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IV. 3. Processing and marketing

IV.3.1. Procegsing and Marketing o: Meat and Meat Products

iv.3.1.1. Introduction T '

The climatic conditions of the subtropics and. tropicse are
globally characterized by high temperatufes and relatively
low humidity or high temperatures and relatively high humidi-~
ty respectively. The difference in temperaturea between day
and night mey amount to = 30 %K. The climatical and geogra-
phical conditions exercige an influence net merely anthe

‘character of the\plant and animal preduction but also the

gpecifications for the construction of projects for the food
industry, including the meat processing industry, the operation
of such a plant, and the distributiom of products.

In the first part of this paper = processing and merketing -
generally accepied recommendations relate to the construction

. and operation of slaughter- and meat processing plants as well

as the distribution and marketing of meat and meat products,
taking into account ecological and'envirommental aspects. Antew
riortem and posimortem effects on the meat as well a8 biochemical
processes occurring in the meat after the killing are also des-
¢ribed, PFurthermorde, hiﬁts are given on the 6onditions for
transport and cooling of meat, on hygienics end potential
impairments of the health of consumers by harmful meterisls of
different origins as well as on the posaibilities for the pre-
servation of meat products.



IV.3.4.2, Meat 8s food = a potential threat to health?

Livestock-keeping is fundemental to providing people with meat,
tat, and milk. A part from these nuirients, meat contains water,
small quantities of glyc_ogén (carbohydrates), and vitamins as
well as minerals and flavours. Meat is of high mutritive valus.
However, it 1s not only & valuable and nutritive food but

algo an expensive one.

The world meat production has inecreased from 83.6 x ‘IO6 tonneas
in 1961/65 to 142.2 x 106 metric tonnes 1980 (Fig. IV.3.1., cit.
in Fritzache, 1980).

The growth rate in developing couniries is considerable and main~
ly results from continusl increase of both the sheep and goat
atocks (Teble IV.3.1. and IV.3.2., cit. in Fritzsche, 1980).

Por different reasons per—capita consumption in the developing

countries with the exception of some countries in latin America.

is mignificantly lower than in industrial countries. Meat ia

& biological material which is steadily subject to metabolism
or changes in state. Besidés endogenic (genetic) factors exo-
g_gnﬁ(envirohmental) factors are of special significance there-
by. That is mainly a matier of chemicel/biochemical and micro-'
bial/enzymatic processes that depend upon temperature and time
and is being influenced by the parameter "relative air humi-
Cdity".

A consideration of postmortem change in muscle may be subdivi-
ded into three general areas:

. the influence of antemortem con itions on postmortem change
. the actual postmortem change

. the impact of postmortem change on the use of muscle as food
- {Cassens, 1966).

Here, problems of stress on the animals during {ransport and
right before killing, of starving as well as resting play a
role. These singlé factors are well investigated with cattle

-
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" and pigs. The study of stress on pigs is advance becauae they :

are relativliy susceptible to siress and show atronger reaction
to external impact than other meat animals. Siress is regarded
as the main ceuse for differencea in the quality of meat. With
respect to pigs, transport to the slaughter-house is regarded
as one of the most £reciuent causes for siress resultings in
differend meat qualities. A combina.:bion of very different stress
situations, such as climatical conditions, phyéice.l movement,
starving, and psychic agitatlonm, acting i.ndependently or in
oombinatidns, lead to inoreased body termpera.tu.re. Generally
one can say that the femperature determines the. reastion velo-
city of the proceases proceeding in the muscles not only in

_ vivo but elso postmortem. The decay of the emergy carriers

adenogine triphosphate (ATP) and glycogen (carbohydrates) can
proceed fairly quickly. Therefqre, special atteniion is due %o

_transport conditions, taking care that the load density is ap-

propriate and ventilation in the vebicles is sufficient. Trans- -

. portation during hot seasons should be carried out at night or

in early morrning. This also applies to driving cattles over a
long distence. The enviromméntal factor "stress" can become a
special problem in two respects: Stresaed'anima',la can become
111 due to increased virulence of potentially present . viruaes
and finally die. They can also infect other animals or people
apd cause dangerous dimgeases. '

Parthermore, steil-keéping of animals can prove disadvanfe.geoas

bécause of the possibility that animals infect each other espe-

eially by ‘pathogenlic germs. This phenomenon is well lmown and an
explanation is the encounter of animals from different origina.l .
stocks.

The micro-orga.nivsms which are taken up orally may pass in case
of low ~ resistant animals from'the gut inte the bloodsiream, °
may acoumulate in the musoular fibres and irifect the consumer it
the meat has not been- suﬁ:.ciently heated pmor consumption.

i



Stuni‘::l.ng can be the cause for fractures of the bones with cattles
and pigsa, and with the latter a&lso for hemorrhages in the

" msoles. Kosher butchering, i.e. slaughtering without previous

stunning doea not cause this problem and the blood is better
removed from the tissue.

A:tar~slanghtering several metabolic processes come to a atop
for there is no more oxygen inmput. In the anerobic state gly-
cogen is transformed into lactic acid. The pH-value declines
from 7.4 to 5.4, sometimes even lower. The decay of ATP is -
more intense than its re-synthesis end paralysation of the
“mgcles resulis. The processes ooeiu-ing after circulation of -
- the blood hag stopped are shown in Pig. IV.3.2. (Lawrie, 1970).

' 0f special interest is the postmortem curing process, The pro-
cess called meat curing or autolysis is & physico=chemical and

. enzymatic -one. Tt ieads to ‘the desired maturity after the etiff-
‘nesa of the muscles has ceased (Rigor mortis) and brings about
the specific flavour aroma for instance by the production of
lactic acidl as mentioned ebove. In cese of insufficient cooling
the undesired "overheated" meat curing can occur. Thia phenomenon
.also plays a sbecial role in curing meat of big game; Obvious.
changes in the meat become visible in the change of its colour.

_‘.lhble IV.3.3. shows that the curing time for beef at tempera~
tures around 37 °C is 4 to 5 hours. Similar time is needed for
matton; for pouliry and pork the curing time is only 1 to 2
houra.

The pomsibilities for curing meat under cooling shown in table
IV.3.3, are usually not relevaut for the subtropics and tropics.
There the meat is generally immediately marketed and consumed.

Meat m‘tumtion is always accompanied by the action of micro=-

. orgeniams. It ¢an be assumed that the muscular tissue of living
animals-is free from germs with the above mentioned exception of
animalg a’ub;jecfad to heavy siress before killing. After the
slaughtering when the carcasses are ent-up and the meat is
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processed infestation by germs will occur which can be kept

low but cammot be prevented.p_ompletely. The germ content on

the surface of the meat after slaughtering may number 102

to0 10 4. "1. Te proliferation of germs continues a&lso under
cooling; at a tamperature of + 4 °C the expected mumber of germs
will be 107 %o 10° « g™ after three to eight days. Whereas on
carcasse cut in halfs or quaters the germs are mainly connnad
to the surface the gerim counts quoted can be found everywhere
in the meat when it is further cut-up.

With higher temperatures deoompoéition of meat can ocour within

& few days. Here 1t is of advantage if only the innards are

taken out and the bodies of ithe killed animals are no further
owt-up. A favorable situation with respect to atability of the
meat is an environment of low humidity. If the surface of the
carcasses dries quicily the activiiy of micro-organisms is
hamparod. Neverthelese it is necessary to mention the possibila-
ities for the propagation of apathogenic and pathogenic germs and
thus the potentisl danger for the consumer if the contamimted N

., but not yet decaying meat is to be consumed without being suffie
. ‘diantly heated or aven raw.

Anothor potential danger to the ¢onsumer comes from hamful sub-
stances that can be preosent in bodles of killed domeatic animl-
and game, especially in industrial countriea. This relates to

the contamination of the meat, especially the innards, with toxic
‘ hqavy’giatals like lead, cadmium, arsenic, and mercury. Morsover,
apalyses proved the presence of chemotherapeutical agents,
thyreostatics, estrogenic substences, transquiligers, and anthel-
»m:l.nthica (Bert and Frese, 1983) in meat and irmards. Furthermore,
the - nmontrolled appliea.tion of antibiotics be menticmed that ecan
lead o the well=kuown resistance of bacteria and problams of
ltherapr in mdicine.
1V.3.1.3. Requirements for the design of & slsughter and -

Technological desihg is a complex process of toch;riology = related
an‘tioipatibn and pré:qction of factories or unite to'be built ox
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reconstructed. It is ereative work that is best carried through
a8 teamwork of specialisis under comsideration of eariier '
experience from special 1iterature and similar pro;jecta
(Rockatrok, 1977). -
The itasks can be derived from the following requirements-'

= %o supply people with meat according io their needs

- to avoid the propagation of disesses from the meat to human
beings. This may be ensured by regular meat inspections
what will be feasible in less developed countries minly in
larger slaughter-housea.

- to preserve the full mutritive value of the meat

- to slaughter and process the meat in a way that does not
annoy or endanger the public and as humanely and -painless
by a8 possible ) -

. = to organ.ise t}_xe production economically to keep the proces-—
sing costs and thus the meat price low. ’

Slaughtering and meat processing should be considered in the
first line from the point of view of hygienics and supply and
not primerily which from an economic point of view has not of
profitabllity. One has to meke sure that the des:.gn of new
raca.litlea is based on the latest scientific ‘and technological
knowledge and guarantee high operational arriciency.

In the preparatory stafe design tasks are the tollowing ones:

= Studies, investigetions and comperisons of varianta to pre-
pare preliminary investment decisions

~ Choosing the site of the plant on the basis of economic and
socletal requirements and determination of the production
capacity on the basis of quantitative and structural demand
under consideration of development trends

- Choosing the site of ihe basis of factory-related factors:
« 8supply of raw material and auxiliary materials

+ securing sales of the final and byproducts (considering
the socio-economic problems and infrastruciure)
< supply and waste ireatment (watexf, waste water)

« 8solving the traffic. problems and recruiting nécessary labour
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. ‘_work:l.n-;-out concepts for a rationsl energy .consumption
by c¢hoosing emergy-saving processes in consideration of

" domestic enmergy resources. Assessment of energy costs,
specified by electric and thermal energy as well as utili~
gation of waste energy (recyeling condensete, waste heat
from cooling prpcassea).

Rurther demands regard solutions for complete systems on the
highest technical standard ip the world:

- experiences and knowledge resulting from own research and

" development, for example projecting and designing buildings
‘and traffic lines (qual 1ty of material) under conaideration
of climatic conditions inclusive protection against inaects
and vemina.

- obaervation of preseribed standards and regulations

" = demands regulting from economical mterial utilization aelining
at the ideal solution of & non-waste technology. The amount
of waste produced by packing materisl with an iporeasing
share of plastics nuat be isken into account, wheréby”aﬁ op~
tioum and multiple use of packing material might offer an -

_ alternative. Apart from full utilization of all parts of

' carcasses suitable for human consumption the utilization )
of byprrducts ig also importanmt, for example skins for leath-
er and glends for the production of hormories and enzymes, as
far as there is a domestic processing industry. Export pos-

‘ sibilitiea should be examined, algo for aause.ge skins that
are high :Ln dema.nd on the world market.

. = good working and living conditions that meet the require=-
ments for occupational healih and satfety as well as hyg:.enics
(contamination with pathogenic agents).

- A crucial point for ‘the menagement of the production is the
amployment of staff who-have both theoretical knowledge and
practical experiences. For that reason education and training
of p’eoﬁle in the fields of theory, hygienics, and practice is
of vitel importance for successful work. Additionally, atudies
on the scientific organization of productiom and guidance of
people are as important as the continual education of people in
the special field. ’
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/ .
Building and-extension of production planits require attention
to & proper location with respect to traffic comnections and
road neta. Soil, water, and electiricity supply conditiona have
to meet the needs of a new plant. To avoid wrong investment
decisions one has to consider carefully the aim of the cons-
truction activities and how to utilize the plant to capacity.

_The locatien of the production facility has to allow continocus
production. Shortest trensport distences and avoiding any over-
‘lappings in the production flow by a proper arrangement of the
machines should guarantee a8 rational amd contreclable production.

IV.3.1.4. The opgrtiog of slaughter and ‘E rocessing facilities -
gongidering the problems of environmental proteciion

The construction and operation of slaughter-~houses and iprocea-
aing plants are usually regulated by detalled ocecupational health
end safety legislation in the various countries, for example
setting standards for hemdling of ‘animals and meat the stymning
of animals as well as environmental issues to -avoid muisance to
the neighbours., _ /

Envirommental laws contain expecislly regulations for avoiding
odours and noise nuisance. FPurthermore, regulations are neces= '
sary for cleaning and disinfection, insect control, and waste
water trestment ' '

Nuisance by bad odours mey occcur during storage, transport, and
préceasing. for example of residues an&,bones, in the process of
producing meat- and bone-dust, or lard. By applying the prin- .
¢iples of non-waste produciion, closed production systems or
appropriate cooling these problems can largely be limited, In
gome countries deodorizing is employed. ‘Technicel solutions are
. offered that provide for air ducts in all production halla.’ The
air is exchanged at certain intervels, whereby the odourized
.waste air is discharged through e deodorizing unit. The removal
of noncondensahle gases from the condensors mAy be done by & :
arterburning un{'t.
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In the food industry a great number of processes either )
utilize migro-organisms or are threatened by impairments caused
by them. That necessitates & design of machines and equipment
thet guarantees optimum conditions for the operation of the
plant in & manner poor or frée of undesired germs and allows
eagy and complete clemning and disinfection. The demands for
an antigepctic operational regime can be sumarized a8 follows:

= All equipment must be designed in & way that allows to empty
‘them completely

= Cleaning and disinfection must be possible at all parts of
the equipment .

= Al]1 surfaces contaminated with germ~containing products or
- Y
stich that can serve as subsiratum for aercbic or anaercbic
m:l.cro-organ:l.m must be accessible to cleaning and disinfeo-
- tion

‘= Machines and technical equipment must be designed, planned,
and organigzed in a way -that permiis to neutralize possible
contaminations after every charge in a discontinual process
or in intervals in & continoue process respact:.vely.

In sophisticated plante dleaning and disinfecitian is carried out
_mechanically or automatically by the CIP process {(cleaning in
place).

Bacausg waste water from slaughter-houses and processing plantas
is polluted by organic substances of different sorts, especially
by micro~orgenisms and parasites, it may noil be discharged into
rivers or lakes without proper treaiment.

The purification of the waste water should be sttained with
minimum expenditure. The choice of a specific process depends

on the analyses of all factors Such as the degree of purification
demanded (threshold value for effluents), kind, volume and con~
centration of the waste water (Busch and others, 1983) For the
purification of waste water in ebatfoirs and so-callad sanitary
alaughter-honses sewage treatment plants are suitable. Por wasgte
water containing large quantities of pathogenic mioro-organisms
{sanitary elaughter-holuses) disinfection (chemical or thermal
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treatment) should be compuléory. After that the wasie water
can sbe discherged into rivers or lakes or used &as a _water and
natrient source in agriculture (sewage farming).

Finally, iwo processes relevant to meat procesaing shall be
mentioned which have been applied for cemturies, but from a
todey's sanitary point of view have to be reexamined care-
fully: the curing process using nitrate or nitrite amnd the
smokihg proceas for meat producis. In both cages there is the -
posaibility of the formation of carcinogenio substances. These
nitrosamines apd polycyclic aromatic hydrocarbond (benzopyrene).
should be present in food only in limitell quantities. Appro-
priate regulations have to betimpleﬁented or the utilization of
the process should not be permitted at all.

It bas been proved that with increasing size of the plant and
thua normally ilncreasing degree of mechanizatlion and automation
the gpecific energy consumption goes up a& well. Manifold ideas
are needed to save energy. One must recall older energy-saving
‘processes, enrich them with new scientific-techneclogical know-
ledge and finally also try new ways. It is estimated thet less
than 5 % of costs in the meat procesging .indusiry are .energy
cogts. To improve energy efficiency in the meat processing in-
‘dustry is mo short-term but & long-term tesk, as both earlier
and recent publications showed. Brergy problems are very strati-
fied. In the following the rational use of energy and problems
‘of ancptimum uze of energy mainly in heat treaiment processes for
the preservation of meet and meat products are considered.

Rational use of energy

In the meat processing industry home and abroad both electrical
and the_rmal energy consumption has been growing sfeadily during
the last years. Exact, comparable data on energy consumption in
the meat processing industry are, however, only rarely available,
among others from KOEVEL (1977) and MARECEK (1975). The latter
author gives data on electrical energy consumption in the meat:

I3
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' processing industry of Czechoslovakia, amounting to 149.4 k#¥h/t
product in 1970 and 189.4 kWh/t product in 1972. For several

. produotion departments the following daia on energy ctmmmption
are g:[.ven:

Fast cooling, pig ] 35 ereea 45

‘. S8laughter line for mutton production T eeses 10
Smoking plants 12 veeus 20
Fat meliting for lard production 20 eesee 25
Curibg rooms for raw hard sausages

, produgtion _ 250 a.4. 350
(A1l data in kwh/t product) ‘

The increaded energy consumption is caused by enlarging cooling
and freezing capecities, inoreased mechanizetion of proceases,
air conditioning of ‘rooms, e.g. curing rooms for rew hard sausa- -
ges. product:l,on. '

Spaoial- attention shall be given to possibilities for energy-
saving processes for the preservation of meat and meat products.

. Preservation here mainly consists in delaying or pdssibly pre-
venting micrebial deterioration and undesirable enzymatic effects.
That means above all to impede or kill germs. For micro-organisms
there have to be certain ecological minima (temperature, food
supply, water content, pH) in every environment. With respect to
pH, for ‘empla, they have different ecological potencies in
which they are able to propagate or survive. Leistner (1980) in
thig connection speaks of hurdles. He developed the so-called
hurdle-goncept according to which an energy-saving preservation
of food from a microbiel point of view is possible., This concept
is schematically sbown in PFig. IV.3.3. in a modified and extended
version (Sielaff and Thiemig, 1932). The concept of hurdles is
bagsed on the following ideas: in every micro-biologically stable
food there are hurdles that can not be "overcome™ by micro-
orgenisms. The germs are caught so to speak,and the product is
stable, The hurdles can be sterilization (P-value), pasteurization
(P-value) and the connected cook value (Cevalue), cold~treatment
(K/¢), water=activity (a"-valua) ), concantration of hydrogen iona
(pH), or the redox potential (E,). .



For the production of high~quality timned food, the temperature-
time-regime and the conservation of energy can be influenced
by mathematical pre-oalculation or mesgurement or tha astual
temperature (Sieleff and Schleusener, 1961, and Sielaff and
co-workers, 1982).

. ) :
Pasteurization is applied to the preduction of less durable
tinhed foeod. The resistance to micro-organisme 13 mainly deter=
minsd by the paremeters of the hurdle concept shown right of
pasteurization. '

Whether meat and meat products are cold-treated or frogen de-
pends upon the intended purpose, While still during the last
cenfury the bodies of killed animals or meat products oould be
preserved without cooling because of their quick distributien,
today structural changes (killing, proceseing, and distributien
- are separated) which necessitate the cold=-treatment. I% should
be. kept in mind, however, that if a quick sale is assured cooling
can be umnecessary. The necessity of freezing meat for short=
term atorage, for example in higlily populated areas, has to be
recongsidered, too. Meat can be made durable for a short time by
uaing a8 spray containing’ edible aclde (citric, lactic, esetic,
tartaric, ascorbic acid) apd salt, combined with following sur-
face drying. The temporary protection agaj.nst activitiea of .
nicro-organisms is accomplished by the action of the acids or by
lowering the aw-valne on the meat surface. It is recommended to
uae a solution containing 0eT5 seees 1 % lactic acid. This
applioatien results in a decrease of pH on the surface of the
meat and in connectlon with cooling in a signiricant decline of
~the number of serobic grampositive and gramnegative ‘germa
: (Snijdera and co-workers, 1979)-

It has long been kmown that vegetailve bacteria, yeasts, and
mildews are killed already at a temperature that is merely
10 .+, 20 9K higher than their optimm temperature at a pE of

ﬂ!ho waeter activity is the steam pressure of the water in ike
food (Pg) divided by the saturation pressm of pure water
(P;) at the same temperature: a, =

1’4
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lower than 4.5. Spurs of bacilli and clostrides are heat reaisi- -
_ ant. Using Clostridium botulinum a&s an example one can show that
© germs are far nore heat resistant in a lightly acid or neutral
mediwm than in ome with a PH of 3.5 or 4.5 (see Pig. IV.3.4.).
The figure pointe out the practicel significance of the. influ~ .
"ence of the acid content for the killing or inactivation of
micro—organiams by heat-treatment.

In the interest or increasing the preservation effect more use
should be made of the posaibility to lower thq pH—value, for
example by marinading meat. There is no doubt that' there are.
further energy-saving poasibilities to preserve food, among
others seaéoning.maat or the production of dry meat products
under respective olimatisel conditions like the aubiropics oxr
tropios where the matural enviromment can be utilized for that
purpose, '

" Nevertheless, in the interest of stockpiling food one will not
be able to do without. timmed foods or gtoring mest in freezing
rooms, mc respective capacities have to be made available on the
short or long run. It ig & task of the participants in the course
to work out concepts how the following problems can be solved ’
‘under the respective conditions of their countries:

1. Are there in the territory possibilities for the construc-
tion of slaughter-houpes based on existing or projecied units
for animel hugbandry?

2. What matural environmenial conditions can be harneaéed or
utilized more effectively for the preservation of meat?

3. Should on the basis of the consumption habitas of people pro=-
ceasing plarte for ihe production of conventional products
or even new products (for example tinned food, raw hard
seusages etc.) be errected?

4. What pre-conditions have to be created to operate such food
procesasing plants with respect to envirommental protection,
supply of energy and water, traffic connections and - espe-
¢ially important - securing qualified labour?
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Fig. IV.3e4.: Influence of pH on the resistance against
- heat of spores of Cl., botulinum (accordlng
to N.W. DESROSIER, 1959)
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5. How ean the requirements for hygienics, transpo.ft, storagé =
and distribution of meat and meat products be met?

-

6. Which processes/methods for the production of meat and meat
prodﬁc‘_ha involve risks from & hygienic/health point of view?
In answering the questiops 1 to 6, the respective overall siruc—
ture of the country (for instance state of development of the
livestock farming and food industry) has to be considered. Also,
‘step~by-step plans for the construction of plants, processing,
storage, transport, cooling, and distribution to the consumer
should be worked out considering economic and -social aspectg
ag well. They have to be based on the needs of the respective
country.
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IV,__B. 2. Processing and gggketigg of milk
IV.3.2.1. ‘The importance of milk in human nutrition

Milk holds & special place among the animal and vegetable
foodstuff. During the first period of life it is the only food
for animals and human beings. Therefore milk contains all
mitrients the growin organism needs. But algse in all other
phases of life milk and d.éir.y products play an ouisianding
role. for the foliowing reasons:

- Milk contains all th:ree ‘main nutrients (proteln, fat,
carbo-hydrates) :

= Milk provides water— and fat-soluble vitaming

- As milk contains esgential amino-acids it can increase the
value of other food, perticularly of vegetable one

- Milk-is able to provide mineral salts, particularly calc:.um
and phogphorus :

- The nuirients contained in the milk are well dispersed and
. easily resorbable.
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Milk supposedly cmtains special protective and growth factors
that protect the new-born egainst infections and promote growth.
But this thesis is scientifieslly mot assured. The situation in
the field of nutrition irn meny countries of the world is marked
by a shortage in animel proteins. In developing countries an
estimated per cedt 25 to 30 of inhabitants suffer from protein
shortage in their diei (RENNER, 1974)..

One kilogramme of milk contains epproximately 35 grammes of.
valuable protein with a high nutritional - effecﬁ. Therefore milk
ia very well suited io make-up or minimize this shortage. Still
another aspect underlines the jmportance of milk.

Milk is gained from ruminents (cows, sheep, goat, buffale). Be~
“cause of their specific digestive gystem these animals are able
to eat fodder that is not directly suitable for human nutrition
but can be made usable Tor humans indirectly through the stomach
of the ruminants. One has also to attach importance to the fact
that intensificeation of milk production results 2lso in an in-.
erease of meat supply. The preponderant part of the milk produc—
tion in the world is cow's milkX. This share is growing. Also of
mejor importance is milk from buffslos, goats, aund sheeps;
buffalo’s milk above &ll in subtropical and tropicsl areas,
sheep's milk in mountainous areas. The different kinds of milk
bave different contents of the main nutrients.(table IV.3.4.).

Table IV.3.4.: Compopition of milk of different species of
animals (i er cent, accordipg to SCHULZ, 196

No. Species Water Dry-mass Fat -Laciose Protein Ash

1 Cow 87.6 124 3.5 4.7 3.5 0.7
2  Buffalo 82,2 18.0 8.0 4.8 4.8 0.8
3 Goat 85.5 14.3 4.8 4.0 5.0 0.7
4  Sheep 83,0 170 5.3 4.6 6.3 0.8

Depending upon the state of breeding and feeding essenfial re~
gionml differences occur part:.cularly with respect to fat and
protein., - ’ -

-
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Iv.3.2.24 Pro'gertieg of the raw mte;rial "milk" that sre
decisive for its utilization : N

With respect to ite productibn and properties milk showas a s
nunber of special characteristica whickh are of great mportance
for its utilization.

- Because of its high | content or water, nutrients, and inevi- -
. tably of micro-organisms, milk is & perishable goqd; -

~ During the lactation period of the animals milk is produced
twice & day &8 a rule; '

- Hilk can be infected with pathogenic mioro-orsanisms from
111 a.nimala or from the enviromment;

- Because of ita nigh water content (1,000 litres of cow's
milk contain approximately 870 litres of water) &nd its
perighable pature milk can be stored and transported only
at high axponses,

.~ The degree of concentration of milk product:.on is gemarally
low; the production of milk is a typical largé-area production.
This factor is especially important in countries with an ex=-
tensive agriocul ture. Thereby it must be considered that in=
creased comcentration of milk production coincides with in-
oreasged transportatinn axpeml:ttures for fodder and ut’ilimtion
of wagies (dung, mamre).

IV.3.2.3. Oharscterigtic types of milk supply L

There are three types of milk supply:
1. Sel? supply in the farmer's household
" 2. Sale of milk dire&‘cly’ to the congumer by the producer.

3. Collection of milk by an proceasing plant and sale of the
producta by & treding system.

Ihere ara no clear bounﬂariea betweeh these three types. In
dweloping oountriea the first two types prevail. Here, it is
necosnry “to. inferm producers and CORBUMArS about poasible -
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risks to health 1:: untreated ox speilt milk ia consumed- '.I.he
demand can be formulated as follows:

In any case milk must be boiled before being consumed; it is to
be used -as fresh as possible; between boiling and consyming, milk
-has to be kept cool and protected againsi exterior i_.nﬂueinéd'g;
cleanness is & basic principle in handling milk. The subject of
further considerations, however, shall not be these typea of
'milk utilization but imdusirial proceasing for ita importance
growa with inoreaaing urbanimtion, and may give riseé to new
problama. :

Iv.3.2.4. Coliection and %rangport of raw milk

Collection and transport is the conneciing link between produc-~
tion and processing of milk. Their organization exercises great
‘influence on the teste and hygienic quality of dairy products

and the arising costs. Today ¢ne reckons with & share of 30 ... 40
per cent of the operatiopal comts for transport, &istribution, ‘
and storage. A considerable share of it is needed for the trans-
port of raw milk. The problem grows with declining concemiration
 of milk production (larger distances), inereasing air tempera=

" tures (rapid decay of the raw milk), and less developed infre=-
structure (insuffieient trarric oonnections). . -

The most ratiomal form of oollaeting and processing milk cen be
characterized as followss '

= hygienic production ct m:l.lk in large-aize units
- gooling the milk down to 6 ... 8 °C at the produoars

- transport of the milk in tank lorries that are isolated and
san be cooled if necessary. )

In ereas with scattered dairy oattle husbandry the establishment
of & network of collection anicooling stations that can be
_reached easily v:!.a traffic routes :l.a inﬂigponnable.

] I:n some African countries the prasemtion of milk by adding hydro=
gan peroxide is allowed. With respect. To ita pmtical application
and hygienic mplkcatima this process is discussged oontrovars:l.aly
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IV.3.2.5. Xhe processing of milk in the dairy

The processing of milk in the dairy serves the following aimas:

- Excluding any hygienic riek that may arise from spreading
rathogenic mioro-orgenisms;

- Extenaion of the stability of the m11k~

- Standardization of milk (particﬁlarly of the fat content)
~for the use as certiried milk or for further procesaing inte
other dairy producta.

In the German Democratic Republic the following processing steps

. are made compulsoryz .

1. Purification of the milk; it is carried out in separators by
" utilizing centrifugal force.

2. Standardization of the fat content it is carried out in
separators as well.

3. Heating up the milk to 72 ... 74 °C for & time of 40 seconds
or to 85 % to ki11 all pathogenic germs and largely reduce -
- all other micro-organisms.

-

4. Cocling the milk down to 4 to 6 °C.

Por liquid dairy products with longer durability additiomal
homoggnizatidn is carried out to avoid creaming. These proce-—
dures are basically the same in all countries with industrial
_deiry. They are followed by the technologies for the production
of the different dairy products.

IV.3.2.6. Production and digtribution of certified milk

The distribution of fresh certified milk is from the overall eco-
nomic as well as the management point of view the most rational
way to supply large groups of people with the valuable substances
containéd in the milk. First of all, all valuable subsiances of
the raw milk undergo only little change by processing, and se-
condly, the costs are relatively low compared to the production
of other dairy products. ' -
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Therefore, this type of milk utilization should be givéh priorify.
Besides the advantsges mentioned, certified milk has got two dis=-
adventages that can have an effect especially in developing
countries, Even after treatment the giability is limited. Milk is
also very susceptible to' recontamination with micro-organlsms.
Milk has to be kept, therefore, at temperatures below 10 °C until
consumption. Depending -on the temperature milk is then stable up
to peveral days, That is a goal that can not be reached without
cooling during transport, distribution, and with the consumer.
Milk can be profected against recontamination amd other influences
by suitable forma of packing. i

-

Internationally, glass bottles as re-usable packings and plastic -
bags a8 one~way packings are used. Which is choosen depends on V
the materials available and overall ecopomic conditions in the
respective country. In both cases the supply radius is swell and
limited 'to highly populated areas because of the low stability

of the produsis. S '

Iv.3.2.7, Milk supply in remote and less developed areas

In isolated or less developed areas without self-gupply it is
possible to substitute fresh milk by milk powder.

Milk powder is mamufactured by dehydrating milk. The content of

dry mass in the powder emounte %o 94 ... 96 % and, with proper

packing, it is stable up to severasl months without cooling.

Because the milk powder is highly hygroscopic theé packing must

safely avold the access of humidity.

The conpumer can revert milk powder to poteble milk \‘vithou_t‘
technical means by simply adding water. But highest attentlon

" mst be =aid to the hygienic quality of the water used for solving

the milk powder. In any ¢ape it has to be boiled before use,

Experiences from the past show thei ‘otherwise heavy damages in
the nutrition on & large mscala can be the result.
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IV.3.2.8,  General priuciples for the congtruction of an

ndustrisl milk processing plant _ ' I
The main questiens that need %o be a.nswered before constmcting
auoh a. plant are: . :

1. What quantity and quality of milk is produced at which
several aite?

2, How can the milk be transported ‘to the deiry and what is the
expenditure? - s -

‘3. Wbat forms of organization are neceaaary?

4, What group of pepulation is to be supplied wj:e:e and with
what producis?

© 5. How ghal] the trading of ‘the products be, considering ha]gienic

‘ and economie factore? .

- In choosing the mioro-site of the pla.nt one has above all to con~-
gider the rolloving agpecta:

1. _In there enough water of High hygienic quaelity? ,
2. Are the itraffic connsotions good (roeds or railweys)?
3. How oan the supply with elestricity and steam be gusranteed?
" 4. Dairies are basically factories with little impact on the en=-
: .?:i:ronmb_nta That means there is no emisslon of harmful subsiences
or waates. Neveriheless, & certmin distance from living areas
should be assured.

The intei'mtiqnal qt'la:l.:a.-,y.eq\.ul.;pmen.t producing industry, also the
engifieering indusiry of the German Democratic Republic supplies
_Plants and facilities that fit every specific need, More detailed
' questlions are explained in case study IV.B.1.

m___az_a.p_z_q_z .
Schnlz, L. E. Dss groBe Molkereilexikon. Volkswirtschaftlicher
Verlag @Gem. b H. Kempten/Allglu, 4. Auflage 1965, .

‘Rexnmer, E. Milch- uml lilahproduk‘l;e in der Brnihrung des Men=
- _?oh::.ﬂnlk?;%:tschattlicher Verlag G.m.b.H. xempfenjulgau.
. age - .
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Iv.4. Unconventional Sources of Protein Game Management
(Mansgement of reserve areas and other geme habitats)

IVe4.1. Introduction

Wild enimels provide an impbriant renewable matural resource that
cen be utilized for feeding the continually increasing population
in tropicasl countries. Most of the African peoples and nomadic
tribes in South-east Asie supplement their dominant agricultural
activitiés by utilizing wild life gnd thus achieve an optimal use
' of resources. Certain tridbes iike the Bushmen live as nunters and
gatherers exclusively from the use of wild animals. The legal
culling of game in Botswapa in 1975 provided the subsistence hun-
ter with an average of 217 kg of meat per hunter. In many regions
of Africa wild animals meat is the only source of protein for the
majority of the rurel pbpulation. Ir Botswane, for example, 60 %
of the rural population cover their protein requirements from
wild animals (Von Richter, 1969). In rural areas of Ghana up to
70 % of the total consumpiion of meat may be provided by wild
animals {(Asibey, 1974). More game meat is consumed by the rural
populetion of the northern province of Ivory Coast than meat from
domestic animals {(de Vos and Kaittany, 1972). In the case of the
People's Rebublic of Congo, the. percentages of meat consumption
are a3 follows: Game meat 50 %, imported beef 42 %, and meat from
domestlc livestock 8 % (Hill, 1967)}. In the Ammzon region of Peru
(Loreto), 85 % of the animel protein consumed dy the local popu-—
lation is from fish and wildlife. The intensive utilization of
wildlife in tropical regions of Brazil is/through the "Caboclos".
It extends from large and small ﬁammals, birds, amphibians, fish
and molluscs to insects and their larvae (Santos, 1966}. In fact)
insect larvae are prized as a speciel delicacy on account of
their high protein and energy contents. The geme population pro=-
vides an imporiant source of protein for tribal people of Asis and
Latin Amexrice who practige shifiing cultivation in forests. The
inerease in legal and illegal sales of wild animels meat is ob=
served even in urbanized centres of these countries. Thus utili-
zation of game provides an unvonvehtional source of protein to
rural populations of the tropical regions. However, the game.
utilization and management -as an aspect of landuse remeins prac-
tically ignored in regionsl or nationel research pro=
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gramnes and development planning desbite its considerable economic
significance for the people of these countries.

Aims of Game mansagement

Game menagement aims et increasing food protein, creating more
jobas and strengthening the balance of payments. Since game popu~
letions live under different environmental conditions, they cen
utilize the habitat in & better way than domestic stock and thus
the size of geme animals {live weight) exceeds that ‘of éomestic
enimals., The snmual production of'game per hectare is therefore
higher than for domestic animels. Game animals are far more capable
of migrating long distances than are domestic ahimals. As a result,
- they can move considerably forther away from watering places and
-follow much longer migration trails to make up for seasonal varia-
tioms in food. Similarly, game animals preserve produciive pasture
areas far hetter tban do cattle so that overgrazing and subsequent
erosion can be controlled and the production of food protein is
increased. A more intensive integration of game management in to
Africen savanns is desirable for pasture economy. Game animals do
not require fencing and watering facilities or human supervision.
and thus farmers in Zimbabwe and Nemibia have already converted-
their farmlapds into game mapagement areas. In certain areas of
the humid tropics, caitle raising is not possible because of
toetse fly infestation and, therefore, meat production in such
areas is only possible with game.

IV.4.2.Measures of Game mapagement

Geme manegement is planned in three steps: (1) more meat from the
»same'gamé population; (2) increased game population with the same
pasture ereas; and.(3) increased food base for game. In order to
get more meat from the same population, traditional hunting should
be replaced by selective hunting. The traditional hunters pursue
game with bow and arrow, snares, pitfalls etc, and thus the animals
‘die & slow, painful desth and are lost to human nutrition. The
wounded animals even help increage the predatory animal population.
In selective huniting usually old bulls are bagged, young feriile
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bulls and femal animals being spared. It attempts to maintain a
constani stock of game in accordance with the biological balance.
The animals to be shot are those which would otherwise be elimi=~
nated by natural enemies, diseases and lack of food. The geme
guota is kept within e safe limit. Increased meat yield from the
same game population can be made possible if transport and pre-
servation facilities are provided. In wet savannas, meat of big
game like elephant or Kafir buffelo can be transported in dried
form over long distances. Thus a make-ghift drying oven ia sef up
to dry the meat which has been cut in strips. This dried meat
(biltong) is then packed in sacks and loaded on a lorry.

The game population can be increased in the same pasture areas-

by menipulating the composition of game species.:.Vultures and
hyaenas which live on dead game or butchering wastes are useful

as "policemen™ and meintein the biclogical balance. But carnivores
like lion or tigers which de not provide animal protein to man
can take away enormous amounts of men's focd. Therefore, the ton~-
_trol of cats of prey is necessary. Similarly the composition of
game species is. &lsc an important éspeet of geme mangament. For
example, the white~tsiled gnu (Connochaetes gnu) which provides

8 good yield of meai, slways remains in common herds with zebra

(Equus burchelli). This symbiotic assgociation is to protect each
other from natural enemies like cat and therefore it places an
additional burden on gnu production in terms of food mapagement,
because zebra meat 1s not in demand.

The other aspect of game management is to increase the food base.
This cen be done by Several ways during the pinch period which
occurs in the dry season. The herds of game animeals take up long
migration in search of food during this period and are interrupted
by roads, new settlements and artificial lakes. Therefore, natural
hay should be placed on suitable sites for feeding these animals.
The food base for game is alsc inereased when most of the shooting
is done in the first half of the dry season. The game population
is smaller in the season with the least food than in the season
with an abundant food supply. Therefore, it is possible to utilize
food reserves in seasons wiih abundant food which would otherwise
be wasted. '
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IV.4.2, New technologies for $he utilization of agricultiiral
and food-prbceasing_gy-productg and wagte materials

One of the most acute problems in the world today is that of

. humen nutrition. Considerable progress must be made in the field

of foad production to irradicate hhnger and malnutritidﬁ‘among

the underpriviliged c¢lasses in the developing countries and to
establish a nutritional basis which will be able to sustain a world
population antlcipated to reach 6 — 6.5 milliards by the turn of
the century. It is not only vital fto satisfy the demands for
energy~-giving foods but alsc nutritional requirements, particularly
adequate supplies of protein, Protein is an essential component of
the dtet, without which human beings suffer both in physical and
mental health.

Efforta to produce more food from traditional sources have been
made in many directions: plant genetics, animal husbandry, deveélop-
ment of marine and inland water fisheries, etc,

‘Undoubtedly, intensification of agriculture will remaln the basis
for improving food suppiies in the foreseeable future, At the same
time, demographic growth on the one hand, limited land end fresh
water ' resources , riaing costs for energy and other intensification
factors on the other, will require increased efforts to make
additional sources accessible for direct humen consumption or a
growing number of productive livestock,

Assuming that in the coming decades the demand for animal products
. and congequently alse aenimal feeds will increase, the discovery of
alternative protein sources could conrsiderably or even entirely
reduce the use of wheat, soya, etc., as fodder and thereby make
veluable primdry products from planté directly available for human
consumption, :

!
v

That 13 why it is not only necessary to improve agriculture and
food production technologies currently being applied, but also

to look for new, unconventional methods which are suitable for the
production of protein and nutrients and which will be adeguate to
meet the growing global and regional demands.
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The main directions in the probable development of animal feeds
and human food from traditional and novel sources are indicated in

Pigure IV.4.1,

As far as the availability of resources in a given region are
concerned, different substances have been proposed for increasing
protein supply: petroleum and natural gas, green crops, agricultural
and food processing residues, wastes from the paper indusgtries,
municipal residues , ete, (Table IV.4.4. ). In order ta use these
and other substances as raw materials for obtaining proteins, a
number of different technologies are feasible or are even being
applied on different production scales, for example:

- production of single cell protein (SCP) from fossil fuel sources

- convergion of biomass to microbial protein

- biological synthesis of protein (algea)

- extraction of proteins from crop plants (LPC)

- recovery of protein from agricultural, industrial, or municipel
wastes

— improving the nuiritional value of protein from plant sources

-~ use of cellulogic substrates for growing mmshrooms ‘

Source Type E les

QOilseeds Soyabeans, peanuts,
rapeseed, cotton smeed,
sesame seed, sunflower

geed
Agricultural Legumes (other ‘Broad bean (vicis faba)
or equivalent than oilseed)
Leaf protein Various types of leavea
Protein from Meat, milk, eggs
farm animals ' !
(Fighery and Protein fron Various types of fish
lAquacul ture aquatic animala and crusiacean
Algae Spirulina, Chlorella and
other types of algae
Eiosynthesis ‘ Carbohydrates

(residues from
agriculfure, food, | Microproteins

industry, and wood (bacteria or fungi)
processing, muni-
cipal wastes, etc.)

Table IV.4,%« Conventional and Novel Sources of Nutrients w1th
© & High Protein Content

At
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Although the chemical asynthesls of nutrients for foed or feed

is also scientifioally feasible, the amount of energy consumed
by presently known prooesses still requires further investigation
for the elaboration of economically efficient technologies for
large scale production, On the other hand, production of 3CP from
petroleum and natural gas 1ls under way in many countrles (USSR,
Japan, England, etc.). Large scale synthesls of SCP on a hydroocarben
bage has already reached a high teohnologi‘(&l niveau, '

In this regpeot the use of natural gas has proved to be partiou~-
larly efficient. But there are, however, competing demands for the
fossil fuels and it is well known that supplies are not unlimited,
Therefore, research into other prospeotive raw materials for the
production of microbial protein. has been intensified over the last
years.

One of the most promlsing ways of reduoing protein deficiency is

by means of microblal conversion of by-products or wastes from
agriculture, forestry, agro-industries and fisheries ic proteiln
concentrates. Bio-~resources of this type exist in every country and
are constantly being renewed in plants by photosynthesis, As an
_indication of the quantity of these secondary products, it is
egtimated that agricultural residues comstitute approximately two-
thirds of totaml crop production. Estimated quantities of some
agricultural, forestry and food or feed processing residues are
given in Table IV.4.2.

Type of Residue Quantity of carbohydrate (x 10° ton)
Wheat straw 286,580
wheat bran 57320
Malze stover ' 120,040
Malze oobs 30,070
Sugar cane bagasse 83,000
Molasses 9,300

Table IV.4. 2, Annual World Production of some Agricultural and
Processing Resldues

Source: J.T. WORGAN, In: Proteins in Human Nutrition
(J.%,6. PORTER and B.A. ROLLS, 963) London, 1973,




Y

36

Some secondary products are recyoled into the food production
system as llvestock feed and only a very small quantity are
directly incormorated Intn fand preducts, A considerable pro-
portion, however, of thege secondary products is unsuitable ag
‘livestock feed, or has a low nutritlonal value, Furthermore,
some waste materials, partioularly those which eoour as factory
effluents, create a pollution problem. Apart from these, there
are some other advantages which emphagzise the lncreasing signl-
ficance of microbizl convexrsion processes as altemative techno-
logisa for protein productions -

- The protein content of the products of mioroblal conversion
1s ‘significantly higher than that of traditional food or feed
(Table IV.4.3.) '

~ The extremely bigh rate of microblal synthesis enables some
micro-organisms to reproduce ln a very short time, Kicrobes
can double their cell mees in 20 minutes to 6 hourg. Yeast can
double their cell mass in about 2 hours. V

- Préduction is exceptionally independent of climate, weather
conditions and the ravages of pests and diseases which may
reduce or oompletely destroy ylelds of agriculiural crops.

. = Microbial conversion processes do not compete with agriculture
for arable land.

Iype % Iype %
Cagsava =2 Beef v 1840
Potatoes ) 21 Chicken 1930
Milk (ligmid) 343 Roasted Peanuts ' 28.0
Wheat floux 11,0 Skimmed milk powdex 36,0
Begs . 12,0 Soyflour 2040
White fish 16=20 SCP 50,0

Table IV.4.>+ Average Protein Contents of Raw Foods

Sources; D. CRABBE, S, LA%SON. The World Food Book, London and
New York, 1981, P. DAVIDS (ed.) Single Cell Protein,
London 1974.
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Increasing attention is being given to the addition of algae in
human nutrition or as protein animal f‘ee.d in livestock production.
Theré are more than 100,000 species of these plants, and most of
them have yet to be explored for possible usea, Already a few of
them are eaten in verious parts of the world or processed to high
protein food commodities sold in health food stores. Favorsble
natural conditions in tropical end subtropical regions open up new
prospects for cultivating some types of algae which can be used &s
substitutes for conventional nitrogen fertilizer, :

Because micro—organisms are capable of a wide variety of metabolic
reactions they can adapt to many sources of nutrients, This adapta-
bility makes them sultable not only for industrial but also for small
goale fermentations, The last method mentioned sdresdy aepplied
thousands of years sgoe for processing and preserving foods, beverages
or animal feed is siill important for improving the foad supply in
tropical and subtropicel regions. At the same time industrial bio-
synthesis is developing feasible technologlcal altermatives {o bridge
the enrgy/protein gap im food deficient countries as well as for
reducing the dependence of some developed countriea with a highly
intensive livestock sector on fmports of cereals as well aa of soya-
beans and other protein concentiretes for animal] feed,

Whereas highly developed industrial techuologies are known for and
used for obteining proteln concéntrates from fomsil fuel sources, most
of the technologies conaidered for microbial converaion of reaidues
from sgriculture, processing indusiries or equivalent sources are
still at the labaratory stage or applied at a pilot plant level
(T.IV.4.4) A number of varied and complex scientific; technical,
economic, medical and even social problems must be solved to make the
broader uge of the promising properties of microbial conversion of -
biomass feasible as an economically significant alternative tc tra=-
ditional technologies,
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On the basis of technological solutions hitherto known or in

" the Fforeseeable future to be expected and under consideration
of of the preéently unsettled or only partial solved problems
the following conclusions may be drawn congidering the signi-
ficance of non-conventional technologlea for protein produc~
tion and improvement of the global and regional nutrition gitu-
ation:

- Although it may be feasible to produce quantities of micro-
proteins in the immediate future marketable for human consump-
tion, the most extensive use will probably be the production
‘of protein concentrates for livestock feed.

= In nearly all countries of the world sufficient raw materials
are avallable for the introduction or expansion of non-~conven~
tional pfocegsea aof protein extraciion.

= Declaive for the speed of implementation of these new techno-
logies will bes )

. the essimilability, palatebility and social acceptance of the
finsl product for human consumption or animal feed

« the continous availebility of raw materials'for large scale
production :

« the development or introduction of technolbgies which facilitate
the production of standardized microbial protein which can be
produced cheaper than comparable traditional products

+ the development of technically and econcmically acceptable
modes of transport of large quantities of bulky raw materials
(straw, sewage wastes, etc.)

- Some of the technologies for oblaining microbial protein or im-
proving the nutritional velues of foods for human consumption or
animal feeds are easpeclally well suited for small scale opera-
tional units with g flexible'operational'scale. Their further
development could effectively support the endeavours of the food
deficit countries to improve their energy/protein balance,

From an economical point of view, a comparative analysis of conven—
tional and novel (mierobial) technologies has to be congidered and
the ‘advaniages resuliting from the application of non-conventional
technologies evaluated in respect of saving agricultural land, posi-
tive implications for the environment, etc.
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IV. 4. B.Utiliz.ation of geme animalsg

IV.4.3.1.Game Cropping

Wildlife management signifies s manipulative intervention in the
ecosystemto enable man to use the animals better and optimally.
This is practised in many national parks of South and Bast Africa
and also in South America and is resgtricted to the culling of
animals when they interfere with the interest of crop farming.
The scientifically directed cropping action of elephant and
hippopotamus herds in t.hel overatocked Murchison Fé.lls National
Parke in Uganda 18 the best example, where animel populations
were reduced in order to prevent further destruction of vegeia=-
tion end s0il erosion. In 1965, 2,000 of the 15,000 elephants and
" 3,000 of the total 13,000 hippopotamus were shot to feed the in-
_habitants {Grahsm, 1973) without altering the population struc-
ture of the remaining herds, and without disturbing the perks,
intensive tourism etc. Similarly, geme cropping ca.mpaigﬁ in
taetse~infested areas of former Rhodesia in 1959 recorded 700,000 .
game animals shot by official hunters (Dasmann, 1964).

IV.4; 3+ 2._Game ranching !

In East Agrica, many projects are carried out where freely living
populetions of geme snimals are msnaged to provide meat and skins.
The landowners in Zimbabwe, South~West and South Africas are
‘managing geme either by itself or in combination with domestic
animals, and the culling is regulated on the basis of annual
- estimates of numbers., This type of utilization is called "game
ranching”. It is practiced usually on'fenced areas and represents
the most intensive form of game management by which a sustained
production, yield and merketing of wild animals and thair by~
products is sought after. Such game farms are e.lready run in South
and East Africe, Argentina, and Venezuela, and others are now being
established in Paraguay and West Africa. The game meat harvested
is often carried by refrigeration trucks to the next port to be.
exported. The meat produotion yields per unit aree exceed those
achieved by cattl'e rearing. '
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A wildlife mensgement project in the Mesai ares of Kenya which
formed an integral part of & land utilization project also showed
unequivocally that wildlife utilization yields a higher financial
return than keeping cattle for meat (F.A4.0., 1975).

Iv. 4 30 3- Game farmi_!_xg

Geme farming ig the most intensive form of game menagement. An .
attempt is made to tame gane snimals as & precondition for many
ways of manipulating the species under this form. The ostrich
(Struthic camelus australis) is the only single Africen species
which is domesticated for this purpcse. Guinea fowl (Numida
.melquyia geleatn) have been domesticated for centuries and efforts
" are being made to domesticate bushfowl (Francolinus bicalcaratus)
in Nigeria. Ajayi (1975) reported successful domestication of the
giant pouched rat (Cricetomys gambianus) in West Africa, where it
is uged as delicacy. The other species for intensive rearing and
breeding purposes are the eland antelope (Taurctragus oryx), spring-—
bok (Antidorcas marsupislis), blesbok (Damaliscus dorcas) and Oryx
(Oryx beisa), (King end Heath, 1975). The axis deer, wild boar,
nilgai and black buck are species which can be used for domesti-
cation and intensive breeding irn geme farms in Asia (Belsare, 1983).
In tropical South America, successful attempts are being mede at
intensive rearing of the worid's largest rodent, the capybars
(gxdrochoerus capybara}, of the tapir, the Amazon manatee, the

vicuna and different species of cdiman. N

Idesal game farm and its management

Game management in tropical rain forest has a wide scope becsuse
there is no real dry season end, therefore, food is always made

. available to the game. However, hunting is difficult in these
dense forests. Similarly, the-trensport of bagged game through

the impassable terrain is so difficult that the big game must be
dried to avoid its decay. Wet and dry sevannes are dissdvantageous
to game management, although attempts are made -to domesticate the
reed rat in Ghana and the African giant rat in Nigeria, good re~
sulis being in such farms. Thorny savanne is not good either for

e
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keeping game because of water supply problems and liitle food
being available., Small herds of eland antelopes and Thomson ga~-
zelles are kept in the Hopcraft Farm near Nairobi under scientific
control and ranchlike conditions in such a bictope (Crawford,
1970). Since game are much more mobile, semi-desert and desert
conditions cdn alsc be suitable for game farming. The game spe-
cies to be uged are elend antelope, oryx antelope and black buck,
which can survive dry periods without any access to surface water
and can tolerate temperatures of 45 °C without any siress.

+

Area of farm

The ares required for a particular population depends upon food
and water availability, terrain, breeding and loafing grounds and
the disturbances caused by different agencies, both natural and
artificial ones. Under natural conditions, a range of one enimél
per hectare is congidered as a well stocked area which includes
all components of habitat requirement of the animals. In farming,
however, three animals pef hectare can be maintained. It takes in-
to account the disturbances likely to be caused by culling and
other farm practices and its effect on the animals reproduction.

The breakup of 500 ha of ferm area can be as follows: Breeding
areas of 50 ha; loafing ground, 8 to 10 patches of 20 ~ 25 ha
each; grass and fodder erea of 200 ha. The breeding area should
be fire-protected and be kept free from artificial astructures.
Under no circumstances anybody should be allowed tc enter this
breeding area. The salt licks and water holes should be kept.st
the periphery of the breeding area so that they can be inspected
‘from time to time without disturbances. The loafing ground is
required for ruminating end loafing during the hot hours of the
day. Each path of loafing ground should be provided with salt
licks and water holes. The grass and fooder area.should be
ploughed, irrigated and maintained for intensive grass and fodder
produbtion. In this area water holes, salt licks and roads should
be constructed.

“
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Ferm enclosure’

The shape of the farm should be cirecular so that animals have
escape routes all round. Fencing for different animals is of
different specification, e. g. fencing for deer and for wild

boar will be of different types Similarly, there should be four
getes into the farm from all the four directions and be cpened

on rotational basis one at & time. This will spread the traffic
nuisance over the whole area and will have a uniform effect on !
the area’s snimal use pattern.

Preparation of farm

After surveying the area of the farm it is necessary to carry out
initial treatment of the farm before stocking the animala. For

this purpose weeding and uprooting of unpalatable species will

be carried out in breeding and loafing areas during July and

August for two consecutive years. The weeds should be uprooted
manually end destroyed. The unwanted brushwood should ealaso be cut.
Fodder and fruit bearing trees should be planted. The farm should
be ploughed and irrigated for developing fodder and grass. Similarly,
& portable enclgsure to cover at least 25 ha at & time should be
provided fo give rest to some areas under rotational grazing &ystems.
Such enclosures can be made of bamboo poles tied vertically 3 m
apart with the help of strings on either side of the enclosures.

All these bamboo poles are held by & nylon siring at the top from \
which an open thin plastic sheet will be stretched along the
endlosures to exclude enimals.

Method of stocki )
-——-——~——-7————55.

Capturing the animals from high~density areas . '

The animals can be captured from high~density areas of sanctuaries
and nationel parks and can be tramnsporied to the farm under tran-
quilised condition.
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Procuring cepiured animals and releasigg'

The animale can be taken from the zoo and animal orphanages.
Excess animals in the zoo can be purchased and released }nside
the farm.

Population breakup (deer)

The age and gex structure of the population has {o be maintained
at appropriate proportions so as to induce the meximum production
of animals with the available stock. As the enimals are cdnii-
nously harvested from the adult and subadult clsss, the following
age and sex structure is proposed.

1. Breeding hinds 500

2. Subsdult hinds 225
3. Yearling and fawm (female) 225
4, Adult stag . 100
5. Subadult stag 225
6. Yearling and fawn (mgie) 225

Total © 1,500

The average litter aize is taken as 1 fawn per breeding hind per
year. A high survival rate of the fawn 1s expected since there
will not% be any predators. However, considering some natural
calamities, 10 % fewn mortality is envisaged to arrive at a safe
litter size of 0.9 fawn per breeding hind per year. Thus 500
breeding hinds in the population are expected to produce 450 young
anmually. Since the sex ratio of fawn is taken as 50 : 50, out of
450 fawn, there will be 225 males and 225 females out of 450 fawns
born. : :

411 the deer are polygamous in nature. An adult stag is expected
to cover 20~30 females during the rutting seasson. But in the farm
.aree, a ratio of 1 : 5 can be kept so that more stags are made
available for culling.
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The age must be assessed before harvesting. It is also importaent
to count the number of animals accurately and assess the age

- and sex siructure as it forms the very basis of management. Asa
the population will keep on fluctuating round the year, monihly
temporal counts are necessary. Under these circumstances, direct
counting or visual counting supplemented by back counting is pre-
seribed so that number and age structure of animels are known as
accurately as possible. '

Por direct counting, the whole farm can be divided into convenient
geographical sectors which can be visually covered from a machan
hide at & suitable point. The enumerators will sit in such hides
in all the sectors at & time when the animals come out for grazing.
All the enumeratcors will have a binocular and a portable mmall tape
recorder. The time of enumeration can be fixed for an hour or so,
each enmumerator will stop counting at & fixed hour and record the
dava directly, by tape recorder. Each invidiual animal will be
called once describing its age and sex so that it is properly
recorded, e. g+ adult male fawn, subadult female, adult female etc.
Later on this informtion can be itransferred to paper and computed
for the whole farm. The counting should be done at the beginning
of each month sc that the change from one age class to another is
recorded properly.

For track counting, a 6 m wide strip along the redius is prepared
at convenlient place so that all the animals are made to cross it
once at & time. A silent drive can be arranged for this. In this
way every individual animal will leave its hoof marks on the sirip.
The stride of animals of differenit age classes is measured and the
reeding of at least 100 such strides measuring the distrance bet-
ween outer edge of hoof at the maximum spreead of the same animals -
is made. The average stride for all these readings is calculated.
Two or three lines are drawn on the sandy strip at the distance

of mean stride, and all the hoof merks present between such lines
are counted all along the strip. More than half of the hoof marks
inside the line can be treated as one and less than half can be
ignored. The number of hoof marks are divided by four and thus
will give the number of animals having crossed the strip.
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Cropping of animals

Animal cropping depends upon food availability, seagongl varistion
in animals weighf and coat, rutting and breeding season, and age
class turnover. The percentage of ciilling should be 20 % in adult
hinds , 75 % in adult stegs, 55 % in subadult hinds, and 66 %
in subadult stags.

4.4. Methods of cropping

.Learning is very much developed in large mammals. They scon get
used to the presence of harmless objects. But once they start
éssociating danger with something, they get scared of it and
change their behaviour petiern to save themselves. The flight dis-
tance of animels in different areas is directly'proportional to
the amount of danger they associate with humans or vehicles. Thus
for cropping the snimel success will be in concealing.the killing
mechanism from the animals. The best posaible method of cropping
the wild animals is to shoot them at night under search light
with thehelp of telescopic silenced rifles. Cropping can also be
done very'erfectively‘by bow and arrow at night under search light.

Dispesal of ihe animai

As soon as the quarry is procured, it is taken to the laboratery
where its meamsuremeni of weight and size are recorded. The animel
is skinned and the venison is preserved in deep freezer. The skin
and the antlers are suitably treated and preserved.

Next morning the venison is taken to fair price shop where it is

s0ld at the fixed rateas., Offal; bones, skin and antlers, can be
digposed of as per current utilization pattern. O0ffal is also

" used for humen consumption in some places, and by manufscturers

of animal feed. Skins would be preserved for tamming and sntlers

are already much in demand by industry.
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4.5. Expecied turnover of protein

The proiein from the edible\portion of "pushmeei" is calculated
ty Asibey and Eyeson (1975) as follows:

1. Bushbruck (Tragelaphus scriptus) 21.6

2. Crown ducker (Sylvicapra grimmia} 20.8
3. African elephant (Loxodonts africana) 30.9
4, Gress cutter (Tryonomys swinderianus) 22.7
5. Green monkey (Cercopithecus aethiops) 17.6
6. Hartebeest (Alcelaphus buselaphus) 23.3
7. Kob (Adenota kob) 24.1
8. Reyal Antelope (Neotrgus pygmaeus) 23.4
9. Warthog {Phacochoerus aethipicus) 20.7
10, ¥Waterbuck (Kobus defasse) 21.6

If 40 kg edibte bushmeat is obtained per animal, the average prb-
tein from it will be 8 to 10 kg which is much more as compared to
protein from the domestic meat.

IV.4.4. ZEgonomics of geme ranching and game farming in
African countries

According to Hoperaft (1975) geme ranching and farming are means
of large~scale land reclamation utilizing evolutionary results
and exploifing indigenous herbivores within their own tropical
ecosystems. His comtrolled experiments in Kenya gave evidence
that indigenocus gezelles were nearly 50 % more efficient in meat
production and 83 % more efficient in lean meat production than
were cattle kept under aopiimum conditions. Similarly, the weight
-gained is protein and not fat. If game is properly managed, more
revenue can be obtained by selling meat and giving hui:ting licences
to touriats. The export of game from developing countries in the
tropics will not be of much importance to obiain foreign currency,
but more money can be obtained by allowing tourists to huni. The
netive hunters shot 17,000 animals in the Okawango Delta and gave
a revenue of 15,000 marks to the govermment, but tourists gave
585,000 marks for the same number of animals., In 1972, Kenys in
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this way obtainedrso million marks of foreign 6urrency from:
tourists (Stein and Schulze, 1976}.

IV.4.6.Conclusions

Game animels provide high=value animal protein for the rural
population in the fropics, without demanding problematical
modifications of traditional iand use methods. Their management
provides numerous jobs in the rural areas, requiring litile or no
training end thus preventing exocudus of people b the cities. Game
ranching and farming provide additicnal income to the farmers and
alse supply animal protein  to the local population. These ferms
algo serve as examples of rational land use in developing couniries.

The major feaearch efforts gshould be directed to intensive utili-
zation and breeding of prospective game animals of the tropical |
fauna and thé productive potential of such land use forms in the
direction of economiec management. Unfortunately the forms of wild-
1life utilization predominapntly practiced thus far are uncontrolled
taking no account of wildlife stocks. They are confronted with

the gerious threat to their future survival and to their utility
for the local population to which they represent so important =
renewabie natural resource. The ban on hunting snd trade in wild-
life products is no solution and results in increased activities
of well organized commercial poachers which cen not be controlled
by the Governmentel forces. )

The ultinmate objective of wildiife management is to provide food
and to improve living conditions of the rural population. It must,
‘therefore, be inserted into the overall plénning of an integrdted
rural development.



50

Fig.If .4.2. MODEL FARM
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Subject IV.5. Environmental impact of animal husbandry

IV.5.1. Overgrazing, soll erosion and degertification

IV.5.1,1. Fundamentals

By desertification we understand the extemsion of desert-like
conditions or the "aridisation of soll and vegetatlon" in
originally more productive dry mones of the globe, The results
are: ‘ '

- Reduction of the biolegical potential, of the biological pro-
ductivity of these arid and semiarid ecesystems and by that
reduction of plant blomass.

~ Reduction of the performance of 11vestock farming and of the
poasibilities and preconditions for the living of the popu— _
lation in these areas.

A3 the results of UNCOD (United Nations Conference on Desertl-
floation, August 29 ~ September 9 1977, Nairobi) show a decislve
reagon is the insufficient consideration of production limits

in agricultural use set by the ecological conditions of dry zones.
To theae ecologloal oonditions belong:

1) Dry olimates are characterized not only by little rainfall or
low ratio of rainfall/potential evaporatlon, but also by:

a) Ocourrence of short or longer lasting (several years)
droughts (i.e. Sahel drought).

b) The amount of rainfall underlies extreme annual variation
and is distributed irregularely to sporadically within one
year, In Jodhpur/Rajasthian the average rainfall ls
355 mm/a; the smallest annual rainfall was just some

- 25 mm, the highest was 1,185 mm.
2) Arid land ecosystems are very "sensitive" notably to any
changes in the natursl balance under the influence of land-use:
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Due to little amounts of water the formation of organic
substances (plants and animals) is lowggthe plant cover is
relatively scarce, its protective eﬁfon 8011 surface is

low. Accordingly, the soils contain 1£3s organic substances

and have less stability 'In structure, Plant cover, soil
properties and prevalence of physical weathering and sharply
marked forms of surface {relief) as well as favoure large scale °
displacement of soil materlal by water and wind (water and windg
eroslon). Each destruction of the nagtural plant cover (agricul~
tural use, road construction, mining; eto.) may lead to

extrema soil destruction.

3) Depending on the relief, the ecological conditions (mioro ¢limate,
s80il, water supply, density and kind of vegetation) differ very
much on a relatively small area, '

Any use not congldering the production limits given by climate,
ecologloally fragile balance and spatial differentiation of ecolo~
glcel conditions, is wrong and leads to desertifleatlon.

As shown io Table'I\"‘J.j. pasture faz;::ing is the predominant :Boﬂn
of agricultural land use in dry zonea (3.6 thousand million hal)'a.nd
the destruction of natural vegetation and soil structure leads to an
annually increase of desertificated area of 3.2 milldon ha

(Table IV.5.1.), if pasture farming does not correspond to the
ecological conditions. Accoxdingly, the greatest share of desertli~
ficated area and continuing desertificatlon is due to overgrazing.

IV.5.1.2. Processes and factorsg

Desertification usually etarts with overgrazing during the dry
geason and in years with little rainfall, when the number of animals
per unit of area exceeds the amount of crops on this area.
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Pig. IV.5.1, Change of the number of livestock and of pasture

capacity in the Dafur-Region of -Sudan (acvcoz"d.ing to
WIDSTRAND, 1975)

agture rain .'l.'rrigafion total
gaming agrioul- K .
. ' ) ture
arid and semiarid zones 3,600 250 . 250 4,100
(mio. ha) -
desertificated and ’ 3,200 250 45 35495
Jjeopardized areas ‘
mio, ha)
peroentual share . 89 100 18 87
amual rate of deserti- 3.2 2.5 0425 = 5.8
fication (mio. ha) v :
in per cent 0.1 1.5 0.05 0,15

Table IV.5.1.: Desertifioated and jeopardized areas and annual rate
of desertifioation, ordered by main direotioms of

land~-use in arid and semiarid zomes (without extreme
deserts and subhumid zones)

. : (pertly according to UNCOD overview, 1977)

1]
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The results are a partial'or total destruction of vegetation,

an inorease of bare s0il surface, a destructidn of soil

structure tﬁrough the direct influence of the atmosphere on the
go0il surface and through movements of animals as well as a
étronger‘surface run—-off and wind and water erosion, Thus, the
natural regeneration of the plant cover is interrupted, the
quality and guantity of fodder is reduced and the productivity of
the fields (carrying capacity, pasture'oapacity)'decreases,(see
Figure IV.5.1.), and finally it results in soil erosion and a
change. of the land into areas that are not suitable for pasturing
any longer. An especially high danger of desertification arises
in areas wlth an erogion-prone relief (stup slopes and whtershed
for water erosion, large plains for wind erosion) on'soils_having
aninstable structure and at places with extremely high density of
enimals (watering places, migration and drifting ways, etec.).

The traditionazl nomadic and semi-nomadic pagiuralism corresponds
well with ecological conditions, if the number of animals l1s not
‘too great, because of its flexibility (animals migrate to the
fodder places).

Improved veterinary service, establishing of additiomal watering
places (not consldering available fodder quantities) lead to an
inoreasing number of animals (Figure IV.5.1.), The foliowing
factors favour this: (see also Figure IV.5.2.)

a) The most important "insurance" against fregquent dry seasons
and periods‘of drought for the stock-holder (nomads and semi-
nomads) is a possibly great number of animals,

b) The livestock is a property, the "riches", there are nearly no.
other pogsibilities Qf taccumalation of capital, .

¢) That is why not the performance of animels (meat, milk, eto,)
but the number of animals is essential for the social and
economic sitwation of remads,

d) vWith a partly integration into marketing, "reserve" of 11vestock
seems to be the best sgcurity against price fluctuations.

\
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That, is whyrecently the number of animals exceeds the -

pasture capaocity in many regions. This is shown in Figure IV.5.1.
for the barfur-Heglon/Sudan, but it is true for many other ,
countries too (e.g. Iraq, Syria, Jordan, Algeria, India). As o
result of inoreasing population (need for foodstuff), and of

riéing prices for raw materials of food and plants (market eccnomy)
the expansion of oultivated areas in pasture regions leads to & .
reduction of pasture land (Figure IV.5.2.). In the period from

1951 to 1961 the availlable pasture land in Rajstan/India de-
¢reaged from 13 million ha to 11 million ha, At the same time the
numbér of goats, sheep and cattle Inoreased from 9.4 million to
14.4 million; i.e. the pasture land available per animal decreased
by 31 per cent. This results in a destruction of vegetation and .
soil and leads to desertification.(Figure IV.5.2,). Most pasture
‘lands lost their productivity by ‘85 = 90 per cent in the Luni-block,
& typical zome o.f. Rajasthan. In 1958 some 25 per cent of the total
area of this zone was oversanded (sometimes even formation of dunea);
in 1976 this share made-up 33 per ceat.

In traditional pasturalism 1t is also to be considered, that the
herds are privatly owned but the pastures land is of common pro-
perty. Therefore the private livestoock-holder has little -interest
in adapting the number of his livestosck to the pasture capacity
(what often means a reduction of the number of animals) because

be would be economically inferiour to other stook=holders.

These procesgses are of course all sublect to the va:jying annual
rainfall, periods of droughts, i.e. to climatic influeénces,.so

that the amount of fodder and by that the number of animals in
herds increases during humid perleds or in yedrs of above-average
rainfall; the fouowing di'y perlod 1s characterized by ecxessive
destruoction of vegetation, exhaustion of water resources and
intensified desertification, The. common practice of burning the
natural vegetation with its detrimental effects that further pro—
mote desertiﬂtiatioq shall only be mentloned here, Livestook
numbers and demsltles exéeéding the -carrying capaclty of pastures
and seasonal variation causes desertification not only under the ,
traditional aystem but also in case of pasture utilization for
market production. .
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* qhat ig for instance true for several areas of Australia and

. the USA. In 1975, out of 64 million ha of pasture land in the
USA some 33 per cent {20 million ba) were classlfled as "poor®

. and "bad", These eroded solls that have lost part of thelr pro-
ductivity are above all a consequence of overgraging. Large
parta of North Arizone and New Mexico are already desertifiocated.

IVe5.1.3. Measures for preventlon and control

The above mentiopned Conference om Desertification (UNCOD)

discussed and adopted a Plan of action to combat desertification

based on broad experience and information on causes, processes,

distribution and results of desertification that contalns numerous
recommendations for the proper use of pasture land in dry areas.
~ The mdin’problem in desertification control by appropriate pasture
techniques is the adjustment of livestock numbers and number of
watering plaées to the availlability of fodder., Numerous research
finding and expériences show that under certain ciroumstances a '
reduction in the number of animels may lead to an increaded

' production of meat,milk, eto. Proved measures to improve and mostly

intensify the pasture uge are:

- splitting the available pasture land into lots as a'precondition
for rotational grazing, for temporary protection of vegetation
~and better growth and for storing fodder for dry seasans

- protection or planting of suitable shrubs and bushes as fodder
for dry seasons, as fuel wood and as shelter against wind

- implementation of measures for soil and water preservatlon,

I establishment of a sufficient number of watering places to reduce
the drifting ways of livestock (from fodder to watering places
and back) and thus to increase an effective production of animals
as well as to avoid extreme densities of animals in the vincinity
of watering places. Additional possibilities are the diversifica-

*/ "tion of .pasture farming by combining it with crop faming (with

and without irrigation) and by improved utilizatlon of game.

lost of these measures presuppose central pl_amging, legal regula-

tion of the ownership of water, soil and livestock as well asg
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the change from nomadic pasture farming to staticnary pasture
farming, The last point may be solved sucessfully only when
nomads are integrated into the general development of these
areas, when they have a share in eccnomic progress and when
these measures are aimed at improving their social and economio
conditlons and achieve this.

Furthermore, this necessitatss establishment of facilities for
transport and marketing, fixed and controlled.prices etc,

Under subarid conditlons of the West-Eilimandjaro Region (Tanza-
nia) for instance, it was possible to reduce the fattening time

of cattle without additional fodder from 4-5 years to 2 1/2 years
only by fencing and establishing of watering places. Another form
of intensifieation of pasture farming 1s irrigation, fertilization,
seeding of suitable grasses and leguminous plants to the original
grass cover, conservation of fodder (hay, silage) in the rainy
secagon and additional feeding in the dry seagon if necessary and
on a certain degree also the application of herbicides to reduce
an excessive growth of bushes ("bushification") and thus to avoid -

the burning down. These measures may be implementéd at the local
level only,

Altogether, all measures taken should be an integrated part of

complex,. long~term plansrfor the economic development of the

national economy of the country, aiming at soclal progress aand
_ Amprovement of living conditions of the population.



IW 5 2, Iivestock epidemies in the tropios and 3ubtropios
: from an ecologieal point of wiew

v

IV.5.2.1% Signifioanoe of infeotinos diseases for animal
‘husgbandry in tropieal and subtropical countries:
i L
The tropiocal and subtropioaitarbaa of the earth are still
oharscterized by specilal wide spreading of dangerous infec—
tious diseases. They inolude three groups of diseases:

4, Tropioal livestock epldemics proper which are az -

) diseases in charaoteristic manner epizootlologioally
assooiated with 'certain higher or lower - organisms
hosting or transmitting pathogens. These organisms depend
in their living on climate or are related in another
way with environmental conditions of the tropiecs.’

To tropioal livestook epidemics of this genesis belong
first of all the great etiologloally related groups of
Trypanosomoses and Piroplasmoses, and besides these also
soveral virus infeotions such as Afrioan horse siclmess,
Blue tongue, and Rift valley fever, Most of the tropioal
livestook epidemlos do not exclusively depend on tropical
olimate but extent also into subtropios and temperate
olimates,

2% Besidé these enviroyment related livestook epidémics
nowadays infectious diseases ocour wide spread in the -
tropios and partly even in the subtropics, the genesis of
which is first of all not influenced by climatic~geographi-~

" cal factors, In the last two centuries these diseases were
reduced in countries with a developed agriculture and
-vetefinary nmedioal service. To these diseases belong cattle
-plague, -dourine, contagious bovine pleuropneumonia, and
other.
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3. Besides, tropical and subiropical countries have nu-
merous' infectious diseases which are also found in other
areas, for instance foot and mouth disease, malleus, B
rabies, anthrax swine fever and others

Sinoe the term of tropiocal livestook epidemios is not olearly
definable, because of these relations, today they are desoribed
as Wexotic epidemics™, These are epidemics which are not in-
digenious in the respeotive oountries, e.g, they have not
ococured for a long time or never, Animals there have

no resistance against it This term was ocoined. in Eurdpe.

But also the tropiocal and subtropioal countries lmow exofic
epidemios, suoh as the M, paratuberoulosis-infeotion

(John's disease)whioch had its natural spreading area in Europe
and was transferred into numerous tropioal countries by the
export of ewes for breeding and cattle,

The occurence of infectious diseases in domestic livestock

is decisively influenced by the following faotors:

1. conditions of production (races, fodder productlon, tech-
nology and other)

24 ecosystem

Fe efficiency of veterinary service and agriculture

There are direot interaotions between the spread of certain
infectious diseases and these three factors, In countries ’
with  highly developed agriculture and ah efficient veterin-
ary service the percentage of livestock losses caused by
infectious diseases is declining and lies far below 50 %,

In oomparison with that in most tropical and subtropical
countries the infeotious diseases with a percentage of 90 %
of all livestook losses represent the most important inter-
fering factor in the development of animal husbandry.

Figure IV.5.3. shows these relations schematicallye.
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Fige IV.5.3. Scheme of relations

A present-day example for the outstanding signifiocance of

infectious diseases ig shown in the spectrum of )
causes of death of 97 commeroial cattie in Tanzania

in 1976 (Fig. IV.5.4.). Here, a systematio PM-analysis

of all animals died on transif ways or in Holding grownds in

the Tebora region of Tanzania during 3 months is shown.

In this place it should be pointéd out that in several tropical
and subtropical countries ' check—-ups were insufficient
realized., The establishment of diagnostio units and a perma';-
nent cheok-up of losses of livestook are a decisive precon—
dition for effeotive control of infectious diseases and
livestook epidemics, )

Infectious diseases are an important hinderance factor in

the international trade with livestock and animal products,

This affeots most severely tropical and subiropical countriss ex-
porting agriocultural products. The danger of spreadimg

livestock epidemics and the losses oaused by them inoreases
through the trade with animals, animal products as well as

other mediators, through the extension of international
commercial relations, the speed of modern means of ocommunioation,
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the inoreasing concentration of animal husbandry and the

" extreme sensitivity of animal races to exotis epidemics.
That is why each country should pay increasing attention
to the ocheck-up and control of infections diseases on its
own territory. International orgemizations like the OIE
("0ffice International of Epizootiocs"), the WHO (World
Health Organization) and the FAQ (Feod and Agrioculture
Orgenization) developed zoosanitary rules, models and re—
commendations for epidemic control. Unfortunately, the
worldwide application of uniform control mechanisms in the
individual countries is limited by different structures 6f
production, ecological conditions and epidemical situation.
Veterinary hygienio parameters are an essential part of
international commercial relations with animals and their
products and should be barefully selected by the partners
and checked-up by certificates. Bilateral ocontracts, time—
limited agreements and regional orders serve the gradual-:
improvement of the present situation, '

Principally, the veterinary service controls the outbreak
and spread of livestock epidemics within a nationgl terxri-
tory by three control systems:

1 ’ ir I1x
border control national veterinary supervision of
legislative and per— agri¢ultural wnits
formance of veteri- and production
nary service in the units
country .

Fig. IV.5.5.1 Veterinary control systea
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Except for the control of ceriificates the border )
control is the most insecure control system. Its effeotivi-
ty depends decisively on the level of development of the
veterinary service. The border control is an effective barrier
against the invasion of infeotious diseases only in countries
with a highly developed veterinary serviee apd a complete
border supervisiom, The invasion of severe epidemios into
highly developed countries, as the spread of Blue tongue inte
the USA, the Afriocan swine fever intc Franoe or Cuba, and many
other examples give proof that the border oontrol is not an
absolutely secure protection against epidemiosy In many
tropieal and subtropioal countries border control is ine
' sufficient, unless it is favoured by geographical oonditionse
The border control respective the prevention from invasion
of epidemics is strengthened by a number of measures:

~ gquarantine

—~ vaccinations of commercial animals

-~ information con the situation cf morbidity in the llvestock
in the originating areas of the anumals and'the animal
products )

~ veterinary supervision of the livestock to be moved

- speoial veterinary hygienio requirements for the transpor—
tation on the road, by railway, ship and aeroplane

- oxchange of diagnostic experiences and preparations for
the veterinary bygienio control of exports and imports

There is no need to explainespecially the significanoce
of the capacity of veterinary service for the supervision'of
infectious diseases. It is deoisive for the control of conta~
gious and autochthonous livestock epidemics. To them belong.
foot and mouth disease, cattle plague, swine fever, rabies a.o.
For this reason, national plans for the control of the indi-
vidual livestock epidemic are to be elaborated, In the follow-
ing, we shall discuss more in detail'geqeral items and ,some
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national particularities in-the control of selected live—
stock epidemios, The increase of the ocapacity of veterinary
servige in most of the Afriocan andletin American countries
is abaclutely nessecary for an effective control of live—
stook epildemicsy

Animal hsrds form an eplzootlologlcal wnit, Today,

the most effective oontrol system in many tropical and sub-
troploal oountries is the supervision of individual animal
flocks and production units, because of the insufficiencies
of the other two ocontrol systems,

Under nomadic and seminomadic conditions of anlmal husbandry

or 1in areas without exact data sbdut the health

conditions of local livestock the protection of the umnits
of animal husbandry is of paramount interest. That includes:

selection of location, conslderlng veterinary hygienic
parameters

water supply -

tick survey

spread cf parasites

analysis of the flora of fodder plants in the territory
veterinary hygienic control of the animals to avoid an
invasion of epidemics

guarantee of an uniform immune status by vaccinations and

. prophylactic treatment

isolation of stables or rariches by a fenoe from

the surrounding

elaboration of contrel programmes for the maintenance
respectively the improvement of the health status of live-
stook, Here, reproductional disorders are of especial interest,
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In the epizootiology of tropical livestosk epidemics the

game plays an important role. Since prehistoric times,

autochthomous game species at tropical and subtiopioal

locations have been confronted. with epidemics so that only

those mutants have survived which were espeoially resistant

to these infecotious pathogenea. Thus, a balance between .

pathogen and game specles was formed. The-pathogen prepa—

gates slightly in the game without making it clinically-ill., |
That is the way the game becomes & reservoir of pathogenes

and a source of epidemios. In case susceptible species of
domestio animals come into this environment the epidemics

will be transmitted direstly (cattle plague) or through me—
diators (Trypanosomoses, East coast fever) and cause high
losses. Under certain circumstances, for example in East

Afrioa, game and local domestic animals form an epizootiolo—
gical unit, so that from a veterinary and hygienic point of
view there is no need for an isolation as long as the extensive
form of animal husbandry is maintained, But it becomes necessary
if the parformance of the animals is to be increased through the
development of fodder farming, the reduction of diseases trans—
. mitted by veotora, and other mensures,

IVa5e2424 Main points in the oonirol of infectious diseases

On the base of their etiology and epizoptiology the most

important infectious diseases of tropical and subtropieal
countries may be olassified into groups for which common

strategic control measures are applied:

1. Vector epidemics, the effective control of which is not
pessible with immunoprophylactioc measures

2+ Classiocal baoterial and viral epidemics whioh leave if swurvived
longlasting immunity and may be controlled sffectively by

immunological measures. They are often of emigrating cha-
raoter,



68

.3; Soil infeotions (anthrax, guarter ill)
4. Epidemios with unole®r etiology, epizootiology and/or
control, as well as newly detected epidemics

IVaTe242010 Yeotor diSaases

Veotor epidemics are infections of blood or tissue
which neccesarily need a living or non-living vehicle for
their transmission, Mostly, they are spec¢ific tropiocal
epidemios belonging to certain ecosystems with their vectors.
It includes epidemics trensmitted by tioks (tlck borne dise
eases), infectious diseases with their hosts ocouring in
oertain landscapes only (rift valley fever and others).

" Becaunse of the wide spread of vectors tropiocal and subtro—
pioal ocountries offer optimal gonditions for the development
of vector epidemiosty A% present, three quarters of all live—
stook epidemics of these countries are transmitted by vectors.
Since in each biotope oertain transmitters appear as main
transmitter or certain disemses are transmitted only by very
speoifio vecltors, research of the eoology of living vectors
permits conclusions concerning the significance and potential
spreading area of the veotor epidemios, For example, in East
Africa the East cocast fever is transmitted almost exclusively
by the tiock Rhiplcephalus apendioulatus, Researches undertaken
in-the field of occurence of this species of tick showed
‘therefore the spreading area of the East coast fever,

“Phe tick is only present in areas with > 500 mm annual pre—
oipitation., In areas where the tick is wide spread and the
epidemio ooc?res'enzootiologioally an effective cattle keeping

. is not possible without expensive control measures to reduge
the number of tiocks, In setting-up a ranch it is recommended
therefore to study intemsively the ecological conditions with

regard to the ocourrence of potential vectors of livestock
epidemiosi.within the territory of the planned ranoch, In case
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the conditions are unfavourable one should think about
establishing a sheep or goat .ranch instead, beoause goats
and sheep are resistant Lo Bast coaat fever. In Central and
East Africa the study of veotors is especially concenirated
on tioks and is named "tidk survey". Within the years 1972
to 1975 by an investigation unit in Tabora/Tanzania some
200,000 ticks from domestic aninals were collected, ident—
ified and their spreading was mapped. Frequency of
~ ocourrence of vectors at individual animal species, seasonal
.variations and other epizootiological characteristics are '
. also of importance, The maximal number of living tiocks collected
from one oow was 1,900. '
Therefrom is is imaginable to what extent damages'oéused by
parasites may occur. On the basis of these results suggestions
for the development of animal husbandry (cattle, goat, sheep)
were offered to the government of the country.
A survey on selected pathogens of important vector epidemics
is shown in-table IV.5.2. ' '

Pathogen
Group Speciles Epidemig
Protozoa Trypanosomosa spp. Trypanosomiasis iﬂaﬁana
‘ at almost all animals
Theileria sppe. East coast fever,
. (cattle, buffalos)
Babesia bigemina Babesiosis
and other species (cattle, sheep, goat, dog,a.0.)
Rickett~ | Cowdria ruminan-— '
slales . tium ,
: ’ Anaplasma marginale inaplasmosis (oattle)
240e SPDe ' .
Bartonella (Haemo— Haemobartonellosis, Epery—
bestenella, Epery-. throzoonosis
throzoon)

Table IV.5.2. Pathogens of important vector epidemics
\ ' . '

)
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Table (contin,)

Pathogen
Group_ 7 Speoies Epidemio -
Virus Bunyaviridae Rift valley fever
Arbovirus)
Togavlrus Wesselbron virus in-
(4rbovirus) fection
Bhabdovirus Three-days-disease
(Arbovirus)
Vacciniaviruses Lumpy skin disease
and Herpesvi-
- rueses
Myxovirus . Nairobi-Sheep~disease

Table IV,5.2., Pathogens of important veotor epidemios

The most importent vectors are ticks, moasguitos,

flies and horseflies, The control of veotors depends on the
- kind of veotors and their bilological behav1our

—~ the scoldgy of location.

In prinoiple, two ways of controlling vectors are possible:

1. Contral of vectors in the surrounding of animals
2. Control of vectors in the animal itself

Control of vectors in the surrounding of animals

Vectors are controlled by the destruction of the habitat

or by eradication of transmitters in the habitat. The de-
struotion’of habitats is difficult and economically wvery
expensive. As far as tick with one host are concerned they-
may ve reduced by cultivation of the soil or by

cultivated pastures. liosquitos and tabanides may be controlled
by exsiccation of pastures or water wholes, Practically im-
possible is the control of stable flies and biting flies by
environmental measures. Contrary to this, the -
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glossines, the vectors of Tryanosomoses, are
sedentary and occur in savannas (glossina morsitans), at
river beaches or in river forests, in tropical grassland
(glossina palpalis), as well as in rain forests (glossina
fusca)., Deforestation or a seleotive elimination of the
above mentioned kinds of vegetation leads to an effective
reduction of glossines, Deforestations may also be used

a8 a barrier against tsetse flies. With the Sahel zone
extending, deforestation dene in order to reduce tselse flies
will become more and more problematically.

Measures for the eradication of transmitters in fthe habitat
by using chemical compounds

An areal treatment with insecticides is economically very
expensive and leads to envirommental contamination with
insecticides., For this reason, it is recommended to use in
certain areas instead of large quantities of insecticides in low
concentration smaller in high concentration on the specific
location or in the habitat of the veotor (UNC-method).

These treatments may be repeated several times (e.g. for

ticks - adding acarides to fertilizers on the pasture).

In order to eliminate Tsetse flies which need shady trees

typical groups of trees may be selectively treated. On the

whole, it may be summarized that the application of insec—
ticides is of local importance only as it is too expensive

and in the lomg run it does not guarantee the effeotive reduction
of vectors in a wide area. .
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"Biological methods

Begides chemioal desinfection there are also biolegi~
gal methods under disoussion. In the USA the "blow f£ly"n.
causing in former times an epidemical occurrence of Myiasis,
could be eradicated by the application of the "sterile male
technique®, Hore, tsetse flies are cultivated in laboratories and
serilized by radiation (X-ray). Releaded in tsetse areas, the
steriliged males enter  competition with the potent males
copulate with the ‘females, living in the tsetse area
_ to prevent their propagation, In order to displace
the males living in the habitat, sterilized animals in rela—
' tion to healthy ones have to be released in the ratio of 1:1
at least, The price for one sterile male cultivated in vitro
ig about one doller. In open areas the immigration of potent
male from infected bordering areas is possible at any time,
That.reduces or even prevents the effect of the sterile
male teoobmigue. Right now it may be applied successfully only
in geographically bordered areas or infeoted islands in the
midst of Infeotion free areas. At Tangan jika Lake

the liguidation of tsetée_flies was successful by applying
" the sterile male technique on little, infeoted islands,

Control of vectors at the animal

This method is implemented by ocontact poison or other compounds
which are applied te the hoat on different ways. The treat-
ment with contaot poison inoludes spray or dip. In general,
it 1s to state , that by means of dip or spray and

+ systematio appliocation it becomes possible to eliminate the
transmitters of veotor epidemics, These preparations shall be
applied in the dry season as well. The rhythm is subject to the
developing oycle of the parasites. In case of totally regular
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treatment, e.g. in East Africa once a week, all tick borne '
vector epidemics may be prevented seourely. In case of

aoute epidemic outbreaks it is recommended to dip twice a week.
woek. Sprays or aprayrace are oheap and applioable everywhere.
However they need high amounts of inseotieides and their
effectiveness is not unfailing and depends ¢n the intensity

of treatment, :

The dip, animals are going through, guarantees treatment all
over the body and a reliable sffeot. In dependence on the
applied preparation it offers also a residual effeot. The
establishment of dips is expensive, dips are locally limited,
require much labour and the animals have to get acoustomed
" to dipping. Beoause of the reliable effeot dipping

became the most effeotive method to conirol and reduce veotor
epidemics, especially tick borne diseases, in many countries
of the tropics and subtropios. In East Africa dips are the
"wackbone" of the whole cattle husbandry, In areas with East
coast fever = cattle husbandry is possible only 'by systematio
dipping. Dipping is the only method to interrupt effeotively
the developing oycle of the pathogen of this dangerous veetor
epidemic, eliminating the tick at the amimal directly.

The construction of dips is strategically needed as a basis
for the development of a ruminant husbandry, increasing of
performance and reduotion of losses. Within the last 15 years
more than 1,600 dips have been built in East Africa and have
proven well., A precondition for workable dips is .8 econon—
omically and organizationally Secured infrastructure, that

- oonfrola the regularity of the treatment.and the effeo-
tivity of the dipping procedure. Dips are to be built at ’

producing wnits and/or to the areal principle. The aim

must be & total coverage of the domestiec livestook

of one area. )

nfortunally, ticks often form resistant species. Thus, the
maintenance of the proper ooncentration in oattle baths is
to be guaranteed by regular supervisions. Test in interwvalls
of a fortnight have proven well. This requires the setting-up
of small dip testing centres. ' '
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Elimination of epidemical vectors by systemically acting
compounds ’

Organic phosphorous compounds are particularly well suitable
for this purpose. BY oral, dermal or parenteral applioation -
according to the absorptability via the respective way of
application - & more or less steady blood level is established
sa that sufficiently high amount of active substances is :
taken-in by blood sucking vectors. Expenses are low, the
methods may be applied in less developed areas and should
serve as agsisting methods in the above mentioned programmes
From the mediocal point of view doubts arise about milk cows

~because of the formation of residues, There are no risks
with extensively kept fattening cattle, provided

© & sufficiently long period before slaughtering is cbserved.

Chemoprophylaxis against vector epidemics

A permanent application of chemotherapeutics may prevent
the outbreak of veotor diseases under field conditions.
Parenterally acting drugs may be applied in mixtures with g
long period of aotion, 'sometimes over for months

@.ga prothidium and simular preparations against Trypanoso-
miasis of cattle., This chemoprophylaxis is used for a tem—
porary stay in areas with tsetse flies, for instance
during cattle movements,This method permits in cases of emer—
geney a temporary use of infected areas, It may also serve
the protection of imported susceptible breeding animals %o
make the acclimatization of these races easier, The prepara-
tions lead to a sterilizatia magna within the organism or
they weaken the pathogen and permit the host to develop a de-—
fenoe meohanism in order to gain premunition. Then applies
the above mentioned about premunition, :
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The main disadvantage, however, 1s the emergence of
resistant strains. Altogether the chemoprophylaxis may be
considered only as an emergency or additional measure, An
eradication of vector epidemiocs will not be achieved by
these procedures. With regard to the whole strategy it is
risky to import susceptible breeding animals which may
survive only with the help of permanent chemoprophylaxis .
The keeping of races with high performance at tropical
places where they need permanent chemopropbylaxis can
hardly be considered as a real contribution to the develop-
nent of that area. N
IV.5.2.2.2. Viral and bacterial tropical livestook epidemics
of emigrating character the control of which might
be effective by immunprophylexis

The development of effective vaccines and methods for
immunization hes made enormous progress for mast of the

kmown severe bacterial and viral livestook epidemios in the
last deomdes. That is espeoially true for the contact epidemica
such as cattle plague, foot and mouth disease, swine fever,
Newcastle disease as well as for the shipping fever and the
contagious pleuropneumonia in cattle,and several virus epldemios
transmitted through vectors, e.g. Blue tongue, African horse
sickness and so on. The following table gives a survey on
selected livestock epidemics (table IV.5.3.).

"On the basis of effective prophylaxis it is principally
possible to control the livestock epidemics
named in the table and numerous other infectious diseases.
Countries, free of epidemics, foous their activity at the
prevention of invasion of epidemics by strickt veterinary
legislation. '
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Disease {Pathogen [Animal Natural |Immunopro— unity
; specles |[immuni~ . |phylaxis fter :
ty accination
cattle Paramyxo- [domestic |lifelong |living lifelong
plagae virus and game sur- |vacoines wmity
o uninants, vived) Jonce in
pig the fipst
year(® 3
months)
onoe in
the second
. year
Blue Roo— sheep lifelong |tetravalent L:etravalent
- tongue virus, (pattle |agains vaccines vaocines
16 types [pathogen |homologio jfrom killed 1 year
reservoir |type tissue
: ’ . culture :
Haemorrha<Pasteu— [oattle about formalin ell pro—
gic septi-rella 1 year vaccines ection
caemis multo— : ffect, if
cida of it is re—
types peated every
B and E ear i
(Carter) ; .
Foot and [Rhino- |hoofed about 7 |formol ad- Jif it is re-
mouth virus, animals |months, sorbate eated every:
disease (6 types |(diffe- Ea.rtly vaocines, jeéar, good
~ - [rent sus-[longexr, living iymunity
{ "|ceptibi~ jonly a~ [vacoines, _ againsthomo- .
1ity) gainst  |(esp.pig ) [logic type
homoldgic j
. ' type - .
Pleuro- coplas—~ [cattle stable weakened 1 to 3 years
{ pneumonia mycoi=— immunity [living
ocontagiosq des wvar, vaccines
bovum ~ coides . ,
Aﬁalaxia Myocoplas—~ |sheep, solid In Rumania; | contains for
of sheep |ma agalaoqgoat immunity |formol- or | one period
and goat |tiae - , vghenoladsor- of lactation
‘ : at vaccined,
Reocently
also living
vacoines a.rq ‘
applied.

_1!:913&3";?‘3_5’.'3_..’ ‘Survey on selscted livestook epidemios
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Natural

Disease |Pathogen |inimal Inmunopro~  |[Immunity
ispecies | immunity | phylaxis after
vaooination
Rift Arbovirus {shee lifelong {neurotrope '
valley not clas— [cattle immunity | weakened in 1mmun:[.ty
fever gified yet . passages in :
: mice living
vaccines or
inactivated
vacoines of
. cell culture | .
Wesgsels- |Wessels— [sheep solid mostly mixed | immunity
bron bron . immunity | vaccines to—| .
disease |disease o ﬁither with
. virus ift valley
fever virus
Ep?_.eme- Rhabdo- jgheep about -not yet
ra. virus cattle 2 years
Fever . ‘ deve;!.qped
Lumpy Vaccinia [cattle | immunity |South Afrioa:
skin viruses for Kkened
%isea:sg (A.llez)'ton several zggsugepassage
Dermati—~ |virus). ear
tis nodu~- |and yosrs 3§ N“;ﬁmj_g'
. rus _
laris) s Kenye weakensf
. — sheep pox
(Iﬁ;;h virus is used|
virus)

Table IV.5.3. Survey on selected livestook epidemios
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-In ereas that are sporadical or enzootical contamiminated

systematical vaccinations have priority. Depending on the
epizootiological situation, the character of epidemics, duration
and reliabilityof immunity sircle vaccinations, area vaocinations,
transport vaccéinations and other, as well as single and repeated
vaocinations are applied. The realization of Immunoprophylaxis
depends décisively.on financial means, on organization and

capacity of the veterinary service, 4s for cattle plague

As for cattle plague the density of vaccinations is inwversely
proportional to the occurrence of the disease, Figure IV.5.6.

. shows the relations in India for the time 1957 = 1969.

By systematical area vaccinationa of 290 millions heads of cattle
the annual number of outbreaks was reduced from 8,000 in

1959 to 396 in 1969. This trend continued in recent years,

The vaccination of at least 90 % of susceptible animals from

one area leads to an interruption of infeoftious chains and to

a reduotion of the epidemic. A single vaccination gives an
immunity of at least G‘yéars, if the animals are older than

3 months. The vaccination given éecondly one year later creates

‘a lifelong immunity. These immune animals should be marked for

the fast control of immunity condjtions in the herd, for

instance branding an "P® (for cattle plague) into the hump of
zebus, ‘
The realization of area vacocinations in Asla and AIrlca is a
-great challenge for the veterinary service of these countries

and reguires the mobilization and participatidnvof the population.
Particular problems arise in countries of East and Central -
Africa,There . some 60 different game species (hoofed animals)
are susceptible to cattle plagne. The disease persists in geme
and especially game reserves with a high density of game.

Cne has to expect potential epidemic reservoirs in great

natural reserves of East and Central Africa (e.g. Tanzania,

Serengeti, Tarangire National Park, Lake Manyare a.0.).
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' s in thousands

Vagcinatians Outbreaks
Jin millions
321 8
281 = —+—F17
244 6
] .
201 5
164 4
121 —+ , 3
8 EI— 2
4 4 :i- -+ 1
ol ) L U U (WM iDL
1957 1959 1961 1963 1965 1967 1969

Fige: IV.5.6, Contdl of cattle plague in India
(according to NILAKANTAN,

1970)

Vaccinations a.nd vutbreaks from

1957 - 1969
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. For this reasony today ring vaccinations are practised
around wildlife ~ reserves. in Tanzania, Xenya, Ugunda,
Burundi and other, Since the countries have not hdd any
cattle plague from the late sixties (last outbreak in 1967)

‘4o the late seventies, it became poasible %o reduce the
diameter of the vaccination ring around the reservations
from some 300 km to about 100 km. But in recent .years a
number of new outbreaks was recorded, what is not only a
threat. to the animal husbandry of the countrles affected but
to the International epidémi’c situation too, The reasons
for this are the reduction of the vaccination area, the ex—
pansion of animal husbandry, closer contacts with wildlife

' regerves, incoreasing density'of traffic and trade rela.“'

‘tiong'with animals and animal products and other factors.
What role tourism plays moreover, could not be olearified
exactly. The outbreaks underline that the control and era~

‘ dlcation of cattle plague shall find special attention in
iAfrica. .

" In most of the devéloped countries with a high standard of
* animal husbandry foot and mouth disemse is controlled
by strong veterinary and hygienic measures at the border,
and partly in combination with vaccinations in the area
in order to keep the territory free of epidemics, In tropiocal and
subtropical countries border control does not meet the
. security requirements regarding a prevention of invasion of
foot and mouth disease. On theother hand there are not enough
fmanoial means avallable for an areal vaccination of suscep-
" tible hoofled animals “let alone the faot, that here too game
form reservoirs of their own and cannot be taken into ocon-
_sideration‘.

'.Ehat is why vaooination must be concentrated on potential
oarrier-ways and mein infeotious fields. These are transpor-
tation of cattle for commercial purposes, nomadio enimal
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movementsa, ring vaccinations around wildlife reserves,
valugble animals for breeding and performance and so on,
Inoi-eaéing the capacity af _fhe _veterinarj service, improving
the economic situation and _iﬁoreas:ing animgl hupbahdr_y
should lead to the increase in the share of animals protected
by ennual vaccientions and more and more reach

the status of complete areal vaccination of the whole terri-
tory. '
As far as virus infections are concernmed which are transmitted
by Arboviruses (Arthropode borne virus),e.g. Bift valley fever,
Wesselsbron disease, Blue tongue, the vaccination follows
to natural pathogen reservoirs and the spread of veotorss -
 Several methods are being used which cannot be described here

in detail.

- Mnother group of livestock epldemics are the acute and ohronical
bacterial and viral infectious diseases, the main ‘reservoirs of
which are formed by the affected domestic animals themselves.
They do not ocour as contact epidemics with emigrating character.
The .ocourrence of the epidemic is essentially favoured by so.
calied predisposing faotors that reduce the resistance of .
animgls- (dry season, hygilenic defeots, ‘hyperalimentation eto.).
To'these belong Haemorrhagic Septioasmie, Contagious Pleuropneu-
monia bovum, tuberculosis, Brucellosis and others.They are
controlied by a combination of diagnostio investigation, veteri-
nary legislative orders for isolation of infected live-
stock and ‘liguidation of infected herds as well as hygienic
measures for keeping and immunoprophylactic measures, This

means that special control programmes have to be elaborated,
congidering every epidemic oondition in each country. Their
realization depends decisively on the level of development in
agriculture and on the qualification and oapacity of the vete~
ringry service. Numerous infeotious diseases beoome more and
more economically importent because of an inoreasing concentra—
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tion of livestook and development of animal produotion.

The diseases goncerned include Bruellesis, Vibriosis and
other reproduction diseases, tuberculosis and others.
Control should be started only if the level of pro-
duction and eoconomic- - possibilities of the countries make
this a need, That is not the, case with most African and
Central American countries. At todays level measures should
be concentrated on selected livestook with  speocial im—
portance, especially central breeding livestock as well as
herds with & developed animal performance.

I¥.5.2.2.3. Soil infections

5011 infeotlons rare caused by bacterial pathogens haying .
their reservoir in the soil, They are spornlators of the
family Bacillacese, which are charaoterized by high resis-
tange and may survive in the soil for centuries. The occurrence
of diseases having a high letality is restricted to these
districts, The most importent are:

Pathogen Disease Animal species
Bac, anthraois Anthrax mammals
Ci, chauvoei black leg cattle, sheep,

‘ buffalo i ,
Cl. botulinum _ botulism nammels and birds

Teble IV.5.4. Most important soil infections .
An ascertainment of potential areas of soil infeotions is of
great importance for the location of agrioultural producing
units and animal husbandry. The infection of soil results
mainly from carcass of dead animals, Therefore the condemnation
of the oarcasses is an effeoctive method to control anthrax and
black leg, Anthrax, blaock.leg and botulism may be effectively
controlled through vaccines. The. annual vaccination of all
susceptible animals in infected areas gives a secure protection
from new infections. '

-
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Today the disease is coumon throughout the world although
there are great differences between - - ¢limate zones
and soils, In humid, airy soils with a high share of
organic substanoes, with a pH 6 and at temperatures above
20 °C the pathogen may propagate and concentrate before-
sporogenesis, A number of environmental factors influence
the occurrence of Bac. anthraois, The following table gives
a survey:

Faotor . Effect ) :
Favouring hindering
Vegetation potatoes ‘ : - c¢lover, timothy,
’ . horse-~radish ray, garlis
Climate Fpizootics develop mostly after hot and
d:r{ geriods which follow abnormal preci-
pitations or floods. o
Topographic moist valleys agricultural soils,
condziticns ‘ ~water beds )

~ dry areas,
(defioit of nutri-
ents and water),

mountains
Animal hinder acoumulation

mevenents ’ ) tion of the pathogen

Table IV.5.5. Environmental factors influencing the occurrence
of Bac, anthraois

Because of thesé characteristics, steppes of temperate latitudes
and the subiropics as well as tropilsal areas with sufficient’
precipitation offer the most favourable oonditions for
spreading of anthrax. Tundra and Taiga are too cold, the soil

is to poor in protein,too leached and the pH value is too low.
The pathogen cannot propagate and accumulate there. Anthrax was
transmitted from Europe to Amerioa and frem Asia with Indian bone
meal in 1847 to Australia. In mountainous regions the ocourrence




of Bao. anthraois is bound to water courses or wells,

The same 1s trus for deserts. Beoause of these geo—

logical and veterinary particulgrities anthrax will
become inoreasingly a typiocal disease of the tropiss and sub-
tropics in the years to come, Simular oonditions are true for
Cl, chanvoei, whereby the spread areas often overlay. The

" oontrol of the two diseases is therefore realized w:t.th a
b:tvalent vaccine (Blanthrax). ‘

L

Botulism

The disease is spread as soll infection especially in South
Africa, Angola, Mocambique, Australia and Sonth America as well
&g gometimes in hot summers in the temperate zone too, There
are 7 types of toxinas (4 - G), which, by the way, produce the
strongest toxin lmown,  Stationary ocouwrrence develops taken
& deficit of minerals or protein forces the animals to
‘liok or nibble the dried-up remains of dead parcasses. The
pathbgen lives in the digestive tract of those animals who
live . dn enzootically ifected areas, When - animals die huge
a.mounts of toxins concentrate under. the influenca of high,
temperatures and the nutrient content of the carcass. At the
maoeration of carcass they will not be destroyed, but dry wp and
- may su.rvive in the environment for weeks and months. 4 grave
danger " are dead tortoise, the shell-saved body of which
contains’ a lot of toxin.Just the licking ofanma.ls causes lethal
intoxinations, The control is successive with annual vaccine~
tion of all susceptible animals with toxoid vaccines.
In South Africa and Australia 3 to 4 millions of cattle from
infeoted areas get an annual vaccination. The deficiency
symptoms should be corrected by additional feeding of minerals
and protein.
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IV.5.2.2.4. Unlmown epidemics respectively epidemios of which
the epizootiology and way of control 13 not yet

cleared—-up

The control of the African swine fever causes in European &s -
well as in other countries special problems, The natural spread
area lies in the scouth of 10 degrees lafitude north in Africa.
In the meanwhile it is stationary on the Iberian Peninsula and
caused  disastrous epidemics in a number of countries (Cuba,
Brazil, Malta, Dominicen Republic, a.o.). The pathogen is an
iridovirus that is characterized by . . extreme resistance
against alkaline golutions (pH - 13.4), acids (pH - 3.520),
roteolytlc enzymes as well as in the enviropment (soil) and |
_even against sunlight. Three Afrioan species of wild boar such
as wart hog (Phaccchoreus aethidphicus), Red river hog.(Pota-.
mochoerus porous) and giant wild boar (Hylochoerus meinertz—
hagen) show clinically inapparent infections, More than 40 %
of game are infected. Also the squash tick (Ormithodorus '
" moubata porcinus) is a kind of natural reservoir for African |,
‘swine fever, in which the pathogen does not only propagate
but it is also passed in the saliva, Domestic pigs and European
wild boars are very sensitive with a mortality of nearly 100 %,
The immunity, is not yet sufficient studied. At present
immunoproph&laotic or therapeutic control metheds do not exist.
Therefors, the prevention of an invasion through a strong,
prohibition of import or transit of.pigs and pork from coum-
tries with epidemics stands in the centre of control. With
regard to foodstuff carried along with passengers or wastes
from the galley, international airports and seaports require
special attention. Any outbreak in an enzootiocally not infeoted -
country reguires an immediate liguidation of the foeus of
disease by "stamping outh,
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The epidemic area is subject to a total ban,

(killing, eradication, desinfection)

4 prohibited zone has fo be declared for 10 to 15 km round,
within which all .pigs are to be slaughtered mder observation
of oertain seourity msasures, Wild doars are also.-

subjected to elimination. The prohibited zone shall be under
control of guaerds, Thepassenger traffic shall be totally
restricted. Within a radius of 150 km a proteoted area shall .
be established., All pigs are subjected to a quarantine and .
veterinary medical control.

IV.5.2.5. Surveillancs of commercial cattle

- Examination of commercial cattle from areas with nomadic and
seminomadic animal husbandry is a main point in the activity
of the veterinary service. The wide spread of dangerous.live-—

. atock epidemios in the 0r1g1nal areas, insuffioient informa—
tion on the health and immunity status of the animals in
delivery livestock, ‘the length of tramsportation ways and the
stress of transport increase the danger of spread of infectious
diseases. The main task of the veterinary supervision is to
prevent animal losses and proteot against spread of
livestock epidemics, Therefore veterinary control of the .
commeroial cattle 1s neosssary already on the ocatile
cattle :markets regarding their health and to vacoinate
them against dangerous infectious diseases just after buying
which are enzootically spread in the territory or
- are potential there. - In East Africa animals are
vaccinated against foot and mouth disease, gquarter ill and
anthrax and under certain epizootiological circumstances against
Haemorrhagic Septicasmia and oattle plague as well, The i
inoculation against soil infections became necessary because
many of Bstock routs", "night stopd" and "holding groundst®
were infacted with gquarter ill and anthrax due to an utiliza—
tion for decades on end. For reasons of epidemic control in
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in the territory and for the prevention of the danger

of epldemic spread through animel products, vacoinations
against oontact epidemios are being made. The prevention

of aﬁima;‘losses requires a permanent diagnostic check }

of i1l or dead animals. This includes the preparation of .

a blood smear of ill animals and & PM and laboratory-dia-
gnostic study of dead animals, Commsércial ocattle are
transportated "on the hoof" to the loading station or directly
to the abbatoir,. The daily distance covered sheuld not exceed
6 to 12 miles.Special care should be given to ths water
supply -and sufficignt pasture capacity, For this reason it is
recommended to go on a treck only within or at the

end of the rainy season, One herdsman should be in charge of
200 animals as a maximum, Before the treck starts and on the
way the animals shomld be treated with inseoticides (spray -
race, dip) once in a week. Generally, habitats infected with
tsetsefliesrshou;d be avoided. Otherwise the oattle have to

be ftreated with prepafations,eﬁfeotive over long periods (Prothi-
dium a.o0.). Having reached the holding grounds lying
nearby the loading stations, the animals should be kept

in guarantine for a fortnight. A veterinary staff should be
stationed at the holding grounds controlling the health states.
The following minimum requirements and guidelines should be
met'regarding number, size and equipment of holging grounds:

1+ Avoid any contact of animals for trade with herds of looal
animal keepers

2, Sufficient size of pasture land corresponding to the
average density on holding grounds (in East Africa 2 head

- of cattle per ha) !

.3+ Keeping and pasturing should be decentralized with little
herds of 200 animals per herd as. a maximum :

4, There should be places for the removal of carcass (bury,
burn, condemnation of the carcasses) and a boma for ill
animals., J1l animals should be selected and isclated.
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5. 411 holding grounds should be equipped with wells for
sufficient water supply. ' ' )

6. In seleoting the ares avoid areas with soil in.-feotioﬁa', masgy
ocourrence of poisoped plants, potential habitats of dangerous
ticks and eapeoially areas infeoted with tsetse flies,

e 7. On the holding grounds sprayraces or dips should be installed.

8, The veterinary and medical service is provided by a tech-—
nioal staff stationed on the holding'grounds. o1
animals should be dla.gnostloa.lly checked and treated,

9. Night-bomas should have a fence offering protootion against
predatory animals if neoessary.

10, The further tramsportation should be carried out by ra.:.lwa,y
and at night. .
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IV.5,3, Animal hygiene in the tropiocs and aubtrop_ius from_
an ecologioal point of view

{

_ IV.5.3.1, Tasks of animal hygiene in the tropics and subtropiocs

" The deficienocy of animal protein in human nutrition urges deve—
loping ocountries to imprdve animal husbandry, Often attempts are
made to increase the productivity of iﬁdigenpus animals or to .
‘raise yield of fodder crops. However, from a global point of view
this problem cannot be solved by this way alone, In most countries
rather complex measures in completely new dimensions are needed.
This may often invelve a shift from present structures in a.gricul—-
Yure and traditional forms of produoctlion to modern methods of
higher efficienoy.Animal breeding, artificial insemination, mineral;
fertilizers, good supply 6f solls with humous, oultivation of new,
more productive orops and last not least improved health of live~
stooks are the most decisive factors of intensifioation of agri-~
culture in developing countries as well,

A fundamental precondition for intemsification of animgl husbandry
in geuera.i is the all-year supply with fodder and water, Satisfying
results and good health cannot be expected from animals suffering
from starvation in the dry season. In many arid and semiarid areas
of Africe end Asia, however, natural conditions make it diffioult
_to ensure the permanent fodder supply, so that extensive forms of
animal husbandry will have to continue for decades on end.

Animal hygiene is a essential means to improve the health of ani-
malse. By animal hyglene we understand all measures ftaken in order-
to optimize the environment of animals and to improve ‘l:ha:l.r health
and performence., In general, animal hyglene in the trOpios and
_subtropios -has to deal with the following questions: ‘
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- special and general proteotion against livestock epidemics
- contro) of paraszitoses and their veotors .
- hygiene of pastures, including the solution of questlons
ooncerning pasture farming. -
- water hygiene .
. — reduction of climate stress
- reduction of losses of young animals
_ bioh,ygienio sa.fegua.rdlng of genetio programmes, espeo:.a.lly
the import of semen and artifiocial insemination o )
— proteotion "of human health ageinst infections, originating
"~ from animals
« meat hygiene %o protect human health
— protection of environment and landscape against wastes from
animal hasbandry and processing plants :

. Iivestock-hygienio measures must always be related to the specific
"forms end teohnologies of production of the case in question. That
1s why they will have a completely different 'cha.r?.cter in intensive
animal husbandry than in extensive forms of husbandry. The Sahel
zone, savannas and steppes may serve as examples of areas la.cking'
the naturel preoonditions for intemsive animal hus'bandry and where.
nomadic and semi-nomadio breeders keep large herds without doing
any fodder oropping. There, animal hygiene has the task to shorten
stook routes in heat and dust, to emsure suffioient water supply
along the stook routes, to assure acarizid treatments (cattle dip)
against extremely dangercus disease veotors, to remove carcasses
safely and without danger for other herds (anthrax prophylaxis),
to safe the health of enimals in the oraal, etc. A fundamental
task is the vaoccination against important livestock epidemios, but
this 1s mostly possibtle only when restriction of the migration of
herdsmen aud their animals is done. :

In Afrioca 54 per eent, in Australia 72 per cent, in Asia 36 per
cent of the territory are arid and semi-arid. Here, non-migratory
cattle husbandry is possible only in some places. The above
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mengioned animal hygienic measures are important and will be.the
dominating ohes in a number of countries for decades, However, the
following veterinary-hygienic tasks should be given priority in
‘developing countries, intending to apply intensive technologies in
animal husbandry. ' ’

Although, experiences gained in industrialized countries in the
hygienic safeguarding of animal husbandry may be helpful to deve—
loping countries but they cannot be applied schematiocally. Intensive
animal husbandry in developing countries may require gquite different

" technologies beocause any animal husbandry gsystem has to follow the
given natural conditions, 411- forms and technologies of husbandry
are subjeot to the climatic type and to the charaoter of vdgetation.
It is illusive to hope that animals méy be kept in air—conditioned
stables on a large scale. To an increésing extend animal husbandry
in developing countries uses the ranch system. Here, the production
with modern technologies ia characterized by fodder cropping
throughort the year and based on scientific research, Around a
number of cities.in Africa, Asia and Latinamerica so oalled "milk
belts" and industrial-like poultry farms are found, The following
recommendations shall give new ideas from a animal hygienie point -
of view,

- IV.5.3.2. Requirements on location

;

Appropriate siting of ranches is a major problem in the development
of efficient eanimal husbandry. Any mistake made here is not correct=
able, The location of the farms determines decisively the cost of
production and the quality of the products. It is obvious, that

many aspects are significant for farm siting, especially those re-—
lated to eoonomy, management, social services and health of live-
stoock, Some problems will be considered in detail:

a; In selecting a site for animal husbandry. it is recommended io give
preference to the vicinity of cities, i.e. centres of consumption,
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becaunse there is demand and a market for the ‘products and
transport is shortj roads, energy supply and other servioes may

"provided at low ooats. On the other hand it is rather easy to °

prooes/e. the raw products into a marketable goods nea:z'by the oity.

, The neighbourhood of blg cities is especially important for the

milk production ("milk belt"). However, it must be kept in mind
that the steady supply of fodder from the surrounding.terxitory

- must be guaranteed, Also poultry farming is favourably established

in the neigpourhood of oities. The fodder ‘(seed and animal protein)
By be more easily transported over longer distences. On the

_other hand meat may be produoced far away from cities beocause it

can be transported dver long distancee too, a funoti_.on:u_:g traffic
get provided. These aspeots should be oonsidered when national

_strategies for the supply with ‘animal protein are devised., From

this follows .that extensive romadical and seminomsdical animal
husbandry as it is practised in many courntries should serve the
aupply with meat, while milk production of cities on the other
hand requires intensive forms of husbandry, including prooessing
dairies, .

b) imong natural preconditions for intensive forms of husbandry

sufficient fodder and water supply are essentials. There is a
need for an all-year supply with fodder of high nutritive value,
Malnutrition results in a reduotion of performance and growing

' risk of diseases and questions the profitability of intensive

livestook :l,"a.rm.tng. In countries with.dry seasons irrigation may
be necessary, Fodder storage stored for periods poor in vegetation,
Fodder storage is traditionally not known in many developing

_countries é.lthough it is possible in principle, New strategies

under governmental control may achieve ohanges in this field.,
Suoh strategies have to inolude orop farming schemes in order to

determine whioch orops and grasses may be sucessiully oultivated .

under respective olimate and soil oonditions in the respective
region. A general aim should always be a balanced ration between
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number of apnimals and amount of fodder available in order to
avoid overstooking. Cuba, for example, elaborated an outstamding
exanple of such a fodder strategy. '

The preserva.tion of fodder in tropical and subtropiocal countries
is possible. Haymaking, however, may become a problem in ocoun-
tries with high air-humidity. But also under theses conditions it
is possible to produce silages of high quality. The quality of
water for drinking purposes and related problems will be dis-
cussed further dbelow, ' '

o) Requirements on climate

By olimate we understand .meteorological faotors prevailing at a
given place for a longer period, like temperature, humidity, air
velooity, and in a wider sense air quality.

Climatic factors belong to the most important environmentsl
factors with regard to domestio animals, As homoekilotherme ani-
mals they permanently regulate their body temperature on a certain
level independently from the ambient temperature. Out of the
mentioned factors the ambisent temperature is the most important
one. Humidity and air velooity may have an influence on the effect
of ambient temperature upon well-being, productivity and health
of demestic animals. Thus, high air velooity with high ambient
temperature(but still below the body temperature) facilitates the
thermolysis of animals and this way the regulation of temperature.
Domestic animals emit surplus heat by heat exchange beiween skin
and environment (radiation, conveotion) or by transpiration of
~water, Cattle, horses and other domestic animals have sudoriferous
glands; pigs and dogs transpirate water by panting, Spraying with B
water (water buffale, certain species of game) bas the same effect.
By evaporating one litre¢ of water via the gkin the body looses

a quantity of emergy of about 2,400 kj (what eugals about 580 keal).
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The intensity of tramspiration 1s higher in case of low air
humidity, thus making the heat exohange easier.

‘With high air velooity. (max, 6 m/se0) and low air humidity the

animals may better stand high embient temperatures.

Thermoregulation consumes a lot of energy which is lost to the

produotivity of animals (meat, milk). If the thermoregulation

of animals is overstrained, they reduce the digestion of food

in order not to produce too much heat what results in less pro-
duoe, Developing countries are situated in different olimate
zones of ths globe and even within one country several climates
may be found. Another important factor is the altitude.

Table IV.5, 6. gives a survey on the climatic zones of the ea.rth.

o

Zone Climate type Earth's surface
. ) in per cent
“Tropical rain 1, Tropical rain forest 23.0
olimates 2. Savanna 13,1
Dry olimates 3. Steppes 6.7
4, Deserts 3¢9
Warm temperate 5. Warm and winter dry 2,5
rain olimate climates :
' 6. Warm summer dry climates 2.6
7. Humid temperate olimates 231
Boreal or . 8. Winter dry cold climates 1.5
mnow-forest-oll~ 9, winter hunid cold olimates 5.8
10, Tundra ¢limates 13.4
Snow ,olimates 14, Climate of permafrost 5.4

Table IV.5, b Climatic zones of the earth
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Explanations:

1.

2.
D

4.

\5-

9-

10.

",

Climate of tropical rain forests with an amnual rainfall of
more than 150 om; monthly mean temperaturs more than 18 oc;
bush vegetation, tallest trees,

Climate of savanne with periodio draughts in winter or
summer, savanng with svergreen woody plants.

Climate of steppes, annnal rainfall on average 300 mm; grass
steppe, partly with shrub. o

Clipate of deserts, annual rainfall on average 250 mm; dry
and hot, strong daily change of temperature, almost no rain-
fall, after rain: grass and short-living shrubs,

Temperate warm climate with dry winter, ma.ritime climate,
Mediterranean alima.te.

like 5, but with wet winter and dry summer. Clmate of China
and the Mediterranean coast,

like 5, but with regular annual rainfall (GDR, France, England),

Boreal (i.e. northern, because it occurs only on the Northern
hemisphere) climate with dry winter; climate of forests and
snow, Transbaikalian climate,

Boreal climate with levelled humidity, climate of cold and
hunld winter, c¢climate of forests and snow, Russian-~Canadian
climate,

Climate of Tundra, daily mean temperature in the warmest month
less than 10 °C, treeless.

Cold coaat of the polar zone, perma.nent frost, daily mean
temperature less than 0 °C, plantless,
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The above shortly desoribed and. therefore simplified relations
between c¢limate and animal performance have great inflmence on
the siting of farms or ranches and on the setting—up of stables
in warm comtries. The most favourable loocations there are the
highlands, beoause the annnal average temperatures are aimilar
to those of temperate climates and the air humidity is low,
Such loocations are rather limited and missing in some countries.
In these cases praferanoa 'ds given to mountain tops or locatioms
near the sea, the natural flow of air is used. Valleys shonld be
avoided, The animals may stand high temperatures better, if
there are shadow-rooves or properly built stables. Spraying of
-animals, for example water buffalos, may inorease the evaporative
heat exchange of those animals that oannot sweat.

In ¢countries with high ambient temperatures only native races
adapted to the olimate can be kept. Attemps are made to improve

. them genetiocally by oross—breeding with top performance anima.ls.
However, the keeping of races with high performance origina.ting
from temperate olimate zones is imposai‘ble here, That is espeoially
true for cattle that adapt well and have & high performance only
where annoal méaq temperatures 4o not exoeed 18 to 21 °c (nax.).
In case of Sri Lanka such conditions exist ealy at altitudes
above 1,500 m, which areas are a mere per cent of the territory.
Rages from temperate climatio zones tolgrate heat differently.
The best toleraence to heat is shown by Jersey oattle. Also

- Frisien cattle and Brown-swiss oattle have relatively tolerance -
values. For domestio animals originating from temperate olimatic
zones the olimate norms of the GDR may be taken as a guidline.
(see Table IV.5. 7¢ e
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roduetive 2) | optimum 1) oﬁuotive
emperature temperature era,ture
oneo'yiniy | T i %’23%. 1‘1‘.’3”
Calf to 3. week 13 15 = 24 28
from 3. week -8 12 = 24 - 28
from 10, week 5 10 - 24 28
E:g?gogigige’ 5 5 = 20 28
Cow 5 5 =20 28
Sow with piglets 15 15 - 2t 28
Piglets 1, week 28 30 - 33 35
p 2. waek 26 28 -~ 30 . 35
3. week 22 26 - 28 33
4. week 22 24 - 26 35
5. = 8. wesk .20 22 .- 25 o1 |
9. =15, week 18 20 .25 31
veeeaingopie T o0
35 ~ 70 kg - 40 18, - 25 28 '
70 =120 kg 5 16 - 25 28
Breeding and
yomng sow 5 12 - 25 28
Breeding boax
Fyoung boar 5 12 = 25 28

Table IV.5.7«

accord

Climate standardé for h
trom temperate olimates
gng to GDR-TGL 29084)

pepformance livestock
c)

'i‘) Oﬁimm temperature range: Range of ambient tsmperatu.re in
ch best performances can be expeocted

2) Productive tem eratu.ra range. Range of ambient temperature in

whioh animals

soonomi.¢ liveatock

gerfomances below the optimum but allow
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d) Requirements to the quality of air

Today, in the industrialized countries the prevention of air
pollution caused by industry is of great importance far the health
of human beings and animals. In setting-up farms in the vieinity

of cities this problem should be considered in developing countries
too, as industrial plants emitting harmful gas or dust always pose
a risk if they are placed in the neighbourhood of stables. Comse-
quently the siting of both animal farms and of polluting industries
should be coordinated. The most frequent pollutants emitted by
industry are shown in Teble IV.58. (FENSKE, 19).

Domestic animals may teke-up noxious substances from industrial
pollution by breathing in ocontaminated alr or with the fodder, The
teking-up via.the alimentary tract plays a dominant role as fodder.
ocrops ars infiluenced by air pollution in differsnt ways, Some
substanoes are taken-up by the planta direotly from the air as it
is the ocase with sulphur dioxid and in particular with fluor.
Seoondly, pollutants may be taken-up by crops from the soil, whioh
‘they enter by sedimentation or wash out from the atmosphere.
Thirdly, air pollutions may be deposited on the surface of Orop3e
Air-borne dusts from metallurgical plants ocontain often toxic
elements swoh ms arsenic, molybden, lead, oadmium and other heavy
metals {Table IV.5.3. ).

Three forms injuxy to animals through air can be distinguished:

- poiéoning

- disturbances of the metabolism by trace elements

- and influences based on mechanical, physical or chemical pro-—
cesses. ’ ’

Most notorious are poisoning by fluor, arsenic, lead, copper and
other elements in the wicinity of relevant industries. In general
thege are chronic forms of poisoning becanse the oonoentration of
the pollutants in the fodder is not high enough to cause acute
poisoning. Especially oattle and sometimes sheeps and horses are
affected, all being animals that graze on air polluted pastures
all year. Effeots of air pollutions on the nutrient balance are
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Plant, faotory

Emitted substances

Power industry:
power stations

Chemioal industry producing:
halogens

sulphur end sulphur compounds
synthetios

oll refining

viscose, synthetioa, plastiecs,
rayon

fertiligers, phosphates

HBetal producing and manufacturing
industry:

iron and steel industry
(furnaces, foundariea)
non-ferrio metals

(lead, zino, copper)

aluminium plants

Construction materials:
oconcrote plant

T

briokwards y porcelain manufacturing

Agrioulture end focd industries:
livestock farming
abattoira, knackeries

dust, $0,, CO, CO,, HF
hydrocarbons, odours

HC1, €1,

50, - -
styrcles, aldehydes, HC1
802,‘ hydrooarbona, aldehydes,
ketones, amines, NO :

st

HF, SiF,

s, Ca

4s, Cd, Cu, Pb, Zn
HF

silloate ocontaining dusi,

_sulphate

HF, $0,, C1

2? 2

hydrooarbons, odours
amines

Table IV.5.8,: Sources of air pollution and ground deposition
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DUSTS GASES
tpxio dusts: ‘ 50,
b, Mo, 48, Zn HF
Cu, F, a.0, : 5iF,
ATR inert (=non-toxies) As,05
dusts . )
rement
power plant dusts
magneait
50IL Enrichment of

Cu, C4, Pb, Mo, F
rapid reduotion of S -

PLANT -sedimentation of acoumulation acoumunlation
d“txi inert intensive:Cd, Mo
-t a -
T dnat Cne tnew little: ?b,.8, Ca ¥, S
none: F /
i ’ ‘
r | . o 'S
ANIMAT ANTMAL ANTMAL

i ' .
‘fPable TV.5.9.: Injury to domestic animals ocaused by air pollution
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less known but gained much in importance in industrialized
countries, Most fréguently it is an influenoe on the copper meta-
bolism by elements suoh as molybden, oadmium, =zine, sulphur,
caloium, Antagonistio. effeots cause hereby more or less great
defioiency of copper in the organism, despite of the fact that -

the fodder ocontains. enough copper. That is why it is a secondary’
defioiency of vopper. Typical copper deficiency diseases as the
enzootic alaxla of lambs may ocour. Often non-specifio forms of

this disease ocour so that it 1s hard to detect them. The complicate
genesis of copper deficiency cannot -be disoussed in detail here,
This damage caused by air pollution is wide-spread in industrialized
comtries because it is caused Ifirst of all by flue gas from power
stations and burning of coal. Burning ‘of fossile fuels is aoccom—
panied by emissions of dioxide and dust which contains many elements
acting antagunistloally with copper in organisms.

The demand for a redu'oticn of air pollution stands in the centre of
all aotivities taken for the diminishing of damages oaused by air-
borne noxious substances. Farms for animal husbandry should be
established at least 10 km away from industrial plants in a leeward
direotion. To a certain degree the danger of copper defioienc# is
met. by additional feeding of copper.

IV.5.3.%. VWater hygiene in the tropics and subtropics

In many regions of the tropios and subtropios water is the limitating
faotor .for animal husbandry. That is especially true durlng the dry
season. Quite often animals die of thirst in this time or the water
bas to Qe rationed to guentities hardly enough to maintain the

vital funotions. The gquality of the water supplied to animals is
‘very often extremely bad. During continuing droughts water is polliu-
ted by anorgania elements and organic pollution of soil., The more
herds oome to water placeas the greater is the risk of spreading live-
stook diseases, espeoially when animals have & bad oonstitution at
the end of drought periods. Under these circomstances high performances
- gre mot to be eopeotéd (milk, growth)., Intensive animal husbandry
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requires sufficient and pemalnant supply with water of a good
quality, i oo

The amount of water needed for animals depends on age and épeoies

. and differs in hot and dry and humid warm olimates. In warm
countries cattle drink sbove all, right after sunrise and short
before sunset. Cattle need 30 - 40 1 water in arid and semi-arigd
regions - uhder extensive keeping without ni‘ght-pas_tﬁro at high
temperatures (up to 50°C) even more. Sheep and goats need 3 v 4 1

" daily, laotating animals one litre more. Young pigs drink some 4 1
daily, sows with piglets need 15 -~ 20 1, The water supply in farms
differs from that in extensive anmimal husbandry. Farms often have
wells and a water supply‘ system provides water in sufficient
quantities (deep wells and reservoirs), If farms ars oombined with
pasture farming, the hygiene of watering places on pastures oallea
for special attention. Pastures not subdividéd into grasing lots
should have several watering places. The iatering bassins or troughs .
should be roofed in order to prevent sunlight and at the same time
growing of algae.An iron bar placed right above the trough hinders
-the animals to step into the water or to bathe, All watery places
artificial as well as natural ones should be safeguarded by a strong
iron fence to keep wild game off. The water should be pumped into
watering bassins and tronghs, out of which the animals may drink,
‘Deep wells generally supply hygienically acceptable water, Filtra-
tion th.roﬁgh s0il layers ensures that the water pumped from deep
wells 1s free of noxious chemioals and pathogenic organisms, espec—
ially bascteria, viruses and parasites. Often drillings must be

. rather deep to f£ind water requiring speoial drilling equipment
causing high oosts. Farmers are often not able ‘to raise the money,
so that this is a worthwhile %ask for government programmes. and
development projects as demonstrated in India in the 1960.
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In contrast to the supply of water from deep wells, the watering
of snimals from surface water sources is usually risky from the
hygienie point of view. Apart from the disadventages, mentioned
" at the veginning there is an extreme danger that the water is
contaminated with pathogens and thus the health of animals is
threatened. Problems regarding water hygiene arise first of all
at watering places uwsed by herds of peasants and nomads. In most
cages they depend on natural watering places such as rivers and
ponds. The banks are soattered with hoof prints and muddy; game
uses the same water placa (danger of livestook epidemics) and in
the dry season they become shallow, muddy pools. An improvement
of this conditior may be achieved by two ways:

1, Establishing artificial water places (deep well, etc.) with
hygieniocally acceptable water,

2. Reconstruction of water places.

This involves first of all the stabilization of the banks and
building of barriers, hindexing the animals to step into the
water. Additionally the above mentioned facilities (fenoe, roof,
eto.) should be erected, if possible.

IV.5.3,4. Environmental problems caused by wastes of animal
- husbandry and processing plants

Westes of animal husbandry are:

. = animal faeces such as manure {dung), ligquid manure
- stale air from stables

- waste water from animal production wnits (farms)
~ carcasses and parts of them

Animal faeces occur usually in form of manure and liquid manure.
While in industrialized countries animal faeces are used for
fertflization of fields, it is different in many developing coun-
tries. Here, the dung is often dried and used asfuel for cooking
because of the shortage of fuel wood as & consequence of a defo-
restation in the past (with sometimes dreadful eooclogical results,
s0il erosion, ete.) and the poverty of the rural population.
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This is the more regrettable as éspeoiall,v under tropical and sube-
tropioal conditions manure is urgently needed to improve the humus
supply of soils, because the decomposition of humus is very fast in
countries of warmer climata. The nutrient supply of soils is also

ingufficient and might be improved by using animal faesces, parti-

cularly since mineral fertilizers are often too expensive for the |
peasants. The daily amount of exorements is given in Table IV.5.1p,

In industrialiged ocountries an increasing amount of liquid manure

“ocours in the ipstallations of intensive livestook farming where

the animels stand on gratings without litter bedding. The excrements

pass through the gratings into canals below, the liguid by gravity

flow and the manure by the movement of the animals, This techmology
of animal keeping is very economioal because there is no need for.
mannal removal of dung. However, it is not reuommendable to deveIop-
ing gountries for the following reasona:

- In oontrast to industriaslized countries, developing comtries are
aot shoxt of labour, so that there is little need for a special
liquid manure technology. :

- This teclmology reguires huge storage oapaaities (tanks). Since
it is impossible to manure most crops during the vegetatiom period,
l1iquid manure has to be collected and stored for months. ‘

- Fertilization with liquid manure is more diffioult and risky than
dung-~fertilization, oxpenses are high and apeoial vehioles are
neeédeéd;

« Pathogens of livestook epidemina retain their viralsnce in liguia
manure for a long time (in warm olimate wp to 100 days, anthrax
even longer). While they may be killed easyly in dung, infeotiaus
baoteria may be eliminated. in 1iquid manure by disinfestion only,
what is very expenaive, requires apecial equipments and disinfeo-
tants.

From the dangers to health and the ecological problems that arise

for man and environment from animsl husbandry wastes, the iollo'ing

shall be discussed:
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Animal speoies and age Urine faeces

- (kg/sninal/day) -(kg/animal/day)
Oty s 3.5 = 5.0 3-5
Calf, 1/2 up to 1 year 5,0 = 8,0 10
young cattle 1 - 2 years 8,0 =10.0 20
oattle, older than 2 years 15.0 =-20,0 25
oows (lactating) 20,0 20- 28
young pigs {up to 35 kg) 2.0 0.7
fattening pig ’ 2.0 - 2.5 2.9 = 3.0
sows (pregnant) 1.6 2.5 = 3.0
sheep 1 - 2.0 2.0
poultry 0.175 = 0.2
horse 3 - 10,0

30

Table IV.5.10.: Daily amount of faeoals and urine (without straw

layers)

(acoording to MERLHORK, 1979)
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1, Depending on the presence of epidemios in the herds, all waste
from animal husbandry may contain more or less pathogens which
may become dangerous for other herds or even human beings.(Sal-
monellosis, brhoellosis, tuberculosis, leptospirosis, anihrax,etc.).
411 these pathogens may stay alive in waste (ligquid manure,dung) '
for a relatively long time. For example, pathogens of tuberculo—.
sis and brucellas may survive in warm olimatea for months, anthrax
baoilli even for years. There should always be taken care that
any contact of other animels, human beings, fodder, water and
foodstuff with the waste is avoided. All couniries have pertinent
hygienic norms or even legal regulations to this end. If these '
are followed the risk is relatively small. On the other hand,
many cases of infection through foodstuff, drinking water, soil
and after floods show that any violation of these hygienic rules
may result in severs diseases and casualties among people aund
animals,

2. The inappropriate diaposal of waste may cause an environmental
pollution. The discharge of liguid manure and dung into ponds,
lakes and rivers and other surface waters must be condemned. The
high nutrient content and the great amounts of organic substances
often overstress the bioclogical self-purification capaocity of
water, so that the ecological balance of waters is finally seve-
rely disrupted, The conséquenoea are eutrophication of waters,
~mags~growth of algae, turbidity, silting etc. especially in warm
olimates, The pgrsistance of pathogens in water is very high, they
often loose their infectious mature only after several weeks or
‘months, Contaminated surface waters, especially flowing water
bodies .(streams, rivers) may bring infections over great distan-.
oes to' herds (watering places at the river, fodder) or human
beings (bathing, drinking water from rivers).

The disposal of waste from animal husbandry on agricultural land

" is not only an epsential precondition for intensive fodder and
grain preduotion (supply with humus, fertilizing), from an. eco-
logisal point of view it is the best, respeotively the only
possibility for recyoling farming. The biological capacity of soil,
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eapecially cultivated soil, is much higher than that of water.
(ne gram of soil contains millicns %o milliards of mioroorga~
nisms and microbes; the physical and ohemical properties of soil,
suoh as buffer actiom, sorption capaocity, filtration effeots,
make soil ecologioally efficient regarding the bhargeability with
foreign matter. The bacteria of the soil are adapted to’the ape-
oific nutrient and humidity conditions of the soil whereas patho—
gens in the soil encounter ecological competition of soil miore-.
orgenisms. They f£ind 1ittle nutrients; propagation is hardly
possible; and very soon they are killed by metabolites of soil
.microorganisms and by the unfavourable physical and chemical millieu,
Under normal conditions, i.e, medium size of the prodmotion unit,
a good coordination of orop and livestook farming and observation
of hygienio norms and regulations environmental problems by wastes
_from animal husbandry will not ocour. The following points should
be condidered:

-Wastes should not be stored over long periocds to avoid loss of
nutrients and odour problems due to miorobiologloal proocesses and
a. conoentration and propagation of disease veotors and rodents
(esp. rats)

- Safe storage oapacity has to bé provided., Dung should be stored
on concrete surfaces (2 - 4 n° per animal) with a pit below to
colleot percolating liquid; liquid manure is to be stored (1 n°
per blg animal) closed drainless pits. The storage of liquid
manure from intensive livestock farms requires to establish
sufficiently large tanks with pumping stations,

- In the application of enimal waste on fields hygienic rules must
be observed. Dung or manure should be-spread on harvested fields
only. Liquid manure must not be brought on fields with vegetables
during the vegetation period, potatoes after blossoming, grain
after shooting, fruits growing olose to the earth (e.g. straw-
berries), and all areas with fodder plants only up to 21 days
‘before harvesting or pasturing. A dlstance of 10 to 50 m should
be kept from surface waters (depending on the gradient of the
slope).
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- Disoharge of wastes into surface waters is an elementary

violation of ecological principles. Only waste water. from

enimal husbandry (from housholds and plants a.o.) may be dis-

charged into rivers, depending on pollution and load capacity

of the reocipient, and as a rule it must at least be mechanioally

oleared but biologleally is desirable too,
- Spreading animal wastes on soil requires drinking water proteo~
tion. A ocertain distance (as a rule at least 20 m ) from wells
is to be kept, pits for liquid manure must bé built at the
lowest point of the farm, wells on the other hand on the highest
point, Construction of wells must be in lin¢ with hygienic rules
(e.g. dug wells must be covered, the area around wells must be
paved, etc,): At places, where drinking water for 1érge cities
1s extraoted, speoial hygienie precautions must be taken, for
which every country has its own detailled rules, If these rules
and other principles are observed wastes from animal husbandry -
may be spread on fields without prior treatment.

In case livestook epidemics preék—out animal wastes must be
decontaminated. Iiquid manure has to be disinfected. Dung heats
itﬁelf, if it is piled loosely, i.e, acoessible to- air, because
the aerobio deocomposition of organic substance releases heat, so
that temperatures of 65 °C up to 70 % may be reached, At these
temperatures, most of the pathogens of livestook epldemios (exept
anthrax spores) die within. some days.
While dung and liquid manure are the most relevant wastes from
enimal husbandry, there are generally little problems with waste
air of stables under conditions of developing'cogntries. Waste -
‘air from livestook farms containas:
. = mioroorganisms originating from animals,
~ certain noxiouns gases as NH3 and H,5,
- odours,
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Wicroorgemiems may oocur in the air around stables and be trams- -
mitted by air over certain distances, but as a rule no danger for
human beings arises. 4inimals from neighbouring stables, however,
may be infeoted w¥la the air. Germs are ovcasionally found in dis~~
tanoes of 0,3 up to 1.0 km away. Long-range transport, sedimen—
tation and dying-off reduce their number so that infections are
very rare, Among noxious gases ammonia (NH3) is envz.ronmentally
relevant, In dependence on ifs concentration. in ‘the air there will
ba a danger to the environment. Ammonia acts aoidic on plant.s and

causes necroses at the needles of coniferous trees if certain

threshold values are exceeded. In the vexry close neighbourhood of
large stables (so called industrially producing units), a zone
(about 100 - 200 m) in which the forest dies off can be foumd, This-
problem is mainly restrioted to irdustirialized countiries of Eurepe
and of the Nor%h, because only there such great concentrations of
animals at one place were established.and the indigenous pine and
other coniferous trees are especially susceptible to this gas.

The substances oasusing the odours from animal husbandry are well
known. These are gases.thai result from the anaerobic decomposition -
of faeocal matteis, urine and other organio sunbstances. Reocent
ressarch disoovered the nature of. these substancés. First of all,
these are ammonia, indol, skatol carboxylic acid, esp. butyrio
acld and valerio acidé, merceptanes, hydrogen sulphide, disulphide,
aldehyde and amine (Table IV.541J. The intenmsity of smell depends
on the number of animals, on the olearing-up téohnology, on the
management of and on the hyglene in the stable. In Europe, where
the majority of the envirommentally conscious 'populat'ionhas no
professional or other relation to enimal husbandry, many complain
about the nuisance by odours although there will be no harm to

the health and is related to the psyche.

Carcasses and parts of them are found in every animal husbandry
unit., If a livestock epldemio breaks out there may be dead animals
in 1a.rge>quantit;tes». The environement is then threatened by:
putretaction of dead animals producing a bad smell, the danger of
spreading livestook epidemics (direct oontact, soil, water) and
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Substance

Odorous threshold
(prm (v/¥))
" ammonia 5.0
monomethylamine - 0,02
dimethylamine 0.05
trimethylamine 0.0002
skatole 0.0004
acetic acid 1.0 .
butyric acid 0,001
- formaldehyde : 1.0
hydrogen &ualphide 0.005
methyl mercaptan 0.002
~ ethyl mercaptan 0.001
dimethyl sulphid

0,001

Table IV.5.11.: Substances of stable odours and their

threshold values

(according to MEHLHORN, 1979)
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occasionally infeotion of human beings (e.g. anthrax). Dead
animals and parts of them must therefore be removed and not left
to vultures, hyenas and other oa.rrion eaters, as it is done in
many countries.

Safe methods of dlsposal are:
‘= burning

- burying

- processing in condemnation units

Fuels for the burning may be cil or petroleum, the guantity needed
for one large animal is up to 250 1, This method is expensive and
should be applied in oases of dangerous livestock epidemiocs
(enthrax). Burying is often the only poesibil:.ty, it should be
done so that: N

- pollut:l.on of groundwater is impossible ( in 2 m depth no water

should be found) _

~ the oarcasse:is coversd by at least 1 m of earth

deep cuts are applied to the skin ’
_the body of the animal is covered with chlorinated lime (esp.

in case of acute livestook epidemios)
Animels should never be buried on agriocultural fields; in water
catohment areas or near gtock routes, An alternative method is the
disposal and processing of oarcasses at oondemnation wnits. To
cperate at reasonable costs such plents require & permanently high
supply with raw material,i.e. intensive animal husbandry in the
whole territory. In developing countries great abattoirs in large
oities shonld be combined with condemnation units for carocasses.
Only thus environmenIa.l problems may be avoided.
Apart from this, it is possible to produce highly valuable animal
~ protein for feeding of pigs and poultry (bone meal, blood meal).
" A condemnation unit for carcasses should meet the following

requirements: :
- plain, open area with a—lw groundwater level

~ distance to human setilements at least 1 km on the lesside in '
" the main wind direction (odours)
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- good tra.ffio and tra.naport conditiona, esp. roads

"~ suffioient water supply (standerd value 10 - 30 m° water per

1,000 kg of proocessing material) .

- the entrance of the oondemnation wmit must be eq_nipped with
a disinfection dip

~ the technology of prooessing must be technioally safe a.nd the

- caroasses must be heated up to 130 % for 30 min

~ The management of & condemnation unit for carcasses is subject
to very special and h,ygienio requ:l.rementa, wh:l.eh omnnot be
" desoribed hers,”

- Effluerts from oondemmation units nust be sterilized, They have
to be heated up to 110 °C for 20 min, After this the waste water
has to be treated mechanioally and biclogically, Thus, BODg 1a
intensively reduced. Only after traatment it may be disohargad
into a water body.

Environmental problems of processing plants

N Processing plants for animal produoe (e.g. dsiry, abattoirs and
tanneries) mey have similar environment impact but on a lower degree
a8 condemnation wnits for oaroasses do (Table IV.532.). These

‘ plants have a high water demand what- must be considered when siting.
‘Thexrefrom resulta a high volume of sewage. Effluents from sbattolrs
end dairies may ocoasionally contain pathogens of livestook epi- )
denios. They nsually contain worm eggs and other forms of parasites.
A thermio treatment (steriligation) or disinfeotion with ohemioals
is neoessary only for abattoirs that slaughter infeoted animals
(80 called "sanitary abattoirs"). Mechanical and biological sewage
treatment is sufficient for other plants, as these kinds of treat—
ment may reduce the number of possible pathogens in the sewage, esp.
worm eggs, considerably (Table IV.5.12) At the sbove mentioned
processing plants,the most important environmentel problem is the
decomposition of orga.nio substances and pollutants contained in sew
-8ewage.- :
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Plant/aninal species Tnit qu:.valent of -
bitants 1)
dairy, without oheese dairy | per :ti%‘c)o 1 25 - 70
dairy, with cheese dairy por 1,000 1 45 - 230
. : m, - -
abattoir per 1 cattle=
‘ . 2.5 pigs 20 - 200
per 1  live 130 - 400
weight -
cow-houge per 1 cow 5~ 40
pigsty per 1 pig 3
poultry ferm per 1 hen G2 - 0,25 ..
enailage of fodder per 1 £ of 200 -~ 650
. ) engilated
) fodder o
tannery | per 1 t Ride " 4,000 - 3,500
wool-soouring plant Lper 1 t wool | ,2.000 - 4,500
runned out mineral oil per 1 t @il 11.000

Table IV.5.12.: Organic charge (oxygen demand) of waste water
from animal husbandry and processing plants
(according to IMHOFF, 197%)
1} 1 eqiivalent of inhebitants = average - BOD; of alloted amomnt.
of waste water to 1 inhabitant (in Burope and America abont
60 g/day) - : '
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i’roduotivity of . Reduction in per ocent
treatment methods BOD floating bacteria
- _ matter
1. fine gleve 7 5 =10 5 ~ 20 10 - 20
2. chlorination of . -
raw water or 15 = 30 90 - 95
sedimented waste )
wa.t_ezr :
3. sedimentation tank [25 - 40 | 40 -~ 70 25 =75
"4, floooulation tank |40 - 50 50 - 70
5. ohemioal preocipi-
' tation .ta.l_:k 50 - 85 70 - 90 40 - 80
6, high-rate trickling N
filter 65 -~ 90 65 - 92 70 - 90
7. low-rate trickling ‘ :
filter 80 - .95 70 - 92 90 - 95
8, high-rate aotivated . .
sludge process 50-175 80 70 - 90
9. low-rate activated : k
sludge process - [85 - 95 | 85 - 95 90 - 98
10, soil filter 90 - 95 85 - 95 95 - 98
14 . chlorination of
biolegloally puri- )
ficated waste water 98 - 99

Table IV.5,13.: Productivity of waste wat®F treatment methods
(according to IMHOFF, 1979)

-
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"Effluents from sbattoirs and dairies have a BODg of 1.500 up
to 6,000 mg/1l, These ooncentrations must not be intyreduced
into receiving water, especially in oase of large plants, The
self-purifying capacity of surface water is mostly not
suffioient to decompose such heavy orgenic pollutions. But this
depends on the volume of sewage, the total pollution load
(eities, other plants) and on ths quality of recelving water.
The degree of treatment of dairy or abttoir effluents must be. N
determined on a sase~to-oase bagis depending on the respeotive
oonditions. ' '

3
In Europe hygienic and water authorities demand thet 211 purifi-
cation plants reduce’ the BODg load to 20 - 50 mg/1 0,.
Since urbanlzation and industrialization rapidly advence in de—
veloping countries similar problems amd requirements become quite.
acute there too, when proogssing plants for animal produce are
established. Suitable effluent treatment prooesses are mechanical
(sedimentation tenk, grease trap) and biological ( triokling
f£ilter, activated sludge process, sewage oxydation and stabiliza—
tion and fish ponds) as shown in Table IV.5,13.
Where local gonditions permit it, waste water may dbe introduced
into the sewer system for subsequent treatment in municipal
treatment plants., In exceptional cases agrioultural utilization
of mechanioally pretreated effluents from dairies, abattoirs,
tanneriss or rehdering plants may be recommended. The treatment
processes are described in another volume (subject V1) of the
_ study material,
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