can be used.

Value of Animal Wastes

Alrhough it has been shown that non-rumi-
nants can utilize certain wastes, the high
fiber and frequently high non-protein nitro-
gen in animal wastes indicate that ruminants
are best suited for utilization of wastes.
Poasibly, wastes could be used to replace
part of the diet of swine which do not have
a high energy requirement, such as gestating
sows. Smith & Wheeler (1979} estimated the
monetary value of different kinds of animal
wastes, These values were compared to the
value of wastes for alternate uses (Fontenot
et gl., 1983). Values given in table 4 show
that the wastes have conslderable monetary
value and are much more valuyable as sources
of feed than for fertilizer or methans gen-

eration,

Table 4. Relative value of animal wastes
utilized for different purposes®

U,5. dollars per ton
Kinds of wastes fertilizer feed methane

Beef cattle 25.06 118.14 13.73
Dairy cattle 17.00 118.14 12.74
Swine 18.61 136.57 17.17
Caged layer 36.45 155.14 17.93

Broiler litter 26.54 159.57 16.29

aAdapted from Fontenot et al. (1983).

Practical Feeding

The uses of animal wastes by livestock pro-
ducers were discussed by researchers, live-
stock producers, regulatory officials and ex-
tension specialists (Anonymous, 1978). It
appears that the situation has not changed
much since that conference, except there has
been an increase in use of the wastes.

Broiler litter is processed mainly by deep
stacking, with some being ensiled. This
wadte is fed mainly to beef cows during the
winter. It comprises up to 80% of the ration.
Usually, the litter is fed wixed with ground
erain. Tt is important that the cattle have
access to coarse roughage to prevent diges-
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tive disturbances and for optimum feed in-
take. Litter is used for stocker (store} and
finishing cattie. It is mixed with dry in-
gredients, ensiled with corn forage or mixed
with silage at time of feeding.

Caged layer waste is processed by dehydra-
tion or ensiling prior toc feeding. The de-
hydrated waste 1s fairly costly to produce
and appears to be used mainly as a protein
{(nitreogen) supplement. Ensiling involves
mixing the high moisture waste with dry ma-
terials such as hay or crop residues before
ensiling. This procedure increases dry mat-
ter to the optimum level for ensiling. The
silage can be fed to any class of cattle,
the level of feeding being dependent on the
level of production of the cattle,

Cattle waste is usually mixed with the
other feed ingredients and ensiled prior to
feeding. The value of the ensiled material
depends on the ration fed the cattle pro-
ducing the waste and the kind of material{s)
mixed with the waste. Undoubtedly, some dry
cattle waste is being fed, but the amount of
waste used Iin this manner is rather limited.

No major problems have been reported from
sale or feeding animal waste in the U.S.A.,
as exemplified by the experience in Califor-
niz, the first state to approve feeding api-
mal waste (Helmer, 1980}.
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A BEVIEW OF THE POSSIBLE MICROBIOLOGICAL AND CHEMICAL RISKS ASSOCIATED WITH THE FEEDING OF

ANTMAL MANURES TO LIVESTOCK

C.L. Benham

Minietry of Agriculture, Fisheries and Food, Reading, England.

Summary

The uncontrolled feeding of poultry waste
to other animalg may present a health
hazard both to the stock receiving it and
to the final consumer, from the presence of
pathogenic micra-organisms and chemical
residues. Sufficient information is
available on treatments to eliminate the
risks from pathogenic bacteria. For many
of the chemicals used routinely in the
poultry industry there is a shortage of
information on the likelihood of their
passing into the waste, their persistence,
the effect of processing and their possible
accumulation in the tissues or by—products
of animals receiving the waste. Although
thete is no evidence available that feeding
poultry waste has caused health problems
there is need for further research on this
aspect before its use can be fully
endorsed.

1. Introduction

The ever rising cost of animal
feedingstuffs has lead to an increased
interest in the use of animal
by-products such as manure and litcer
in ruminant feeds. Such waste, which
is often mixed with feed spillage, is
of considerable potential value as it
contains a variety of nutrients which
are re—usable not only by the animal
producing it but also by other
species. Although use of animal
wastes could have a considerable
effect on reducing costs its use in an
untreated state has implications for
the healcth of the animals to which it
is fed and also the ultimate consumer,
man.

This paper reviews the likely preseance
of microbial and chemical
contaminants, the evidence of harmful
effects from feeding wastes and
possible treatment methods to reduce
harmful effects.

2. Microbiological Aspects
The use of poultry wastes has recently
been reviewed by Benham & Panes (1982)

and only the main polats from that paper
are presented.
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2.1

The health aspects of re-using
livestock excreta have been reviewed by
a number of authors and a number of
potential pathogens identified. These
include bacteria, fungl and
actinemycetes, viruses and coccidia.

Bacteria

The intestinal tract of healthy
animals is colonised by a variety of
micro-organisms many of which are
voided in the faeces. In general
they are not pathogenic to the same
or other classes of stock although
some organisms eg. E. coll may be
opportunistic pathogens. Diseased
animals may excrete pathogens and
atudies of poultry litter and manures
revealed the presence of a variety of
potentially pathogenic organisms.
These have included Clostridia,
Corynebacteria, Salmonellz and
Mycobacteria. Poultry are one of the
main reservoirs for Salmonella and
surveys have shown densities of
1--34,000 Salmonella/g dry excreta. A
gurvey of breoiler litter in the UK
revealed a number of salmonella
serotypes including 8. agona, S.

* bredeney, S. hardar, S heidelberg. S.

kedougou, S. senftenberg, 5. taksony,
S. typhimurium and 8. virchow.

Fungi and actinomycetes

Fungi and actinomycetes are common
contaminants of feedingstuffs and a
number have public health implications.
Pungi can cause infections, induce
allergic responses and produce
mycotoxins. Some of the thermophilic
actinomycetes are responsible for the
condition known as 'Farmers Lung'.

2.1.3 Viruses

Although several diseases of poultry
are caused by viruses there is litcle
information on their excretion and
survival in faeces and litter.

2.1.4 Coccidia

The oocysts of coccidia, the
organisms causing coccidiosis in



poultry are voided in the faeces.

There is little published
information on thelr survival in the
litter but their presence would only
cause disease 1f fed to other
poultry, coccidiosis in cattle heing
caused by other species of Eimeria.

Evidence of health risks

Despite the demonstration by a
number of authors of organisms
capable of causing diseases in
faecal material and litter Fontenot
& Webb (1975) were unable to find
any reports of diasease problems
caused by inclusion of poultry
wastes in the rations of beef
cattle, sheep or dairy cattle.

3. Treatment methods

3.1

J.1.1

Drying

Drying — natural

The use of stepped slats beneath
cages in a deep plt poultry house
was shown to reduce moisture
contents to 15% after a 10 month
period {Elson (1974)). However the
material was still heavily
contaminated with E. coli.

Drying - artificlal

Droppings — The high temperatures
used in artificial dryers
(200-300°C) are effective in
considerably reducing or eliminating
most micro-organisms. However some
organisms may survive in the middle
of lumps of droppings. Care must be
taken to prevent recontamination

after drying. -

Litter - Various authors have
investigated the sterilisation of
litter byheat. A temperature of
150°C fer a minimum of 3 hours was
necesgsary to completelysterilise
broiler litter (Fontenot et al
(19717)). However if a criterion of
less than 10 colifeorms or 20,000
bacteria/g is used a time of 15
minutes was adequate for a litter
thickness of 6.3 mm or 30 minutes
for litter of 12.6 mm. This was
confirmed by Caswell et al (1975)
who found that ISOOC for 20 minutes
was effective in eliminating
coliforms and reducing total
bacteria.

3.2

3.4

3.5

Radiation

Although this method has been shown
te be effective the complexities and
cost of the equipment make it a
technique more suited to industrial
application.

Chemical sterilants

This subject has been extensively
reviewad by Harry et al (1974),

Chemicals used have included methyl
bromide, formaldehyde and ethylene
oxide. Although they can be shown to
be effective under carefully controlled
laboratory conditions they all
suffer from the disadvantage of poor
penetration into lumps of litter or
droppings. Their effectiveness can
alsao he reduced at lower temperatures or
if the material is wet. High residual
levels of bromide have been shown
after treatment with methyl bromide.

Ensilage ’

Salmonella may be inhibited by a
reduction in pH to at least 4.5 and a
number of authors have examined the
effect of an ensilage process in litter
utilising lactic acid bacteria to
ferment naturally present added carbo-
hydrates. From these trials a series
of broad conclusions can be drawn.

1 An improved fermentation cccurs
at moisture contents of 40--50% and
and addition of water to the litter
may be an advantage.

2) Some form of airtight or anaeroblic
storage is essential.

3) Addition of a2 suitable carbohydrate
source eg. corn, corn forage, ground
or whole barley, fruit or arable
by-products is essential to give
a reduction to pH 4.5. Such a
material is more palatable to stock
and has a satisfactory shelf life
once the silo or store is opened.

4) Micrcocbiclogical studies have
shown that storage for gt least
six weeks will eliminate
salmonellas, E. coli and coliforms.

Composting

The self heating process which oceurs
in compesting due to microbial
metabolism offers an alternative dis~
infection process without the use of
additional energy.
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Three methods are available:

1) Windr ow compdsting

. In this process the material to be
composted is heaped in long rows.
The size of the windrow is important
and 1f larger than 1.3 @ may
require artificial aeration.
Repeated turning of the windrow
may be necessary to ensure
adequate treatment of all the

_ material.

2) Bloreactors

4.2 Growth promoters
The limitation of windrow

composting has lead to the Several substances are used in the UK
development of so éalled as growth promoters for poultry (ADAS
“blioreactors” which allow the 1979). These are listed with available

g production of compost of uniform information on the likely occurrence of
hygienic standard throughout the residues In the droppings.
‘ear. MHowever it is likely that

- the high capital cost and tneed for Zine Rapid breakdown in faeces.
teéhﬁicaf'ekpertise would restrict bacitracin Half-life less than one week
the 'ude of such systems to large Avoparcin Half-life 9 days at 24°C.
énterprises., Virginiamycin In pig faeces 73% degraded in
’ - T J days.
3.5.3 ‘Deep stacking Bambermycin No information on persistance.

I Used as a growth promoter for
This variation of the composting beef in several European

process had been examined in the USA countries.

and UK. In this system litter from Nitrovin Half-11fe approximately one

the brfoiler house is heaped up week.

inside an open fronted building. Bacitracin No information.

The heat which develops during the methylene

subsequent heating process is bisalicylate

presumed t£dé be sufficient to destroy

4.3 Coccidiostats

" any pathogenic organisms present.

The heap 18 not turned during the LR

tieating stage and observations in
the UK have shown that E. coli will
survive on the surface layers even
when considerable heating has
occurted.

4. Chemical Residues

Poultry waste may contain a wide

Neomycin was not detected.

Examination of tissues from cattle fed
dried poultry waste contalning
antibiotic residues at levels of up to
50% of their rations showed negligible
tissune concentrationa after a 5-day
withdrawal period {Webb and Fontenot,
1975). Tetracyelines were reported in
muscle and heart at levels correspond-
ing to 0.02%-0.1%Z of the level in the
feed. However, o resldues were
detected after a S5-day withdrawal
period and chlortetracycline residues

were destroyed in cooking {(Jukes, 1973}.

4.3.} Poulery

In general there is little
or no intestinal absorption of
coccldiostats or other antiprotozoal

substances in poultry and residues
will pass into the droppings.

Substances currently in use in
the UK are listed with information

range of drugs, pesticides, hormones
and their metabolites. The range of
products marketed by different
countries vary and therefore studies of

on levels found in litter and rate of
breakdown (ADAS 1979).

resldues in one country may not be Monensin 120 mg/kg 1in feed gave 4 ppm
applicable to the situation in sodium in fresh broller faeces. 80%
another. breakdown in 6 days at 27°C,
Amprolium Residues detected in broiler
4.1 ‘Antibiotics litter. In feeding trial

with litter bocsted with
extra amprolium no residues
were detected in heart,
spleen, 1ib, kidney, liver or
brain of lambs.

Echopabate {used No information available.

in mixtures with

Amprolium and

sulphaquinoxaline)

Absorption by the animal is not
complete for any antibiotic and at
ledst a poftion of the amount ingested
‘is excreted. In a survey of broiler
litter Webl and Fontenot (1972} wete
able to find réesidues of
oxytetracyitline, chlortetracycline,
penlcillin and zinc bacitracin.
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Dicoquinate Nearly all excreted. No
information avallable on breakdown.
Used in USA for prevention of
coccldiosis in cattle

Sulphaquinoxaline Found to be absent from
poultry litter.
Nicarbazin Usually absent from litter.

Very small amounts detected in
one instance.

Clopidol About 100 mg/kg in litter.Slowly
breaks down when applied to soll
as mapure; about two-thirds lost
in 26 months. No significant
breakdown when stored
anaerobically.

Dinitolmide No Information avallable but

likely to persist.

4.3.2 Turkeys

Dimetridazole Rapid breakdown in faeces.

Nifursol Complete breakdown in 10 days
Acinitrazol No information.
Aminotrothiazole No information.

Residues of those anti-protozoal
agents that have been shown to
persist are not extensively carried
into the tissue of animals fed on
contaminated material and in general
a five day withdrawal period was
sufficient to give tissue residues
no higher than those in contyol
animals.

4.4 Hormones

Hexoestrol, stilboestrol,
diencestrol and diethyl stilboestrol
are used as preparations for chemical
caponization although their use has
declined with developments in broiler
breeding., Griel et al (1969} reported
on spontaneous abortions in cattle fed
low levels of poultry litter from
birda receiving dienoestrol in their
feed. Detectable amounts of oestrone
and cestradial-178 are excreted by
layers {Mathur and Common, 1969) and
residues have been detected in poultry
litter (Webb and Pontenot, 1972).

4.5 Organo-arsenicals

A number of arsenic containing
compounds are used as growth promoters
or for disease prevention including
arsanilie acid, 3-nitro-4-hydroxy
phenyl arsenic acid and 4 nitrophenyl
argenic acid. They are only poorly
absorbed inte muscle tissue but are
accumulated in liver and kidney.
Betwéen 36 or 86% of the- chemical
appears largely unchanged in the
faeces. Morrison {1669) found levels

of 15-30 mg/kg arsenic in poultry
litter from houses where roxarscne had

4.6

4.7

been used. This compared with levels
of 0.1-2.6 mg/kg in control houses.
Surveys by Webb and Fontenot (1973),
Messer et al (1971) and ADAS {(1979)
found levels in broiler litter ranging
from 1.1-59.5, 0.2-76.3 and 0.0-28.0
mg/kg respectively. Webb and Fontenot
(1975) confirmed that levels of arsenic
in muscle tissue rapidly decline
following withdrawal of the compound
from the feed. In a study by MAFF
(unpublished} higher than normal levels
of arsenic were fed in the form of
dried poultry waste but these were not
reflected in tissue levelis. It was
suggested that arsenicals metabolised
or excreted by animals may not be in a
form available to other animals.

Copper and other heavy metals

Copper salts are used as a feed
additive for growth promotion in poultry
and levels of up to 600 mg/kg have
been measured in deep litter. A recent
survey of broiler litter (ADAS 1979)
gave a mean level of 75.9 (range
34.8-118.1) mg/kg copper on a dry
matter basis. Levels in the droppings
of caged birds are usually lower.

Sheep are particularly susceptible to
high levels of copper and at least one
incidence of toxicity has been reported
in sheep fed broiler litter (Fontenot
et al 1971 a).

Poultry are unlikely tc be exposed to
other heavy metals, eg lead, Inorganic
mercury, cadmium and zinc but because
these are poorly absorbed by animals
there is a potential for increased levels
in wastes due to concentration. However,
a study has shown that continuous
re-cycling of dried droppings for 33-
cycles over a period of 400 days did
not lead to increased levels of mercury,
mercury, copper and zinc in tissues
and excreta (Varghese and Flegal, 1974),

Peaticides

A number of chemicals are used for
control of insects in poultry houses.
survey in the UK gave the following
information on usage (ADAS 1979}.

% of total

carbaryl 39
tetrachlorvinphos 34
iodofenphos
fenchlorfos
malathion
bremophes
feritrothicn
gamma HCH

Y LN .
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All the insecticides listed, except
gamma HCH, are mostly short lived
organophosphorus compounds, carbamates
and pyrethroids, and break down quite
rapidly becaunse of the alkaline
conditions caused by evelution of
ammonia as the droppings ferment. The
occurrence of significant residues in
manure would therefore be unlikely.

Wood preservatives

Wood is treated with both
preservatives and anti-stain agents
but it is only the latter that are
likely to be present in wood shavings.
The most commonly used anti-stain
agents are pentachlorophenol and
2.3.4.6~tetrachlorophenol. In a
survey of fresh shavings from 32
comuercial broiler houses Parr et al
(1974) demonstrated that
2,3,4,6~tetrachlorophenol and
pentachlorophencl were present at
levels of 4-307 (mean 53) and 1-83
mg/kg (mean 12} respectively.
Approximately 7-15% of this passed
through into the spent litter. These
preservatives have been implicated as
the cause of musty taint in breilers
(Curtis et al, 1974).

Substances used as wood preser—
vatives include dieldrin which is
widely used on finished timber
products and has occasionally caused
death of poultry housed on shavings
(Amure and Stuart, 1978). Other
substances known to be used are
organo-mercury and organo—tin
compounds, both of which are highly
toxic.

Mitrosamlnes

These cowmpeounds can be formed by the
reaction of secondary amines present
in excreta with nitrites in
feedingstuffs and excreta, or from the
microbiological conversion of nitrates
excreted in urine to nitrites.

In a study carried out by MAFF
(unpublished) dried droppings were
incorporated into the normal rations
of beef steers for 40 weeks prior to
slaughter. MN-nitrosodimethylamine was
detected in only 3 samples of waste.
None of a range of octher nitrosamines
was detected in the complete beef
rations and N-nitroso dimethylamine
was found in only one ration.

It was concluded that the presence
of these compounds in feeds would not
present a hazard from the consumptiocn

of animal products since the animals
were likely to detoxify any
nitrosamines present.

4.10 Mycotoxins

4.11

4,12

It has been estimated that 30-40% of
all fungi recognised may be capable of
producing toxic metabolites and several
of the species of fungi in litter, eg
Aspergillus, Penicillium and
Scopulariopsis are recognised as
potential mycotoxin producers. Curtis
(unpublished) was unable to produce
aflatoxin by infecting poultry litter
with toxigenic stralns of Aspergillus
spp, and a limited survey of broiler
litter (ADAS, 1979) failed to reveal
the presence of mycotoxins. The
nycotoxin contamination of poultry
waste should not be any greater problem
than that of grains, etc. provided
it is stored and processed under
conditions which prevent fungal growth.

Other microbial by-products

Bacteria are able to produce a
nuntber of toxins., These are
classified as endotoxins, melecular
complexes contalning protein,
lipid and polysaccharides, which are
retained within the bacterial cell and
exotoxins, simple proteins which are
released into the surrounding medium.

Exotoxing are produced by a number
of organisms including Clostridium
botulipum, the cause of botulism, Cl.
tetani, Cl. perfringens and
Staphylococcus aureus. Among the
endotoxin producers are mnearly all the
Gram negative pathogenic bacterla, eg.
E. coll, Salmonella spp and Bhigella
spp. In addition the heat killed
cells of many non pathogenic bacteria
show similar toxic effects.

Evidence of health risks

Fontenot and Webb (1975) were able
to find only two reports of ill health
in stock receiving poultry wastes.
Fonterot et al (1971) reported on an
outbreak of copper texicity in ewes
fed poultry litter containing high
levels of copper. As stated previously
Griel et al (1969) reported a high
incidence of abortion in cows fed low
levels of poultry litter in the winter-—
ing ration and grazing a pasture in
the summer which had been fertilised
with poultry licter. The litter
was found to contaln cestrogenic
activity of at least 10 ug of DES
equivalent per 100 g of litter.



Hore recently Egyed et al (1970) and
Savir {(1978) described an outbreak
of a botulism like syndrome in dairy
cattle resulting from the feeding of
concentrates containing 10% dried
poultry waste. No toxin was isolated
on this occcasion. Smart and Roberts
(1977) demonstrated the presence of
Closcridium botulinum type C in
litter following an outbreak of type
C potulism in 3-week-old broiler
chickens on deep litter. Toxin could
not be detected in the litter and
they postulated that the toxin was
formed in the guts of the chickens
followed by contamination of litter
by voided faecal material.

No indication of harmful effects
in humans consuming meat, milk or eggs
from animals fed animal waste was
cbtained by Fontenot and Webb (1975}
and organocleptic tests conducted on
meat, milk and eggs detected no
undesirable flavours.

Leglslation

Published information on controls on
the use of animal wastes in
feedingstuffs by legislation is scarce.
The following information relates
largely to the UK.

The sale of feedingstuffs is controlled
by legislaticn and statutory
declarations are required for several
organic wastes that have been
traditionally used in feedingstuffs eg.
dried poultry waste - protein, protein
equivalent of uric acid, fibre and
calcium. However in general there
appear to be no specific controls over
the use of organic wastes and
manufacturers are free to use what
material they choose.

In the UK the use of faecal material
from any animal, bird, £ish, reptile,
crustacean or other cold blooded
creature as a feedingstuff for
livestock or poultry comes under the
scope of the Disease of Animals
(Protein Processing)} Order 1981.

The Order requires that samples of
processed animal protein taken by
authorised officers from the premises
whare it is being produced should, when
tested in an approved laboratory using
the specified test, be free from
salmonellas. As well as applying to
animal protein produced commercially
and intended for sale the Order also
embraces materials such as droppings or
litter used as a feedingstuff on the
same farm.
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IN VITRO AND IN VIVO NUTRITIONAL EVALUATION OF BUFFALO MANURE

M.A. El Ashry, A.M. El Serafy, H.M. Khattab, H.5. Soliman and 5.M. Soliman

Faculty of Agriculture, Ain Shams University
Shoubra El Khiema, Cairo, Egypt

Summary

Manure disposal problem is expected to
get worse as a result of increased intensifi-
cation of both poultry and animal production.
On the other hand, such wastes contain
many nutritional compounds which can be
utilized by ruminants. The objectives of
the present study were to investigate the
effect of method of drying on the composi-
tion and nutritive value of bufialo manure.

Materiais and methods

Fresh faeces were collected from two
huffalo groups, Ifatiening male calves and
lactating buffaloes. The fresh manure was
either left in the sun to be dried where
its moisture content reached about 10%
(7-10 days} or dried in oven at 75 c for
4% hrs. Proximate analysis of dried faeces
was carried out according to A..A.C.
{1970). In vitro dry and organic matter
disappearance was determined for the dried
manure cellected from different animal
groups either alone or in a mixture with
concentrate or clever hay. The percentage
of manure in these mixtures were 75, 50
and 25%.

Sun dried manure was then used in experi-
mental rations to fullfil either 50 or 73%
of the maintenance nitrogen allowances
for fat tailed mature Ossimi sheep. Feeding
and nitrogen balance trial was carried out
1o estimate the feeding value of the mixture
containing two levels of buffalo manure.

Results and discussion

The chemical analysis of manure obtained
from fattening calves and lactating buffaloes,
which was either sun or oven dried are
shown in table I. It is clear that manure
of lactating buffaloes had slightly higher
organic matter and less ash. While other
nutrients were almost similar in the manure
of fattening and lactating animals.

Method of drying did not affect neither
moisture content nor ash and organic matter
in manure, However, crude protein content
of oven dried samples were higher than
sun cured manure from fattening and lactat-
ing animals by 12 and 13%, respectively.
That” indicated some nitrogen losses in sun
driefl samples.

In vitro dry matter and organic matter
disappearance data of sun dried manure
obtained from fattening calves showed higher
+values than those of oven dried by about
12% (table 2).

Using mixture of sun dried fattening -
manure plus clover hay showed higher values
for IWDMD ranging from 19.6 to 31.7%
as compared with mixtures contained oven
dried manure. The same trend was recorded
for IVOMD. On the other hand, IVDMD
of sun cured lactating buffalo manure was
lower than those of oven dried.

In general, IVDMD for sun cured fattening
manure and its mixtures with good quality
roughage were higher than the corresponding
values for lactating buffalo manure.

Table 1: Chemical composition of different kinds of dried manure (OM, DM basis)

Item Fattening  Buifalo calves Lactating  Buffale
sun oven sun oven
Moisture 6.0 6.2 6.9 6.6
DM 4.0 93.8 93.1 93.4
oM 80.7 217 &4.5 84.6
Ash ' 19.3 18.3 15.5 15.4
C.P. {2.65 14.2 13.4 . 15.2
C.F. 36.0 37.85 38.7 38.1
E.E. 4.85 3.72 4.09 4.6y
N.F.E. 27.21 25.93 28.3 26.66
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I Table 2: IVDMD and IVOMD of dried manure with different levels of berseem hay (on dry matter

basis, 9%)
\
[ Item Sun dried Oven dried
IVDMD IVOMD 1IVYDMD IVOMD

1-Fattening Buffalo Calves ,
100% manure 29.0 24.0 26.0 - 20.5
75% manure + 25% hay 33.5 25.0 28.0 23.0
509% manure + 50% hay 41.5 41.0 31.5 31.5
25% manure + 73% hay 41.5 39.5 34.0 23.0
0% manure +100% hay 51.0 47.0 - -
2-Laciating Buffalo Cows
108% manure 24 25 27 26
75% manure + 25% hay 31 26 23 28
50% manure + 30% hay 34 29 33 29
25% manure + 75% hay 39 36 35 25
0% manure +100% hay 51.0 47.0 - 7 -

Table 3: IVDMD and 1IVOMD cof dried manure with different levels of concentrated {on dry matter

basis, %)
ftem Sun dried Cven dried
IVDMD IVOMD IVDMD IVOMD

1. Fattening Buffalo Calves
100% manure 29.0 24.0 26.0 20.5
75% manure + 25% conc. 38.5 33.0 35.5 31.5
50% manure + 50% conc. 49.0 37.0 45.5 44.0
25% manure + 75% conc. 61.5 61.0 60.5 60.5
0% manure +100% conc. 79.0 76.0 - -
2. Lactating Buffalo Cows
100% manure 24.0 25.0 27.0 26.0
75% manure + 2Z3% conc. 33.0 33.0 35.0 31.0
50% manure + 509% conc. 44.0 42.0 42.0 36.0
25% manure + 75% conc. 46.0 46.0 61.0 59.0
0% manure +100% conc. 79.0 76.0 - -
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] Using mixture of 75 and 50% manure
! with concentrate {table 3) indicate that
fattening sun dried manure had superior
DM & OM disappearance compared to oven
dried.

The in vive date (table #4) indicate that
i a gradual decrease in the digestion coetfi-
f cient of DM, OM, EE, CP and NFE were
recorded with increasing the level of manure
; inclusion in the diet (O, 25, 33% on dry
i matter basis). On the other hand, a gradual
f and significant increase in ash, CF digestibili-
ties were noticed with increasing manure
) level in diet. Moreover, the TDN values
| were found to correlate negatively with
i the level of manure which was in full agree-
ment with TVDMD and IVOMD values for
the whole diets used. Finally, it is worthly
to note that the nitrogen balance was posi-
tive in the contrel ireatment while it was
negative when manure covered 50 or 75%

of the dietary nitrogen.

Table 4: Mean percentage values for nutrients digestibility coefficients of diets containing graded

amounts of buffalo manure /
# .

Nutrient Dry Organic Ash Ether Crude Crude l;} Elitrogen g Dy

Diet matter matter Extract  fiber protein ¢’ agance N I\(’,‘/éD

_ Control 72.1 77.1 13,4 82.35 535.5 63.56 8l.11 +3.6 75.5 73.6

i 50% of Nitrogen 65.75 70.1 4].3 62.9 72.23 22.11 7476 -1.4 60.6 51.0
from manure

75% of Nitrogen 63.7 60.1 24.6 58.8 76.75 23.05 6l.6  -1.13 359 39%9.2

from manure
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NUTRLITLONAL EVALUATION OF ENSILED GROUND SORGHUM-PIG FAECES MIXTURES

M.E. Ortega, 0. Rojas. ¥. Perez-Gil.

National Imstitute of Nutrition, Mexice City

Summary

Excreta from 20-30 kg liveweight piglets,
fed commercial balanced rations were obtained
and mixed whith ground sorghum in 60/40, 50/50
and 40/60 percent sorghum-fresh nig faeces -
ratio. The mixtures were allowed to ferment
during 15 and 30 days. Proximate analysis
and true protein determinations were perfor-
med on fresh faeces, ground sorghum and fer-
mented silage samples. In addition, pH and
volatile fatty acids content were determined
in the silage samples. High crude and true
protein values (40 and 30% respectively) were
cbtained for fresh faeces samples. There were
no significant differences (P < 0.05) when
silage percent humidity was compared among
samples (% humidity= X 55.58). The comparison
of silage ash content revealed significant di
fferences among all treatments. The highest
value (8.09%) was found in the 30-days fermen
ted silage containing 40/60 % ground sorghum-
pig faeces ratio. The lowest ash content va-
lue (3.53%) was found in the 60/40% sorghum-
faeces silage fermented 30 days. The highest
crude fiber content (5.90%) was determined in

the 50/50% sorghum-faeces silage that had
fermented 30 days, and the lowest value --
(2.89%2) was obtained from the 40,60% sorghum-
faeces 15-day fermented silage. The highest
crude and true protein levels {19.75 and 14.77%
respectively) were also found in the 40/60%
13 day-fermented silage. pH ranged from 3.98
in the 60/40% sorghum-faeces 15 day [ermented
silage to 4.4 In the 40/60% 30 day fermented
silage., The highest concentration of acetic
(0.145 g%y, propionic (0.093 g%) and butyric
(0.144g%) acids were found in the 40/60% -~
30-days fermented silage. We conclude from
the results obtrained, that the 15-day 40/60%
sorghum~faeces silage has the highest poten-
tial in pig nutrition, since it contains the
highest crude and true protein percentages
and the lowest crude fiber level while main-
taining adequate amounts of other nutrients.
Keywords: gilage, pig faeces, ground sorghum,
pig nutrition.

Introduction

Waste produced from pork industry, presents
both and odor and an organic matter pellutiom
problem. Since animal wastes contain some
nutrients (Fontenot & Webb, 1975), it is po—
ssible to use them as a feed ingredient in
pig rations. In some countries, like Mexico,
the low protein availability, high cost of
Protein, and pig manure pellution, represent

the most serious problems for pork producers.
Perhaps, reclcling of pig excreta could help
to dimihish pig faeces pollution and feed
costs. The ensiling of mixtures of manure
and other feedstruffs (Anthony, 1971l) appear
tc be a cheap and simple rethed of processing
pig excreta. The objetive of this study was
to evaluate the chemical composition of ensi-
led pig faeces-ground sorghum mixtures, mixed
in three different proporticns, and ensiled
either during 15 or 30 days in order to deter
mine the most suitable mixture for feeding

pigs.

Results and discussion

High crude and true protein values (40 and
30% respectively) were cbtained for fresh —-
faeces samples, higher values than those men
tioned by Pearce, 1977; alsc, they contained
72% humidity, 4% ether extract, 8% crude fi-
ber, and 32% N-free extract. While ground
sorghum contained 153% humidity, 9% crude pro
tein, 3% ether extract, 2% crude fiber, 2%
ash and 847 N-free extract.

There were no significant differences --
(P < 0.05) when silage percent humidity was
compared amocng samples (% humidity X 55.538).
The comparisen of silage ash content revealed
significant differences; the highest value
{8.09%) was found in the 30 day fermented si-
lage containing 40/60% sorghum-faeces ratio,
the highest ash content in this silage can be
due te dust pollutien when excreta was colleg
ted. The lowest ash content value (3.58%)
was found in the 60/40% sorghum-faeces silage
fermented 30 days. The highest crude fiber
content (5.90%) was determined in the 50/50%
serghum-faeces silage fermented 30 davs, and
the lowest value {2.89%) was obtained from
the 40/60 sorghum-faeces 15 day fermented si
lage. The highest crude and a true protein
levels (19.75 and 14.77% respectively) were
also found in the 40/60%. pH ranged from
3.98 in the 60/50% sorghum-faeces 15 days
fermented silage to 4.40 in the 40/60% 30 days
fermented silage. Similar results were obtai
ned by Berger, et al., 1977, for pig manure
hay silages. The highest concentration of
acetic (0.145 gZ) propionic (0.093 g%) and
butyric {0.144 gZ) acids were found in the
40/60% 30 days fermented silage. The high
crude and true protein values chtained for
the 40/60 sorghum faeces silage fermented
during 13 days, confirm what was mentiomed by
Lezcano, et al., 1977, that it is possible to
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increase protein content in animal rations -
when animal excreta is included, at a lower
cost than other protein supplements used in
animal nutrition. We conclude from the re-
sults obtained, that the 15 day 40/60% sor-
ghum-faeces silage has the highest potential
in pig nutrition, since it contains the hig~
hest crude and true protein percentages and
the lowest crude [iber level, while maintai-
ning adequate amounts of other nutrients,
In addition, the inclusion of ground sorghum-
pig faeces silages, in pig rations, could di
minish feed coats and pig faeces pollution.
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UTILIZATION OF CORRUGATED CARDBOARD BOXES AND DRIED POULTRY MANURE AS DIETARY INGREDIENTIS

BY SHEEP: IN VIVO AND IN VITRO STUDIES

M.A.Razzague, A.Al-Awadi, A.Al-Nasser and A.J.Salman

Kuwait Institute for Scientifie Research, Kuwait

Summary

Silages prepared from untreated cardboard
and pecultry manure had a good appearance
after both three and six weeks of ensiling,
Digestibility of dry matter in wvitro ranged
between 35 and 517. The digestibility of
dry matter and acid detergent fiber in vivo
increased when cardboard was added to the
diets. The sheep utilized the cellulose of
cardboard berter than that of ryegrass
straw. Yearling lambs showed satisfactory
growth when fed rations containing 13-26%
cardboard and 10% poultry manure. The
results of this study show that cardbeard
as roughage and poultry manure, as concen-—
trate substitute, can be used in the rations
by sheep.

Methods

Cardboard from municipal solid waste and
poultry manure, i.e., cage hen manure (CHM)
or broiler litter, from peultry farms were
sundried and shredded or ground so they
would pass through a 2~3 mm screen,

Silage preparation

Six silages were prepared with the
following components:

Introduction

Many workers have investigated the poten-—
tial values of either cardboard (Belyea et
al., 1979) or poultry manure (Fontenot and
Jurubescu, 1980; Flipot et al., 1975; Martin
et al., 1983). However, studies on the use
of tardboard and poultry manure combination
in a complete diet for sheep are limited.
The present study was undertaken to investi-
gate digestibilities and growth performance
in sheep when cardboard aud dried poultry
manure were used as dietary ingredients.

For the in vivo digestibility studies,
five wether lambs were randomly assigned to
each of the four dietary treatments listed
below. The CP/DM ratio was 8:5. Trace
mineralized salt blocks and water were
available ad libitum.

Silage no.
Components {(without lacto-
of silage bacillus
(g/100 g M) 1 2 3 4 5 6
Cardboard 89.4 82.5 73.4 4.3 55.0 89.0
Poultry manure 7.5 12.0 25.0 35.0 45,0 7.5
Urea 3.1 2.5 1.6 .7 - 3.1

DM = dry matter

Molasses and lactobacillus were added to
150 g of these mixtures each containing 40%
dry matter; each silage had a 6;5 racio of
¢rude protein (CP) to dry matter (DM). The
mixtures were packed in polythene bags and
ensiled for either three or six weeks. They
were then opened and tested for pH.

Digestibility studies

Freeze-dried silage was used for the in
Vitro DM digestibility tests.
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Tabie 1. Compasition of used in vive
digestibility trial.

Ration
1 2 3 4
P Ingredient (kg/100 kg rations)
| Ground corn 43.4 42.8 424 9.4
i Ryegrass straw 35.5 21.9 8.6 8.0
i Cardboard - 13.1 25.9 24.2
: Molasses 8.9 8.8 8.6 8.1
Limestone 1.0 1.0 1.0 1.0
: Cottonseed meal 11.2 12.4 13.6 9.8
! Dried cage hen manure - - - 9.5
DM(kg/100 kg 875 894 910 901
Analysis (kg/100 kg DM)
Crude protein 155 . 159 163 - 161
Acid detergent fiber 222 290 323 332
Lignin 52 61 71 72
Cellulose 163 218 248 253
Ash 65 33 48 80
Gross energy (K cal/g) 43 44 44 42
/
Amount fed per day p
(g as fed basis) 1200.0 1200.0 1200.0 1200.0
DM basis (g) 1050.2 1072.2 1092.0 1081.4

Vitamin A added to all rations at the rate of 4,400 I.U. per kg mixed ration.
After a two-week adjustment period, feed

intake was recorded and total faeces collec—

ted for seven days.

Table 2. Composition of ration used in
growth trial

Ration
E I
1 2 M 2 4 5
Ingredients (kg/100 kg rations)
Cardboard - 13.1 25.9 24.2 24,0
Dried cage hen manure - - - 9.6 -
Dried broiler litter - - - - 10.0
Rice straw 35.5 21.9 8.6 8.0 8.0
Corn 41.3 40.6 40.0 37.4 37.0
Sovabean meal 16.2 17.4 18.5 13.8 14,0
Date 6.0 6.0 6.0 6.0 6,0
Limestone 1.0 1.0 1.0 1.0 1.0
Total 100.0 100.0 1¢0.0 100.0 100.0
Growth trial Besults
Twenty female yearling Erbi lambs (local Silage
breed), hoysgd in 1ndiv1du§1 pens, were All silages appeared good from a physical
rgndoml¥ assigned to the five experimental standpoint. The three-week silages with
d}ets‘llsted below. Water and trace minera- 3.1%Z urea (Nos.l and 6) bhad higher pH wvalues
lized salt licks were available ad libitum. and a distinct ammonia cdour; pH values he-
Vitamin A added teo all rations at the rate came fairly uniform ranging from 6.2 - 7
of 4,400 I.U, per kg mixed ration. after six weeks of ensiling.

After silages 4 and 5 were ensiled for
seven months, they had excellent appearance
and flavour, and the pH values were reduced
to 4.1 and 4.2. Longer ensiling seems to be
beneficial.

The animals were fed once each day and
live weight changes were recorded each week
during the 49-day trial, which followed a
15-day adjustment period.
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The amount cf CP dreopped in some silages,
especially Nos. 1 and 6, indicating an
appreciable loss of nitrogen. Silages with
high levels of poultry manure contained high
levels of CP.

Digestibility

In vitro DM digestibility depended on the
proportions of cardbeard and poultry manure.
In general, it improved with increased
poultry manure. In vitro digestibility of
DM ranged from 35-517.

In vivo studies showed that diets contain-
ing 24-26% cardboard (Nos 3 and 4) were more
digestible than the others (Table 3). TLess
CP was digested when CHM was added (No.4)} and
cottonseed meal seems to be a better source
of CP. The digestibility of fibrous compon-
ents was better with higher levels of card-
board and improved with the addition of CHM.
The date indicate that cardboard is a better
source of fiber than ryegrass straw. Gross
energy digestibility was higher when the
diet contained more cardboard (Nos.3 and 4)
but was depressed when CHM was added {No.4).

Table 3. Digestibility of variocus diet

components in vivo

Ration Digestibility (%)

Component 1 p 3 4
Dry matter % 68.6: 59.1: 72.72 69.4;
Organic matter %% 69.5b 70.1a ?4.0b ?2.43
Crude protein *#% 69.1a 59.1, TO.ZC 65.5d
Acid detergent fiber®#* 36.1a 48.0b 54.OC 57.4d
Cellulose *#% 43.7d 54.2C 63.2b 66.8a
Ash *%% 56.2 51.4 48.0 3546,
Gross energy ** 68.7% 68.9% 72.7° 70.7

Means in the same row with different superscripts are different at the (BP{0.05 level},

*% P L 0,01
*%% P 0.001

Growth performance

There was no significant difference in
total live weight gain, daily gain or feed
conversion ratio in Erbi yearling lambs fed
the experimental diets although these re-—

ceiving rations containing cardboard and
poultry manure gained at a slightly faster
rate than those on other rations (Table 4).
Feed intake rates suggest that diets with a
cardboard and poultry manure combination
are more palatable than the others.

Table 4. Feed intake and growth performance
of sheep
Rations

Parameters 1 2 3 4 5
Daily dry matter intake (g) 937° 1003" 1074%P 12332 11992
Daily live weight gain (g) 156 146 151 163 156
kg dry matter required

per kg 1live weight gain 6.068 6.615 7.278 7.968 7.872
Dry matter intake as a

percentage of initizl

live weight 2.84° 3,15 3,09%° 3,56% 3.60%

Means in the same row with different superscripts are different at the (P C.05) level.
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ENSTLED MIXTURES OF CAGE LAYER MANURE AND WHOLE CROP MAIZE FOR FATTENING BULLS

5.F. Spoelstra, L. Tjoonk and A. Steg

Institute for Livestock Feeding and Nutrition Research (L.V.V.0.}
P.0. Box 160, 8200 AD Lelystad, The Netherlands

Introduction

Dried poultry manure is a useful ingredient

in rations for ruminants, However, raised
fuel prices have made artificial drying
economically unattractive, Engiling, being
a low energy process, could be an alternative
to drying, Cage layer manure (clm}, which
under Dutch conditions seems to be the most
suitable type of poultry manure, does not
ensile well without an additive.
Mixing clm with whole crop maize would in
addition to the preservation of the clm by
the maize offer the advantage that the low
crude protein and mineral contents of the
malze are enhanced, ’

Engiling clm with maize

Tneclusion of clm in freshly harvested
forage maize pave after ensiling in labora-
tory silos well preserved silages with pH
values up to 4.2, The content of organic
acids (predominately lactic acid) in the
silages increased with the amount of clm
added (figure 1).

In practice mixing of clm and maize is
hampered by the extra labour and mixing
machinery required during harvest and en—
gilage of maize. Furthermore, fresh maize,
as a preservative of clm, is only available*
during the harvesting period. These drawbacks
wight, partially, be overcome when clm could
be mixed with maize silage and the mixture
succesfully re—emsiled. Thus the advantage
of preserving clm in the mixture to be fed
would be retained and the process would be
applicable the year round,

Laboratory experiments showed that
addition of clm to well presarved maize
silage and re—ensiling the mixture gave
silage with pH-values of about 5 and elevated
amounts of acetic acid (Figure 2).

Although no significant amounts of butyric
acid were formed, these silages could not
be conmsidered as well preserved, In pilot
farm scale experiments badly preserved
silages were obtained. So it is concluded
that re-ensiling maize silage after admixing
cim is hardly feasible,

Ensiling clm after addition of organic acids
was also considered. Experiments showed that
about 47 formic acid is needed for preser—
vation.
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Feeding clm

Two of the described systems of ensiling
poultry manure were extended to farm scale
experiménts and the obtained silages were
evaluated in a feeding trial with bulls,
The silages made were:

a)-30 tonnes of maize containing 16% clm
(dm~basis). The clm and the maize were
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Table |. Composition of forages and concentrates,Mean (g/kg dm) and 5.E. of samples taken

]

]

[N

during feeding.

Analysis Maize Silage of HMixed Concen— Concen-

silage maize + clm silages trate trate

1 2
Dry matter (g/kg) 260+13 267+16 270+5 890+16 8853
Ash 58+2 3247 89+6 106+7 79+3
trude protein 87+3 139+2 123%13  160%4 12540
Crude fibre 224+10 20747 210+11 113+9 103:7
Crude fat . BDEI 3322 SQEZ 3QE] 3143
Digestibility™ In Vi; o (%) 71.5%0.5 72.6+0.6  72,4+0.6 86,1+0,% 86.8+1.0
Metaboliszable Energy”  (MJ/kg dm) 11,2 1.8 10.8 12.5 12.9
% In Vitro digestibility of organic matter (Tilley and Terry, 1963)
#¥ Metabolisable energy calculated accerding to ARC 1977
Table 2, Animal performance and carcass quality,
r
Item Maize Silage of Mixed
silage wmaize+clm silages

Weight (kg) 2.89-495 288-495 253-499
Duration of experiment (days) 174 174 174
Forage intake (kg dm/day., animal) 4,7+0,3 4,9+0.7 5,140.5
Intzke cone., 1 (kg dm/day.animal) 2.6+0.1 = =
Intake cone, 2 (kg dm/day.animal) = 2.7+0.1 2,6+0,2
Intake VEVI® (units/day.animal) 7415 7515 7680
Intake dep (kg dm/day.animal) 0,571+0,027 0.69140.074 0.658+0.058
Live weight gain (kg/day.animal) 1,184+0.128 1,190%0,124 1.185+0,078
Chilled carcass weight (kg) 265415 266+12 275+14
Dressing (%) 53.3%1,0 53.1%1.3 54,230.9
Fat covering 2.4%0.3 2.4+0.3 2,2%0.2
Internal f 2,9+0.3 3.0+0.2 2.8+0.2
Fleshiness 3,5%0.5 3,4%0.5 31211

% Dutch feed unit for intensive fattening
% Arbitrary units. Score from 1-6.

mixed batch-wise in a forage mixing wagon
b) 5 tomnes of cim preserved by addition of
3.5% (w/w) formic acid. The formic acid
was sprayed on the clm while mixing in the
forage mixing wagon and ensiled
¢) control silage of maize.

The silages were fed to three groups of 10
buils of the Dutch red and white (MRY) breed
for 174 days in a randomised block experiment.
The animals received 3 kg concentrate and
forage to appetite daily. The clm silage
Preserved with formie acid and the contrel
Mmaize silage were mixed in a forage mixing
wagon. This mixture, containing 177 (dmbasis)

of clm silage, will be referred to as mixed
silages (MS), The two groups of bulls re-
ceiving ¢lm in their diet were supplemented
with & {(cheaper) concentrate mixture (concen—
trate 2) lower in protein and minerals than the
control group (concentrate 1 in Table 2).
Table 1 summarises information about chemical
composition, digestibility and calculated
energy values, When the bulls were first
provided with clm centaining forage they were
reluctant te eat.

Over the whole period the average daily intake
of the experimental silages was somewhat, non-—
significantly, higher than of the control thus
compensating for initial low intake and lower
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energy content of the clm centaining ration
(Table 2).

Intake, growth rate, dressing percentage
and carcass characteristics were not signif-
icantly different between treatments. Animals
on MS consumed on average slightly more
energy, resulting in a slightly higher dres-
sing percentage, Live weight gain in these
experiments was quite satisfactory (Table 2).
From this feeding trial it is concluded that
animal performance on clm-containing forage
did not differ from the contrel maize silage
diet. The economic advantages for the farmer
are found in the exchange of a part of the
maize silage by clm and by the use of a
cheaper (lower protein and mineral content)
concentrate,

However, work in progress indicates that
adequate mixing is a prerequisite to cbtain
both the silage quality and animal perfor-
mance reported in this paper,
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INCORPORATION OF SURPLUS VEGETABLES AND FRUIT INTO BROILER LITTER FOR FEEDING TO BEEF

G. Walker

ricultural Development and Advisory Service, Ministry of Agriculture, Fisheries and Food,

Wolverhampton, England

Summary

Broiler litter has been successfully
ensiled under commercial conditions for
feeding to beef animals. A& variety of
carbohydrate sources have been used
including:- molasses, barley, wheat,
cagsava, sugar beet, fodder beet, purple
beet, carrots, potato peelings and apples.
Root crops must be chopped or macerated and
cereal grains ground, before thorough mixing
with the litter. Moisture content should be
in the range 40-65%. Anaerobic storage is
assential.

Introduction

The rearing of fowls and animals under
modern farming conditions has led to a
nurmber of problems ceoncerning the disposal
of waste. Traditionally, excreta were used
by farmers to manure the land but the
intensification of rearing processes haa
increased the volume of waste beyond the
point where this is feasible. Overmanuring
of the land ecan cause pollution of waterways
which eollect the run-off and may lead to
complaints from local residents about the
smell and the potential health hazards of
the practice. In addition the applieation
of untreated manure to pasture can obviously
pose a serious health risk to grazing
animals.

The changeover to battery farming of
poultry from free range has created a new
type of waste which generally conaists of
droppings, feathers, bedding and unused
feed. Numerous attempts have been made to
faed this poultry litter to ruminant
livestock (Thomas, et al 1972; Cross and
Jdenny 1975; Khattab et al 1982) as it has
been shown to be a valuable source of protein
and energy which can be efficiently utilised
by ruminants (Bhattachanja and Fontenot 3965;
Fontenot et al 1976). Thomas et al (1972)
found that dehydrated poultry litter could
be used cost effectively to replace up to
25% of a corn cob-corn-soyabean ration for
fattening sheep whiist Khattab et al (1952)
concluded that incorporation up to B0% of a
wheat bran-poultry litter-molasses mix in a
ration seemed to be a promising way of
minimising the cost of productieon for
growing lambs.

In the early days of feeding trials the
poultry waste was dried in order to make it

more hyglenic, easy to handle and pleasant

to use, The escalating cost of fuel during
the 1670's made the cost of drying litter
more atd more expensive until it was not cost
effective to supplement feed in this way any
more. As early as 1972, Duga et al were
looking at poultry manure recycling using the
manure to eventually produce a relatively
clean effluent and algae which can be used as
a feed supplement. Whilst litter cannot be
effectively treated in this way ensilage has
become a wore feasible method of treatment.
The lactic fermentation process produces
organic acids which are fully utilised by
ruminants as a source of energy and will
preserve the feed and eliminate pathogens if
the pH is sufficlently reduced. McCastey and
Antheny (1975) found that the development of
sufficient acid to kill Salmonellae was
dependant to some degree on an ensiling
temperature greater than 259C but the
salmonellae did not grow in the presence of
lactic aeid at pH 4.0. The buffering
capacity of poultry litter is such that the
additicn of a high carbohydrate supplement

i1s necessary in order teo produce sufficient
lactic acid to lower the pH adequately.
Various supplements have been used including
ground corn and molasses (Vezey and Dobbins
1974) and corn forage or grain (Fontenot

et al 1966) but the cost of these may
counteract the use of poultry litter in the
first case. FPurthermore, many of the mixing
and ensiling processes required for these
supplements were too labour intensive or
expensive for general farm use. What is
therefore required, it would appear, is a
cheap, readily available high carbohydrate
source which can be easily mixed with poultry
litter and successfully and reliably ensiled.

In 1979 a report on Research and Development
intc Feeding Broiler Litter to Beef Cattle
was published by a National ADAS Working Party
in which the results of a preliminary seriles
of investigations were given. In that report
it was stated that work was in progress in
using alternative sources of fermentable
carbohydrate for the ensiling process. Since
that report was published work has continued
at Wolverhampton in which the cost of the
final ensiled material has been a main
consideration. Also that the methods
recommended for mixing and ensiling could be
used on the majority of farms without the
purchase of expensive additional machinery.




Farm Ensilage

Advice can now be given to farmers on the
ensilage of broiler litter using molasses,
barley, wheat, cassava, sugar beet, fodder
beet, purple beet, carrots, potatoes,
potato peelings and apples all of whieh
have been succesafully used under commereial
conditions.

The equipment required on the farm is a
clamp sile, a tractor with a fore loader
and a muck spreader. The correct proportions
of litter and carbohydrate are layered in
the spreader and discharged intc the clamp.
The clamp should be of such a size that 1t is
completely filled with the litter-
carbohydrate mix. When the clamp is filled
sealing to exclude air is vital, preferably
butyl sheeting should be used, if this is
rot available, heavy duty polythene spreading
at least 1 metre down the sides of the clamp
and 3 layers thick should be used. Straw
bales or clean gravel should be placed on
top of the polythene sheets to prevent the
ingress of air, tyres are not sultable for
this purposze. After enmiling for 6 weeks
the material ia ready for feeding.

The three parameters which are essential
are:=

moisture - between 40-65%
mixing - reoot crops must be chopped or

macerated in rotary
muckgpreader

~ grain must be ground
~ must be thorough
atorage - anaerobic.

Provided the instructicns are correctly
carried out a material of pH 3.8-4.6 1is
obtained which has an acceptable odour and
which is readily eaten by cattle. Fat
soluble vitamins (A D & E) must be added teo
the animals diet or injected intramuscularly
at regular intervals.

IT MUST BE REMEMBERED THAT THE PRACTICE OF
FEEDING BROILER LITTER TO CATTLE ON FARMS
SHOULD BE CARRIED OUT WITH VETERINARY
CONSULTATION.

Microblological aspects

It has been shown both in the laboratory
and under commercial conditions that wood
and straw based breiler litter can be
satisfactorily ensiled to pH below 5.0
prqwided sufficient fermentable carbohydrate
iBravailable and that storage is anaerobic.
It is not heceasary to add Lactobacilli to
help fermentation and in no case where the
parameters of moiature, mixing and anaeroble
storage were correctly carried ocut has
Salmonellae been detected in the finished
product.

PROPORTIONS OF VARIOUS MATERIALS TO BE MIXED WITH BROILER LITTER

¥

Litter Vegetables Molagses Barley/ Cassava Whey
wheat molasaes
2 i 4 1
Cr
3
x 16 1 5
B
;]
4 b 4 1
E]
-
>
g 10
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Discussion session [: Litter and Manure.

Chairman: F. de Boer
Discussion summarized by A. Steg

Steg: We have many problems of adaptation
of beef cattle in our trials to rations contain-
ing caged layer manure, because the animals
obviously do not like the smell of it at
first hand. Perhaps professor Fentenot can
tell about the way that problem is solved
in the U.S.A.

Fontenct: Cattle and sheep have an adaptive

characteristic of taste. They will adapt
to the taste of animal waste as we have
demonstrated in trials with swine waste,
cattle waste, broiler litter and caged layer
manure. It is however recommended to
increase the level of animal waste in the
ration gradually during a 1 to 2 week peried.
When animal waste should be a ration ingre-
dient, it is also recommended to start at
a young age.

Steg: Dr Benham was mentioning the 'biore-
actor" for composting of animal waste.
Could you tell us some more details about
the process?

Benham: The bioreactor consists of a rotating

drum with sometimes forced aeration. Tha

material is put in at one end and progresses
slowly through the drum, staying in for
5-10 days. This ensures good mixing and
thorough heating, so the pathogenic organisms
hopefully died out.

Newman: Dr Ortega, is the ensiling and
feeding of a mixture of sorghum and pig
faeces already applicable in practice?

Ortega: One of the silages mentioned in
the short paper was fed to pigs. We had
two groups: one fed a commercial feed
mixture and the other commercial feed
+ the mixed silage (30%).

No special problems were encountered in
this trial, there were no feed refusals and
weight gain and feed efficiency were similar.

The experimental ration reduced feed
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costs by 15%. So the approach seems applic-
able in practice.

Keishna: Could dr Razzaque tell us a little
more about the in vitro dry matter digestibili-
ty (IVDMD)} and cell wali digestibility of
card board with supplements?

Razzaque: In vitro digestibility studies
on beth dry matter and cellulose were con-
ducted of cardboard as such and after add-
itions. IVDMD and cellulose digestibility
were fairly low (35-40%) when cardboard
was tested as such. However, in vitro digesti-
bility was significantly increased when card-
board was supplemented with dried caged
hen manure or feather meal. Production
of total VFA also increased with these
supplements.

l;reatment of cardbcard with NaOH and
éddition of starch and nitrogen further
improved the digestibility and VFA-production
in the in-vitro system.

Barber: Dr Fontenot has said that there
are few animal health problems associated
with the feeding of composted or ensiled
animal waste. Does this information relate
only to experimental data and could he
commend upon the commercial farm situa-
tion, where the treatment processes may
nc:t be carried out so effectively?

Fontenot: 1 refer to experimental work,
but T have also attempted to persue problems
arising in practice. Most of the problems
are technical problems, e.g. with regard
to the adequate moisture content of litter
at ensiling or the heating up and even burning
with the deep stacking procedure. The feed-
ing problems [ know of were essentially
digestive disturbances because of lack of
coarse roughage.

Spoelstra: As I understood, composting of
animal manure is used as a method to kill
micro-organisms. On the other hand, it
is likely, that composting leads to loss
of feeding value. Could you tell us, to what

extent feeding value is decreased by cempost-



Fontenot:

ing and whether any fungi involved in compos-
ting are capable of producing mycotoxins?
Fontenot: We have never done experiments
with unprocessed waste and we do not recom-
mend that either. We have done some compa-
risons between deep stacking and ensiling
of broiler litter. We obtained similar perfor-
mance for both types cof processing when
fed with corn silage or dry rations to cattle.
Benham: The heating process which occurs
must inevitably lead to & loss of energy.
High temperatures may also denature pro-
teins, although that may not be important
for ruminants.

Fungi and actinomycetes will readily grow

in composted litter. Some of the moulds
are thecretically capable of producing myce-
although little

that t'hey do so based upon limited surveys.

toxins, there is indication

Given the choice we would always go for
ensiling rather than composting.
ruminant

Van Wageningen: Do vyou consider

manure suitable in practical ruminant feed-
ing, after it has passed through a bicgas
digester?

Fontenot: One should keep in mind, that
the fermented product will have less avail-
able energy per unit dry matter than the
However,

original waste. the nitrogen and

the minerals remain and are of value as
is demonstrated by dr Hashimoto for the

residue of poultry manure. I would say:
it has a value, but a limited one and whether
it is viable in practice depends upon circum-
stances.

De Boer: The

residue is not yet put into practice?

feeding of biogas reactor
As far as I know not yet or to
a very limited scale.

Shih: From our research studies we conclude,

that anaerobic digestion of animal waste
to produce bicgas and solid product is a
feasible process. The solid preducts retain

nitrogen and minerals and contain single-cell

protein and vitamins produced by bacteria.

These

supplements.

solid products can be used for feed

Fontenot: Surely the solid products could
have a certain value for mineral and nitrogen
should

of the available energy has gone into biogas.

supply, but we forget, that most
We should compare the solids with limestone
than with feed
Summers: A beef feedlot
in Canada (5000 cattle)

to fue! a methane digester. He claims that

and urea rather sources.

large operator
uses the manure

the solids are a good protein supplement
(He feeds wastes from

thus high

for this operation.
potato chip plants, bakery, etc.
in available carbohydrates.) He keeps geod
records on his operation and can show that
he is saving a significant amount of money
by reducing his purchase of protein concentrat-
es for his animals. Mathfesen: Can you com-
mend about the influence of the attitude
of various religions to the practice of recycl-
ing of manure?

have no

Fontenot: 1 information concerning

religion effects. In the USA we have very
little consumers' resistance to feeding animal
wastes, if there are no health hazards.

De Boer: T have the impression, that there
seems to be a difference between USA and
Europe as regards the concern about health

risks involved in feeding of manure. [s that

right?
Fontenot: 1 did not say there are no risks
at all, I said they are minimal. We have

more faith in data, I think.
Boer Iwema: We in the Netherlands hesitate
to use manure also because we are so much
dependent upon export of our animal products.
Edel: to  AAFCO

all antmal waste fed to animals should be

According regulations,
processed and free of pathogens. It is well
known, that some of the processing methods
professor Fontenot advocated do not reach
temperatures high enough to kill the more

heat resistant sporeforming bacteria and

virusses. How do you bring this in line with
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the above mentioned regulations?

Fontenot: Regulations state that testing
should include at least Salmonella and E.Coli
and with proper processing these micro-orga-
nisms will be inactivated.

Benham: [ think the answer to the problem
is, that in practice no problems are encoun-
tered when processing makes sure, that

Salmonella is inactivated.
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WASTE OF PLANT ORIGIN

Some introductory remarks

A,J.H., van Es

Institute for Livestock Feeding and Nutrition Research, Lelystad and
Department of Animal Physioclogy, Wageningen, the Netherlands

Summary

Most plant wastes have a high content of
f-linked carbohydrates. Therefore these
wastes can only with success be utilised by
herbivores with the help of cellulolytic
bacteria in forestomachs or hindgut. These
animals may beneflt more if the wastes
recelve gome treatment before bheing fed
andfor, if the conditions for cellulolysis
in their forestomachs or hindgut are made
more favourable., The suitability of plant
wastes rich in cellwall as foed for other
animals is much smaller. Some other plant
wastes are low in fibre but .contain less
palatable or toxic substances. Their value
as a feed for animals results from their
non-cellulose part. The degree of the nega-
tive properties determines how muech can be
included in a ration. Recently alsc wastes
with a high water content which formerly
were dried are used as feed.

Animals succeed very well in excluding
most contaminants, if present in the wastes,
from their milk, epggs and meat. Slaughter
loss of animals fed wastes rich in cellwall
igs often increased, so is faecal output.

For successful use of plant wastes in
animal nutrition the advantages should be

carefully weighed against the disadvantagess.

Introduction

Two types of plant wastes can be dis—
tinguished: those with high content of cel-
lulose and hemicellulose and those con-
taining unpalatable or toxic substances.
The latter may also have high cellulose
contents but there is more interest in
animal husbandry in these with a low cellu~
lose content and therefore higher levels of
valuable starch, protein and/or fat. What
is needed for their use is to know to what
extent they can replace better but also
more expensgive feeds. Because of their ef-
fect on intake and digestibility of other
parts of the ration, it is mot easy to
determine their full nutritive value with
sufficient precision. Recently to this
category of feeds wastes with a high water
content have to be added. Formerly these
wastes were dried but this has become too
expensive., They are to be fed either in the
fresh state or after preservation, usually
ensiling.
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Wastes with high fibre content

In the course of evolution the animal
species, among these man, lost the capacity
to digest B-linked carbohydrates like cellu-
loses and hemicelluloses. As a result a con-
siderable part of plant produce could not
serve as a food source for several animal
species and thus was not liked much because
in most cases stems, leaves and roots of
plants contain the B-type rather than the
easily digestible o~type carbohydrates
starch and sugars. O0f these animal species
man became still more particular in his
food choice for sociological reasons, in the
past more than at present, and more receni—
lysbecause of the great variety of foods
from which he can choose.

Nevertheless a very great surplus of in—
edible plant produce did not occur because
various animal species developed digestive
systems that made use of a symbiosis with
bacteria, which could utilize the B-linked
carbehydrates. At first these bacteria lived
in great number in the hindgut of some
species. Much later also animal species with
forestomachs appeared in which the miercbes
were housed. Because of anaerobiosis in
hindgut as well as forestomachs the micro-
bes do not use all energy of the B-carbo-—
hydgates for themselves but leave some
60—70% of it as volatile fatty acids, i.e.
as an absorbable and useful form of energy
for the host animal. Moreover in the case
of animals with forestomachs the microbes
themselves serve as a source of digestible
protein with a high biological value for
the host. Of course forestomach microhes
alsc degrade those constituents of the feed
which the host would be able to digest it-
self, and leave again only some 60-70% of
the energy for him. Furthermore, in case of
mature plant material in the leong state,
its slow breakdown in the forestomachs to
particles which can pass the narrow reticu-
lo—omasal orifice, leads often to low In—
take. Hindgut fermenters do not have this
difficulty and in such a case can increase
their intake but the lack of palatable com-
ponents, the bulk of the feed and, sometimes,
the small size of the stomach limit the size
of this increase. Animals 1like rabbits have
still another strategy of making use of
fermentation by separating the digesta at
the end of the small intestine in an easily
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fermentable part which stays some time in
the cecum and a hardly fermentable part
which is excreted quickly. Like other
rodents they also use coprophagy to recycle
some of the microbial protein resulting
from fermentation.

Plant cellwall fermentation may differ
considerably in rate and extent. It de-
pends on the maturity of plant parts, their
treatment and the environment in the fore-
stomachs or hindgut. At higher maturity
further crystallization of cellulcose and
increased lignin and sometimes silica con-—
tent reduce the speed and extent of micro-
bial breakdown. When temperature during
plant growth is high, all maturity processes
increase in speed and extent which explains
the low intake and nutritive value of many
(sub)tropical plant wastes. With alkali,
steaming or other technological treatments
these negative aspects may be lessened but
of course not without costs. Microbial fer-
mentation of plant material requires time.
Thus in general in a large animal it is of
more importance than in a small one because
the size of the gastrointestinal tract and
the energy needs for maintenance are related
to the body weight's first and the % power,
respectively. So large ruminants can motre
rely on fermentation than small ones; so
the latter have to select higher quality
feed. The less optimal the environment for
the microbes is - toe little or unavailable
N, 5 or/and energy, a pH below 6.0 —, the
slower is their activity. As a result
digestibility of cellwalls will be low and
the same 1s the case with intake. In theory
means to improve this internal environment
can easily be indicated but their realisa-
tion under practical circumstances is not
always easy.

It will be clear that also for these plant
wastes with high cellulose levels it is
difficult to determine their full nutritive
value with sufficient precision.

Other aspects

Plant wastes with low digestibility have
a4 relatively great influence on gut fill and
thus on slaughter loss. Of course also
faecal cutput increases.

During their growth many plants produce
unpalatable or even toxic compounds for
their own defence against animais and in-
sects., In this respect ruminants have some
advantage over hindgut fermenters because
the microbes in the forestomachs may use
these compounds or convert these into less
toxic substances. In most cases very little
of thess compounds end up in the meat, milk
0r eggs. The same holds true for most other
contaminants ef the wastes., All animals
have a very effective defence system by not
absorbing such substances and/cr by storing
them temporarily in liver and kidney, usual-

ly for later excretion with faeces and urine.

Conclusion

It will be clear that successful use of
plant wastes in animal husbandry depends
mainly on the animal speciles used, the
costs of the wastes, their palatability and
possible negative effects on intake cf other
feeds of the diet, costs of transport,
treatments, storage and feeding, and their
nutritive value. Because of variation in
circumstances the balance between advantages
and disadvantages may vary from farm to
farm. In the papers and posters of this
session attention i1s paid to nearly all
these aspects.
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CHEMICAL TREATMENT OF CEREAL STRAWS BY ON-FARM PROCESSES

W. P. Barber, G, Alderman, A. H. Adamson, and R. J. Mansbridge

Agricultural Development and Advisory Service Feed Evaluation Unit, Stratford, UK

Summar

The accuracy of in vitro DOMD as a means
of measuring feed value of straws was
examined in a ring test ou 22 samples., Five
laboratories collaborated and the results
showed an acceptable within laboratory
error, but unacceptable between laboratory
differences. In addition there was no
cortelation with in vivo DOMD values
determined on the same samples. There was
good agreement between three out of four
centres for in vivo DOMD determinations on
two straw samplas.

For treated and untreated straws,
correlations between all chemical parameters
and in viva DOMD were found to be very low
(r2 Z0.4; red > 5.0).

There is, therefore, a continuing need to
find a relatively simple laboratory
procedure to predict the nutritive values of
straws using in vivo measurements as a base
line. The effects of hammer milling the
samples during sample preparation and the
effects of residual alkali upon rumen
microbes in in vitro procedures require
study.

Fifty nine samplea of untreated,

15 samples of sodium hydroxide treated and
17 samples of ammonia treated cereal straws
have been examined in vivo for digestibility

{DOMB) and wmetabolisable energy (ME} value .

They were also subjected to extensive
chemical analysis for proximate
constituents, structural carbehydrates and
mineral content.

The mean in vivo ME and DOMD value for
each species of untreated straw agreed with
published data. For winter wheat DOMD % was
41.0 + 5.2 (n = 24), spring barley 45.1 *
5.1 {a = 25) and winter barley 45.1 + 6.5
{n =5), For winter wheat and spring barley
straws there are already strong indications
of a variety effect. Variety A winter wheat
has a mean DOMD % of 39.4 + 1.8 {n = 3},
Variety B spring barley averaged 40.5%
compared to variety C at 53.9% (n = 2),

The addition of sodium hydroxide increased
the in vivo ME value by approximately
2 MI/kg DM and the in vivo DOMD value by

approximately 15 units. The degree of
improvement varied, SD + 6.U units, and was

not influenced by the initial value of the
untreated material or apparently by the
level of inclusion of sodium hydroxide.
Stack and oven methods of treating with
aqueous or anhydrous ammonia produced a mean
of 9 units increase in in vive DOMD values,
varying 5 to 17 units All samples also
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showed an overall increase of about 5 per
cent units of crude protein in dry matter
following treatment,

Introduction

Cereal straws are characterised by their
high content of heavily lignified cell
walls, resulting in levels of digestibility
by cattle and sheep (expressed as %
digestible organic matter in dry matter,
DOMD) of the order of 30 to 50 per cent.
They also have very low crude protein
cantents and demonstrate low voluntary
intakes. The contribution of untreated
cereal straw to the nutrient needs of
ruminant is therefore rather limited.

kignina are soluble in strong alkali and
methods using various alkalis to delignify
atraw have been developed since the early
1900's. Workers at the Bioteknisk Institute
Rolding, Andersen et al (1978) however
developed techniques using caustic soda or
ammonia solutions, which omitted the washing
out stages of the earlier Beckman process,
The alkali and the dissolved lignin are
therefore retained in the straw, but the
cell walls have bean opened up for faster
attack by rumen microbes. Substantial
increases in DOMD ¥ and voluntary intake
have been recorded and the techoiques
developed for use both on the farm or in
purpose built plants.

Because of the difficulties and expense of
carrying out in vivo digestibility trials
with straw, most workers have used either
the Tilley and Terry (1963) in vitro rumen
liquor technique, or the more recently
developed cellulase enzyme assay, Jones and
Hayward (1973), Dowman and Collins (1982).
ADAS laboratories relied mainly om the
Tilley and Terry technique, either as
published, or as modified by Alexander and
MacGowan (1966), but also with a 72 hour
rumen liquor digestion phase. Terry (1983)
has pointed out that the in vitro rumen
liquor technique was not designed to
evaluate low digestibility forages, and that
it was likely to give high results compared
to in vivo messurements.

Both caustic soda (NaOH) and ammonia
(anhydrous or aqueocus solution) treatment of
cereal straws are currently being used on
many farms in the UK, following substantial
research effort demonstrating the benefits
achieved. Staff of the Agricultural
Development and Advisory Service (ADAS) have
monitored many of these installations, and
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collected paired samples of wheat and barley
straw both before and after treatment, The
results of in vitro analyses did not give =2
clear picture, and the various centres
involved suspected that as well as between
laboratory effects there were other

effects which were not understood.

The reference point for chemical and in
vitro methods of laboratory assessment of
digestibility is of course a carefully
executed and standardised measurement of
digestibility in vivo with cattle or sheep,
fed at maintenance. Straw presents
particular technical difficulties in
executing such trials, since it cannot be
fed alone, and there was no agreement
amongst involved research workers on the
gmount and nature of supplement to be used,
nor was it known whether such differences
significantly affected the results obtained.

This paper presents the preliminary
results of work carried out by ADAS
laboratories, the ADAS Feed Evaluation Unit
and other research centres during 1982/83 to
resolve some of these problems,

Ring Test on the "in vive' digestibility of
atraw

Four centres participated in a
collaborative trial to determine the in vivo
DOMD in two samples of straw - one wheat and
one barley. Each centre used its existing
preferred technique which meant that three
different systems of feeding straw plus
supplement were used:-

1) Ad lib straw + 25 g/d urea — using
4 sheep.

2) Straw and soya bean mezl fed in ratios
of 80/20 and 60/40 - using 4 sheep,
DOMD calculated by simultaneous
equations.

3) 0.6 kg straw + 0.5 kg dried grass of
known DOMD fed per day to each of 4
sheep.

One centre compared methods 1) and 3).
The precision of digestibility measurements
by difference is lower than that for feeds
that can be fed alone such as dried grass.
8oya bean meal's digestibility value is
itself the result of a previous difference
trial. The summarised results obtained are

/in Table 1.

The repeatability standard deviation, rSD
between sheep at one centre, was + 3.1. The
reproducibility standard deviation, RSD,
between centres was + 4.4, excluding method
3 at centre D. The values for centre B
contributed largely to the high value for
RSD. Excluding centre B, the walues for rSD
became + 3.2 and RSD *+ 3.3. Thus the
between centre variability was of the same
order as the between animal variability, and

Table 1. In vivo DOMD % of wheat and barley
straw measured at 4 cemtres

Centre A B C )] D
Method 1 1 2 1 3
Wheat 42.6 48,2 42.8 42 .4 47.3
+ 8D 0.9 1.6 - 1.4 3.4
Barley 48,2 53.2 46.6 44,7 47.3
+ 8D 0.8 2.0 - 0.8 2.7
Overall

Mean 45,4 50,7 44.7 43.6 47.2

no significant differences were found. It
was concluded that 3 out of 4 centres
produced similar results but that centre B
should investigate further the reasons for
the elevated values obtained,

Ring Test on the "in vitro' digestibility of
straw

Five laboratories participated in a
collaborative analysis of 22 samples of
cereal straw by various in vitro rumen
liquor techniques.

The samples comprised:=-
untreated barley straws
untreated wheat-straws
untreated oat straws
HaOH treated barley straws
NaOH treated wheat straws
NaOH treated oat straws
NH3 treated bariey straws
NHq treated wheab straw

= R RN PSRN Py

The centres differed in the details of the
technique used, and the methods of
correcting the basic data by the use of
atandard samples of known in vive or
in vitro digestibility. Four of the
laboratories analysed in triplicate and one
in duplicate. All of the straws samples had
been subjected to in vivo DOMD measurement
at the ADAS Feed Evaluation Unit, using
method 3) above,

The data was not examined for ocutlier's
since this would defeat the object of
obtaining realistic measures of
repeatability (r) and reproducibility (R).
For most of the samples, r values were
satisfactory, with a mean of 3.2, varying
from 1.9 for the best to 5.6 for the worst.
The values for R were much higher with a
mean of 8.8, due to the between laboratory
component of variance being very high. When
the samples are pooled, the laboratory/
sample interaction becomes the largest
component.

It was possible that the between
laboratory component depended on the type of
straw or treatment so further atatistical
analyses were carried ocut on 7 untreated
barley strawa, 4 untreated wheat straws and
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the 6 NaOH treated straws. Although the
values for r and R were similar, between
laboratory variance inereased and
interaction variance decreased.

It was concluded that the repeatability
rSD for all 22 samples was + 1.2, and the
reproducibility RSD + 3.2 units. Therefore
any ocne centre achieves fairly repeatable
results for replicate analyses at that
centre, but each laboratory would be unable
to reproduce the results of anather with any
precision. Consequently steps are now being
taken to standardise the methods used more
exactly, including the use of standard
samples and mathematical correction of raw
data,

Correlstion of 'in vivo' and 'in vitro’
digestibility results for straws

The mean in vitro DOMD values recorded by
each laboratory were compared with the in
vivo DOMD mean results obtained with four
sheep at the FEU.

All laboratories had a positive bias
varying from 0.8 to 3.4 units. Two
laboratories showed a decreasing bias with
increasing DOMD {(c.f. Terry, 1983). NaOH
treated straws showed larger biasses and if
they are excluded, all laboratories show a
highly significant relationship between bias
and measured DOMD, a sure indication that
the two methods (in vivo and in vitro) are
not measuring the same thing.

A separate regression line was fitted for
each laboratory so that both slopes and
intercepts could be compared. An analysis
of variance showed no difference between
intercepts and the slopes were parallel. A
pooled regression analysis gave the
following equation:-

in vivo DOMD = 1I1.11 + 0.73 (in vitro DOMD)
2

r = 0.42, n = 22, NS,

The NaOH treated straws form a separate
group as may be expected, and omitting them
from the calculations gave the following
equation for untreated cereal straws:-

in vivo DOMD = 1.22 (in vitro DOMD) - 0.64
r2 = 0.39, n = 16, NS.

In the case of the & NaOH treated straws,
it was clear that no significant
relationship between in vivo and in vitro
results existed, The latter results only
varied between 57 and 62 DOMD %, whereas in

vivo values varied from 40 to 66%,

Prediction of "in vivo' DOMD af cereal
strawa from chemical or enzymatic procedures

All the samples subjected to im wivo DOMD
and ME measurement are being subjected to
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extensive analysis in the laboratories using
ptocedures in use at various research
centres. They are:—

MADF Modified acid Clancey and
detergent fibre ¥ Wilson (1966)

NDF Nentral detergent }
fibre % } Goering and
ADF  Acid detergent ¥ Van Soest {1970)
fibre ¥ )
IVD In vitro DOMD % Tilley and Terry
(1963)

CD Cellulase DOMD %  Jones and Hayward
(1973) )

NGD Cellulase DOMD % Dowmaa and
Collins (1982)

The resuits of regression analysis of the
data to haud so far are given in Tables
2 and 3.

Table 2. Prediction of in vivo DOMD % of
untteated cereal straws

'
DOMD % = a 2 rsd
+
0.670 NCD % + 18.3 16 0.26 5.0
0.676 ¢ % +  26.6 17 0,25 5.8
0.176 1IVD % + 37.1 18  0.08 6.6
- 0.952 MADF % + 91,9 23 0,22 5.6
- 0,921 NDF % + 118.9 22 0.27 5.5
- 1.138 ADF % + 103.8 22 0.36 5.1

Table 3. Prediction of in vivo DOMD % of
alkali treated cereal straws

! 3
Method n x2
NCD 15 0.02
cD 17 0.02
1vD 18 0.04
MADF 18 0.07
NDF 16 0.22
ADF 16 0.12
Discussion

The results of the callaborative study om
in vitre rumen liquor techniques are
disappointing, but on deeper enquiry, should
have been expected, The original Tilley and
Terry (1963) technique used centrifugation
to separate the supernatant liquid after
48 hour incubation with rumen liquor.

Lignin attacked by NaOH and solubilised
would dissolve at normal rumen liquor pH

6 - 6.5. However the effects of the
residual alkali in the straw upon the
activity of the microbes does uot appear to
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have been studied, The undigested residue
from the first stage digestion is now
subjected to 48 hour digestion in pepsin HCI
solution. This highly acid solution would
precipitate any remaining solubilised
lignin, which would therefore be recorded
(correctly) as indigestible by this
technique, However the major proportiom
would be recorded as digestible.

In the case of the Alexander and McGowan
(1966) modification of this technique,
centrifugation (or filtration) is omitted,
the rumen liquor being acidified and the
pepsin added directly to it. This results
in all solubilised lignin being precipitated
and regarded as indigestible.

Similar arguments can be deployed about
the two cellulase techniques used in these
studies. That of Jones and Hayward {1973}
starts with pepsin HCl treatment which would
precipitate solubilised ligmnin, whilet the
Dowmaa and Collins (1982) technique
commences with neutral detergent extraction
to achieve a cell wall preparation. Whilst
the reagent is chosen so as unot to dissolve
lignin, alkali treated straws will supply
lignin already solubilised and which will be
discarded and counted as digestible when it
is not.

The dry proceases for acraw treatment must
rely for their effects upon some break up of
the lignin molecules and lcosening their
attachment to the cell walls, since clearly
rumen microbes find it easier to attack the
cellulose of the cell walls. If we are
dealing with a process which is in part a
physical loosening of attachment of lignin
to the cell walls, then we wmight expect that
further vigorous processing would affect
this still further. The standard procedure
for preparing samples for analysis - hammer
milling to pass a 2 mm sieve must surely he
regarded as vigorous processing., Tilley and
Terry (1963) adjusted their original method
to take account of the effect of hammer
milling upon rate of microbial attack.
Presumably cellulase enzyme would be
affected similarly in its rate and exteat of
attack upoun delignified cell walls.

The source of nitrogen used in rumen
liquor procedure when straw samples are
tested is another source of variation. Some
centres use urea, others ammonium salts and
others pure casein.

Effect of 'on farm' treatment with NaOH on
'in vivo' digestibility

Paired samples of cereal straw before and
after treatment with caustic soda {NaoH)},
either as the strong solution {35% W/V) or
as the solid pellet, using purpose designed
machines, or by dispensing caustic soda into
tub grinders being used to process straw,
were collected by ADAS staff. Sufficient
material was collected to run a full length
standardised digestibility trial using four

sheep at the ADAS Feed Evaluation Unit. The
results are shown in Table 4.

Table 4. Effect of caustic soda treatment
of cereal straws on in vive DOMD %

Variety n Treatment DOMD % 5D
Barley 6 Control 49.7 + 2.9
Treataed 64.5 T 6.3
Increase 15.3 + 6.2
Wheat 7 Control 40.6 + 7.2
Treated 55.3 + 6.5
Increase 4.7 + 6.0

The mean increase achieved, 15 units, is
in agreement with published research, mostly
based on in vitro results. At present
prices in the UK, the degree of improvement
is economic, particularly since on the
larger farms, chopping of straw is essential
for the inclusion of the straw in the
ration., The alkali treafment is therefore
available for little more than the cost of
the chemical, plus a charge for handling.
The treated straw does not require special
alr tight storage — a standard bunker with
roof will suffice. The residual alkali is
felt to be an advantage when feeding with
acid silages, but salt should be omitted
from the mineral supplements used. In the
main, the process is operated in the UK by
contractor mill and mixing services, who can
train thelr operators in the safe handling
of the corrosive solution, using appropriate
protective clothing. They can also obtain
and handle the alkali in bulk quantities.

Effect of 'on farm' treatment with ammonia
on 'in vivo' digestibility

Paired samples of cereal straw before and
after treatment with asmmonia were collected
in a similar menner to that described above.
Two sources of ammonia are available in the
UK, aqueocus ammoniz solutiom, and anhydrous
(or liquified) ammonia. The latter has to
be kept under pressure and is regarded as
more hazardeus to handle on farms. Straws
were treated in large polythene covered
stacks of bales, or in purpose built ovens
of the An~stra-verter type, invelving
heating and retention in the oven for
24 hours, A more recent development is the
construction of large gas tight boxes to
hold substantial tomnages of straw under-
cover at ambient temperaturs, The results
of standardised in vivo digestibility trials
on 15 pairs of samples are shown in Table 5.

The mean increase achleved, 9 units of
DOMD is less than published research
findings, mostly based on in vitro results.
At present prices in the UK for contractor
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Table 5. Effect of ammonia treatment of
cereal straws om in vive DOMD %

Variety n Treatment DOMD % $D
Barley 9 Control 44.9  + 5.3
9 Treated 533.9 + 4.6

Increase 9.0 + 2.8

Wheat 6 Control 39.9 s+ 3.8
6 Treated 49,2 + 4.4

Increase 9.6 + 4.8

treatment of straw (£20 - 30/t), the
increase in nutritive value only reaches
break even on average, whilst a number of
cageg of improvement of only 5 units DOMD
have been recorded, which are uneconcmic.
Other cases are known to the author where
treatment in an oven has failed to give
significant improvement in digestibility,
despite the obvious signs of treatment
effect - colour change, softer texture and
increased K content.

A number of factors are known to affect
ammonia treatment of straw, particularly
moisture content of straw, ambient
temperature and retention time. Stack
treatment relies on long retention time at
ambient temperature, whilst oven treatment
uses short duration (24 hours) but elevated
temperatures (90 - 100°C), The data show
conflicting results when oven and stack
treatments are compared as between wheat and
‘barley. For barley, the increase for stack
treatment is 12.0 + 2,5 compared to 7.2 +
0.4 for oven treatment.
samples for stack treatment averaged 40.6 #
1.2 compared to 47.4 + 5.3 for those
selected for oven processing. I1f the degree
of improvement is positively correlated to
basal DOMD % this would explain the finding.

For the wheat samples tested to date, the
findings were as expected, stack treatment
6.7 + 1.4 and oven treatment 11.1 + 6.0,

The large standard deviation observed in
oven treated wheat straw digestibility

is particularly worrying. The possibility
that lignin solubilised by ammonia reverts
with time appears to need Investigation.

Conclusions

Dry processes for the improvement in
nutritive value of cereal straws present
formidable techmical problems to the
nutritionist because the process removes
nothing from the straw. The standard
procedures for forage analysis reveal little
of significance, hence the reliance on
enzyme assays and rumen liquor procedures.
The work reported here shows that whilst the
latter technique cam be run with acceptable
repeatability at one centre, and can medsure
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However the contro?

improvements in in vitro DOMD %,
extrapolation of these results to in vivo
DOMD results is not reliable.

The process of digestion of straw in vivo
is arguably very different from that
occurring in vitro, particularly the fact
that the latter sample has been subjected to
a further vigerous procesaing - hammer
milling. The effects of this processing on
the adhesion of lignin to the cell walls may
be worthy of study. A further problem is
that lignin that has been solubilised by
treatment is still indigestible to the
ruminant, but in vitro may often move into
the filtrate and be counted as digestible,
The error involved is low for normal
forages, because of their low lignin
content, but when the lignin content is
high, this becomes an important source of
bias and error. It would appear necessary
to turn to more sophisticated techniques
such as near infra-red reflectance
spectroscopy to get a new approach to this
difficuit problem,
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FEEDING VALUE OF SOME WASTES AND BY-PRCDUCTS OF PLANT ORIGIN AND THEIR USE BY BEEF CATTLE*

Ch.V. Boucqué, L.O. Fiems, B.G. Cottyn & F.X. Buysse

National Institute for Animal Nutrition, B - 9231 Melle—Gontrode, Belgium

Abstract

During the last decades there is an in-
creased investigation concerning the utili-
zation of wastes and by-products of food
production and processing in livestock hus—
handry. This is the consequence of a more
rigid pollution control and of the competi~
tion with food for human consumption.

The chemical composition, digestibility
and feeding value vary largely between by~
products, but also within by-products the
variation is sometimes considerable. This
phenomenon can be explained by differences
in origin, factory, fermentation process or
harvesting system. Moreover, the feeding
value can also be affected by the basic
diet and the feeding level. Traditional
methods to predict digestibility are not
azlways accurate for by-products.

The feeding value of low quality fibrous
by~products can be improved by physical and
or chemical treatment.

For wet by-products ensiling mostly can
be successfully applied. For pressed beet
pulp and maize gluten feed storage losses
can be limited at 10 Z or less.

The utilizatien of by-products for animal
production depends on the nutritive proper-
ties of the materials. With maize gluten

feed, brewers grains, pot ale syrup and .

pressed beet pulp, excellent animal per-
formances can be obtained. With low quali~
ty fibrous materials only small amounts
can be incorporated in the diet without
adverse effects.

Introduction

The paramount intention of agriculture
is te produce enough food of good quality
for the human population. However, only a
part of the agricultural production is
edible for mankind, mostly after industrial
processing. For instance in the Nether=-
lands de Boer (1983) cited a ratioc of pro-
duced non-food on the total yield of 54 %
for wheat, 62 % for sugarbeet and either
41 or 24 % for potatoves when they are used

for starch production or direct consumption.

Methods of by-product disposal in the past
were burning, land spreading, burying or

releasing into streams ... The increased
number of regulations concerning pollution
contrel and the public opinion regarding the
quality of the envirorment emphasize the
necessity to investigate an alternative use
of wastes and by-products.

The rumen, with its extensive microbial
population producing cellulases and urease,
makes ruminants unique in their ability to
convert fibrous, low-guality products and
NPN into energy and animal protein. Conse-—
quently, energy and protein can come from
sources which are not competing with humans.

To be currently uged it is desirable that
by-products are readily available in suffi-
ciently large quantities, with a constant
nutritional c¢omposition, without detrimental
contaminants and with a lower purchase price
than the traditional feedstuffs. Due. to the
enhanced price of fossil energy, it is not

* always economical feasible to use tha by-

products in a dried form. For the wet by-
products preservation aspects must be taken
into account. Some of these teopiecs in rela-
tion with by-products of plant origin are
discussed in this paper.

Chemical composition, digestibility and
feeding value of some wastes and by-products

I is worthwhile to emphasize that there
is a considerable variaticn in chemical com-—
position for some by-products, e.g. @ dry
matter range of 31.0 - 44.7 % for maize
stover (Lanari et al., 1983), of 16.0 - 20.7
% for pressed beet pulp (Drennan, 1983), of
40.0 - 50.0 for pot ale syrup (Kay, 1983)
and 62.6 - 72.5 for condensed molasses so-
lubles {Weigand, 1983); crude protein range
of 2.5 - 10.5 %7 for cane molasses (Dremman,
1983}, of 18.5 - 41.2 7 for condensed mo-
lasses solubles (Weigand, 1983}, of 19.0 -
30.0 7 for dried brewers grains (Griffiths,
1983) and of 8.0 - 12.4 7 for corn staower
(Mgller, 1983); crude fibre range of 4.7 -
9.5 7 for grain stillapge (Steg & Dostendorp,
1983), of 22.3 - 29.3 Z for corn stover
(Mdller, 1983), of 15.0 -~ 18.0 % for dried
brewers grains (Griffiths, 1983) and of 24.2
- 29.0 % for grape marc (Keyne & Garambeis,

* Review of the mgin results communicated at the EEC-Seminar on "Feeding value of by-products
and their use by beef cattle" held at Melle-Gontrode, Belgium, 26-29 September 1983.
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Table 1. Chemical compesition, digestibility and feeding value of wastes and by-products frem
plant origin
Dry Crudg CF;de OM diges— Feeding
By-product matter PrOfEin fibre tibility Valui Reference
(2/kg) 7y (1) per <8
g per kg DM, DM.
Treated sawdust - - - - 0.42 Urv Tigserand, 1%83
Wheat straw - - - 41.4 - Hagemeister et al., 1983
" ", steamed - - - 61.0 8.4 MI ME "
Wheat straw - 36 405 46.3 - Aufrére & Michalet—
Doreau, 1983
" ", + NaOH - 28 396 57.1 - "
Wheat strawpellets 866 38 420 41.9 215 g SU Boucqué et al., 1983b
" ", + NaOH 842 39 392 56.8 343 g SU b
Wheat straw 848 24 449 51.6 554 VEM Cottyn, unpublished
" ", +3Z NHS 8246 90 LT 59.2 612 VEM "
Rice straw - - - 52.2 - Hapemeister et al., 1983
" ", steamed - - - 55.1 6.6 MJ ME "
Corn stover - 49 256 57.0 - Aufrére & Michalet-
Doreau, 1983
" " 310-447 36-69 - 43.9-52.4 4.9-7.5 " Lanari et sl., 1983
" n - 80-124 223-293 63.2-77.4 0.72-0.95 FU M¢ller, 1983
Scybean hulls 857-879 140-158 327-343 79.7-87.8 577-6%4 g S0 Cottyn, 1971
v " - 152 314 55.1 - Aufrére & Michalet-
. Doreau, 1983
Sunflower husks - 52 530 18.1 - "
Bran - 185 S$3 71.8 - "
Maize gluten feed - 235 181 83.8 - !
" " 904 215 g5 75.8 - Smits & Oostendorp, 1983
" b 385 224 31 80.8 12.4 M ME Barber, 1983
Maize gluten meal 892 684 1o 87.5 17.9 " "
Citrus pulp - 73 408 75.4 - Aufrére & Michalet—
Doreau, 1983
" " 877 67 133 86.1 714 g SU Cottyn & Boucqué, 1969
Orange pulp 175 68 130 - - Lanza, 1983
" " 918 Fi 122 86,1-93.2 - *
Lemon pulp 164 73 142 - - *
" " 903 90 182 - - "
Grape pulp - 147 217 30.0 - Aufr8re & Michalet-—
Doreau, 1983
Grape marc 897 139 225 28.0 4.5 MJ ME Lanari et al., 1983
" " 295-328 119-131 242-290 14.0-28.0 Reyne & Garambois, 1983
" " 872 120 204 45.7 - Dumont et al., 1983
" ", + 5 L/T HCOOH 330 135 245 38.4 0.42 UFL "
" ", + 5 L/T HCCOH " "
+ 3 7 NaoH 308 143 267 30.2 0.31
Grape seed o1l meal 855-868 110 496-533 24.9-28.2 170-171 g SU Cottyn et al., 1981
" " + NaOH 850 108 516 22.5 136 g SU "
Apple pomace 230 67 205 $6.8(3) 8.0 MJ ME Barber, 1983
Pectin extracted fruit 155-176 106 385-414 58.8-62.8 9.5-10.2 " "
(3}
Banana ileaves - - - 46,9 - Hagemeister et al., 1983
" ", steamed - - - 50.7 6.4 MJ ME "
Pinapple leaves - - - 49.3 - "
" ", steamed - - - 57.2 8.1 MJ ME n
Potato pulp 206 58 171 - 802 g SU Cottyn et al., 1975
Beet pulp - 174 151 82.6 - Aufrére & Michalet~-
Doreau, 1983
N " 893 93 240 83.9(2) 12.1 MJ ME Lanari et al., 1983
" " 172-182 87-%2 276-280 79.2 11,3 " "
" " 180 112 209 75.0(3) 11.8 " Barber, 1983
" " 160~207 132-139 - 88.1(2) - Drempan, 1983
" " 165-195 97-112 193-212 - 0.99 UFV Cadot & Morel d'aArleux,
1983
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| Table 1. (continued)

Beet pulp 253 107 270 - - Théwis et al., 1983
" 135 100 178 82.6 684 g SU Boucqué et al., 1983a
" 224 109 200 88.6 784 M "
" 867 105 193 84.8 745 " "
Bagasse - - - 26,0 - Hagemeister et al., 1983
" , steamed - - - 55.0 5.0 MJ ME "
Molasges, cane 708-740 25-105 - = - Drennan, 1983
", beet 755 140 - 85.0 11.8 " Weigand, 1983
Cond. mocl. solubles 626-725 185-412 0 72.0-85.0 8.2-11.7 7 "
" 621 349 0 - - Manfredini et al., 1983
" 636-652 381-386 0 - 453-497 g SU Piems et al., 1983
Pot ale syrup 400-500 350 0 - 14.5 MJ ME  Kay, 1983
Grain stillage 61-69 331-342 47-95 83.1 1365 VEVI Steg & Oostendorp, 1983
Brewers graius - 310 115 57.6 - Aufrére & Michalet-
Doreau, 1983
" 280 193 177 C 644 10.4 MJ ME  Barber, 1983
" 860-920 190-300 150-180 59.0-74.0 9.6-10.4 " Criffiths, 1983
" 237 327 - - 0.73 UFY Cadot et al., 1983
" 250 304 160 62,7 609 g SU Cottyn et al., 1975
Spent mycelium slurry 95 490 65 84,0 1075 VEVI Steg & Costendorp, 1983

Qil palm residue
" , steamed - - -

20.0 -

Hagemeister et al., 1983
37.1 5.3 MJ ME "

(1) determined with sheep
(2) dry matter digestibility

(3) digestibility of the organic matter in the DM

1983).Variations are due tgc a different
origin, factory, fermentation process or
harvesting system. Considering the feed
cost price and the supplementation of the
diet, the knowledge of the dry matter con—
tent and the chemical composition is impor-
tant for the livestock producer.

Besides the chemical composition some au—
thers mention a large variation in digesti-
bility within samples of the same by-pro-
duct. Digestibility coefficients of wet
brewers grains ranged from 64 to 85 7 for
crude protein, from 87 to 97 % for ether
extract, from 12 to 57 7% for crude fibre and
from 45 to 73 7 for the N-free extracts
(Barber, 1983). The organic matter digesti-
bility ranged between 14.0-28.0 % for grape
marc {Reyne & Garambois, 1983), 63.2-77.4 2
for Danish maize stover (Mdller, 1983), 43.9
-52.4 % for Italian maize stover (Lanari et
al., 1983) and between 72.0-85.0 Z for con-
densed molasses solubles (Weigand, 1983}.

When some by-products are characterized by
a cousiderable variation in digestibility
this statement is a fortiori valid between
by-products. Aufrére & Michalet-Doreau {1983)
mentioned an organic matter digestibility
from more than 80 Z for maize gluten feed and
beet pulp to less than 30 7 for grape pulp
and sunflower husks, Also Reyne & Garambols
(1983) found a low digestibility for grape
pulp, which is in agreement with results ob-
tained by Aufrére & Michalet~Doreau (1983).
The chemical composition and the organic
matter digestibility of a lot of by-products
is listed in table 1.

A large variation in chemical composition
coupled with a wide range of digestibility
coefficients must result in considerabie
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instead of digestibility of the OM.

fluctuations of feeding value. However, it
is not always possible to give a constant
net energy value for some by-products.
Aufrére & Michalet-Doreau (1983) found that
the organic matter digestibility was affec-
ted by the feeding level, Digestibility ob-
tained with ad libitum feeding was lower
than at maintenance level. Further there was
also an interaction between the by-product
and the forage. For instance, organic matter
digestibility of maize gluten feed deter—
mined at meintenance level, increased from
7086 to 83,9 I when its amount in the diet
varied from O to 100 % (calculated by re-—
gression). For ad libitum feeding, maize
gluten feed organic matter digestibility
amounted to 66.3 and 77.8 % when the diet
contained 0 or 100 I of it respectively.

An interaction between the basic feed and
the by-product was alse found by Sauvant et
al. (1983), From a rumen degradation inves-—
tigation they found differences between con-—
centrates with by-products or with cereals
in relation with the kinetics of the transit
time, although both concentrates had the same
energy content and in vive digestibility.
Instead of a constant value as in tables
with the nutritive value of feedstuffs, the
value of by-products shows an asymptotic
pattern. As a consequence, this variation
has an Impact on feed formulation and diet
composition.

Since the determination of the in vivo di-
gestibility is cumbersome and time-consuming
a simple technique to estimate digestibility
quickly and accurately is an absolute neces-
sity. Aufrédre & Michalet—Doreau {1983) pro-
posed a pepsin-cellulase method to predict
the in vivo digestibility : OMD = 0.212 +
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0.717 0Cd (OMD : organic matter digestibili-
ty; 0Cd : organic matter cellulase digesti-
bility). The accuracy of this equation is
fairly good ! RS5D = 0.032 and r = 0.975,

The nylon bag technique is not always a
good predictor of the in vive digestibility.
Hagemeister et al. {1983) found that the
48 hrs nylon bag results will be better
comparable with the in vivo digestibility
when untreated material is concerned, while
the 24 hrs nylon bag results may be better
comparable for treated material.

Improvement of the nutritional characteris—

was good Ln experiments of Théwis et al,
{1983) and Lanari et al. (1983) and resulted
in a dry matter loss of about 10 7 (Boucqué
et al., 1983a). Also for maize stover en-
siling appears to be the most suitable method
of conservation. Adding water in order to
lower dry matter content to 35-37 %, is con-
venient and may be sufficient to assure a
good preservation (Lenari et al., 1983),

For liquid by-products as pot ale syrup the
keeping qualities were excellent due to its
acid nature ; pH = 3.8 (Kay, 1983).

Utilization of wastes and by-~products and

tics

The lignification of cellulase and hemi-—
cellulose makes it difficult for rumen mi-—
cro—organisms to attack these components.
The treatment of fibrous waste products with
saturated steam at 175-190°C for 8-20 mi-
nutes increases the organic matter digesti-
bility as a consequence of the destruction
of H-bridges and the mechanical enlargements
of the caves between the fibrils (Hagemeis-
ter et al., 1983). Improvements of 19.5 units
were obtained for wheat straw, 17 for oil
palm residues, 25.0 for bagasse, 8.9 for
pineapple leaves, 3.8 for banana leaves and
2.9 units for rice straw. Further there
was a reduced rumen retention time and in-
take was markedly increased.

The treatment of ground straw with 5 %
NaOH resulted in a dry matter digestibility
of 56 % compared with 40 Z for the untreated
material, which means an improvement of 40
%z (Boucqué et al., 1983).

In experiments of Tisserand {1983) a treat-
ment with nitric acid under high temperature
and pressure (Jelks method) was applied on
sawdust.

It is not excluded that the physical form
of the by-product may have an impact upon
the energy value. As a mean of 5 sources of
dried brewers grains, Griffiths (1983) found
a ME value of 10.1 MJ per kg dry matter,
compared with 10.4 MJ for wet brewers grains
(Barber, 1983).

Also for beet pulp (Boucqué et al., 1983a)
the energy value of the pressed material was
higher than for the dried pulp.

Preservation

The shift to an increased availability of
wet by-products necessitates investigation
on storage and preservation. Questions
about storage equipment, preservation method
and nutrient losses are important in deciding
whether or not the by-product fits into a
feeding system. Ensiling is an easy method
of conservation resulting in a controlled
fermentation instead of putrefaction.

A good quality silage was obtained with
maize gluten feed resulting in low dry mat-
ter losses (Smits & Ocstendorp, 1983). The
preservation of ensiled pressed beet pulp

animal performances

The feeding of maize stover silage instead
of maize silage tc young bulls resulted in a
remarkable lower daily gain, as a result of
the reduced dry matter intake. However the
growth rate of bulls was significantly in-
creased by the supplementation of the stover
diet with monensin {Bonsembiante et al.,
1983). On the other hand the feeding of large
amounts of fermentable starch resulted in a
depressed maize stover utilization. In 2 sub-
sequent periods dry matter intake of heifers
per kg galn amounted to 32.9 kg for maize
stover silage combined with maize ears si-
lage compared with 14,2 kg for maize stover
alone. Alsc Cadot et al. (1983) cohserved a
decreased growth rate when the amount of
cornstalk silage in the diet was increased.

The supplementation of maize silage with
0, 3, 6 or 9 kg maize gluten feed slightly
affected daily gain of bulls (Smits & Oosten—
dorp). Hardly any difference in dressing per—
centage and slaughter quality could be mea-
sured.

Different alcohol by-products as brewers
grains, distillers grains, pot ale syrup and
condensed molasses solubles are available
for ruminant feeding. Steg & QOostendorp (1983)
mentioned a daily liveweight gain of 1.052 kg
when 2.4 kg stillage dry matter was fed
besides concentrates and maize silage. The
comparison of ensiled brewers grains with
peanut meal and soybean meal as protein sup-
plements in maize silage diets resulted in
a 5.5 7 higher daily gain (Cadot et al.,
1983) . As dry matter intake was lower for the
bulls fed brewers grains, it improved feed
efficiency with 12 7. :

Trials with complete dietg containing 0, 22,
25 or 30 % pot ale syrup were carried out
with heifers (Kay, 1983). It can be concluded
that as much as 30 Z pot ale syrup can he
included in the diet without affecting daily
liveweight gain. Only with the feed contai-
ning 22 % pot ale syrup intake and growth
rate were somewhat lower.

The incorporation of 10 % condensed molasses
solubles in concentrate for fattening bulls
did not adversely affect daily gain or feed
intake in experiments of Manfredini et al.
(1983) . However, the substitution of concen-—
trate nitrogen by condensed molasses solubles
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reduced daily liveweight gain in our experi-
ments {Fiems et al., 1983). With & maize si-
lage diet the difference was significant and
this was also true for ensiled pressed heet
pulp as basic feed. Energy efficiency was not
in favour of the condensed molasses solubles.
We suggested that the value of condensed mo-
lasses sclubles seems toc be affected by the
energy content of the diet. When we fed
dried sugar beet pulp containing about 10 %
condensed molasses solubles supplemented
with a low protein concentrate in comparison
with ordinary pulp supplemented with concen—
trate with either soybean meal or urea as
nitrogen source, we did not observe a diffe-
rent growth rate. However daily gain during
the initial pericd was lower and differed
significantly with soybean meal; feed con-
versien of the 3 diets were similar.

The incorporation of dried orange pulp in
a complete diet for baby beef bulls resulted
in an inferier daily gain, a high feed intake
and an unfavourable feed conversion (Lanza,
1983). On the contrary, carcass composition
was similar for all groups, but the dressing
percentage varied between 53.2 and 55.3 Z.
In our experiments the effect of incorpora-—
ting citrus pulp was less unfavourable and
feed conversion did not differ significantly
(Boucqué et al., 1969).

The comparison of ensiled pressed beet pulp
with a concentrate diet containing 60 %
dried beet pulp resulted in a similar live-
weight gain, but feed conversion was slight-
ly better for the pressed sugar beet pulp
{Théwis et al., 1983), With both diets a
fast growth rate of about 1.4 kg daily was
observed., The findings of Théwis et al.
(1983) were confirmed by the experiments of
Boucqué et al. (1983) with dried and ensiled
pressed sugar beet pulp. Alsc in these trial
a daily liveweight gain of about 1.4 kg wa¥
realized and the best feed conversion was
obtained with pressed beet pulp. Pressed heet
pulp did not affect dressing percentage or
carcass composition in comparison with dried
pulp.

Feeding pressed beet pulp supplemented with
soybean meal or urea resulted in a similar
gain in experiments of Cadot & Morel d'Arleux
(1983), but the urea group had a slightly
better feed conversion.

When ensiled pressed beet pulp was compared
with rolled barley, both fed tc appetite,
daily gain of steers receiving barley was
significantly higher and also feed conver-
sion was higher. When pulp and barley were
used as a supplement to grass silage there
was no significant difference in gain or
feed conversion (Drennan, 1983).

Another by-product of the sugar industry
is molasses, Besides its sugar content,
molasses has other interesting properties
such as the improvement of pelleting charac—
teristics, the avoidance of dustiness in dry
mixed diets and its palatability. An evalua-
tion of molasses relative to barley was in-

58

vestigated by Drennan (1983) and Karalazos

et al. (1983). The utilization of molasses

at about 21 % of the total dry matter intake
in silage diets did not result in a signifi-
cantly different gain in comparison with
barley. However when 31 Z or 38 Z of the diet
came from molasses daily gain was somewhat
depressed.

These data indicate that cane molasses is
used more efficiently at low ration inclusion
rate where it compares favourable with barley
At higher inclusion rates, the feeding value
of cane molasses dry matter relative to bar-
ley dry matter is 76 and 64 % for maintenance
and production respectively (Dremnan, 1983).
In experiments of Karalazos et al. (1983) the
replacement of barley by 20 or 30 7 beet mo-
lasses did not result in significant diffe-
rences in daily gain, but feed intake and
feed conversion were higher for the molasses
diets. Dressing percentage was similar for
the 3 groups.

With spent mycelium slurry Steg & Costendorp
(1983) found a daily gain of 1.025 kg which
was in good agreement with the predicted one
based upon energy intake.

The utilization of NaOH-treated strawpellets
il a complete diet (without long straw) for
teef bulls in substitution for dried beet
pulp depressed daily gain at a lower incer-
poration rate. When more treated straw was
used in the pelleted feed daily gain increase
(Boucqué et al., 1983). This phenomenon can
be explained by rumen fermentation disordars
for the diet with 15 % treated strawpellets.
(lack of sufficient physical structure).

In twe experiments with young Charolais beef
bulls Tisserand (1983} fed two iscenergetic
and isonitrogeneous diets containing 11 and
20 Z chemically treated sawdust; two con-
trol diets were based on cereals, beet pulp
and alfalfa hay. Daily liveweight gain amoun-
te@ to 1.21 kg for the sawdust group compared
to 1.12 kg for the centrol group in the first
experiment while in the second one, the fi-
gures were 1.31 and 1.43 kg respectively.
Animal performances obtained with different
wastes ot by-products are summarized in

table 2,

Conclusion

Due to food technology and proecessing a lot
of by-products and wastes are available,
Composition, digestibility and feeding value
can fluctuate largely.
This makes continuous research on efficient
utilization in livestock husbandry necessary.
Traditional feed evaluation methods are not
always applicable because of interactions of
specific by-products with the basic diet.

The chemical and or physical treatment of
fibrous products can improve digestibility
and feeding value and offers promising per-
spectives,

The ensiling of wet by-preducts seems to
be a gocd preservation method. However, the
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sible.

storage losses must be kept as low as pos—

The utilization of by-products as maize
gluten feed, brewers grains, pet ale syrup,
molasses, beet pulp, citrus pulp, resulted
in good animal performances. With low quali-

ty fibrous products as straw,maize stover,
grape pulp, ..., animal performances decreased
when the amount in the diet was Increased,
These by-products are more suitable for ani-
mals with lower requirements.

Table 2. Apimal performapnces with wastes or by-products

Animal L?veweight L?' Intake petr
. Diet/by-product s interval gain ke main Reference
e (kg) (kg/Q) 88
Maize silage bulls 258-415 1.308 6.1 kg TM Bonsembiante et al. {(1983)
Maize stover " 256-313 0.633 9.2
Maize silage " 254-419 1.36% 5.7
Maize stover " 260-327 0.777 7.6
Maize stover heifers  377-415 0.542 14.2
Stover + ears " 415-461 0.331 32.9
Stalklage + pulp steers :
2.63 kg + 3.06 kg 238-404 0.776 8,16 kg DM Cadot et al. (1983)
3.40 kg + 1.54 kg 238-371 0.623 8.72
O % grape seed oil bulls  332-626  1.259 6.84 kg DM Cottyn et al. (1981)
10 2 " " 332-5619 1.253 7.33
10 % "+ NaOH " 331-633 1.295 7.19
Maize silage bulls ’
+ 0 kg gluten feed 421-548 1.245 6.6 k¥ VEVI Smits & Oostendorp (1983)
+ 3 kg " " 409-532 1.206 6.5
i + 6 kg " " 435-561 1.235 6.5
+ 9 kg ' " 442-572 1.275 7.2
Grain stiilage bulls 100-550 1.052 6.5 kg DM Steg & Ocstendorp (1983)
Maize silage bulls
+ meal 192-552 1.114  7.28 kg DM Cadot et al. (1983}
+ brewers grains 191-549 1.199  6.40
0 % pot ale syrup heifers  340-540 1.21 9.4 kg DM Kay (1983)
22 Z " " 1" 1.08 9'0
25 g " " " 1.13 10.1
30 % " " " 1.13 9.7
0 Z cond. mol. sol. bulls 267-585 l1.02 7.51 kg DM Manfredini et al. (1983}
10 7 " " 256-578 1.02 7.33
Maize silage bulls 284-618 1,14 6.54 kg DM Fiems et al. (1983)
*+ cond. mol. sol. " 286-586 1.01 7.63
Pressed beet pulp " 291-611 1.39 5.79
+ cond, mol. sol. " 290-595 1.27 6.24
Pulp + soybean meal bulls 264-558 1.07 6.62 kg DM Fiems et al. (1983)
"+ cond. mol. sol. " 263-536 1.01 6,68
"+ urea " 265=549 1.05 .61
Concentrate bulls 448-526 1.407 7.2 kg DM Théwis et al. (1983)
Presged beet pulp " 439-518 1.403 6.2
Concentrate " 361-543 1.377 6.7
Pregsed beet pulp " 367-558 1.469 6.5
Dried beet pulp bulls 297-631 1.47 5.92 kg DM Boucqué et al. (1983)
Pressed beet pulp 1 296-613 1.40 5.82
+ 5 7 mclasses " 298-632 1.48 5.74
+ 1 % prop. acid " 298-610 1.37 5.71
Pressed heet pulp bulls Cadot & Morel d'Arleux
+ soybean meal 321-600 1.222 5.92 kg DM (1983)
+ urea 321-605 1.207 5.83 .
Pressed beet pulp steers  305-477 1.132 7.0 kg DM Drennan (1983)
Rolled barley " 305-497 1.262 7.5

i -
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Table 2. (continued)
Silage + pressed pulp steers 305-482
Silage + barley " 305-495
0 % orange pulp bulls 221-360
25 % " " 220-348
50 % " " 220-342
0 Z citrus pulp bulls L144-471
25 7 " " 142-467
50 % " " 143-464
Silage + barley bulls 446-535
" + 30 % wol. " 446-530
" + barley " 510-605
" + 21 # mol. " 510~605
" + barley " 510-616
" + 38 Z mol. " 510-608
Straw + barley steers  450-546
" + 21 % mol. " 450-557
" 4 barley " 450-577
" + 33 7 mol. " 450-568
0 7 molasses bulls 150-450
20 z 1" " "
30 z m 1" n
Mycelium slurry bulls 250-650
0 % treated straw bulls 349-676
15 2 " " 348-615
30 % " " 349-649
45 7 n " 348-660
Control bulls 500-576
11 % treated sawdust " 502-580
Contrel " 326-463
20 % treated sawdust " 328-438

1.163
1.249

1,211
1.120
1.098

1.215
1.191
1.175

1.0860
1.000
0.952
0.952
1.056
0.581

0.785
0.880
1.037
0.964

1.13
1.06
1.13

1.025

1.36
1.09
1.24
1.28

1.12
1.21
1.63
1.31

’/7.80 kg DM

1
9
8
1

5
6
6

7
8
8
8

Drennan (1983)

Lanza (1983)

Boucqué et al. {196%)

Drennan (1983)

0.22 kg DM Drennan (1983}
.39
.99

0.29

.46 kg DM
22
.03

Karalazos et al.

(1983)

Steg & Oostendorp (1983)

.36 kg DM Boucqué et al. (1983)
.27
.19

.30
- Tisserand (1983)
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SODIUMHYDROXIDE-TREATED STRAWPELLETS IN COMPLETE DIETS FOR FINISHING BEEF BULLS

Ch.V. Boucqué, L.0. Fiems, B.G. Cottyn & F.X. Buysse

National Institute for Animal Nutrition

Scheldeweg 68, B 9231 Melle-Gontrode, Belgium

Introduction

Due to the high crude fibre content, the
low digestibility and the restricted intake,
straw is not extensively used in diets for
high preoducing ruminants. However, feeding
value of fibrous feedstuffs can be improved
by a chemical treatment with sodiumhydroxide
or ammonia (Van Hoecke & Cottyn, 1979 a, b).

This paper deals with the effects of NaOH-
treated straw on animal performances.

Material and methods

A feeding experiment involving 104 Belgian
white-blue bulls was conducted with 4 diets,

Table 1. Chemical composition

ipcluding (I) 0, (IT) 15, (III) 30 or (IV)

45 7 NaOH-treated strawpellets in substitu-
tion for dried sugar beet pulp. After grin-
ding, the straw was mixed with 10 Z of a so-
lution containing 50 %Z NaOH and pelleted.
With increasing amounts of treated strawpel-
lets in the diets, a gradual increase of soy-
bean oil meal from 8 to 10.5, 13 and 15.5 %,
was necessary to cover the protein needs; the
amount of barley decreased from 15.95 to
13.95, 11.45 and 8.95 Z.

The animals had an initial weight of about
350 kg and were housed on glatted floors.

Diet (%)
Dry Crude Ether Crude N-free Ash
Treated Dried | matter | protein extract fibre extract
strawpellets pulp

Chemical composition (g/kg)

Dry matter basis
I 0 65 885 130 1¢ 138 621 101
11 15 50 886 129 %‘ 169 593 100
ITT 30 35 876 135 11 202 546 106
v 45 20 | 878 137 10 218* 524 111
100 - 842 39 11 392 436 122
- 100 879 97 6 194 622 81

Table 2. Digestibility and feeding value

Diet {Z) Digestibility coefficients (%) Feeding value (g/kg)
Treated Dried | Organ. Dry Crude Ether Crude N-free Starch DCP
strawpellets pulp | matter matter protein extract fibre extract units
T ¢ 65 87 82 70 47 8s g1 750 91
II 15 50 83 78 71 39 79 87 695 91
IIL 30 35 79 75 69 44 75 84 640 92
v 45 20 75 72 70 61 73 78 586 95
100 - 57 56 - 43 69 54 343 -
- 100 86 81 62 - 85 92 755 61
Untreated straw- _
cellets 42 40 23 51 39 215 -

Communication n° 537 of the institute.
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The diets were fed to appetite and only the
control animals (group T) received long
straw in the rack.

pesides the beef production trial a digesti-
bility trial was performed with wathers fed
at maintenance.

Results

The chemical composition of the diets is
presented in table 1. Table 2 contains the
digestibility and the feeding value. The in-
corporation of treated straw resulted in an
increase of crude fibre and ash and a de-
crease of the N-free extract.

Although there was an Improvement of the

DM digestibility of the straw by the treat-
ment, the DM digestibility of the diets was
gradually decreased by including higher
amounts of treated strawpellets. This re-
sulted in a dimirishing energy content of
the diets {(tabie 2).

Daily gain, feed intake and feed comversion
of the bulls are given in table 3.

The incorporation of treated straw resulted
in a decrease of daily gain, but the effect
was not lineair. Normally we would expect

a gradual reduction of the growth rate due
to a smaller energy concentration (Boucqué
et al., 1980b).In this trial the lowest gain
of group 11 can be explained by a disturbed
rumen fermentation. Piatkowski & Nagel (1975)
stated that the chemical treatment of chop—
ped straw with liqulid NaOH reduced the rumi-

Table 3. Beef production results (j_s;)

nating activity by 53 %. However with 12 %
untreated ground straw in a complete diet,

we did not observe rumen disorders (Boucqu@
et al., 198Ca).

Dulphy et al. (1982) menticned also a consi-
derable reduction of the ruminating activi-
ty. This statement is still valid for group
T1TI, but to a smaller extent. For group IV a
good daily gain of 1.28 kg was realized, com-
pared with 1.36 kg for group 1. Feeding a
diet with 40 % treated straw resulted in a
growth rate of 1.32 kg per day in the experi-
ments of Ali & Andersen (1979).

The dry matter intake per kg gain was enhan-
ced with increasing quantities of straw.

On the other hand energy intake per kg gain
was similar for group I and ILI, but was most
favourable for group IV. This is not in accor-
dance with daily gain of group IV in compari-
son with group I. A possible explanation can
be an underestimation of the digestibility of
straw with wethers, since Aerts et al. (1981)
found a lower digestibility for low quality
forages with sheep in comparison with cattle.
Table 4 presents the slaughter and carcass
data of the bulls.

The incorporation of treated straw always
resulted in a significant ‘higher weight loss
during a 20 hours fasting period prior te
slaughter (P€0.01).

Dressing percent, blockiness and carcass com—
position of group 1I were always significant-
ly lower than for the other groups. Once again
this phenomenon must be interpreted as a re-
sult of the rumen fermentation disorders.

I 11 ITT v
Number of bulls 26 27 25 26
LW. interval (kg) 349-676 348-614 349-649 348-660
Daily gain (kg) 1.364+0.03 1.09P+0.03 1,24c+0.04 1.282C+0.04
Carcass gain (kg/d) 0.%2 0.67 0.82 0.86
Feed intake (kg/d)
- dry matter 10,67 .G 10.2 1G.6
- starch units 7.153 6.2 6.50 6.22
Intake per kg w073 (g/d)
=~ dry matter 92.% 87.8 96.2 99.8
=~ starch units 66.4 6l.1 61.5 58.4
Feed conversion (kg)
Per kg liveweight gain
- dry matter 7.36 8.27 8.19 8.30
- starch units 5.26 5.75 5.24 4.86
Eer kg carcass_gain
- dry matter 10.86 13.43 12.44 12.33
- starch units 7.77 9.37 7.93 7.23
Feed cost (BF/kg)
- per kg feed®™® 11.50 11,00 10.46 9.93
~ per kg LW gain 91.4 102.5 97.8 93.7

a, b, ¢ : values with different superscripts are significantly different (P& 0.05)
® The mean daily intake of long straw amounted to 0.73 kg (0.62 kg DM)

% Unit prices : 5,3 BF/kg treated strawpellets; 9.5 BF/kg dried beet pulp; 3 BF/kg long straw;
15.5 BF/kg soybean oil meal.
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In a previous experiment where barley was
gradually substituted by haypellets we alsc
found an increased fasting weight loss, but
the higher amount of haypellets significant-
ly decreased dressing percentage (Boucqué

et al., 1971).

So we can conclude that even with high
amounts of treated straw an acceptable daily
gain can be realized. To prevent bloat and
consequently a lower daily gain, a lower

Table 4. Slaughter and carcass data (+ s;)

feed intake, an unfavourable feed conversion
and an inferior carcass quality it is advi-
sable to make long straw or hay available.

At the present unit prices of the feedstuffs
(table 4), the use of NaOH-treated straw-
pellets fer intemsive bull fattening, is less
profitable than dried sugar beet pulp.

I 11 111 v
Number of bulls 26 25" 25 26
Fasting weight loss prior , guhiq 1, 3.71Bip.18 3.88B+0.19 4.18B+0.18
to slaughter (%) - —_ — o
Dressing percentage 64.48+0.3  62.0B+0.5  63.9%+0.4  64.97+0.4
Blockiness {(kg/cm} 3.13A:Q.03 2.?6Bi0.04 2.97Ai0-04 3.04Ai0.04
Carcass composition (%)
= meat 67.1440.5  69.6B+0.5  66.4%40.5  67.3%40.6
- fat 19.48+0.4  15.68+0.5 19.84+0.5 19.14+0.7
- bone "13.58%0.2  14.88+0.3 113.8A¢o.2 13.64%0,2
’
A, B : values with different superscripts are significantly different (P<£ 0.01)

% Two bulls remained only 168 days in experiment (acidoszis)
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SUBSTITUTION OF DRIED GRCUND COCOA HUSKS FOR MAIZE IN GROWER-FINISHEER BROTLER
RATIONS

Endeley, H.N.L.

Hational Advanced Scheol of Agriculture, Yaounde, Cameroon

Summary

600 unsexed broiler chickens, 7 weeks
of age were used in an experiment to
determine the optimum level of cocoa
husks in grower~finisher broiler rat-
ions.

Dried ground cocoa husks were subs-
tituted for maize in diets at 0,10,20
and 30% respectively,

Statistical analysis revealed better
growth performances in the group of
birds fed 10% ground cocoa husks while
there were non significant differences
between the control and the birds fed
20% cocoa husks,

Cost analysis showed no
differences between diets
of inclussion, the direct result of
compensatory increases in consumption
as the level of cocoa husks in the
diets increased,

Results indicate the possibility of
the use of dried cocoa husks at levels
up to 137 in grower-finisher broiler

significant
at all levels

rations without any detremental effects.

Introduction

Cameroon produces over 125,000 tons
of cocoa beans annually which is mai-
nly exported. In the preparation of
cocoa for market, the usual practice
is the removal of the beans from the
pods and the ultimate fermentation
and drying of the beans for sale. In
this practice the cocoa pods are comp-
letely discarded and are usually butied
or burnt.

Due to its high fibre content, cocoa
pods seem fo be efficiently utilised
by ruminants. Traditionally however,
there are no cattle in the cocoa
producing zones., While quite an amount
of work has been done con the feeding
of coecoa husks to ruminants with con-
siderable success{Ndumbe,1980), very
little work has been carried out on
the use of this residue in monogastric
feeding.

Experiments carried ocut in this light
by Adeyunju et. al.{(1975,1977) on chi-
ckens at the University of Ife didnot
give definite conclussions, while
Branckaert et, al.(1973) obtained res-—
ults with pigs.

The purpose of this study was there-
fore to evaluate the utility of dried
tocoa husks in grower-finisher broiler
rations.

Methods

Fresh cocea pods(husks) were collec-
ted from farms around Nkolbisson,
Mbankomo and the farm of the TInstitute
of Agronomic Research in the Centre
South province of Camerocomn. At the time
of harvest the pods had about 85% water
They were then dried using forced
drought ovens and sunlight and then
ground producing a brown powder.

600 unsexed broiler chicks originally
imported from Israel, 7 weeks of age
and weighing approximately 525g on
the average, were randomiy divided
into four groups representing four
levels of incorperation of coceca husks
(0,10,20 and 30Z substitution for
maize thus the diets contained 0, 6.5,
13 and 19.5% cocoa husks). The birds
were individually taged and their ind-
ividual weights and consumptions re-
corded weekly.

Results and discussions

Average weekly weights

The average weekly weighgs cf the
chickens ranged from 580.5-77.14 and
682.01126.67g at the onset of the exp-
eriment to 2695.83%386.77 and 2189%
304,26g for the 10 and 302 levels of
substitution respectively at the end
of the experimental period., There was
an absolute superiority of the birds
on the 10%Z level over the others while
there were no significant differences
between weights of the 20% Ievel and
the control. The birds on the 30Z
level had significantly(p<0.05) lower
weekly weights.

The trend of average weekly weights
and daily gains of the birds in this
study are similar to those reported in
literature by Adeyanju et, al.{(1975,
1976 and 1977). However, though Brank-
aert et. al.(1967 and 1973) suggested
that poultry and pigs could utilise
cocoa husks up to 20%Z in their diets
the results of this experiment show
that after 13% the performance of the
birds declined., Their diets were how-
ever, boasted with synthetic amino-

acids and this could have improved growth

at higher levels of ivnclussion.
Average daily weight gains

There were variations in weight gains
from one bird te another in the same

65




e

group and bhetween treatments. Once
more, the higher performances were
found in the birds fed the 10% level
of inclusion {(U0.8 g/day) while the
control and those fed on the 20% level
had fairly the same average dally
gains (37.36 and 36€.15 g/d). The birds
on the 30% level had the lowest gsalns.

Feed consumption

The average daily feed conzumption
per bird ranged from T7.35 and 103.85g
for the contrel and the 10% level res-
pectively during the first week to
153.27 and 219.79g for the control and
the 30% level respectively at the end
cf the experiment. General-
ly the control had the lowest
tion rates whlle the birds on
level consumed more feed than
other group.

The daily feed consumption increased
with inercases in the level of cocoa
husks in the diets. These observed
increases are in agreement with re-
ports of Adeyanju et al. (1976 and
1977} and Branckaert et al. (1973).

The increaces were likely the result

of decreased metabolisable energy
content of the rations as a consequencs
of increased crude fibre content of

the cocoa husks diets thus, to satis~
fy their energy reguirements the
birds fed cocoa husks had to consume
more Teed.

consump-
the 30%
any

Efficiency of feed conversion

ratios varied frok
birds fed diets with
10 and 20% levels respectively during
the first week to 4,57 and 8.56 during
the last week of the experiment for
tha control and 30% level respective-
1ly. Though there were exceptlons,the
general tendency was that the feed
conversion retio incressed az the
level of cocoa husks in the diets in-
creased.,

Feed conversion
2,77 and 6.57 for

Conclugion

This study reveals strikingly that
maize could be graduslly replsaced in
the diets of grower finisher broilers
up to about 20% ccnseguently increas-
ing quantities available to humans,.

However; more work should be done
on thais subjeect particularly on the
detailed chemical composition of the
cocoa husks,

References
Adeyanju, S.A., D.B.A. Ogutugs and
J,0. Ilori,i275. Cocoa husks in

maintenance raticns for -sheep and

66

goats in the tropics. Nutr.Reports
Internationsal Vol., 11 No. k.
Adeyanju, S.A.,D.B.A.Ogutuga and

J.0, Ilori, 1976. Cocoa husks in
poultry diets. Malaysian Agricultur-
al J. Vol, k.

Adeyanju, S.4A, D.B.A. Ogutuga and
J.0. Tlori, 1977. Performance of
chicks on diets containing graded
levels of cocos husks. Nuir. Reports
International Vol,15 no. 2:165-170.
Adeyanju, S.A., D.B.A. Ogutugsa and
J.0, Tlori, 1977. Evaluation of cocos
husks in finishing diets for broiler:
Turialba Vol. 27. No &: 371-375.
Brancksert, R., F. Vallerand and J.C.
Vincent, 1973. La farine de cabosse
de cacao dans 1'alimentaticn du pore
in café cacac. Vel. 17 no #: 313-320
Ndumbe R.D., 1980, Utilisation of Agro
industrial by-products in beef fatte:
ing rations preliminary reguits of
F.A.0. pilot project Camercon,



SUBSTITUTION OF COTTON SEED CAKE
BY RUBBER SEED CAKE IN THE FEEDING
OF BROILERS

H.NL.L.Endeley, 1.
Tchouken

Tchoumboue and M.D.-

National Advanced School of Agriculture,

Yaounde, Cametoon.

Summary

500 unsexed Dbroiler 7 weeks of

birds,
age were used in a trial designed to siudy
the possibility of replacing cotten seed
cake by rubber seed cake in broiler rations.

Five diets were Zformulated to contain
0, 2.25, 4.5, 6.75 and 9% rubber seed cake
thus replacing 0, 25, 50, 75 and 100% cotton
seed cake in the diets. Birds were randomly
divided intc the five treatment groups such
that average group weights were almost
equal.

Though {feed censumption decreased sig-
nificantly with increases in the level of
rubber seed cake, no significant differences
were obtained in terms of average daily
gain, efficiency of feed utilisation and feed
cost needed to produce 1 kg live weight
gain.

Accordingly, it seems rubber seed cake
can validly replace cotton seed cake and
10 some extent other classical otl cakes

in broiler rations.

Introducticn

The intensification of animal production
in Cameroon in recent years, has encoun-
tered serious problems of ifsufficiency
of some classical agro-industrial by-products
among which are plant protein concentrates.

World bank reperts estimate that Came-

roon has rubber estates covering a span
of over 25000 hectares without taking
into  account peasant plantations, which

are capable of large quantities

of rubber seed.

producing

This study was therefore an attempt

at evaluating the utility of rubber seed
cake in the feeding of our ever increasing

numbers of broiler birds.

Methods

Rubber seed were collected from peasant
farmers around the Mbalmayo area of Central
Cameroon. They were manually decorticated,
soaked in beiling water for fifteen minutes
to librate the Cyanic acid and dried. The
cake was produced by expression using a
handler NBK press.

300 cornish birds, seven weeks of age
and weighing approximately 825 g, were
randomly alloted into five diet groups con-
taining G, 2.25, 4.5, 6.75 and 9% rubber
seed cake respectively thus replacing cotton
seed cake at 0, 25, 50, 75 and 100%. The
birds were fed and watered ad libitum and
their weekly weights and feed consumption

reccrded.

Results and discussion

Average daily consumption

During the first phase (first three weeks),
the highest
(102. 13% 11.30g/day) and the lowest (97.50
t 5.70g/d} were recorderd in diets containing

average daily consumption

6.75 and 9% rubber seed cake respectively,
though there were no significant differences
(P 0.05) between diets.

During the second phase (second three
weeks), the highest rates of consumption
were recorderd in diets containing lower
levels of rubber seed cake.

When the whele

experimental period

was analysed, a similar picture to that
of the second phase was observed, with
the highest rate being found in the diet
with 0% rubber seed.

These observations give the impression
that the level of rubber seed in the diet

influenced feed consumption, but this was
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not uniform and therefore might have been
due to other factors such as the proportion

of males to females.
Average daily gains

During the first phase, average daily
weight gains (ADWG) ranged from 39.14
t .64 to 31.30 T 5.34 g/d. with the highest

being recorded on the 2.25% rubber seed,

diet. There were however no significant
differences (P 0.05) between diets with
0, 2.25 and 6.75% rubber seed.

During the second phase, the ADWG
were generally lower than in the previous
phase. The birds. on the 2.25% rubber seed
maintained their higher ADWG, but there
were no  significant (P 0.05) differences
in the ADWG between birds on the 0, 6.75,
and 9% rubber seed diets.

When the whole experimental period
was analysed, the picture was quite similar
to that of the second phase, though the
values were higher than the former.

These results show a definite trend of
reduction in ADWG as the level of rubber
seed increased in the diet. This observation

is similar te that reported by Radhamma

(1978) that after a 5% level of introduction®

of rubber seed in pouliry diets ADWG is
compromised, probably due to the deficiency
of rubber seed meal in some essential amino

acids particularly methionine.

Efficiency of feed utilisation

Independent of the period considered,
there were no significant differences in
the efficiency of feed utilisation between
treatments.

These results are similar to those of
Radhamma (1973) who found that weight
gain and efficiency of feed utilisation were
not negatively influenced by level of rubber
seed in the diets up to 15% level of inclusion.

Economic analysis
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The prices of the diets tended to increase
with increases in the level of rubber seed

in the diets. However, on evaluating the
cost necessary for the production of | kg
liveweight, it was observed that the lowest
cost of production was achieved in the
diet containing 2.25% rubber seed. There
were no significant (P 0.05) differences
in the cost of production of | kg liveweight
between the rubber seed diets and the control.

Coenclusion

Inclusion of rubber seed in the diets
of broilers up to the levels in this study
did not affect the efficiency of utilisation
of the diets and the cost of producing |
kg liveweight gain.

Aur conclusions are therefore in agreement
wfth those of most other workers particularly
in India, that rubber seed meal can validly
replace classical plant protein concentrates

especially cotton seed cake in broiler rations.
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THE EFFECT CF SUPERIMPOSING GRADED
GRADED LEVELS OF

Endeley, H.N.L, and D. Pone Kamdem

LEVELS OF CANE MOLASSES ON DIEST CONTAINING
PROTEIN ON THE PERFORMANCE OF BROILER CHICKENS

¥ational Advanced School of Agriculture, Yasounde, Cemeroocn

Summary

532 unsexed Cornish x Warren chickens
vere divided into 12 groups and fed 12
diets representing 0,4,6,and 8% cene
molasses and 17,19,and 20% crude pros-
ein levels for & period of T weeks.

Results showed no significant diff-
erences between different levels of
cane molasses, However, inerease in le-
vel of molasses appeared to improve
performance, the best being recorded
at the 4% molasses and 21% crude pro-
tein level.

There are clear indications that
cane molasses could be used in broiler
rations up to 8% without detremental
effects on performance.

Introducticn

nola-
inves-
comp-
perf-

While the utilisation of cane
sses dates as far back as 1829,
tigations on its use reveal the
lexity of the ingredient on the
ormance of chickens.

This study was aimed at investigat-
ing the effects of differnt levels of
cene molasses in broller diets as well
as differing levels of protein on its
utilisation,

Methods

532 unsexed cornish x warren chicks,
35 days of age were rgndomly divided
intc four groups representing 0,4,6,
and 8% cane mclasses in their diets,
These groups were further divided into
three goups representing 17,19 and 21%
crude proteln.

Food was given 3d 1ibitim to the
chicks and their consumption, weights
and mortality were recorded weekly.
Their weight gains, consumption and
efficiency ratios were computed and
statistically analysed.

Results and discussions

Results from this study indicated
that final body weights were generally
higher for birds fed cane molasses.
The values cobtained, compared quite
favourebly with those obtained for
Indian type broiler chicks (0Olomu,
1576) and white rock chicks (Babatunde
and Fetuga,1976) in the tropics. The
best finsl body weight was obtained
in the 4% cane meclasses 21% crude
protein diet,

There were increases in average daily
live weight gein(ADLG) &s the level of
cane molasses increased from 0% to 6%
at the 8% level ADLG decreamased though
not significantly(P 0.05). This is in
accordance with the findings of Rose-
mberg(1955), who used levels of up to
34,5% cane molasses without sdversely
affecting performance of chickens,

Of particular interest were the com-
parative responses of the birds between
5 to 8 weeks and 5 to 12 weeks, While
differences were expected between them
they vere not expected to be so large.
The most satisfactory growth response
was got at the 4% cane molasses and
21% ecrude protein level,The gains obt-
ained were not however comparable to
gains obtained in temperate countries
probably due to the abnormally low
intake and poorer metabolisable energy
densities of the diets(Endeley,1975).

Birds ate mcre as they got clder sand
the rate also increased with increasing
level of cane molasses in the diets up
to the U% level after which consumption
decreased,

The efficiencies of. feed utilisation
progressively improved with increase
in level of cane molasses. The absolute
yalues obtained{2.84% to 4.04) compare
quite favourably with those obtained
by Bebstunde snd Fetuga(1976) for the
same period,

Ceneclussien

Results from this study indicsate that
mcolasses could be conviniently utili-
sed in breiler rations up to & level
of 8% without affecting the performence
of the birds, However, when used, pro=-

tein level should be kept at about

21% for optimal performance,
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PERFORMANCE OF LACTATINC SURTI BUFFALOES FED UREA ENSILED RICE STRAW WITH OR WITHOUT

SUPPLEMENTATION OF LEUCAENA LEUCOCEPHALA, GLIRICIDIA MACULATA AND COCOWUT CAKE

. . 1 .3
G.A, Kaasschleterl, H.B. Perdok2, N.M. van Wageningen™ and M.C.N. Jayasuriya

Introduction

Rice straw, despite it's abundance in most
S.E. Asian countries, has a limited use as a
dry season ruminant feed due to it's low
nutritive value. Increased digestibility and
intake can be achieved by treatment with 4
to 5% urea resulting in substantial increases
in milk production and liveweight gain
(Dolberg et al., 1981; Khan & Davis, 1981,
Perdok et al., 1982; Saadullah et al., 1982},

Leaves and stems of Leucaena 1. and
Gliricidia m. can serve as supplements to
straw based diets, being excellent sources of
protein and minerals, available throughout
the dry season. To establish the responses of
supplementation with both legumes, and to
compare their effect with coconut cake suppie-
mentation, a feeding trial was conducted with
lactating Surti buffaloes. This paper focus-
ses on nutritional aspects and production
responses. An ecconomic evaluation of this
experiment will be given in a second paper
(Kaasschieter et al., 1983).

Materials and Method

Rice straw was treated by ensiling it for
approximately 18 days with a 4% solution of
urea in water in cement lined brickwork silo's
covered with polythene, Equal weights of urea
solution and straw dry matter were used. Sik%
diets were fed to groups of 10 buffalces
during a 14 week periocd and weekly reccrds
were kept of milk yield {(handmilked and
suckled) and bodyweight. Diets are presented
in table 1. Suckled milk yield was determined
by pre- and post suckling weighing of the
caives. Fat content of the milked quantity
was determined, whereas the fat content of
the suckled milk was assumed to be equal to
this percentage. Feed intake was measured
during two separate weeks, Chemical composi-
tion and in vitro digestibility of organic
matter was determined in diet components as
well as in untreated straw. The data were
subjected to a two-way analysis of variance.

Results

Urea treatment caused an increase in in
vitro orvganic matter digestibility of straw
of 15 percentage units (from 39% to 54%).
Crude protein content inereased from 6.1% to
7.0%. Dry matter (DM) intake of treated straw
reached 3.3% of the liveweight of the animals
{table 2). Legumes caused nc increase in
straw intake. In diets supplements with both
coconut cake and legumes, intake of straw DM
was below 3%. Milk yield was significantly
increased by ceconut cake supplementation
only. A drop of milk fat content of 4 g/kg
milked in Leucaena fed buffaloes was compen-
sated by a slightly higher milk yield, resul-
ting in a milk fat production similar to
otWer diets. Although Leucaena contains the
alkaloid mimosin, no toxic effects appeared.
All buffaloes showed liveweight gains but the
coconut cake group gained significantly more
weight than the other groups.

Discussion

The small increase in protein content was
proebably due to overheating the material prior
to analysis. The slow rate of fermentation of
untreated straw is believed teo limit veluntary
intake to 2 to 2.5% of bodyweight (Dolberg et
al., 1981; Saadullah et al., 1982). The ob-
served intake of 3,3% of bodyweight can be
conwributed to the higher nitregen content of
treated straw and the increased OM digestibi-
lity. Jayasuriya et al. (1982) suggested that
Gliricidia and Leucaena protein was compara-
tively insoluble. An effect of these by-pass
protein sources on intake, as described in
general by Kempton et al. (1877), could, how-
ever, not be detected in our experiment. This
holds for both diets with and without ceoconut
cake, The peositive effect of coconut cake on
milk vield suggests that both energy and
protein limited milk production in buffaloes
on treated straw only as well as on treated
supplemented with legumes.

1. Department of Tropical Animal Producticn, Agricultural University, Wageningen,

The Netherlands

2. Department of Biochemistry and Nutrition, University of New England, Armidale, Australia
3. Department of Animal Science, Faculty of Agriculture, University of Teradeniya, Sri Lanka
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Table 1. Experimental groups, amount of dry matter and crude protein supplemented per animal
per day and percentage of crude protein in the dry matter of the total diets. Basic daily
allowences of all animals included ad libitum treated straw, 100 g of a commercial mixture
and added sodiumsulphate, dicalciumphosphate and coppersulphate to a tctal of 36 g Na,

38 g Ca, 21 g P, 17 g S and 80 mg Cu.

Group Supplement . kg DM g CP % CP in DM
of supplement of total diet
TS nene - -—- 7.0
TS + GM Gliricidia m. 0.9 212 8,2
TS + LL TLeucaena 1. 0.9 251 8.4
TS + CC coconut cake c.9 194 7.9
T5 + CC + GM  coconut cake + Gliricidia m. 0.9 + 0.9 406 3.2
TS + CC + 1L coconutr cake + Leucaena 1. 0.9 + 0.9 L1023 9.3

Table 2. Milk yield (kg/day), milkfat yield (g/day), milkfat percentage, daily gain (g) and
dry matter intake of treated straw (DMITS, % of liveweight) of buffaloes fed urea ensiled
rice straw with or without supplements.

Group Milk yield Milkfat yield Milkfat % Gain DMITS
TS 2.1+ 0.2 2217 £ 3y 9.18 1152 + 182 3.357P
78 + CM 2.60% t g.34 2427 39 9.3y 1132 t 137 ap
TS + LL 2,785 0,33 238% t+ 3w 8.71 259+ 137 ab
TS + oC 3.0+ o.u5  311° £ 29 10.08 236+ 172 3%
TS + cc o+ cv 3.18° t oo 319 4 50 10.03 286" t 121 2.7°
Ts + e+ LL 3.365 t 0,81 3250 £ ous 9.65 aou” + 187 5.9°

' means with different superscript within the same column are significantily different; (p£0.05)

values are means ¥ S.D, of 10 animals in each group.
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ECONOMIC FEASTBILITY OF (UREA TREATED) STRAW BASED RATIONS FOR LACTATING SURTI BUFFALOES IN

SRI LANKA

G.A. Kaasschieterl, H.B. Perdokz, N.M. van Wageningenl and -M.C.N. Jayasuriya3

Intreduction

In the framework of the Straw Utilization
Project (SUP) in Sri lLanka field testing of
different methods of urea-treatment of rice
straw started in 1981 (Perdck et al., 1982).
Based on promising results, the SUP chose,
for the time being, to adopt the silo-system
and to focus reszearch on supplementation of
treated straw, which resulted in a.c. the
previous paper (Kaasschieter et al., 1983),

As the application of straw treatment depends
more on econcmic considerations than on animal
performance, in this paper an economic eval-
uation of the previously decribed expsriment
has been made to cbtain infeormaticn on the
eccnomic feasibility of rations based on
urea treated straw.

Method

Revenues are based on milk sold (on the
base of Rs. 70.0 per kg milkfat), cow- and
calf gain (on the base of market prices,

Rs. 5.50 per kg llveweight). Costs, including
labour, are based on farm expenditures (price
level 1982).

To enable comparison between similar ensiled
treated straw and untreated straw diets, the
same price level was applied to evaluate the
feeding trial conducted with the same herd §n
1981 (Perdok et al., 1982}.

Results

Major items in the feed costs are treated
straw (31-45%) and minerals (20-25%). If
coconurt cake and legumes are supplemented,
the latter amcunt to 15% and 10% respectively.

A break-down of treated straw costs shows
that (subsidized) urea accounts for 35% of
the total. Labour, silo construction and poly-
thene represent 20%, 13% and 14% respectively
of the costs inherent to this treatment methed
(further details will be shown on the poster}.

Comparison of diets reveals that straw
treatment impreoves the margins, as does coconu
cake {table 1). Of the legumes tested, only
Leucaena is economically attractive.

Discussion

Part of the differences in the quantity of
salable milkfat between 1981 and 1982 is due
to the use of coconut cake. It should be noted
that all calculations are restricted teo the
period of observation, i.s. no allowances are
made for dry buffaloes, weaned calves and bull
If the real price of urea is taken intc accoun
instead of the subsidized price, all margins
are Rs. 1.80 smaller. In view of the high cost
of urea the guestion arises to which extent
urga will be used as a delignificating agent
and to what extent as a fertilizer. In the
course of 1982 several alternative methods hav
been field-tested with promising results (Jaya
suriya et al., 1983; Kumarasuntharam et al.,
1983; Perdok et al., 1983).

Present prices of slaughter cattle do not
warrant treated straw feeding {Xumarasuntharam
et al., 1983, Perdok et al., 1983). Dairy
production with buffaloes fed treated straw
is more promising though highly dependent on
government-controlled prices of milk, minerals
concentrates and urea. Straw treatment can
play a useful recle in dry seascn feeding in
Sri Lanka, provided there is a productiocn
premoting price policy, and a simple method
of storage of urea treated straw is developed.
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Table 1. Cost-benefit review of the 1981 and 1982 experiments with lactating Surti buffaleces
fed ad libitum {urea ensiled) rice straw with or without various supplements

Year Ration Daily revenue Daily costs per Margin'
{supplements in DM) ME BG G buffalo calf

1981 U3 0.9 conc. _5.73 - 0.52 0.91 §.19 0.60 - 2.67

1981 US 0.9 kg Conc. + 7.43 0.32 1.46 10.62 0.60 - 2.01
1.8 kg Gliricidia m.

1981 TS5 0.9 kg conc. 10.24 0.32 1.62 12,75 0.60 - 1.17

1981 TS 0-9 kg conc, + 11.73 0.89 1.89 15,18 0.60 - 1.47
1.8 kg Gliricidia m.

1982 T8 10.08 0.63 L.hh 11.40 0.60 0.1%

1982 TS 0.9 kg Gliricidia m. 10.36 0.62 1.79 11.75 0.60 0.42

1982 TS 0.9 kg Leucaena 1. 11.77 1.26 1.76 12.09 0.60 2.10

1982 TS 0.9 kg coconut cake 15,05 1.30 1.47 13.43 0.60 3.79

1982 TS 0.8 kg coconut ceke + 14,63 1.57 2.04 13.81 G.60 3.83
0.9 kg Gliricidia m.

1982 TS 0.9 kg coconut caks + 15.82 1.78 1.58 i4.22 0.60 4.36
0.9 kg Leucaena 1. 4

US = untreated straw; TS = treated straw. MF = Salable milkfat (Rs. 5.50/kg MF); BG = cow gain
(Rs. 5.50:kg gain); CG = calf gain (Rs. 5.50/kg gain).
' in Rs. per buffalo per day (Rs 25°- 1 US $)
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POSSIBILITIES OF ENSILING PADDY STRAW WITH AGRO-INDUSTRIAL BY-PRODUCTS AND
WASTES AND NUTRITIVE VALUE IN CROSS BRED COW CALVES

Gopal Krishna1

Department of Animal Nutrition, Haryana Agricultural University

Hissar, Haryana, India

Summary

The deleterious substance (oxalic acid}
ptesent in the paddy straw may be reduc-
ed to a considerable extent by ensiling with
agro-industrial by-products and wastes, and
good quality silage may be obtained. In gene-
ral, cross bred calves could not meet the
nutrient requirement for maintenance and
rowth, if maintained solely on paddy straw
Eensiled).

Introduction and objectives

The present experiment was conducted
with the main objectives:
1. To reduce the concentration of oxalic
acid present in paddy straw by ensiling process.
2. To assess the quality, palatability and
nutritive value of ensiled paddy straw based
on in vivo study.
3. To explore the possibilities of raising
cross-bred calves solely on ensiled paddy
straw without feeding concentrate mixture.

Materials and methods

Approximately one hundred gquintals silage'*'

was prepared using the formula given below:
Paddy siraw 10 quintals

Molasses 3.3 quintals
Cotton ginning

trash 13.33 quintals
Malt sprouts with

hulls 16.66 quintals
Water 56.66 quintals

Supptemented with minerals

Sodium sulphate 9 kg
Calcium phosphate 6 kg
Calcium carbonate 20.5 kg

Twelve crossbred calves of approximately
two years of age were divided into twe compa-
rable groups of six each jn a randomised
block design. The control group calves were
maintained on ad libitum berseem (Trifolium

alexandrinum) hay feeding, while the experi-

mental. group calves were kept on ad libitum
silage feeding. In addition to this 1 kg green
berseem was also fed to the experimental
group of calves so as to meet the carotene

requirement. The duration of feeding period
was 39 days only, during the last 7 days
a metabolism trial was conducted.

Resuits

Deleterious substance (Oxalic acid) was

reduced from 3.12% (paddy straw) to 0.425%
{(silage). The titrable alkalinity of urine {(ml

N/LD stoq per 5 ml urine} of calves main-
tained on ensiled paddy straw was considerably
reduced and they were in positive calcium
and phosphorus balance. As per Breirem
aAd Ulvesli International standard silage
fas graded as a good quality one. The silage
was fairly palatable with a dry matter intake
of 2.3 + 0.15 kg/l00 kg body weight. The
silage contained #.3% DCP and 52% TDN.
It was not possible to raise cross bred calves
solely on ensiled paddy straw without feeding
any concentrate mixture, as growth rate
was not satisfactory.

1. Present address: Institute fiir Tierphysiologie und Tierernghrung,
Der Universitdt Géttingen, Oscar-Kellner Weg 6, 3400-Gottingen
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ENSTLED MAIZE GLUTEN FEED AS A FEEDSTUFF FOR PIGS AND BEEF CATTLE
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P.0. Box 160, Lelystad, The Netherlands
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Runderweg 6, Lelystad, The Netherlands

Introduction

Maize gluten feed is a protein rich by-
product of the malze starch production. It is
a mixture of bran and steep water. As a con-—
sequence of increasing fossile energy costs
there iz a growing interest in the possibil-
ities of using the product fresh or ensiled
rather than dried. Investigations ar in pro-
gress to get information sbout the ensiling
qualities and the feeding value of emsiled
maize gluten feed for pigs and cattle. This
short paper deals with the first results.

Materials and methods

Silage experiments

The meist product (40% dm) was delivered
at the farms at a temperature of 20 - 30%¢.
The silages were made on a concrete floor.
The clamps had a longitudinal and narrow
shape and were sealed with two P.E. sheets
of 0.15 mm. Samples were taken before en-
s8iling and at unloading.

Digestibility trial

A digestibility trial was perfermed with 4
pigs {+ 70 kg live weight). The daily ration
consisted of: 550 g barley (inel. min., + vit.,)
and 3500 g ensiled product. The pigs were
fed twice a day. The total ration was fed as
a slurry. Digestibility was measured using
a totel collection techuique (10 days).

Feeding experiments

A feeding experiment was performed with 32
individually fed G.Y. pigs frem + 37 kg to
+ 105 kg live weight. Three inclusion levels
were tested: 0, 12.5 and 25% of the daily
energy intake was supplied by the ensiled
product.

Two experiments with beef bulls were per-
formed. In the first trial the ensiled pro-
duct was fed teo 4 groups of 10 beef bulls
each during the last 100 days of the fat-
tening peried. The daily ration of the bulls
in the different groups is shown in table 1.
The bulls were housed and fed in groups.

Tn the second trial 40 bulls with an
initiel average live weight of + 170 kg were

split up into 2 groups. The treatments are
given in table |, In this trial the bulls
were also housed and fed in groups.

Table 1, Treatments in the 2 experiments with
beef bhulls. Daily allowance in kg per animal.

Exp. live- maize maize gluten conc.
weight silage feed silage mixt.

T 4

A ad 1ib - 3

B " 3 1.5

C 11 6 -

D n 9 -

T

A <300 kg ad lib - 2.5
v " " 1" _ 1q

B <300 kg " 5 -
s n " 1" 6 _

Results and discussicn

The results of the silage experiments are
summarized in table 2.

Table 2. Silage quality (Corporaal, 1982).

at ensiling  at unloading

dry matter

(e/kg fresh) 416 424
pH 4,2 4.2
butyric acid

(glkg dm) 0.4 0.8
acetic acid

(g/kg dm) 3.4 2,2
lactic acid

{e/kg dm) 53.8 35.8
NH3—N 4 4
dry matter losses(@) - Q.9

From the data in table 2 it is clear that the
maize gluten feed was already fermented at
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ensiling. During storage hardly any addition-
al changes cccurred. With a proper ensiling
procedure dry matter losses will be low. For
practical circumstances the losses are esti-
mated at at least 3%,

Digestibility trial

Table 3 gives the average chemical compo-
sition of 19 samples of wet maize gluten feed
and the digestibilitles measured in the pig
trial. In this table the corresponding fig-
ures for the dried product are also given.

Table 3. Average chemical composition and
digestibility measured with pigs of wel and
dried maize gluten feed (Oostendorp & Smits,
1%83).

g/kg fresh g/kg dm
dry matter cp cfat cfibre Nfe
Comp. :
wet 1 422 202 31 94 625
dried 904 215 46 95 589
Digest.:
wet 1 - 75 13 46 66
dried - 79 60 56 79

1) Dutch Feedstuffs Table (1983)

The chemical composition of the wet and the
dried product is rather similar. Except for
protein the digestibility of the organic com-
ponents in the wet product was low as com— &~
pared to the figures of the dried product,
However, in recent experiments with samples
of dried maize gluten feed lower.digestibil-
ities than tabulated were obtained (Smits &
Jongbloed, 1982).

Feeding experiments

The results of the feeding experiment with
pigs are summarized in table 4. The perfor-—
mance of the animals was very good. The
slaughter gquality and characteristics were
excellent. No significant differences were
found between treatments,

The results of the feeding experiments with
beef bulls are given in table 3. The daily
live weight gain of all groups in the first
expetiment and also the control group in the
second trial was quite good, Hardly any dif-
ferences in growth rate, feed conversion,
dressing percentage and slaughter quality
(conformation and fatness) were measured be-
tween treatments in the first experiment. In
the second trial growth rate and feed con-
version of the bulls in the test group was
less favourable. The maize gluten feed silage
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suppressed the intake of maize silage more
than the equivalent amount of concentrates.
This resulted in a lower tetal emergy intake
and consequently in a lower growth rate and

a lower feed efficiency. No differences were
found in dressing percentage, conformation
and fatness between treatments in this experi-
ment. At the start of both feeding experi-
ments with pigs as well as those with beef
bulls intake problems were encountered.

Table 4. Average results of the feeding
experiment with pigs (Oostendorp & Smits,1983),

A B €
e B
i;;d refusals 4.9 1.3 5.6
%;x/rsat;?ight gain 797 829 795

enerpgy conversion
(MJ NE_/kg gain}
backfat thickness
(afa)

dressing percentage

24,5 24,4 24,9
Il.6 12.2 12.1

77.5 7.1 76.7

Table 5., Average results of the feeding
experiments with beef bulls (Qostendorp &
Smits, 1983).

Experiment |
Maize gluten feed silage 3 6 9
(kg)
live weight gain(g/day) 1245 1206 1235 1275
kVEVI/kg gain 6.6 6.5 6.5 7.2
dressing percentage 54,7 54.9 55.1 55.4
carcass weight (kg) 300 292 309 3i7

Experiment 2

Maize gluten feed silage

(kg) - 5/6
live weight gain(g/day) 1232 1103

kVEVI/kg gain 6.2 6.7
dressing percentage 55.3 55,2
carcass weight (kg) 299 2%4
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GRAIN STILLAGE AND SPENT MYCELIUM SLURRY FOR BEEF BULLS AND PIGS
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Introduction

Whole grain stillage {WGS) is the by-—product
originating from the fermentation of grain
{in The Netherlands mainly maize and wheat)
te produce alcohol,

Spent mycelium slurry (SMS) is a residue of
penicillin production by the fungus Penicil-
lium at & highly digestible substrate. Until
recently this slurry was disposed of by
draining in open water,

Both products of the fermentation industry
are characterised by a high moisture content.
They are normally transported, stored and
fed at elevated temperatures for reasons of
adequate preservation and palatability,

Feeding value of WGS and SMS was studied in
ruminants and in ruminants as well as pigs
respectively.

Materials and methcds

Digestibility of WGS was studied in 4 adult
wether sheep. Daily ration comsisted of 300 g
grass hay, 200 g dried beet pulp and 8000 g
WGS. Feeding wvalue of the product for beef
bulls was studied on a practical scale. In 3
years time over 400 animals were fattened
from 100 to 550 kg on a ration, consisting
of ensiled forage maize, concentrates and
WEE.

Digestibility of SMS was determined in
sheep (daily ration 300 g grass hay, 250 g
dried beet pulp and 5000 g SMS) and two
trials with growing pigs (4 animals per trial;
daily rations consisted of 1500 g cempound
feed + 7000 g 8MS and 1400 g compound feed +
6000 g SMS respectively). Feeding was
additionally studied in a comparative feeding
trial {bleck design) with 24 individually fed
bulls (trial 3) and at a practical scale with
100 bulls (trial 2). Rations again consisted

of ensiled forage maize, concentrates and SMS.

In a comparative feeding trial (block design)
with 32 pigs two levels of SMS {7.5 and 15%
on dry matter basis) were tested from 30 to
105 kg live weight,

Results and discussion

Chemical compesition

In table ! average of some chemical charac-
teristics of both product types are given,
based upon 70 and 47 samples of WGS and SMS
respectively,

Table 1. Average chemical composition of WGS
and SM5.

dn/k fkg dm
& dn/kg 5 N-recovery (%)
ASH CP CFAT CF in amino acids
WGS 64 60 335 131 71 8¢
SMS 95 84 480 20 65 0

Variation in chemical compesition of WES
was considerable, even within the same distil-
lery for the same substrate, SMS was slightly
less variable in composition. Both products
are protein-rich: lysine” and cystine +
methionin contents were ¢ and 12; 22 and 19 g/
kg dry matter for WG5S and SMS respectively,
For SM3 about half of the N not recovered in
amino acids was present in amino sugars, the
remaining in nucleic acids.

Digestibility
Table 2 gives the averape results of the

trials performed with sheep and pigs.

Table 2. Average digestibility data of WGS
and SMS determined in sheep and pigs., (Steg
et al., 198[; Smits & Jongbloed, 1982).

oM cP CFAT CF NFE
WGS

sheep 83 69 23 85 92
SMS

sheep 84 80 46 67 95

pigs 77 72 - 73 91

Digestibility of the organic matter of WGS
was very high when compared with tabulated
data of artificially dried WGS (DLG, 1968).
8MS was digested better in sheep than in pizs;
the two products tested in pigs differed
markedly in protein digestibility (on average
75 and 68% respectively), presumably due to
slight differences in production precess.

Digestibility of amino acids for pigs was
0-16 percentage units higher than crude pro-—
tein digestibility.
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Feeding trials

Table 3 and 4 give some results of the
feeding trials with beef bulls and pigs res-
pectively.

Table 3. Average results of experiments with beef bulls (Harmsen, 1982; Steg et al., 1981).

exp.nr. 1
live weight range (kg) 150 - 550

daily intake (kg dm):
maize silage
concentrate mixt.
dried beet pulp
soya bean meal
WGS 2.4
SMS

ACI]
+

live weight gain, g/day 1052

2 3
250 - 650 400 - 500
3.6 3.9 3.9 3.9
1.8 2.2 2.2 1.3
0.8
2.6 0.9 1.9
i025 998 1007 1038

Table 4. Average results of the experiment with pigs (Smits & Jongbloed, 1982).

beef bulls intake and live weight gain were
satisfactory, even with very high inclusion

consumed on average 1407 and 200 % of tabu-
lated protein requirements, Maize silage in-
take in the bloc experiment with 400 kg bulls
was somewhat disappointing, resulting in
rather low growth rates. Differences between
treatments were not significant,

Results of the feeding trial with pigs
were very satisfactory with regard to feed
conversion, growth rate and carcass charac-
teristics. Differences between treatments
were not significant.

For an adequate utilization of feeding value
(especially protein) over-consumption of
both WGS and SMS should be avoided. A prac-
tical upper limit to the daily allowance
could be 107 of live weight for WGS and 5%
of live weight for SMS, for beef bulls as
well as for pigs,

For SMS still some additicnal toxicological
research is under way,
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rates of WGS and SMS, Tt meant, that animals. 

/

’
Level of inclusion of SMS (%) 0 7.5 15
live weight gain, g/day 730 730 740
energy intake, MJ NEf/day 18,3 18,5 18.6
backfat thickness, mm it.4 11.8 1.7
dressing percentage 75,0 75.4 74.9
For the two practical scale studies with References

D.L.G. 1968 and 1982. Futterwerttzbelle fiir
Wiederkater. Publ. D.L.C., Frankfurt am
Main.

Harmsen, H.E, 1982. Spoeling in rantsoenen
voor vleesstieren. Rapport nr, 78 Y.R,
Smits, B. and Jongbloed, A. 1982. Mycelium—
spoeling als voedermiddel voor varkens.

Rapport nr. 146 I.V,V.0.

Steg, A., Wentink, H.J. and Denselaar, B. van
1981. Myceliumspoeling als veoedermiddel
voor herkauwers, Rapport nr. 137 I,V.V,C.
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STUDIES ON FEEDING OF CULLED GUAR SEED {Cyamopsis tetragoncloba (L) Taub) IN GROWING

BUFFALO CALVES

s.P. Tiwari and G. Krishnal

Department of Animal Nutrition, Haryana Agricultural University

Hissar, Haryana, India

Summary

It is possible to raise male buffalo calves
of about one year age solely on the ration
consisting wheat straw and culled crushed
boiled guar seed in the ratio (60:40) on metabo-
lizable energy basis, supplemented with vita-
min and salted mixture.

Introduction and objectives

The present experiment was conducted
with the main objectives:
1. To assess the nutritive value of culled
crushed boiled guar seed in buffalo calves.
2. To study the effect of crushed boiled
guar seed feeding on growth, feed gain ratio
and digestibility of proxirnate nutrient.
3. To study the effect of crushed boiled
guar seed feeding on blood biochemical consti-
tuents and in_vivo rumen fermentation pattern.

Material and methods

Twenty four male growing buffalc calves
of one year age were divided into four groups
of six each, following complete randomised
design. These buffalo calves were resorted
to treatments T, (W.straw: Guar seed 60:40),
T, (W. straw: GNC 60:40), T3 (W.straw:
Guar seed 70:30), T, (W. straw: ‘GNC 70:30)
randomly to groups I, II, HI and IV,respectively
on ME basis. The duration of feeding trial
was 94 days and digestion trial was of 7
days.

Results

The buffalo calves maintained on {W. straw:
Guar seed 60:40) attained highest daily body
gain (approximately 400 g), having a best
feed/gain ratic. Simultaneously, the efficiency
of ME utilization and protein utilization
for deposition of gained biomass was of
highest corder in the same treatment. The
data of present investigation reveal that
the crushed boiled guar seed contained DCP
24%, TDN 72.94%, ME 2.64 Mcal/kg and
DE 3.21 Mcal/kg. Overall, the solubility
of guar seed protein in water as well as
artificial saliva was significantly (P & 0.05)
less as compared to groundnut cake. This
parameter was found interlinked with the
higher concentration of strained rumen liquor
ammonia in groundnut cake fed buffalc calves.

The concentration of blood urea and ammonia
nitrogen was significantly (P £ 0.05} higher

in groundnut cake fed buffalo calves. Guar
seed exhibited hypocholesterolaemic and
hyperglycaemic trend in buffale calves.

. Present address: Institute fiir Tierphysiclogie und Tiererndhrung,
Der Universitdt Gottingen, Oscar-Keliner Weg 6, 3400-GSttingen
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ENSILING KITCHEN WASTES FROM PRIVATE HOMES FOR ANIMAL FEEDING

S.F. Spoelstra and L. Tjoconk

Institute for Livestock Feeding and Nutrition Research (IVVC), P,0. Box 160, 8200 AD Lelystad,

The Netherlands

Introduction

The annual amount of kitchen waste in the
Netherlands comes to 1.2 million tons. De-
positing this amount of wet material repre-
sents an environmental problem. Recycling
as an animal feed is hampered by the neces-
sary source separation and consequently
laboricus collection procedures.

The present work was performed primarily
as an attempt to improve collection ef-
ficiency., This was achieved by comstruction
cf a 40-1 contalner in which kitchen wastes
could be stored anaerobically. These kitchen
silo's were placed in & private homes during
the first half year of 1983..The silo's were
collected once a month and the contents
weighed homogenised and analysed.

The kitchen sile

The kitchen silec consists of a 1 m pve tube
(¢ 25 cm) with a pve bottom. After addition
of waste the sile was closed by a fitting
plunger.

Results

The amount of waste collected per family
ranged from 5 to 16.5 kg/month (average over

6 months). Also the chemical coemposition s

varied between families, but was per family
rather constant over the éollection period,
Mean dry matter content ramged from 157 fer

a family discarding mainly vegetable products
to 35Z when bread was the main waste, ash
contents ranged from 62-133 g/kg dm and crude
fibre from 22~79 g/kg dm. Crude protein con—
tents weréz rather constant (19 to 24 g/kg dm
Table 1 shows the amount cof wastes collected
per month and the compesition.

The pH values of the homogenised wastes
were rather high, this because the upper
layers in the silo are hardly fermented, Re-—
ensiling after collection showed a fast fer—
mentation resulting in low pH-values and
high amounts of lactic acid. Levels of yeast
and moulds were reduced and enterobacteria
eliminated (Table 2},

Preliminary short term experiments indi-
cated a reluctant intake of this heavily
fermented, re-ensiled, feed by beef bulls,
whereas it was eaten readily by fattening

pigs.

8¢

Table |, Content (kg) of the kitchen sile and
composition (g/kg dm) of kitchen waste per
month {mean of ¢ families, 28 persons).

Month 1 2 3 4 5 6
Content 11.3 12,0 11,9 9.6 9.6 12,2
Dry matter 235 235 228 218 205 200
Ash 78 78 1i5 92 106 99
Total-N 22 25 21 20 21 24
Crude fibre 53 ] 63 59 6l 65
pH ] 5.5 5.2 5.4 5.1 5.3 4.5
Ethanoel 0.6 1.6 1.2 1.7 2.1 4,4
Acetic acid 11.0 1.7 5.3 1.3 1.4 2.7
Butyric aci? 0.0 0.2 0.0 0.0 0.0 1.3
Laotic acid 2.1 3.9 5.0 4,6 5.4 13.3

1 g/kg

Table 2. Fermentation products and microbial
counts of kitchen waste as present in the
kitchen silo (day 0) and 32 days after re-
ensiling (iab-experiments, mean of 7 families).

Days after re-ensiling
32

o)

pH 5.0
Ethanol (g/kg) 2,9
Acetic acid {g/kg) 1.6
Butyric acid {g/kg}
Lactic acid (g/kg) 6.6
NH3—N/t0tal N (%) 5.7

[+l+ Sl +1+]+
T+l+ O+ +1+

4.1

Lactobacilli
(log units/g) 8.6
Enterobacteria

(log units/g) 7.5
Yeasts (log units/g) 6.7
Moulds (log units/g) 6.4

| +
[=
N

i~
o
.

(e}
1+
L=
[=xt

A
—_

L+]+1+
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Conclusion

Technically more efficient collection of
kitchen waste by use of the kitchen silo ap-
pears to be possible, But more work needs to
be done on processing after collection (heat
treatment or re-ensiling) and evaluation of
the product by feeding trials.



Discussion session 2t Wastes of plant origin.
Chairman: Prof. A.J.H. van Es.

Discussion summarized by G. Zemmelink

Dr. said research

found an

Smits:  As Boucqué some

workers interaction between test

and basal feed in digestibility trials. If fthis

holds trues how can the feeding value of
those products be calculated for practical
conditions and which value should” be used

in linear programming?

Boucqué: The interaction was clearly demon-
strated by Aufrére and Michalet-Doreau as
well as Sauvant et al. This phencmenon results
and

in  fluctuating digestibility coefficients

fluctuating net energy values depending on

the percentage used, even at the same feeding

e.g,

use in linear programming to calculate least

level, at maintenance. For practical

cost rations some by-products should be given
the percentage
Both

varying values depending on

which is included in the ration. research

teams emphasized the need for more research,

Schurch: Could Dr. Boucqué elaborate on
the ftreated sawdust (which kind of wood,
details on methods of freatment, required
installations, method and level of feeding,
results)?

Boucqué: The sawdust was treated in the
USA according to the IJells methed. In his

paper Prof. Tisserand did not mention details
of the treatment. He only wrote that the
sawdust was treated with nitric acid at high
the
bulls

treated sawdust was first mixed with cereals,

feeding
the

temperature and pressure. In

experiment with young Charolais
oil cakes and molasses at a 530% level for
the first experiment and at a 40% level for
the second experiment. From both premixes
a different amount was fed to the bulls so
sawdust repre-

that in the first experiment

sented about 11% of the total diet and in
the second experiment about 20%. The feed
conversion data are not cited in the publica-

tion.

Alderman:

Razzague: According of Dr.
Alderman the Tilley and Terry method appears

to the paper

to be not suitable for evaluating the nutritive

value of high-lignin feeds. In vivo studies

are however time consuming and expensive.

Alderman: The questioner has correctly identi-

fied our concern that the Tilley and Terry

procedure is not suited 10 the evaluation
of high lignin forages such as cereal straws.
Particularly in the case of alkali or ammonia
treated straws, the conventicnal oven drying
less

and grinding to than 2 mm particle

size before commencing the in vitro test

would on theoretical grounds significantly
change the characteristics of the forage
used in the laboratory test. It appears to

me that a non-destructive testing procedure

needs tc be developed which is sensitive

to the changes induced by chemical treatment.
reflectance measurements

Near infra-red

seem to be one likely prospect since the
resonances cbserved are a function of chemi-
cal structures and binding. Unfortunately
in vivo tests are both slow and expensive
but they supply the nutritionist with evidence
feed which

not yet properly understood.

of animal x interactions are

Newman: [s Dr. Alderman justified in assuming

that his in-vivo techniques are sufficiently

reliable when (a) one set of data, shown

to be statistically different, is rejected hy
subjective judgement and (b) small experimen-
tal numbers and relatively large standard
deviations may well mask actual differences?
One data set could not be used
of variance because

the

for a pooled analysis

only 3 sheep completed digestibility

trial satisfactorily at centre D, compared

to 4 sheep at the other centres. One data

set  was significantly different from the

remainder. From observations made at the

centre concerned it appeared. that the sheep
used were highly selective so that the con-
differed from

sumed material may have
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that offered.

Steg: Could Dr. Alderman tell how the in
vitro procedures were standardized and calibra-
ted?

Alderman: All collabeorating laboratories used
a set of standard samples of known in vivo
or in vitro digestibility in each batch run.
The methods of correcting the raw data were
found to differ between centres, but these
differences were not the main cause of the
between centre differences observed.

Steg: We find at IVVO, Lelystad, that reliable
data on digestibility of ammonia treated
straw can be obtained by In vitre procedures,
provided that standard samples include also
treated straw of known in vivo digestibility
and that such standard samples are included
in each run.

Hof: Treatment of straw gave varying increases
of in-vivo digestibility. Did it result in compa-
rable variation in improvement of feed intake?
Alderman: We have not measured the effect
of alkali or ammonia treatment on voluntary
intake. This is partly because voluntary intake
measurements with sheep are not easily extra-
polated to cattle. Measurements with cattle

are much more expensive. However, judgements

on the economic viability of a treatment®

process are not dependent on increases in
intake. Unless the treated straw shows a
significant cost benefit per kilo compared
to other feeds such as cereals and soya beans,
the amount eaten is irrelevant. Once a real
cost benefit is established for each kilo eaten,
then increases In voluntary intake contribute
to the overall cost benefit achieved.

Hathout: In Egypt shortage of feedstuffs
is the major constraint for developing animal
production. There is no scope to use additional
land for forage production. Our aim is there-
fore a better utilization of agricultural by-pro-
ducts in animal feeding. The same holds true
for many developing countries. Our Animal
Production Research Institute has therefore

developed a research programme with support

82

from FAO/UNDP. Two promising technologies
have now been introduced:

1. On-farm ireatment of straw with anhydrous
ammonia. Results of digestibility trials with
sheep and feeding trials with cattle fed rice
straw ad lib. with different levels of concen-
trates showed a 15-20% increase in the volun-
tary intake of straw, a similar increase in
digestibility, an increase in c¢p content from
3-4% to 6-7% and better performance of
animals on treated straw. The return on nation-
al income is great. It was calculated that
treating one ton of straw with 3% ammonia
can save 0.25 ton of concentrates. This is
a big advantage indeed as we import 12 million
ton of maize for animal feed.

2. Preparation and distribution of molasses
liql}id supplements. The liquid supplement
is eprepared on a base of molasses (21%),
urea, mineral premix and vitamine AD3 premix.
It serves as a supplement to rations which
are primarily based on straws and other by-pro-
ducts. The farmer is advised to sprinkle /2
I of the liquid supplement (2/3 kg)diluted
with water (l:i), per animal per day on the
straw.

Two distribution centres were established
in Behira Governate tc serve farmers with
both liquid supplement and ammenia. The
former can either be cecllected by the farmers
or distributed in bulk, while the latter requires
a delivery service to inject straw stacks
at the farm. The Ministry of Agriculture
will decide shortly how the programme can
be extended to other parts of the country.
It is noted that several factors favour the
use of ammonia for treatment of straw in
Egypt: ammonia is produced in the country,
plastic sheets are not expensive and the high
temperature (30-40°C) adds to the effective-
ness of the treatment. Treatment of 1 ton
of straw costs about 10-12 Egyptian pounds
as cempered to 20-30 pound Sterling in Dritain.
[ like tc quote one of the major recommenda-
tions of the "2nd Workshop on utilization



of low quality roughages with special reference
to developing countries" held at Alexandria
University in March 1983: "Ammonia treatment
(including urea) seems to be an appropriate
method for developing countries and should
therefore be given special attention in future
work on low guality roughages".

Alderman: The consistently high environmental
temperatures of 30-40°C would theoretically
improve the consistancy of reponse to ammonia
treatment. Moreover if the cost of ammonia
in Egypt is low, then a favourable cost benefit
would be established at much lower levels
of response than are needed with present
prices in the UK. I wish to stress that in
my paper [ refered to the efficacy of on
farm treatment of cereal straw with ammonia
under prices currently extent in the UK.
Schurch: What is the relation between overall
energy cost and gain of metabolizable energy
in  NaOH-treatment of straw, including the
energy required for producing NaOH?

Alderman: Dr. Wilson has calculated that
for commercial plants producing NaOH treated
straw peliets the fossil energy input per kg
is about 2 MJ greater than the increase in
ME. He claims, however, that if the straw
had not been treated, it woculd have been
burnt and lost as a feed resource. He calcu-
lates therefore that the fossil energy Input
effectively reciaims 8 MJ of ME for each
kg of straw precessed. This gives a return
of better than 2 to | over the energy input.
Zemmelink: Treatment of straw with urea
requires large amounts of this product, 30-40
kg per ton of straw. Especially in developing
countries this could also be used as a fertilizer
and where urea is now subsidized, governments
may be reluctant to continue this if it is
used for treating straw rather than as ferti-
lizer., Therefore, not only the efficiency of
utilization of feed energy is of interest, but
also the efficlency of utilization of N. A

specific concern is that when urea is used

for treating straw, a large part of the added
N is lost and only a certain fraction is actually
consumed by the animal. The N consumed
by the animal is partly bound in the straw.
Are any data available from research in the
UK on the digestibility of this N, and are
there studies on the efficiency of N utilization
comparing the use of urea for treating straw
and using a smaller amount of urea as a supple-
ment to untreated straw.

Alderman: I am not aware of such work.
One difficulty is that oven drying of treated
straw (the wusual preliminary to chemical
analysis) is likely to drive off loosly attached
ammonia which could be utilized by rumen
micrebes. The form of N attached to the
straw which survives oven drying does not
appear to have been studied. Suckler cows
have been maintained and calved normally
when fed only on ammonia treated cereal
straw. This must imply that sufficient N was
availeble for normal rumen digestion. However,
Dr. Smith of NIRD, Shiniield, UK, observed
a reduced N retention in heifers fed on ammeo-
nia treated straw, compared to the method
of supplementing untreated cereal straw.
Studies are under way in UK on the use of
urea te treat straw but the efficacy seems
to be lower than for ammonia and the residual
urea is a cause of unpalatability. Urea |is
not widely used as a supplement for straw
in the UK because most straw is fed as part
of a mixed diet, cften including grass silage,
which has a high NPN content anyway. Liquid
urea supplements for application to straw
are available and are to be preferred to feed-
ing of concentrates containing urea because
the intake is spread out over the day when
the liquid supplement is sprinkled on the
straw.

Razzaque: Could the presence of oxalic acid
in paddy straw affect animal performance
and if so what is the specific effect of oxalic

acid?
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Boer lIwema: Oxalic acid interferes with the

absorption of Ca and can cause Ca-deficiency
if the ratien is low in Ca. Problems may
be avoided by feeding extra Ca or including
high Ca legumes (e.g. berseem in Egypt)
in the ration.

Shih: Has any work been done in the field
of ensiling or composting by adding or inocula-
ting known microorganisms, including bacteria

or fungi, 1o enhance the process?

Alderman: A number of microbial Inoculants

for ensilage. have been intwroduced inte UK
from U.5.A. These are mostly cultures of
Lactobacterium, sometimes with added enzymes
(cellulases, proteases, amylases). The effects
on fermentation characteristics of grass silage
as measured by conventional -techniques have
not been promising. However, American work
suggests that faster acidification and conse-
quent saving on dry matter loss are significant
effects. UK work confirms faster acidification
but work on dry matter loss has yet to be

completed.
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Waste of animal processing

 Je dk ek ke e A e b ok e e e ok e A ok Sk ke b e ok e e e ok e ke e e ok ke ok

85




Session 3

OPENING

S. Boer lwema

Department of Animal Nutrition, Agricultural University,
Wageningen, The Netherlands

There are two sources of products from Now 1 give the floor o Prof. Vandepopuliere
animal bodies. In the first place wastes who will tell us about
irom slaughterhouses and in the second place 'Feeding poultry waste to livestock'.

animals died on farms.

In the first case it are the residues of
animal bodies, not usable for human consump-
tion (lungs, most part of the intestines,
reproduction organs a.s.o. Of course the
skin does not belong to the waste.) In the
Netherlands these slaughterhouse offals
have to be transported to our three renderers.
But there are other waste preducts in slaugh-
terhouses, like the contents of the alimentary
tract: rumencontents, contents of pigstomachs
a.s5.0. Also the extracted flesh for the product-
ion of broth or beef-tea is used for the pro-
duction of a weli-known animal feed: meat-
meal From the slaughter offals are made
meat- and bonemeal, bloodmeal as well,
and after hydrolysing {feather meal. Also
parts of fish a.s.o. are converted into dried
fishmeal. )

In the case of dead animals (e.g. of cows
and horses), the skin is usually removed.
The claws, horns a.s.o. are removed as well.
The contents of the rumen is removed before
the bodies are dried and defatted. The intent- *
ion is to get animal preducts as pure as ’
possible. That is the reason why there is
a maximum of crude fiber in animal products
in the Netherfands.

Vi

Today our attention is asked for slaughter-
house waste or offals. Of course we are
not only interested in the {feeding value
of these products but also in the health
aspects of the animals eating those products
and in the health of the human beings consum-
ing animal products produced by those animals
fed with slaughterhouse offals.

As you know three papers are announced,
but because of the illness of Prof. Meyer
from Germany this speaker cannot be here.
We hope he will recover very soon. Instead
of Prof. Mever iwo researchworkers who
sent in a poster, will give a short introduction
to their posters.

After this introduction I give the floor
to Dr Edel to read his speech called:

'Health aspects of slaughterhouse waste
converting by animals'.
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HEALTH ASPECTS OF SLAUGHTERHOUSE WASTE CONVERTING BY ANIMALS

Dr. W. Edel

Veterinary Public Health Chief Inspectorate of the Ministry

of Welfare, Public Tealth and Cultural Affairs

P.O., bhox 439
2260 AK Leidschendam, The Netherlands

Summary

When FeCl  is added to effluents from
slaughtergouses followed by aniconic poly-
electrolyt a precipitate is formed which
mainly consists of protein and fat. This
precipitate can be separated from the
wastewater with dissoclved air flotation,
resulting in a partial (65-85%) purifica-
ticn.

This flocculation-flotation process is in
use in eleven Dutch slaughterhouses and
produces the so called fleotation siudge,
This sludge contains usually high numbers
of micro-crganisms, even pathogenic ones.
The contamination may be from normal
clinical healthy slaughter animals and
can be of bacterial, parasitic, protozoic
and viral nature.

From the toxicclogical point of view and
contents of trace elements there is no
objection in flotation sludge converting
by animals by adding a certain amcunt to
their feed ration. There was no negative
effect on carcass guality and on the
taste of the meat.

From the microbioclogical point of view
direct feeding of flotation sludge to
animals is not safe, therefore a heat
treatment {(15-20 min. at TOOC) should

be performed or a treatment with gamma-
radiation (4 kGy) .

The safest method of utilization of this
sludge is through the preoduction of animal
protein and fat in dry rendering plants,
where temperatures are reached of 130 °C for
at least 30 minutes.

Introduction

Offals/wastes originating from the
slaughteringproces may be divided Into
twe categories, viz (i) a category, which
is dilivered to specialized processing
plants and rendering plants, and (ii}

a category which is disposed of more or
less uncontroled.

To the first category belong offals/
wastes like bloecd, hides, bones, cendemned
meat/carcass, filth from the slaughtering
floor and fat from fatcollectingunits
{Anon., 1981)., These offals will not be
dealt with in this paper.

To the second category belong offals/wastes
like manure (sclid manure, rumen ingesta,
intestinal contents) and wastewater, as
well as substances removed from the waste-
water or obtained by treatment of the
wastewater, substances such as sievere-
mainings, sedimentation from sedimentation-
tanks, and sludge from flococulation-
flotation units, sludge from aerobic
biological sewage treatment plants and
sludge from flocculation-flotation units
—-the so called flotation sludge- in animal
production.

Origin and nature of the flotation sludge
s

Slaughterhouses and meat processing plants
produce great guantities of wastewaters
with considerable demand for their purifi-
cation and decontamination not only from
the hygienic but also from the economical
point of view.

These wastewaters are heavely polluted
with organic materials, rich in protein and
fat. In many countries the wastewaters from
slaughterhouses and meatprocessing plants
are discharged into the municipal sewarage
system and led to a sewage treatment plant,
But due to the rapid increasing payments
for waterpurification more and more the
treatment of wastewater is carried cut

by the slaughterhcuse or meat processing
plant itself in one way or another. In

The Netherlands the pcllution by slaughter-
houges through their wastewaters is
approximately 800.000 population equivalents
(p.e.) of which approximately 120.000 p.e.
are treated in the flocculation-flotation
proces.

When FeCl, is added to sffluents from
Slaughterﬁouses followed by anionic poly-
electrolyt, a precipitate is formed which
mainly consists of protein and fat. This
precipitate can be separated from the
wastewater with dissolved air flotaticm,
resulting in a partial (65-85%) purifi-
catiocn. Dissclved air flotation is based
upon the principle that air, dissolved in
water under very high pressure, when
suddenly released through expansion till
atmospheric conditicns formes very small
air bubbles with a diameter of 0,05-0.1 mm,
With these microbubbles small sclid parti-
cles being in suspension as well as grease
globules can be removed rather guickly in a
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mechanically skimmed basin (Rispens, 1983).
See Fig. 1.

This flocculation-flotation process pro-
duces the flotation sludge. This process
is in use in =leven Dutch slaughterhouses.
However slaughterhouge wastewaters contain
usually high numbers of micro~organisms,
even pathogenic ones, and so is the sludge
derived from these waters, The contamina~
tion may be from normal clinical healthy
slaughter animals and can be of bacterial,
parasiti¢, protozoic and viral nature.

It is known that often Salmonella is
present (Pcllach, 1964; Resocha et al.,
1980; Strauch, 1974; Zutter and van Hoof,
1980) but also could be mentioned bacteria
like Bacillus anthracis, Campylobacter,
Clestridium spp, Erysipelothrix insidiosa,
Escherichia coli [(enteropathogenic, entaro-
toxicogenic), Leptospira, Listeria mono-
cytogenes, Mycobacterium and Yersinia;
parasites like Trichuris spp. Ascaris and
Strongyloides; protozca like Eimeria and
viruses like adeno—, and reoviruses,

Feliz Polyelectrolyte

Influent

Flaceutation

Flotation

Air

Figure 1, Flowsheet of the flocculation - flatation process

Investigations on flotation sludge

In The Netherlands the last three years

many investigations with regards to the

flotation sludge were carried out as a

close collaborated study between five

institutes, viz.:

- Central Institute for Nutrition and
Food Regearch TNO, Zeist

- Organization for Applied Scientific
Reseaxch, TNO, Apeldoorn

- The Netherlands Spelderholt Institute
for Poultry Research, Beeckbergen

- Institute for bivestock Feeding and
Nutrition Research IVVO, Lelystad

- Govermment Agriculture Waste Water
Service, RAAD, Arnhem

Fipancial support was provided by the

Gavernement and the Production Board

for Cattle and Meat (through the Research-

group for Meat and Meatproducts TNO).

The report of this outstanding collabora-

tive study on flotation sludge is at the

moment being prepared by Ten Have (1983}

from the Govermnment Agriculture Waste

Water Service.

The total amount of money for the study

is more than 1 million dutch guilders and

for this sum a great number of different

research projects was carried cut. FTlota-

tion sludge frow slaughterhocuses for

broilers (poultry sludge) received by

far the most attention, but much time was

also spent on flotation sludge from

slaughterhouses for pigs (pig sludge) and

cattle {cattle gludge). The flotation

layer from fattraps at siaughterhouses

for poultry and flotation sludge from

fiaughterhouses for laying hens were also

stdd;ed In the digestibility and feeding

tflais for plge and poultry attention was

paid to the possible effect of pretreatment

methods like pasteurization and drying on

the digestibility and the feeding value.

The results of the different research

projects are laid down in 18 different re~

ports and could be devided into the follow—

ing subjects:

- chemical and microbiclogical composition

- pasteurization and preservation

- feeding value

— sensorial, chemical and histopathological
investigation of meat and organs from
animals being fed with flotation sludge

- toxicology

- dewatering.

Results

It is not here the place to go too far into
the technical details and therefore the
main results will be summarized as follows:
The dry matter (dm) content and the chemi-
cal composition of the dm vary considerably
for a certain type of siudge and even for
a certain factery. The dm content of
cattle-, poultry- and pig sludge is
comparable tc sach cther and is 5-7.5%.
Crude protein is about 40% and crude fat
abcut 30% of the dm.

The flotation layers of fattraps and the
flotation sludges Ffrom slaughterhouses

for laying heris show a much higher dm and
fat percentage. The protein in Flotation
sludge is relatively rich in the essential
amino acids lysine, methionine and cystine
and poor in proline and glycine in compari-
son to feed components such as animal
protein, bonemeal and soybean. The per-
centage of polymeric fatty acids and gly-
cerides in the fat of flotation sludge is
much higher than in fat which is normally
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used in concentrate feed mixtures. Centrary
to commcil assumption these polymers have
showed to ke partly digestible. The coutents
of the trace elements Cu, Zn and Ma are on
a somewhat higher level in pig-sludge,
because of the fact that these elements are
added to pigfeed. Using FeCl_ for flocecula-
tion resulted in a high Fe-cdntent.

High bacterial numbers were found e.g.:
total asrcbic count 15 ; total apzerob
count 10 ; Entercbacteriaceae 107 ; yeasks
and molds 107; Staphyloccccus aureus 107;
fecal streptococeci 107; Bacillus cereus 103;
Clostridium perfringens 103; Salmonelia 103
and a few times adencvirus was isolated,
Campylobacter was not detected.

Healt treatment of the sludge for 60 seconds
at 70° performed complete inactivation of
this wvirus.

Flotation sludge can be preserved by the
addition of a number of acids; untreated
sludge needs somewhat more acid than
pasteurized sludge.

RBegides that, variatlions in the
buffercapacity have their influence on the
regquired dosage. Generally, about 0.5%
sulfuric or formic acid, respectively about
0.5-1% acetic acid (v/v), has to be added.

The average amount of digestihle crude
protein for pigs in pouliry-, pig- and
cattle sludge is about 300-350 g/kg dm.,
The digestability of the organic material
ig, on the average, for pigs about 40%
higher than for poultry; particularly the
protein is less well digested by poultry
than by pigs. There was no efifect of pre-
treatment methods like pasteurization and
drying on the digestibility and the feeding
value.

Flotaticn siudge has proved to be very
usable in the ration of pigs and poultry.
For pig feed the maximum of flotation
sludge is about 12% (on dm basis). A
higher percentage results in unacceptable
feed refusals. For poultry feed a maximum
of 7.5% is allowable. When more flotation
siludge is incorporated in the ration, the
dajly live weight gain is reduced and the
feed conversion is not so good.

In a flaveour test the taste of ribcutlets
of pigs fed with pig sludge was not or
alwost not adversely affected by the in-
corporation from pig sludge in the ration.
Simular results were obtained with poultry
fed with poultry sludge.

Toxicological experiments, like a 4 week
and a 13 week rat trial and an Amestest,
plus histopathological, microbiclogical
and chemical tests on organs and meat
from pigs and poultry fed with flotation
sludge, showed no effects of the feeding
of flotation sludge which impede this
application. There where, however, some
deviations from the normal pattern in

some parameters, but there was no signifi-

cant dose~effect relaticn or the deviations
were contrary to those which are normally
caused by ftoxid effects. Before dewatering
flotation sludge has to be conditioned.
Three conditicning methods were tested,
namely: addition of chemicals, heating

to temperatures arcund 1009 and freezing.
Preezing showed the best dewatering
results. A method was developed for the
continuous thermal conditiening on (semi)
technical scale. This method involves the
use of a steamlance. Flotation sludge can
be dewatered to at least 25 & 35% dry
matter, dependent on type of =ludge,
method of conditioning and dewatexing.
Belt presses and decantercentrifuges
appeared to be very well suited for the
dewatering of the sludges.

Discussion

From the toexicological point of view and
contents of trace elements there is no
cbjection in f£lotation siuvdge converting
by animals by adding a certain amount to
their feed ration. From the microbiological
point ¢of view direct feeding of flotation
sludge to animals is not safe. Campylo-
bacter was not isolated in this study, may
e due to the methed of isclatiocn, kecause
Havelaar et al. (1983) were able to isolate
Campylobacter in high numbers from poultry
flotaticn sludge. Although no investigation
were carried out on parasites, it is known
that eggs from parasites are also present
in high numbers especially Ascaris suum
(Birger, 1978, 1982), but these eggs will
alsc be killed by heattreatment for

15-20 min at 70°C (Liebmann, 1966} the
same yields for eggs of Toxccara (Van
Knapen, 1973).

With regard to viruses it is often said
that a preduct is garranteed free from
viruses when it is also free from sporo-
forming bacteria. This can only be done by
the sterilizaticon proces, which means
heating far above 100°C.

The safest method of utilization of the
flotation sludges is through the production
of animal protein and fat in dry rendering
plants, where temperatures are reached of
130°% for at least 30 minutes. The animak
protein and fat are used as feed compounds
for feed factories to produce concentrate
teed mixtures. In this case sludges should
be dewatered in order to save energy costs
in the dry rendering plants. Sse Fig. 2.
Utilization/disposal of flotatiom sludge
without any treatment may be a hazard in
spreading pathogens and might intensify
infection transmigsion cycles. These cycles
have been extensively documented for
Salmonelila (Edel et al., 19572, 1973, 1976,
1978; Edel and Kampelmacher, 1976; Kampel-
macher, 1977:; Ocsterom et al., 1980, 1982),
The cycle of this species may be considered
as a model for those of other pathegens,
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Figure 2 Pathways for the use of flotationsludge as a feedingredient
and precauticns taken to aveid infections
will largely reduce the risks from other
pathogens. Any treatment to inactive
pathogens will incresse the costs of flo—
tation sludge handling, but farmers may be
more willing to accept the sludge if it

is quaranteed tc be free from pathogens
{Havelaar et al,, 1983).

The direct feeding cf slaughterhouse waste
to animals, particularly fattening pigs,

is not recommended on the grounds of hygiene
and maintaining human and animal health.

In many countries, the direct use of
slaughterhocuse waste as animal feed is
prohibited by law (Weiers and Fischer,
1978).

I was asked to take into account a few
short communicaticns con wastes fed to
animals. T am doing this briefly by saying:
What is =aid for flotation sludge yields
mutatis mutandis for kitchen offals -the
sp called swill- and for any other waste.
Any waste provided to animals should be

in a condition that is eventually not a
health hazard for man, animal and environ-
ment.
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ANIMALS AS CONVERTERS OF BYPRODUCTS FROM ANTMAL PROCESSTNG

Dr. J. M. Vandepopuliere, Professor

University of Missouri, CGolumbia, Missouri, U.S.A.

Continued growth in the human pcpulation
along with the trend for greater numbers to
migrate from the city to the urban and
country areas is placing an ever increasing
pressure on the livesiock industry. Local,
state and federal laws ave becoming more
stringent on disposal of processing by-
products due to land, air and water
pollution,

A general recession is having an influ-
ence on the number of livestock produced.
In 1983, the United States produced 115
and 53 million cattle and hogs, respect-
ively. This was a slight decrease from
1982, however, chicken, broiler and turkey
production showed a slight increase with
5.6 and 1.2 million metric tons produced,
respectively. Egg production was down
slightly with 68.7 billion eggs (Table 1,
Olentine, 1983).

Table 1. LIVESTOCK WUMBERS IN THE U.S.A.

of byproducts from animal processing will be
divided into three sections, (poultry,
cattle~hogs, and dairy).

POULTRY

Livebird processing

1982 1983
Cattle {(million head) 115.7 115.1
Hogs (million head) 28.7 53.2
Breilers (million metric tons) 5.5 5.6
Turkeys (million metric tons} 1.1 1.2
Eggs (billicn) 69.2  68.7

Vertical and horizeontal integration and
technological advances in the animal
industry have vastly improved production
efficiencies. Small units gave way to
larger and larger enterprises. This
development produced a cencentration of
animals that put great pressure on the
senerally accepted disposal practices of
small farm units. On the other hand this
change preduced larger unit sizes which
made processing and utilization of the
residuals eccnomically feasible. What
was a polluticn problem and cost center
was converted to a potential and desirable
profit center. Packing plant further
precessing programs producing box beef and
prepackaged chicken parts for convenience
and efficiency, has concentrated bones and
trimmings for the production of guality
feedstuffs. It appears that this trend
will continue in the United States.

The discussicn of the animal utilization

The primary feedstuffs produced at the
processing plants are poultry byproduct
meal, poultry cil and feather meal. 1In
general the quantity of blocd is insuffi-
cient to process separately and consequently
it is often coocked with the feathers. In
some plants, all of the residuals are
processed together producing a "whole”
poultry byproduct meal. This technique
provides for either under or over cocking
of $ome fractions which reduces the total
nutrient availability and utilization. The
combination type products are trequently
produced and used in an integrated opera-

« tion.

Poultry byproduct meal: Poultry by-
product meal consists of the ground, dry-
rendered or wet-rendered clean parts of the
carcass of slaughtered poultry exclusive
of feathers. It must conrtain not more chan
15% ash and not more than 4% acid-insoluble
ash., Properly processed, it commands a
premium in dog and cat formulacion due to
its gight color and superior palatability
qualities. It has an excellent amineo acid
profile and energy content for use in the
other monogastric diets.

Poultry cil: The handling characteristics
of poultry byproduct meal is improved if
seme of the poultry oil is expelled. A
screw press is generally used to extract the
01l immediately following cocking. Poulcry
ail is an excellent energy scurce and com—
mands a premium as a palatability enbhancer
when sprayed on cat food (Corbin, 1983). 1t
can alsec be used as an energy source in
general livestock diets.

Hydrolized poultry feachers: Hydrelyzed
poultry feathers (feather meal) a feed-
stuff resulcing from the wet treatment
under pressure of feathers from slaughtered
poultry. Not less than 75% of its crude
protein coritent must be digestible by the
pepsin digestibility method (Feedstuffs,
1983).

The protein content is quite high (84%),



however, it is sometimes considered to be
of pocr quality protein due to certain
limiting amino acids (methionine, lysine,
histidine, tryptophamh Utilizing computer
formulation technigques, the use level of
ingredients are restricted when the aminc
acid contribution becomes restrictive,
Baker et al. {1981) demonstratad that wich
methionine and lysine supplementation, up
to 40% of the dietary crude protein could
be supplied by feather meal with little
depression in chick growth rate and
efficiency of weight gain. 1In practical
poultry diets feather meal levels of 0.5
to 1.5% are experienced.

Interest in feather meal as a source of
rumen nitrogen and bypass protein has
increased potential uses. Church et al.
(1982) reported that when feather meal was
substituted for soybean meal in sheep,
diets containing 40% roughage nitrogen
retention was comparable to the soybean
meal control In a subsequent study by
Alderibigbe et al, (1983) the utilization
of feather mEEl-By growing lambs was not
affected when the feathers were processed
at various pressures and time pericds to
achieve pepsin-HCL digestibilities of
between 57 and 78%, Utilization of feather
meal was low in vitro bur high in vivo
studies indicating some potential for
reticulo-rumen bypass. These data indicate
satisfactory utilization when feather meal
supplied one-half of the dietary nitrogen.

Shell egg processing

The producing industry has two merchan-
dising outlets for its product. The
ma jority of the eggs are washed, graded
and cartoned for the retail trade. The
rejects are placed in the inedible egg
product category which is unfit for
human consumption. Based on industry
claims, Schupe et al. (1972) estimated
that an average of 5% breakage occurs in
typical egg processing plants. Cotterill
(1978) reported that a survey of 77
producers showed an average of 1.7 percent
of all eggs produced were inedible.

Egg grading and cartoning plant:
Considering the quantity of inedible eggs,
disposal problem and nutrient value, a
processing method was needed to permit
utilization. Many states consider inedible
eggs as garbage and require heating
throughout to boiling for 30 minutes prior
to feeding to swine.

In a study at the University of Missouri,
a deep~fat fryer was designed to provide
continuous processing inedible eggs with
minimum fabor (Britton, 1%81}. The eggs
were broken mechanically and augered into
a constant temperature {149°C) oil bach

cooking chamber. After a 10 seconds cooking
time, the egg product was removed by a wire
mesh conveyor which permitted drainage.

The cooked egg product contained 10.2%
protein, 54.5% fat, 5.8% ash and 29.1%
water. Using linear programming, a least
cost feed formulation was used and calcu-
lated the value of a ton of inedible raw
egg after cooking to be $8C greater than
the processing cost. This procedure
eliminates a disposal and pollution problem
and produces high quality byproduct feed-
stuff.

Egp breaking plants: The demand for
liquid egg solids for industrial use and
institutional cocking has increased
dramatically in the past 25 years. The 150
egg breaking plants in the USA preduces
over 45,000 metric tens of egg shell waste
annually. Dispesal presents a serious
problem in some areas.

Egg shell waste: The chemical

composition of the waste was reported by
wWalton et al., 1973. The findings
suggested the use of the processed egg shell
meal as a feedstuff. The nutritional
evaluation of a commercially preduced egg
shell meal was reported by Vandepopuliere
et al. in 1975. The calcium availabilicy
was equal to ground limestone. The amino
acid availability measured by performance,
was comparable to that from a combination
of wheat middlings and meat and bone meal
or soybean meal. The egg shell meal
ingredient value of $37/metric ton was

$22 per ton greater than total preduction
cost (Vandepopuliere et al., 1978). 1In
addition, the process generates two
economic values: an increased quanticy of
inedible eggs for sale and savings in
disposal of the wet wastes.

Wastewater: Effluent guidelines are
becoming more stringent and sewer charges
are being levied on the level of organic
content of the wastewater. Jewell et al.
(1976) eswimated rhat 12% cf the liquid
egg in an egg breaking plant ends up in the
sewer system. The wastewater is characcer-
ized by a high level of colloidal solids
and alkaline pH. Harris and Moats (1973)
described a method to precipitate egg
solids from a dilute wastewater by heating
to 75°C and acidifying to pH 4.7, Dewater-
ing the unstable floe was investigated
using ceagulant aids centrifugation filtra-
tion and foamation (8ievers et al., 1982).
The most promising process was foamation.

A high level of egg solids removal was
attained with simple equipment that could
be used continuously on-line. 1In sizing

up the foamation process to a plant scale,
problems were encountered with the regquired
rapid heat transfer to the effluent. The
second phase was to test a pilot scale on-
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line continuous centrifuge (Vandepopuliere
et al., 1983). The highest removals (94%
TOD, 89% total kjeldahl nitrogen, 79%
total solids) occurred with a centrifuge
flow rate of 0.21 1/s, The recovered
sludge solids had a preotein content of
50.5% and a calculated feed ingredient
value of §0.24/kg (dry basis).

Hatchery cperations

Considering the increasing anti-pollution
pressures and the needs for improvement in
production efficiencies and eccenomics, the
conversion of hatchery wastes into a
feedstuff is desirable.

Broiler and turkey hatchery waste con-
sists of infertile eggs, dead embrycs,
dead chicks or poults, and the shells of
the hatched eggs. The hatchery waste from
the commercial egg~type hatchery contains
all the components of broiler cype
hatchery waste plus the male chicks that
are normally destroyed at the time of
sexing, .

Early work on broiler hatching waste was
reported by Kempster (1945), Wisman {(1954)
and Wisman and Beane (1%65). When fed as a
replacement for a part of the soybean meal
satisfacteory performance was obtained.

Using linear programming, Vandepopuliere
et al. (19772) evaluated broiler and egg-
type chick hatchery byproduct meal as a
feedstuff for laying hens. Fresh broiler
and egg-type chick hatchery waste was
ground, heated and dehydrated in a triple
pass rotary dehydrator (The Heil Company,
Milwarkee, Wisconsin, 53201) to a moisture
level of approximately 5%. Table 2
provides some hatching byproduct meal
nutrient composition information.

Table 2. COMPOSITION OF HATCHERY
BYPRODUCT MEAL

Broiler Egg-Type
% %
Original moisture 65.00 71.00
Dried bhasis
Protein 22.20 32.30
Calcium 24.60 17.20
Phosphorus 0.33 0.60
Fat . 9,90 18.00

Both types of poultry byproduct meal were
incorporated at levels of 8 and 16% in
laying diets substituting fer soybean meal,
meat and bone meal, wheat middlings and
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ground limestone, Egg production, feed
conversion and egg shell and interior
quality at both levels of each hatchery
by-product meal were comparable to or hetrer
than the contrel diet. The apparent utili-
zation of the amino acids, energy and cale-
ium in breoiler and egg type chick hatchery
byproduct meal was comparable to those in
the ingredients that were replaced.

Processing costs in these studies range
from $46 to $95 per ton depending on the
hatchery size and type, capital investment
and labor cost. The market value of the
hatchery byproduct meals will vary
depending on the market value of the
ingredients that chey replace. At the time
of the study, the calculated value for
broiler and egg-type chick hatchery
byproduct meal was $111 and $154, respect-
ively (Vandepopuliere et al. (1977b).

CATTLE AND SWINE

The on-farm processing of cattle and
swine has decreased markedly resulting in
more/centralized processing. This has the
advantage of providing larger quantities
of fresh packing plant residuals for
processing into feedstuffs. The profita-
bility of a packing plant depends on its

.ability to produce and market a quality

product at the highest possible price,
Several ingredients will be discussed here
that result from processing plant operations.

Animal fat

The chemical make-up of animal and poultry
fat is predominantly glyceride esters of
fatty acids and contains no additions of
free [fatty acids or other materials
obtained from far. It may be tallow, lard
or gfeaSEA

Fat has been used at relatively high
levels in growing chicken broilers and
turkeys. The energetic efficiency of
broiler finishing diets containing poultry
fat or corn oil at levels of 3, 10, 15 and
20% was determined by Fuller et al. (1979).
Diets were formulated so thatﬁgng?gy and
nutrient density increased at each
increment of added fat and caloric:
nutrient vatios remain constant for all
diets. Body weight gains were signifi-
cantly greater with added fat, however,
feed efficiency adjusted to the same
metabolizable energy and nutrient density
was similar for all diets. In general,
high efficiency commercial broiler, turkey
and swine diets contain substantial levels
of fat.

Significant quantities of vegetable oils
are available for use in the feed milling
industry. Tt can be used as an ingredient



or it can be combined with an animal fat.
In 1978, Sibbald reported that when 2%
soybean cil was added to tallow, the rrue
metabolizable energy values (TME) was
greater than the sum of the means cf the
component parts. When lard was added to
tallow, the TME values were additive.

Animal tallow has been used extensively
in the diets cf beef cattle, but the
practical upper limit of tallow in cattle
fattening diets has been 5% {(NRC, 1976}.
In an attempt to produce a bypass ingred-
ient, McCartor et al. (1979) fed protected
tallow. The formaldehyde—treated protein
protected tallow product provided a level
of 7.65% tallow to the diet, This level
of pretected tallow did not reduce feed
intake. The protected tallow reduced the
feed per kilogram gain by 3.3% for steers
fed 89 days and 1.4% for steers fed 118
days.

The "Extra-Caloric' effect of fat in
poultry diets, using stabilized animal
tallow at levels ranging frem 2-6% in
laying hen raticans based on various
cereal grains, reduced feed consumption and
increased rate cf egg production slightly
(Sell ec al., 1976). Marked improvement
in efficiency of feed utilization were
also observed. The metabolizable energy
(ME} as measured experimentally exceeded
the values calculated from reference
tables, Dietary fat appears to improve the
production efficiency of hens by causing
an "extra-caloric' increase in ration ME
and by improving the efficiency with which
the raticn ME is used for egg producticn.

Meat and bone meal

The nutritional value of meat and bone
meal, the dry rendered product from mammal
tissues, can be highly variable. A
review of the evaluations was published by
Skurray, G. R. in 1974, High quality meat
and bone meal can be used in poultry diets,
however, maximum dietary level is generally
limited to 10%. 1In cactle and lamb diets
the slowly degraded meat and bone meal was
compared to soybean meal (Leerch et al.
1981). The performance of both steers and
lambs on the meat and bone meal were
comparable te the soybean control,

Blood meal

Blcod meal is produced from clean, fresh
animal blood. The conventional cooker
dried meal has a dark-like color and is
rather insoluble in water. The water in
flash dried blood meal is removed rapidly
and has a2 minimum lysine bioleogical value
of 80%.

Raw blood was cocked at 85° for 10 minutes

or 126%C (20 peSeisga) for 60 minutes then
dried under various conditions at
temperatures ranging from 237°C to 1930C,
with and without forced air movement (Hamm
and Searcy, 1976)., As the temperature

and time of exposure increased, available
lysine decreased. A batch processing
method, similar to commercial rendering
operations produced a satisfactory blood
meal if the processing temperature did not
exceed 135°

Due to its high lysine content, blood
meal is frequently called for in swine and
poultry diets at a limited level.

Talmadege et al., 1980 studied the energy
value of ring drled bicod meal for chicks.
1t contained 15.8% nitrogen on z dry

matter basis, indicating it contained
98,75% protein assuming N x 6.25 equals
crude protein. It contained 3.81 kcal
MEn/g of dry matter which was 61% of the
gross energy. Broiler type chicks were used
to study the lysine and methionine replace-
ment value of ring dried blood meal in
practical type commercial diets (Runnels,
1982}. Ring dried blooed meal was fed at
1.5% level to replace the,lysine and
methicnine deficiency. Performance, growth
and feed conversion, on the blood meal
supplemented diet was significantly better
cthan the synthetric amino acid supplemented
diet.

Lactating cows producing at least 27 kg
milk per day were used tc study variaus
protein sources (Hawkins et al., 1983).

The diets consisted of 50% corn silage and
50% grain with protein sources and were
balanced according to National Research
Council standards. Four diets were tested:
18 and 14% crude protein using scybean meal
and 1% and 12% crude protein using a 50:50
mixture of corn gluten meal and blocd meal.
The 12% protein corn gluten meal-blood meal
supported milk yields and milk quality
similar to the 18% protein meal diet.

Hair weal .

Hydrolyzed hog hair is a byproduct of the
swine slaughtering industries. It has a
very high concentration of protein (95-100%)
which has created an interest in its use
as a source of supplemental protein in
livestock diets.

In feedlot study, hydrolyzed hog hair
meal was used to substitute for 8 ro 30%
of the dietary crude soybean meal protein
for steer calves {Wray, 1979), Feedlot
performance as measured by daily gain, feed
efficiency, feed consumption and carcass
quality was comparable on all levels
rested.
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Fresh pasteurized whey as it comes from
the vat is the simplest form to use for
feeds. High moisture content and trans-
portation cost decrease the feasibility
of using the large quantities from central-
ly located processing plants, Efforts to
concentrate the solids producing whey
paste or blocks have been used extensively
in some animal feeding programs. Dried
whole and delactosed whey can be utilized
most efficiently in the modern feed milling
industry.

The world energy situation has placed a
great economic burden on the dehydration of
whey. In many cases the return to the
manufacturers, when whey is sold as a
feedstuff, is barely enough to cover the
cost of processing. This has given whey
handiers added incentives to upgrade the
value of whey as an animal feed or human
food.

Long before whey was utilized in human
food, it was fed as a fluid te hogs,
pouliry and other farm livestock. This
technique was an effective means of dispo-
sal, however, it didn't provide for
efficient nutrient utilizatien.

Subsequent to liguid whey feeding,
semisolid processed whey blocks were
produced for use by poultry and swine.
These were fed as a free choice supplement,
Delactosed spray and roller dried whey
product was reacdily accepted by the feed
manufacturing industry. The cost/unit

nutrient supplied by whey was in competi-

tion with cther feedstuffs. With
inexpensive commercial vitamins and an
abundance of quality protein-energy
ingredients, dried whey was used in
decreasing amounts. During the recent
years there has been renewed interest in
utilizing whey in a concentrated and
liquid state.

Dairy animals readily accept liquid
whey (Gillies, 1978). Even though calves
fed acid and sweet wheys obtained normal
growth the total gquantity censumed would
be only a small percent of the available
supply. Dairy cows with access to sweet
whey and water bowls consumed large
quantities of whey and very little water.
By using dry fed milking cows, whey could
be recycled by returning it to approxi-
mately 25% of producing farms which are
shipping milk to a plant.

ANTMALS AS WASTE CONVERTERS will determine
the future of the animal industry in many
parts of the world, The efficiency of rhe
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various species in converting the different
types of wastes will govern how each species
flourishes. With adequate research efforts,
large quantities of under utilized animal
waste will be converted efficiently into
high gquality human food. Spiraling energy
costs encourges the use of agricultural and
industrial byproducts on a wet or as is
produced basis. Converting from conven-
tional dry feed milling and feeding systems
to high moisture or wet feeding programs
will require many new innovative approaches.
The animals requirement for water provides
a unique opportunity to take advantage

of the wet byproduct-high fuel cost
situation.
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INVESTIGATIONS ABOUT CONSERVING AND FEED VALUE CF RUMEN CONTENTS OF SLAUGH-

TERED CATTLES IN CATTLES AND PIGS

H.Mever

Institut fiir Tierern&hrung, Tier&rzliche Hochschule, Hannover

After pressing {increase of dry matter
content up to 25%) rumen contents can be
conserved by adding urea (2% of the fresh
material) and stored (compressed and airtight
packed}. The stability of the preserved mate-
rial and the losses during conservations were
equal to those of silages.

Dry matter of urea conserved rumen con-
tents contains 40% crude fibre about 5.5%
nitrogen and 38% N free extracts. 70% of
the nitrogen are non protein nitrogen (NPN).
From the minerals strikes a P (4.6 glkg
DM} and MNa content (8.76 g/kg DM). Copper
content {average #6.5 mg/kg DM) in some
samples rised up until more than 200 mg/kg
DM. The wvalues for Zn, Fe and Mn were
81, 1595 and 98 mg/kg DM.

In none of the investigeted (n = 22) samples

salmonella were found. Under experimental
conditions salmonella ({salmonellas typhimu-
rium} were destroyed after storage urea

conserved rumen contents for 21 days. Bovine
herpes virus (IBR/IPV virus) .could not be
detected in the dfresh or conserved rumen
contents after in vitro infection.

Eggs of ascaris suum did not loose their
ability for development during storage in
urea conserved rumen content.

Risk of infection by bacteria, viruses and
parasites feeding urea conserved rumen con-
tents {conservation before feeding at least
& weeks) seems to be low.

In feeding experiments with ruminants
the acceptance of urea conserved rumen
contents was increased by mixing with conven-

tional feeds. Highest dry matter intake of
the conserved material was observed by
combination with pressed sugar beet pulp

silage and manioc (0.49, 0.65% of body weight
respectively).

In ruminants apparent digestibility of organic
matter, crude protein, total nitrogen and
crude fibre amounted to 43, 85, 50.8 and
43.5%, which means abour 7.8 MJ DE and
6.5 M1 ME per kg DM. In 6 fattening trials
with bulls and heifers {n = 82) urea conserved
rumen contents was used as sole source
of roughage, alternatively to hay. On average
l.4% kg urea conserved rumen contents could
substitute ! kg hay (DM), which corresponded
to 6 MI ME/kg DM. In combination with
pressed sugar beet pulp silage higher daily
gain was obtained by use of urea conserved

rumen contents in comparison to equal -
amounts of straw.
During feeding the material rich in NPN

-~

no disturbances of health were observed.
However, after intake of wurea conserved
rumen contents in amount of 0.86% of body
weight significantly higher pH values ({7.09)
and ammonia concentration (248 mg/l) in
rumen liquid and blood urea levels (28.5
mg/100 ml) were estimated compared with
feeding hay.

In swine acceptance of fresh rumen contents
is low. Up to 20% of total ration (dry matter)
were accepted in combination with offals.
During pregnancy sows took about 2506 g
dry matter per day of urea conserved rumen
contents, mixed with conventional feed.

Digestibility of organic rmatter of fresh
rumen contents (n = 11)-amounted to 25%,
of crude protein to 50%. Digestibility was
not improved by cooking. According to the
digestibility trials %9 MJ DE/kg DM were
calculated.

After the results of a fattening trial (with
5, 12, 24% rumen contents respectively added
to high fat slaughter offals; n = 20) feeding
value of rumen contents was calculated
on 3 M] DE/kg DM. During a second trial
{+ 15% rumen contents or + 15% alfalfa
respectively to high fat slaughter offals;
n = 20) an energy value of rumen contents
was not measurable, while for alfalfa the
excepted value calculated by digestion trial
was exceeded.
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FLOCCULATTION-FLOTATION (F-F) SLUDGE TO BE USED AS FEEDSTUFE FOR POULTRY

R.W.A.W. Mulder, W.M.M.A.Janssen, J.P. Holsheimer, N.M,Bolder and A.W.de Vries

Spelderhoilt Centre for Poultry Research and Extension, Ministry of Agriculture and

Fisheries, 7361 DA Beekbergen, The Netherlands

Flocculation of waste water of processing
plants, followed by flotation, produces
effluents with about 20% of the original BOD
and COD. At the same time a sludge is form-
ed, which is very rich in protein and fat.
Although the F-F process requires a small
space and is simple, the production of large
quantities of sludge is a disadvantage to
the process,

Till now, the sludge was mainly used as
fertilizer in agricultural areas.

Table 1. Chemical composition of F-F sludge
from poultry processing plants.

Range
Dry matter (%, DM) 3.4 - 15.2
Ash (7 DM) 6.4 — 24.7
Crude protein (CP) 23,3 - 24,9
Crude fat (CF} 25,7 - 62.7
Crude fibre (CF) 0.7 - 3.7
NFE 20.5 - 31.5

The products contain low levels of Cd, Hg
and Pb

Feeding value

Experiments with poultry were carried out
to study the peossibilities of this animal
by-product as a feedstuff in poultry diets.
For this purpose, F-F sludge from a poultry
(broiler) processing plant were dried and
mixed with a basiec ration in order to
determine the metabolizable enmergy (ME)} and
the digestibility of the nutrients with
mature cocks.

The inclusion levels of the dried sludge in
the diets were 15, 25 and 50Z.

Table 2. Metabolizable energy (ME) and
digestibility of F-T sludge.

ME Coefficients
% sludge MI/kg kcal/kg CP CF organic
in the DM M matter
diet
15 14.11 3372 64 83 59
25 13.83 3305 58 82 57
50 12.78 054 56 78 53
25 14.25 3406 66 80 59
50 12.89 3081 59 74 53
100

F-F sludge proved to be a feedstuff with a
variable chemical composition, which results
in a variable metabolizable energy content.
These ME values also depend on the inclusiom
level of the sludge in the diets.

Zootachnical results and product quality

In the last experiment the effect was
studied of mixing a recovered by-product of
a poultry processing plant in a traditional
breoiler diet. Levels of 0, 7.5 and 5% were
used during a six-week experiment with
broilers (males and females in separate
groups).

Welght gain, feed conversion and quality of
the $laughtered product were determined,

Tsble 3. Weight gain and feed conversion
after a b-week feeding experiment.

% Sludge in the 0 - 6 weeks
diet Weight gain Feed conversion
(g
0 1719 1.72
7.5 1702 1.74
15.0 1619 1.83

With J.5% of dried F-F sludge in the diet,
feed conversion and weight gain were slight-
ly worse compared with the control group.
With 15% sludge, this effect was more pro-—
nounced and statistically significant.

No adverse effects could be found with
respect to the histo—pathclogy of tissues
and organs.

Quality of the slaughtered product was not
affected by the inclusion of the dried sludge
in the diets.

Sensory tests with breast— and leg meat as
well as microbiological tests, as measured
by total and Entercbacteriaceae cfu-counts,
showed no adverse effects.

Residues of heavy toxic metals could not be
detected in the end-products.

General conclusions

F-F products proved to be a feedstuff with
a variable feeding value, depending on its
origin, chemical composition and inclusion
level in the diets, The dried sludge from a
poultry processing plant, mixed in a broiler
diet at a level of 7,5%, did not have a sig-
nificant effect on the zootechaniecal results
and product quality.



FLOTATION SLUDGE FROM SLAUGHTER-HOUSES AS A FEEDSTUFF FOR PIGS

B. Smitsx and A, Steg*

x , . . fos
Institute for Livestock Feeding and Nutrition Research,

P.0. Box 160, Lelystad, The Netherlands

Introduction

Waste water of slaughter-houses is hiphly
pollutive, primarily because of considerable
wastages of protein and fat. For the Dutch
slaughteries as a whole pollution is esti-
mated at 800.000 population equivalents a
year. The disposal of the waste water is very
costly to the slaughtzr-houses. To reduce
the costs, partly purification can be employ
ed by the so-called floculation/flotation
process, recovering protein and fat by addi-
tion of FeCl., to the waste water and collec—
ting the flots formed., The resulting flota-
tion sludge has potential as a feedstuff.

Recently a joint research effort of several
institutions was finished, gathering infor-
mation with regard to chemical composition,
hygienic and toxicological aspects, dewater—
ing and feeding value of the product for pigs
and poultry, Some results of trials with pigs
are reported here,.

Materials and methods

In 10 digestibility trials (4 animals/trial)
the digesitbility of flotation sludge from
slaughter-houses for poultry, pigs and cattle
was investigated after (1} preservation of
the products with formic acid, (2} pasteur-
isation followed by preservation with formic
acid or (3) drying. The daily ration of the
pigs consisted of a2 concentrate mixture and
the preduct to be tested. On a dry matter
basis about 25% of the daily ration was sup-
plied by the sludge.

In 3 feeding experiments with in tatal 123
pigs flotation sludges, originating from a
poultry- and a pig slaughter-house, were in-—
vestigated. In each experiment the sludge
was acidified with + 1% formic acid to
achieve a pH of + 4,0, In two trials the
sludge was also subjected to a heat treat-
ment (min. 15 minutes at 70°C). Up to 18%
sludge (dry matter basis) was included in
the ration, The initial live weight of the
pigs was + 40 kg and pigs were slaughtered
at a live weight of + 105 kga.

Results and discussion

Chemical composition

In table 1 the average chemical composition,
based upon in total 60 samples, is given.

Table 1. Average chemical composition of the
different types of sludge (Ten Have, 1983),

g/kg dm
Sludge g/dm kg ash c¢p cfat];j cfibre
"poultry" 71 [50 391 338 20
"higs" 75 216 436 249 22
"cattle™ 55 197 455 225 31

1) cfatB: HCl/hexane extraction

These results show that flotation sludge
contains in dry matter high levels of ash,
protein and fat. There were, however, substan-
tial differences between sludges, depending
upon the type of animals slaughtered and alsc
from cne batch to ancther. Moreover, dry mat—
ter content was low and rather variable,

Digestibility
Average results are given in table 2,
Table 2. Averape digestibility and feeding

value (in dry matter) of the different types
of sludge (Smits, 1982),

v sludge
Tpoultry” Tpig" Tcattle"

digeat.coeff.

om 76 67 68

cp 81 77 81

cfatB 76 41 59

cfibre - - 48

Nfe 66 91 47
feeding value

dep, g 317 336 369

NE_, MI 13,7 8,5 9,4

f,

Organic matter digestibility of "poultry'-

sludge was higher than of "pig"- or "cattle'-
sludge. On averape protein digestibility was
about B0% and only swall differences were

loi
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et al., 1983}.

Table 3, Average results of the 3 feeding experimente with pigs (40-105 kg live weight) {(Smits

1

type of sludge lBouitrz
inclusion level (dm) 0 9.5 18.8
daily live weight gain (g} 718 742 652
energy conversion

(MJ NE_/kg gain) 25.9 25.8 28.6
feed refusals (%) 1.3 3,3 8.4
backfat thickness (mm) 10,6 11.4 §2.2
dresaing (%) 73.0 74.2 74.8

Experiment

IL III

pouItry "plgs
0 5.8 1l.6 a 6.2 12,2
735 777 784 757 818 822
26,4 24,9 24.6 25.8 24.0 23.7
1.2 1.5 1.9 0.2 2.5 3.9
11,5 13,2 13,5 10.6 10,2 9.9
5.7 75.9 76.0 73.9 74,3 74.3

found between the various types of sludge.
In general the digestibility of crude fat
was rather low, especially in the case of
| "pig'-sludge.

Feeding trials

Table 3 shows the average results of the 3
feeding experiments with pigs. The daily
| live weight gain and energy conversion ratio
in all groups, except for the 18.8% inclusion
level in the first trial, was favourable, The
B rather low daily live weight pain of 652 g
§ of the [8.87 group in the first experiment
i was due to the rather low daily energy in-
| take as a result of a high percentage of feed
refusals (8,4%),

The slaughter quality of the carcasses of
the pigs was excellent. Within experiments
no significant differences (p <-0.05) in per-
formance and slaughter characteristics were
measured,

The percentage of feed refusals increased
with an-increasing inclusion level of the
sludge in the ration; especially with high
(> 12%} inclusiom levels,

General conclusions

~ Flotation sludge is a protein— and fat
rich waste product with a large variation
in chemical composition,

- The protein digestibility is + 80% and
varies little between the various types

‘ of sludge. The fat digestibility is rather

| Low,

i - Up to 12% (en a dry matter basis} can be

i used in pig rations without negative

" effects on performance and slaughter

quality.
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AVATLABTILITY OF AGRO-INDUSTRIAL AND ABATTOIR BY-PRODUCTS AND THE POBSIBILITIES
OF THEIR UTILISATION IN LIVESTOCK FEEDING IN CAMEROON

Endeley, H.N.L.

Nationel Advanced School of Agriculture, Yaounde, Cameroon

Summary

Camerocn has a large number of
agro-industrisl complexes which sup-
rly products for which they are ins-
talled together with & variety of by~
products whose re-evaluation could
give additional rescurces in the form
of livestock feed dingredients thereby
beosting mnational economy, Presently
little or no information exists on
their availability and possibilities
for usage.

This study was aimed at investi~
gating the availability and level of
the by-producte of the main agro-
industriael and the municipal abattoir
of the city of Douala,

Information obtained revesaled
enormous potential for the production
of several by-products., The general
lack of awareness in Cameroon of the
possible uses of these products for
animal feeding can be attributed to
such factors as lack of information
on their compositicon gnd nutritire
value, unevellability ¢f adeguate hand-
ling and processing facilities, va-~
riations in composition, the problem
of availability in sufficient guan-
tities and season sbility of supply.
and the need for transport and proces-
sing.

By-products of the milling and
brewery industrlies can serve as sour-
ces of energy, protein and vitamins
for ruminants, pigs and poultry, The
major products of the sugar procea=
sing industry have potential for use
in ruminant feeding, while blood and
rumen content from abattolrs could
serve as ultimate sources of protein
in livestock feeding,

Introduction

Even with the tendeney towards ine
dustrialization, the Camerconisn scow=
nomy remains and for long will remain
based on agriculture which occupies
more than three quarters of the popu-
lation and produces ahout 33 percent
of the CGross Naticnal Product,

This is why Government has created
development sccleties charged with
the dynamisation of agricultural and
livestock industries gnd alsce agri-
culture based complexes. These com=~
plexes produce a variety of products

and by-~products whose re-evaluation
could give additional resources for
livestock feeding.

This study was aimed at investi-
gating the availgbility and level of
usage of the by-products of some of
these agro-industries snd the muni-
cipal abattoir of Douala,

Methed

Questionaires were established
highlighting the potentials of pro-
duction, actnal production and uses
to which the different by-precducts
of proceseing of some agriculture
based Industries, were being put. This
information was supplemented with
those from annual reports and also
discussions .with sithorities concer-
ned when the need arose,

In cases were actual figures of
by~products. were not aveilable, com-
putations were made from theoretical
proportions in the process of extrac-
t{en of the final product,

A totel of eleven sgriculture
Based Industries and one muniecipal
abattolr were visited.

Results and discussions

By-products of the sugar industry

The total productiion of the by-
products of the sugar industry were
194,600 tennes of Bagasse, 19,464
tennex of froth 25,952 tonnes of mo-
lasses and about 162,201 tonnes of
white fragments, These figures repre-
sent only abomt S0% of the production
potentIels of the two existing sugar
plants, . .

Glokally, the actual level of uti-
lisatien of the by-products Is lew,
tagagse Im presently only used as a
heat source whille the froth is just
thrown inte fields as waske snd only

‘2% of thHe molaszses produced is used

for anlmal feeding.

The Basic set backs in the utiliw
sstion of molasses lies in the diffi-
eulty of transportation., The creaticn
of.a cattle fattening ranch next to
the plants has recently led to some
judicleus use of this by-preduct,
There are slgeo projects under study
for the utiliaation of Bhagasse In
hasket making and the utilisgtion of
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industrial alcohol.
By-products of the rice industry

While the potential for the pro-
duction of by-products of the tice
industry is high (16,200 tonnes husk,
13,500 tonnes bran, 13,500 tonmnes
remains of polishing and 14,175
tonnes broken particles), however,
the actual productiocon of these pro-
ducts is less than 1% of the poten-
tial.

All the bran and polishings actual-
iy produced {127.8 tonnes each).are
used in livestock feeding while the
broken particles serve human and 1li-
vestock populations.

By-products of palm oil extrsction

0f all the by-products produced
during the extracticn of palm oil
only about 2,200 tonnes of palm ker-
nel cake finds its way inte the 1li-
vestock feeding industry. The rest
are just thrown as waste .

By-products of Breweries

The fabrication cof bevarages par-
ticularly bear, gives rise to two
mein by-products Spent brewers
grains (29,150 tonnes} and barm or
yearst (645,20 tonnes).

These by-prcducts which are rich
in vitamins and glocosides, could be
used validly in animal feeding. While
the total guantity of dried spent
brevers grains produced (117 tonnes)
is completely utilised in animal fee-
ding, the wet spent grains has not
found great use. The total amount of
yeast produced is also not used,

The greatest obstacle Iin the use
of brevers greins has been the insw
tallation of drying facilities which
are at the moment toc small or non
existent.

products of cocoa haryesting

It was estimated that ahout 4,200
tonnes of cocoa pods are discarded
on farms annually. Experiments carried
cut with this product shows that with
treatment, it could serve in animal
feeding. ’

By-products of the municipal
Abattoir, Douala

Investigations revealed that the
volume of by-products produced in the
Douala municipal abasttoir is not ne-
gligible (1,756.5 tonnes bones, 846

lo4

tonnes blood, 109,7 tonnes horns,
14,5 tonnes hooves and dung). But
except for the herns which are expor-
ted all other products are lost.

The non utilisation of abattoir
by-products appear to result mainly
fyom lack of information eon their
nsage and methods of processing,

Conclussioans.

Information obtained reveal enor-
mous for the production of several
by=products, The general lack of awa-
reness in Cameroon of the possible
uses of these products for animal
feeding can be attributed to such
factors as lack of information on
tlieir coemposition and nutritive value,
unavailability of adeguate handling
and processing facilities, variations
in . compositions, the preblem of avai-
laBility in sufficient quantities
and seasonability of supply and the
need feor transport and processing,
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BROTEIN RECOVERY FROM FOOD PROCESSING VIASTEVIATERS

A.P. Hopwood

Director, Alwatech UK Limited, 33A Park Parade, Hazlemere, Bucks., England

Introduction

The recovery of protein from waste
waters by precipitation with purified
lignosulphonates (LS) was first esta-
blished by Jantzen in the 1960°'s.
Lignosulphonates occur in sulphite
lye which is a byproduct of the sulp-
hite cellulose production process,
where the lignin in wood is dissolved
in water by sulphonaticn, and thereby
separated from the cellulose.

When lignesulphonate is in solution
there is, owing to the ionization of
the sulphonate groups, a net negative
charge on the mclecule; with increa-
sed acidity this charge is not lost
until the pH value is kelow 1. Owi~
ng to the amine groups, protein mole-
cules carry a net positive charge wh-
en the pH value 1s below the iscelec-—
tric point (pH3.5 for most proteins).
Therefore, at about pH 3 the molecul-
es of protein and lignosulphonate ca-
rry oppcsite ionic charges and preci-
pitation occurs. The acid conditio-
ns also tend to break the emulsions
holding the fats in solution, and th-
age are released for inclusion in the
lignoprotein flocs,

Althcugh the above mechanism is be-
lieved to be the primary reaction in
protein precipitation, it is probably
an incomplete description of the com-
plex bonding which occurs.

The LS Process

The above reacticon has been develo-
ped to provide a complete primary wa—
stewater treatment system for food
industry effluents, which is shown in
the flow diagram. Before treatment
by the LS process the wastewater is
screened and collected in a balancing
tank equivalent to at least one hours
average flow. From the balance tank
it is pumped to a circular dissolved
air flotation tank constructed of
glass fibre reinforced plastic. A
solution of sodium lignosulphonate is
dosed in line to give a concentraticn
in the waste water of 100-1000 mg/l,
varying with strength of the wastewa-
ter, the ratio of dissolved toc suspe-
nded protein and the product which is

being processed. After the addition
of lignosulphonate, 15-25 per cent of
the wastewater is separated and pump-
ed by a high-pressure pump via an air
injector into a pressure vessel. Air
is introduced to the injecter at a
pressure of 5 bars. In the pressure
vessel a partially saturated solution
of air in water is formed, which is
returned at a controlled rate to the
main flow of wastewater at the peint
of its injection into the flotation
tank, whilst at an adjacent point di-
luted sulphuric acid is added under
automatic control to give a pH value
of 3. In line into the flotation
tank the dissolved proteins are pre—
cipitated forming locse flocs, which
incorporate fat and other suspended
golids. The fine air bubbles, which
are formed as the air dispersion wat-
er is returned to atmospheric press-
ure, adhere to and are entrained in
the flocs which rise to the top of
the flotation tank forming a sludge
containing 5-15 per cent total solids.
The clarified effluent is withdrawn
from the bottom of the flotation tank
and neutralized before discharge or
further treatment.

After optional admixture with surp-
lus blood, the flotated sludge is ne-
utralized and heat coagulated with
live steam at 959C: the coagulated
sludge is dewatered using a filter-
belt or a decanter centrifuge. A
filtex helt will normally dewater to
30-35 per cent solids (T8), while a
decanter will achieve better than 50
per cent TS. During the neutraliza-
tion/coagulation process about 30-50
per cent of the LS in the precipitate
is released into the agueous phase
and can be recycled to the inlet of
the plant, leading to a reduction in
chemical costs. The dewatered bloocd
/sludge can be dried alone or in ad-
mixture with other byproducts to pro-
duce an animal feed additive which
usually contains 40-70 per cent pro-
tein and 10-30 per cent fat on a dry
weight basis. The recovered materi-
al is acceptable as an animal feed
ingredient and has a current value of
£100-£200/tonne depending upon prote-
in prices.
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Safety of IS Precipitated Prcteins

as Animal Feed Supplements

The economic basis of any recovery
process rests upon the saleability
of the product, and for edible prod-
ucts the basic criteria is safety.
Although lignosulphonates have long
been used as a pelletizing agent in
animal feedstuffs, and have been app-
roved as an additive by both the EEC
and the American authorities, the
safety of lignosulphonate recovered
protein in animal and pcultry rations
has been studied in detail. Berstad
and Hvidsten found that the substit-
ution of lignoprotein recovered from
herring processing wastewater as a
replacement for soya bean or herring
meal had ne effect upon weight gain,
or upeon the efficiency of food util-
ization in growing chickens. Nass
discovered that during experiments
feeding lignosulphonates to pigs a
concentration of 3-6 per cent LS in
the feed had no effect upon weight
gain, although when the concentraticn
was increased to 13 per cent a reduc-
tion in weight gain was observed.
Further experiments have shown that
up to 50 per cent of the soya bean
meal in the diet of growing pigs cou-
1d be replaced with LS precipitated
protein without detrimental effect
upon weight gain, feed conversion
efficiency or slaughter guality.
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UTILISATION OF POULTRY QFFAL HYDROLYSATE (PCH) AS A FEED FOR LIVESTOCK IN THE TROPICS

D.H. Machin*, D.A, Hector*, G. Swann*¥ and W.H.

Parr*

¥ Tpropical Development and Research Institute, London, United Kingdom
*#* Ministry of Agriculture and Fisheries, Nassau, Bahamas

Summary

When biological proportions of broiler
heads, guts, leet and blcod are comminuted
below 8mm and mixed with 3% formic acid
{v/w) a safe, stable, semi-liquid hydroly-
sate is produced. Typical analyses are (%)
dry matter (DM) 27.13, crude protein (CP)
10.81, fat 12_.41 and ash 2.40.

In the first experiment groups of 20
unsexed Hubbard broilers were fed a control
diet or diets where POH supplied 6% CP in
cassava or malze based diets. At 55 days of
age the weight gains, food conversion
efficiencies and killing ocut percentages of
chickena fed diets with POH were similar to
those fed control dieta. Tt was considered
that this was possibly due te the high
levels of wheat bran used in POH diets
causing increased bulk densities.

In the second experiment groups of 10
crossbred pigs, 5 hogs + 5 gilts (34 kg live
weight) were fed either a 126% CP control
diet or diets where 10 and 20% of the diet-
ary DM was supplied by POH. After 35 days
the daily live weight gains were greater in
the 20% POH diet than in the other treat-
ments, and the FCE of the pigs improved
greatly as the level of POH in the dietary
treatment increased. KO %8s were similarp
for all treatments and the P_back fat
measurements were smallest wﬁere the high
level of POH was fed.

Carcase analysis and taste panel assess-
ment of broilers and pigs demonstrated no
unacceptable effects.

Introduction

In many developing countries it is un-
cconomic to process poultry packing house
waste by rendering due to high capital and
fuel costs., Preservation with acid and
ensuing autolysis could offer a cheaper
alternative (Norman et al., 1979). A
similar product made from waste fish
(Disney et al., 1978) has been Fed to pigs
successfully {(Smith, 1977; Machin et al.,
1982) and a hydrolysate made from poultry
offal has been made and fed to pigs at low
levels without problems (Franciz & Turnbuli,
1979). The cbjectives of this study were
to see if the production of poultry offal
hydrolysate could be carried out using
formic acid in the tropics and to determine
the effects of feeding the hydrolysate at
high levels on the performance and carcase

composition of growing pigs and broiler
chickens. In the case of broiler chickens
the POH was sun dried onto wheat bran.

Table 1. Analyzes of POH (as %).

Dry matter 27.13

Crude protein 10.81

Crude fat 12.41

hsh 2.0
Calcium 0.37
Phasphorus 0.33

Total lysine 0.51
Methionine + cystine .51
" Salt {NaCl) , 0.15

ME {poultry) calculated 6.99 MJ/ke
DE (piga) calculated 7.54 MJ/kg

Methods

Pig Trial

Groupz of 10 Duroc x Hampshire x Large
White pigs, 5 hogs and 5 giits, were fed
either a 16% Crude Protein Control diet
or diets where 10 and 20% of the dry matter
was supplied by POH. The remainder of the
distswere formulated from malze, extracted
soyabean meal, wheatbran, limestone,
dicalecium phosphate and pig fattener premix
(Pauls & Whites, Ipswich)., The control
diet alsc contained fish meal. It was not
possible to formulate diets of uniform
densities but the amount fed to each group
was adjusted so that all pigs received the
same intake of nutrients based on those
prepared in the ARCs {1967} scale. The
feeds were mixed with water to contain
ohe part dry matier to 2 parts water, After
35 days half the pigs were slaughtered le
3 hogs and 2 gilts and the carcase
analysed and assessed by a taste panel.
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Table 2. Results of pig trial

Means Dietary treatment
contreol low POH high POH

In. wt (kg) 31.1 37.1 33.2
Final wt (kg) 55.9 62.3 61.5
DLWG (g} 675 685 771
FCE 2.78 2.5% 2.15
FCE (adj to 100%

density) 2.78 2.8¢ 2.60
KO % 72.7 71.5 7.7
Carcase wt (kg)  U43.7 47.1 Ug .4
PZS (mm ) 11.88 12.00 11.32
Density as %

control 100 107.5 116.7

Breiler Trial

Groups of 20 unsexed Hubbard broilers
were fed a control diet or diets where POH
supplied 5% Crude Protein in cassava or
maize based diets. These were formulated
to FRC (1974) broiler starter and finisher
standards and fed for the firat 19 and the
last 29 days of the trial respectively.
The remainder of the diets were formulated
using similar materials as the pig trial.
The broilers were slaughtersd at 55 days of
age and their carcases analysed and
assessed by a taste panel.

Table 3, Results of broiler trial.

Means Dietary treatment LS
control PCH POH

maize caszava
in. wt (g} 146.2 146.0 1h6.1
Final wt (g) 1907.2 1806.2 1826.2
Wt Gn (g) 1761.0  1660.6 1680.1
FCE 2.16 2.32 2.23
KO % 63,4 61.9 61.7
Carcase wt (g) 1209.1 1118.1 1125.9
Liver wt (g) 31.4 28.1 31.1
Conclusion

The results of these preliminary trials
showed that when fed poultry offal hydroly-
sate the performance of broilers was as
good as, and that of pigs better than,
locally produced livestock. No deleterious
effects of feeding POH on carcase quality
were ldentified by carcase analysis or
taste panel assessment. However, it is
considered that the greatest economic
returns from feeding poultry offal hydroly-
sate will result when it is used as a pig

feed, since the drying stage at present
required for poultry feeding, is not
essential. On the basls of these encourag-
ing results, it is considered that further
work is justified.
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THE PRODUCTION OF EDIBLE FIBRES FROM RECYCLED WASTE AMIMAL PROTEIN.

PAUL B. NEWMAN

Meat Research Institute, Langford, Near Bristol, England, BS18 7DY

Summary

A combined mechanical - enzymic process has
been devised for the controlled breakdown, at
Tow cost in a single unspecialtised vessel, of
waste and scrap meat dinto their major
components of fat, connective tissue and a
muscle protein concentrate suitable for human
consumption. Mechanically recovered meat was
most easily separated.

A processing system was also developed for
converting the recovered protein concentrate

intc edible fibres incorporating varying
proportions of vegetable proteins. The
apparatus is described and the advantages

over conventional extrusion techniques are

discussed.

The properties of the extracted protein

sturry, the combined suspension of proteins
(the dope) and the extruded material are
presented. The final content of animal and

vegetable protein, fat and other constituents
can be formulated according to the functional
properties required in a wide range of meat

products. The process is very effective in
controlling contamination by micro-
organisms. The fibres were Ddland, and

flavours could be added, as required, to the
other dope constituents.

Keywords: recycling, waste, edible, protein
processing, food.

Introduction

As sources of protein for human food have
become more expensive and less plentiful the
major protein-consuming countries are
investigating ways of using existing protein
foods more efficiently and searching for new
sources of both animal and vegetable protein.
Meat 1is an expensive source of protein and
therefore must be used to its full potential.
With continuing improvement in technology, new
food materials, such as blood plasma protein,
bone protein and mechanically recovered meat
from sources previously classified as waste,
are now available to the processor in a form
which can be incarporated into products for
human censumption.

The recovery of meat protein from abatteir
by~-preducts s not new. Solublisation of
muscle proteins for analytical purposes is
well documented {Keller and Black, 1960).
However, for vreasons such as high cost or
protein denaturation, these processes have
not been commercially developed. The
increased availability of alternative food
ingredients has Yed to the development of new

preduction orocesses. Two main techniques
are used in the food industry for producing
retextured protein. Extrusien processes
force  'dope' through dies under  high
temperature and pressure. Although ranid and
relatively inexpensive, the high temperature
and pressure tend to destroy the native
properties of the protein and this usually
restricts its use to products such as pie
fillings and patties.

The 'spun-fibre' method is more costly and
less rapid, but it produces protein in a more
usable form. The protein, dissolved in
alkaline solution, 1is passed through minute
orifices into a bath of acid, where it
precipitates as ‘tong continuous slender
filaments, often possessing considerable
strength. The physical properties of this
type of product are generally superior to that
prod?ced hy the extrusion process {Braun,
1975).

In the preparation of any textured protelin
product, the dope must contain a number of
basic constituents; a protein source as the
main  food ingredient, an  extender to
substitute wherever possible for any high
cost protein and a binder to hold the
individual dingredients together. Animal
proteins, in the form of by-preduct raw
materials such as blood serum proteins
{Swingler and Lawrie, 1977), bone protein
(JobTing, 1978), connective tissue protein
(Henning, 1974), stomach and lung proteins
(Lawrie, 1975), casein {Ansen and Packer,
1957) and  mechanically  recovered meat
(Newman, 1980} or scrap chicken and fish meat
(Obata, Yamato and Yaniguichi, 1976) are all
being inwestigated as potential sources of
protein.

Binders, used singly or in cowbination, are
usually heat coaguable proteins, such as
albumin, ({Hayes et al, 1975), casein ({Hoer,
1974}, or gelatin (Yang and Olsen, 1974).
Alternatively, fat {Howard, 1976),
polysaccharide {Schmitt, 1974}, or gqums
(Corliss and Furgal, 1975) may be used. The
action of heat on the major protein
ingredient in the dope may also cause it to
function as a binder (Nakayama and Sato,
1971a, 1971b}. Consequently, air-dried blood
serum proteins have been used both as a high
quality protein extender and binder. The
selection of the extender will depend on the
functional characteristics required in the
formulated product, the total cost of the
other ingredients and the intended market.

The system described has the rapidity of
the extrusion method but operates at much

109




lower temperatures and pressures. It also
provides 1imited control over the final water
content. Using simple techniques in Tow
energy- consuming processes it produces a
protein product which can be used as a basic
nutrional ingredient in novel processed
foods.

Materials and methads

Pork and beef, mechanically recovered by a
Protecon deboner, Was obtained from
Scot-Bowyers Ltd., Trowbridge, Wilts.
Brisket, flank and neck from old dairy cows
and cured bacon and ham scrap were obtained
as required. Except for pepsin {1:10,000 ex
hog wmucosa), all other chemicals were of
laboratory grade. A1l meat was stored frozen
at -20C until required.

The following protein sources  were
obtained: Soya Protein in a varjety of grit
sizes and powder form (T.M. Lucas Ltd.)
Dursley, Gloucs); Soya Bean Meal, casein and
1ima bean meal (B.D.H. Ltd., Poole, Darset.}:
Serum protein and haemoglobin in spray-dried
form (Regal Foods Ltd., Craigavon, Northern
Ireland.); Potato protein (in two forms)
(Tunnel-Avebe Starches Ltd., Rainham, Kent.);
Gelatin (300 bloom} {Sigma Ltd., London.).
Lucerne protein was kindly donated by
Prof. R. Lawrie, Nottingham University and
grass protein was given by Mr R. Porter,
Reading University. Flavourings used were
from a range produced for processed foods by

Haarman and Raimer Ltd., Marlow, Bucks.
Caramel colouring was obtained from Heinz
Foods Ltd.

Meat processing

The apparatus consisted of a thick-walled
glass vessel, 50cm high, 20¢m in diameter,
around which coils of polythene tubing were
wrapped to circulate either hot water at 50C
or cold water at 10C. The processing stages
are suymmarised in Figure 1.

HWaste or scrap meat was comminuted in a
cooled bowl chopper with two volumes of ice-

cold 0.9% saline sclution. The thick
suspension was then pumped intc the glass
processing  tank. Where  mechanically

recovered meat was used it was added directly
to the saline solution in the vessel. The
meat suspensions were continucusly agitated
by compressed air entering the base of the
vessel through a perforated plate and by a
rotating stainless steel paddle with multiple
blades. At dintervals during stirring the
paddie was raised so that  entrapped
connective tissue could be removed and
resuspended in fresh saline for further
processing. This procedure was repeated
several times.

The pH of the suspension was then lowered
from approximately 6.0 to 3.6 with 6N
hydrochloric acid and 5 g Pepsin per kg of
meat (original wet weight), dissolved in a

PROCESSING FLOW DIAGRAM

MEAT FOR PROCESSING

ADDITION OF f% SALINE
COMMINUTION
SUSPENSION
COARSE COMNECTIVE TSSUE _
| oH. ADJUSTMENT 7 14e appiTION
AGITATION
REUSE INCUBATION
ADJUSTMENT -\ v me INAGTIVATION
DECANTATION
REMOUAL OF FaT
‘ FILTRATION
RESIDUAL VE TiSS
REMOVAL
CONCENTRATION OF
MUSCLE PROTEINS
FIGURE 1
small amount of 0.0LN HC1 was added.

Agitation was maintained by aeration and the
suspension incubated overnight (18 hours) at
20C. At the end of this period, the pH of
the suspension was readjusted to pH7.0 with
6N scdium hydroxide to inactivate the enzyme.

With the agitation stopped, the temperature
of the meat suspension was raised to 40-45C,
causing the fat to rise to the surface. The
temperature was then lowered to 10-12C and
the soiid fat layer was now easily separable
from the muscle protein suspension. The meat
suspension was then pumped through a domestic
high-speed Jjuice extractor {Kenwood model
number 791} and the Tast vestiges of fat and
conmmective tissue were retained on the
plastic filter {(size 50 mesh). The protein
sTurry was concentrated by siow  speed
continuous or batch centrifugation.

Dope preparation and extrusion:

The 'dry' ingredients (Table 1) were mixed
and added to the concentrated meat
suspension, remixed and allowed to stand for
30 minutes. The dope was extremely viscous
at this stage with a temperature of approx.
20C. {Figure 2).

When heated above 55C, the proteins in the
dape began to coagulate and flow
characteristics were again lost. However,



FIGURE 2
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between 40-45C, viscosity decreased and the
dope flowed easily. The dope was therefore
prewarmed %o 40C bvefore Tloading into the
extruder through a pre-filter to remove any
remaining large particulate matter.

A schematic diagram describing the
extrusion method is shown in Figure 3. The
design of the extruder was  Dbased on
conventional pasta-making machinery. A power
drive was coupled to a threaded bar the
rotation of which caused the forward movement
of the plunger into a barrel and displaced
its contents at an even rate. The distal end
of the barrel had two outlets, one connected
to a diaphragm pressure gauge to Jndicate
working pressure and the other to pass the
'dope' 1into the heating chamber, This
consisted of narrow bore (1.4mm) stainless
steel tubes 1 m in length, surrounded by a
large glycol-filled electrically Theated,
insulated jacket. Temperature was monitared
by thermocouples at the entrance, wid and
exit peints of the chamber. Usual operating
conditions were 130C jacket temperature and

11.25 Kg/cm2 pressure. Lower temperatures
than this resulted 1in dincomplete fibre
formation, higher temperaturas caused

excessive denaturation and water loss in the
heating chamber, blocking of tubes and a
substantial increase in pressure.

After leaving this chamber, the hot fibres

passed through another shorter Jjacketted
chamber whose temperature was accurately
controlled. This, as described Tlater,

regulated the final water content of the
material which was collected on a rotating
ptatform, and cooled.

The complexity of operation necessitated
the incorporation of a variable speed drive,
temperature control {te accommodate the.
production of different fibre  types},
automatic washing and sequencing into the
system design. After extrusion, the fibres
were treated in a number of different ways
depending on the final product formulation.
Generally, after collection, weighed portions
were compressed in a mould under a known

pressure. The resulting slight exudation
from the wmaterial dimproved fibre-fibre
binding. The temperature was then dropped to

10C and the pressure released. Alternatively
the moulded material was broken into chunks
of approx. 2cm®.

Histolagy

Sections of fibres were prepared in two
ways. For fat determinations, frozen
sections were taken from samples in blocks of
isoPentane chilled in 1liquid Nitrogen and
stained with 0i1 Red 0 according to the
method of Disbrey and Rack {1970).

Animal and vegetable components were
fdentified by fixing sections (5mu in
thickness) in Formal-saline, dehydrating in

graded
impregnating

alcohols,
with

*xylene and

¢learing in
before

paraffin  wax
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.E. coli,

sectioning and staining with Hematoxylin and
Eosin or Reticulin.

Microbiology

The constituents of the dope, the dope
itself and the extruded fibre were monitored
for bacterial and yeast contamination. In
addition, the dope was finnoculated with
common food bacteria, in both vegetative
andspore forms to test the effectiveness of
the heating stage in controlling bacterial

numbers.

The organisms used were vegetative cells of
Escherischia coli, strain AB 10 2 21,
isolated from pig and resistant to
streptomycin, penicillin, tetracycline and
sulphonamide. Spores were obtained from

Bacillus cereus, strain t, viable vegetative
cells having been destroyed by prior
heating. For the artificial inoculations,
iml of known spore cell suspension was added
to the dope and thoroughly mixed. The dope
was extruded in the normal manner and sampies
taken before and after extrusion. Samples
weres plated out on Plate Count Agar,
fncdbated at 37C  for 24-48  hours and
counted. Incorporation of streptomycin into
some of the plates to prevent growth of all
organisms except the Streptomycin resistant
enabled counts of vegetative cells
to be made.

Biochemical analyses

Amino acid analysis of the extruded
material was - carried put on an acid
hydrolysate of the fibre, rotary evaporated
and dissolved in 0.001N HC1. The analyser
used was a Joel, model 581, using a dual
colugn system based on the method of Mocre
and Stein (1964).

Total protein was estimated using the
method of Lowry (1951} as modified for the
Technicon AutoAnalyser. Calorific values
were determined by bomb calorimetry. Fat and
dry matter content of the extruded material

were assessed using methods published as
standards by the Society for Analytical
Chemists (1973) Nitrogen was determined by

micro-K jeldah? technique.
Calcium, copper, magnesium and zinc were

determined by atomic absorption with iron,
potassium and sodium estimated by flame
emission. In both cases samples were

prepared as described in Methods for Analysis
(Society for Analytical Chemistry, 1973} and
estimated on a IL 251 {Instrumentation
Laboratories  Inc.) double  beam  AA/AE
spectrophotometer. Chloride was determined
using the ADAC wmwethod. (1975 - Volhard
method}. Phosphorus was estimated using the
standard method of the 5.0.C. {1973).

The relative viscosity of the dope was
measured using a Tength of c¢lear narrow bore
glass tubing mounted vertically and
surrounded by a water jacket. Pre-heated
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solutions were drawn fJnto the tube and
allowed to equilibrate for 15 seconds. The
time taken for the solution to pass between
two points on the tube was recorded and
expressed in arbitrary units relative to the
outflow time of water over the same distance.

Results and discussion
a) Processing of scrap meat

With a 2:1 dilution, the meat slurry was
easily pumped from the bowlichopper to the
processing vessel after comminution.
Mechanical vemoval of coanective tissue
proved extremely effective, 5-7 x 10 minute
stirring periods removing the bulk of the
matarial (Table 1). As the pH was lowered to
4,5-5.0, the mix became thick and gelatinous
due to considerable swelling of residual
connective tissue; below this pH the mix
became less viscous. Lowering of the pH acts

as an effective bacteriostat during the
incubation period. Secondly, 1if enzymic
degradation is to be used, lowering the pH

swells the connective tissue and makes it
more susceptible to the enzymic degradation.
Finally, if the enzyme used is pepsin, the
lower pH produces conditions closer to the

enzyme's optimal activity. After digestion
and agitation, the slurry was much less
viscous. Air agitation was the most

effective means of wmixing the slurry during
this stage. Increasing the temperature of
the mix to 40C with hot water without
agitation (approx.20-25 minutes), caused the
fat to rise to the surface and form a solid
layer on cooling (Table 2].

The concentration of wmuscle protein in
suspension after processing was between
6.0-7.2% w/v dependant on the source of the
meat. A two-fold concentration to 14%w/v was
required for direct incorporation into the
extrusion process. If lower levels were
used, fibres were softer and wetter. A
number of different concentration techniques
were inftially tried - partial freeze drying,
air drying, freeze concentration and freeze
thawing. The Tlast twe produced excessive

losses of solid material; the others were
unlikely to Dbe economic. Low speed
centrifugation  was the  most suitable

concentration process as most of the protein
was inscluble. Furthermgre, the amount of
total satt was reduced whilst Timiting losses
of o-watersoluble protein to 1-2% of the
total protein, thus improving the efficiency
of the process without causing excessive salt
concentrations in. the resultant fibres,

A number of interesting observatiaons were
made during the development of the processing
technigue. Mechanically recovered meat,
particularly that produced by the hydraulic
Protecon system, had Tow connective tissue
content and required no enzymi¢c treatment.
Cured meats contained connective tissue that
was stringier than uncured meats but it was

easily removed by mechanical means. The
viscosity of cured meats was little affected
by a fall in pH; fat removal was also
easier. The connective tissue and fat
removed from these different mixes are very
c¢lean and jdeal starting material for further
processing. The origin of the meat, whether
scrap or MRM, made little difference to the
processing or final preduct. However,
mechanically recovered meat proved especially
suitable since it required no comminution.
Cured meats, such as ham and bacon scrap,
also processed well, but their high salt
content 1imits their inclusion 1in some
formulations.  While the pH of comminuted
Table 1. Formulation for production of

protein fibres.

Constituent % of Total? % of Total
protein
Gelatin 1.33 4.09
Potato protein 0.74 z.27
Recovered meat 12.45 38.24
protein
Serum proteins 10.65 3z2.70
Soya protein 7.39 22.70
Flavouring 0.89 -
Water 66.55 -

Table 2. Change in connective tissue content
after mechanical/enzymic processing.

Meat Source % Coltagen Mechanical Enzyme
Control  /enzymic onty
Mechanically 1.22 0.26 0.40
recovered
pork/beef
Cured meat 16.44 0.19 -
scrap
Brisket/ 7.06 0.68 -
shin/neck

r
CoTTagen content was measured indirectly
using the hydroxyproline assay of Woessner
(19561), modified by Grant {1964) for the
Technicon AutoAnalyser.
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PLATE1

MICROSCOPICAL DETAIL OF EXTRUDED FIBRE

A — Animal Pratein H = Steam Vacuoles

Table 3. Changes in fat content after
mechanical/enzymic processing.

Meat source % Fat Mechanical  Enzyme
Control  /enzymic only

Mechanically 25.46 1.564 1.0%
recovered
pork /beef

Cured meat 26.11 0.26 -
scrap

Brisket/ 26.20 0.92 -
shin/neck

Fat values were obtained by continuous
Soxhlet extraction with petroleum ether for
12 hours, rotary evaporation and drying
according to therecommended method of the
$.0.C. (1973).

meats at 6.1-6.5 was as expected, the initial
scrap meat at 5.5 - 5.8 and that of cured pH
of mechanically deboned meat was high at pH
6.2-6.5, due to cellular disruption, removal
of connective -tissue and an increase in bone
marrow content.

b)Y Extrusion

The original concept to produce fibres
continuously wusing a self-priming slurry
pump, forcing the dope through steadily

decreasing diameter tubing and immersing the
final length of stainless steel tubing in a
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* therefore adopted,

V — Vegetable Protein

bath of hot o0il, producing a fibre by heat
coagulation, failed bhecause the necessary
working pressures could not be produced and

maintained. Furthermore, it was not flexible
enough to compensate for smal) changes in
flow rate  from  variations in dope
formulations. A forced flow system was

incarporating flexibility
in bothe flow rate and temperature, details of
which are shown schematically in Figure 1.

“Pressure was monitored at the dope input
stage, but the pressure inside the heated
tubes was probably considerably greater as a
result of protein coagulation and steam
formation. At the usual operating conditions
of 130C and 11.25 kg/cw® pressure, steam was
generated, around and within the fibres as
small bubbles {Plate 1).

Direct heating was not practicable because
aof the narrow diameter o¢f the tubes.
However, temperature was easily maintained by
indirect heating [hot glycol) and losses were
reduced by dinsulating the heating jacket,
(see Fig. 2). The short auxillary water
jacket (J2, Figure 2), through which water at
controlled temperatures was circulated, was
used to contro! the rate of fibre cooling and
its exit temperature. With water circulating
at B5C, the fibres emerged "at approximately
70C; (water at 50C produced fibres at 67C).
This cooling process served a number of
purposes, It condensed much of the steam
formed during the heating stage, eliminating
a pressure difference between the internal
and external environment, thus preventing the



disintegration of the fibres as they left the
tubes. The tackiness of the mpist fibres,
provided good fibre-fibre adhesion which was
further improved by pressing them in moulds
whilst sti1) warm. This resulted in a small
guantity of the 7liquid within each fibre
being exuded under pressure (approx. 15-20 cm

Kg), coating all the fibres within the
mould. Thus by regulating the cooling
process, the wetness and cohesiveness of the

fibres could be controlled.

Pre-heating the dope to 40-45C resulted in
a considerable decrease 1in viscosity and
allowed simple and rapid filtering of the
dope, which, at this temperature had the

Table 4. Changes in bacterial numbers after
fibre formation and storage

(Total Yiable counts/ml)
Material

After
heating

Before
heating

Meat solution 3.24 x 107  5.09 x 107
after processing

Dried serum
proteins

Soya protein
concentrate

Potato protein

grit {60 mesh)

2.04 x 109 3.69 x 10°
1.36 x 10°  2.98 x 107
1.46 x 103 2.06 x 102

Standard dope 1.17 x 10% 1.64 x 103
mix

Standard dope 1.18 x 107 2.8 x 10°
+ B.cereus

Standard dope 7.18 x 105 1.65 x 10°
+ E.coli

Standard fibre - 1.91 x 10°
after pressing

Standard fibre - 1.48 x 103
1 month at -20C

Inoc. fibre {B.cereus) - 2.37 x 10°
1 month at -20C

Inoc fibre (E.coli) - 1.48 x 103

1 month at -20C

consistency of thick cream. The pre-heating
allowed the heated section to be reduced in
length as less heat was required to produce
the fibres. Figure 3 shows the effect of
temperature on the viscosity of the standard
mix, gelatin and the meat suspension. Under
static conditions the dope coagulates above
B5C. While the dope was in motion this
presented no problems, but, if flow ceased at
high temperatures, the dope became hard and
'set' in the tubes.

Production problems:

‘During the course of heating, a thin layer
of cocagulated protein formed on the finner
walls of the tubes, progressively increasing
in thickness wuntil it blocked the tubes.
Although this occurred with all formulations,
in early formulations the principle cause was

Table 5. Amino acid analysis - extruded fibre
compared with beef

Amino Acids 9/100g protein

Beef Fibre

Essential
iso-Leucine 5
Leucine 7
Lysine 8
Methionine 2
Phenylalanine 4,
4
1
5
3
i

.

Threonine
Tryptophan

Valine

Histidine
(essential only in

e eie e w .
A0 ]

W Z -~ Ww

Non-essential
Alanine
Arginine
Aspartic Acid
Cysteine
Glutamic acid 16.
Glycine
Proline
Serine
Tyrosine

.
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Tource of beef data : Food Standards Committee
Report on Novel Protein Foods (1974)

haemoglebin. The introduction of small
amounts of insoluble proteins into the dope,
in the form of grits of 60-100 mesh,
comprising about 1% of the mix, produced a
continuous scouring action and eliminated
blockage. Initfally soya protein grits were
used, but latterly, potate protein grit was
more effective.  Although warm water (45C}
was used to flush out the tubes between runs,
the system required a daily clean with warm

0.1N sodium hydroxide containing 1% 'DECON
90' to remove any remaining deposits. When
1002 animal protein was wused to produce

fibres, "they were soft and lacked cohesion,
although several different formulations were
tried. 1t was also impossible, even with
control of piston drive, to accommodate the
excessive fluctuations 1in the flow rate,
caused by the accumulation and release of
steam both within the heating jacket and on
exit from it. Under these conditions the
temperature  could not be effectively
controlled. For this reason, mixtures of
vegetable and animal protein have been
investigated, 1including a number of novel
protein sources. Lucerne and qrass proteins,
although they had a high capacity to absorb
water and swell, were rejected because they
were pale green fn colour, and possessed a
bitter taste, both difficult to mask. Lima
bean protein, behaved l1ike soya protein but
was much more expensive; cereal proteins were
difficult to obtain. The addition of small
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percentage of soya protein
firmer, less soft fibres; potate protein,
because of 1{ts hardness, also continually
scoured the internal surfaces of the system,
as well as introducing a nutritionally
desirable Tlevel of dietary fibre to the
materfial.

Of the anima) proteins evaluated, casein
was discarded because of its tendency to form
very soft fibres, and hemoglebin because of
its tendency to block the tubes. For optimum

resulted in

Table 8. Levels of inorganic constituents
compared with beef

mg/100g dry matter

Constituent Beef Fibre
Calcium 18 44
Chlaride 150 1258
Copper 0.4 0.7
Iron 7 15
Magnesium 60 181
FPhosphorus 630 449
Potassium 980 381
Sodium 150 1220
Zinc 14 i6

Source of beef dafa: Foods Standards
Committee Report on Novel Protein Foods
{1974}

Table 7. Comparison of general composition of
raw beef with extruded fibre

Constituent Raw steak Extruded *
/low fat fibre

Tarbohydrate
(% dry matter) - 1.1
Fat
{ " ) 20.5 0.6
Total protein

" 56.7 90.36
Caltorific value
(Kcals/s) 1.77 1.57
Water content
{2 wet weight) 74.2 27.60

Results expressed as grams per 100 grams dry
matter. Water expressed as grams per 100
grams fresh wet weight. Calorific values
expressed as Kcls per gram.

Source of beef data : Food Standard Committee
Report on Novel Protein Foods (1974},

use of animal protein sources, blood serum
proteins and recovered meat protein were
maintained at the highest levels and the other
ingredients were proportionally modified to
produce the wmost nutritive fibre with the
minimum of production problems. Fibres
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praduced from the formulation shown in Table 3
had a pleasant cooked-beef colour; without the
addition of flavour compounds they were very

bland, making them highly suitable for
incorporation into products.
The process was effective 1n reducing

bacterial numbers. Despite the fact that the
fibre was in the heated tubes for only 10
seconds, the internal micro-environment
substantially reduced total bacterial numbers
Table 4 shows that each of the major
ingredients possessed its own bacterial flora,
some Of which were not removed by the heating
stage. However, the resultant numbers were
low and quite acceptable in & processed
product with both vegetative cells and spore

counts reduced; a further fall in numbers
occurred with frozen storage.
Tables 5-7 demonstrate the nutritional

value of the extruded fibre. The very Tow
fat content indicates the effectiveness of
fat separation during the processing stages.
This together with Jow carbohydrate and
calorific values, and very high protein
contept with all the essential amino acids,
suggests that this type of material could be
used din supplementing or replacing milk
casein given to people with protein deficient
diets, especially in the developing
countries, not only for its nutritional
qualities but because it is capable of >90%
rehydration after drying.

Histologically, (Plate 1}, the presence of
discrete animal and vegetable components
within the fibre demonstrated that the
processes did not destroy all structural

integrity although much of the animal protein
was essentially without structure although
occasional muscle cell fragments could be
seen. Vegetable cellular material,
partitularly parenchymatous storage cells
which appeared more resistant to disruption
during processing, was also visible. The
presence of air holes was to be expected,
having been caused by the formation and
release of steam during the heating stage of
the extrusion process. Consequently, the
diameter of the fibre expanded slightly after
lTeaving the tubes; slight pitting of the
fibre outer surface alsc resulted; there was
no visible fat. It was also noticed that the
air holes were smaller in area but more
nymerous the drier the fibre.

This work was carried out at Jlaboratory
Tevel, but it clearly demonstrates that this
novel approach to both the recovery and
restructuring of waste protein materials is
sufficiently flexible to make use of many
types of raw materials, which in their own
right are unsuitable for human consumption.
Production effectiveness was achieved by
designing two processes requiring Jittle
input and using relatively
unspecialised equipment working in  low
temperature and pressure environments. This
in ditself should substantially reduce its
capital cost whilst the processing costs are




minimised by wutilising vreadily available
inexpensive waste as {fts source material. As
world demand for good quality protein increase
and the cost of conventional animal protein
rises, novel processes such as these will
undoubtedly "become more economically
attractive.
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EFFORTS . TO I1MPROVE THE USE OF FRYING FATS IN POULTRY DIETS

P.J.G.0ustenbach* , E.H.Ketelaars*, W.M.M.A. Janssen and C.W. Scheele

Speiderholt Centre for Poultry Research and Extension

7361 DA Beekbergen, The Netherlands
% Agricultural University, P.0. Box 338
6700 AH Wageningen, The Netherlands

Introducticn

The increasing use of fried products in
human nutrition leads to an increasing
application of used frying fats and oils in
poultry diets. During frying at high tempe-
ratures the composition of the fats changes.

Besides volatile oxidised compounds
with a smell and taste of rancidity,
dimers, trimers and higher polymers of
glycerides are formed. Billek and Rost {1974}
found in experiments with rats, that the
greatest part of polymers of glycerides was
not digested. It is not known to what extent
frying fats mixed in poultry diets disturb
the digestion process,

The objective of the research was firstly
to compare used frying Tats of different
erigin with soy bean oil, in digestion stu-
dies with chickens. Secondly the effect was
tested of different emulsifiers, added to
the frying fats, on AME values of the added
fat and on digestibility of fat and protein
in the complete diets.

Materials and methods

A basal diet was mixed up with respective-

1 10% used frying oil, containing 20%
pelymers (= FF1)

2 10% used frying fat, containing 10%
polymers (= FF2}

3 10% pure soy bean oil

FF1 is orginated from soy bean oil, used
for meat frying.

FF2 is orginated from hydrogenated soy
bean ail, used for frying meat and patatoes.

Both kinds of fat were heated during a
period of approximately 50 hours at a tempe-
rature of 160-1800 C.

Polymerised glycerides in the fats were
determined according gelpermeation~chromato-
graphy (GPC). 0.5 ml of a solution of the
oil or fat in methylethy] keton {MEK) was
injected on a column with Biobeads 5X2
(35 x 2,5 cm}.

Elution with-a flow of 200 m} MEK/hour and
detection with a differential refractive
indexdetector followed.

To a part of the diets, containing frying
fats, 5% of two different emulsifiers were
added. Emulsifier A is a product used in
veal calf milk replacers. Emulsifier B is a
natural product without known applications.
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Basal . diet, diets. with added fats and with
added fats plus ermulsifiers were fed to tén,
three weeks old, male chickens per group.
Each treatment cowsisted of three grcups.

Total excreta ware coilected during three
days.

Standard ‘AME of the added fat and digesti-
bility values of nutrients were determined.

The determined data were submitted to ana-
lysis of variance.

Resu?té

In table 1 the values for AME of added fat
and digestibility of fat and protein for soy
bean ©il and both frying fats are shown.

Table 1. Determined values for AME of added
fat and digestibility of fat and protein.

determined values
Added digestibitity of
dietary fats AME{MJ/kg) fat(%) protein(%)

FF1 32.2 77. 6%k 85.4
" FF2 20.8 59, 6%% 85.4
soy bgan ofl 32.3 81.0 87.2

*gignificantly (P £ 0.01) different from
values obtained for soy bean oil,

The results revealed a marked difference in
feeding vaiue of both frying fats. Although
F¥1 had the highest contents of polymers the
feeding value was only slightly lower than
cbtained with pure soy bean oil. The digesti-
bility of FF1 is just 3% lower than the value
got for soy bean oil.

A very distinct reduction in AME of added
fat and digestibility is found for FF2.

In this experiment palymeric glycerides
combined with saturated fatty acids have a
much more negative effect on the feeding
value of the added fat than even higher poly~
mer ceontents combined with a high content of
unsaturated fatty acids.

The reasen could be that different kinds of
paltymeric glycerides are formed dependent on
the fatty acid composition of the fat.

A clear distinction can be made between so
called non polar polymeric tri glycerides and
the polar or oxy-polymers,

The non polar dimers/polymers are formed by



thermal treatment without a reaction with
oxygen.

If pclar or oxy polymers are formed oxygen
is incorporated in the polymerised molecules.

It is not yet known how different kinds of
fatty acids in fats effect the formation of
different kinds of polymeric tri glycerides.

Also more research has to be done. to de-
termine the effect of rancidity of the used
fats on taste and smell of slaugherted
broilers.

In table 2 the effect of adding emuisi-
fiers to frying fats on digestibiiities of
fat and protein in the complete diets is
shown. The results are compared with diges-
tibiiities got from diets with added pure
soy bean oil.

Table 2. Digestibilities of fat and protein
from diets without and with emulsifiers A
and B.

Diets with digestibility of

fat (%) protein (%)
FF1 77.6%% 85, hxx
FF1 + A 79.4 85, 2%*
FF1 + B 75. 3%k 8k, 7xx
s0y bean oil  80.9 87.2
FF2 59, 6% 85, hx*
FFZ + A 59 2% 86. 3%
FF2 + B 55, 1%* 83, 9%

XS ignificantly (P« 0.01) different from
the diet with soy bean oil

* significantly (P & 0.05) different from
the diet with soy bean oi!

It is shown that adding emulsifier A to
FF1 resulted in a digestibility of fat not
significantly different from that of soy
bean 0il. FF1 without added emulsifier exhi-
bited a reduced digestibility of fat com-
pared to soy bean oil.

In diets with FF2 emulsifier A had no
effect on fat digestibility but had a slight
beneficial effect on protein digestibility,

No positive effect of emulsifier B on di-
gestibility of fat and protein in diets with
frying fats could be attained.

On the contrary this emulsifier seemed to
have an extra reducing effect on digestibili-
ty of nutrients in diets with frying fats,

This may be due to interactions between
polymers and this special emulsifier.

Conclusions
LA LsIons

i. The content of polymeric glycerides of
frying fat cannot be used as a reliable
parameter.

2.  Important interactions between origin of
frying fat in relation to the content of
unsaturated fatty acids and content of
poelymeric glycerides seem to be responsi-
ble for great differences in feeding value
of frying fats,

Also different kinds of polymers dependent
on fatty acid composition of fats and on
treatment of the fat could have different
effects on feeding values of diets.

3. From the resuits of this experiment it can
be concluded that polymers of FFl were at
least partly digested.

4. Emulsifiers used in veal calf milk re-
placers seem to have a beneficial effect
on digestibility values of nutrients, if
reduced by using frying fats.

The other emulsifier tested in this ex-
periment seemed tc have a negative effect
on digestibilities of nutrients in the
diets with frying fats.
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FEATHER MEAL PROTEIN AND AMINO ACID DIGESTIBILITY UNDER DIFFERENT PROCESSING

CONDITIONS

M.C. Papadopoulos, A.R. El Boushy, A.E. Roodbeen and E.H. Ketelaars

Department of Animat Science, Agricultural University, Wageningen, The Netherlands

Introduction

The use of by-products in livestock and
poultry nutrition is increasing. The feathers
{waste at processing plants) must be hydrolyzed
in order to be digestible by animals. However,
this product will differ in quality because
heat treatments have not only beneficial
effects, but they can also reduce the nutritive
value of feather meal protein.

Objectives

1. To investigate the relationship between
methods of feather meal processing and amino
acid digestibility, by the faecal analysis method.
2. To test if crude protein digestibility would
reflect the amino acid digestibility.

Material and methods

Nine differently processed feather meal
samples (hydrolyzed at 345 kPa pressure)
have been used in this study. The test groups
composed a factorial experiment including
two factors, namely processing time (three
levels: 30, 50 and 70 min) and way of treat-
ment {three methods: no additives, chemically
treated with 0.4% NaOH and enzymatically
treated with 0.4% enzyme).

Sixty-three male broiler chicks (7 chicks
per group) of & weeks old were [irst starved
for 24 hrs. Chicks were force-fed 12 g {dry
matter) of a test feather meal as a sole feed.
An additional group of nine chicks received
a nitrogen-free diet, in the same manner
as the feather meal test-groups, to give an
estimate of the metabolic faecal plus endoge-
nous urinary excretion of amino acids. Quanti-
tative excreta collection took place over
a period of 36 hrs (4 times daily), after force-
feeding.

Results

The data on the true amino acid digestibility
values of the feather meals, are presented
in figure 1. Comparison between crude protein
and amino acid digestibilities are presented
in figure 2.

Conclusions

l. There was a significantly negative time-
linear effect on the true digestibility of all
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amino acids of the feather meals, with except-
ion of leucine.

2. There are considerable variations between
individual amino acids, with respect to their
true digestibility values (range from 33%
for aspartic acid to 85% for isoleucine).
3. The amino acid digestibility determinations
revealed differences between the differently
processed feather meais, which ar not detect-
able by the crude protein (N x 6.25) digestibili-
ty.



PRELIMINARY STUDY ON FEATHER MEAL LANTHIONINE EVALUATION

M.C. Papadopoulos, A.E. Roodbeen and L.J.G.M. B:ongers1

Department of Animal Science, Agricultural University, Wageningen, The Netherlands

Introduction

Lanthionine is an unnatural amino acid
formed by degradation of cystine, during
thermal andfor alkali treatments of proteins.
Balance trials for this amino acid in feather
meals have not been made before.

Objectives

I. To study the total excreta-recovery of
lanthionine (present in the differently process-
ed feather meals) by balance trials.

2. To test if there is a relationship between
feather meal lanthionine content and amino
acid digestibilities.

Material and methods

The nine test feather meals and the faecal
analysis technique used in this experiment
have been described by the authors in a
previous experiment presented in this 'session
posters'. Lanthionine has been analyzed in
pooled excreta {per test group).

Results

The data of this experiment are graphically
demonstrated in figures | and 2.

Conclusions

I. The total recovery of lanthionine in poultry
excreta is always inferior to 100%, suggesting
that lanthionine is transformed by intestinal
flora, or metabolized of retained in the
organism.

2. The amino acid digestibility values of
the processed feather meals are inversely
proportional 1o the lanthionine content of
the test feeds.

l. Dept. of Animal Physiclogy, Agricultural University, Wageningen, The Netherlands
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A STUDY ON VARIATIONS {N FEEDING VALUE OF RENDERERS FAT WITH POULTRY

C.W. Scheele

Spelderholt Centre for Poultry Research and Extensicn

7361 DA Beekbergen, The Netherlands

Introduction

In the Netherlands nowadays renderers fat
- a mixture of lard, tallow and poultry fat-
is mixed up in poultry diets in increasing
levels. Recently investigations have revea-
led that young chickens exhibit low digesti-
bility values of animal fats in diets.

Scheele and ten Have, (1979) and Haertel
(1980) showed that the feeding value of
added fat was dependent on the dietary com-
position of the basal ration.

The objectives of the studies reported
herein were to find how apparent metaboli-
zable energy -AME- and digestibility of ren-
derers fat was effected by the following -
factors:

1. The age of chickens

2. Different levels of added fat to the
basat diet

3. Different levels of crude fibre in the
basal diet

4, Exchanging one feedstuff in the basal
diet by another one

Feedstuffs studied were: Wheat bran, Sun-
flower meal and Alfalfa meal. Obtained data
were compared between adult cocks and
chickens at different ages.

Metheds

Six basal diets were obtained by mixing
respectively wheat bran, sunflower meal and
alfalfa meal as sources of crude fibre in
two levels with soy bean meal and maize.

These basal diets with two levels of crude
fibre were mixed with respectively 6 and 12%
animal fat.

All diets were fed to four groups of male
ckickens different in age (2, &, & and 8
weeks of age) and to adult c¢ocks.

Per treatment b4 groups of 10 chickens of
each age and 3 adult cocks were used. Total
excreta were collected during 4 davs,

Standard AME and fat digestibility values
were determined. AME was corrected for
nitrogen eguilibrium. Fat was extracted
after hydrolyzing with hydrochloric acid.

The determined data were submitted to
analysis of variance.

Results

in table 2 the mean values of AME and di-
gestibility of renderers fat obtained in the
experiment are shown. Chickens till five
weeks of age demonstrate low digestibility
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Tabie 1. Composition of six basal diets
without fat in a/kg.

Basal diets
1 2 3 4 5 6

Ingredients

Soy bean meal 235 235 235 235 235 235

Maize 470 - 639 479 63% 479
Wheat bran 235 705 - - - -
Sunflower meal - = 6H 226 ~ -
Alfalfa meal - - - - &6 226
Vit, Min. mixture 60 6D 60 60 B0 6D

values of fat for both fat levels in the
diets.

After five weeks the digestibllity values
of fat increase distinctly but are still
much lower than values cbtained by adult
cocks.

Doubling the fat content in diets from
six to twelve percent caused a relative
smail decrease of the digestibility of added
fat. A small positive effect of a higher
crude fibre level in diets on feeding value
of added fat was obtained. The reason couid
be that fat is better devided in diets when
it can attach to fibre particles.

Feedstuffs with high fibre contents nor-

“mally are poorly digestible. The fat of

these feedstuffs also can have a low digesti-
bility value. This can explain that higher
crude fibre levels accompagnied with higher
contents of poorly digested feedstuffs did
not result in a positive effect on digesti-
bility of the total amount of fat in the
diet. Only added fat was effected by crude
fibre.

More wheat bran in diets than sunflower
meal or alfalfa meal Is needed to reach the
same crude fibre levels. Therefore the effect
of crude fibre cannot be disconnected from
the effect of dietary composition., In this
experiment this could be the reason for a
significant {Pg 0,001) interaction between
crude fibre and feedstuff as a source of
crude fibre.

Conclusions

1. A clear and important effect of age was
shown on AME and digestibility of animal
fat. Values determined wlth adult cocks
were higher compared with chickens.

. An increased level of added fat resulted
in a significant decrease of AME of fat.



Table 2. AME and digestibility of renderers

fat.

Experimental factors Determinations
1 e Mara e e Digosti-
' are g added fat bijity

only for chickens and

not for cocks) Md/ kg total fat

in diets
(%)
1. Age week 2 27.96 ’ 62.5
week 4 29.02 66.9
week 6 32.39 72.0
week 8 33.19 73.4
adult cocks 36.47 85.0
S.of the Effect ¥: PL0.001 P 0.000

2. Added fat 6% 31.26 71.0
Added fat 12% 30.02 69.4
S.of the Effect Pégﬂ.ﬂﬂi N.S.

3. Crude fibre L% 30.33 69.3
Crude fibre 8% 30.96 68.1
S.of the Effect P5£0.001 N.S.

k. Feedstuffs in
basal diets
- wheat bran 29.43 62.4
- sunflewer meal 31.21 71.6
- alfalfa meal 31.29 72.0
S.of the Effect P& 0.001 p é 0,001

* Significance of the Effect.

3. An important effect of wheat bran compa-
red with sunflower meal and alfalfa meal
was found on AME and digestibility of fat.

L, A slight positive effect of crude fibre
on AME of fat was shown.

5. A significant interaction between crude

Re

fibre and feedstuff as source of crude
fibre was found.

Fibre of wheat bran had a negative effect
Fibre of sunflower meal and alfalfa meal
produced a positive effect.

ME additivity for poultry feedstuffs de-
termined with adult cocks seems not valid
for young growing birds.
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Discussion session 3: Wastes of animal process-
ing.
Chairman: 5. Boer Iwema

Discussion summarized by P. ten Have

mMr. Hopwood (United Kingdom) elucidated
his own poster, about the lignosulfonate
process which is an alternative flocculation-
flotation process for slaughterhouse waste
water 1treatment. Precipitation is eaused
by the addition of lignosulfonate and sulfuric
acid. The sludge is treated with lime, dewate-
red and dried. There are 21 plants of this
type in operation throughout the world so
it is a well tested process. He showed results
of feeding trials in which up to 9% lignosul-
fonate precipitate in the ration of chickens
was used as a replacement for soymeal and
meatmeal. The precipitate originated from
a beef packing abattoir in the U.5.A. No
significant change in weight gain was obser-
ved. Other feeding experiments with chickens
and pigs were carried out. In experiments
with pigs at the Veterinary College in Oslo
the diet contained 30-60% sludge dry matter
(3-6% lignosulfonates). There was no effect
on weight gain and no adverse effect on
the carcass. It was also established that
up to 350% of the soybean meal could be
replaced by the lignosulfonate meal (dried
sludge obtained by precipitation with lignosul-
fonate). Comparing the lignosulfonate process
with the process which uses ferric chloride
as a precipitant, he saw some advantages
in the process first menticned:

- Lignosulfonate is an approved additive,
hoth under the EEC and the FDA regula-
tions. It is a traditional additive to animal
feedstuifs.

- Lignosulfonate is more successful than
FeC13
water.

in the removal of blood from waste-

- The sludge is somewhat easier to dewater.
- The ash content of the sludge is not in-
creased by the addition of an inorganic

salt.
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Stides of a lignosulfonate plant at a beef
abattoir in Colorado, U.S.A., were showed.
Most plants produce dry material. In a few
occasions wet slud.ge, preserved with formic
acid, was fed to pigs. This was successful,
but the tests were not carried out on a scien-
tific basis. At a plant, which his company
recently installed, sludge is dewatered to-
gether with blood from the abattoir. This
product is then mixed with pressed paunch
contents and screenings.

The whole mixture is rendered together
and fed to cattle and sheep. These animals
accept it, gain weight normally and their

carcasses show no change.

Mr. Mentink (Netherlands) asked mr. Scheele
(Nethe}'lands), on behalf of his poster on
renderers fat, if he could explain the influence
of -age on the digestibility of fat. Mr. Scheele
replied that young chickens lack bile salts
in their digestive tract. Especially the satu-
rated fatty acids, like stearic acid, are then
poorly digested. When they grow older they
produce encugh bile salts to digest the fats.

A second question, put forward by mr. Men-

tink, was: Can you explain the influence

of crude fibre on the digestibility of the
added fat?

In response, mr. Scheele, supposed that crude
fibre has a surface enlargening and emulsi-
fying effect on the fat in the feed.

Mr. Steg (Netherlands), when studying the
data presented in Scheeles short paper, had
observed a very significant positive effect
of crude Iibre on the apparent metabolisable
energy (AME) of added fat, but on the other
hand s slightly negative effect on the digesti-
bility of that fat. He asked mr. Scheele
for an explanation. Mr. Scheele replied that
metabolisable energy is easier determined
than digestibility. Their figures on digestibility
showed a large varlation. In his opinien the
apparent negative effect on digestibility

was just an randem effect,



Nobody expressed a wish to comment on
the other posters. Mr. Beoer Iwema then
gave the opportunity for =z discusston of

the lectures.

As a comment on the lecture of Mr. Edel,

Mr. 5hih (U.5.A.) brought forward that

he had published, about 4-5 years ago, about

a new process for the purification of poultty

processing waste water. He called it "Mem-

brane ultra filtration" process. This mem-
brane removes all the macromolecules in
the waste water, mainly consisting of protein
and polymerized fats. The effiuent is very
clean; the COD concentration is better
than the standard set by North Carolina
regulations for discharge to open water.

The concentrate removed consists for 60-70%

of protein. Feeding irials with chickens

showed that the sovbean meal could be
completely replaced by the removed material.

He estimated the investment costs for

a treatment plant for the waste water

from the processing of 100.000 birds per

day to be about 0,5 to 1 million U.S. dollars.

The capital costs of such an investment

were prohibitive. He bhad three questions

for Mr. Edel.

~ Where do the heavy metals come from.

~ Are the chemicals ferric chloride and
polyelectrolyte pure enough.

- Can you give information about the costs
of the flocculation-flotation process you
described.

Mr. Edel said, in reply to the first question,
that Cu, Mn and Zn are added tc the diet
of pigs and are, therefore, relatively high
in concentration. Trace elements like Cd
and Pb are environmental contaminants
which generally occur in low levels. They
can accumulate, however, but this is not
always so.

From many analyses on organs of animals

it is obvious that the level of Hg is going

down, because it is no longer used as a

pesticide. Feed used by animals show low
levels of these irace elements. They are
passed on vi?, the slaughterhouse to the
flotation sludée, but the levels observed
are no threat to the health of man or animal.
Replying the second question. Dr. Edel
said that only chemicals with a good quality,
which means low levels of unwanted compo-
nents, are to be used. He asked mr. ien
Have (Netherlands) to answer _the third

question.

Mr. ten Have showed some sheets about
the «costs of flocculation-tlotation with

ferric chloride and polyelectrolyte. The
value of dried poultry sludge was estimated

at f 65/100 kg at the end of 1982. A year
later a shadow price of about f 95/100
kg was calculated, ma/inly due to the a
sharp rise of the price protein and fat on
the world market. The value of sludge from
slaughterhouses for pigs and cattle is about
20% lower. A graph was” presented showing
the relation between the capacity of slaugh-
terhouse and the net costs or returns of
various ways of sludge disposal sludge value
minus processing costs. Direct feeding to
pigs, after pasteurisation and preservation,
showed a net profit in most situationss
Indirect feeding (via dewatering and rende-
ring) a net loss. The last sheet showed the
total annual costs of waste water treatment
and discﬁarge versus the plant capacity.
When compared with an annual levy of
f 45.- per population equivzlent, taxed
by river authorities for sewer discharge,
a flocculation-flotation pilant is profitable
at capacities at and above about 5.000
population equivalents; the biggest savings
for a treatment plant at a poultry processing
plant where the sludge is directly fed to
the pigs at a nearby farm after pasteurisation

and preservation with acid.

Mr. van den Bosch (Netherlands) asked if
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there was anybody who had compared the
costs of the use of lignosulfonate with those
of the use of ferric chloride. Mr. Smits
{Netheriands) replied that the Dutch group
which did research on the use of flotation
sludge as a feed ingredient had not made
such a comparisen of the chemical costs
of both systems. He had the opinion that
sludge originating from the lignosulfenate
process would have a fairly high level of
Ca due to the addition of lime. That could
cause a depression in the fat digestibility.
Moreover, the additien of minerals would
not increase feeding value of the sludge,
on the contrary. He asked Mr. Hopwood
to comment on these aspects. In  reply,
Mr. Hopwood said that some years ago
a laboratory comparison was made between
ferric chloride and lignosuifonate precipita-
tion and dewatering of the sludge. The
general impression was that lignosulfonate
was preferable for the reasons he had uplined
a little earlier: The dewatering is somewhat
easier and the removal percentage of soluble
(blood) proteins is higher.

There is not a great deal of difference,
however, in a waste water where most
of the protein is in particulate form. They
were also concerned, quite a few years
ago, about the various regulations. It was
clear that lignosulfonate was more acceptable
in the sense that the regulations specifically
named lignosulfonate as an acceptable addi-
tive and it had traditionally been used in
animal feed. It was for these reasons that
they promoted the lignosulfonate process.
They had not been in the position to make
comparisons between full scale plants, al-
though they had installed full scale ferric
plants as well as full scale lignosulfonate
plants. None of the ferric plants which
they had instailed used their sludge for
animal feedstuff, so they had not been
in a pesition to make a direct comparison.
He certainly thought that there is pienty
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of room for more work to be done, but
he would like to stress that it is very much
a guestion of the situation. In some countries
lignosulfonate is relatively cheaper than
ferric salts and in other couniries it is
more expensive and this must have a big
effect on the choice of process. Most of
the lime used in the lignosuifonate process
is used for the neutraiisation of the efiluent
and it doesn't find its way to the sludge.
A certain amount of lime is used to neutra-
lise the sludge before dewatering. He be-
lieved that it is necessary to neutralise
any sludge before dewatering, so the lime
may get in anyway. They had never found
any adverse effects of calcium in any of
the fe;ding trials they had done.

Mr. $fteg gave comment on the question
of Mr. van den Bosch. The reason they
had done work on FeCl3 alone was that
no other precipitating chemical was used
in the Netherlands. Although he had no
correct idea of the prices the two systems,
he thought that economic consideration
was the cause of the absence of lignosulfo-
nate plants in his country.

*

Mr. ven_den Bosch asked Mr. Edel if he
considered it a safe procedure to heat sludge
to not more than 70 °C when there is a
possibility of the presence of sporeformers.
He himself was confronted with this guestion
at his work in the industry. He also wanted
to know what people from other countries
thought about this question. Mr. Edel replied
that he considered steritisation the safest
treatment but sterilisation is more expensive
than pasteurisation. The costs benefits
ratio should not be forgotten. Heating up
to not more than 70 °C is not without risk
because the sporeforming bacteria are re-
sistent. On the other hand, there were not
many cases of illness when animals were
fed with pasteurised sludge. Besides, poultry
is only fed with dried (sterilised) sludge.




One must be certain ihat infectious agents
are not recirculated.

Aithough he had not seen severe illnesses
in the pig trials, there might have been
a build-up of these agents. That was not

well investigated. Maybe more attention
should ke paid to this matter. It is calcula-~
tion of the risks.

Mr. Alderman {(U.K.} explained the current

situation in the UK. After long cogitation

they had a so-called 'protein processing
order" which doesn't attempt to specify
the processing conditions because what

is written down is very often not what

is done.

His veterinary colleagues had opted for
a system of monitoring the product from
the plants under the requirement that those
products should be free of the organisms
particularly the Salmonella.

both an animal

of concern,
This 15 because there is
and a human health problem which historical-
associated with Salmoneila
feed.
how to run the the plant are not specified:
they should be
is safe to enter into the food chain.

ly has been

getting into animal The conditions

adjusted until the product

Mr. Newman (UL.K.) wanted to go back to
the relative costs of the ferric chloride

and the lignosuldonate systems. From the
data mr. ten Have had presented, he under-
of the occasions the

stood that in most

sludge ireatment costs were higher than

the value. Mr. Hopwood had peointed out
that the costs of chemicals vary from coun-
try 1o country. He had the impression that
the lignosulionate system, being more com-
plicated, would be more capital intensive.
He asked mr. Hopwood if there were any
circumstances when the lignosulfonate pro-
cess was as profitable or even more profi-

table as the ferric chloride system.

Mr. Hopwood replied that they had conduc-

ted an economic evaluation before they

instailed a plant recently at a poultry
factory in the U.K. They found thati the
operating costs were virtually identical

between the ferric and the lignosulionate
didn't
the capital costs of his competiters plants

process. He know enough about
but he bhelieved they are simular for both
systems. Looking at it in a broader perspec-
thought that the

tive he economic  for

this sort of process depend very much

on the amount of money which the factory
is paying
costs. They had never

towards its pollution control
sold an effluent
there Is not an

treatment plant where

effluent treatment problem. Therefore
the costs of effluent treatment must be
taken ftogether with the costs and. values
of protein recovery in fnaking an economic

evaluation.

Mr. Hof (NL) was interested in the effect
of the addition of lime to flotation sludge.
that he
considered that a disadvantage of the ligno-
When
the animals were loaded with

Mr. Smits had mentioned before

sulfonate ferric chloride
was added,

a high amount

process.
of chioride. He wanted
to know if, by adding ferric chioride, the
acid-base balance in the animals was dis-
turbed and if there was compensated for.
Mr. Smits replied that the addition of

calcium’ will decrease the fat digestibi-
lity. and therefore also the feeding value
of the sludge. The sludge produced in the
ferric chloride process contains only small
amounts of chloride cons. These give no
Hof that

when an in organic acid like HCl or H, 504

problems. He agreed with mr.
is added one has to be aware of the possibi-
lity of disturbance of the acidbase belance.
In such a situation CaCO3 has to be
added to the diet.

out some experiments with sludge, preserved

He intended to carry

with H2504 instead of formic acid, next
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year.
So maybe in a year time he would be able

to give a good answer to Mr. Hof's question.

The chairman, mr. Boer Iwema, after esta-
blishing that there were no further guestions,
thanked the lecturers and the participants
in the discussion. From this mornings discus-
sion he concluded that the feeding of sludge
to animals is not without risk. There is
hepe, however, that the problems can be
solved. The solution of a pollution problem
combined with the production of animal
feed depends very much on the costs of
the process. He hoped this application would
not be obligatory. After this the chairman

closed the morning session.
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Microbial products from waste
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AQUATIC BIOCONVERSICN OF EXCREMENTS IN PONDS

Carl J. Soeder

Institut fir Biotechnologie, Kernforschungsanlage Jiilich GmbH, D-5170 Jiitich, FRG

Summary

Aquatic bioconversion of excrements is
predominantly indirect. Primary preductivi-
ty as increased by plant nutrient input,
may boost fish productivity in ponds. This
scheme is of special economic importance
in tropical and subtropical countries. It
represents a nutrient recycling potential
which is only partially exploited until
now. To make better use of aguatic recye-
ling of excrements, not only regional trai-
ning and information programs are required
but elso further investigations, and opera-
tions research.

Introduction

The most impartant eonventional way of
disposing of human or livestock excrements
in a useful manner is to spread ecoclogical-
ly adequate amounts of liquid or salid ma-
nure onto the agricultural land. There,
complete remineralization takes place, be-
fore the nutrients are taken up again by
plants to render new food and feed mate-
rials. More or less analogous to this prac-
tice is the fertilization of fish ponds
and other equacultural systems by cow
manure, piggery wastes, primary sewsge or
night soil, etc. Alsg fermented cow manure
is effective (Barash & Schroeder, 1984).
The principal crop is then fish (e.g.
tdwards, 1980) but in marine aguaculture
the fipal product may also consist in
mussels ar shrimp (Kinne, 1977),

Both in agricultural or aquacultursl
practices where excrements are applied as
outlined above, almast =ll of the residual
energy content of the excrements is lost
in the course of immediate remineraliza-
tien. Bioconversion of a significant part
of the residual energy of organic wastes
into methane by anaercbic digestion (Sahm,
1984) does not lower the fertilizer value
of the fermented material {faor fish ponds
cf. Barash & Schroeder, 1984).

Be it on agricultural land or in aerobic
ponds, without or subseguent te anaerobic
digestion, a gain in hygienic safety and
in aesthetic inoffensiveness goes always
alang with aerobic remineralization of ex-
crements.

Advacating an intensified utilization of
excrements, Kromann (1980) outlined in ge-
neral terms a number of conceivable strate-
gies for direct nutritional recycling of
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the fecal matter, in order to conserve re-
gidual energy this way. Since the relevant
examples for agriculturael practices of
that kind are sufficiently cavered in
other contributions to this valume, the
present article has been restricted to ex-
crement bioeonversion and nutrient recyc-
ling in managed freshwater systems. It
should also be made clear at this point
that the author, filling unexpectedly in
for a leading expert {P. Edwards), is spe-
cialized on algal ponds and not on
fishponds. Although quite aware of the
deficiencies in his knowledge of the
latter subject, the author takes advantage
of th% chance to plead for increased
efforts to employ ponds or pend systems in
the bicconversion of excrements.

From China where the feeding of human fe-
ces to hogs has been common at least in
the past, originated apparently the
bogsting of fish production in ponds by ap-
plication of excrements or manure. What
has been apostrophed a “circumvention of
biodegradation by biogradetion" consists
in the fact that part of the fecal matter
administered may be eaten directly by carp
or other kinds of cultivated fish. Most eof
the fish production in sewage ponds seems,

" however, to rely on aquatic food chains

based ch vigerous growth of microalgae and
bacteria (Edwards, 1980). How productive
sewage Tishponds can be, may be illustra-
ted by a figure from Manila (10 tons aof
live fish per hectare and year). The cor-
responding highest value from Germany

(.5 t/ha x yr) shows the strong dependen-
ce of productivity on climate.

Aquatic recyeling and/or utilization of
excrements is of particular importance in
Southeast Asia. A wellknown example for
that region is the production of milkfish
(Chanos chanos) in very shallow ponds in
Indanesia and the Philippines (Hickling,
1971). Like Tilapia, the milkfish is a
herbivorous filter feeder, i.e. capable of
eating suspended microalgae directly. It
grazes also on filamentous algae on the
pond bottom. The fact that this means a re-
duction of the foodchain to its minimal
length, explains the success of milkfish
farming which belengs moreover to the simp-
lest technologies in pisciculture.

Before elaborating more on productivity
and usefulpess of sewage-based piscicultu-
re, the significance of pond systems for



nutrient recycling shall be discussed with
regard to algal productivity.

Algal Pends

Today the treatment of urban sewage in
pond systems appears to be the most econo-
mic treatment technology in warmer clima-
tes whereever sufficient areas of compara-
tively low velue are available {Arthur
1982; Table 1). The usefulness of pand
systems for temperate climates is not as
clear yet and deserves further investiga-
tion. Obviously the particular advantage
of the pond systems relates to the produc-
tion of fish and, if water is in shert
supply, of irrigation water as added va-
lues.

With respect to the economics Taiganides
(1982) states: "The three resources which
can be recovered from organic wastes such
us pig wastes and wastewaters are: water,
energy and nutrients. However, the recove-
‘ry of these resources cannot be justified
on economic terms but must be carried out
in conjunction with pollution control or
sanitation operations. Wastewater treat-
ment to meet strict environmental pollu-
tion standards is sufficiently expensive
to justify emplaying purification proces-
ses which yield useful products."

It should be emphasized that none of the
pond systems mentioned in Table 1 under po-
gitions 2 and 4 can be considered to be op-
timized yet. The same appears to hold for
the fishpond management and the selection
of fish species.

The physislogical backbene of algal pond
technology is the cooperation of suspended
bacteria (responsible for eventual aerobic
degradation of excrement organics) and mi-
croalgae photosynthesizing according to
light energy input. When utilizing the me-
tabolic end products of bacteris {carbon
dioxide, ammonium etc.), the algae supply
the bacteria with the oxygen required for
full breakdown of degradabhle organics.

for this kind of algal-bacterial interac-
tion the term "photosynthetic wastewater
treatment' was coined , also referred to
es "algal symhiosis {with bacteria) in
ponds"” (Gotaas & Oswald, 1951). When test-
ing algal-bacterial interaction in the
light under defined conditians, we found
the metabolism of the microalgae to be
strictly photoautatrophic despite a canti-
nuous input of dissolved organics, as long
as the bacteris were not strongly nxygen
limited (Fingerbut & Soeder, 1984). This
is important to state, because photosynthe-
tic axygen production can now be calcula-
ted from light energy input, temperature
and optical density of the suspension ac-
cerding to the model by Grobbelaar et al.
(1984) at least for high-rate algal ponds

alsc permissable area! loading {kg BOD /m2

x day), reguired residence times ete. 5

Table 1. Cost comparison of various techno-
logies for treating the sewage of a city

of 250,080 inhabitants at ambient tempera-
turgs of 15 - 30 "C. Land value: 5 US

$/m", Fram Arthur (1982) and for high-

rate algal ponds (= HRAP) after Berend et
al. (1980} multiplying their numbers by
1,33 and restricting the mixing time to

8 h/day. Cost values in 100D US § per capi-
ta and year. For HRAP economics cf. also
Shelef et al. (1980b).

1. Activated sludge (incl. sludge 10
handling and dispasal)
2. Waste stabilizatien pond system
Cepital cost

(including land) + 5,68
Operational cost + 0.21
Income from irriga-

tion water - 0.43
Income from pisci- -

culture - 0.30 5.16

3. Dxidetion ditch system

Capital cost

(including land) + 4.80
Operational cost + 1.49

Income from irriga-
tion water - 0.43 5.86
4. HRAP system without anaerobic
step
Capital cost

(including land) + 6,30
Operational cost + 4.24
Income from irriga-

tion water ~ 0.43
Income from ALBAZOD

sales - 5.80 4,31

In conventional stagnant ponds, anaero-
bic digestion of sedimented microbial bio-
mass and/ or inanimate particulate orga-
nics (including zooplankton feces) at the
pond bottom plays an important rele. This
holds to a much lesser extent for the
HRAP, i.e. an artificially agitated algal
pond which is characterized by much lower
residence times than typical for stetic
algal ponds (Oswald, 1970; Shelef et al.,
1980a; Table 2).

Provided that suspended matter be
removed efficiently from the pond
effluent, full treatment in terms of BOD
removal can be accomplished either by
static algal ponds or by HRAPs. One saves,
however, pcend ares and residence time by
employing ponds in a series in which the
organic load is stripped stepwise from the
wastewater (Arthur, 1982; Table 3).
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Table 2. Characteristics of the most important types of ponds employed in the treatment of
domestic liquid wastes or manure. Data from Metcalf & Eddy (1972; facultative pond}, Arthur
(1982) and Groeneweg (1984 HRAPs and sewage fishponds). Values are based on 335 mg/1 of
BODg in influent and temperstures hetween 15 and 30 °C, SFP = sewage fish pond.

Pond type Permissable load Typical depth  Recommended BOD Sludge
(kg BDD5/ha x d) (m) residence removal  accumulation
Lime {¢) (in %

Anaerabic 4060 - 16,000 2.5 - 4 2 30 ~ 90 P
Facultative 30 - 120 1.0 - 1.8 7 -20 80 - 98 -
Maturation 15 - 50 0.6 - 1.5 5 30 - 70 -

HRAP 100 - £50 0.4 - 0.6 1. - 5 95 - 98 -

SFP 0 - 20 0.5 - 1.5 2 - 3 70 - 75

Table 3. Pond area (in hectares) required and total detention time (in days; values in paren-
theses} for_different pond sygtems and a town of 50,000 inhabitants. Sewage per capita per
day: 0.12 m”, i.e. B = 6000 m”/d. BUD§ = 335 my/l. Temperatures as air temperature. From

Arthur (1982) and Berend et al. (1980

Pond system

Pond area {total detention time

tlectric enerqgy

Temperature 12 °C 20 °c 25 °C input (kidh/d)
Anaercbic + Facultative «+ 4
maturation 19.7(729.7} 7.7(1878) 5.1(13.0) -/~
Facultative + maturation 18.5(48.9) 9.4(25.4) £.8(17.6) -/-/~
Aerated lagoon + maturation 12.3{34.0} 8.4(21.0) 6.3(16.8) about 3000
HRAP 6,70 5 ) 4.3( 3.2) 2.0{ 1.5) 2500/1600/750

Except for the anaercbic pond, the other
pond types in Table 2 can be called lesas
specifically "algal ponds". The gain in ef-
ficiency in space and time by using anaero-
bic ponds as the first in a pend series is
abvious at all temperatures considered
here.

Anaercbic ponds rely exclusively on bac-
terial metabolism, and in the facultative
ponds (= Facultatively anaerobic ponds)
the organic load is still so high that al-
gal photosynthesis turns the water aerobic
only during part of the day. The fully
aerobic maturation ponds bring about the
final "polishing" of the effluent. From se-
rial ponds effluents of very good quality
may be obtained by proper management
(shelef et al., 1980a). How HRAPs would be
fitted best into a series of ponds is not
quite clear yet because of a lack of
systematic research at the semitechnical
scale, Cperations research is required,
too.

Only when operating HRAPs, microbial bio-
mass can be obtained in the form of
ALBAZOD as a pretein-rich byproduct
(Fig. 1). :

ALBAZDD: Biomass from HRAPs

The term ALBAZOD is introduced to indica-
te that the particulate matter which can
be recovered from HRAPs consists of algae
(i.e. microalgae), bacterias, zooplanktaon
and detritus. Thus, ungrecise expressions
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such as "algal biomass", "algal-bacteriai
matter" etc. are avoided.

Fig. 1: Schematic flowchart of the treat-
ment of sewage or other liguid wastes with
mixed populations of microalgae and bacte-

-ria, The treatment in the highrate oxida-
tion pomds is accamplished either after re-
moval of particulate matter or after amaero-
bic digestion yielding biogas {double ar-
rows in upper part).
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The coarse chemical composition of one
type of ALBAZ8D is compared in Table 4 with
that of pure microalgal biomass. There are
no cbvious differences, and the two types
of single cell protein coincide in
containing about 55 % of crude protein in
the dry matter. Like Scenedesmus meal,
roller dried ALBAZOD was found to be a goad
protein source for rats {Mokady et al.
1978}, freshwater fish (carp and Tilapia;
Sandbank & Hepher, 1980), even if most of
the protein in the diet came from ALBAZOD,
In chicken some loss in growth performance
was noted, especially during the first
weeks after batching, if more than 50 % of
the protein was from ALBAZOD (Mokady et al.
1980; Lipstein and Hurwitz,1980). As to
pigs the positive results of testing a diet
containing 10 % ALBAZOD (Hintz et al.,

. 1966) and those of VTaiganides (1982; 50 %
protein from ALBAZDD) shall be menticned.

Table 4. General chemical composition of
ALBAZOD (Lipstein and Hurwitz, 1980) and of
pure Scenedesmus obliquus {Soeder, 1%80),
In both cases roller-dried material was
analysed. Velues in per cent of dry matter.
Protein absorption was determined in rates
in percent of a casein + 5 % methionine
standard (Lipstein and Hurwitz, 1980;

Pabst, 1978).

Constituent ALBAZOD Scenedesmus

cbliquus
Crude protein 57 50 - &0
Total lipids 7 12 - 14
Crude fibre 2 3-10
Phesphorus 1.2 1.7
Calcium 0.2 3.5
Metabolizabie enerqgy
{kd/kg x 107} 11.62 ?

Protein absorption 8.7 % 73 - 77 %

The feeding of ALBAZOD from urban sewsge
to carp or chicken did not result in the ac-
cumulation of nohpermissible or hazardous
amounts of heavy metals or xenobiotics in
meat, liver and bone. Chicken meat produced
on an ALBAZOD containing diet appeared to
be innoxious when subjected to a secondary
toxicity test with rats (Yannai et al.
1980), Although these stimulating findings
can certainly not be generalized, because
urban sewage is in certain cases too
heavily polluted, there is a large po-
tentisl for producing toxicologically safe
ALBAZOD in HRAPs, and it should be borne in
mind that milkfish, carp and Tilapia har-
vested, marketed and consumed in terms of
hundred thousands of annual tons in
Southeast Asia, are praduced from manure,
night soil ar domestic wastewater.

Recovery of proteinaceous microbial bio-
mass fom HRAPs was regarded as a special me-
rit of this pond technology from the begin-
ning (Oswald et al. 1965). Unti! now the
utilization of ALBAZOD in animal husbandry
is neither practised at the industriesl
scale in Califarnia, where several large
HRAP systems are in operation since many
years, ner in Israel where ALBAZOD
harvesting, processing and testing has been
an integral component of a large Is-
raeli-German project {Shelef et al. 19B0).

A remarkable breakthrough seems to have
been achieved in Singapore. Here HRAPs are
nowW required by law for the treatment of
piggery wastes with or without precedent me-
thanization {Taiganides 1982). An essential
part of the progress made in HRAP
technology in Singapere consisted in the
development of an improved technology for
separating ALBAZOD from treated water by
microstraining. But flocculation with alum
and subsegquent flotation is also an
effective separation technique (Shelef et
al. 1980 b) involving, however, the use of
chemicals which can only partially be re-
cycled themselves., ,

Features of aquatic nutrient recycling

The preference given to pond systems for
wastewater treatment in less developed
countries in the tropics and subtropics is
not only for ecanomic reasons (Table 1)
but alsa because af the much greater sim-
plicity as compared to the active sludge
process. Not being bound to operation at
the industriel scale, pohd systems can be
scaled down to the farm level. Hence, the
existence of sewerage or well-organized
night soil transportation is not a prere-
quisite for the applicetion of pond
systems in water reclamstion and nutrient
recycling from liquid wastes.

With regard to the operational cost,
algal pond systems may be yielding fish
and, given the demand, irrigation water of
fiigh guality. The significance of these
added values (Table 1) obviously depends on
the value of the land which will be inver-
sely proportional to the relative advantage
of pond systems, and the value of the fish
and of the reclaimed water. It is by no
means everywhere that both types of bypro-
ducts help to reduce overall costs.

Pisciculture in maturation ponds (Arthur,
1982} is probably the most natural method
of nutrient recycling in sewage ponds, Al-
though this type of "biological harvesting
of ALBAZOD" may be much less efficient
{e.g. with respect to nitrogen recaovery) as
compared to the feeding of pelletized
ALBAZOD (Meske & Pfeffer, 1978; Sandbank &
Hepher, 1980}, it involves almost no addi-
tional investment and no special technolo-

gies.
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Production of fish is certainly not the
only final objective of aguatic recycling
of excrements. Groeneweg and Schliiter
(1981) paved the wey for mass production of
rotifers valuable e.g. for aquacultural pur~
poses on HRAP effluent in which the zoo-
plankton organisms act as miniharvesters of
ALBAZOD. An actually established technique
is the use of algal pond effluent as the
drinking water for cattle in the Southern
Soviet Unien. It is claimed that the compa-
ratively small amounts of microplankton
thereby supplied to the cattle exert a
beneficial effect on meat and milk pro-
duction {(Ganovski et al., 1975).

Recycling by ponds concerns mainly water,
metabolizable energy (as restored by
photosynthetic bioconversion of solar
energy), carbon and nitrogen. If we hage a
rough estimate on the Israeli case study by
Shelef et al. (1978}, the annual ALBAZOD
crep from the wastewater of 250,000 people
amounts ta 2600 t containing about 200 t of
N. This compares to 380 t N in the influent
and 175 t N in the final effluent. Hence
the nitrogen incorporated into ALBAZOD and
effluent nitregen amount te 35 and 30 % of
N input, respectively., The remaining 45 %
can mostly be attributed to ammonia loss to
the atmosphere which can be reduced, if
desired {Groeneweg, 1984). As demonstrated
by the same case study, the ratio of
ALBAZOD recovered tao 8005 input is in the
order of unity.

The conversion of ALBAZOD protein to fish
protein is fairly efficient. Taking the
data by Sandbank and Hepher {1980) who fed
pellets containing ALBAZOD, cereals and
other ingredients (total protein content aof
feed: 25 %) to carp (assumed total protein
content: 9 %), the feed conversion
coefficient was about 2.0. Tnis means that
180 g of fish protein were synthesized from
250 g of feed protein. This gives a net
protein utilization of 71 %, i.e. about 3D
% of the fed N must have been excreted
again which coincides with the 26 - 30 %
nitrogen loss gquoted in Watanabe et al.
(1983), also for filter- feeding fish like
Tilapia (Sandbank & Hepher, 1980).

For pisciculture in maturation ponds the
efficiency of nitrogen bioconversion can be
expected to be higher because of nutritio-
nal short circuits whereby fish excrements
are again converted into secondary ALBAZOD.
Effluent of more intepsively managed fish
ponds will contain excess nutrients which
can be utilized for the production of
cereals as shown by fLdwards et al. (1981).
In principle, fish pond effluents could be
refed to algal ponds, increasing the vield
in ALBAZOD which for optimal utilization
requires another input of cereals ete., The
eventual and necessary outlet for excess
nitrogen may consist in ammpnia volatilirza-
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tion fraom algal ponds or in crop irriga-
tion.

An important open question to be mentio-
ned in this context is the fate of environ-
mental pollutants (ef. Yannai et al., 1980)
in continued recycling of nutrients.

Summing up one of the most complste stu-
dies on agquatic hiocconversion of excrements
in oonds, Edwards et =1. (1981) still
maintain that fish produced from semage in
such schemes should not be used for human
consumption but rather as a feed for
high-value carnivorous fish. Accordingly,
Arthur (1982) assigns a value of only US §
0.1 to the "trash fish" preduced in ma-
turation ponds. Although this appears to be
the present state of the art, it is ecolo-
gicaily wasteful, and the author expects
further research to lead to safe and simple
ways of utilizing the ALBAZOD eating fish
directly. Substantial improvements are also
expected in HRAP technology which has nok
vet beer exploited to its full peotential.

Until now some of the largest cities in
the world like many industries dispose of
their sewage by ocean outfalls. We have
learnf that this means in most cases the
spoiling of natural waters by eutrephica-
tion and other types of environmental pollu-
tion. This ever escalating damage to nature
could only be counteracted by biological
dnd advanced treatment. Conventional pro-
cesses availahle fer this purpose are cost-
ly and are used to the effect that organic
matter is broken down as completely as
possible to €0,, water, molecular nitrogen
{after nitrifiCation and denitrifieation),
phasphate sludge etc. and yet one is faced
with the problems of sewage sludge. This
means a waste of energy in duplicate,
because we are wasting energy to bring
energytcontaining substances (e.g. NH *) to
a state of minimal erergy content, While it
would already he utopic to demand such a
perfection of waste treatment far all
excrements produced in industrial
countries, how cauld one sincerely hope far
the better in the less developed countries?

Despite the attractiveness of aquatic big-
conversion of excrements in ponds and the
significant potential role of inland aqua-
culture in global protein supply strategies
(UNO, 1967), research efforts in this area
have not been sufficient up to now. Conse-
quently, mature technologies for aquatic
nutrient recycling cannct be offered vet,
and there are no satisfying answers to some
rather basic questions concerning pond per-
farmance, hygienic aspects etc. However,
the merits of pond systems are already such
that it would be ecertainly advantageous to
eastablish reqgional demonstration plants and
regular training programs, in order to dis-
seminate the available knowledge for im-
proved management of our natural resources.
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RESIDUAL SLUDGE FROM BREWERY WATER TREATMENT PLANTS AS RUMINANT FEED

R. Parra, R. M. Dixon, A. Escobar, O, Parra, J. Cabrera y ¥. Romé&n

Institute de Produccidn Animal, Facultad de Agronomfa, U.C.V. Maracay, Venezuela

Introduction

The residual sludge (RSB} derived from
aerobic treatment of brewery waste waters is

produced in substantial quantity (2-9 kg
DM/1000 1 beer), and there may be an
appreciable cost associated with its
disposal in a manner appreopiate to avoid

pollution of the envirovment. Therefore the
possibility of its incorporation into animal

diets 1is of interest. Similar sewage
sludges have been used, in general without
ill effect, as dietary components for

growing chicks (3), laying hens (4}, turkeys
(77, swine (1), sheep (5, 6) and cattle {(2).

This study evaluates the RSB produced at a
brewery in Venezuela from a nutritional
point of view, and explores its potential as
a ruminant feed.

In the process of producing RSB, the
activated sludge is partly dried by
filter-pressing. Previous to filtering,

and lime + fervic
are added to the

spent diatomaceous earth,
chloride {as floculants)
sludge.

Materials and methods

Ten samples of RSB were obtained aover a 12

month period, dried at 709C and analyzed
for nitrogen (Kjeldahl) mneutral detergent
(¥DR), ash, silica, in vitro organic matter

digestibility {IVOMD) and mineral elements.
In Exp 1 West African sheep were given a
control ration comsisting of 40% dried
brewers grains, 40% ground Cynodon spp hay,
18%Z maize flour residue, 1% urea and 1%
dicaleium phosphate, or one of three diets

where RSB replaced the brewers grains to
constitute 4%, 8% or 12% of the diet.
Voluntary intake was measured for 31 d, a

total collection of faeces was made during

the last 7 d to determine digestibility,
and the sheep were weighed weekly to
determine liveweight change, In Expt 2 the

similar

same sheep were given for 23 d a

group of diets where the hay was uot
included in the diet, and the levels of RSB
were 0%, 8%, 164 and 24% of the total
ration. Digestibility was determined
during the last 7 d. In Expt 3 similar

sheep were given a control diet containing
47% dried brewers grains, 47% NaOH treated
(5%) ground maize cobs, 4% molasses, 1%
urea, 1% dicalecium phosphate and 0.1%

elemental sulphur, or two experimental
rations where the brewers grains and maize
cobs were replaced by 108 RSB prepared
without diatemaceous earth, or the
equivalent quantity of ash derived from
RSB. Voluntary intake was mesasured for 43

d, and a total collection of faeces was made
during the last 7 d. In Expt 4 the effects
on inteke and digestibility of incorporation
of diatomaceous earth in the RSB, and of
drying the brewers grains-RS5B mixture were
examined in a 28 d trial utilizing a Z x 2
factorial design. In BExpt 5 four fistulated
sheep were used to measure rumen VFA, pH and
N-NH3 levels, when fed two diets based on
ground hay (40%), maize flour residue (18%),

urea (1%), minerazl mix {1%Z) and brewers
grains (40%), without oy with RSB (0% and
8%).

Results and discussion

Table 1 shows the average composition of
RSB over the sampling period.

Table 1. Chemical compositiona of R53 from
San Jeaquin brewery (POLAR), Venezuela.

Dry matter, % 29.0  (25.4 ~ 32.8)
Ash, % 51.9 (43.8 -~ 66.5)
Silica, % 13.9 ( 9,8 - 16.3)
Nitrogen, % 3.12 {2.49 - 3.49)
NDR, % 25.0 {11.4 - 38.6)
VoMD, % 52.6 (32,3 - 58.9)
Ca, % 13.49 (10.20-17.58)
7, % C.64 (0.46 - 0.74)
Na, % 0.11 {0.05 - 0.23)
Fe, ppm 20903 (1%000-22500)
Cu, ppm 92 ( 85 - 96 )
Zn, ppm 113 { 95 - 145 3
4 Mean and range values; all values

expressed on dry matter basis

Incorporation of sludge containing
diatomaceous earth up to the level of 12% of
dietary DM increased (P < 0.05) OM intake in
Expt 1, while levels of 16% and 24% in Expt
2 appeared (P <0.05) to be associated with a
lesser increase ian OM intake than that ob-
served in the same experiment Ffor the 82
level cf dietary incorporatien. In Expts 1
and 2 there was a decrease (P < 0.053) in OM
digestibility, and linear regression indi-

1. Project financially supported by Fundacidn POLAR, Caracas, Venezuela
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cated that OM digestibility was depressed by
0.2% for each % wunit of incorporation of
sludge in the diet. Liveweight gains were

not different(P <0.05) within Expt 1, but in
accord with the increased intake of digesti-
ble OM, liveweight gain was increased (P <
0.05) at the 8% level of dietary sludge in
Expt 2.

Table 2, Effects on intake and growth of

West African sheep of incorporating variocus
levels and forms of sludge into the diet
(N =5 for each treatment).

Level of Intake Dig Gain
sludge oM oM (g/d) FC
(%3 (% _LW) (%)
Expt 1 0 3.08 564 374 15.6
31 d  4(+DiaE) 3.58b 490 448 15,4

8(+DiaE) 3.7b 53ab 512 13.9
12{+DiaE} 3.7P 52ab 26k 26.8

Expt 2 0 2.7b 652 574 8.4

23 d  8{+DiaF) 4.5 648b  146b 6.1
16(+DiaE) 3.78b  g1b 508  11.7
24(+DiaE) 3,2b 61b 37a  17.4

Expt 3 0 3.8a 75a 1514 .

7.1
43 d  10{-DiaE)} 4.23 62b 1384 9.2
A-10{-DiaE) 3.82 62b 15748 6.8

Expt 4 D-16(+DiaE} 3.12 602 403 19.1
23 d  D-16(-DiaE) 3.58 - ggb 588  12.7
W-16(+Diak) 2.1b 624 -58b -

W-16{-DiaE} 2.5P 660 ~70b -

Initial LW: Expt 1:16.3 kg; Expt 2:1.17 kg;
Expt 3:20.6 kg and Expt 4:;19,5 kg.
OM: organic matter; IW: liveweight; Dig:

Digestibility; FC: feed conversion, kg feed-

DM/kg liveweight gain; +DiaE or -DiaE:
sludge containing or not containing diatoma-
ceous earth respectively; A-10: ash derived
from this proportion of sludge; D: diet fed
dried; W: diet fed fresh.

Letters indicate differences between means
within each experiment.

Expt 3 was intended to determine if the
increased intake of digestible OM due to
sludge incorporation im the diet was due to
the organic¢ or inorganic components of the
sludge. However, in this experiment OM
intake was not affected by the incorperaticn
of the sludge in the diet, and there were no
differences due to the incorporation of
entire sludge or only the ash derived from
the sludge in the diet. There was however a
13% depression (P < 0.05) in oM
digestibility, 1In Expt & the effects of
drying the mixtures of brewers grains and
sludge, an¢ of using sludge with or without
diatomaceous earth were examined. Intake of
OM tended to be greater (P < 0.05) and
intake of digestible OM was significantly
greater (P < (.05} when diatomaceous earth
was not incorporated in the sludge. There
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was & large and significant (P < 0.05)
increase in OM intake due to drying the
brewers grains-sludge mixture, due probably
to de rapid fermentation and putrification
of the wet mixtures resulting in an
unpalatable ration for the sheep.

The results of Expt 5 are shown in Table

. There were no differences in pH, total
VFA concentration aund molar proportions of

acetic  propicnic and  butyric, between
diets., Rumen N=WH3, through a 24 hour
cycle, showed consistemtly higher values for
the diet which included RSB.

Sclubilities of total nitrogen in 0.15 M
NaCl and phosphate buffer (pH 7.0) were
21.0% and 18% respectively.

Table 3. Average rumen values of pH, VFA
and N=Nij.
Measurements Diet

Without RSB With RSB
tE 6.5 6.4
Total VFA, m mol/1 90.2 86,9
Acetie, % 68.8 68.3
Propitaic, % 19.4 18.8
Butyrie, % 8.9 9.2
Higher VFA, % 3.0, 3.8

204 344

N~-NH3, mg N/l

Conclusions

The work carried ocut so far indicates that
RSB is a resource of low energy (high ash),
medium nitrogen and high calcium content.
It is possible to use it as a feedstuff for
ruminants. It appears important to consider
processing of RSB to aveid putrification,
while gelimination of diatomacecus earth is
desirable, Incorporation of up to 10% of
the raticn did mnot affect, or in some
experiments increased, intake of digestible
OM and weight gain.
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EARTHWORMS AS CONVERTERS OF ORGANIC WASTE

Ir. il.C. Reijnties

Vermico, co-operative association of earthworm farmers

Stadsweg 88, 9793 PD Winneweer {Gr.), Holland

Summary

Some species of earthworms can be used on a
profitable base in the management of organic
waste. On small scale this is dene by Vermico.
Organic waste of domestic origin is decomposed
by earthworms (Eisenia foetida e.o.} and microbes
into stabilized humus, vermicompost. Both earth-
worms and vermicompost are marketed, Earth-
warms are appreciated for the ir high protein
content and can be used as fish-bait and in the
diets of fish and poultry.Vermicompost is willing-
ly used by market—gardeners (biclogical) and
growers of poiplants e.c. for its good effect on
plant growth.

The author believes that in the future vermicom-
posing could be come suitable for mass—preduction.

Introduction

In nature earthworms are important converters
of raw organic waste into stabilized humus. Their
activities increas the soil fertility and consequen-
tly improve plant growth. Their tunnels and :
castings ameliorate the soilstructure and enhance
the microbial activity. Their castings are an im-
portant source of nutrients which arent sus-
ceptable to leaching.

Some species of earthworms, the so-called
manure — or composi-earthworms, to which
Eisenia foetida belo ngs,are by their enocrmous
reproduction capacity, profitable as production
animals. In the U.S.A. but also in Canada,
England, Italy, Japan, Thailand, Taiwan and
many other countries earthworms are propagated
. as fish-bait and.orfor conversion of organic
waste. Inthe U.5 A and Japan earthworms,
especially Eisenia foetida, are succesfully used
for sludge-stabilisation in sewage-processing.
The products of earthworm farming, earthworms
and castings (vermicompost) have both good
qualities. Earthworms have a high protein—content
(ca. 23%of dry matter of which ca. 58% proteins)
and can be used in deits of poultry and fish e.o..
Vermicompost has a very good effect on plant
growth. The exact reason of this is not yet known
(the buffering and nourishing humuscemplex,the
enhanced microbial activity or( ? growth-indu-
cers 7). The chemical analyse of vermicompost
doesnt explain this effect good enough.
On account of its good results vermicompost is
used by market-gardeners {biclogical), growers
of pot-plants, for the maintenance of indoor-
plants, lawns and sports—grounds and after
desinfectation of hothouses.

Research on earthworms , especially for waste
management, is being dene inthe U S A and
England. Research on vermicompost is still,
to our knowledge, almost a barren field,

The co—operative association ""Vermico"

Vermico is a co-operative association of earth-
worm farmers whose object it isto market the
products of its members, to increase the know-
ledge conserning the propagation of earthworms
and the production of vermicompost, toc distribute
this knowledge under iis members, to contrcle
the quality of the products and other activities
which can be of benefit to the associated farmers.
Our young and fast growing association is con-
vinced that, by its activities, it can contribute
to resolve the problems concerning the manage-
ment of organic waste of municipalities. Earth-
worm farming, as propagated by us, alse could
crea te employment for many.

The proces of production

Our farmers are mainly using organic waste of
domestic origin and horse- ¢ér cow-manure as the
basic materials for the propagation of earthworms.
Commenly Eisenia foetida is used as earthworm
specie but it is also possible to use Lumbricus
rubelles, Dendroaena subrubicunda or

Eudrilus eugeniae.

The organic waste is collected by a s.c. "peel-
collector” . Municipalities are normaly very wil-
ling to support our prejects as they could di-
minish their expences for garbadge collection.
After the collection the organic waste is pre-
selected, chopped and mixed. This raw compost
can be directly used. It is set up in long ridges
and inocculated with adult earthwerms. Under
optimale conditions, humidity, pH, salinity and
temperature (20 - 25° C. which is obtained
through heating) these earthworms are repro—
ducing very fast so that after 6 weeks already
enough bicmass is obtained to decompose, with

the aid of a very active microbe popuiation, the
raw organic matter into stabilized humus, vermi—-
compost. Nearly all the organic matter is than
once eaten by earthworms and turned over into
earthworm castings.

This proces of decompositicn takes about 4 months,
the time necessary for young worms to grow up

to adults, At this point the earthworms are sep—
erated from the vermicompost and prepared for
marketing. The vermicompost itself has to ripen
and dry. Depending on its destination the vermi-—
compost may be sieved, cleaned of insects, mixed
with ather composts and packed.

On the market "Corsprong" vermicompest is for
sale in { 1. beoxes and shortly also in 5 and 50 1.
bags and as potting-earth in 5 and 20 1. bags.
"Oorsprong' vermicompost is also to be sold

in bulk.

In the future it should be possible to produce and
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sell earthworms and vermicompost as mass—products.
At the moment our method of production is still
rather labour- and space-intensive but this can
for sure be improved. The basic materia s,

at this moment waste, are readily available. It is
even possible to ferment the organic waste (es~
pecially the surplus of manure) to cbtain biogas.
The residual sludge afterwards can be vermi-—
composed.

Vermiprotein as mass-product is of interest to
industrial processing by food- and farmaceutic—
industries. Vermicompost can, as mass—product
partly replace chemical fertilizers.
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MANURE-LOADED FISH PONDS: SOME INSIGHTS GAINED BY STABLE-ISOTOPE ANALYSES

Gereld L. Schroeder

Department of Animal Sciences, Agricultural Research Organization

Bet Dagan, Israel

The high fiber, ash and NPN content of
manures make them poor direct feeds. Modifi-
cation is necessary. In ruminant husbandry,
the microbial activity of the rumen can
perform this function. Fish ponds acting
as a sort of sun-lit, facultative rumen, host
the necessary organisms, autoirophic and
heterotrophic, to convert manures into effect-
ive foods for targei aguatic animals, grown

“the ponds. The efficiency of the fish pond

in performing this {function is surprising.
In earthen, stagnant, Ireshwater p%nds, with
stocking densities at | to 2 fish/m” of pond
area, fish vyields are 20 to 30 kg/ha/day,
averaged over the entire grow-out period.
When grass-eating carps are included in
the polyculture and grass added as well
as manure, or when ducks are fed directly
over the pond, yields reach 40 kg/ha/day.
Substituting fish meal enriched feed pellets
(25% protein; 15% fish meal; 70% sorghum;
15% soybean oil meal) for the manure, the
fish yield rises only by 20% to 30%, yet
the cost of the pellets is 10 times the cost
of the manure delivered to the pond. The
efficiency of conversion of manures into
fish growth is similar to that of feed pellets.
Typically 2 to 3 kg of feed pellets are requir-
ed to produce | kg fish growth. With manure,
2 to 4 kg of manure organic matter {ash-free
dry weight) are required. For the manure
{an indirect feed) to function as efficiently
as the feed pellets, the foocd web converting
the manure intc a feed must be short. From
our studies of cellulose digestion in manured
fish ponds, the conversion of manure crude
fiber into microbial slimes occurs primarily
at the sediment-water interface. The crude
protein content of the slime plus fiber sub-
strate reaches 13 to 20% within 3 to 5 days
residence at the pond bottom. Ciliate activity
at times looks very much like that observed
in a rumen. For the pond to be efficient,
the entire range of natural foods must be
harvested by the fish. Stable isctopes have
let us learn which fish species are active
in harvesting the several ftrophic levels of
the natural food supply.

Common carp 'carbon isotopes match ciosely
the organic carbon of the ponds bottom.
This carbon has its origin 1/2 from manure
and 1f2 from precipitated microalgae. Tilapia
carbon matches the algal growth abundant-
Iy found on rock surfaces submerged on
the banks. Silver carp carbon matches 100%
the microaigae unless fresh manures that

flecculate in the pond water are added.
Then SC match this fresh manure plus algae.
This is also true for Big head carp (both
SC and BH are filter feeders). The grass
eating Wuchang fish carbon shows 2/3 manure,
1/3 grass.




BIOGAS AND SOLID BY-PRODUCT FROM A POULTRY WASTE DIGESTER

Jdason C. H. Shih

Department of Poultry Science, MNorth Carolina State University.

Raleigh, N. C. 27695, U.S.A.

Poultry Waste Digestion

The caged layer waste was demonstrated to
have a high potential for biogas production
in  the Tlaboratory (Huang & Shih, 1981,
Huang et al., 1982). A high rate of gas
produced at 4.5 v/v/day (mpethane 3.0 v/v/
day) can be reached at 50°C, 4-day reten-
tion time {(RT) and 6% volatile solid (VS)
concentration. If this potential can be
obtained on a poultry farm, the process
of anaerobic digestion for waste treatment
and energy production would be econamically
attractive,

A simple and low-cost poultry waste
digester (PWD} system was designed and
constructed on the NCSU vresearch farm
(Steinsberger & Shih, 1984a). The digester,
attached to a 4,000-hen house, was made
of two piastic Dbags with insulation, a
heating system, a hot water tank, and
other metering equipment. In two years'
operation, the gas can be produced consis-
tently at a rate of 4.0 v/v/day {methane
2.2 w/v/day} with 4-day RT and 3% VS.
At this optimal operation, the gas rate
reached 90% of the Tlahoratory operation.
It was considered as a success of translai-
ing laboratory findings to a farm operation.
However, a higher loading with 6% VS con-
centration was not reached as in the labora-
tory. This might be due to the reduction
of the digester volume by the solid accumu-
lation in the digester bag.

Selid by-product

Using the biogas heat, the sludge out
of the PWD was dried f{o produce a solid
by-product (SBP}. SBP was chemically and
biologically evaluated for its nutritional
value (Steinsherger & Shih, 1984b). The
product was analyzed to contain 3%N, 3.9%P
18.5%Ca, 8.6%K, 1.3%Mg, 10% true procein,
and some water-soluble vitamins. The avail-
ability of P in SBP for growing broiler
chicks was devermined by a slope ratio
method by comparing with graded Tlevels
of CaHPO, and SBP 1in experimental diets.
After three weeks of feeding, it was demon-
strated that SBP had no toxicity and sup-
ported animal growth by providing P with
an availabiiity of 90%. Evaluations of
other nutrients in SBP are alsc being
investigated.
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The anaerobic digestion of poultry waste
is a process which offers options for
the generation of biogas energy and the
production of a feed supplement by using
~he energy for drying. It would be inter-
esting %o compare this process with the
pracess of ensiling and refeeding to rumi-
nants. The comparison 1is made 1in the
following table.

Ensiling- Thermophilic
Refeeding Anaercobic
Digestion
Proces;( batch cantinuous
Rate slow fast
Cost low high to
medium
Water use Tow high
Energy in feed in biogas
Nitrogen recycled recycled
Minerals recyclied recycled
Vitamins ? synthesized
SBP 7 synthesized
End waste ruminant remcved
waste
Pathogens reduced totally
destroyed
" Other
prodults none possible
Perspectives

Although we had some idnitial success
in experimenting a new PWD system, more
research is needed to make the process
technically and economically feasible.
The a&cceptability and practicality will
he based on several IJmportvant criteria.
First, +the gas production rate must be
high enough to guarantee a nec gain of
energy. From our PWD system, a surplus
of 51% was gained after substrating the
input of operational energy. When <the
rate is high, & shorier reiention time
can be reacned and conseguently a smaller
digester is needad for a given amount
of waste To be treaied. For instance,
a &-day RT was used in our system which
means the digester volume is only one-third
of a digester volume when operated at



a 12-day RT. A smaller digester will criti-
cally reduce the capital cost for con-
struction.

The new technology has to be appropriate
which means low 1in cost and simple in
operatign. The price of the system has
to be affordable by the farmer. The pro-
cess must be so simple that it can be
easily learned and managed by the farmer.

The last and probably the most important
influence on the economics of the system
is an efficient utilization of all the
products from the system. Three types
of products are generated: gas (biogas),
Tiquid (effluent}, and solids (solid
sludge}. Several studies in my laboratory
have indicated promises. Bicgas s a
readily useful energy source for heating
and generating electricity. But it fis
more ecoromical te use the energy on
site. A biogas fueled hot-water drying
bed was constructed for drying <crops
or solid sludge. It had a heating effici-
ency of 60% (Jiang et &l., unpublished).
the liquid effluent was added to a fish
pond. Because of the nutrient content
in the pond, the fish grew bigger than
in the control pond without the effluent
{Shih, unpublished). The solid sludge
was dried to produce the solid by-product
{SBP} which was used as a feed supplement
for minerals, protein, and some vitamins
(Steinsberger & Shih, 1984b).

In conclusion, caged layer manure can
be treated by the process of thermophilic
anaerobic digestion at a high rate and
with a Tlow-cost digesier. The system
produced a surplus of biogas energy on
the farm. This energy could be used to
dry the solid sluage from the digester
to generate a solid by-product which
has nutritional vaiue for feed supplement.
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DISCUSSION OF SESSION 4, MICROBIAL PRODUCTS FROM WASTE

Dr.Ir. E.J. van Weerden

Research Institute in Animal Nutrition and Toxicology, Wageningen, The Netherlands

Discussion summarized by E.J. van Weerden

Short communications of Dr. J. Shih (North

Carolina State University, Raleigh, U.S.A.)

on: biogas production from poultry manure

Dr.

development of an anaerobic, thermophylic

Shih mentioned first the 3 stages of the

poultry waste digester:

- laboratory scale work to define the poten-
tial of poultry waste for biogas preduction.
This potential proved to be very satis-
factory.

- semi-practical scale studies to check stage
1 proved that under these conditions
approximately 90% of the potential found
in stage 1 could be attained.

- practical scale te test the economical
feasibility of the system. Criteria are:

- high gas production. 49% of the gas
produced in this digester is used to
maintain the system and 51% is surplus,
that can be used for other purposes
(heating, drying, electricity).

- stable gas production. The variation
with time in this system was 5-10%.

- simple, low-cost set-up in order to keep
costs as low as possible,

- all products produced must be utitisable,
i.e. gas, effluent and solid biomass as

bicgas production alore cannot justify

this operation {under U.5.A.-conditions).

Effluent may be used in fishproduction.

Solid biomassv{dried by the biogas) may

be fed to animals (Ca and P contents

high and high P-availability (90%)).

In the discussion of this short communication,
Prof. Vandepopuliere (U.S.A.) put forward

some questions regarding the energy cost of
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drying the fermentation siudge and the feasi-
kility of not drying the sludge, but directly
feeding it to fish or animals.
Dr. Shih replied that the totai surpius of
biogas produced (i.e. 50% of total) is neaded
to dry the sludge, so in that case the energy
kalance of the whole system is zero. No data
are available on the energetic efficiency of
the system when the sludge or the total
methane digesta is directly fed to fish or

animals.
¢
4

A second short communication was given by

Mr. A.C. Reijntjes {(Vermicoc, The Netherlands)

on the use of earthworms as waste converters.

Mr. Reijntjes stressed the evidence that
earthworms, though not being microbes, can
convert on a profitable base organic waste
materials into protein. A rough caiculation
-indicates that earthworms can produce anually
around M0 tonnes of biomass, equivalent to

15 tonnes of protein per ha.

1. Discussicon on the paper of Dr. S&der

- A question of Dr. W. Edel {The Nether-
lands} concerned the possible effects
of feeding fish with animal manure or
human excreta on the microbiolegical
status of the fish or their intestinal

tract,

Dr. Stder answers that no-carry-over of

pathogenic bacteria has beern shown, how-

ever, the situation with respect to
viruses is not so clear. An important

point is here, that before consuming the



fish an adequate heat treatment {frying
or cooking) takes place. Experience over
Tong times in Indonesia and India has
learned, that under the conditicns in
these countries no major problems were
met. '

- Dr. E.J. van Weerden (The Netheriands)
asked for comment on the possibilities
to apply econemic, low-key technnlogy
in order to pasteurize/sterilize human
excreta before this material is used as
a feedstuff for fish.

Cr. Stder replied that steam-sterilization
is nearly always too expensive, but sclar-
heat pasteurization might offer a solu-
tion.

- Prof.Dr. E.H. Ketelaars (The Netherlands)
asked for comment on the feasability of
the integrated systems of fish ponds-
animal preoduction units and the problems
to be solved.

Dr. $6der mentioned experiences in Israel,
where these integrated farming systems
were not successful because on practical
farms these technologies are too diffi-
cult to apply in a small-scale set-up;

it is possible that in a semi-industrial
set-up the conditions are better, but

more expertise is needed.

2. Discussion on the paper of Dr. Zadrazil

- Ir. N.M. van Wageningen (The Netherlands)
put forward a guestion regarding the
figures presented on the digestibility
of straw treated with different fungi:
is the loss of organic matter compen=
sated by the improvement of digestibility
and how was performance of the animals
eating the étraws.

Dr. Zadrazil replied that it is in all
these processes a balance between loss

of organic matter and increase of diges-

tibility, The aim is a specific degra-
dation of lignine and not a degradation
of cellulose and/or hemiceliulose. Diges-
tibility was determined in vitro and,

in some cases, also in vivo. In vivo di-
gestibility was, in one experiment, lower
than in vitro digestibility, so more
research is needed in this field.

Dr. G. Hof (The Netherlands) mentioned

in this respect the experience that
animals did not eat the fungal material
at all, only after drying feedconsumption
was no longer a problem, but this is an
expensive way. Acceptability of these
materials must always be carefully checked.
Dr. £.J. van Weerden (The Netherlands)
came back to the question of losses of
organic matter, i.es lignine, cellulose/
hemicel luleose, caused by fungal growth

on straw: the Chilean white rot fungus:-
on wood produces a material with 80%
cellulose and 1% lignine, but what are
the iosses of cellulose before this stage
is reached?

Dr. Zadrazil commented that this result
of fungal activity was only found under
the specific climatic conditicons in Chili
(low temperature and very much rain).
Brown~rot fungi behave quite differently,
their activity results in an increase of
lignine content and a decrease of cellulose/
hemigellulose content cf the wood.

Dr. N. Lang Mathiesen (Denmark) asked
about the effect of the lower scluble-
sugar content in fungal-treated straw on
the activity of rumen microfrganisms.

Dr. Zadrazil commented that only in the
firstycolonisation stage of fungal growth
soluble-sugars are decreasing; afterwards,
fungi produce extracellular cellulases
and content of soluble sugars in the sub-
strate gradually increases.

lr. §. Hontsma {(The MNetherlands) draws
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attention to the process used in Western
Europe when liberating the flax-fibres
by a brief rotting process; can this
type of fungal activity not be used for
pre-digesting straw?

Dr. Zadrazil assumes that in the flax-
rotting process na delignification of
the fibres takes place, but it is main-
ly a decomposition of the parenchymal
hemicelluloses.

Dr. J. Shih {U.5.A.) asked which end-
products arise from the fungal delig-
nification of straw or wood, are these
possibly phenolic compounds and could
these compounds be toxic?

Or. Zadrazil confirmed that some phenolic
compounds may be formed during lignine
decomposition, but no specific data

on amounts nor on toxicity of these
compounds are available,

The chairman amplified that this dis-
cussion shows once more the need for a
multi=disciplinary study of the many
aspects of these fermentation processes
and including in these studies also the

toxicological assessments.

146



LIST OF PARTICIPANTS

International Symposium 'Animals as Waste-
Converters'

BELGIUM

Borloc

Laboratory for nutrition and hygiene
Proefgroevestraat 10

9230 Melle-Gent

C. Boucque,

National Institute for Animal Nutrition
Scheldeweg 68

B-923] Melle-Gontrode

D.J. Roele

Kemin Europa N.V.
Industrie Zone "Wolistee™
2410 Herentals

R. de Wilde

Laboratorium voor Dierveedingsleer
Heidestraat 19

B-9220 Merelbeke

CAMEROCN

H.N.L. Endeley
Nationai Adv. School of Agriculture
BP 138 Yaounde

CANADA

J1.D. Summers

Department of Animal and Poultry Science
University of Gueiph

Guelph Ontarie N1G 2W1

DENMARK

H. Mathiesen

N.L. Mathiesen APS.
Alf. Christensensv. 9A
DK 2850 Naerum

MN. Mathiesen

N.L. Mathiesen APS.
Aif. Christensensy, 9A
DK 2850 Naerum

EGYPT

M.A. El-Ashry
Faculty of Agriculture
Ainshams University
Shoubra el Kheima
Cairo

M.K. Hathout

Animal Production Research Institute
Ministry of Agriculture

Nadi el Seid Street

Dokki-Giya

INDIA

G.Krishna

Department of Animal Nutrition
College of Animal Sciences
Haryana Agricuitural University
Hissar (125004)

Harvana

INDONESIA

Koentjoko

Department of Animal Nutrition
Faculty of Animal Husbandry
Brawijaya University

Malang

I. Soebagio

Faculty Peternakan
University Brawijaya
Malang .

KUWAIT

M.A, Razzaque

Kuwalit Institute for Scientific Research
P.O. Box 24885

Safat

MEXICO

M.G. Ortega

Departement de Produccion Animal
Institucion Nacionale de la Nutricion
"Sal Zub"

Calle Vasco de Quiroga no. 15

Col. Tlalpan del.Tlalpan 14000

NETHERLANDS

J.H. Aalberts

Internatignal Agricultural Centre
P.0, Box 88

6700 AB Wageningen

F.P.W. Aarts

International Education Barneveld College
International Training Centre on Animal
Hushandry and Milling Technology

P.O. Box 64

3770 AB Barneveld

P.W.M. van Adrichem
Department of Animal Physiology
Agricultural University

Haarweg 10

6709 PJ Wageningen

147



V. Ast

Agricultural College KNBTB
BadenPowellstraat |

5212 BW 's Hertogenbosch

A. Baas

Drogerij Marknesse B.V.
Dronterweg 29

8251 PA Dronten

H. Bakker

Department of Tropical Animal Husbandry
Agricultural University

Marijkeweg 40

6709 PG Wageningen

A. Bentum
Agricultural University
Marijkeweg 40

6709 PG Wageningen

H. Beumer

Institute for Cereals, Flour and Bread,
T.N.QC.

P.O. Box 15

6700 AA Wageningen

H.J.M. van Binsbergen
Euroconsult

P.Q. Box 441

6800 AK Arnhem

S. Boer Iwema

Department of Animal Nutrition
Agricultural University
Haagsteeg 4

6708 PM Wageningen

F. de Boer

Institute for Livestock Feeding and Nutrition
Research

Runderweg 2

P.O. Box 160

8200 AD Lelystad

H. Boer

Department of Animal Nutrition
Agricultural University
Haagsteeg 4

6708 PM Wageningen

N.M. Bolder

Centre for Research and Information for
Poultry Husbandry "Het Spelderholt"
Spelderholt 9

736% DA Beekbergen

M. Boon .

Department of Tropicai Animal Husbandry
Agricultural University

Marijkeweg 40

6709 PG Wageningen

G. van den Bosch

Cooperatief Centraal Laboratorium CEHAVE NV
NCB-laan 52

Veghel

148

ten Brinke

International Education Barneveld Ceollege
International Training Centre on Animal
Husbandry and Milling Technology

P.O. Box 64

3770 AB Barneveld

J. van Bruchem

Department of Animal Physiology
Agricultural University

Haarweg 10

6709 PJ Wageningen

W. Brunekreef
Hendrix' Voeders B.V.
P.O. Box |

5830 MA Boxmeer

W. Davids

Ministry of Agriculture
Bezuidenhoutseweg 73
2594 AC 's Gravenhage

G.Y. v.d. Dries

Department of Microbiology
AgricuMural University
P.O. Bbx 8033

6700 EJ Wageningen

W. Edel

Ministerie van Welziin, Volksgezondheid
en Cultuur

P.O. Box 439

2260 AK Leidschendam

Emmens

Agricultural College

Prof. H.C. van Hallstraat |
9726 AG Groningen

R.M. vgn Engelen

Department of Animal Husbandry
Agricultural University
Marijkeweg 40

6709 PG Wageningen

A. van Es

Institute for Livestock Feeding and Nutrition
Research

Runderweg 2

P.O. Box 160

8200 AD Lelystad

T. Gebrehiwet

Department of Animal Breeding
Agricultural University
Marijkeweg 40

6709 PG Wageningen

C.P. Gootjes

International Agricultural Centre
P.O. Box 88

6700 AB Wageningen

J. Haaksma

I.R.S., Nutritional Department
P.O. Box 32

4600 AA Bergen op Zoom



L.A. den Hartog

Department of Animal Nutrition
Agricultural Unijversity
Haagsteeg %

6708 PM Wageningen

P.1.W. ten Have

Rijks Agrarische Afvalwaterdienst
Kemperbergerweg 67

6816 RM Arnhem

Heinrich

Ministry of Agriculture and Fisheries
Bezuidenhoutseweg 73

P.O.Box 20401

2500 EK Den Haag

G.P.A. Henderikx
Gist-Brocades, Materialendienst
P.O. Box 1

2600 MA Delft

T. Hermans

Centre for World Food Studies
Bornsesteeg 653

6708 PD Wageningen

G.den Hertog
Agricuitural College
Brinkgreverweg 69
7413 AB Deventer

J. de Heus

De Heus Veevoeder N.V.
Langstraat %6

3771 BJ Barneveld

W. Heye

Agricultural University
Marijkeweg 40

6709 PG Wageningen

K.W. van der Hoek

Rijks Agrarische Afvalwaterdienst
Kemperbergerweg 67

6816 RM Arnhem

J. Hoekstra

Department of Tropical Animal Huskbandry
Agricultural University

Marijkeweg 40

6709 PG Wageningen

G. Hof

Department of Animal Nutrition
Agricultural University
Haagsteeg &

6708 PM Wageningen

T. Hovers

Windmill Holland B.Y.
P.O.Box 58

3130 AB VYlaardingen

E. Jaarsma
Bokkumer Wal 4-3
8494 NP Nes {Akkrum)

A.J.M. Janssen
Salveriastraat 11
5462 AP Veghel

R. de Jong

Directoraat Generaal Internaticnale Samen-
werking

Ministery of Foreign Affairs

Breehoven 19

6721 SP Bennekorn

ALA, Jongebreur

Centre for Research and Information for
Poultry Husbandry "Het Spelderholt"
Spelderholt 9

7361 DA DBeekbergen

G. Kaasschieter

Department of Tropical Animal Husbandry
Agricultural University

Marijkeweg 40

6709 PG Wageningen

G.J.M. van Kempen
Hendrix' Yoeders B.VY.
B.O. Box |

5830 MA Boxmeer p

J.J.M.H. Ketelaars

Centre for Agrobiclogical Research
P.O. Box 14

6700 AA Wageningen

E.H. Ketelaars

Department of Animal Breeding
Agricultural University
Marijkeweg 40

6709 PG Wageningen

G.J. Kremers

Ministerie van Welzijn, Volksgezondheid
en Cultuur

P.O. Box 439

2260 AK Den Haag

B. Krijger

Department of Tropical Animal Husbandry
Agricultyral University

Marijkeweg 40

6709 PG Wageningen

H.J.M. Kruydenberg
Projectbureau Energie Onderzoek
P.C. Box 342

7300 AH Apeldoorn

L.Chr.N. de La Lande Cremer
Institute for Scil Fertility
Oosterweg 92

P.O. Box 30003

9750 RA Haren (Gr)

A. Land
Ansinghlaan
3231 GT Nieuwegein

149



H.J. Leutscher

Institute for Research on Storage and Process-

ing of Agricultural Produce
Botrnsesteeg 59

P.O. Box I8

6700 AA Wageningen

A.C.M. Mentink
Marijkeweg 28 - El
670% PG Wageningen

J.Middeljans
Ned.Th.Ch.Fabriek
Damsingel 30
9262 NC Suameer

J. Miedema
Agricultural Coilege
Brinkgreverweg 69
7413 AB Deventer

A. Moen

HVA-Holland Agro Industries B.V.
29, Leidseplein

1017 PS Amsterdam

G. Montsma

Department of Tropical Animal Husbandry
Agricultural University

Marijkeweg 40

6709 PG Wageningen

van Muilwijk
Cebeco Handelsraad
Blaak 31

3011 GA Rotterdam

R.W.A.W. Mulder

Centre for Research and Information for
Poultry Husbandry "Het Spelderholt"
Spelderholt 9

7361 DA Beekbergen

P.J.G. QCostenbach
Department of Animal Science
Agricultural Unijversity
Marijkeweg %0

6709 PG Wageningen

J. Oosterom

Rijksinstituut voor de Volksgezondheid
P.O. Box |

3720 BA Bilthoven

A. Osinga

Research and Advisory Station for Cattle
Husbandry

Runderweg 6

8219 PK Lelystad

M.C. Papadopoulos
Department of Animal Science
Agricultural University
Marijkeweg 40

6709 PG Wageningen

150

-

Van der Ploeg

UT Delfia Mengvoeder B.V.
Maarssenbroeksedijk 4

3606 AN Maarssen

Van Ree

K. de Vries en Zn
Industrieweg 12
3771 MD Barneveld

H.C. Reijntjes
Lieverseweg 22
9321 XN Peize

C.W. Scheele

Centre for Research and Information for
Poultry Husbandry "Het Spelderholt"”
Spelderholt 9

7361 DA Beekbergen

L.M. Schoonhoven
Department of Animal Physiology
Agricultural University
Haarweg 10
6709 PJ Wageningen
/

G. Schdliten

Schouter Giessen B.V.
Postbus 1

Giessen

J.B. Schutte

Foundation [LOB, Institute for Animal Nutri-

tion Research
Haarweg 8

P.O. Box 9

6700 AA Wageningen

B. Smits

-Institute for Livestock Feeding and Nutrition

Researchy
Runderweg 2
P.O. Box 160
8200 AD Lelystad

G. Snoek
De Buurt 2
1606 AG Venhuizen

S.F. Spoelsira

Institute for Livestock Feeding and Nutrition

Research
Runderweg 2
P.C. Box 160
8200 AD Lelystad

Spreeuwenberg

Cooperatief Centraal Laboratorium CEHAVE NV

NCB-laan 52
3462 GE Veghel

Staps

Instituut voor Afvalstoffenonderzoek
Natriumweg 7

P.O. Box 184

3800 AD Amersfoort



A, Steg

Institute for Livestock Feeding and Nutrition
Research

Runderweg 2

P.O. Box 160

8200 AD Lelystad

L. Tjoonk -
Institute for Livestock Feeding and Nutrition
Research

Runderweg 2

P.O. Box 160

8200 AD Lelystad

J.H. Veenbaas

Institute for Research on Storage and Process-
ing of Agricultural Produce

Bornsesteeg 39

P.O. Box 18

6700 AA Wageningen

H.H. Veldman
Ansjovisweg 5 .
8251 RW Dronten

H. Vertregt

Department of Animal Husbandry
Agricultural University
Marijkeweg 40

6709 PG Wageningen

N.M. van Wageningen

Department of Tropical Animal Husbandry
Agricultural University

Marijkeweg 40

6709 PG Wageningen

P. van der Wal

Foundation ILOB

Institute for Animal Nutrition Research
Haarweg &

P.O. Box 9

6700 AA Wageningen

E.J. van Weerden

Foundation ILOB

Institute for Animal Nutrition Research
Haarweg 8

P.O. Box 9

6700 AA Wageningen

F.M. van Werven

Van Werven Consulting B.V.
Churchilllaan }

5242 BD Rosmalen

G. Zemmelink

Department of Tropical Animal Husbandry
Agricultural University

Marijkeweg 40

6709 PG Wageningen

A.J. van der Zijpp

Department of Animal Husbandry
Agricultural University
Marijkeweg 40

6709 PG Wageningen

NEW ZEALAND

A.F. Niederer

The Meat Research Institute of New Zealand
P.O. Box 617

Hamilton

SAUDI-ARABIA

M.J. Head

The Arah Investment Company S.A.A.
P.O. Box 4009

Riyadh

SWEDEN

B. Frank

Department of Animal Husbandry

Swedish University of Agricultural Science
P.O. Box 59

5-230 53 Alnarp

SWITZERLAND

A. Schurch
Borglernstrasze 69

8700 Kusnacht-ZH .

UNITED KINGDOM

G. Alderman

Ministry of Agriculture, Fisheries and Food
Great Westminster House

Horseferry Road

London SWIP 2AE

G.D. Barber

Agricultural Chemical Division

The West of Scotland Agricultural College
Avuchincruive, Ayr

KA6 SHW Scotland

Ch.L. Benham

Ministry of Agriculture, Fisheries and Food
Government Buildings, Colly Park

RG1 6DT Reading

A.P. Hopwood

Alwatech UK Limited

33A Park Parade, Hazlemere
High Wycombe, Buckinghamshire

D.H. Machin

Industrial Development Department
Qverseas Development Administration
Tropical Development and Research Institute
Culham/Abingdon

Oxfordshire OX1& 3DA

P.B. Newman

Meat Research Institute
Agricultural Research Council
Langford

Bristol BS18 7DY

151




J.C.H. Shih
Biotechnology
University College
Newport Road
Cardiff CF2Z ITA

U.S.A.

J.P. Fontenot

Department of Animal Science

Virginia Polytechnic Institute and State
University

Blacksburg

Virginia 24061

J.M. Vandepopuliere

Poultry Science Department
College of Agriculture
University of Missouri-Columbia
65211 Missouri

YENEZUELA

R, Parra

Fac. de Agronomica

Universidad Central de Venezuela
Institute de Produccion Animal /
El Limon - Maracay

WESTERN GERMANY

C.J. Séder
Kernforschungsanlage
Institut fiir Biotechnologie
Postfach 1913

3170 Julich

F. Zadrazil

Institut flir Bodenbiologie

Bundesallee 50

3300 Braunschweig L3

152




AUTHOR INDEX

Al-Awadi, A.
Alderman, G.
Al-Nasser, A.
Benham, C.L.
Boer, F. de

Boer Iwema, S.
dolder, N.M. -
Bongers, L.J.G.M
Boucque, Ch. V.
Buysse, F.X.
Carera, J.
Cottyn, B.G.
Bixon, R.M.

Edel, W.
El-Ashry, M.A.
El-Boushy, A.R.
El-Mawla, A.
El-Serafy, A.M.
Endeley, H.N.L.
Es, A.J.H. van
Escobar, A.
Fiems, L.O.
Fontenot, J.P.
Have, P. ten
Hector, D.A.
Holsheimer, J.P.
Hopwood, A.P.
Janssen, W.M.M.A.
Jayasuriya, M.C.N.
Kaasschieter, G.A.
Ketelaars, E.H.
Khattab, H.
Krishna, G.
Machin, D.H.
Meyer, H.
Mulder, R.W.A.W.
Newman, P.J.

Oostenbach, P.J.G.

Qostendorp, D.
Ortega, M.E.

Papadopoulos, M.C.

Parr, W.H.
Parra, R.
Parra, O. de
Perdok, H.B.
Perez-Gil, F.
Pone Kamden, D.
Razzaque, M.A.
Reijntjes, H.C.
Rojas, O.
Roman, N.
Roodbeen, A.E.
Salman, A.J.
Scheele, C.W.
Schoonhaven, L.
Seliman, H.
Shih, J.C.H.
Smits, B.
Séder, C.J.
Spoelstra, S.F.
Steg, A.

Swan, A.
Tchouken, M.D.
Techeumboue, 7.
Tiwari, S5.P.
Tjoonk, L.

Yandepopuliere, J.M.

Vries, A.W., de

Wageningen, N.M. van

Wal, P. van de
Walker, G.
Weerden, J.E. van
Zadrazil, F.
Zemmelink, G.

153



